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Abstract 

The Eastern Aysen Region of Patagonian Chile from 45°-47°S is characterised by 
Jurassic and Cretaceous silicic volcanic and volcaniclastic terrestrial rocks which outcrop 
on the eastern slopes of the Andes, In the Puerto Ibafiez area, 46°10'S 72°00'YV, the 
Jurassic rocks have been mapped at 1:50,000 scale to determine new information on their 
stratigraphic relationships, 

The Late Jurassic Ibanez Formation rests on strongly deformed pelitic schists of prob
able Palaeozoic age, and reaches a maximum thickness in excess of 1000m within the 
area studied, Calc-alkaline silicic tuffs and ignimbrites dominate the Ibanez Formation. 
Extrusive lavas are less common, but areas of dacitic to rhyolitic lavas and domes occur, 
as do minor andesitic lavas and pyroclastic rocks. Ignimbrites in this area are generally 
5-20m thick, although some units show ponding in excess of 100m. Most are massive 
units, with simple cooling features, and columnar jointing is rare. Intercalated with the 
tuffs and ignimbrites are fluvial deposits, mass flow deposits and laminated pelites, as 
well as breccias, lithic tuffs and other volcaniclastic units, Ibanez Formation rocks are 
moderately deformed by normal, oblique and reverse block faulting, although folding is 
rare. Locally below the upper contact with the marine sediments of the Lower Cretaceous 
Coyhaique Group, Ibafiez Formation rocks are weathered to a distinctive purple clay and 
deeply eroded. Infilling this apparent palaeotopography are later Ibanez Formation an
desitic lavas, some pyroclastics and a rhyolitic dome, with all in turn overlain by the 
Lower Cretaceous Coyhaique Group and/or the Divisadero Formation. 

The Coyhaique Group in the Ibanez area consists of the Katterfeld Formation of black
shales and the Apeleg Formation of tidal shelf, beach and deltaic sandstones, although 
outcrop is patchy and both formations are absent in some areas. Both formations of 
the Coyhaique Group are shown to rest unconformably on the Ibanez Formation, and 
show gradational internal contacts with each other and with the overlying Divisadero 
Formation. 

The Divisadero Formation is dominantly a floodplain volcaniclastic sandstone unit 
with basal deltaic and redbed sequences, followed by a main body of thick tuffaceous sand
stones with intercalated calc-alkaline rhyolitic tuffs and ignimbrites. Measured sections 
from the Puerto Ibanez Quadrangle, Cerro Montreal and Cerro Divisadero are presented 
to demonstrate the distal nature of the Puerto Ibanez outcrops of Divisadero Formation 
units when compared with those exposed in the Coyhaique region, 

Stratigraphically above the Divisadero Formation are coeval Plateau Basalts and the 
peralkaline rhyolite lavas of the Cerro Pico Rojo dome complex, both of which are of 
uncertain age and may date from the late Cretaceous to Tertiary, although a Miocene age 
is most likely. 

The Mesozoic calc-alkaline silicic volcanic units and the Coyhaique group are intruded 
by calc-alkaline granodiorites and a mixed population of minor hypabyssal intrusions of 
dominantly calc alkaline affinity, although alkaline and peralkaline rocks also occur. 

Geochemical data for all mapped igneous formations are presented, and radiometric 
Ar-Ar analyses for representative samples of the Ibanez Formation, Divisadero Formation 
and the granodioritic intrusive rocks are presented. 

The Ibanez Formation, although still included as part of the huge silicic Chon Aike 
Province erupted in the Middle Jurassic, is confirmed to be significantly younger than 



iv 

the main Chon Aike Province and to have a closer affinity to volcanic arc activity on the 
Pacific rim of Gondwana than to earlier within-plate silicic magmatism of the continental 
interior. The granodiorites are shown to be of mid Cretaceous Albian-Turonian age, while 
dating of the Divisadero Formation at Cerro Divisadero proved to be inconclusive. 

For Jenny 
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Chapter 1 

Introduction 

Fieldwork for this thesis was carried out over three field seasons from December 1995 to 

January 1998, with 13 months of fieldwork completed in total. The initial mapping area 

was the Puerto Ibanez Quadrangle, 46° south, Chilean Patagonia, which was mapped 

in cooperation with SERNAGEOMIN in the summer of 1995-96 (See Fig. 1.1). This 

area was then expanded for the summer of 1996-7 to include the southern part of the 

adjacent Cerro Farellon Quadrangle, as well as measured type sections from the Coyhaique 

exposures of the Divisadero Formation and of the base of the Ibanez formation from Puerto 

Tranquilo and Cochrane. Final mapping of the eastern section of the Cerro Farellon 

area was completed in January 1998. Field support was supplied by SERNAGEOMIN 

and Fondecyt. The University of Canterbury Department of Geological Sciences and the 

Mason Trust supplied funding for airfares, additional field expenses and chemical analysis. 

1.1 Location 

The main field area is located at 46°, 15' S, 72°, 00' W (Fig. 1.1), and covers the whole 

of the Puerto Ingenierio Ibanez 1:50,000 topographic sheet and the southern portion 

of the Cerro Fare1l6n 1:50,000 sheet. For regional correlation, additional stratigraphic 

columns from the Aysen region were constructed at Cerro Divisadero, Cerro Montreal, 

Lago Fl'io and Lago Castor to investigate the type sections of the Divisadero Formation. 

A stratigraphic column was constructed at Lago Norte to illustrate important upper 

contacts of the Ibanez Formation. Basement schists and marble were sampled at Puerto 

Tranquilo, Cochrane and the new road being constructed west of Puerto Tranquilo to 

Bahia Exploradores (Fig. 1.2). 
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1.1. Loca.tion 
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~ Field Area 

Figure 1.1: Location Map showing field area and distribution of silicic (blue) and 
andesitic (green) volcanic formations of Patagonia. Sub-surface occurrences in drill
holes marked with black dots. After Pankhurst and Rapela (1995) and Pankhurst 
et aI. (2000) . 
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1.1. Loca.tion 
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Figure 1.2: Location map showing field locations visited and main mapping Quad
rangles, 
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1.2. Topography 4 

1.2 Topography 

The main mapping area encompasses a wide array of landforms on the eastern ranges of 

the Patagonian Andes. These vary from dry acacia scrub and tussock grasslands to high 

alpine meadows and glaciated peaks, with many minor variations. 

In general, the southern part of the Puerto Ibanez area is dominated by glaciated 

lowlands, with acacia scrub and spinifex grasses. Those areas covered with glacial moraine 

or alluvial gravels give rise to the best tussock grasslands and grazing. Fertile soils are 

sparse, and generally concentrated around active fluvial deltas, such as that at Puerto 

Ibanez, and also at Peninsula Levican. Around the lakeshore of Lago General Carrera 

are seen the remnants of five or six successive beach and delta terraces from high-stand 

periods due to ice dams present during and at the close of the last glaciation. The Rio 

Ibanez valley itself is a wide glacial'U-shape' valley, with steep sides modified by alluvial 

fans, and a floor composed of complex and irregular clumps of roche moutonees that 

are controlled by local northwest-southeast, north-south and southwest-northeast normal 

and oblique faulting and jointing (Fig. 1.3). It is notable that on the satellite photo 

of the area, the Rio Ibanez valley follows a lineament that extends some 40-50km from 

the Puerto Ibanez area northwest towards Cerro Castillo and beyond (Fig. 1.4). This 

lineament is also reflected in the structural geology and faulting of the northwest of the 

Ibanez Quadrangle (Fig. 1.3). The general trend of the lineament also parallels the edge 

of a gravity low beneath the Ibanez area, which is interpreted as a slab-window in the 

subducting slab derived from the area of ridge collision offshore of the Taitao Peninsula 

(Murdie et al., 2000). 

The driest areas are the lowlands of the Peninsula Levican and the Peninsula Ibanez, 

both of which are glacially smoothed, low-lying sheets of rocks. These areas are typical of 

the 'steppe' landscapes encountered throughout extra-Andean Patagonia, and are 

tated with calafate (Berberis microphilla) and other scrub species, (Berberis; Festuca and 

Chiliotrichium spp), spinifex grasses and tussock (Skarmeta, 1978), with areas of surface 

evaporite deposition around small brackish and saline ephemeral lakes within depressions. 
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Tlw III io- rallge hill s fron I il pproxi 11Iil t ely SOOIl1 11 P to it bUll t 11 OOIlL are steeply slopi Il,l!; 

glaci;d yalley s id('s , de( ~ pl .\' ill c ised wit h postghcial stream ('I'OSiOll alld lllask( ~ d by a( :tiw 

alllivial fa lls , Tht's( ! slop(~s arc aCli\ '(' ly ('fouing art('r tlte des mcLion or their Lo re's!. cov('r 

iII th(-' past 80 wars , ;dthollgh pO( 'kl'lS or :\otltoraglls h( ! ( ~c:h forps t st ill s lll'vi v(' at high(' !' 

altitilri('S 0\' ill d('('p(!r v;t1lpys Ilnaff( ~ c:t(,o hy diP anthropogenic fire's of t he L 020s ano ' :~()s . 

,\ [llch of the tallu cleal'lJd by lire ' is still coven'd wit.h thOllS;lllds of c:harr(~d t rt'C tru Ilks, 

used by lhc local fanllers as tiw\\'()od and fot' post. alld rail r(~lI ccs. Th(! c-I('art'd lalld 

lIot gl'(\I,('d has iJ( ~f'1I colollised by alpill<' scruiJ awl p(Jc:k(~ts of l'cg(~Ill'ratillg Not It{) rag lls 
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Figure 1.4: La.lIdsat 7 eIlha.IJ( ·( ~ d theIIlat. i!; IIlapper iIIl(\!,;< ~ of Lago Gell!~r(\. l Carn~ra 

and (,Ilviron~ , showillg ill wh ite ~truct.\ll'allineaIlIcnts , particularly the 1l000t.hw(·s t tr(,Ild 
of t.he Rio Ilni I-ll'Z va.ll ey towa rds C(~rro Castillo , and the mora.in( ~ ar('s to t lw east. of 
La:-.;o G eneral Carrera/BlIPlIoS Aires (uSGS. 1999) . 

(j 

fl {'('st , of these slJec ics: evergreen coigllc (NothofugU8 bduloirles) and flin~ (Nutlw./aYLis 

nntu.n:tica ) and the dcc id uous lclla (Notho/o.y'Us p'Ulnilio )(Ska.nllcta , 1078). Coiglle for 'Sl. 

dOlllillatl 's platl'cm areas vvhich an~ s till fon~sted, whereas lei'ia awl l-lil'l~ forest an' !tWIT 

c()mmon as regrowth in clean·d areas alld rClt lllCltlts in l owc~ r alt.it.lldl ~ shelt clwl valk:ys . In 

th(' n()rth of tlw area mapped, around Arroyo Rocoso, th c 16ta forests an~ b eing logged 

for local tiIllbl~r awl fin~\\"oud. 

High alpiw' Clrcas of Cerro Fardlc'lll. Cerro P intlllide and Cerro Pin) Ilojo havl'~ fa.irly 

1;11'gc an~as on th(~ plateaux bdvn'en peaks which have be(~ch forl~st l'l~ lllllant s nn their 

lowlT slop(~s) 11 p t.o <1 bOll t 1200m, a bm'p which arC' <11 pine III '<1dows and swamps. Bct \\'c (~n 

Cr'lTO Pil'Cllllide and C\~rro Pica I1ojo t lw p latl'au is covered with pourly vegeta.t.ed g lacial 
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moraine, including terminal moraines, Kame terraces, kettle lakes, etc., with alternating 

alpine meadows and Nothofagus forest. The stepped landslide and plateau area below 

Cerro Manchon, which ranges from 800-1300m, has at its lower edge dense Nothofagus 

forest, which gives way to swampy alpine meadows and glacial outwash terraces at its 

upper and northern parts. This area is also much deformed by active landslides and 

slumping in the weak, water-saturated parts of the Katterfeld Formation. 

High peaks reach up to 2000m, with some icefields and cirque glaciers (Fig. 1.5). 

Whereas Cerro Pinimide proper and its northern peak have forms dominated by their 

geology and the shape of the underlying intrusive rocks, the relatively fiat-lying tuffs that 

make up the upper parts of Cerro Farellon have allowed several small cirque glaciers to 

coalesce against an irregular central ridge line, producing a southwest to northeast oriented 

ridge with several peaks, surrounded by outward facing cirques. This irregular massif has 

extensive outwash terraces on its fianks, as well as active screes surrounding the steeper 

slopes without permanent ice cover. Only the three northeastern cirque glaciers on Cerro 

Farellon are still active, and these appear to be in retreat. The other cirques contain 

semi-permanent snowfields and areas of stagnant glacial ice beneath moraine cover. The 

intrusive micro granitoid bodies which surround the central massif of Cerro Farellon appear 

to have had little controlling effect on the shape of the mountain. 

Typical fauna encountered in the region, other than the domesticated sheep, cattle 

and horses of local farmers, include guanaco, rare puma, rock eagles, and many condor 

in the higher mountain plateaux and forests. The Nothofagus forests of the foothills 

occasionally have remnant populations of endangered huemule (Patagonian forest deer) 

and a wide range of bird life including parakeets, woodpeckers and hawks. River fiats 

around the Rio Ibanez and Lago General Carrera are frequented by black swan, ibis, 

spurwing plover and spoonbill species, while occasional fiamingo were encountered on 

the small saline playa lakes of the Peninsula Levican. Steppe areas are almost devoid of 

animal fauna except for occasional eagles and condor, plus the ubiquitous armadillo. 
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Figure 1.5: Cerro Farell6n cirque glaciers viewed from the south at GR 
280040 4875980 1720m. 

1.3 Previous Work and Geological Setting. 

1.3.1 Previous Work 

8 

This summary of early geological mapping in the Puerto Ingenierio Ibanez area follows 

that given in Skarmeta (1978). Mapping was begun by Caldenius (1932), who mapped the 

glacial geomorphology of the Lago General Carrera area at 1:500,000 scale, and correlated 

the later glaciation of the region with the \,yiirm Glaciation of Europe. This was followed 

by the work of Heim (1940), who described the basement rocks to the west of the lake, 

and the rhyolites and tuffs of the Puerto Ibanez area, and referred to them as the 'Ibanez 

Series.' Ruiz (1945) carried out more detailed microscopic analysis of the metamorphic 

basement on the north side of the lake, and according to Skarmeta (1978), referred to 

'1500m of lavas, breccias, tuffs, and quartz porphyries', all of which were assigned to a 

'Porphyry Series.' 

During the 1960's, Ferreti (1961) reviewed the previous works and added new field 
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mapping and photo-geological data-to produce a 1:100,000 scale map of both the north 

and south shores of Lago General Carrera. Ferreti also suggested a single magmatic and 

mineralisation episode for the 'Diorita Andean.' Bowes et al. (1962) visited the regions 

around Puertos Ibanez, Murta and Sanchez, during stream sampling for uranium, and 

produced a sketch map of the local geology. Also in that year, Katz (1962) presented a 

report for the Empresa Nacional de Petroleo, which recognised several 'complexes' in the 

north shore of Lago General Carrera, listed by Skarmeta (1978) as: 

- Igneous rocks (undifferentiated and not dated) 

- Divisadero Formation (assigned to the Upper Cretaceous) 

Extrusive Acid rocks (interpreted as probably Jurassic) 

- Marbles and Phyllites (tentatively referred to the upper Paleozoic) 

Similar to this system was the 1:250,000 scale map of the Aysen region produced by 

Lahsen (1967), which for the north shore of Lago General Carrera, listed the following 

units: Metamorphic Complex (Upper Paleozoic?), Caimito Formation (Upper Jurassic), 

Divisadero Formation (Upper Cretaceous) and finally Quaternary Volcanics. 

Further work was carried out in the 1970s, with reconnaissance mapping along the 

edges of Lago General Carrera and stream sediment sampling (Espinosa and Stambuk, 

1971). Reconnaissance mapping at 1:250,000 scale was carried out by Niemeyer (1975), 

who mapped the region between Lago General Carrera and the Rio Chacabuco, and 

Skarmeta (1974, 1976a, 1978), which covered the entire Aysen region east of the North 

Patagonian Batholith from 45°-46°. These mapping projects were based on extensive 

photo-geological study and fieldwork, and were instrumental in defining much of the 

stratigraphic nomenclature now in use in the region. Within the area of this study, these 

regional maps defined the approximate extent of the Ibanez Formation, but overestimated 

the extent of the Coyhaique Group (then referred to as the Coyhaique Formation) and 

underestimated the outcrop extent of both the Divisadero Formation and Intrusive rocks 

related to the South Patagonian Batholith. They do include, however, the plateau basalts 
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which overlie the Divisadero FormatIon. \iVhile the large seale of these maps and short field 

time preeluded adequate eoverage of fine detail, these maps established the stratigraphy 

of the Ibanez Formation, Coyhaique Group and Divisadero Formation at 1:250,000 and 

1:500,000 seale (Fig. 1.6). 

The 1:500,000 seale map of the Peninsula de Taitao and Puerto Aysen produeed 

by Niemeyer follows the stratigraphy mapped in the Ibanez region by Skarmeta and 

Niemeyer, but later work (Bell et aL, 1994; Suarez and de la Cruz, 1993) began to dif

ferentiate the member formations of those roeks that earlier workers had grouped into 

the Coyhaique Formation. This formation was upgraded to the Coyhaique Group and 

now eonsists of the Toqui Formation, the Katterfeld Formation (Ramos, 1981) and the 

Apeleg Formation (Ramos, 1981). Some reeent workers have also begun to refer to the 

Ibanez Formation as the 'Ibanez Group' (Suarez and de la Cruz, 1997b), however, this 

nomenelature is premature. At this time, it is my opinion that the Ibanez Formation at 

its present state of mapping detail has not had suffident internal stratigraphic members 

or formations defined to allow its upgrading to a Group after the nomenelature of Sal

vador (1994). In the present study, the name Ibanez Formation after Skarmeta (1978) and 

Niemeyer et al. (1984), will be followed. It must also be noted that the Ibanez Formation 

ean be regarded as synonymous with, or part of, the El Quemado Complex of Feruglio 

(1938) which has prior elaim by earliest use in the literature. Rocks of the EI Quemado 

Complex are very similar in age to the Ibanez Formation, and it comprises a lithologically 

and geoehemically similar group of basaltic andesite, andesite, dadte and rhyolitic rocks 

extending further to the south and east of the Ibanez Formation within Argentina. The EI 

Quemado Complex has been referred to as the EI Quemado Formation by some authors 

(Pankhurst et al., 1998). 

Previous to this study, the most recent work in the immediate mapping area (see Fig. 

1.1) was brief reconnaissance mapping carried out in 1994-5, as part of the ongoing Aysen 

mapping project funded by SERNAGEOMIN and the local regional government. 
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1.3.2 Geological Setting 

Middle and Upper Jurassic silicic volcanic rocks, locally named the Ibanez Formation 

(Niemeyer, 1975; Skarmeta, 1978) overlie Palaeozoic semi-pelitic schists. \Vithin the area 

mapped in summer 1995-96, the Palaeozoic schist basement does not occur as outcrops, 

but is common as lithic fragments in some of the ignimbrites, and as large xenoliths in 

one of the minor intrusive bodies. The Ibanez Formation is at least 1000m thick, and 

consists of a faulted sequence of rhyolitic and dacitic domes, tuffs and ignimbrites, with 

some andesitic lavas and pyroclastic rocks, intercalated with continental lacustrine and 

fluvial sediments and minor marine incursions in the upper part of the unit (Covacevich 

et al., 1994). 

The Ibanez Formation has been variously ascribed to subduction-related volcanism 

(Demant, 1995; Gust et al., 1985) or grouped with the large Chon-Aike/Marifil/Tobifera 

silicic provinces (see also Fig. 1.1) and considered to be a result of large-scale crustal 

anatexis with fractionation of silicic rocks from andesitic parent magmas during the rift

ing precursor phase of Gondwana separation (Bruhn et al., 1978; Pankhurst and Rapela, 

1995). More recent work on the petrogenesis ofthe Jurassic silicic volcanic event of Patag

onia (Riley et al., 1998, 2001; Pankhurst et al., 1998, 2000) has given rise to a division 

of three distinct volcanic silicic events in Patagonia and the Antarctic Peninsula, with 

differing petrogeneses. Pankhurst et al. (2000) divide these events into VI (188-178Ma), 

V2 (172-162Ma) and V3 (157-153Ma). The first event, VI, is represented in Patagonia 

by the Marifil Province, and the Mt Poster and Brennecke Formations of the Antarctic 

Peninsula; the second event, V2, by the Chon Aike Formation of the Deseado Massif and 

by the Mapple Formation of the Antarctic Peninsula; the final V3 event comprises the 

EI Quemado Complex and Ibanez Formations of Argentina and the east Chilean Andes, 

as well as parts of the western Chon Aike Formation and the basaltic andesites of the 

Bajo Pobre Formation (see also Fig. 1.1). The Tobifera Formation is considered to be 

diachronous, fitting in between the upper limit of the VI event and the main V2 event 

(Pankhurst et al., 2000). The earlier VI silicic volcanism is noted to be coincident tem-
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porally and spatially to the Ferrar and Karoo mafic magmatism associated with a plume 

event preceding Gondwana continental breakup, and VI magmatism is related to a pet

rogenesis involving anatexis of lower crustal rocks by plume associated-mafic magmas, 

followed by fractionation and assimilation of crustal material in high-level magma cham

bers and eruption of voluminous silicic ignimbrites with a high Kb, high Zr 'within-plate' 

chemical signature (Pankhurst et al., 1998; Riley et aL, 1998,2001; Pankhurst et aL, 2000). 

The V2 and V3 rocks, although still suggested to be derived from crustal anatexis, are 

associated with a westward younging of magmatism towards the active Andean margin, 

and hence a lessening of 'within-plate' geochemical characteristics and an increase in a 

destructive continental margin subduction related Nb depletion signatures. The Ibanez 

Formation may be interpreted as part of the youngest V3 event, and although published 

geochemical data are sparse, the six samples of Baker et al. (1981), together with analyses 

presented in this study, show a typical Nb-poor subduction signature and support its in

clusion in the V3 event of Pankhurst et al. (2000). Additionally, Parada et al. (2001) note 

the development of Ibanez Formation as part of the earliest of three back-arc extensional 

volcanic events in the Aysen region, and suggest significant crustal contribution in the 

magma sources of the more southern examples. 

Unconformably overlying the Jurassic igneous rocks is a transgressive-regressive se

quence, the Lower Cretaceous Coyhaique Group, of shallow marine rocks forming the 

northern expression of the Austral Basin (Riccardi, 1988), termed the Aysen Basin after 

the local geographic region (Fig. 1.7 and Fig.1.8). This group consists of discontinuous 

limestones, tuffs and fossiliferous sandstones (Toqui Formation), overlain conformably by 

a thick (up to 600m) extensive unit of fossiliferous black shales (Katterfeld Formation), 

which in turn grades abruptly into the Apeleg Formation, a homogenous unit of ripple 

and trough cross bedded sub-tidal (and locally deltaic) shallow marine sandstones (Bell 

et aL, 1994; Suarez and de la Cruz, 1993)(Fig 1.9). The Aysen Basin has been described 

as an ensialic back-arc basin occurring east of the Patagonian batholith (Townsend, 1995; 

Bell et al., 1994). 
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Overlying the Coyhaique Group are the volcaniclastic rocks of the Divisadero For

mation, a Lower Cretaceous silicic volcanic unit with flood-plain and some deltaic de

posits, together with widespread tuffs, ignimbrites and remnant rhyolitic, dacitic and 

andesitic eruptive centres (Niemeyer et al., 1984). Erupted through and overlying the Di

visadero Formation are peralkaline rhyolitic domes (Cerro Pico Rojo), themselves overlain 

by patches of Late Cretaceous or Tertiary flood basalts, with remnant pyroclastic cones 

representing eruptive centres. 

The entire sequence is cut by several generations of intrusives, the largest of which 

are the Middle Cretaceous high-level granitoids at Cerro Piramide and Cerro Farell6n, 

both of which may be reguarded as outliers of the main Patagonian Batholith to the west. 

There are also numerous local hypabyssal intrusives and dikes ranging from the Jurassic 

through to Tertiary and Recent. Active volcanism in the region is represented by Volcan 

Hudson, some 100km northwest, and there is also evidence of basaltic pyroclastic rocks 

and subglacial pillow lavas erupted during the last glaciation (Demant et al., 1998), which 

outcrop north of Villa Cerro Castillo on the road to M urta. 

1.4 Aim and Scope of the Thesis 

The aim of this programme is to produce a 1:50,000 scale lithostratigraphic geological map 

of the Mesozoic geology of the Ibanez area and compare it with the surrounding regions. 

The map and thesis will be supported by geochemistry, petrology and Ar-Ar radiometric 

dating. The thesis will describe the Mesozoic stratigraphy and compare it with nearby 

outcrops of the same units and formations in the Aysen Region, and interpret the geology 

described in terms of the regional tectonics. These results will be added to the knowledge 

of the Mesozoic evolution of the Patagonian section of the Gondwana Margin. 

1.5 Methods 

Here follows a brief summary of methods used for field mapping, heavy mineral separation, 

thin sectioning, geochemistry laboratory techniques and subsequent data analysis. 
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Field mapping was carried out on foot or horseback, with a small team consisting 

of myself with one or two field assistants. Access to the areas being mapped was by 

four-wheel drive vehicle or hired local taxis where roads were of suitable condition (Four 

taxis were tested to destruction during the course of this thesis!). Mapping was mainly 

carried out through ridge and stream traverses across the field area to determine the main 

features and contacts, after which all contacts were either walked out or plotted from air 

photographs. All strike and dip measurements are according to the Right Hand Rule. 

Field geology and sample locations were plotted in the field on enlarged photocopies of 

air photographs purchased from the Instituto de Geographico Militare de Chile. During 

the evenings, these data were transferred from the photocopies to mylar overlays on other 

photocopies and on the actual air photos, and also plotted on the 1:50,000 topographic 

maps with the aid· of stereoscopic viewing of the air photos and judicious use of GPS 

positions from Sony/Apple Newton Map-pad and Magellan handheld GPS systems. 

Grid references stated in the text are UTM twelve-figure references, as the GPS sys

tems used gave accuracies to within a 6m radius. Where translation to UTM coordinates 

was unavailable due to programming error in the Newton GPS system, raw GPS lati

tude/longitude positions are given. An altimeter was used to control estimates of eleva

tion, giving more accurate data than the GPS elevations, and was calibrated each day 

from the 200m altitude of a base point in Puerto Ibanez. 

The map produced is essentially a lithostratigraphic map, with units mapped according 

to their similar lithologies and bounded by unconformities, distinct changes in lithology or 

intrusive igneous contacts. The Ibanez Formation itself is mapped as a single formation, 

as although it is a composite unit comprising many volcanic facies and volcaniclastic 

sedimentary facies, the level of minor faulting within the area mapped precludes mapping 

the distinct facies as separate minor volcanic formations or members of a larger Ibanez 

"Group" with any degree of reliability. 

Samples were freighted by road to the SERNAGEOMIN warehouse in Santiago, where 

they were reviewed at the end of each field season, discarding superfluous material and 
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trimming blocks to size for packing. Boxes of sample were then air-freighted to New 

Zealand via the United States. Minor problems did occur, with the loss of one box of 

ammonoid fossils in Chile and the loss of samples when several boxes were smashed open 

during inspection by US customs officials. During the 1997 field season, fossil samples 

were carried back as hand baggage to avoid any further losses. 

Thin sections for petrology were prepared from 470 samples, and several larger sec

tions were cut for analysis of structural features. Mineral samples of possible economic 

importance were cut as polished thin sections for both transmitted and reflected light mi

croscopy. Etching the sections with HF and staining for feldspar contents was considered, 

but rejected because of the high degree of clay alteration and widespread low grade meta

morphism. Mineral proportions were visually estimated; in particular, the feldspars were 

identified by extinction angle.method.s for plagioclase, and careful examination of refrac

tive indices and 2V measurement for confirmation of albite and checking for K-feldspar 

presence within the ground mass of some rocks. 

Mineral separation was carried out on eight samples to obtain biotite, hornblende and 

muscovite for Ar-Ar radiometric analysis. Samples were chosen first by field occurrence, 

with intrusive rocks, tuffs and ignimbrites containing fresh Ar-Ar datable minerals prefer

entially sampled. Following microscopic analysis, seven samples were chosen on the basis 

of the occurrence of unweathered biotite and hornblende, and one for the occurrence of 

secondary muscovite as an alteration of fiamme. Samples were then crushed in a jaw 

crusher and sieved to appropriate phi-size fractions according to the mineral size ranges 

noted during microscopic analysis. Crushed and sieved material was then 'cleaned' with 

a magnet to remove magnetite, after which each size fraction was mixed with solutions 

of sodium meta-tungstate of measured densities designed to separate out the required 

minerals, following techniques described by Lewis (1984). Settling took place in sepa

ration funnels, and this process had to be repeated several times for each sample, first 

floating off light feldspars and quartz to concentrate the ferromagnesian minerals, then 

using denser solutions of meta-tungstate to remove heavy mineral suites while floating 
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the hornblende, biotite or muscovite. After heavy liquid separation, concentrates were 

washed to remove any residual meta-tungstate and then run through a Frantz magnetic 

separator to further concentrate the required minerals. Residual meta-tungstate solution 

and washings were re-concentrated by evaporation for use in the next sam pIe runs. Final 

selection of mineral grains for irradiation was carried out on the concentrates by hand 

picking unwanted grains from the concentrate under a binocular microscope. The single 

muscovite sample was not run through the Frantz separator, instead being hand picked 

after heavy liquid separation. 

Major element geochemistry was carried out by X-ray spectrometry on crushed and 

ground samples melted at 1030°C and pressed into borate glass fusion beads after the 

methods of N orrish and Hutton (1969), using both the older furnace and hand-pressed 

bead method, and later, larger beads from the automated Fusilux process. Trace element 

X-ray spectrometry was carried out on crushed and ground samples compressed into 

40mm pellets bound with poly-vinyl alcohol and acetate. Geochemical data is discussed 

in Chapter 5 and results are contained in Appendix B. 
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1 :500,000 Scale, Niemeyer et aI, 
1984. 

17 

1 :250,000 Scale, Skarmeta, 1978. 

Figure 1.6: Early maps of the Puerto Ibanez area from the 1:250,000 and 1:500,000 scale maps of 
Skarmeta (1978) and Niemeyer et aI. (1984), respectively. 
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Figure 1.7: Main sedimentary basins of Patagonia, after Riccardi (1988), and other geological features 
after Pankhurst et al. (1998, 2000). 
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Chapter 2 

Geomorphology 

The geomorphology of the Puerto Ibaiiez Quadrangle is dominated by the active erosion 

of glacial landforms created during the successive glaciations of the region from the late 

Pliocene and throughout the Quaternary. Whereas the higher elevations have close to 

100% outcrop available for investigation, many of the lower areas have extensive masking 

by moraine and fluvial sediments. Geomorphological features and superficial geological 

deposits are summarised in the accompanying Geomorphology Map (Appendix F). 

2.1 Glaciation 

Even though the bulk of the area has not been fully glaciated since about 13000 BP or 

earlier) the area was, at several stages during the Quaternary, well behind the advances 

of the ice sheets that formed the deep basins of Lago General Carerra and the Rio Ibaiiez 

Valley (Mercer, 1976; Rabassa and Clapperton, 1990). Moraines from these several ad

vances were first mapped by Caldenius (1932) to the east of the Argentinian portion of 

Lago General Carerra/Buenos Aires. Using 'varve correlation, Caldenius mapped four 

terminal moraine sequences, of which the inner three were attributed to stages of the 

Fennoscandian ice sheet of Europe (Daniglacial, Gotiglacial, Finiglacial), whereas the 

outer moraine was attributed to an older "Initiglacial" stage (Rabassa and Clapperton, 

1990). These four moraine sequences were remapped by Morner and Sylwan (1989), who 

determined five zones containing fifteen terminal moraines, of which only the inner seven 

moraines, closest to the area mapped in this study, were assigned to the Brunhes mag

netic epoch, representing various glacial limits up to 0.7 Ma BP. Of these, only the four 

innermost were assigned to the last glaciation (Rabassa and Clapperton, 1990). However, 
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further work puts six of these moraines into the last glaciation (Singer et al., 1998). The 

results of these studies, assigning between four and seven of the major terminal moraines 

east of the area of this study to the last glaciation, would tend to indicate that the 

moraines mapped in this study, within the Puerto Ibanez Quadrangle, can be assigned to 

the retreat of the last glaciation, or to minor advances of some of the higher mountain 

glaciers since 12000 BP. 

2.1.1 Active Glaciation 

The active glaciers are limited to several small cirque glaciers to the northeast of Cerro 

Farell6n (Appendix F). These glaciers are in retreat, and reach no further than the mouths 

of their respective cirques. The four active glaciers occupy two south facing cirques and 

two deeper· east and west facing cirques on the northeastern area of Cerro Farell6n. Their 

neve areas are small snowfields occupying the head of each cirque above 1800m (See also 

Fig. 1.5). The snowline in this region is estimated at between 1800m and 1900m (Rabassa 

and Clapperton, 1990) and none of these glaciers reach below 1500mj they are less than 

2 kilometres long. 

Beyond their small neve areas, these shallow cirque glaciers melt swiftly, and are 

essentially semi-stagnant moraine-covered ice tongues with meltwater streams issuing from 

their snouts, sometimes forming small caves and tunnels beneath the ice (Fig. 2.1). 

At the heads of those cirques not occupied by active glaciers, areas of stagnant glacial 

ice are preserved, surrounded by, or hidden beneath chaotic or hummocky mounds of 

till and moraine (Fig. 2.2). The Hoors of these cirques are filled with the final terminal 

moraines, or occasionally they are clear of moraine and show striated glacial pavements 

on the bedrock. Small snowfields remain at the head of most cirques, but these are often 

ephemeral, and appear to have retreated significantly due to increased melting after the 

Cerro Hudson Ashfall of 1991. Some areas of this chaotic moraine show slight polygonal 

surface sorting of clasts due to frost-heave. 



2.1. Glaciation 

Figure 2.1: Active glacier snout with meltwater cave opening, north
east Cerro Fare1l6n, GR 28773504881900. 

2.1.2 Glacial Moraines and Outwash Deposits 

2.3 

Glacial moraines are present in the active and inactive cirque glaciers on Cerro Fare1l6n, 

and throughout other high alpine areas. The south flank of Cerro Fare1l6n is bordered by 

a large belt of remnant lateral moraine. The plateau between Cerro Piramide and Cerro 

Pico Rojo is covered with moraine and some kettle lakes, and is ridged by a series of 

arcuate terminal moraines left by a retreating glacial tongue that ran through the notch 

now occupied by Laguna Huncal. 

Moraine is differentiated from outwash gravels by its lack of any obvious stratifica-

tion , rounding of clasts and sorting, and by the occurrence of sizeable erratic boulders, 

sometimes exceeding 5m across. Lateral moraines and arcuate terminal moraines are dis-

cern able within some moraine fields, (Fig. 2.3), but in the other large moraine area above 

Estero Largo in the southwest of the field area, moraine occurs as a large irregular sheet or 

'spit' of triangular shape, presumably from the confluence of large glacial streams moving 
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Figure 2.2: Hummocky glacial moraine above stagnant glacial ice on 
Cerro Farell6n. Divisadero Formation forms ridge in background. GR 
277250 4882250. 
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down both the valleys of the Rio Ibanez and Lago General Carerra (Appendix F). The 

lower parts of this moraine sheet have been reworked into outwash gravels, with several 

prominent terraces from Gilbert deltas built into Lago General Carerra during higher lake 

levels. 

Outwash gravels also cover a large area southeast of Cerro Manch6n and northeast of 

Cerro Pico Rojo , and also occur as isolated patches on t he east slopes of Cerro Pico Rojo 

and on the Peninsula Ibanez. Drumlins and eskers are rare, but do occur occasionally 

within larger patches of moraine such as that at southeast of Cerro Manch6n. 

2.2 Alluvial Fans, Debris Fans and Fan-Deltas 

Alluvial fans have been built by many of the streams incised into the margins of the 

glaciated Rio Ibanez valley. Alluvial fans and debris fans occur at Arroyo Rocoso, Arroyo 
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several levels along Estero Largo, north of Puerto Rey and west ofEI Maiten. Outcropping 

portions of these delta terrace remnants are composed of steeply dipping, thickly bedded 

foresets of poorly sorted, well rounded fluvial sand, gravel and cobble size clasts of local 

lithologies and batholith derived granitoids. Topping the foreset beds are topset beds of 

nearly flat-lying coarsely trough crossbedded or channeled sands and gravels of similar 

type. Although such Gilbert-Delta terraces are common around the shores of the lake, the 

fine sediments of the bottomset beds are rarely exposed, although some good examples 

with varving, slump structures and soft sediment deformation features are present in 

roadcuts between the two bridges over the Rio Ibanez. The flat upper surfaces of the 

Gilbert Delta terraces are crossed by dry delta channels, and are generally covered with 

a thin layer (60cm to 1m) of pale brown or yellow loess. Terrace heights vary, but the 

highest have foreset heights of up to 50-60m . 

Active Gilbert deltas are being built at current lake level by most small streams, and 

also the Rio Ibanez and Estero Largo at Puerto Rey, and at two points west down the lake 

shore from Puerto Rey. The delta of the Rio Ibanez fills most of the valley downstream of 

the bridge and waterfalls on the Rio Ibanez, supplying the best farmland around Puerto 

Ibanez. After the influx of debris from the 1991 Cerro Hudson eruption, the delta has 

expanded such that the ferry landing site at Puerto Ibaiiez has been moved 1km east to 

avoid shoals and bars from the expanding delta. 

2.3 Beach and Saline Playa Lake Deposits 

Gravel beaches are most common on those portions of the south-facing shore southwest 

of Puerto Rey, which are subject to strong wave action directed from the western end of 

Lago General Carrera, whereas sandy beaches are confined to the more sheltered waters 

of the Bahia Ibaiiez. Saline lakes are ephemeral features, and are most well developed on 

the Peninsulae Ibanez and Levican. They generally consist of a brackish or saline lake 

with sandy shores and thin 'duricrust' surfaces of carbonate and salt deposition for a few 

tens of metres around the lake or 'laguna.' 
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2.4 Scree and Rock Fields 

Most but not all of the peaks above 1000m within the field area are surrounded by active 

scree and rock fields, which often continue down to the treeline (which varies between 900 

and 1l00m). 

On Cerro Fare1l6n and Cerro Manch6n, frost heave keeps scree and rock fields active 

on all slopes except those below glacial ice or covered by moraine deposits. Southwest of 

Cerro Manch6n, at the northern margin of the large landslide into Estero Lechoso, there is 

a sizeable moraine deposit which appears to have become a slow moving rock glacier fed by 

the screes above it. Stagnant scree areas are rapidly overgrown by alpine shrublands and 

later grasslands once sufficient soil has accumulated. Higher areas of stagnant or partially 

active scree derived from well bedded rocks have some development of platy imbrication 

of clasts. Polygonal frost heave textures are evident in some areas (particularly on the 

southwest area of Cerro Fare1l6n). 

Cerro Pinimide, Cerro Pico Rojo and Cerro Cabeza Blanca lack the extensive scree 

fields of the more massive peaks. However, in general the main outcrops of each peak 

are surrounded by active scree and rock fields which follow the lines of the underlying 

intrusive or rhyolitic dome rocks that form the cores of these three mountains, with scree 

aprons concealing the lower contacts (Fig. 2.5). 

2.5 Landslides and Rockfalls 

Active landslides occur in two places, one immediately southwest of Cerro Manch6n into 

the headwaters of the Estero Lechoso, and another below the southwest face of Cerro Pico 

Rojo. Rockfalls are common throughout the field area, but prominent active rockfalls are 

found at Estancia Moroma and in the Rio Ibafiez valley. 

At Cerro Manch6n, a large landslide of approximately two square kilometers is eol

lapsing westwards off the face of Cerro Maneh6n, towards the middle reaches of Estero 

Lechoso. The landslide is moving on several planes of collapse within water saturated 

blackshales of the Katterfeld Formation, and is carrying on its upper surface a carapace 
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of at least two back-rotated blocks 'of the overlying stratigraphy (i.e. upper Katterfeld 

Formation, Apeleg Formation, and redbeds of the lower Divisadero Formation) as well as 

part of a trachytic sill which intrudes these rocks (Fig. 2.6). Remnants of other blocks 

are left on the lower surface of the landside toe as a scattering of debris, the bulk of them 

having been eroded off by Estero Lechoso and other streams. This landslide, aside from 

its size, is important as within it occurs the only major fossil location mapped in this area. 

The toe of the landslide is being undercut by several streams, mainly Estero Lechoso, and 

these may contribute to its continued instability. At the front of the landslide, smaller 

mudslides and landslides spall off the main slide during the winter and spring thaw, when 

the shales reach maximum water saturation. 

Southwest of Cerro Pico Rojo, a smaller landslide is active in the head of Estero Saltos, 

where the stream undercuts an area of hydrothermally altered Divisadero Formation. 

Alteration of the Divisadero tuffs to bentonitic clays on which the slide is moving was 

probably associated with the either the intrusion and eruption of the Cerro Pico Rojo 

Rhyolites, or with the intrusion of the basaltic sills which underly part of the rhyolitic 

dome complex. 

Rockfalls, in both the Ibanez and Divisadero Formations, such as those at Arroyo 

Zanjon Feo, Estancia Moroma and Rio Ibanez, are associated with past or active stream 

erosion at the foot of sizeable bluffs of ignimbrite or tuff with pre-existing fracture systems. 

The fall in the Rio Ibanez, in particular, is facilitated by west-inclined joint sets within the 

thick sequence of ponded ignimbrites. Erosion from the Rio Ibanez has undercut the bluff 

and the rockfall is still seasonally active, feeding a large scree slope and debris field. At 

Estancia Moroma, the rockfall is currently driven by erosion from a small stream, although 

the size and orientation of the bluff over which the stream currently flows indicates that the 

original undercutting was probably glacial in origin. At the eastern end of this fall, towards 

Estancia Moroma, a landslide is active in the lower parts of the Divisadero Formation and 

the upper Apeleg Formation. 



2.5. Landslides and Rockfalls 

Figure 2.4: Terrace with the upper parts of Gilbert Delta foreset crossbedded gravels 
and thin topset trough crossbedded gravels and sands exposed in roadcutting above 
Puerto Ibanez, GR 274400 4871600. Inset shows example of the facies sequence left 
by a prograding Gilbert Delta, from Elliot (1978) after Gilbert (1885) 
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Figure 2.5: Scree apron around Cerro Pico Rojo rhyolite dome complex, with orange 
and red stained rhyolite scree fields. Lena forest and arcuate terminal moraine ridges 
occur in foreground. Photo taken looking east from GR 2806890 4872200. 
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Figure 2.6: Back-rotated block of Apeleg Formation in scree-covered headscarp of 
the landslide to the southwest of Cerro Manch6n. Note fractured appearance and 
steeper dip angle (30° east) than that in the in situ Apeleg Formation sandstones to 
the left of the frame, dipping at 4° to the east. Pack in foreground is 60cm in height. 
GR 278751 4879246. 
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Chapter 3 

Stratigraphy 

This chapter gives an overview of the stratigraphy and facies in the main mapping area at 

Puerto Ibanez, with additional information from outcrops and measured sections in the 

basement to the south and west, and in the Cretaceous rocks to the northwest near Coy

haique. As the Ibanez Formation is inferred to unconformably overlie paleozoic basement 

through most of its outcrop extent, a review of the closest examples of the underlying base

ment rocks is given, mainly for comparison with the few basement xenoliths present in the 

Ibanez Formation. The nearest accessible basement outcrops are near Puerto Tranquilo, 

and also from Lago Cochrane, Lago Esmeralda and Puerto Guadal. The Ibanez Formation 

is not described as a coherent stratigraphic unit, but rather a faulted unit with disrupted 

internal stratigraphy. Consequently I discuss the various facies associations and rock types 

that can be found within the Ibanez Formation, rather than a stratigraphic section. The 

overlying Cretaceous rocks have a simpler structure. The Cretaceous stratigraphy, partic

ularly of the Divisadero Formation, in the Puerto Ibanez-Cerro Fare116n Quadrangle will 

be compared to measured sections in the type area around the Coyhaique region (Cerro 

Divisadero, Cerro Montreal, Lago Frio). Intrusive rocks will be dealt with according to 

their composition and stratigraphic relationships, Le.: granodioritic and tonalitic micro

granitoids cutting the Ibanez and Divisadero Formations, or basaltic hypabyssal rocks 

cutting the Divisadero Formation. 

The stratigraphic description is intended to illustrate the geological development from 

the upper Jurassic until the middle Cretaceous rocks within the Aysen Basin see Figs.1.7, 

1.9). 
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3.1 Basement Schists and Marbles 

Basement rocks, ranging from mildly deformed greywackes to phyllites underlie the Ibanez 

Formation outside the mapped area. These rocks are inferred to underlie the mapped area 

from the presence of similar lithologies as accidental lithic fragments in tuffs of the Ibanez 

Formation and as xenoliths in intrusions hosted in the Ibanez Formation and overlying 

rocks. The locations visited are from the well-exposed schists to the south and west of 

Lago General Carrera (Fig. 3.1). The basement rocks of the Aysen region and areas 

further south are not well known, but have been suggested to be a composite set of 

Paleozoic accretionary prism and fore-arc basin assemblages accreted to the region by 

progressively southward displaced subduction active during the Paleozoic (Mpodozis and 

Ramos, 1989; Ramos et al., 1986). 

Cochrane and the road south of Lago Esmeralda 

At Cochrane, low grade shale/phyllites underlying lower Ibanez Formation were sampled. 

A brief investigation was carried out south of Cochrane, in basement rocks which vary 

from grey wacke sandstones with little cleavage development and simple upright folds, 

through to phyllites and quartzo-feldspathic schists showing evidence of multiple complex 

deformations, in the space of some 10km. 

In the Cochrane outcrop studied at location SCH1(46°13'58"S, 72°37'1"W), the base

ment is weathered semi-pelitic and pelitic phyllites and schists, interlayered with or cut 

by quartz veins and late stage crenulation cleavages. These rocks are overlain uncon

formably by weathered blue tuffs of the Ibanez Formation. Below the unconformity, the 

basement schists are fine grained micaceous or pelitic schists and phyllites, interlayered 

with, and cut by, quartzose veins, with a schistosity oriented at 188°/24°, itself folded by 

crenulations and and an incipient crenulation cleavage trending 070° and plunging 20°E. 

These structures are cut by kink-band folds, trending at about 205° (see Fig. 3.2). The 

quartz/mica layering and crenulation cleavage surfaces appear folded by larger folds, to 

which the later kink bands display vergence relationships; these folds are tight, upright 
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Figure 3.1: Location map for basement outcrops visited to the west and south of 
Puerto lbaiie7.. 
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Figure 3.2: Fine grained micaceous pelitic phyllites underlying the Ibanez Formation 
at Cochrane, showing crenulation cleavages and kink-band folding. Pencil is 15cm 
high. Approximate location: 46°13'58"8, 72°37'1"W. 

folds with a near vertical axial planar orientation trending 200° - 205°. 
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The contact between the Ibanez Formation and the Basement in the Cochrane section 

is relatively simple. The upper few metres of schist are weathered and cracked, and are 

overlain by a weathering horizon of 15-20 metres of yellowish clay, with weathered blocks 

of volcanic origin, plus calcite and agate veins. Weathering of both the volcanic clasts 

and blocks of dissaggregated schist is spheroidal, with Fe and Mn oxide staining present 

on cracks and joints between and within blocks. This weathering horizon is interpreted as 

the local unconformity surface on which the early Ibanez Formation was erupted. In this 

location, Ibanez rocks are dull duck-egg blue lithic tuffs and grey-blue ignimbrites with 

poorly developed columnar jointing. 

South of Cochrane, on the road to Lago Esmeralda, brief investigation of roadside 

schist outcrops showed a wide difference in the structural complexity and metamorphic 

grade of the basement in the Cochrane-Lago Esmeralda region. 

At the furthest south of these outcrops, exposed in the river at 47°28'5.9" S, 72°32'17.4"W, 
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Figure 3.3: Upright similar synform fold in massively bedded fine and medium 
sandstone metasediments, south of Lago Esmeralda. 47°28'5.9"8, 72°32'17.4"W. 
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the basement consists of dark medium and fine sandstones, thickly bedded and of low 

metamorphic grade. These sandstones are folded in simple, upright to moderately plung

ing similar folds, both antiforms and synforms, to which a poorly developed schistosity 

is axial planar (072°/90°) (see Fig. 3.3). The folds plunge at about 45° NE in some 

outcrops, and are overprinted by sets of kink bands orientated at about 320°/70°, with a 

sinistral sense of deformation, east over west. There is little evidence of more than one 

major deformation, with no segregation layering, or even evidence of much new mineral 

growth, except for sparse quartz veins (which may include prehnite-pumpellyite facies 

minerals) developed parallel to the kink bands. 

However, slightly further north along this road, at 47°23'57.1" S, 72°35'13.8"W, schists 

exposed in a glacially smoothed roadside outcrop show an early schistosity developed close 

to the remnant bedding structure, seen in the west of the outcrop, picked out by pelitic 

and quartzose schist layers. The earlier schistosity is overprinted by a later schistosity 

which develops from kink bands. Figure 3.4 shows the relationship between the earlier 
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Figure 3.4: Kink bands and associated schistosity (82) partially overprinting an 
earlier schistosity (81) visible as quartzose renmants within kink bands. Coin is 
15roro across. 47°23'57.1"8, 72°35'13.8"W. 
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schistosity, and the later kink band schistosity, which becomes dominant in the east side 

of the outcrop a few metres away (attitude 232°/60°). In turn, this second deformation 

schistosity is cut by quartzose segregation veins. This level of deformation is significantly 

more intense than that described at the southern end of the Lago Esmeralda Road, yet 

is only some 10km further north. 

Continuing this apparent trend of increased structural complexity towards the north 

and east , on the new road to Bahia Vidal, along the south side of Lago Cochrane, 

47°16'2l.3"S, 72°28'l.2"W, the schists and phyllites show possible basin and dome fold-

ing, with fold axes of the second generation running about 191°, plunging 12° S, refolding 

kink band folds approximately perpendicular to the secondary folds; the second gener-

ation folds have vertical or subvertical axial planes, but their trend varies by up to 20 

degrees within a few metres. 
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Puerto Guadal 

Further north at Puerto Guadal on the southern shore of the southwest end of Lago Gen

eral Carrera, the lakeshore wave cut platforms on the headland (46°50'20"S, 72°42'0"W) 

are of greenschists with evidence of multiple deformations. Tight isoclinal folds in marbles 

occur within the greenschists, and some outcrops show these isoclines to be sheath folds 

which have been re-folded (see Fig. 3.5). 

Bahia Exploradores road outcrops 

Phyllite and marble outcrops occur throughout this area, bounded to the west by the 

South Patagonian Batholith, and unconformably overlain by isolated outliers of lower 

Ibanez Formation tuffs. Outcrops studied are from road cuttings south of Puerto Tran

quilo, and a rough transect taken in road cuttings along the new road to Bahia Explo

radores which was under construction to the west of Puerto Tranquilo (Fig. 3.6). 

Investigation of these rocks was carried out briefly on two days. Starting the furthest 

west from the roadhead, a brief transect through the basement close to or in contact with 

the batholith was taken. 

Location SCH2, on the Bahia Exploradores road: (46°33'17"S, 72°54'16"W) This 

location was closest to the roadhead when visited in the 1997 field season. Freshly broken 

and blasted road cuttings, scarred by blasting drillholes allow good examples of the contact 

with local granodiorites. The basement rocks here are very altered, with a massive dark 

grey to black outcrop of amphibolitic appearance with poor gneissic schistosity, and veined 

with white quartzose/granitic layers which suggest lit-par-lit style intrusion of material 

from the nearby granitoid (see Fig. 3.7). Minor disseminated sulphides occur (generally 

pyrites). The granitic veins are 1-30cms wide, and the gneissic schistosity is complexly 

folded, with fold axes approximately orientated at 1600 /800
, but this layering is disrupted 

and sometimes destroyed by the lit-par-lit style granitic veining. 

On re-visiting this location during the 1998 field season, the roadhead had advanced 

some kilometres beyond the 1997 position, so the attribution of the alteration and lit-
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Figure 3.5: R.efolded sheath folds of marble in calc-silicate schists and greenschists 
on the beach platform at Puerto Guadal , Lago General Carrera. R.ed outline indi
cates sheath fold in marble with closures off field of view of photograph. Blue line 
shows folded axial plane of sheath, while dotted green lines show axial planes of small 
kink folds refolding the sheath fold. View approximately 2.5m across. 46°50'20" S, 
72°42'0"W. 
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Figure 3.6: Geological sketch map of basement outcrops visited on the Bahia Ex
ploradores road, after Skarmeta (1978). 
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Figure 3.7: Amphibolitic gneiss veined with lit-paT-lit injection layers of granitoid, 
Bahia Exploradores road, west of Puerto Tranquilo. 46°33'17" S, 72° 54'16". Hammer 
is O.5m high. 
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paT-lit injection structures of the 8CH2 outcrops by nearby granitoid intrusions was con-

firmed by the occurrence of granodioritic rocks slightly further along the road at latitude 

46°32'53" 8, longitude 72°54'43.2"W. 

Location 8CH3, (46°35'37.6"8, 72°53'29.6"W): Leaving the roadhead and moving east 

back towards Puerto Tranquilo, one leaves the strongly altered contact aureole of the 

granitoids behind and moves into schists and phyllites with lenses of marble and calcic 

schists. At Location 8CH3, basement rocks are monotonous grey phyllites and pelitic 

schists, with very fine grained muscovite mica dominant over quartz. The schistosity is 

crenulated and folded, with trend varying from 220° to 265°, and fairly uniform plunge 

Location 8CH4, (46°37'3.5"8, 72°51'46.9"W): At this point along the road transect, a 

large lense of marble is intercalated within the schists and phyllites, forming an approx-

imately northward trending band, at least lkm thick, and several kilometres long. The 

marbles are white and grey, and are intercalated with calcic and pelitic schists, with many 
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Figure 3.8: Marble pod within grey phyllites on the Bahia Exploradores road, 
showing minor folds with vergence structures indicating an antiform to the east. 
46°37'3.5"8 , 72°51'46.9"W. Hammer is O.5m high. 
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subvertical shear zones present between schist and marble. These marbles and schists dis-

play minor folds with an axial planar surface orientated at approximately 315° /51 0 , with 

the fold plunging almost directly down dip at 45° to the west. The shear zones present 

near the contacts between marble and schist layers trend 002° and plunge 80° N (see Fig. 

3.8). Marble layers are weakly cleaved and break parallel to the schistosity of adjacent 

schist bands. The vergence relationship of minor folds within the schists and marbles, 

and their relationship to the cleavage indicates that this location is on the western limb of 

an antiform, with the hinge zone close to the east. Slightly further south, the cleavage is 

nearly vertical , trending 020°. The marbles were sampled for microfossils but later proved 

barren (Bradshaw (1998) pers comm.). 

Further south at location SCH4 B, (460 37'3.5"S , 72° 51 '47"W) a schist band within 

the marble (orientation 210° /85°) is the first occurrence of soft, green calcic schist, again 

with the schistosity parallel to the banding in the marble layers. Minor folds still show 

vergence towards a hinge zone in the east, although the folds in the marble are tight, 
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similar folds, tighter than the crenulation folds in the schists at SCH4. Schists along this 

transect can be estimated, from field mineralogy, to be lower greenschist grades, somewhat 

higher than the schists at Cochrane and south of Lago Esmeralda. 

Puerto Ibaiiez 

No outcrop occurs, but basement rocks are found as lithic fragments within many tuffs 

and ignimbrites, and were occasionally present as rafted blocks within minor intrusives 

south of Estero Largo. Basement xenoliths or lithic fragments within rocks in the Ibanez 

Quadrangle are usually small lapilli to large blocks included in tuff's and ignimbrites, or 

rafted blocks within intrusions. They are crenulated, coarsely crystalline quartzites and 

greenschists with quartzjalbitejmuscovitejchlorite. The underlying rocks in the Ibanez 

Quadrangle are inferred to be. part of the same or similar terranes to the more complex 

basement types reviewed above, as the lithic fragments of schist present in the Ibanez For

mation are most similar to schists from the more complexly deformed basement exposed 

in the Puerto Guadal,Puerto Tranquilo, Bahia Exploradores Road, and Lago Cochrane lo

cations, rather than the less metamorphosed deformed pelitic schists and metagreywackes 

from the Cochrane and Lago Esmeralda outcrops. 

3.2 Ibanez Formation 

3.2.1 Silicic Pyroclastic Rocks 

These rocks comprise the bulk of the Ibanez Formation, and consist of a wide variety of 

airfall tuffs and ignimbrites, and occasional lapilli tuffs, lithic tuffs, and breccias. Thick 

tuffs of probable ignimbritic origin are common throughout the area, but occur most 

often in the Rio Ibanez valley, the Peninsula Levican and the Peninsula Ibanez. Lithic 

tuffs, possibly lithic lag breccias, occur to the south of Cerro Piramide, at El Maiten 

and at Puerto Rey (see Fig. 3.9), either as discrete layers intercalated with tuffs and 

ignimbrites, or as lenses within tuffs and ignimbritic rocks. Accretionary lapilli in tuffs 

arc rare, compared to their common occurrence in the younger Divisadero Formation. In 
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the West Ibanez and Rio Ibanez areas, the occurrence of intercalations of shales and fine 

grained water-laid rocks suggests standing water (see Fig. 3.25). 

vVhereas some of the pyroclastic rocks are still in situ around silicic domes (for example, 

those at Cerro Farell6n, Cerro Cabeza Blanca and the Peninsula Levican), and can easily 

be interpreted as block and ash/breccia aprons, much of the outcrop extent of tuffs and 

ignimbrites that define the Ibanez Formation cannot be associated with any specific vent 

structures. These rocks may be interpreted as either extra caldera tuff/ignimbrite outflow 

sheets or, in areas of thick accumulations of well developed ignimbrites such as the Rio 

Ibanez valley, as valley ponded or caldera filling sequences. However, the pervasive minor 

faulting makes correlation of anyone eruptive complex difficult if not impossible (see Fig. 

3.9). 

Ignimbrites 

Ignimbrites are found throughout the mapped area, and vary from a few metres to greater 

than 100m thick; occasionally, individual units can be traced for several kilometres before 

outcrop is cut off by faults. Thin, 5 to 10m thick tuffs and ignimbrites are often altered 

to a light blue colour by pervasive alteration of matrix material and pumice fiamme to 

clays, sericitic muscovite or chlorite. Thicker ignimbrites also commonly show chlorite, 

sericite and and clay alteration of pumice, but the matrix is often less weathered and 

retains a mauve colour. Sericitic muscovite from altered pumice fiamme from a thick 

(15-20m) ignimbrite on the Peninsula Ibanez returned a Jurassic Ar-Ar age (see Chapter 

6) indicating alteration coeval with or shortly after Ibanez Formation volcanism. Simple 

cooling features are often present, with some units from both Peninsula areas displaying 

columnar jointing within the core of the ignimbrite (Fig. 3.10), but tops and bases are 

of massive, unjointed material, or with flaggy, bedding parallel jointing or cavernous 

weathering features, reflecting a possible lack of primary welding. Lithic fragments are 

sparse, and generally small. 
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Figure 3.9: Location map areas of Tuff, Ignimbrite and Lithic Tuff/Breccia units in 
the Ibanez Formation. 
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Figure 3.10: Columnar jointed ignimbrite forming ridge on Peninsula lbaiiez. 
Columnar zone is about 4.5m high, and is topped by a massive Baggy or fis sile zone 
with rounded weathering form . GR 278814 4866912 , looking north. 

Ponded Ignimbrites 

46 

The thickest ignimbrites in the Puerto Ibanez area outcrop to the northwest, in the 

east bank of the Rio Ibanez itself. These ignimbrites are massive, poorly bedded units 

displaying no columnar jointing, and are up to 130m thick. Intercalated between the large 

ignimbrites are volcaniclastic sandstones displaying graded bedding and load casts, as 

well as smaller ignimbrite flow units, crystal tuffs and debris flows . The thick ignimbrites 

are underlain by finely laminated silts and blackshales, indicating the presence of lakes 

between eruptive episodes and ponding of ignimbrites in topographic depressions, which 

may be caldera related. 

A measured section through a 130m thick ignimbrite on the eastern bank of the Rio 

Ibanez at G R 271625 4871575 (Fig. 3.11) shows a relatively monotonous unit, underlain 

by tuffs and reworked tuffaceous sandstones. There is little internal structure apart from 

zones of pumice and lithic concentration in the lower part of the tuff, and some degree of 



3.2. Ibanez Formation 47 

crystal enrichment and lack of lithic fragments in the upper part. Both below and above 

this outcrop, a further two more ignimbrites of similar size occur, also intercalated with re

worked tuffaceous material and debris flow units. Ignimbrites of similar size occur slightly 

further south above the road into Puerto Ibanez itself, underlying the units exposed at 

GR 271625 4871575. None of these thick ponded ignimbrites show any development of 

columnar jointing or large fiamme, which may indicate a lack of primary welding and cool 

deposition temperatures. 

Lithic Tuffs and possible Lag Breccias 

Lithic rich units are found throughout the Ibanez Quadrangle, but are noticeably more 

common in the central and south-western parts of the field area, from Arroyo Huemul 

across the Bahia Ibanez to the area between Rio Ibanez, Estero Largo and EI Maiten. 

These vary from lithic concentration zones within tuffs and ignimbrites, to large, massively 

bedded, matrix-poor polymict breccias 5-10m thick, with angular clasts ranging from 1-

2cm lapilli through to blocks up to 2m across. 

Lithic rich lenses or breccia lenses within tuffs and ignimbrites can be seen at Puerto 

Rey (see Fig. 3.12), where lithic rich laminated tuffs include lenses of matrix poor lithic 

breccia with gradational contacts. The occurrence of these coarse lithic lenses within 

tuffs and ignimbrites may suggest lithic dumping proximal to eruptive centres. However, 

some breccias do not occur with ignimbrites, and show rounded clasts and association 

with graded deltaic sandstones, and may be either deltaic debris flow related or due to 

lahars (those at EI Maitenal), whereas others are monomictic breccias associated with 

silicic lavas. 

Surge Deposits 

Much of the Ibanez Formation is composed of thin (less than 3m) tuffs and tuffaceous 

sandstones, intercalated with the main cliff forming units (ignimbrites and rhyolitic lavas). 

Whereas many of these units show a high degree of alteration, internal structures are 
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.3.2. Ibanez Formation 

Figure 3.12: Coarsely bedded lithic lag breccia lenses in tuff at Puerto Rey, varying 
between occasional lapilli and blocks in tuffaceous matrix, to matrix-poor clast sup
ported polymictic lag breccias of angular clasts from small lapilli to blocks exceeding 
1m. Outcrop is 12m high. GR 275570 4587710, looking northeast. 
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preserved in some places. On the southern side of the Peninsula Levican at GR 282080 

4858590, a fault bounded block of tuffs and epiclastic sediments contains laminated tuffs 

with low angle antidune type cross stratification and lapilli to cobble sized lithics. These 

suggest emplacement as surge or blast deposits. At this locality one tuff shows internal 

erosion surfaces indicating a turbulent flow environment, with each emplacement unit has 

eroded into earlier deposited material. 

Pinch and swell bedding characteristic of surge deposits is not often present, but can 

be seen in the tuff and breccia apron of the silicic lava dome at Cerro Cabeza Blanca 

described earlier (see Fig.3.18). The Puerto Rey Dome Complex of dacitic lavas also 

includes remnants of a carapace of thinly bedded lithic tuffs that may be surge deposits 

associated with either initial dome eruptions or block and ash dome collapse eruptions. 

Accretionary Lapilli Tuffs 

Accretionary lapilli are not commonly found preserved in the tuffs of the Ibanez Forma

tion, generally due to the destruction of much of the internal vitro clastic and sedimentary 

textures by devitrification followed by varying degrees of lithification and thermal re

crystallisation of ashy material. However, some accretionary lapilli can be seen as faint 

ghost images on weathered surfaces in both massive and bedded tuffs from the Peninsula 

Levican, and as well preserved examples southwest of Cerro Fare1l6n, in tuffs associated 

with a rhyolitic dome scree/breccia apron (Fig. 3.13). 

3.2.2 Silicic Extrusive and Subvolcanic Rocks 

Silicic extrusive rocks are present as three major dome complexes (Southwest Cerro 

Piramide, Puerto Rey, and Cerro Cabeza Blanca dated at 150.3Ma), as faulted frag

ments and as minor dome complexes on the west side of the Bahia Ibanez ('Vest Ibanez 

Rhyolites), of both dacitic and rhyolitic lithologies. Subvolcanic intrusive rhyolitic bodies, 

some of which are peperitic, occur on the western side of the Bahia Ibanez. The rhyolitic 

rocks along the eastern edge of the Peninsula Ibanez and eastern tip of Peninsula Levican 
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Figure 3.13: Accretionary lapilli (arrows) in thinly bedded tuffs associated with 
remnant rhyolitic dome lavas and breccias at southwest Cerro Fare1l6n. Hammer 
head measures 15cm. Near GR 273686 4876447, at about 900m. 
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(Frontier Rhyolite, seeFig. 3.14) may be included here, as their structures and textures 

indicate more a cryptodome/subvolcanic environment t han a hypabyssal origin. 

Extrusive Silicic Domes and Lavas 

Lavas and domes consist of blocky, flowbanded rocks, with common breccia zones, and 

fringing remnants of stubby coulee lavas, breccia aprons or block and ash deposits. Faulted 

dome rocks that occur at southwest Cerro Pinimide are intercalated with tuffs, ignimbrites 

and andesitic lavas. Faulted domes on the Peninsula Levican retain an apron of block and 

ash deposits to their southern side. Cerro Cabeza Blanca has pre-cursor tuffs and surge 

deposits with distinctive pinch and swell bedding underlying the breccias and coulee 

flows which spall off the main dome. On the south-western shore of the field area, in 

the Puerto Rey dome complex, rhyolitic and dacitic dome lavas display complex internal 

flowbanding and auto brecciation. Most of the domes are without columnar jointing, more 

often displaying contorted flowbanding, brecciation and sheeting joints. Well developed 
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columnar jointing was only seen in (ine small, weathered cryptodome in the West Ibanez 

Rhyolites (see Fig. 3.14): 

Peninsula Levican Dome/Lava Remnants 

These rocks form a fault bounded triangUlar slice across the centre of Peninsular Levican 

(see Fig. 3.14). The fault zones are eroded out and occupied by small saline lakes and slope 

colluvium, or trapped glacial moraine and lake sediments. To the west and east the dome 

is faulted against Ibanez Formation tuffs and ignimbrites, and to the southwest against 

Ibanez Formation tuffaceous sediments and minor debris Hows. The southeast margin is an 

intrusive contact with an andesitic minor intrusion with unusual compositional layering 

(alternating andesite and trachy-andesite layers between one and two feet thick). The 

northern three quarters of the triangular area consists of porphyritic dacitic lava, with 

phenocrysts of quartz and calcic oligoclase in a fine grained Howbanded felsitic matrix. 

Flowbanding is contorted and chaotic, but in the cross sections drawn (see Fig. 3.15) 

can be seen to dip generally to the east. Taken with the fairly low aspect ratio of the 

outcrop, and the underlying/adjacent block and ash tuffs and breccias, the dip suggests 

this outcrop is part of a coulee lava rather than an eroded dome remnant. Coherent rock 

is occasionally cut by bands or patches of auto-brecciated rock, interpreted as remnants 

of autobrecciation zones between dome or coulee How septa (Bonnichsen and Kauffman 

(1987)) (Fig. 3.15). 

The southern quarter of the triangle contains a remnant of an apron of breccias or 

block and ash deposits. These rocks are generally monomict, containing angular lapilli 

to block and bomb size clasts of the Howbanded dacitic lava rock, and range from matrix 

poor clast supported breccias through to matrix supported block and ash deposits (Fig. 

3.16). Both breccia and block and ash deposits form a fringe along the southern edge 

of the triangle of dacitic rocks, dipping to the south at about 30°, and are inferred to 

underly much of the Peninsula Levican lava How. 
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3.2. Ibanez Formation 

Figure 3.16: Rhyolite cobble in block and ash deposit, Peninsula Levican. Pencil is 
15cm high. GR 283424 4859525, looking south. 

Cerro Cabeza Blanca Dome 
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Cerro Cabeza Blanca, a small mountain immediately north of Laguna la Pollolla and the 

border crossing to Argentina is a very well preserved rhyolite dome, occurring at the very 

upper part of the Ibanez Formation. It retains remnants of an apron of surge deposits 

plus block and ash flows in Arroyo Zonj6n Feo immediately to the west of the mountain , 

and a fragment of coulee lava flow faulted 2km sinistrally to the south at Cerro Bandera 

Oeste (Fig. 3.17). 

The dome has been partially dissected on its southern face, immediately north of 

the border crossing. Below the dome a thick, columnar jointed feeder dike cuts through 

weathered upper Ibanez Formation tuffs onto which the dome was erupted (see Fig. 3.17). 

Rhyolite sampled from the core of the dome here on its south side returned a biotite Ar-

Ar age of 150.3±1.8 Ma, (Late Jurassic, Tithonian-Kimmeridgian boundary) while K-Ar 

from the same sample gave 155±2.8 Ma (see Chapter 6). At its base the dome cuts 

through and is erupted discordantly onto dark brown and purple weathered and clayey 
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sinistrally south from 
main dome outcrop, 

again overlying 
weathered Ibanez tuffs 

and andesitic lavas. 

Location Map. 

Aerial Photo of the geology of Key to Geological Overlay. 
Cerro Cabeza Blanca. and Recent Alluvium. 

Figure 3.17: Air photo with sketch overlay of the geology of Cerro Cabeza Blanca. 
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tuffs, lithic tuffs and ignimbrites, and'to its western margin the dome apron surge deposits, 

breccias and a coulee lava overlie similar tuffs and an andesitic lava. The faulted coulee 

lava fragment at Cerro Bandera Oeste also overlies weathered tuffs and another andesitic 

lava (Fig 3.17). 

The dome only retains parts of its apron of surge deposits, block and ash deposits and 

stubby coulee lavas at the western margin, and these are best exposed in Arroyo Zonj6n 

Feo (see Location Map, Fig. 3.17). Here, coarsely laminated to thinly bedded rhyolitic 

tuffs unconformably overlie the brecciated upper surface of an andesitic lava and a small 

patch of weathered and clayey blue Ibaiiez Formation tuffs. The rhyolitic tuffs show low 

angle cross stratification, pinch and swell bedding, and normal and reverse grading of 

altered pumice fragments (Fig. 3.18) and can be interpreted as pyroclastic surge deposits 

(Cas and Wright, 1993). Upstream closer to the dome, the tuffs are overlain by massive 

monomictic rhyolitic breccias of pink spherulitic and flowbanded rhyolites (Fig. 3.19). 

However, the coulee lava overlying these breccias is cut by a fault immediately west of 

the dome, and the bulk of the lava has been eroded out by the stream. On the east of the 

same fault, a similar lava is exposed two kilometres to the SvV at Cerro Bandera Oeste, 

where the lower part of a coulee flow and its underlying breccias survive (see Fig. 3.17), 

and is likely to be part of the same dome and lava complex. At this location the lava 

and breccias have flowed over weathered Ibaiiez Formation tuffs and tuffaceous sediments, 

as well as part of an andesitic lava (Fig. 3.20). The rhyolite flow is missing its upper 

parts, but retains the flow core of pink spherulitic rhyolite and blocky green and white 

weathered flow base breccias. 

The core of the Cerro Cabeza Blanca dome is composed of pink, mauve or red flow

banded rhyolite with 2-3mm euhedral phenocrysts of sericitised feldspars and occasional 

bipyramidal quartz. To the northeast and north it is overlain unconformably by tuffs, 

lithic tuffs and breccias associated with the Divisadero Formation. The dome comprises 

spherulitic rather than flowbanded rhyolites, with phenocrysts of feldspar, quartz and 

biotite. 
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Figure 3.18: Pinch and swell bedding with low angle cross stratification in pink and 
green pumiceous rhyolitic surge tuffs underlying the rhyolite dome at Cerro Cabeza 
Blanca. Hammer to bottom right is 0.5m high. GR 287300 4871600, looking north. 

Figure 3.19: Monomictic rhyolitic breccias from the Cerro Cabeza Blanca rhyolite 
dome coulee lava. 
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Figure 3.20: Cerro Bandera Oeste, with four successive ridges of: weathered purple 
Ibanez Formation tuffs; an andesitic lava flow; surge tuffs from Cerro Cabeza Blanca; 
coulee lava from Cerro Cabeza Blanca. GR 287521 4867918, looking north. 

Puerto Rey Dome Complex 
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Rocks of this dome complex outcrop in the hills around Puerto Rey (see Fig.3.14). The 

outcrops are sparse, as many contacts are hidden by patches of moraine or raised beach 

gravels from highstand periods of the lake. There are three main areas of silicic extrusive 

rocks here, those at Puerto Rey itself, and a further exposure further southwest along the 

lakeshore near the margin of the Puerto Ibaiiez Quadrangle. 

In the field, these dacitic rocks are readily distinguishable from the other silicic lavas 

of the Ibaiiez Formation in this region by their distinctive colour and mineralogy. In hand 

specimen they are porphyritic rocks with a phenocryst population of between 20 and 

30% of 1-3mm plagioclase and altered green mafic minerals, often glomeroporphyritic, in 

a dark red-brown or mauve groundmass. When weathered, the groundmass alters to a 

greenish grey, with patches of chlorite, and the feldspars take on a pinkish hue. Unlike 

the more Silicic lavas of Puerto Ibaiiez, Cerro Cabeza Blanca and West Ibaiiez regions, 
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the rocks at Puerto Rey lack quartz'phenocrysts and spherulitic textures, although they 

are sometimes flowbanded, with areas of alternating flowbanding and autobrecciation. 

Southwest Cerro Pi rami de Rhyolites 

A series of faulted remnants of rhyolitic domes occur on the lower southwest slopes of Cerro 

Pinimide. This dome complex is the most altered and disrupted of those mapped in the 

Puerto Ibanez area. The rocks are cut by numerous small faults, and have been thermally 

altered by the close proximity of dioritic and granodioritic intrusions associated with Cerro 

Piramide itself. The dome fragments and faulted coulee lavas outcrop southwest of Cerro 

Piramide as pale white, flowbanded rocks with fine flaggy jointing and some contorted 

flow banding; there are also occasional faulted remnants of weathered, purple spherulitic 

rhyolite lavas. The rhyolites in the main area occur from the lake level up to an altitude 

of approximately 400m, and are intercalated with tuffs, lava flow breccias and epiclastic 

sediments, as well as being cut by many small faults, fracture zones and dikes. Above 

these rhyolitic lavas are further tuffs, breccias and ignimbrites, cut by dikes and the Cerro 

Piramide granodiorite. Another rhyolitic dome, retaining some breccias and intercalated 

with lithic tuffs and ignimbrites, occurs at about 1200m on the high south shoulder of 

the mountain at GR 279000 4870500. Further to the north on the western faces of Cerro 

Piramide a rhyolitic dome at about 800m, GR 2876000 4872100, has no lava flows or 

breccias, and is possibly cryptodome or hypabyssal rhyolitic intrusion. 

Lago Don Poli Rhyolite Plug and Southwest Cerro Farellon rhyolites 

Two rhyolitic domes occur in the Cerro Farell6n area. One is a cryptodome with intrusive 

contacts and no breccia apron or lava flows above Lago Don PolL The other is a small 

fragment of a pale white silicified rhyolite dome with some associated breccia aprons and 

accretionary lapilli tuffs, below the southwest peak of Cerro Fare1l6n. All of the rhyolitic 

rocks in the Cerro Piramide to Cerro Fare1l6n area have a moderate to high degree of 

alteration due to the close proximity of the Cerro Piramide and Cerro Fare1l6n intrusions, 
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and are often pale and leached, or spotted with epidote and pyrite. They are host to 

minor sulphide bearing veins with traces of pyrite, quartz, galena and chalcopyrite. In 

particular, mineralisation was noted on Cerro Fare1l6n at GR 273873 4876304, where the 

altered rhyolitic lava and nearby tuffs and breccias are cut by gossanous quartz veins 

bearing goethite, pyrite, sphalerite and galena. The mineralisation occurs in veins and 

breccias closely associated with dikes and small sills of porphyritic microgranitoids of the 

Cerro Fare1l6n intrusive complex. 

West Ibanez Minor Rhyolitic Intrusives, including Cryptodomes and Peperites 

Small dome fragments, flow breccias, dikes, sills and irregular stocks of pale white, yellow 

or purple weathered rhyolite, either porphyritic with sparse quartz and plagioclase or 

aphanitic and flowbanded, occur throughout the western Ibanez Quadrangle. In particular 

these outcrop near EI Maitenal, and in the block faulted tuffs and breccias between EI 

Maitenal and EI Maiten. A flow banded rhyolitic plug or hypabyssal rhyolite intrusive is 

cut by Estero Largo immediately southwest of the andesites at EI Maiten, and a larger 

portion of a rhyolite dome occurs near the western edge of the mapping area north of 

Estero Largo at GR 270150 4862670 (see also Fig. 3.14). Two smaller rhyolitic bodies 

west of the Rio Ibanez at Maitenal and to the southeast on the coast at GR 278700 

4862900, north of Puerto Rey, lack features associated with subaerial dome extrusion. 

Instead, these rocks often have smooth, sinuous contacts with country rock, coherent 

internal flowbanding and a lack of brecciation. Some of these units have intruded into 

wet and unconsolidated volcaniclastic sediments, resulting in a glassy chilled margin and 

a surrounding envelope of hyaloclastite mixed with disrupted sediment. A peperitic dike 

also occurs slightly west of GR 270190 4868460, where a thin «1.5m) rhyolitic dike 

has intruded unconsolidated and wet Ibanez Formation tuffs and sediments, resulting in 

disruption of bedding and a carapace of disrupted sediment and hyaloclastite around the 

dike for up to 1m. 
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Frontier Rhyolites 

These rocks form a linear outcrop running down the eastern edge of the Peninsula Ibanez, 

almost exactly along the border between Chile and Argentina, and they also outcrop at the 

eastern end of the Peninsula Levican. Their contacts with the nearby Ibanez Formation 

tuffs and ignimbrites are not exposed due to masking soil cover and saline or brackish 

lake deposits. However, they contain rafted blocks of blue tuffs and tuffaceous sandstones 

similar to the adjacent rocks of the Peninsula Ibanez and are probably a thick subvolcanic 

rhyolitic dike or elongate dome or dome root intruding part of the Ibanez Formation. In 

hand specimen they are weathered brown or pink flow banded rhyolitic lavas, with some 

brecciated patches and common calcite and quartz veins. In some places they are also 

spherulitic, and have drusy quartz and agate amygdules in vugs and cavities. 

3.2.3 Basaltic and Andesitic Extrusive Rocks 

Extrusive basaltic and andesitic rocks form a minor part of the Ibanez Formation. They 

occur as breccias, lapilli tuffs and blocky aa lavas, exposed west of EI Ylaiten, Estero 

Largo, lower Estero Lechoso, Cerro Bandera Oeste, southwest of Cerro Cabeza Blanca, 

west of Puerto Rey and southwest of Cerro Pinimide (Fig.3.21). It is notable that several 

of these lavas occur stratigraphically above a weathered erosion surface in the upper Ibanez 

Formation. Depressions in the erosion surface are infilled by stacks of aa lavas (as at EI 

Maiten) or by a single massive blocky lava (at Cerro Cabeza Blanca), overlain by Upper 

Jurassic rhyolitic coulee flows. Only the outcrops at Maiten and Cerro Cabeza Blanca 

are discussed, because they are both well exposed and are among the least altered by 

subsequent weathering and metamorphic overprints from the Cerro Pinimide intrusions 

and other more minor intrusive bodies. These have significantly altered the andesitic and 

basaltic rocks at Estero Lechoso and Cerro Ph'amide. 
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EI Maiten Basaltic and Basaltic Andesite Lavas 

Basaltic to basaltic-andesite lavas cap the top of the hill at GR 272400 4864150, to the 

west of EI Maiten, and make up the bulk of the western face of the hill. They are also 

exposed to the southeast of the same hill near Estero Largo, in both cases as a stack of aa 

lavas, with coherent cores of slightly oxidised grey to black basaltic rock, within a carapace 

of coarsely stratified clast supported breccias. The breccias are made up of angular lapilli 

through to large block size fragments, and commonly have secondary calcite as a void 

filling cement. At least three flows are well exposed in the hill at EI MaiUm (Location 

WI 84), with each flow having baked the upper rubble surface of the preceding flow and 

intervening paleosols to a brick red. Each flow may vary in thickness by up to 10m (Fig. 

3.22). 

On the north and northwest part of the hill west of EI Maiten the lavas discordantly 

overlie red and brown weathered and oxidised volcaniclastic Ibanez Formation fluviatile 

sediments, composed of poorly bedded, moderately sorted and poorly rounded coarse sand 

and fine to medium gravel clasts of blue, green and purple altered tuffs and andesite; poor 

trough crossbedding and some scour and fill structures are evident. On the east side of the 

hill are weathered dark brown and purple tuffs and poorly sorted block and cobble matrix 

supported volcaniclastic debris flows, which overlie the fluviatile sediments. These are in 

turn unconformably overlain by the lavas. However, towards the south in exposures in the 

stream canyon cut by Estero Largo, blocky and columnar jointed basaltic andesitic lavas 

can be seen overlying thick mauve and purple weathered tuffs of the Ibanez Formation, up 

to 10m thick (Fig. 3.23). The outcrop relationships show that the base of the lavas is at 

least locally unconformable on Ibanez Formation tuffs and volcaniclastic sediments, with 

the unconformity and high degree of weathering below the lavas implying a significant 

erosional hiatus. This unconformable relationship within the Ibanez Formation between 

andesitic rocks and silicic Ibanez Formation tuffs and volcaniclastic sediments is best 

illustrated in a photograph of the hill at EI Maiten from the north, in which the andesitic 

lavas can be seen to be filling in the eastern side of a valley eroded into Ibanez Formation 
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Figure 3.22: Two basaltic lava flows at EI Maiten, showing Lava (A), with accom
panying flowtop breccia carapace (B) and an intervening baked red paleosol (C) in 
turn ovelain by the base of a second lava (D). GR 2720604864280, looking southwest. 
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tuffs and volcaniclastic sediments (FIg. 3.24). 

Southwest Cerro Cabeza Blanca and Cerro Bandera Oeste 

On the Peninsula Iba,fiez, andesitic lavas occur southwest of Cerro Cabeza Blanca, beneath 

the precursor tuffs and surge deposits of the overlying rhyolitic dome, and also at Cerro 

Bandera Oeste, again beneath a coulee lava associated with Cerro Cabeza Blanca. 

The lava southwest of Cerro Cabeza Blanca is a single massive blocky lava, probably 

more than fifteen metres thick (Fig. 3.17). The outcrop was initially mapped as a sill. 

However, where Arroyo Zanj6n Feo cuts through it (GR 287200 4871500), the base and 

top of this unit are exposed and show brecciated margins, a factor more consistent with 

its being a lava flow. Autobreccias also occur within the flow. The rock is dark grey 

to black in colour, aphanitic or slightly porphyritic with plagioclase phenocrysts up to 

3mm. Once again, as at El Maiten, the andesitic lava overlies purple and mauve clayey 

and weathered tuffs of the Ibanez Formation, but is overlain by rhyolitic tuffs and surge 

deposits associated with Cerro Cabeza Blanca. 

Two kilometres to the south, west of the fault passing immediately to the east of 

Cerro Bandera Oeste at GR 287770 4869250, the andesitic rocks outcrop on the south 

side of Cerro Bandera Oeste, below the rhyolite coulee lava and the associated rhyolitic 

breccias and tuffs are less well exposed. This andesite is <10 m thick, but again overlies 

weathered mauve Ibanez tuffs. The double cliffiine of the outcrop suggests two flows, 

but no intervening breccias are exposed (see Fig 3.20). In hand specimen the andesite 

is highly vesicular and altered, with a mauve or grey aphanitic groundmass. Plagioclase 

phenocrysts are altered and secondary chlorite and white agate or zeolite material com

monly line the elongate flow-orientated vesicles. Although the top and base are not well 

exposed, and thus no flow top and base breccias, the occurrence above weathered Ibanez 

Formation Tuffs and below a rhyolitic lava from Cerro Cabeza Blanca is very similar to 

that of other basaltic and andesitic lavas mapped in the area and thus this outcrop is 

included as a lava flow rather than a sill. 
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Figure 3.23: Basaltic lavas in the canyon of Estero Largo, overlying weathered and 
eroded purple tuffs and ignimbrites. GR 273040 4862440, looking south. 
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A small remnant of an andesitic lava breccia, underlain by breccia and bedded block 

and ash tuffs outcrops slightly southwest of Estancia Moroma at OR 284500 4869300, 

and is faulted against the Apeleg Formation of the Coyhaique group. This outcrop is 

only 50m across, but like the other andesitic rocks in the Cerro Cabeza Blanca area, it 

disconformably overlies distinctively weathered Ibanez Formation tuffs. 

3.2.4 Volcaniclastic Sediments and Non Volcanic Rocks 

Tuffaceous sandstones are intercalated with tuffs and ignimbrites throughout the Ibanez 

Quadrangle, but the best exposures of Ibanez Formation epiclastic sediments are in the 

western side of the area, around Maiten, El Maitenal and the Rio Ibanez (Fig. 3.25). 

Their depositional environments vary widely, and may include: fluvial gravels, sheetflow 

flood and overbank deposits, deltaic -sequences, debris flows, lacustrine siltstones and 

shales. Fossil fern fronds, wood fragments and trace fossils are occasionally present. In 

the \i\Test Ibanez to Puerto Ibanez areas, the occurrence of fining upwards deltaic sequences 

indicates the presence of fluvial environments draining into standing water, and with the 

occurrence of debris flows, peperitic intrusives, thick ponded ignimbrites, lithic tuffs, lag 

breccias and rhyolite domes this may indicate a caldera deposition setting, although no 

structural expression of any ancient caldera was found due to pervasive faulting of the 

sequence. The Peninsula Ibafiez and Peninsula Levican areas, conversely, show thinner 

tuffs and ignimbrites intercalated with fluvial channel sandstones, sheetflow flood and 

overbank sandstones, together with occasional andesitic lava flows and dacite to rhyolite 

domes, perhaps indicating more distal ignimbrite outflow sheet depositional environments. 

Deltaic, Lacustrine and Fluvial Deposits 

Fluvial gravels are found on the Peninsula Levican, and west of El Maiten and Arroyo 

Zanj6n Feo. The two latter occurrences appear to be above the erosion surface cut into 

older Ibanez Formation tuffs. 

The gravel deposits on the Peninsula Levican (OR 282300 4862000) are a small fault 
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bounded fragment, steeply dipping to the east and overlain by lithic rich tuffs. The gravels 

are thinly to thickly bedded and poorly sorted, with blue or brown clasts in a sparse coarse 

sandy matrix. Thinner beds of normally graded pebbles and gravels are intercalated with 

thickly bedded debris flow or mass flow deposits that are normally graded from boulder 

and cobble sizes at their base through to gravels and coarse sands at their tops. Some 

low angle crossbedding and chute and pool structures occur in the pebbly and sandy 

deposits. Clasts are sub-angular to poorly rounded fragments of tuff and silicic volcanics, 

weathered brown or light blue, particularly in the graded gravel beds. These rocks show a 

poor fining upwards sequence over about 20m of thickness, and may be part of an alluvial 

fan or scree system. 

\Vest of EI Maiten, on the north side of the hill (GR 272300 4864500) are massively 

bedded, weathered red and brown, fine to medium gravels and coarse sandstones. They 

are comprised of angular to poorly rounded clasts with some trough crossbedding. These 

sediments overlie weathered tuff and ignimbrite, and are intercalated with and overlain to 

the east by tuffs and debris flow deposits; no grainsize trends are identifiable. The angular 

clasts, massive bedding, poor trough crossbedding and the association with debris flows 

indicate that these rocks may be alluvial scree or fan deposits or perhaps braided stream 

deposits fed by scree or alluvial fans sediment. 

At Arroyo Zanj6n Feo (GR 287150 4872500 ), fluvial sediments occur just below the 

unconformity between the Ibanez and Divisadero Formations. Dark mauve to grey, thinly 

bedded, moderately sorted pebble gravels with a coarse sandy matrix display graded 

bedding, both normal and reverse, in some beds and include occasional lenses or wedges 

of siltstone. Crossbedding indicates paleocurrents flowed to the south. Mudstone ripup 

clasts, some possible dropstones (Presumably from floating vegetation/treetrunks with 

stones and soil attached) and silt drapes lie on some crossbedding surfaces. 

Lacustrine mudstones occur north of EI Maiten (GR 271300 4867000 and GR 271830 

4868850) and on the eastern bank of the Rio Ibanez (GR 2710504873000). In both these 

locations, laminated silty mudstones, and cherty blackshales occur beneath finely bedded 
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and laminated sandstones and silts with wood fragments. These finer grained sediments 

at EI Maiten are underlain by tuffs and lithic tuffs, and overlain by lithic tuffs and debris 

flows, whereas at the Rio Ibanez, they are overlain by thick ponded ignimbrites. 

Fining upwards sequences that may be deltaic and small floodplain deposits are most 

readily identifiable near EI Maitenal, and also slightly further west. At EI Maitenal (GR 

2711004869500), thickly bedded tuffs are overlain by thickly bedded polymict debris flows 

(see below) The debris flows fine upwards into massively bedded normally graded coarse 

and medium sandstones, with erosive bases, scour structures and partial bouma sequences, 

suggesting that these sandstones may be lacustrine turbidites. They in turn grade into 

laminated and occasionally crossbedded thinly bedded volcaniclastic sandstones and some 

silts, shales and fine sandstones. Mudcrack dessication features and wood fragments lie 

along soles of some silt and shale beds. Flute and drag marks and rare crossbedding show 

paleocurrents in SE and NW directions. The occurrence of dessication cracks in the finer 

grained material at the top of the sequence indicates subaerial exposure, perhaps due to 

deposition on a lacustrine delta top/floodplain. The top of this sequence is overlain by 

thick (2-5m) tuffs. 

Debris Flow Deposits 

Delta front debris flow or possible lahar deposits also occur near EI Maitenal at GR 270300 

4869000 and GR 271500 4869000 (Fig. 3.26), where massively bedded, poorly stratified 

deposits with rounded cobbles and boulders in a coarse, pebbly volcaniclastic sandstone 

matrix. In the latter occurrence, the debris flows have erosive bases on the underlying 

tuffs, dip shallowly to the northwest and grade upwards into laminated to thinly bedded 

sandy turbidites as in the fining upwards deltaic sequences described above. Other debris 

flow deposits associated with fining upwards sandstone sequences are present further west 

and also on the north side of the hill west of EI Maiten. 
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Figure 3.26: Massively bedded matrix supported debris flow with rounded cobbles 
and boulders of rhyolite, andesite and tuff, in a coarse sandy matrix. GR 271500 
4869000, looking west. Pen is 15cm high. 

3.2.5 Fossils and trace fossils 
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A poorly preserved Ophiomorpha tube trace fossil was found in massive coarse tuffaceous 

sandstones beneath the ponded ignimbrites on the east bank of the Rio Ibanez at GR 

271625 4871575. Thalassinoides grazing traces/burrows occur in volcaniclastic siltstones 

and mudstones on the shore of the Bahia Ibanez three kilometres northwest of Puerto 

Rey at GR 278700 4862900 (Fig. 3.27. see also Fig. 3.25) , associated with wandering 

traces and wood fragments. Wood fragments occur further up the same shore southwest 

of El Maitenal (GR 271830 4868850). Plant fossils apart from wood fragments are sparse, 

but fern leaves were found in laminated tuffaceous sandstones and mudstones with minor 

blackshales on Peninsula Levican at GR 282080 4858590. 
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Figure 3.27: Thalassinoides in silty fine sandstones associated with turbidite sand
stone sequence at GR 2787004862900 on the shore of the Bahia Ibanez. 

3.2.6 Alteration, Mineralisation and Low Grade Metamorphism 

Diagenetic Alteration 
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Extensive diagenetic alteration of Ibanez Formation rocks and their constituent minerals 

is common, especially to tuffs and basaltic rocks . Most rocks are well lithified, although 

finer grained tuffs and sediments are often harder than coarser grained material, and some 

of the occasional fluviatile gravels are quite friable, particularly if much clay is present. 

Feldspar crystals in Ibanez Formation rocks are often stained green or pink, and may be 

altered to swelling clay pseudomorphs. Mafic minerals such as pyroxene, amphiboles and 

biotite are commonly replaced by chlorite, goethite and hematite. Both the basaltic to 

andesitic lavas and rhyolitic rocks show some degree of this propylitic style of alteration. 

In the basic rocks, fractures and vesicles are often fined with calcite, agate, chlorite, 

clay or zeolites, whereas in the acidic rocks, particularly tuffs, glassy or ashy material is 

always devitrified , usually to very fine grained siliceous material, presumably comprised 

of quartz, feldspars and probable zeolites, although also often to clay (see also chapter 
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4), Calcite is common as a cementar void filling in many tuffs, breccias and epiclastic 

sediments. In most tuffs, pumice fiamme have been altered to fine white or green clay and 

occasionally fine muscovite mica (determined upon petrographic examination and XRD). 

Alteration is more extensive in strongly fractured rocks, and alteration 'haloes', probably 

related to fluid transmission, can be traced along fracture systems in many outcrops, 

Also, the upper contact of the Ibanez Formation, where exposed, shows evidence of a 

deep weathering horizon with alteration of tuff and lava to soft red and brown clay to 

a depth of 3-4m. Much of the diagenetic alteration of the lower Ibanez Formation may 

be ascribed to varying degrees of burial metamorphism, given that combined thicknesses 

of up to 2000m of Ibanez Formation, Coyhaique Group and Divisadero Formation rocks 

have accumulated in parts of the AysEm Basin. Additionally, hydrothermal activity from 

coeval and later volcanic activity may also be involved in much of the weathering and 

alteration observed. 

Contact Metamorphic Aureoles and Mineralisation 

Contact aureoles around minor intrusive rocks are mainly narrow, of the order of a few cm 

or m, up to 100m about the larger granitoids. Metamorphism in these aureoles may reach 

the albite-epidote hornfels facies, and occasionally up to the hornblende hornfels facies, 

with rocks commonly showing epidote as a vein mineral or as disseminated porphyroblasts, 

and rarely hornblende, biotite and andalusite. Secondary pyrite, tourmaline and chlorite 

occur as alteration or incipient metamorphic minerals, and prehnite/pumpellyite occurs 

as very low grade product in veins, Quartz veins of presumed geothermal origin are 

common throughout the altered parts of the Ibanez Formation, as are veins of calcite, and 

occasional barytes. While most quartz veins are barren, there are occasional occurences 

of sub economic Cu/Pb/Zn deposits of sulphide mineralisation and also disseminated 

sulphides in tuffs and rhyolites. These occur within the contact aureole of the Cerro 

Piramide intrusive, and also as pods and quartz veins with galena, pyrite, covellite and 

chalcopyrite in silicified Ibaiiez Formation andesites and rhyolites below Cerro Fare1l6n's 
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southwest peak. Gossans with goethite, covellite and sphalerite are found associated with 

the andesites and minor intrusive rocks west of EI Maiten. 

3.2.7 Structural Geology 

The structural geology of the Ibanez Formation is dominated by small normal faults 

aligned N-S in the west of the area, but less well aligned in the east. Displacements 

are either a few metres, or great enough that correlation of individual units cannot be 

made across the faults. In the Rio Ibanez valley, towards the upper northwest part of 

the field area, many of the small faults change their trend to the northwest, matching 

a northwest-trending lineament visible on a satellite photo as far as the Cerro Castillo 

area (see 1.4). Some minor reverse faulting occurs, and several of the normal faults 

have a significant oblique component .. At Arroyo Zanjon Feo, there is displacement of a 

coulee lava flow west of Cerro Cabeza Blanca by 2km south of the probable source dome, 

and a downthrow of approximately 250m. Fault gouges may have both subvertical and 

subhorizontal striations and slickensides, indicating both vertical and strike-slip/oblique 

movements have taken place. Most of the faults present in the Ibarlez Formation do not 

deform the overlying rocks, except for large reverse faults at Rincon los Arroyos, Estancia 

Moroma, and perhaps at Arroyo Zanjon Feo, which may be old normal faults reactivated 

by later compressive textonics. Folding is rare, the only examples being a small rollover 

anticline against a normal fault on the road into Puerto Ibanez, and a small, fractured 

anticline above the minor intrusives east of Arroyo Huemule. The fact that many of 

the smaller faults within the Ibanez Formation do not deform the overlying Cretaceous 

cover rocks indicates that the tectonism responsible for these faults was either coeval with 

the Ibanez Formation volcanism/sedimentation, or occurred shortly after Ibanez times, 

perhaps during the opening of the Austral Basin, but before deposition of the bulk of the 

Coyhaique Group and Divisadero Formation. 

There is also evidence of intra-formational unconformities/discontinuities. These occur 

between both silicic rocks (west of the Rio Ibanez) and between silicic rocks and andesitic 
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rocks (EI Maiten, west bank of the Rio Ibafiez above the road to Lago Lapparent, and 

at Arroyo Zanj6n Feo, Peninsula Ibafiez). These features suggest significant hiatuses 

in volcanic activity during Ibafiez times, with weathering and erosion of older material, 

followed by eruption of new pyroclastic rocks and lavas, both andesitic and silicic, on top 

of the older weathered tuffs. 

3.3 Coyhaique Group 

The Coyhaique Group, defined by Suarez and de la Cruz (1994a), unconformably overlies 

the Ibafiez Formation and is a transgressive-regressive sequence of shallow marine rocks 

forming the Aysen Basin expression of latest Jurassic to lower Cretaceous sedimentation 

in the Austral Basin (Riccardi, 1988). This group consists of three formations. The 

first is of discontinuous limestones, tuffs and fossiliferous sandstones (Toqui Formation), 

interpreted by previous workers as high energy deposits from shallow water environments 

near an active andesitic arc. The Toqui Formation is overlain conformably by a thick (up 

to 600m) extensive unit offossiliferous black shales (Katterfeld Formation) associated with 

anoxic, sheltered marine embayment conditions in Valanginian to Hauterivian times. The 

Katterfeld Formation grades abruptly into the Apeleg Formation, a homogenous unit of 

ripple and trough cross bedded sub-tidal and locally deltaic shallow marine sandstones 

(Ramos, 1981; Bell et al., 1994; Suarez and de la Cruz, 1993). 

3.3.1 Toqui Formation 

The Toqui Formation (Often regarded as cognate with the Tres Lagunas and Cotidiano 

Formations, Suarez and de la Cruz (1994b)) was not present within the area mapped, and 

thus may only be described from examples outside the field area, at the Toqui Mine (GR 

267700 5007600) and at Foitzick, (GR 259362 4940385) near Coyhaique. 

At the Mina Toqui, the Toqui formation consists of three thickly bedded fossiliferous 

sandstones bearing ostrea spp, intercalated with tuffs, tuffaceous sandstones and breccias, 

indicating marine sedimentation in a nearshore environment with active volcanism. The 
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first of the fossiliferous sandstone unconformably overlies the Ibanez Formation, and is 

locally metamorphosed and mineralised as a skarn deposit bearing sphalerite, pyrrhotite, 

chalcopyrite and other sulphides, with the mineralisation associated with a Miocene rhy

olitic intrusion (Carrie, 1997). 

Conversely, at the Foitzick outcrop, the Toqui Formation occurs above a brecciated 

dacitic lava of the Ibanez Formation, as a thickly bedded bioclastic limestone with many 

finely broken ostrea, echinoid shell and echinoid spine fragments, and without the tuffa

ceous sediments present at the Mina Toqui, indicating a slightly more distal sedimentation 

setting to any active volcanism, although still a shallow, high energy environment. 

3.3.2 Katterfeld Formation 

In the Ibanez Quadrangle, black shales of the Katterfeld Formation rest on the Ibanez 

Formation and outcrop over a large area in the catchment of the Estero Lechoso between 

Cerro Fare116n and Cerro Piramide, reaching a thickness of 500m. The contact with the 

Ibanez Formation is not exposed, but the laminated fine carbonaceous mudstones and silt

stones of the Katterfeld Formation occur very closely above weathered red, clayey Ibanez 

Formation tuffs and tuffaceous sandstones in Estero Lechoso at GR 276500 4876700, so 

the contact is almost certainly an unconformity. This interpretation is supported by the 

very pervasive faulting in the Ibanez Formation throughout the area that does not effect 

the Coyhaique Group. Both the Ibanez Formation and Coyhaique Group near the in

ferred unconformity are disrupted and cut by sills, small stocks, and dikes of hypabyssal 

granodioritic to tonalitic rocks associated with the Cerro Piramide intrusion. Further to 

the east at Cerro Cabeza Blanca, the Katterfeld Formation is present only as fragments 

within the marginal zones of hypabyssal intrusives cutting the Apeleg Formation, which 

in turn can be seen to unconformably overlie the Ibanez Formation in Arroyo Zanj6n Feo 

(see Fig. 3.28). 

The most interesting use of the Katterfeld Formation in the Ibanez area is in pro

viding paleontological age control, and in illustrating, from the thickness variations, the 



3.3. Coybaiquc Group 

\ 
\ 
,'t

.\ 

Apeleg Fonnation sandstones occur 
conformably above the Katterfeld 
Formation from Cerro FareUon to Cerro 
Manchon, and in tum grade 
conformably into the lower Divisadero 
Formation. 

4411 

In the eastern part of the area, the Apeleg Formation sandstones occur 
as a small fault slice at RincOn Los Arroyos, and more extensive 
outcrops at Estancia Moroma and at Arroyo Zonj6n Feo. The 
Katterfeld Formation is present here only as rafted blocks within the 
minor intrusive bodies southwest of Estancia Moroma. The Apeleg 
Formation in this region is moderately deformed, being faulted and 

? disrup~ a~ Rin~n los Arroy~s and Estancia ~oroma ~y reverse faults 
\ and mmor mtruslve rocks. while at Arroyo ZonJ6n Feo It 

unconformably overlies the Ibanez Formation and is intercalated with 
andesitic breccias and surge deposits. 

46' 26 

71" 40 

Legend 
c=J Holocene I11d Recent Alluvium.. Apel., FormoiioB (Coybaiquo Group.) IbOftez FODIlOI!IlII Silid<: Lavu & Domes. 

PI.~_. [=::J Katterfeld FonJIOIioo (Coybaique Ornup.) c=! - P<>nnalioo Silicic: 1U/Ii It SodimooU. 

~ C""" Pico Raja Rhyoli.,. 1WIic:z FOlDIIIiOll ADdooitold !..Iv .. 

c=J Diviadcro F"""";ou. [=::=J -. FDIlIJOIion Silicic: Rypobya.! bodico. 

Geological CODIaCII :Solid BIId< lilD; FauIII: 0MIuKI Bt.ck liBoo, Rc.aN __ 011 upper p .... 
o..maa. &lid Coutlln.: Blue u.... 

Hypoby.al Imnaiva ofvan.- typo. 

~ Gtmodioritic 10 Toaalilic Microarmitoida. 

[=:J Dioritic MicrognrUtoid. 

Figure 3.28: Location map for Coyhaique Group units within the Ibanez Quadran
gle. 

79 



3.3. Coyhaique Group 

Figure 3.29: Fossiliferous hardground showing small channel structure of calcite 
cemented sandstone and pebble conglomerate within carbonaceous mudstones of the 
Katterfeld Formation. GR 278319 4878264. 
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significant relief cut into the upper Ibanez surface during the lower Cretaceous. The great 

variation in thickness of the Katterfeld Formation in the Puerto Ibanez Quadrangle is im-

portant, and supports the possibility of very significant paleotopography in the old Iba.iiez 

surface that was infilled by Coyhaique group and later Divisadero Formation rocks. 

The Katterfeld Formation is fossiliferous, with ammonoid, oyster shell fragments, in-

oceramid bivalves, saurian bone fragments and shark teet h present at GR 278567 4878395 

within the major landslide below Cerro Manch6n. The ammonoid groups are found asso-

ciated with small limestone hardgrounds or turbidity-flow related limy sandstones within 

the shale (Fig. 3.29). Three groups are present, which have been identified as Crioceratites 

nolani, Crioceratites duvali and Aegocrioceras (Aguirre-Urreta (1998 b)). Aegocrioceras 

was previously known only from Europe, from the Speeton Clay in the UK and from 

Germany. (see also Chapter 6, with reference to stratigraphic correlation of this fauna 

with coeval faunas in the Nuequen Basin). 

At Cerro Manch6n the Katterfeld Formation is overlain conformably by the Apeleg 
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Formation. Despite disturbance by-an alkaline intrusive sill which exploits the contact 

between the two, in the upper 20 metres of the Katterfeld formation, isolated ripples of 

quartzofeldspathic and volcaniclastic sandstone appear, and this clastic sandy sediment 

proportion within the blacks hales can be seen to increase gradually upwards until the 

shales become a minor component and the sandstones change from small migrating rip

ples to crossbedded dunes and finally to the massive foreset crossbedded sandstones of 

the Apeleg Formation. While much of the Katterfeld formation comprises fine grained 

pelagic sedimentation, the occasional fossiliferous hardgrounds, limy sandstones (some

times channellised) and the sparse sandy beds in the upper parts of the unit are taken to 

represent distal examples of turbidity current or similar debris flow sedimentation from 

either the basin margins or from topographic highs within the basin. 

3.3.3 Apeleg Formation 

Marine sandstones of the Apeleg Formation are present at Estancia Moroma, upstream of 

the road bridge over Arroyo Zanjon Feo, on the the western face of Cerro Farellon, and as 

an arc of outcrops from the south west of Cerro Farellon, up towards Cerro Manchon, then 

across to the northern extension of the Cerro Pinimide intrusion. A small outcrop is also 

present as a small fault slice at Rincon Los Arroyos Reverse Fault (see Fig. 3.28). As with 

the Katterfeld Formation, this unit is important as a marker horizon between the Ibanez 

and Divisadero Formations, but in the Ibanez Quadrangle it is absent at the contact 

between them in the Arroyo Zanjon Feo immediately west of Cerro Cabeza Blanca. The 

Apeleg Formation consists of both tidal and deltaic facies, and sometimes grades upwards 

into continental redbeds of the Divisadero Formation, with channels and algal limestone 

fragments. 

At Cerro Manchon, the sandstones are 100 to 120m thick, with individual beds up 

to three metres thick, dominated by coarse and very coarse sands and fine gravels with 

subsidiary, rippled fine sands and some shales and mudstones. Ripup clasts of mud

stone are present in albite-epidote facies examples of the Apeleg Formation exposed in 
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the southwest slopes of Cerro Farellon (GR 272995 4878050). The Apeleg Formation 

at Cerro Manchon is in gradational contact with both the underlying Katterfeld For

mation blackshales, and with the overlying basal redbeds of the Divisadero Formation. 

vVithin the A peleg Formation, there are two fining upwards sequences present (see Cerro 

Manchon measured section, Appendix F). The lower sequence is dominated by thickly 

bedded, fine, well sorted, rounded conglomerates to very coarse and coarse, moderately 

sorted, well rounded sandstones with massive foreset crossbedding, and some herringbone 

tidal crossbedding. The upper sequence, while beginning with similar conglomerate to 

sandstone bedforms and grainsizes, grades upwards into tabular and trough crossbedded 

sandstones, with cobble and boulder size dropstones, presumably from floating vegeta

tion or stumps, and carbonised or silicified log sections (Fig. 3.30). There is a lateral 

gradation of these sandstones into muddy sandstone and siltstone redbeds which form the 

lower parts of the Divisadero Formation. The upper parts of the Apeleg Formation and 

lower parts of the Divisadero Formation redbeds both have carbonised and petrified tree 

trunks, but not in life position, and channel style sandstone deposits, indicating a deltaic 

to floodplain environment. The lower part of the Apeleg Formation, with foreset and her

ringbone crossbedding, massive, coarse bedforms and sediments may be more of a delta 

front to tidal shelf environment. The upper part of the Apeleg Formation is intercalated 

with lower Divisadero Formation redbeds at Cerro Manchon and Cerro Farellon. Further 

east at Estancia Moroma it is intercalated with and overlain by andesitic volcaniclastic 

rocks and surge deposits. In the same area, the Apeleg Formation has both deltaic and 

tidal sandstone bed forms, and displays an onlap relationship to Ibanez Formation pale

otopography at Arroyo Zanjon Feo. Unfortunately no body fossils were found to constrain 

the age of the Apeleg Formation, but Chondrites trace fossil ichnofacies were found at 

Arroyo Zanj6n Feo. 
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Figure 3.30: Tabular and trough crossbedded coarse sandstones and gravels with 
carbonised log sections, upper Apeleg Formation sandstones, Cerro Manch6n. GR 
2790984879268. 

3.3.4 Alteration and low grade metamorphism 
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Both the Katterfeld and Apeleg Formations have been folded and thermally metamor

phosed by mid to late Cretaceous intrusive rocks (89-101Ma) at Cerro Farellon. Thermal 

effects have recrystallised the sandstones, up to albite-epidote hornfels facies, for a few 

tens of metres around the granitoids. The A peleg Formation is also mildly recrystallised 

at Estancia Moroma within a few metres of the vent area of overlying/intruding andesitic 

pyroclastic rocks. In some places slight metamorphism is caused by trachytoid and an-

desitoid sills; for example, south of Estancia Moroma and directly below Cerro Manchon, 

the Apeleg Formation shows some quartz overgrowths and development of fine grained 

epidote and muscovite. Both the Katterfeld and Apeleg Formations show common veining 

with calcite, occasional anhydrite and the development of calcite cemented concretions, 

particularly in the Katterfeld Formation. 
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3.3.5 Structural Geology 

Coyhaique Group rocks are reverse and normally faulted near Estancia Moroma, by faults 

that trend northeast and fade out into the Divisadero Formation, with displacements of 

approximately 5 m at Estancia Moroma and 15m at Arroyo Zanjon Feo. At GR 284400 

'. 4869400, near Estancia Moroma, the Apeleg Formation is locally overturned, and close 

to the fault is torn apart into a 15-20m wide fault gouge with anastomosing bands of 

fault pug around lenses or blocks of deformed sandstones and mudstones. At Rincon Los 

Arroyos, the large reverse fault with its associated synclinal fold includes a fragment of the 

Apeleg Formation in the fault gouge at an altitude of about 1000m (GR 2808004871500). 

The reverse faulting of Ibanez Formation rocks over Divisadero Formation and Coyhaique 

group rocks has caused the Divisadero Formation to be folded into a tight syncline to the 

east of the fault. The Coyhaiq1le group rocks are not exposed in the syncline, but from the 

included sliver within the fault gouge are inferred to underly the Divisadero Formation. 

As this formation extends down to the lake level at La Pedregasa (approx. 200m contour) 

immediately east of the fault, the Coyhaique group may therefore be downthrown to the 

east by up to 700m, relative to the altitude of the faulted sliver in Rincon los Arroyos. 

Coyhaique group rocks are also involved in normal faulting and downsag folding related 

to the stoping structure at Cerro Farellon and deformation associated with the Cerro 

Piramide intrusive rocks, mentioned below. 

Coyhaique group rocks are thickest beneath Cerro Manchon and Cerro Farellon, whereas 

further east at Estancia Moroma, the Katterfeld Formation is present as a trace only and 

the Apeleg Formation is less than 100m thick. At Cerro Cabeza Blanca the Coyhaique 

group is absent altogether and Divisadero Formation tuffs have been deposited directly 

unconformably on the Ibanez Formation. These thickness changes illustrate the irregular 

nature of the Ibanez surface they were deposited on, and indicate that some rocks of 

the Ibanez Formation were only thinly covered or remained emergent during the deposi

tion of the marine rocks. Alternatively, some areas of the Coyhaique Group rocks were 

eroded prior to deposition of the Divisadero Formation. From this, it can be seen that the 
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Coyhaique group cannot be completely relied upon for use as a marker horizon between 

the Ibanez and Divisadero Formations, especially near the margins of the Austral basin. 

The area studied is close to the southeast margin of the basin as determined by modern 

outcrop relationships. 

3.4 Divisadero Formation 

The Divisadero Formation is dominated by rhyolitic to dacitic tuffs and tuffaceous sand

stones, with occasional rhyolitic ignimbrites. Rhyolitic ignimbrites and tuffs become more 

common towards the north and west, outside of the area mapped and towards the type 

sections of the Divisadero Formation at Cerro Divisadero near Coyhaique. 

In the Ibariez Quadrangle the lower parts of the Divisadero Formation consist of conti

nental redbeds with channel structures and fossilised wood, which have a gradational and 

interdigitating contact with the underlying Apeleg Formation of the Coyhaique Group, as 

at Cerro Fare1l6n. However, further east at Arroyo Zanj6n Feo, the redbeds are entirely 

absent, and Divisadero Formation tuffs overlie an unconformity surface truncating Ibanez 

Formation rocks. Stratigraphic columns were taken of the Divisadero Formation from 

Cerro Manch6n, and also from the type areas further north at Coyhaique, from Cerro 

Divisadero and Cerro Montreal. Outcrops of the Divisadero Formation at Lago Frio and 

Lago Castor were also visited (Fig. 3.31. see also measured sections of Cerro Divisadero, 

Cerro Manch6n and Cerro Montreal F). 

3.4.1 Pyroclastic Rocks 

Compared to the Ibanez Formation, the Divisadero Formation within the Ibanez Quadran

gle has more airfall tuffs and epiclastic sandstones and fewer rhyolitic ignimbrites/welded 

tuffs. Much of the stratigraphy is characterised by repeated thin tuffs, tuffaceous sand

stones, channel sandstones, and paleosols (especially at the base), interspersed with the 

occasional thick tuff, and rarely a welded ignimbrite. Tuffs with accretionary lapilli are 

common, and almost diagnostic of Divisadero Formation in this area. Welded rhyolitic 
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Figure 3.31: Location Map of measured sections and outCl'OP locations visited within 
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ignimbrites are rare in the Puerto Ibanez Quadrangle, but are common in the type sec

tion at Cerro Divisadero and in sections taken at Lago Frio and Lago Castor. The section 

taken at Cerro Montreal includes massive lag breccias with megablocks up to 10m at the 

base of some tuffs, unlike the sections measured at Coyhaique and Puerto Ibanez. The 

Cerro Montreal section may be the most proximal of Divisadero Formation seen, whereas 

the Coyhaique (Cerro Divisadero, Lago Frio, Lago Castor) sections are more distal and 

the Puerto Ibanez exposures would appear to be the most distal. The Puerto Ibanez 

exposures of the Divisadero Formation are dominated more by airfall tuffs and floodplain 

sediments, whereas the Cerro Montreal section, and to a lesser extent the Coyhaique 

sections, are a series of repeated large tuffs with minor intercalated airfall and epiclastic 

sediment. However, there is no evidence that Divisadero Formation tuffs from Puerto 

Ibanez and those from the measured sections in the Coyhaique region are sourced from 

the same eruptive centre(s). 

Tuffs and Ignimbrites from the Cerro Manchon section and from Cerro Farellon are 

generally less than two metres thick; only two units thicker than ten metres were ob

served in the section at Cerro Manchon. In the type section at Cerro Divisadero, east of 

Coyhaique, tuffs and ignimbrites are more common than in the Puerto Ibarlez Quadran

gle, range up to sixty or seventy metres in thickness, are more laterally continuous and 

have thicker intercalations of tuffaceous sediments between tuffs than the thick ponded 

igimbrites of the Ibanez Formation. Except for the thick proximal tuffs at Cerro Montreal, 

Divisadero Formation tuffs and ignimbrites are lithic poor. Most are rhyolitic, contain

ing crystal fragments of quartz and sodic plagioclase, and occasional biotite, in an ashy 

matrix, often welded and with a conchoidal glassy fracture, and white or green altered 

pumice fiamme, particularly in examples from Cerro Divisadero and Lago Castor. Colum

nar jointing was not present in most Divisadero Formation ignimbrites from the Ibanez 

Quadrangle, but is particularly common in examples from Cerro Divisadero, Lago Castor 

and Lago Frio, where glassy, welded ignimbrites occur often. 

Lapilli tuffs are common and well preserved, as opposed to the Ibanez Formation, 
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in which such structures are rarely-present. Accretionary lapilli from 5mm to 2cm in 

diameter were observed regularly in air fall tuffs from the Divisadero Formation at Cerro 

Divisadero and Cerro Manchon, and at Cerro Farellon. 

Pinch and swell bedded surge tuffs were noted only from the Cerro Montreal area, 

where they are interpreted as part of the co-ignimbrite ashfall deposits of the thick, lithic 

rich ignimbrites that make up the bulk of the Cerro Montreal section. 

3.4.2 Andesitic Lavas 

One example of an andesitic lava in the Divisadero Formation occurs in the Ibanez Quad

rangle, above Estancia Moroma, about 3 km southeast of Cerro Pico Rojo (GR 286700 

4872150). This single outcrop is downthrown approximately 15 metres to the east by the 

normal fault that cuts the Ib~nez Formation in Arroyo Zanjon Feo, and is a blocky a'a 

lava flow, about 5m thick, with prominent lava breccias exposed in the faulted area. No 

andesitic lavas were found at Cerro Divisadero, Cerro Montreal, and Lago Frio, and an 

andesite occurring at the Lago Castor cross section was discordant, and was interpreted 

as being a post-Divisadero age dike. 

3.4.3 Epiclastic Sediments: Basal Redbeds and Deltaic Horizons 

As discussed above, a conformable or paraconformable transition between Apeleg For

mation and the lower redbeds of the Divisadero Formation occurs at Cerro Manchon, 

but northwest of Cerro Cabeza Blanca, the redbeds are absent and Divisadero Formation 

tuffs rest directly upon weathered Ibanez Formation rocks, in unconformable contact. 

This would appear to complement the onlap relationship of the Apeleg Formation to the 

upper Ibanez Formation southwest of Cerro Cabeza Blanca. Sparse fossil material consists 

of carbonised and silicified wood fragments within the lower redbeds at Cerro Manchon 

and within the lag conglomerates of some channel deposits. Debris flows in the redbeds 

at the Cerro Manchon section also contain wood fragments and allochthonous chunks of 

sandstone filled with algal oncolites which have nucleated on wood and perhaps bone 
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fragments. 

Channel structures and conglomerates occur, notably in the redbeds at the base of the 

Formation, but also at higher levels. Fining upwards sequences of tuffaceous sandstones 

and siltstones with tabular and trough crossbedding, interpreted as channel sandstone de

posits, occur between ignimbrites at the Cerro Divisadero, Lago Frio and Cerro Montreal 

sections, but are subordinate to the thick tuffs which dominate the formation. How

ever, the Cerro Manch6n section in the main mapping area is dominated by sequences of 

reworked tuffaceous material intercalated with primary tuff and ignimbrite deposits. 

3.4.4 Alteration and Low Grade Metamorphism 

The Divisadero Formation generally shows low levels of alteration, probably only deu

teric and burial related diagelletic changes only, as many welded tuffs still show glassy 

textures in hand specimen, as well as widespread preservation of primary vitro clastic 

textures (see Chapter 4). Alteration is most obvious in the pink staining of feldspars in 

many tuffs, as well as the alteration of pumice fiamme to pale green clayey muscovite. 

However, around the high level granitoids of Cerro Fare1l6n and Cerro Pinimide there are 

contact metamorphosed rocks up to albite-epidote facies, with consequent destruction of 

any relict primary textures in pyroclastic rocks and recrystallisation of groundmass ashy 

material and pumice fiamme. Some minor sulphide mineralisation occurs southwest of 

Cerro Fare1l6n, either disseminated or in quartz veins. 

3.4.5 Structural Geology 

Simple folds occur where the Divisadero Formation has been intruded by tonalitic to 

granodioritic stocks. Horizontal or slightly tilted beds with open, inclined synclinal folds 

occur adjacent to Cerro Fare1l6n and Cerro Pinimide, with the steeper limb lying towards 

the intrusive body. The peaks of the Cerro Fare1l6n range are of Divisadero Formation, and 

some Coyhaique Group, roofing the underlying granitoid, and these rocks have relaxed 

into into the underlying intrusive rock, with some block faulting and stoping of large 
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fragments. There is also a fault between the Cerro Farellon block and the Cerro Manchon 

area, where Coyhaique Group and Divisadero rocks are downfaulted to the northwest, 

with the northwestern rocks forming a "drag" fold with the steeper limb up towards the 

fault. This also may be due to subsidence into the Cerro Farellon intrusion. A similar 

"drag" structure occurs on the southwest side of the Cerro Farellon block, also adjacent 

to disrupted rock intruded by many tonalitic dikes. It may be that the Cerro Farellon 

area represents an intrusion stoping its way upwards, forming a possible 'suspect' for a 

caldera (see Fig. 3.33). 

Steep reverse faulting occurs east of Cerro Piramide, at Rincon los Arroyos, where 

Ibanez Formation rocks are faulted up and over Divisadero Formation by some 500m, 

resulting in a syncline east of the fault where Divisadero rocks closest to the fault form 

the west limb of an assymetric syncline with a brecciated and sheared-out hinge zone. 

Reverse faulting also occurs slightly further east at Estancia Moroma, again with shearing 

of Divisadero and Coyhaique group rocks against Ibanez Formation rocks which are reverse 

faulted over them from the east. This fault disappears under moraine and outwash gravels 

to the northeast. 

East of the bridge over the Arroyo Zanjon Feo, an oblique/normal fault that cuts the 

west side of Cerro Cabeza Blanca also continues upwards into the Divisadero Formation, 

downthrowing the Divisadero Formation to the west by 15-20m. This fault also displaces 

the underlying rocks of the Ibanez Formation to a greater degree, and the displacement 

peters out upwards into the Divisadero Formation, indicating a probable growth fault as

sociated with the subsidence of the Aysen basin, with movement persisting into Divisadero 

Formation deposition times. 

3.5 Cerro Pico Rojo Rhyolite 

These rocks form a peralkaline rhyolite dome complex of fine grained, grey and pink 

aphanitic rhyolitic lavas and obsidians, often flowbanded, outcropping in the northeast of 

the Ibanez Quadrangle and the southern portion of the Farellon Quadrangle. They are 
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erupted through and onto a surface at or near the top of the Divisadero Formation, and 

retain part of an apron of pumiceous ignimbrites and coulee lava flows (see Fig. 2.5). This 

complex may postdate the Divisadero Formation, but the nature of its contacts with the 

Divisadero Formation are difficult to determine as it is hard to find contacts not masked 

by glacial gravels. The dome rocks are overlain by plateau basalts to the northeast, and 

are underlain by either the Divisadero Formation or, to the north, a large but poorly 

exposed basaltic andesite sill or lopolith to the north. To the south the rhyolites are 

intruded by basaltic sills and dikes. Distinctive red weathering stains have led Cerro Pico 

Rojo rocks to be mapped as basaltic rocks in previous photogeological interpretations. 

Pinaccle erosion has formed high spines in the blocky cliffs within the dome. To the 

western side, the dome still has bands of obsidian, whereas nearer Cerro Pico Rojo itself 

there are small pumice flows and contorted, complexly folded flowbanded rhyolites. The 

core of the dome is of spherulitic rhyolite with distinctive weathering features, including 

tall spines and 'onion skin' layering. Although the northern extent of this complex was 

mapped mainly by air-photo interpretation, there are small outliers of similar flowbanded 

peralkaline rhyolitic rocks under the Plateau Basalts on the border with Argentina. 

3.6 Post Divisadero Plateau Basalts 

The first indication ofthis formation is a basaltic andesite intrusion, subvolcanic, occurring 

beneath the plateau basalts, probably as a sill in the top of the Divisadero Formation. 

Overlying this are lava flow units, almost flat-lying, of thin basaltic lavas in a thick 

(200m+) stack, infilling depressions in the Cerro Pico Rojo Rhyolite and the Divisadero 

Formation. This unit was poorly mapped due to time constraints. Lavas are dark grey 

aphanitic rocks, with pahoehoe flows, 1 ~5m. thick, with intercalated baked paleosols 

and basaltic airfall tu:ffs. Pyroclastic rocks are exposed on the northeastern side of the 

peralkaline rhyolites, and consist of a dissected spatter cone overlying both the Divisadero 

Formation and the Cerro Pico Rojo Rhyolite, and are intercalated with and possibly 

commonly sourced with the nearby pahoehoe lava flows. There are common spatter beds 
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with eutaxitic textures, and ribbon hombs, cowpat bombs and spindle bombs are present. 

Cavities and vesicles within these rocks contain secondary silica minerals in the form of 

veins and geodes of pale white agate. This small unit of plateau basalts is probably an 

equivalent of the Buenos Aires Basalts, from their type locality south of Lago General 

Carrera at the Meseta Buenos Aires. (Skarmeta (1978)). 

3.7 Minor Intrusive Rocks 

3.7.1 Minor intrusives within the Ibanez Formation 

The Ibanez Formation is host to a wide range of minor intrusive rocks. Many subvolcanic 

sills and irregular bodies of granodioritic composition, mainly associated with the ma

jor granitoids, intru,de the Ibanez Formation at Cerro Farell6n, Cerro Piramide, Puerto 

Ibanez and EI Maiten. Numerous basaltic, andesitic and rhyolitic sills and dikes are found 

throughout the area, and a minor alkaline assemblage of sills and dikes of trachyte, tra

chybasalt, trachyandesite, phonolite, and tephritic basalt, mainly occurs on the Peninsula 

Ibanez and the Peninsula Levican. 

3.7.2 Minor intrusives within the Coyhaique Group 

Apart from the main granitoid intrusions at Cerro Piramide and Cerro Fare1l6n, the 

Coyhaique Group is intruded by a small granodiorite stock northeast of Laguna Huncal 

in the headwaters of Estero Lechoso, associated with Cerro Piramide, as well as a trachytic 

sill at Cerro Manch6n. Dacitic stocks and dikes, including xenolithic blocks of Katterfeld 

Formation, cut the Apeleg Formation at Estancia Moroma, and basaltic dikes cutting 

the Apeleg Formation at Arroyo Zanjon Feo have large amphibolitic xenoliths, perhaps 

related to an alkaline magma chamber or amphibolitic basement. 

3.7.3 Minor intrusives within the Divisadero Formation 

The Divisadero Formation is mainly intruded by granodioritic offshoots from the Cerro 

Farellon intrusives that have a more subvolcanic texture. Towards the east, around Cerro 
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Pico Rojo, there are basaltic, basaltic andesitic, trachybasaltic and trachyandesitic dikes 

and sills. In particular, a large basaltic andesite sill or lopolith intrudes the Divisadero 

Formation north of Cerro Pico Rojo, and a thick basaltic sill can be seen north of Cerro 

Cabeza Blanca. Basalt dikes are most likely associated with the eruption of the plateau 

basalts northwest of Cerro Pico Rojo. At Cerro Manch6n, a thick basalt dike can be seen 

to have fed a smalliopolith of basalt with an associated basaltic lapilli tuff deposit nearby. 

The lower Divisadero Formation at Estancia Moroma is intruded by the same complex of 

dacitic stocks and dikes that intrudes the Coyhaique Group in that location. 

3.8 Granitoids and Microgranitoids 

High level granitoids and microgranitoids intrude the Ibanez Formation, Coyhaique Group 

and Divisadero Formation throughout the central and western parts of the Ibanez Quad

rangle. These rocks are shown in Fig. 3.32. 

3.B.1 Cerro Fare1l6n Complex 

Several related bodies of granodioritic to granitic composition intrude the Ibanez Forma

tion, Coyhaique group and Divisadero Formation rocks around the Cerro Farell6n massif. 

The main body of this complex outcrops on the northwest slopes of Cerro Fare1l6n and 

is a high level granitoid with miarolitic cavities, a thin, but well developed metamorphic 

aureole, and significant collapse structures of the Divisadero and Coyhaique Group roof 

rocks into the granitoid (drag folds at margin of descending block and normal faulting 

within descending block), indicating a high level intrusion that was stoping its way into 

the Divisadero Formation, and may be a suspect for a caldera structure. Smaller bodies of 

similar granodioritic composition outcrop to the southwest and northeast of Cerro Farel

lon, and dikes of granodioritic to microgranodioritic composition are found throughout 

the Cerro Farellon area, as far southwest as El Progresso. Ibanez Formation, Coyhaique 

group and Divisadero Formation wall rocks are metamorphosed up to hornblende facies 

and albite-epidote facies in places, and parts of the Katterfeld shale have been extensively 
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Figure 3.32: Location Map of Grantoid and Microgranitoid intrusive rocks of the 
Ibanez Quadrangle. 
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silicified. Minor mineralisation of the country rock has occurred around this granitoid, 

with both disseminated and vein sulphide minerals of Pb,Zn,and Cu occurring in trace 

amounts. These have been mined on a very small scale by local families. The largest ex

posure of this complex, in the western slopes of Cerro Fare1l6n, has been dated by Ar-Ar 

methods to 89.3±3.7Ma (see Chapter 6)(Fig. 3.33). 

3.8.2 Cerro Piramide Granitoid/subvolcanic Stock 

This intrusion outcrops as a double cored stock forming two prominent peaks, Cerro 

Pinimide being the most well known, with Laguna Huncal occupying the saddle between 

it and the cone sheet intrusion that forms the northwest peak to the south of Cerro 

Manch6n. It is a tonalitic to granodioritic rock with quartz, plagioclase and altered horn

blende in microgranitic textures at its lower contacts against the Ibanez Formation, but is 

petrographically a hypabyssal porphyritic plagioclase-quartz dacite at the peak of Cerro 

Piramide. It intrudes the Ibanez Formation, Coyhaique Group and Divisadero Formation. 

In particular, to the north of Laguna Huncal the Cerro Piramide granitoid spalls off a 

number of small sills into the Coyhaique group, and a small sub-stock intrudes the Kat

terfeld Formation blackshales. Northeast of Laguna Huncal, the stock intrudes Coyhaique 

group and Divisadero Formation, and displays a distinctly weathered crater-like structure, 

reflecting at least one phase of ring or cone sheet emplacement of porphyritic hornblende 

microgranodiorite after collapse of an initial circular stock back into the magma. (see Fig. 

2.3). The collapsed granodiorite block in the centre of the structure is clayey and altered, 

with replacement of feldspars and mafic minerals by clays and epidote, while the outer 

ring is of fresher material. Intrusion of the stock has folded the Divisadero Formation 

immediately to the northeast of this structure. To the west of Cerro Piramide, the stock 

includes large blocks of country rock and spalls off' several minor sills, dikes and irregu

lar intrusive bodies into the Ibanez Formation, which have converted the wall rocks to 

hornfelses of albite-epidote facies. 
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3.8.3 South Cerro Piramide Microdiorite 

This rock is a small diorite stock intruding the Ibanez Formation on the south slopes of 

Cerro Piramide at GR 279000 4869000. It is cut but not much displaced by some of the 

minor faults in the Ibanez Formation in this area. In hand specimen it is quite strongly 

altered, with common visible pyrite in some samples, and is otherwise a dark grey rock 

with crystals of plagioclase, hornblende and biotite, up to 3mm in size. It is surrounded 

by a narrow metamorphic aureole in which the Ibanez Formation tuffs and sediments are 

cut by quartz veins with minor sulphide mineralisation and hornfelses of albite-epidote 

and hornblende facies. 

3.8.4 Puerto Ibanez Road Cutting Microgranitoids 

Several small granodioritic to tonalitic granitoid stocks intrude the Ibanez Formation at 

three places near the road into Puerto Ibanez and around the Estero Lechoso, (G R 273300 

4872725, 2743504873950 and 274440 4871950). These rocks are fresh and well exposed at 

La Masira and in the roadcuts, with well developed albite-epidote facies hornfelse aure

oles, and sharp intrusive contacts. The granitoids vary from microgranitic to porphyritic 

granular dacitic textures, that indicate their subvolcanic nature. The La Masira sample, 

PI 62, was sampled for Ar-Ar dating (see Chapter 6). 

3.8.5 West Ibanez Microgranitoids 

These rocks outcrop at EI MaHen and Puerto Rey, (GR 272580 4863880 and 273320 

4858150) as irregular granodioritic microgranitic stocks intruding the Ibanez Formation 

and surrounded by thin metamorphic aureoles of albite-epidote facies hornfels. At both 

locations there are minor amounts of sulphide vein mineralisation associated with the 

intrusions, usually including galena and sphalerite. 



Chapter 4 

Petrography of the Ibanez Area 

This chapter is a summary of the main petrographic characteristics of each formation dis

cussed in Chapter 3. A total of 470 thin sections were cut, of which approximately 320 are 

summarised here. Descriptions of the mineralogy and textures of typical examples of each 

formation are presented, and illustrated with appropriate figures and photomicrographs. 

Full petrographic descriptions for those samples summarised in the text are presented in 

Appendix A. 

Basement Schists 

Petrographic description is limited to those samples from the Bahia Exploradores Road, as 

most other locations visited were from widely scattered areas which cover a wide range of 

metamorphic grades, and may include several different terranes. The Bahia Exploradores 

samples are the closest basement to the main field area at Puerto Ibanez, although some 

have been thermally influenced by the North Patagonian Batholith (see Fig. 3.6 after 

Skarmeta (1978). 

4.0.6 Bahia Exploradores Road transect 

Six samples were taken adjacent to the batholith, from three locations along the Bahia 

Exploradores Road, along the Rio Norte, west of Puerto Tranquilo. These rocks are 

amphibolite facies granitic and amphibolitic gneisses with lit-par-lit injection textures, 

greenschist facies pelitic schist of the chlorite zone, and marble and greenschist facies 

ankerite zone calc-silicate schist, respectively. The three samples taken closest to the 

batholith show mineralogy indicating a higher facies and granoblastic textures consistent 
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with strong thermal metamorphism; whereas the schist samples show greenschist facies 

mineralogy, segregation layering and crenulation cleavage textures consistent with a re-

gional dynamothermal metamorphism. These samples are very similar to those described 

by Skarmeta (1978) from the Capilla del Marmols and west of Puerto Tranquilo, although 

the contact with the batholith was found to be slightly further west than that originally 

mapped along the Rio Norte. 

4.1 Ibanez Formation 

4.1.1 Silicic Pyroclastic Rocks 

Given the wide distribution of silicic pyroclastic rocks within the Ibanez Formation, and 

the. common occurrence of reworked pyroclastic material in tuffs and tuffaceous sand

stones/siltstones, the description of these rocks is confined to rocks which show field 

characteristics identifying them as primary pyroclastic deposits and not reworked mate-

rial. Field criteria used were the presence of well developed columnar jointing, pumice 

fiamme, massive cliff-forming bedforms, accretionary lapilli, pinch and swell bedding, etc. 

Seventy two samples were cut and sectioned, mainly from the larger cliff-forming 

ignimbritie tuffs but also from bedded tuffs with surge-type pinch and swell bedding or 

without obvious water-laid bedding, and from pumice flows and lithic tuff/breccia units. 

Some very thick tuffs (lOrn or greater) were sampled at base, middle and top to pick up 

any trends in crystal enrichment, pumice concentration or lithic fragment concentration. 

Crystal contents of the tuffs range between 4-50%, but average 22%. The most com-

mon minerals present are 0.2-5mm fragments of quartz, albite and sodie oligoclase, with 

the occasional occurrence of calcic oligoclase, sanidine or high sanidine, consistent with 

a rhyolitic origin. Accessory and trace minerals include biotite, zircon, apatite and mag-

netite, often altered to haematite. Quartz crystal fragments are fractured and embayed or 

rounded beta-quartz paramorphs, and are unaltered apart from occasional overgrowths 

of secondary mosaic quartz in altered or hornfelsed samples. Plagioclase feldspars are 

usually fractured and broken subhedral or euhedral crystals, and may be partly or com-
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pletely sericitised or replaced by calcite, chlorite and clays, or have patchy replacement 

by K-feldspar. Hornfelsed tuffs have sodic plagioclase altered to saussurite, with granular 

epidote, sericite and albite pseudomorphs. K-feldspar is difficult to identify, but if present 

is either sanidine or high sanidine; it is slightly perthitic in some samples, and is less 

altered than the sodic plagioclase population. Biotite is usually green-brown pleochroic 

cleavage fragments and booklets, often altered to muscovite in optical continuity with 

the original biotite, with leucoxene, mosaic quartz or haematite occurring at rims and 

between cleavage lamellae. Biotite may also be chloritised. Opaque minerals are altered 

to haematite, goethite and limonite or leucoxene in most samples. 

Lithic fragment contents are 1-70%, averaging 14%, but the mode of samples measured 

was 5%. In most tuft's, lithic fragments range from angular coarse ash to lapilli sizes, but 

thick ignimbritic tuffs, such as those from the Rio Ibanez Valley or the Peninsula Ibanez, 

include lithic fragments from lapilli to block sizes. Lithic fragments are rhyolitic tuffs, 

felsitic and spherulitic rhyolitic lavas, and lesser amounts of pilotaxitic and porphyritic 

plagioclase-bearing dacitic and andesitic rocks. These lithics, which closely resemble 

Ibanez Formation lithologies, may be interpreted as local vent-derived fragments or ac

cidental lithic fragments of Ibanez Formation rocks, picked up during eruptions through 

vents emplaced into existing Ibanez Formation material or from the ground overwhich 

the pyroclastic flows travelled. Some tuffs also contain fragments of hypersolvus gra

nophyric granitoid and coarsely crystalline quartz-albite-muscovite-chlorite greenschists 

and quartzite. These may be respectively interpreted as cognate magma chamber frag

ments and xenolithic fragments of basement schists underlying the Ibanez Formation (Fig. 

4.1A). 

The vitric or ash and pumice content of Ibanez Formation tuffs is less easily deter

mined, as most samples are comprehensively devitrified and in many cases recrystallised. 

T'he vitric component of the tuffs was determined by assuming that all felsitic textured 

material and quartz mosaic material present was recrystallised from a vitric ash matrix. 

This assumption was checked by careful study of thin sections for ghost glass shard and 
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Figure 4.1: A) Photomicrograph of Ibanez Formation tuff from field location PI 43 
M, showing quartzose green schist lithic fragment (arrow) , and crystal fragments of 
quartz (Q), albite (A) in a matrix of felsitic devitrified ashy material (dark matrix). 
Field of view 5mm, cross polarised light. B) Photomicrograph of relict glass shard 
textures in Ibanez Formation tuff from field location WI 56, showing 'wrap around' 
textures of shards (arrow) against embayed and fractured quartz crystal fragments 
(Q) and small cleavage flakes of biotite (B). Shard textures are pseudomorphed in 
fine grained felsitic quartz-K-feldspar intergrowth and sericitic mica. Plane polarised 
light , field of view 5mm. 
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pumice textures in plane polarised1ight. Vitric ash and pumice contents range from 

10~90%, with modal and average vitric proportions both being high (74% and 64% re

spectively). Vitro clastic and eutaxitic textures are only partially preserved, as 'ghost' 

textures visible in plane polarised light, or as pseudomorphs replaced by alteration prod

ucts (chlorite, sericite or calcite), or in some samples, by variations in grainsize of the 

felsitic material recrystallised from original glass (Fig. 4.1B). Pumice fragments are most 

often replaced by felsitic material, often with a different grainsize from the matrix felsitic 

material, or by fine grained sericite and calcite. Spherulitic textures occur particularly 

in pumices but are remnant only, and are overprinted by later development of felsitic or 

mosaic recrystallisation textures. Felsitic textures are in turn often replaced by mosaic 

quartz/feldspar textures, especially in contact metamorphosed tuffs near the microgranitic 

stocks at Cerro Piramide and Cerro Fare1l6n. Here, original ashy matrix material may 

show growth of mosaic to granoblastic quartz and feldspars, decussate biotite textures and 

saussuritisation of plagioclase. Growth of porphyroblasts of epidote, andalusite, biotite, 

muscovite, and tremolitic amphibole may occur (Fig.4.2A). 

Summary 

Tuffs in the Ibaiiez Formation can be classified as vitric tuffs (Fig. 4.2B). Some crystal

rich samples are either from tuffs above thick ignimbrites and may be crystal-enriched 

co-ignimbrite ashfalls, ot are from the upper parts of massive ignimbritic tuffs and may 

indicate crystal enrichment as a result of fines winnowing. Massive tuffs identified as 

ignimbrites by field mapping criteria (massive cliff-forming sheets with columnar jointing, 

etc.) tend to be lithic-poor, comprising mostly crystal and vitric material. One tuff 

from the Rio Ibaiiez and one from Peninsula Levican show roughly increasing trends 

in lithic and crystal fragment content from base to top, coupled with decreasing vitric 

content from base to top. Thinner bedded tuffs, which could be from either airfall or 

minor pyroclastic flow or surge activity, show no obvious internal trends in crystal or 

lithic concentrations. All samples show moderate to extreme alteration, ranging from 
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Figure 4.2: A) Photomicrograph of contact metamorphosed Ibanez Formation tuff 
from field location PI 100, with granular clusters of epidote (E), chlorite (C) and 
albite (A) replacing saussuritised plagioclase and forming small porphyroblasts in the 
devitrified, grey felsitic groundmass. Note also lithic fragment of spherulitic rhyolite 
(8). Cross polarised light, field of view 5rnm. B) Classification plot for ignimbrites 
and silicic tuffs of the Ibanez Formation. Fields according to 8treckheisen (1979). 
(Proportions by visual estimation.) 
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devitrification of original vitric material and weathering of feldspars and mafic phases, 

through to contact metamorphic recrystallisation, leading to coarsening of devitrification 

felsitic and mosaic textures and sometimes growth of porphyroblasts, and reach albite

epidote and hornblende hornfels facies. 

4.1.2 Silicic Extrusive Rocks (Including Cerro Cabeza Blanca) 

In the field, the hand specimen mineralogy and textures of dacitic rocks from Puerto 

Rey enabled them to be distinguished from the more silicic rocks of the dome complexes 

of the Cerro Cabeza Blanca, Puerto Ibanez and West Ibanez areas. The dacitic rocks 

lack quartz phenocrysts and spherulitic textures, having instead higher plagioclase con

tents and distinctive glomeroporphyritic clusters of plagioclase and mafic minerals and 

commonly, green chloritised mafic phases. 

Fifty-two samples were cut for thin sections, including all the main domes or lavas at 

Puerto Rey, Peninsula Levican, Peninsula Ibanez, Cerro Cabeza Blanca, Southwest Cerro 

Piramide, and the many small silicic bodies present in the West Ibanez area (refer Fig. 

3.14). Samples were either coherent flowbanded lava, or breccia clasts/fragments. 

Dacitic and rhyolitic rocks are porphyritic, with phenocryst content between 5-40% 

of the total, and with some phenocrysts, generally the feldspars, reaching up to 5mm in 

size. 

Dacite phenocryst populations are dominated by albite and sodie oligoclase (15-40%), 

followed by a chloritised mafic phase (5-10%), and small amounts of K-feldspar (trace-

5%), and up to 5% of oxidised opaque minerals. Quartz was only present as a phenocryst 

phase in one sample at <5%. Although the mafic phenocrysts were altered in all sam

ples, blocky tabular chlorite/uralite pseudomorphs with occasional octagonal end sections 

suggest pyroxene pseudomorphs, although one sample also included trace amounts of chlo

ritised biotite. 

Rhyodacite and rhyolite phenocryst populations are also dominated by sodic plagio

clase, but commonly contain quartz, with ranges of 1-10% quartz, 5-25% albite or sodic 
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oligoclase, and occasionally minor amounts of K-feldspar phenocrysts, usually sanidine 

(trace-1 %). Other phenocryst phases which may be present are biotite (trace-5%) and 

oxidized opaque minerals (haematite, goethite and leucoxene, 1-5%). Biotite is often 

partially or wholly altered to pseudomorphs of muscovite, leucoxene and haematite, with 

exsolved leucoxene and haematite along cleavage planes of the muscovite. 

In both dacitic and rhyolitic rocks, trace minerals may include apatite, zircon, mag

netite and tridymite, and secondary alteration products may include chlorite, calcite, 

tremolitic amphiboles, sericite, clay, haematite/goethite, and leucoxene, together with 

common secondary vein or void-filling quartz, calcite and rarely barytes. Pyrite may oc

cur within any vein assemblages, or as disseminated porphyroblasts in the altered rocks. 

Quartz phenocrysts in the rhyolites are subhedral, rounded and embayed 'beta-quartz' 

high temperature paramorphs, often with slight secondary overgrowths of mosaic or fi

brous quartz from groundmass recrystallisation. Some quartz in less altered samples 

contains partly devitrified glass within embayments. 

In both the dacites and rhyolites, albite or sodic oligoclase occurs as euhedral or 

subhedral crystals, sometimes glomeroporphyritic, commonly altered to sericite or calcite 

and sometimes showing patchy replacement by K-feldspar or quartz. 

The mafic phase in the dacites is uniformly altered to either uralite or chlorite, but 

based on the shape of the pseudomorphed phenocrysts may have been a pyroxene, pos

sibly orthopyroxene. These pseudomorphs are often in glomeroporphyritic clusters with 

magnetite, oligoclase and apatite, and are visible in hand specimen as a useful field classi

fication texture. Mafic phases in the rhyodacites and rhyolites are occasionally unaltered 

biotite phenocrysts (Cerro Cabeza Blanca) but most samples showed alteration of any 

mafic phase to chlorite and uralite or haematite, Ieucoxene or sericite. 

Groundmass in the dacites ranges (often in the same section) from pilotaxitic textures 

containing albite-oligoclase microphenocrysts with interstitial quartz and K-feldspar mo

saic or poikilomosaic textures, through to dominant quartz and K-feldspar poikilomosaic 

material around minor patches of pilotaxitic feldspar microphenocrysts. Some samples 
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show remnants of flow banding that has been obliterated by quartz mosaic recrystalli

sation of the groundmass. Fine grained opaque minerals and oxidised mafic minerals 

occur throughout the groundmass, either in intergranular textures with the feldspar mi

crophenocrysts, or as inclusions within the poikilomosaic quartz/K-feldspar material (Fig. 

4.3A). 

Groundmass textures in the rhyolites vary between fine grained felsitic quartz and 

K-feldspar with faint flow banding and sparse spherulites <1mm across, to coarsely re

crystallised poikilomosaic textures with well developed quartz-K-feldspar mosaics around 

albite and opaque mineral microphenocrysts. Some samples, particularly the coulee lavas 

from southwest Cerro Pinimide and Cerro Cabeza Blanca, have very well developed coarse 

spherulitic textures containing individual spherulites up to 10mm across. All rhyolitic and 

rhyodacitic samples show moderate to. extreme mosaic and poikilomosaic recrystallisation 

of groundmass quartz (Fig. 4.3B and Fig. 4.4A). 

Summary 

The least altered samples of dacitic and rhyolitic rocks from the Ibanez Formation have 

modal and normative values that plot within the dacite and rhyolite fields on a QAPF di

agram (see Fig. 4.4B)(Streckheisen, 1979). Most samples show pilotaxitic texture derived 

from fluid flow in lava and felsitic or occasionally spherulitic groundmass textures indicat

ing extrusion as undercooled lavas. These textures in turn have often been overprinted by 

mosaic quartz/feldspar recrystallisation and alteration of feldspar and mafic phenocryst 

phases to sericite, calcite, chlorite, associated with later thermal or hydrothermal effects 

from the numerous intrusive rocks cutting the Ibanez Formation. 

4,1.3 Basaltic and Basaltic Andesitic Extrusive Rocks 

These rocks outcrop as breccias, lapilli tuffs and blocky aa lavas, exposed at EI MaitEm, 

Estero Lechoso, Arroyo Zonj6n Feo and Southwest of Cerro Piramide. Thirty-two samples 

were cut, mainly from outcrops at El Maiten, Estero Lechoso/Cerro Piramide and Arroyo 
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Figure 4.3: A) Photomicrograph of Ibanez Formation dacitic lava from location 
WIllI, showing glomeroporphyritic clusters of partly sericitised albite phenocrysts 
(A) with some magnetite and clinopyroxene (P), usually chloritised (C). Groundmass 
is fine grained felsitic material with some pilotaxitic texture of feldspar microphe
nocrysts. Cross polarised light, field of view 5mm. B) Photomicrograph of Ibanez 
Formation rhyolitic lava from location WI 76, showing rounded and broken beta 
quartz paramorphs (Q) with some skeletal overgrowths (arrow) and sodic plagioclase 
partially replaced! by ca.!cite (A, at edge of view) in a brown felsitic ground mass of 
partially recrystallised quartz-K-feldspar material. Cross polarised light, field of view 
5mm. 
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Quartz 
Latite 

Basalt! Andesite 

Latite 

Alkali Feldspar Plagioclase 

Figure 4.4: A) Photomicrograph of Ibanez Formation rhyolitic lava from sample 
GA l1C, with embayed and rounded quartz (Q) and subhedral sodie plagioclase 
phenocrysts in a groundmass of spherulites (S) with some interstitial felsitic quartz
K-feldspar intergrowths (arrow). Cross polarised light, field of view 5mm. B) QAPF 
plot for silicic rocks of the Ibanez Formation. Shaded overlay indicates field of nor
mative compositions of silicic rocks from the Ibanez Formation. Field names after 
Streckheisen (1979). 
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Zonj6n Feo, but also from isolated lava flows and breccias outcropping throughout the field 

area. The rocks range from olivine basalts to basaltic andesites, although identification 

is difficult due to alteration of the mafic phases. 

Aa lavas outcropping at EI Maiten are porphyritic olivine basalts, as are some rocks 

from Estero Lechoso and Cerro Pinimide, whereas lavas from Arroyo Zonj6n Feo, Estero 

Lechoso and west of Puerto Rey are basaltic andesites (see Fig. 4.5A). 

Olivine basalts have phenocrysts of altered olivine, clinopyroxene and occasional pla

gioclase in a matrix of plagioclase feldspar laths with intergranular altered mafic mi

crophenocrysts and magnetite. They retain well developed pilotaxitic textures with inter

granular opaques and clinopyroxenes within the groundmass and are sparsely porphyritic 

(Fig. 4.5B). Olivine phenocrysts range from 3-12% of the total, with a mean of 7%. They 

are rarely preserved, the 1-2mm subhedrallozenges or skeletal crystals often being pseu

domorphed by pale green chlorite or serpentine, with rims of opaque haematite. They 

are occasionally replaced by chlorite and epidote in contact metamorphosed and altered 

samples. Clinopyroxene phenocrysts range from 5-20%, with a mean of 12.4%, and occur 

as 0.5-2mm blocky, rectangular or octagonal pseudomorphs, replaced by fibrous uralite 

or chlorite, with rims of opaque haematite and leucoxene occurring on some crystals. 

Cores of some crystals remain unaltered, and in some lavas the finer grained granular 

clinopyroxenes in the groundmass are only partially altered. 

Groundmass plagioclase phenocrysts in the olivine basalts range from 55~75 %, with 

a mean of 63%. Intergranular phases are altered clinopyroxene, oxidized magnetite and 

minor quartz. Calcite and chlorite alteration products may form 5-6% of the groundmass 

of these rocks, and may range up to 15% in more altered or hornfelsic samples, which may 

also contain additional quartz. Groundmass plagioclase microphenocrysts are euhedral 

and subhedral laths, often sericitised or albitised, but in less altered samples, compo

sitions range from oligoclase to labradorite, with the least altered samples containing 

labradorite microphenocrysts. Contact metamorphosed lavas have albitised plagioclase, 

or replacement by sericite or saussurite with epidote. Clinopyroxene microphenocrysts 
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Alkali Feldspar Plagioclase 

B 

Figure 4.5: A) QAPF plot for Ibanez Formation basaltic and basaltic-andesitic lavas after Streck
heisen (1979). Mineral proportions by visual estimation, overlay field (gray) indicates normative 
compositions (see chapter 5). B) Photomicrograph of Olivine Basalt from west of EI Maiten, sample 
WI 86A, showing iddingsitised olivine phenocrysts (0) in a groundmass of pilotaxitic labradorite 
with intergranular magnetite and clinopyroxene (often chloritised). Cross polarised light, field of 
view 2.5mm. 

no 



4.1. Ibanez Formation 

Figure 4.6: Photomicrograph of basaltic andesite lava from Arroyo Zonjon Feo, 
sample F28, with oxidised and chloritised clinopyroxene (white arrows), magnetite 
(M) and normally zoned labradorite-andesine plagioclase phenocrysts (P), sometimes 
sieve textured (8), in a fine grained matrix of pilotaxitic andesine with intergranular 
clinopyroxene, magnetite and fine interstitial K-feldspar (not visible). Cross polarised 
light, field of view 5mm. 
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are unaltered in some lavas, but most are wholly or partly uralitised or chloritised, or 

replaced by carbonates. In some contact metamorphosed rocks, pyroxenes are replaced 

by chlorite, iron oxides and epidote. Opaque minerals, mainly magnetite and haematite, 

range from 5-10% in most samples, but up to 30% in altered examples. They occur as 

fine intergranular microphenocrysts within the groundmass, and as alteration products of 

the mafic phenocryst phases. 

Basaltic andesite lavas are porphyritic, vesicular rocks, with phenocryst phases of 

plagioclase, clinopyroxene and magnetite in a pilotaxitic groundmass of plagioclase laths 

with intergranular pyroxene and magnetite (Fig. 4.6). 

Plagioclase ranges from 53-70% averaging 62%. Phenocrysts are euhedral to subhedral 

crystals, up to 5-6mm, often zoned and ranging from calcic labradorite in cores to andesine 

or sodic oligoclase at rims. They are often glomeroporphyritic or seive textured. 

Groundmass plagioclase is pilotaxitic subhedral laths <0.5mm, often with swallowtail 
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morphology and of similar composition to phenocrysts, but ranging to andesine or more 

sodie oligoclase in some samples. Altered samples have sericitised, albitised and saussuri

tised phenocrysts, or calcite replacement of plagioclase, often in combination with patchy 

or network replacement by K-feldspar along fractures and cleavage planes. Clinopyroxene 

is rarely preserved, being replaced by chlorite, fibrous uralite or calcite and iron oxides. 

Pseudomorphs are euhedral to subhedral phenocrysts from 0.5~3mm, and can be used to 

estimate the original proportions, which range from 5--20%. In at least one sample, rem

nant phenocrysts allowed identification of trace amounts of orthopyroxene phenocrysts in 

addition to clinopyroxene, but the true proportions of the two pyroxenes in these rocks 

are difficult to determine due to the pervasive chloritisation or uralitisation of the mafic 

minerals. The opaque phase of both phenocrysts and groundmass in these rocks is mag

netite, often oxidised and replaced by haematite and leucoxene. It forms 5-25%, averaging 

13%, but a large proportion are secondary alteration products of the mafic minerals, and 

not primary magnetite. 

Summary 

These samples plot in the basalt/andesite field on a QAPF plot (Le Maitre, 1989) (Fig. 

4.5A). They are roughly separable into two groups, as olivine basalts based on the occur

rence of altered pseudomorphs of olivine, and as basaltic andesites when lacking olivine 

and showing occasional evidence of coexisting augite and orthopyroxene. Given the high 

degree of alteration and the common albitisation of plagioclase, it is likely that mobility 

of Na in these rocks is high, possibly with addition of Na from seawater during the marine 

transgression of the latest Jurassic- early Cretaceous, possibly leading to some degree of 

Na-metasomatism of these and other Ibanez rocks. 
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4.2 Coyhaique Group 

4.2.1 Katterfeld Formation 

Three samples of the Katterfeld Formation blackshales were cut for petrography. These 

were from the disrupted outcrops cut by hypabyssal intrusive rocks at Estancia Moroma 

(OR 283314 4868800); from sheared and disrupted outcrops cut by the Cerro Fare1l6n 

microgranitoids in the headwaters of the Estero Lechoso north of Laguna Huncal (OR 

278000 4876940), and the third within the metamorphic aureole of the Cerro Fare1l6n 

microgranitoid at Cerro Fare1l6n (OR 272832 4878335). 

The Estancia Moroma and Laguna Huncal/Cerro Fare1l6n samples of the Katterfeld 

Formation are both finely laminated shales/mudstones, with normally graded laminations 

of fine grained semi-opaque mud/clay. Carbonaceous opaque organic material and a minor 

quartz-feldspar silt component are present, and there are occasional andesitic rock frag

ments up to Imm. The andesitic material is rare, and may represent either material eroded 

from exposed portions of the underlying Ibanez Formation or possible contemporaneous 

andesitic volcanism during Katterfeld Formation deposition. The laminations around a 

rock fragment in one sample show impact deformation, indicating its emplacement as a 

small 'dropstone', presumably from sediments on floating vegetation/treestumps. Cal

cite veins may cut across the laminations and at Estancia Moroma have deformed some 

laminations, forming convoluted laminae and calcite veins. This may have been due to 

compaction while the sediment was unconsolidated. The laminae cutting calcite veins 

themselves are contorted in tight sigmoidal folds, and cut by a second generation of un

deformed veins which run parallel to the laminations. There are some dissolution or 

pressure solution seams, especially noticeable where the sigmoidally folded calcite veins 

are present. In the tectonised sample from Laguna Huncal, there are thin discontinuous 

carbonate layers or concretions up to 2cm thick, draped with silty and muddy carbona

ceous layers. These layers show spotty growth of dolomite in a matrix of sparry calcite 

with wedge-shaped fractures filled with recrystallised calcite. These concretion layers may 

be recrystallised from the lime muds that formed the fossiliferous hardgrounds observed 
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in the field outcrops. 

The Cerro Farellon sample of the Katterfeld Formation is also a finely laminated shale, 

but has a greater proportion of silty material present as migrating ripples. It has been 

thermally metamorphosed by the nearby Cerro Farellon microgranitoid. The blackshale 

adjacent to the micro granitoid is a hard silicified and hornfelsed laminated mudstone to 

fine siltstone. Laminations are 0.5-3mm, with finer muddy laminations partially recrys

tallised to fine grained sericitic mica with strong lamination parallel lattice preferred ori

entation. Coarser silty layers include partly mosaic recrystallised quartz/feldspar grains 

and cherty rock fragments in a silty matrix. Incipient 'spotty' porphyroblast growth 

is observable as pleochroic round haloes free of fine micas, around small <lmm green 

pleochroic grains, possibly green actinolitic amphibole, but the metamorphic mine grains 

are small and difficult to identify. Quartz veins have 0.5mm muscovite grains as fringes 

along the vein margins. Carbonaceous material is much less obvious than in the Estancia 

Moroma sample, but is present as very fine grained opaque material, concentrated in the 

muddy layers. 

Silty laminations are composed of cherty rock fragments with about 20-30% quartz 

and sodic plagioclase fragments up to 0.3mm, and have a matrix of cherty and micaceous 

materiaL Coarser grained (0.3-0.4mm) silty to fine sandy layers with ripple shapes and 

faint low angle crossbedding have granular or radial clusters of blue-green or brown-blue 

pleochroic actinolitic amphiboles. Opaque euhedral pyrite porphryoblasts are dissemi

nated throughout in both silty and muddy layers. Some microfaults occur, with normal 

displacements of up to 2mm and secondary quartz and mica fringes grown along the 

fracture surface. 

Summary 

The Katterfeld Formation black shales in the Puerto Ibariez Quadrangle are finely lami

nated carbonaceous mudstones and siltstones with occasional development of fine sand

stone beds and isolated ripples, sparse andesitic detrital material, and secondary calcite 
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concretions and diagenetic calcite veins. The presence of andesitic material may indicate 

active Hauterivian volcanism near the Aysen Basin, but the low levels of andesitic mate

rial found may equally be derived from eroded material of Iba:fiez Formation provenance. 

They have undergone both soft sediment deformation during compaction and diagenesis, 

together with brittle fracture and shearing during later igneous intrusion. \\There they 

are intruded by rocks of dacitic composition, and in particular by the microgranitoids 

at Cerro Farellon and Cerro Piramide, local thermal metamorphism has converted them 

to hornblende hornfels facies, with the development of small porphyroblasts of pyrite, 

granular blue-green hornblende, and recrystallisation of the muddy portion of the shale 

to fine grained sericitic muscovite. 

4.2.2 Apeleg Formation 

Six samples from the Apeleg Formation were cut, one from relatively unaltered but dis

rupted sediments at Estancia Moroma, and five from within the metamorphic aureole of 

the Cerro Farellon microgranitoid. 

At Estancia Moroma, sandstones from the Apeleg Formation are locally overturned 

and tectonised both by reverse faulting and inclusion as roof pendants in a small hy

pabyssal intrusion. This rock is white or grey, medium and coarse sandstone in hand 

specimen, well sorted and thickly bedded with both normal and reverse grading of the 

beds. In thin section it is a clast supported sandstone dominated by sub-equal amounts 

of quartz grains and rock fragments, with subordinate feldspar grains. Quartz grains are 

sub-rounded volcanic quartz, with some diagenetic quartz overgrowths visible over dust 

rims at the grain edges. Rock fragments are mainly fragments of silicic volcanic rocks, 

with felsitic and quartz-mosaic recrystallisation textures, and some pilotaxitic andesitic 

rock fragments also occur. Feldspar grains are sub-angular to sub-rounded broken volcanic 

crystal fragments, mainly so die plagioclase, either albite or oligoclase, which are murky 

and often partially altered to sericite. Much of the rock is partially cemented by secondary 

quartz overgrowths or cherty material, which could be due to alteration/devitrification of 
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the silicic rock fragments, and there is also some growth of sericitic muscovite between 

grains. Calcite occurs as a void filling material. 

The samples from the northwestern slopes of Cerro Fare1l6n have slight to moder

ate alteration due to the thermal effect of the adjacent and underlying Cerro Fare1l6n 

microgranitoid. 

Immediately adjacent to the microgranitoid, the sandstones are hard, granular black or 

grey hornfels with very little remnants of original sedimentary structures. Relict feldspar 

sand grains are visible in thin section, but most rock and quartz fragments have been 

replaced with mosaic quartz and decussate biotite, that also occurs as rims around relict 

grains. Small porphyroblasts of pyrite and granular brown-green or blue-green pleochroic 

amphiboles, either green actinolite or hornblende, also occur associated with the biotite, 

indicating either albite epidote or perhaps hornblende hornfels facies conditions for the 

thermal metamorphism immediately adjacent to the granitoid. Traces of muscovite oc

cur within the mosaic quartz and feldspar, and also as sericitic material replacing relict 

feldspars. Veins cutting the hornfels have green pleochroic chlorite along rims and scapo

lite as vein or void filling material, indicating the presence of high C02/S02/Cl- pressure, 

probably derived from briny pore space fluids, during contact metamorphism (Deer et al., 

1992). 

At greater distances from the microgranitoid, up to 100m from the contact, the Ape

leg Formation lacks the pervasive destruction of sedimentary features described above. 

Bedding and detrital textures are still in place in hard, silicified epidote bearing 'spotty' 

hornfels rocks. Three samples are from poorly to moderately sorted, clast supported fine 

to coarse sandstones and granule to fine pebble conglomerates. They come from thickly 

bedded, foreset crossbedded, medium and coarse sandstones and fine pebble conglomer

ates with some intervening thin fine sandy or silty mudstones. In thin section, detrital 

textures are still present, although silicic volcanic or tuffaceous rock fragments are often 

recrystallised to mosaic quartz, or spotted with clusters of granular epidote, magnetite, 

pyrite and chlorite. Andesitic rock fragments are also partially recrystallised to cherty or 
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mosaic quartz textures, but many grains retain relict feldspars and pilotaxitic textures. 

Feldspar grains are mainly sub angular fractured grains of volcanic sodic plagioclase, with 

sieve textures occasionally present and albite-carlsbad twinning is common. K-feldspar 

is relatively rare. Feldspars are often murky and altered and may be partially serici

tised or albitised with development of epidote and sericite. Quartz grains occur as both 

volcanic beta quartz fragments and rarely as well rounded grains and granules of poly

crystalline metamorphic quartz and quartz/mica rock fragments. Both types of quartz 

grain show overgrowths of coherent and cherty quartz on dusty rims. Mosaic and cherty 

quartz also occur as void filling and cement, along with chlorite and epidote. Volcanic 

quartz grains are angular and subrounded, with some still showing embayments and pri

mary igneous shapes, as do remnant feldspars, indicating a relatively immature, local 

provenance, whereas the sparse metamorphic polycrystalline quartz rock fragments are 

very well rounded, indicating greater maturity and more distant provenance. Some of 

these samples contain green hornblendes and can be assigned to the hornblende hornfels 

facies, whereas in others, the main metamorphic minerals are epidote, chlorite and albite, 

indicating an albite-epidote facies. 

A sample of the Apeleg Formation taken approximately 500m from the microgranitoid 

shows the least alteration that can be ascribed to thermal metamorphism. This rock is 

a moderately to well sorted, clast supported, medium to coarse sandstone with foreset 

crossbeds. Normal and reversely graded crossbed laminae and 5-50mm rip up clasts of fine 

siltstones and mudstones are present. In thin section, sand grain composition is similar to 

that described above, with common volcanic quartz and occasional metamorphic quartz 

fragments, altered and sericitised volcanic sodic plagioclase, and rock fi'agments of silicic 

tuffaceous rocks, silicic volcanic rocks and andesitic rocks. Chlorite occurs as a void 

filling mineral, but this rock is without mosaic quartz cementation or quartz grains with 

visible overgrowths. Ripup clasts are large, angular fragments of silty mudstone, and are 

partly deformed, indicating a lack of lithification when emplaced and implying a local 

source. Silicic tuffaceous sedimentary rock fragments and silicic volcanic rock fragments 
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Figure 4.7: QFR plot for five sandstones of the Apeleg Formation of the Coyhaique 
Group, after Folk et al. (1970). 

118 

are partly recrystallised to felsitic or cherty textures, whereas andesitic rock fragments 

still show pilotaxtic textures with altered sericitic feldspars and oxidised mafic and opaque 

minerals. 

Summary 

Sandstones from the Apeleg Formation in the Ibaiiez Quadrangle plot on a QFR tri-

angle as feldspathic litharenites and litharenites, and can be interpreted as immature 

sandstones with a dominantly volcaniclastic detrital input and a minor amount of mature 

metamorphic quartz sand grains (Fig. 4.7). They are affected by intrusive rocks in several 

locations, leading to effects ranging from recrystallisation of feldspars and silica cementing 

of quartz grains to albite-epidote and hornblende hornfels facies at their contacts with the 

Cerro Fare1l6n microgranitoids. 
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4.3 Divisadero Formation 

4.3.1 Tuffs and Ignimbrites 

These rocks occur throughout the Divisadero Formation in the Ibanez Quadrangle, and 

were also sampled at measured sections from Cerro Divisadero, Cerro Montreal, Lago 

Castor, and Lago Frio. Fifty samples were cut, mainly from massive cliff-forming tuffs 

and ignimbrites in the measured sections. As with the Ibanez Formation, some of the 

massive ignimbrites were sampled at base, middle and top to pick up internal textural 

changes. 

Divisadero Formation tuffs show much lower crystal and lithic contents than many 

of the samples from the Ibanez Formation, with crystal contents ranging from 0.5-37%, 

and an average of 13.4%. Crystal fragments are generally less than 5mm in size, and in 

tuffs from Cerro Divisadero were particularly small and sparse «1 %, <3mm). Tuffs from 

the Ibariez Quadrangle have higher crystal contents and show a greater range of crystal 

fragments than those in the Coyhaique region. Quartz, sodic plagioclase (oligoclase and 

albite), occasional sanidine or high sanidine and traces of biotite, apatite and magnetite 

as accessory minerals occur in the Ibanez tuffs, whereas tuffs from the measured sections 

in the Coyhaique region often have a lower crystal content and some lack quartz, although 

the feldspars are still present (Fig. 4.8). 

Quartz crystal fragments are unaltered whereas plagioclase feldspars are often altered 

partially or wholly to sericite or calcite, or in some cases replaced with patchy K-feldspar 

along cleavage planes and fractures. Biotite occurs as occasional cleavage fragments or 

'booklets' and is green-brown pleochroic. It may be partially or wholly chloritised, or in 

some cases replaced with a mixture of coherent muscovite with opaque haematite and 

leucoxene between cleavage planes. 'Within those tuffs sampled at base, middle and top, 

crystal contents tend to be highest in the base or middle samples and lowest at the top, 

although some samples showed higher crystal contents in the upper samples. 

Lithic fragment content is low, from 0-8%, with an average of 2.4%. Lithic fragments 

are generally smalliapilli «30mm), although some tuffs in both the Ibanez Quadrangle 
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Figure 4.8: Classification plot for ignimbrites and silicic tuffs of the Divisadero 
Formation. Fields according to Streekheisen (1979). Mineral proportions by visual 
estimation. 
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and Coyhaique region contain block and bomb size fragments, with one tuff in the Cerro 

Montreal measured section containing megablocks in excess of 10m. Divisadero Formation 

tuffs and ignimbrites lack fragments of basement schists, the lithic fragments usually being 

either tuffs, tuffaceous sediments, spherulitic or felsitic rhyolites, or occasionally andesitic 

fragments. Silicic lithic fragments are often partially devitrified to felsitic textures, and in 

some cases have mosaic quart7rK-feldspar growth. Andesitic lithic fragments are oxidised, 

with replacement of mafic minerals by haematite. In those Divisadero Formation tuffs 

from Cerro Divisadero, Lago Frio and Lago Castor which were sampled at base, middle 

and top, there is often a slight but noticeable increase in lithic and crystal fragment 

content in samples from the base and middle, whereas vitric material tends to increase 

towards the top. No clear trend in lithic or crystal fragment contents was present for 

rocks from the Ibanez Quadrangle. 

Tuffs from the Divisadero Formation have less devitrification and alteration of vitric 

material in most samples than do Ibanez Formation tuffs. Pumice, glass shards and 

vitro clastic textures are often well preserved, with good eutaxitic textures and pumice 

fiamme, although the degree of devitrification and alteration varies widely. The vitric 
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Figure 4.9: A) Photomicrograph of Divisadero Formation tuff from east of La Pe
dregasa, sample F48, with an oligoclase crystal fragment (0), irregular spherulites 
developed in pumice fiamme (white arrows) and a felsitic groundmass of recrystallised 
ashy material with some relict glass shards (red arrows). Cross polarised light, field 
of view 2.5mm. B) Photomicrograph of Divisadero Formation ignimbrite from the 
top of the Cerro Manch6n cross section, sample CF 39, showing relict glass shards 
(red arrow) with 'wrap around' structure (dotted line) around an embayed quartz 
fragment (Q), pumice fiamme with ragged terminations (P) and some biotite cleav
age flakes (white arrows). Lithic fra.gments are also present (L). Plane polarised light, 
field of view 5mm. 
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content of Divisadero Formation tuffs and ignimbrites ranges from 62~98%, averaging 

84%. Tuffs from the Coyhaique region measured sections tend to have higher vitric 

contents than those from the Ibanez Quadrangle, and vitric material tends to increase in 

proportion towards the upper parts of tuffs at the expense of crystal and lithic contents. 

Tuffs from the Ibanez Quadrangle show a range of devitrification textures, with both 

groundmass vitroclastic material and pumice fiamme wholly or partly recrystallised to 

felsitic textures, or to quartz-K-feldspar mosaic textures. In this latter case, vitroclastic 

textures are more visible in plane polarised light (Fig. 4.9B), and in cross polarised light 

are only visible due to grainsize variations in the felsitic material between finer grained 

matrix and larger shard fragments. In some samples, recrystallisation is so complete as to 

almost obliterate any shard textures. Fine grained haematite may also replace or outline 

shard textures. Mme altered. samples may show fine grained sericite or chlorite mica 

as replacement of vitric material and pumices, or as fine networks grown throughout an 

originally ashy matrix. Tuffs from the Divisadero Formation in the Coyhaique region show 

very well preserved vitroclastic textures and pumice fiamme, often with excellent eutaxitic 

textures, but some samples also have near complete obliteration of vitro clastic textures 

by devitrification. Tuffs from the Coyhaique region may show a range of preservation 

of original textures, from unaltered isotropic glass shards with some spherulite growth, 

through to partial or complete devitrification to felsitic and spherulitic textures, again 

with 'ghost' preservation of shard and pumice textures by grainsize variations in the 

recrystallised material (Fig. 4.10). 

Summary 

Tuffs sampled from the Divisadero Formation are exclusively vitric tuffs (Fig. 4.8), and 

show a lower level of lithic content than tuffs from the Ibanez Formation, although the 

ranges of crystal content and vitric content are similar. This may reflect a more distal 

setting with respect to eruptive centres than those in the Ibanez Formation. The Di

visadero Formation tuffs are less altered than those of the Ibanez formation, and show a 
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Figure 4.10: Photomicrograph of Divisadero Formation tuff from Cerro Divisadero, 
sample CD 12, showing partly devitrified eutaxitic glass shard textures with some 
large remnant pumice fragments (white arrows), quartz crystal fragment (red arrow) 
and a spherulite nucleated on a small albite crystal fragment (dotted line). Plane 
polarised light, field of view 5mm. 
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range of devitrification textures from unaltered or slightly altered glassy eutaxitic welded 

ignimbritic textures through to felsitic and spherulitic devitrification textures that may 

partly or wholly replace original vitroclastic and eutaxitic textures. 

4.3.2 Andesitic Lavas 

One basaltic andesite lava occurs in the Divisadero Formation in the Ibanez Quadrangle, 

at GR 286700 4872150, above Estancia Moroma between Cerro Pico Rojo and Cerro 

Cabeza Blanca. The rock is porphyritic, with about 20% of 1-4mm altered and albitised 

seive textured plagioclase phenocrysts and sparse augite phenocrysts, in a groundmass 

of pilotaxitic andesine microphenocrysts, <O.lmm, with intergranular magnetite, altered 

augite, 2-3% interstitial anhedral quartz and 5-10% anhedral K- feldspar; K-feldspar also 

occurs as rims on plagioclase microphenocrysts. There is commonly secondary haematite, 

calcite, chlorite and bright green celadonite as alteration products. This rock plots in 

the basalt/andesite field of the QAPF diagram of Streckheisen (1979) and is tentatively 

identified as a basaltic andesite on the basis of the ground mass andesine and the lack of 

olivine as a phenocryst phase. 

4.4 Cerro Pico Rojo Rhyolite 

These rocks outcrop as partially dissected lava dome remnants in the peak of Cerro 

Pico Rojo and across Estero Zonj6n Feo immediately to the north, and also occurs as 

a small inlier of rhyolite between the basaltic andesite intrusion to the north and the 

overlying Plateau Basalts (GR 284500 4878500). Eight samples were cut, one pumice 

flow underlying the main lava dome at Cerro Pico Rojo, one obsidian from the edge of 

Cerro Pico Rojo and six samples of rhyolite lava from the main lava dome and the smaller 

outcrops. 
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4.4.1 Dome and Coulee Lava Fragments 

The obsidian sample from the eastern margin of Cerro Pico Rojo is a red stained, flow

banded rock, sparsely porphyritic with occasional phenocrysts of albite and sanidine 

feldspar, in a matrix of red and white banded, partially devitrified obsidian. Feldspar 

phenocrysts comprise <5% of the rock, occurring as euhedral phenocrysts, <1.5mm in 

size. Albite phenocrysts are sometimes in glomeroporphyritic clusters, whereas sanidine 

occurs as stubby euhedral crystals (Fig. 4.11A). The obsidian matrix is stained a deep 

orange to red, commonly with perlitic fracturing, and with devitrification occurring as 

individual spherulites or as bands of elongate spherulitic material parallel to flowbanding. 

Void spaces and perlitic cracks may be filled with opaque iron oxides or bright green 

chlorite. 

Lavas from the Cerro PicoRojo Rhyolite are either sparsely porphyritic or aphanitic 

flowbanded rocks, and may have phenocrysts of quartz and sanidine in a felsitic ma

trix with varying degrees of recrystallisation to mosaic quartz-feldspar textures. Quartz 

phenocrysts and microphenocrysts, if present, may range from 0-20% of samples, are sub

hedral and generally <0.5mm, although large 0.5-3mm bipyramidal quartz phenocrysts 

are present in one sample from the core of Cerro Pico Rojo. Sanidine phenocrysts range 

from 0~20%, but usually comprise about 5% of the rocks. Sanidine phenocrysts may 

be euhedral or subhedral fractured crystals. Large (1-3mm) granitic textured xenoliths 

composed mainly of slightly perthitic K-feldspar occur in one lava, and are interpreted as 

cognate K-feldspar granite xenoliths. 

The groundmass ofthe lavas is dominated by felsitic material (75-97%), often partially 

recrystallised to cherty quartz-feldspar mosaics, with subordinate microphenocrysts of 

quartz, sanidine and occasional blue-green pleochroic sodic amphiboles, probably riebeck

ite. Sanidine microphenocrysts may show pilotaxitic textures in the groundmass. Opaque 

haematite/goethite occurs as void filling and staining, particularly along flowbanding or 

fractures, and chlorite occurs as void filling in one sample. Some samples have well devel

oped poikilomosaic textures with orientated sanidine microphenocrysts, whereas others 
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Figure 4.11: A) Photomicrograph of Cerro Pico Rojo obsidian, from the western edge of the dome, 
sample S2, showing glomeroporphyritic albite phenocrysts (A) in an isotropic matrix of opaque 
glass, with a faintly visible spherulite (white arrow). Cross polarised light, field of view 5mm. B) 
Photomicrograph of lava from the Cerro Pico Rojo rhyolite lava from the northern part of the dome, 
sample S7, showing glomeroporphyritic sanidine phenocrysts (S) in a felsitic groundmass partially 
recryst.allised to mosaic quartz and K-feldspar (M), with some sodic amphibole microphenocrysts 
(white arrows) visible on the rim of the hole in the thin section to the right of the sanidine. Cross 
polarised light, field of view 2.5mm. 
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show flowbanding preserved by variations in grainsize of the felsitic textures or mosaic re

crystallisation. Groundmass riebeckite microphenocrysts are often altered to amorphous 

brown material or opaque iron oxides. The common occurrence of felsitic groundmass 

quench textures indicates that these rocks were undercooled (Fig. 4.11B). 

4.4.2 Pumice Flow Unit 

The pumice flow sample is a crystal poor vitric tuff, consisting of irregular, partly flattened 

juvenile rhyolitoid lithic fragments and poorly vesicular pumice clasts in a grey felsitic 

matrix of devitrifed ash with traces of vitroclastic texture. Lithic fragments are sparse, 

but include oxidised fragments of silicic tuff, which could be derived from either the 

Ibafiez or Divisadero Formations. The matrix and pumices are stained brown by fine 

grained haematite,and vapour phase crystallisation of fine grained biotite appears to 

have taken place in some pumice vesicles. Pumices are faintly yellow in plane polarised 

light, and have devitrified into felsitic texture or a mosaic of quartz and K-feldspar, 

although microlites are still present. Mafic phases in the matrix have been altered to 

fine granular and acicular haematite and goethite, or to amorphous brown pleochroic 

material. However some pumices have slightly altered microphenocrysts that may be 

blue-green sodic amphibole. 

Summary 

Due to the ubiquitous felsitic or devitrified groundmass textures of these rocks, estimation 

of modal mineral proportions is not feasible, so normative QAP proportions are plotted 

from XRF data (see Chapter 5) for Cerro Pico Rojo obsidian, tuff and lavas are shown in 

Figure 4.12. These rocks are all rhyolitic lavas, and cluster clearly in the centre left of the 

rhyolite field, with two outliers, with the obsidian sample showing higher quartz content, 

and one altered lava sample from basal brecciated zones of Cerro Pico Rojo showing 

higher quartz and K-feldspar content. Their evolved nature is evident through their lack 

of more calcic plagioclase than occasional albite and the presence of sodie amphiboles as 
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Figure 4.12: Normative QAPF plot for rhyolites from the Cerro Pieo Rojo dome 
complex. Fields after Streckheisen (1979) (Data from normative compositions, see 
chapter 5). 
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a groundmass phase. These rocks show varying degrees of under cooling textures, with 

obsidian present at the dome margins, while the inner parts of the dome give samples 

with partially recrystallised felsitic textures and in one sample from the core of the dome 

at Cerro Pico Rojo there are remnants of spherulitic textures, although these are more 

evident in hand specimen than in thin section. 

4.5 Plateau Basalts 

Plateau basalt lavas outcrop to the northeast of Cerro Pico Rojo and overlie both the 

Divisadero Formation and the Cerro Pico Rojo Rhyolite. Three samples were cut for thin 

section. These rocks are from thick (150m) stacks of l~lOm pahoehoe and aa type lavas, 

and are also associated with small scoria cones and plugs. 

The lavas are porphyritic, with phenocrysts of plagioclase, augite and occasional 

olivine altered to iddingsite, in a pilotaxitic (Fig. 4.13A) or intergranular (Fig. 4.13B) 

groundmass of plagioclase, magnetite and clinopyroxene. There are possibly some biotite 

microphenocrysts, and some anhedral K-feldspar interstitial to plagioclase and mafic mi-
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crophenocrysts. 

Plagioclase phenocrysts range from 0.5-4mm, whereas groundmass microphenocrysts 

are below 0.5mm in size. Altogether, plagioclase comprises between 45-70% of the sam

ples. Phenocrysts are euhedral and subhedral, with sieve textures and oscillatory normal 

zoning from bytownite at cores to labradorite at rims. Groundmass plagioclase microphe

nocrysts range in composition from andesine to labradorite. Brown augite phenocrysts 

range from OA-2mm, whereas groundmass pyroxenes are fine granular microphenocrysts 

below O.lmm. Augite phenocrysts are euhedral to subhedral, often rounded or twinned, 

and may be included within plagioclase phenocrysts. Alteration of augite to murky green 

chlorite and iron oxides is common, usually on rims or along fractures and cleavage, or 

replacing entire phenocrysts. Olivine phenocrysts are sparse, <2mm, subhedral embayed 

or corroded crystals with pervasive alteration to murky or fibrous biotite-like red and 

brown iddingsite. Biotite, if present, occurs as small pleochroic grains in the groundmass, 

but some of these grains may be fibrous iddingsite replacing olivine microphenocrysts, 

rather than biotite. 

Summary 

The plateau basalts plot in the basalt/andesite field on a QAPF diagram (Fig. 4.14), and 

from their mineralogy of moderately sodic to calcic plagioclase and augite, with minor 

altered olivine, are petrographically basalts to basaltic andesites. 

4.6 Minor Intrusive Rocks 

Minor Intrusive rocks are varied. Some form recognisable groups in the field in terms of 

composition and form. Others are of variable composition and show no distinct affilia

tions. These rocks will be described according to their composition, rather than by the 

formations in which they are hosted. 
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Figure 4.13: A) Photomicrograph of basaltic lava flow northeast of Cerro Pico Rojo, from sam
ple 89A, showing phenocrysts of zoned (bytownite - labradorite) and sieve textured plagioclase 
(8), and green chloritised augite (A) in a groundmass of pilotaxitic labradorite microphenocrysts 
with intergranular magnetite and clinopyroxene. Plane polarised light, field of view 2.5mm. B) 
Photomicrograph of basaltic lava flow northeast of Cerro Pico Rojo, from sample 810, showing 
phenocrysts of labradorite (L) and augite (A), with brown pseudomorphs (white arrow) of an al
tered mafic mineral (either augite or olivine) within a groundmass of pilotaxitic sodic labradorite 
microphenocrysts with intergranular augite and magnetite. 
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Figure 4 .14: QAPF plot for three samples of the Plateau Basalts from northeast of 
Cerro Pico Rojo. Fields after Streckheisen (1979) . MineraI proportions (red dots) are 
by visual estimation, crosses represent normative compositions (see chapter 5). 

4 .6.1 Undersaturated Basaltic Minor Intrusive Rocks 

1.31 

The most mafic minor intrusive rocks are a stock cutting the Apeleg Formation and 

Divisadero Formation at Estancia Moroma (GR 282860 4868900), and a sill emplaced in 

the Ibaiiez Formation at the Peninsula Ibaiiez (GR 288173 4869185). These rocks are the 

only samples which contain visible olivine phenocrysts in hand specimen. In thin section 

they have phenocrysts of light brown titanian augite, plagioclase, iddingsitised olivine, 

occasional dark brown hornblende, and rounded, altered nepheline in a groundmass of 

plagioclase microphenocrysts with integranular brown biotite, magnetite, altered brown 

glass and some interst.itial alkalki feldspar. 

Titanian augite phenocrysts range from 5-15%, and are euhedral to subhedral crystals 

from 0.5-3mm. There is some intergrowth with brown hornblende or alteration to fi brous 

green or brown uralite, or sometimes to platy chlori te and calcite. Olivine phenocrysts 

range from 3--8%, and are 5-15mm in hand specimen but are mostly only 1- 3mm euhedral 

and subhedral corroded erystals in thin section. Most. are altered to brown iddingsite or 

fibrous green bowlingite or ehlorite/serpentinite, and some are replaced by calcite and 
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secondary quartz. Plagioclase is cOhfined to groundmass in the stock, forming 45% of 

the rock as <lmm subhedral and euhedral swallowtailed calcic labradorite. The sill is 

about 60% plagioclase with 10% of 1-3mm large sieve textured andesine phenocrysts 

and unusually, a finer groundmass of <0.5mm labradorite microphenocrysts. Both rocks 

contain rounded phenocrysts of <5% nepheline, often altered to analcime or wairakite, or 

to murky calcite. Analcime also occurs as a void filling with calcite. Red brown pleochroic 

hornblende, <lmm, <1%, possibly kaersutite, occurs in the sill on Peninsula Ibanez, but 

not in the stock at Estancia Moroma. 

Groundmass textures in these two rocks are similar. A framework texture of randomly 

oriented plagioclase microphenocrysts has intergranular magnetite, fine granular augite, 

fibrous or bladed aggregates of partially altered biotite and brown murky glass with opaque 

microlites, and some anhedral interstitial K-feldspar (Fig. 4.15B). 

Summary 

These two samples contain no primary quartz, but have traces of primary nepheline, so 

although they plot within the basalt/andesite field, they do so below the A-P line, and 

may be called mugearites (Fig. 4.15A). 

4.6.2 Basaltic, Basaltic Andesitic, Trachybasaltic/ Andesitic and Andesitic 

Minor Intrusive Rocks 

Basaltic, basaltic andesitic, trachybasaltic/andesitic rocks, and andesitic intrusive rocks 

outcrop as small dikes, sills and stocks throughout the field area, and may cut any of 

the mapped units. All plot within the basalt/andesite field on a QAPF plot and the dis

tinction between basaltic to andesitic and trachybasaltic to trachyandesitic rocks is based 

on the chemical analyses presented in Chapter 5, rather than by petrographic distinc

tions. In some cases, trachybasaltic to trachyandesitic chemistry may be due to mobility 

of the alkali elements rather than primary characteristics, particularly given the high 

LOI values of some of these samples. Twenty-two samples were cut from sills, dikes and 
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Figure 4.15: A) QAPF plot for nepheline bearing basaltic minor intrusive rocks cutting the 
Ib8iiez and Divisadero Formations near Estancia Moroma and on the Peninsula Ib8iiez. Mineral 
proportions by visual estimation except K-feldspar, which is extrapolated from normative compo
sitions (see chapter 5). Fields after Streckheisen (1979). B) Photomicrograph of mugearitic basalt 
from west of Estancia Moroma, from sample F45, showing subhedral glomeroporphyritic titanian 
augite (A) and iddingsitised olivine phenocrysts (I), in a dark brown isotropic glass groundmass 
with intergranular calcic plagioclase (arrow), clinopyroxene, magnetite and occasional biotite. 
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stocks hosted within the Ibanez Formation, Coyhaique Group and Divisadero Formation. 

These rocks are mainly comprised of phenocryst phases of plagioclase and clinopyroxene 

with lesser proportions of K-feldspar and magnetite, and may contain quartz, olivine, 

orthopyroxene, biotite, amphibole, and glass. Textures range from fine grained pilotaxitic 

aphanites through porphyritic volcanic textures, to granular medium grained hypabyssal 

microgranitic textures. 

Plagioclase is the dominant phenocryst phase in these rocks, ranging from 48-80%, 

as either phenocrysts from 1-4mm or as groundmass microphenocrysts <lmm. Large 

phenocrysts may be euhedral, subhedral or occasionally anhedral (in microgranitic tex

hued samples), and often show normal oscillatory zoning. They are glomeroporphyritic 

or show sieve textures, whereas groundmass plagioclase is usually subhedral or as eu

hedral laths with some swallowtail quench textures and pilotaxitic textures. Basaltic, 

basaltic-andesitic and basaltic trachyandesitic plagioclase ranges from bytownite to cal

cic labradorite and to calcic andesine in larger phenocrysts, and from sodic labradorite 

to calcic andesine or even oligoclase in the groundmass; altered examples have albitised 

plagioclase, oligoclase or albite. Andesitic and trachyandesitic plagioclase ranges from 

bytownite to andesine in larger phenocrysts, but often is in the form of phenocrysts of 

andesine with groundmass oligoclase and albite. Altered samples also show albitisation 

of plagioclase. In many cases alteration of plagioclase phenocrysts and microphenocrysts 

is especially prominent in the cores of zoned phenocrysts. Alteration products are calcite, 

sericite, chlorite, and epidote, or patchy K-feldspar. 

Quartz ranges from 0-15%, usually as rare groundmass material, usually anhedral 

grains <0.5mm, interstitial to the other groundmass phases. Some glassy rocks have 

mosaic quartz formed by recrystallisation of groundmass material. Some quartz also 

occurs as secondary void fillings, accompanied by cristobalite or tridymite. 

K-feldspar is difficult to identify in most samples, but may range from 2-20%. It 

is present only as fine grained, anhedral interstitial material in the groundmass or as 

alteration of plagioclase, again usually <0.5mm. K-feldspar may sometimes be present as 
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mosaic recrystallisation material with quartz, or in fine grained granophyric intergrowth 

with interstitial quartz. 

Mafic minerals may include augite, orthopyroxene, hornblende and olivine, although 

these minerals are often altered to chlorite, uralite, haematite, iddingsite and similar 

alteration products. 

Augite is the most common mafic phase, and may comprise 2~20% of the rocks. In 

basaltic andesitic and andesitic rocks it is often accompanied by 2~8% orthopyroxene. 

Pyroxenes occur both as phenocrysts up to 2mm and as groundmass phases. Basaltic and 

basaltic andesitic rocks usually having slightly brown or 'flesh' toned augite, whereas more 

andesitic and trachyandesitic rocks contain colourless or slightly green augite. In many 

samples, particularly from the andesitic to trachyandesitic rocks, pyroxenes are altered to 

fibrous or amorphous green chlorite, and are only identified by their crystal habit. 

Hornblende is present in one basaltic andesite and some basaltic trachyandesites and 

andesites, usually as a minor groundmass phase, although in a vent breccia cutting the 

Apeleg Formation at Estancia Moroma and a microgranitic textured andesitic stock from 

southwest of Puerto Rey, it is the dominant mafic phase. Groundmass hornblendes range 

from 0-12%, and are brown or green brown pleochroic varieties, usually <1mm and sub

hedral or anhedraL vVhere it is the dominant mafic phase as in the two samples (above) 

it occurs as phenocrysts of pleochroic green hornblende from 1-6mm. Hornblende is often 

altered to fibrous green tremolite-actinolite or chlorite, and in some samples, larger phe

nocrysts of hornblende have well developed reaction rims of opaque minerals and chlorite. 

Olivine is present in only two samples, as 1-5% chloritised or iddingsitised subhedral or 

euhedral pseudomorphs, <2mm, in a basaltic andesitic stock and a basaltic trachyandesitic 

sill, both emplaced into or through the Divisadero Formation near Cerro Pico Rojo. 

Textures encountered in basaltic, trachybasaltic/andesitic and andesitic minor intru

sive rocks are generally volcanic, with most rocks being porphyritic with phenocrysts of 

plagioclase, pyroxene, olivine or hornblende in an intergranular or pilotaxitic groundmass 

of plagioclase feldspar and altered mafic microphenocrysts with minor amounts of inter-
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stitial quartz, glass or K-feldspar (Fig. 4.16A). Some rocks, usually dikes, are very fine 

grained and aphanitic, without the phenocryst phases and showing only the pilotaxitic 

groundmass textures, indicating retardation of crystal growth hy quenching against the 

host rock. Thicker sills and stocks are more likely to show strongly porphyritic textures 

with large phenocrysts. One stock southwest of Puerto Rey (GR 271070 4859298), and 

some trachyandesitic/andesitic sills from Peninsula Ibanez (GR 288123 4865027) have well 

developed microgranular textures (Fig. 4.16B). Those rocks showing volcanic textures in

dicate relatively shallow emplacement, whereas the coarser grained rocks indicate deeper, 

more hypabyssal conditions. 

Summary 

Overall, these basaltic minor intrusive. rocks can be identified on a QAPF (Fig. 4.17) plot 

as basalts, basaltic andesites and andesites, with division between basaltic and basaltic 

. andesitic/ andesitic based on the presence of two pyroxenes (if unaltered) and more sodic 

plagioclase in andesitic samples. There is no easy petrographic way to identify the trachy

basaltic rocks, except perhaps by their lack of porphyritic textures and common trachytic 

textures, and their mainly albite-oligoclase feldspar compositon, but it is significant that 

these rocks show the greatest alteration and their trachyandesitic/trachybasaltic chemistry 

may be due to element mobility and high LOr values (see Chapter 5). The occurrence 

of groundmass glass in several samples, particularly in the basaltic and basaltic andesitic 

sills and dikes emplaced within the Divisadero Formation is evidence of quenching and 

probable shallow subvolcanic intrusion depths. 

4.6.3 Phonolitic Minor Intrusives 

One phonolitic dike outcrops on the Peninsula Levican, emplaced through lapilli tuffs of 

the Ibaiiez Formation. This rock is porphyritic with glomeroporphyritic albite and K

feldspar phenocrysts and microphenocrysts in a poikilomosaic groundmass of K-feldspar, 

nepheline, and secondary zeolites surrounding feldspar microphenocrysts. and granular 
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Figure 4.16: A) Photomicrograph of basaltic sill intruding the Divisadero Formation north of 
Cerro Cabeza Blanca, from sample F27B, showing sieve textured and normally zoned plagio
clase (labradorite to oligoclase)(L), occasionally poikilitic around augite microphenocrysts, and a 
groundmass of intergranular plagioclase, augite (white arrows) and magnetite microphenocrysts 
with intersertal isotropic brown glass. Cross polarised light, field of view 5mm. B) Photomicro
graph of andesitic stock cutting the Ibanez Formation southwest of Puerto Rey, from sample WI30, 
showing large phenocrysts of green hornblende (H) with reaction rims of opaque minerals (Blue 
arrows), and altered phenocrysts of subhedral zoned plagioclase (bytownite to labradorite) (red 
outlines) which have been replaced by albite and K-feldspar. Groundmass is comprised of inter
granular to microgranular plagioclase (albitised) with interstitial chlorite (after pyroxenes, white 
arrows) , oxidised magnetite and anhedral interstitial quartz (red arrow). Cross polarised light, 
field of view 5mm. 

137 



4.6. Minor Intrusive Rocks 

Figure 4.17: QAPF plot for basaltic and andesitic minor intrusive rocks, after Streckheisen 
(1979). Shaded field shows normative compositions for the same samples (see Chapter 5). 

analcime, aegirine and green arfvedsonite. 
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Feldspar phenocrysts are euhedral, 0.5~-3mm crystals, about 10%, often radially glom-

eroporphyritic, with some alteration to brownish sericite and clays, or replacement by 

mosaic K-spar, zeolite or nepheline. Phenocrysts have occasional remnant albite twins, 

particularly in microphenocrysts, but twinning is rare in larger phenocrysts. There are 

about 30% albite and 5-10% anorthoclase phenocrysts and microphenocrysts, and 20% 

mosaic K-spar in groundmass poikilomosaic material. 

Groundmass has well developed poikilomosaic texture with feldspar microphenocrysts, 

both albite and anorthoclase, 10% green aegirine and about 2% green amphibole ~

probably arfvedsonite, surrounded by a mosaic of anhedral K-spar, zeolites after feldspar 

or nepheline, occasional unaltered nepheline, and some isotropic analcime (Fig. 4.18). 

This rock plots on a QAPF diagram as a phonolitic tephrite, very close to the tephritic 

phonolite field (Fig. 4.19). 
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Figure 4.18: Photomicrograph of the phonolitic dike from Peninsula Levican, sample LSa, show
ing pilotaxitic subhedral albite and anorthoclase K-feldspar microphenocrysts in poikilomosaic 
texture with gToundmass K-feldspar and nepheline, and fine granular aegirine and sodic amphi
bole microphenocrysts (white arrows). Cross polarised light, field of view 2.Smm. 
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Figure 4.19: QAPF plot for nepheline bearing dike cutting the Ibanez Formation on Peninsula 
Levican , after Streckheisen (1979). Mineral proportions by visual estimation. 
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4.6.4 Dacitic and Rhyolitic Minor Intrusives 

Dacitic, rhyodacitic and rhyolitic minor intrusive rocks occur throughout the field area as 

dikes, stocks and sills, some of which can be grouped on field characteristics. In particular, 

dacitic rocks cut the Ibaiiez Formation, Coyhaique Group and Divisadero Formation as a 

series of stocks exposed on the the peninsula at La Pedregasa (GR 280230 4867400), and 

as dikes cutting the Coyhaique Group and Divisadero Formation further east on the lake 

shore southwest of Estancia Moroma (GR 280230 4867400). Also, small groups of minor 

volume dacitic dikes and stocks cut the Ibaiiez Formation on the southwest slopes of Cerro 

Piramide (GR 278335 4869433, 277735 4870270 and 277673 4870000). These dikes have 

distinctive orange weathering colours and large quartz phenocrysts and biotite. Other 

examples cut the Ibaiiez Formation at Puerto Rey (Dacitic, GR 270507 4856660), Laguna 

La Pollolla (Rhyolitic, GR 289762 4869589 and 289954 4871335) and on the shore of the 

Bahia Ibanez east ofEI Maiten (Rhyolitic, GR 270630 4863100 and 2764604863460) show 

no particular hand specimen or field associations with each other. Eighteen samples were 

cut from these and other occurrences. Due to the prevalence of fine grained felsitic and 

quartz-feldspar mosaic groundmass textures, mineral estimation for groundmass minerals 

was extrapolated from normative compositions (see Chapter 5). 

These rocks are porphyritic, with 10-50% phenocrysts, usually so die plagioclase and 

sometimes quartz. Minor phenocryst phases may include hornblende, augite, orthopy

roxene, biotite and magnetite, with traces of apatite and zircon. Most samples show 

slight to moderate alteration, particularly of feldspars and mafic phases, to sericite, cal

cite and K-feldspar and to chlorite, uralite, calcite, leucoxene, muscovite and haematite, 

respectively. 

Plagioclase phenocrysts are present in all samples, and range from 5-40%. They are 

euhedral and subhedral 0.5·7mm crystals, often glomeroporphyritic, but with occasional 

simple zoning or sieve textures. Labradorite is rare, with most plagioclase ranging from 

sodic andesine down to albite. Zoned crystals may show labradorite cores to sodic andesine 

or albite rims, but most samples show unzoned or simply zoned plagioclase with andesine 
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at cores and oligoclase or albite at rims. Many phenocrysts are albitised. 

Quartz phenocrysts are rare in most of the dacitic and rhyolitic rocks, present as 

a major phenocryst phase in four dacitic dikes from Cerro Pinimide and two stocks at 

Lago La Pollolla. In most other samples it is present only as microphenocrysts or within 

groundmass felsitic material. Quartz phenocrysts range from 3~ 10%, usually as subhe

dral bipyramids, often rounded and embayed. In the rhyolitic stocks at Lago La Pollolla 

and the three dacitic dikes from Cerro Piramide, the phenocrysts are large, embayed and 

elongate bipyramids up to 6mm in thin section and 10~ 12mm in hand specimen, whereas 

in most other samples quartz phenocrysts are either not present or are small microphe

nocrysts <hum. Phenocrysts are often rounded, and in dacites from Cerro Piramide 

and La Pedregasa have well developed fine overgrowths of mosaic material derived from 

groundmass mosaic quartz. 

Mafic phenocryst phases are hornblende, pyroxene or biotite, and can be roughly 

grouped according to sample location. The two rhyolitic stocks at Laguna La Pollolla, 

a rhyolitic sill east of EI Maiten, and four dacitic dikes from Cerro Piramide contain 

biotite or biotite and hornblende, whereas the dacitic stocks and dikes from the peninsula 

at La Pedregasa and on the lakeshore southeast of Estancia Moroma contain altered 

pyroxene, often augite but sometimes orthopyroxene and occasional minor hornblende and 

biotite. In most samples, mafic minerals are partly or wholly altered to chlorite, uralite, or 

mixtures of chlorite-muscovite-Ieucoxene-calcite-haematite, and are hence unidentifiable, 

or only identifiable by the shape of pseudomorphs or by small unaltered remnants. 

Identifiable brown-green euhedral hornblende is present in three samples, and ranges 

from 0.5~ 10%, usually 0.5~ 1mm phenocrysts, but occasionally up to 5-6mm. Most horn

blende phenocrysts are identifiable only as pseudomorphs replaced by platy or fibrous 

chlorite and green actinolitic amphibole. 

Biotite phenocrysts occur in 7 samples, ranging from 0.5-5%, in subhedral and euhe

dral booklets from 0.5~4mm. It forms either phenocrysts or interstitial material to other 

mafic and accessory minerals, often magnetite, apatite and zircon. Biotite phenocrysts in 
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most samples are altered to green-brown chlorite, or replaced by muscovite interlayered 

with opaque leucoxene, goethite/haematite and calcite. Remnant unaltered phenocrysts 

in rhyolitic samples and some dacites are green-brown pleochroic biotite, with red-brown 

biotite occurring in only one dacitic sample from La Pedregasa. 

Pyroxenes occur as phenocrysts in the dacitic stocks and dikes outcropping between 

La Pedregasa and Estancia Moroma. Phenocrysts range from 3-5%, are subhedral and 

euhedral, O.5-3mm in size. They are usually altered to chlorite or uralite, or sometimes 

to calcite and haematite, and like hornblende, are often identifiable only by the shape 

of the pseudomorphs or by small remnant patches. Both colourless to pale green augite 

and colourless orthopyroxene occur, although both were not observed in the same sam

ples. Orthopyroxene phenocrysts are associated with minor hornblende and biotite in 

one sample, and are partially altered. to amorphous green chlorite (Fig. 4.20A). Augite 

is the only mafic phase present in most other samples from the Estancia Moroma group, 

although some samples with entirely altered mafics show both pyroxene and amphibole 

pseudomorphs. 

Groundmass mineralogy in the dacitic samples consists of pilotaxitie so die plagio

clase microphenocrysts in either a matrix of felsitic material or interstitial quartz and 

K-feldspar, depending on the texture of the rock. Rhyolitic samples may have some sodic 

plagioclase in a poikilomosaic texture with recrystallised mosaic quartz and K-feldspar, or 

felsitic material with varying degrees of recrystallisation to mosaic textures (Fig. 4.20B). 

Minor accessory minerals in both dacitic and rhyolitic samples include magnetite and/or 

ilmenite, usually as 1-3% phenocrysts and microphenocrysts, up to 1-2mm but generally 

<lmm, and often associated with mafic phases, particularly biotite. There are also trace 

amounts of apatite, zircon, cristobalite, tridymite, biotite, and altered fine grained mafic 

minerals (usually chloritised). Alteration of groundmass material may include patches of 

sericite, calcite, epidote, chlorite, haematite and clay. 

The common occurrence of felsitic groundmass quench textures shows that these rocks 

are relatively shallow subvolcanie intrusions. Some rocks from the La Pedregasa-Estancia 
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Figure 4.20: A) Photomicrograph of dacitic hypabyssal intrusive from the peninsula at La Pe
dregasa, from sample F61, showing porphyritic microgranular texture, with phenocrysts of nOr
mally zoned plagioclase (labradorite to oligoclase and albite) (P) and partially chloritised orthopy
roxene (0, with dotted outlines)in a microgranular groundmass of subhedral albite, interstitial 
anhedral quartz (red arrows) and some biotite and magnetite (opaque or extinct in this view). 
Cross polarised light, field of view 5mm. B) Photomicrograph of rhyolitic minor intrusive from 
south of Cerro Cabeza Blanca, from sample F12, with phenocrysts of partly sericitised, murky 
glomeroporphyritic albite (A) and green brown euhedral biotite (B, dotted outline) in a ground
mass of partly recrystallised brown felsitic quartz-K-feldspar mosaic. 
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Moroma dacites, although often porp-hyritic with felsitic or pilotaxitic groundmass quench 

textures, may also have coarser mosaic and microgranitic groundmass textures, comprised 

of microgranitic sodic plagioclase and altered mafics with patchy mosaics of interstitial 

granophyric quartz and K-feldspar. This texture indicates slightly deeper levels of intru

sion, and although still under hypersolvus crystallisation conditions (Fig. 4.21A). 

Summary 

Although some samples are chemically trachytic or rhyolitic, most are dacites, and sam

ples plot on a QAPF diagram as dacites to rhyodacites and some quartz-rich andesites. 

(Fig.4.21B). The La Pedregasa-Estancia Moroma dacites, and to a lesser extent, the three 

dacitic dikes from Southwest Cerro Pinimide are readily identifiable as related groups of 

rocks by their similar mineralogies and textures. These rocks show either porphyritic 

volcanic textures with phenocrysts in a felsitic or mosaic quartz-feldspar matrix, or por

phyritic microgranitic textures with interstitial granophyric intergrowths, both showing 

evidence of quenching and hypersolvus crystallisation conditions. 

4.7 Granitoids and Microgranitoids 

Granitoids and microgranitoids form the bulk of the Cerro Pinimide stock and underly 

much of Cerro Farell6n. They intrude all mapped formations except the Cerro Pico Rojo 

Rhyolites and the Plateau Basalts. They also occur as isolated stocks and sills at Puerto 

Ibanez, La Masira, EI Maiten, Puerto Rey and southwest of Cerro Piramide. Fifty-two 

samples were cut, mainly from the Cerro Fare1l6n and Cerro Piramide complexes, but 

also from microgranitoid stocks and sills from Puerto Ibanez, West Ibanez (El Maiten and 

Puerto Rey) , southwest Cerro Piramide. Four samples from the Patagonian Batholith, 

two each at Lago Bertrand and at Lago Esmeralda respectively were taken for Ar-Ar 

dating and comparison with the Ibanez Quadrangle granitoids. 

The rocks are all relatively leucocratic granitoids, with typical medium and coarse 

grained granitic textures and microgranitoids, showing a gradation from granitic to por-
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Figure 4.21: A) Photomicrograph of hypabyssal dacitic intrusive from Estancia Moroma, from 
sample F40, showing phenocrysts of clinopyroxene (C) replaced by chlorite and calcite, rounded 
andesine (A) and subhedral quartz (Q) in a microgranular groundmass of subhedral sodic plagio
clase, chloritised mafics (usually biotite and pyroxene) magnetite (M) and clots of poorly developed 
quartz-K-feldspar granophyric intergrowth around quartz phenocrysts (dotted outline). Cross po
larised light, field of view 5mm. B) QAPF plot showing dacitic and rhyolitic minor intrusive rocks 
emplaced in the Ibanez Formation, Coyhaique Group and Divisadero Formation. Fields after 
Streckheisen (1979), data from visual estimation and extrapolation from normative compositions 
to estimate groundmass composition (Shaded field is normative only data (see Chapter 5)). 
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phyritic volcanic textures. Both groups contain major mineral phases of plagioclase and 

quartz with some K-feldspar, usually interstitial, and mafic and opaque phases of horn

blende, biotite and magnetite. Trace minerals include titanite, apatite, zircon, ilmenite 

and epidote, whereas common alteration products of the major phases include sericite, 

chlorite, uralite calcite and epidote. 

Plagioclase is present in all the granitoids and microgranitoids sampled, ranging from 

40-75%, with an average of 58%, and is present as euhedral and subhedral crystals rang

ing from 0.1-6mm, but generally between 0.1-3mm, in hypidiomorphic textures with 

interstitial quartz, K-feldspar and mafic minerals. This is especially in samples from the 

Batholith (Lago Bertrand, Lago Esmeralda) and from the cores of the stocks at Cerro 

Piramide and Cerro Farell6n. Samples from the margins of the larger intrusive bodies, or 

from smaller sills and stocks have euhedral and subhedral plagioclase phenocrysts, some

times glomeroporphyritic, in a microgranitic granular or coarsely felsitic groundmass of 

smaller plagioclase, mafic minerals and granular mosaic quartz and K-feldspar. Plagio

clase is rarely sieve textured, but often zoned, usually as normal oscillatory zoning from 

labradorite or andesine in the cores to andesine or oligoclase and sometimes albite at rims, 

although some samples are zoned from cores as calcic as bytownite. In some cases zoned 

plagioclase may be overgrown with an outer rim of K-feldspar, or have a granular rim or 

framework of smaller groundmass crystals nucleated upon the outer rim of the plagioclase 

(Fig. 4.22A). Alteration is common, with most samples showing replacement of plagio

clase by calcite or partial to complete sericitisation, in particular of the more calcic core 

zones. Many samples, particularly those from small microgranitoid dikes and sills around 

Cerro Pinimide, show varying degrees of saussuritisation of plagioclase, with partial or 

complete replacement by epidote, albite, calcite and sericite. This may be interpreted as 

hydrothermal alteration associated with the intrusion and cooling of the Cerro Pin imide 

stock. 

Quartz may be present as the most common mineral after plagioclase, although it 

is sometimes only a minor component. It ranges from 4-30%, with a mean of 18%. In 
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Figure 4.22: A) Photomicrograph of granodioritic rock from the lower parts of the Cerro Fare1l6n 
Complex, from sample CF15, showing granitic texture dominated by subhedral and euhedral nor
mally zoned plagioclase (andesine-oligoclase) (P) with interstitial anhedral quartz (Q), K-feldspar 
as rims over plagioclase and as anhedral grains with the quartz (white arrows), chloritised biotite 
(red arrow) and hornblende (green arrow) . Cross polarised light, field of view 5mm. B) Pho
tomicrograph of granodioritic rock from near the top of the Cerro Fare1l6n complex, from sample 
CF41 C, with coarsely porphyritic granitic texture of oscillatory zoned andesine-oligoclase (P), 
in a matrix of interstitial quartz (Q), granophyric quartz-K-feldspar intergrowth (black arrow), 
hornblende (green arrow) and chloritised biotite (red arrow). Cross polarised light, field of view 
5mm. 
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granitic and microgranitic textured Tocks, quartz is usually present as anhedral crystals 

interstitial to the plagioclase and mafic phases, often in varying degrees of granophyric 

intergrowth with some K-feldspar. In the more porphyritic microgranitoids quartz may 

occur both as corroded, embayed or rounded subhedral paramorphs of beta quartz bipyra

mids and as anhedral granular mosaic material in the groundmass with plagioclase mi

crophenocrysts and anhedral K-feldspar. Anhedral crystals in granitic samples from Lago 

Bertrand and Lago Esmeralda are large, 1-4mm grains, either enclosing or interstitial 

to subhedral or euhedral plagioclase. At Lago Esmeralda the quartz has granophyric 

rims. Anhedral quartz crystals in samples from the Ibanez Quadrangle granitoids and 

microgranitoids are smaller, from O.l-lmm, and are usually interstitial to plagioclase 

and mafic phases. They often show granophyric intergrowth with interstitial K-feldspar, 

particularly around the rims of quart.z crystals, with granophyric textures usually more 

pronounced in samples from the roof and sides of the Cerro Farell6n complex in partic

ular. Porphyritic microgranitoids have quartz phenocrysts from 0.5-4mm, with granular 

groundmass quartz usually <0.5mm. Phenocryst quartz in the porphyritic micrograni

toids often h8...'3 fine grained epitaxial overgrowth of granular or mosaic quartz from the 

groundmass. 

K-feldspar, usually orthoclase, is present in most samples as a minor component, 

ranging from trace to 20%, with an average of 9%. Crystals are usually small, <lmm, 

anhedral or mosaic interstitial groundmass material, often in granophyric intergrowth 

with quartz. Many samples with zoned plagioclase crystals include some plagioclase with 

partial or complete rims of K-feldspar over an outer zone of so die plagioclase. Perthitic 

K-feldspar was not often observed, being present only in the sample from Lago Bertrand, 

but a few samples from the Ibanez Quadrangle show subhedral small crystals of carlsbad 

twinned orthoclase. Overall, orthoclase occurs as rims on plagioclase and as interstitial 

anhedral crystals, often granophyric, in granitic textured samples, or as fine anhedral 

granular or mosaic groundmass material with quartz in the porphyritic microgranitoids. 

Only the coarse grained rock sampled from Lago Bertrand for Ar-Ar dating showed two 
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feldspars as a major crystal phase, whereas the remaining samples from Lago Esmeralda 

and the Ibanez Quadrangle have an early euhedral-subhedral plagioclase phase and late 

stage interstitial K-spar, often granophyric. 

Mafic phases are brown or green-brown hornblende and green-brown biotite, often 

occurring in association with magnetite. In many samples containing one or both of these 

minerals, the mafic phases may be entirely altered to chlorite or fibrous actinolite, leaving 

them identifiable only by the shape of any pseudomorphs present, with hornblendes the 

most readily identifiable by this method. 

Hornblende occurs in many samples as the main mafic phase, ranging from 1-15%, 

with an average of 6%. In granitic and microgranitic rocks it occurs as large (1-6mm) 

subhedral green to green-brown pleochroic crystals in granitic texture with other min

erals, or as a smaller (O.5-3mm) interstitial phase in plagioclase rich rocks, and may 

form granular or radial interstitial aggregates with biotite, magnetite and apatite. The 

porphyritic microgranitoids may contain euhedral and subhedral green hornblende as a 

phenocryst phase, 1-6mm, and also as fine grained subhedral material in the granular or 

mosaic groundmass of these rocks. In the porphyritic microgranitoids, particularly from 

Cerro Piramide, green hornblendes show reaction rims crowded with fine granular opaque 

minerals. In all samples hornblende is often partly or wholly altered, and may be replaced 

by fibrous green actinolite, or matted fibrous or amorphous green chlorite, and in some 

samples by calcite or epidote. 

Biotite is green-brown pleochroic, and may occur in association with hornblende, or 

as the main mafic phase, ranging from 1-8%, with an average of 3%. Crystals are rarely 

euhedral, but usually subhedral and anhedral interstitial clusters or aggregates of mica 

booklets, usually <lmm. In some cases euhedral and subhedral crystals up to 2mm 

occur. Biotite often forms interstitial granular aggregates with hornblende, and is often 

accompanied by magnetite, titanite, and apatite, and may include some zircon crystals. 

Most samples show partial to complete alteration of biotite, usually by replacement with 

chlorite, but sometimes also with chlorite/epidote mixtures, in those samples which show 
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strong albitisation and saussuritic alteration of plagioclase. 

Trace minerals present in these rocks include magnetite as the opaque phase, along 

with titanite, apatite, zircon and sometimes primary epidote, whereas alteration products 

may include albite, K-feldspar, epidote, chlorite, uralite, sericite, leucoxene, haematite, 

pyrite and calcite. 

Granitoids and microgranitoids from the Ibanez Quadrangle are exclusively '1' types, 

and grade between two textural types: A) A medium grained granitic textured rock 

with a single euhedral to subhedral zoned plagioclase phase, interstitial quartz (often 

slightly granophyric with K-feldspar), mafics ( green-brown hornblende and/or biotite, 

often chloritised) and trace minerals (Fig. 4.22B); and: B) a finer grained porphyritic rock 

with phenocrysts of large (up to 6-7mm) plagioclase, corroded quartz and green-brown 

hornblende, in a granular to microgranular or mosaic groundmass of quartz, plagioclase 

microphenocrysts, some K-feldspar, mafic phases and trace minerals (Fig. 4.23A). 

Both textural types show evidence of the high level, hypabyssal nature of the intru

sions, and the textural types are clearly related to the size and type of the intrusive 

bodies mapped in the field. Coarser grained granitic rocks with little or no granophyric 

intergrowth are from the core of the largest parts of the Cerro Fare1l6n complex south of 

Arroyo Rocoso, whereas medium grained granitic rocks with more noticeable interstitial 

granophyric intergrowth are from either the roof areas of the Cerro Farell6n complex, from 

the sides of the stocks of Cerro Piramide, or from some of the smaller stocks at southwest 

of Cerro Piramide or at El Maiten. The microgranitoids with strongly porphyritic textures 

and fine, granular ground mass quartz/feldspar mosaics also tend to occur at the rims or 

roof of the Cerro Piramide stock and Cerro Farellon complex or in the smaller stocks and 

dikes, particularly the Puerto Ibanez microgranitoids exposed in the road above Puerto 

Ibanez itself. The occurrence of single plagioclase feldspar phases as large euhedral and 

subhedral crystals with interstitial granophyric quartz-K-feldspar textures indicates that 

these rocks are relatively high level intrusions crystallising under initial subsolvus condi

tions with late stage 'freezing' producing eutectic/cotectic crystallisation ofthe interstitial 
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Figure 4.23: A) Photomicrograph of granodioritic rock from the northern margin of the Cerro 
Fare1l6n complex, from sample CF27, coarsely porphyritic with phenocrysts of quartz (Q) and 
euhedral andesine (P), in a microgranular matrix of quartz , plagioclase and K-feldspar. Note 
skeletal overgrowth of matrix quartz around phenocryst quartz (white arrow). Cross polarised 
light , field of view 5mm. B) QAPF plot for granitic and dioritic rocks from the Ibanez Quadrangle, 
southern Cerro Fare1l6n Quadrangle and three samples of the Patagonian Batholith from Lago 
Bertrand and Lago Esmeralda. Fields after Streckheisen (1979). Shaded field shows range of 
normative compositions (see Chapter 5). 
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granophyric textures. The field evidence of sharp, fractured contacts with the country 

rocks, faulting and brecciation of the roof of the intrusion and the presence of miarolitic 

or 'drusy' cavities in the upper parts of the granitoid intruding Cerro Farellon may be 

taken as evidence that at least the Cerro Farellon granitoid was de-gassing, which can 

produce the conditions needed for crystallisation of granophyric intergrowths. The finer 

grained porphyritic textured microgranitoids, as they occur in particular near the rims of 

the larger intrusive bodies, or as smaller dikes and stocks (most are <500m in diameter, 

often <100m) may be interpreted as quench textures, also indicating relatively high level 

intrusion into 'cold' country rocks (note that the Patagonian Batholith dating samples 

from Lago Bertrand show coarse grained, two-feldspar granitic textures with plagioclase 

and perthitic K-feldspar and are without granophyric intergrowth, thus indicating sub

solvus crystallization, whereas the Lago Esmeralda samples show medium grained single 

(plagioclase) feldspar textures with interstitial granophyric intergrowth, similar to rocks 

from the Ibanez Quadrangle, indicating a similar late stage 'freezing' event producing 

interstitial eutectic crystallisation). 

Summary 

The microgranitoids of the Ibanez Quadrangle plot on the QAPF diagram of Le Maitre 

(1989) as quartz diorites, quartz monzodiorites, tonalites and granodiorites (Fig. 4.23B). 

They show mineralogies typical of 'I' type rocks (White and Chappell, 1977) and textures 

indicating crystallisation at high levels in the crust as subvolcanic stocks, dikes and sills, 

which matches well with their observed field occurrence and outcrop style. Many samples 

show evidence of alteration, with sericitisation and saussuritisation of plagioclase feldspar 

being particularly common, along with replacement of mafic phases by chlorite, epidote 

and calcite. This alteration is widespread, but is particularly common in samples within 

several kilometres of the major stocks at Cerro Piramide and Cerro Farellon and in the 

marginal zones of these stocks themselves. It is likely to be related to the thermal effects 

of these large intrusions and deuteric alteration and hydrothermal systems associated with 
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their emplacement and cooling. 



Chapter 5 

Geochemistry of the Ibanez Area 

5.1 Introduction 

Geochemical analysis was carried out by XRF spectrometry. Major elements were anal

ysed from borate glass fusion beads after the methods of Norrish and Hutton (1969), using 

both the older furnace and hand-pressed bead method and, later, larger beads from the 

automated Fusilux process. Trace elements were analysed via crushed and ground samples 

compressed into pellets. Results are contained in Appendix B. Numerical ranges given 

in the text are raw data including LOr, but all graphs are plotted LOI free, with major 

element data recalculated to LOr-free status using MS Excel and plotted with :"iewpet. 

All plots with samples which have LOr values greater than 3% have those samples plotted 

in a conflicting colour (orange) or are noted as having high LOI in the sample captions, 

indicating their high level of alteration. Trace element spider plots were normalised to the 

primitive mantle values of McDonough et aL (1992), as summarised by Rollinson (1993). 

These values were used mainly due to their wider element range than other normalisation 

values summarised by Rollinson (1993). 

5.2 Ibaiiez Formation 

Forty-four samples of volcanic rocks from the Ibanez Formation were analysed, from 

twenty rhyolitic tuffs and ignimbrites, nine rhyolitic lavas and domes, four dacitic lavas or 

domes and eleven andesitic lavas. These rocks plot on the TAS classification diagram of 

Le Maitre (1989) as basalts, basaltic andesites, dacites and rhyolites, with a calc-alkaline 

trend (Fig. 5.1A and 5.2.) Some samples plot as outliers above this trend, in the trachy-
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basaltic through to trachyte fields, but these rocks either have high LOl, or from their field 

occurrence they can be interpreted as weathered or contact metamorphosed examples of 

the rocks which plot on the main trend. The samples plotting in the trachybasaltic to tra

chytic fields may have undergone some degree of Na-metasomatism, given the common 

occurrence of albitised plagioclase in Ibafiez rocks. The basalts and basaltic andesites 

are metaluminous, as are the dacites, whereas the rhyolites range from met aluminous to 

strongly peraluminous (Fig. 5.1). 

5.2.1 Major Elements 

Harker plots ofNa20, K20, CaO and Ti02 for the Ibafiez Formation are shown in Fig. 5.3. 

Those rocks from the most altered outcrops plot off the main chemical trends, indicating 

some element mobility due to weathering or the thermal effects of adjacent granitoid 

stocks. Harker plots of A120 3, MnO, MgO and Fe203 show less scatter and hence more 

easily identifiable trends (Fig.5.4). 

Basic rocks are basalts and basaltic andesites, in the range 45-·58% Si02, and range 

from low to high K20 from the basalts to basaltic andesites, although high K20 samples 

are the most altered rocks. Petrographic olivine basalts are quartz-hypersthene normative, 

with only one sample showing normative olivine, while three of the petrographical basaltic 

andesite lavas contain normative olivine andj or nepheline. 

Silicic rocks are quartz and quartz-hypersthene normative dacites to rhyolites, with 

59.9-66.8% Si02 in dacites and 67.3-78.5% in rhyolites, with secondarily silicified samples 

as high as 85%. CaO is low, except for enrichment in altered samples, whereas K20 and 

Na20 are medium to high, although some samples have mobility of these elements due to 

weathering and contact metamorphism. 

The Ibafiez Formation samples show strong decrease in CaO with increasing Si O2 and 

initial enrichment of Na20 in the basaltic and andesitic samples, followed by decreasing 

Na20 trends in the more silicic dacitic and rhyolitic rocks. K 20 increases steadily with 

Si02, while Ti02 is initially low and decreases with increasing Si02 content. Al20 3 
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Figure 5.1: A) TAS plot for volcanic rocks of the Ibanez Formation, after Le Maitre 
(1989). The Ibanez Formation is a bimodal calc-alkaline association, which closely 
overlaps the fields of other major Jurassic volcanic provinces from Patagonia. Data 
for overlay fields is from Pankhurst et al. (1998). Note that the field for Ibanez 
Formation data from Pankhurst et al. (1998) comprises only six samples from Baker 
et al. (1981). Points plotted in orange are from samples with LOI greater than 3%. 
The inset in top left corner compares the Ibanez Formation with rocks from Taupo 
Voicanic Zone, NZ. (Data from Burt (1999) .) B)ASI plot for volcanic rocks of the 
Ibanez Formation , after Maniar and Piccoli (1989) . 
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Figure 5.2: AFM plot for volcanic rocks of the Ibanez Formation, after Irvine and 
Barragar (1971). Sample symbols as in 5.1, Points plotted in orange are from altered 
samples with L01 greater than 3%. 
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initially increases with Si02 in basaltic and andesitic samples and decreases in the silicic 

samples. MnO is initially low and decreases steadily with increasing Si02 content, while 

MgO is initially high and shows a marked decrease in the basic samples and then decreases, 

with shallower gradient in the more silicic samples. In several of the Harker plots for the 

Ibanez Formation, particularly in plots of CaO, Al20 3, Na20, and MgO, there is a distinct 

change in gradient of the sample trends between the basic and acidic samples, indicating 

a compositional gap. The effects of weathering and low-grade metamorphism are evident 

on the major element plots (see Fig. 5.3), with depletion of CaO in altered or weathered 

basaltic to dacitic samples, whereas some basaltic samples have mild enrichment of K20 . 

No distinct alteration trend is visible in the Na20 and T i0 2 plots, although there is some 

scatter of data points. Al20 3, Fe203, MnO and MgO show less scatter of data, indicating 

lesser degrees of element mobility. 
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Figure 5.3: Harker variation diagrams for the alkali elements and Ti02 from basaltic andesitic to 
rhyolitic rocks of the Ibanez Formation. Samples with LOl greater than 3% are plotted in orange. 
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5.2.2 Trace Elements 

Trace elements for the basalts, basaltic andesites and andesites from the Ibanez Formation 

are plotted on a spider diagram (Fig. 5.5), normalised to the primordial mantle compo

sition of McDonough et al. (1992). Olivine basalts from the West Ibanez area at Maiten 

(Fig. 5.5A) show considerable scatter in the mobile elements due to alteration, but overall 

have the most primitive trace element pattern, with moderate LIL (Light Ion Lithophile) 

element enrichment and HFS (High Field Strength) element depletion. Depletion spikes 

of Nb, Sr and Ti are present, as are depletions in Rb and K in some samples. The Nb 

depletion is characteristic of subduction-related sources (Wilson, 1989), whereas the neg

ative spikes in other elements are probably due to fractionation (Sr and Ti) and leaching 

(K and Rb) by aqueous fluids. Basaltic andesites from Cerro Piramide and Puerto Ibaflez 

(Fig. 5.5B) have less scatter of theniobile elements, and show stronger LIL enrichment 

and similar HFS depletion, and more pronounced Nb and Ti depletion spikes. The most 

evolved basic rocks sampled in the Ibanez Formation are the basaltic andesites from the 

frontier region at Estero Zanj6n Feo and Estancia Moroma, which show slightly greater 

LIL enrichment than those sampled at Puerto Ibanez/Cerro Piramide, similar levels of 

HFS depletion and a pronounced depletion spike of Nb (Fig. 5.6A). However, all the 

basaltic and andesitic rocks are similar in trace element trends (Fig. 5.6B). Rb /Sr ratios 

range from 0.002 to 1.67, and K/Rb ratios from 69-1660, although these elements are mo

bile and may have been affected by alteration. These lavas plot in the calc-alkali basalt 

fields on Ti-Zr-Y and Ti-Zr-Sr discrimination diagrams of Pearce and Cann (1973) (Fig. 

5.6C and D). 

Dacites, rhyolites and silicic tuffs from the Ibanez Formation have patterns of LIL 

enrichment and HFS depletion which are broadly similar to the andesitic rocks, but sig

nificantly more evolved (Fig. 5.7 A through C). Dacites sampled from the Puerto Rey 

dome and lava complex show LIL elements are enriched and HFS elements depleted, 

and pronounced depletion spikes of Nb, Sr and Ti. Rhyolites and tuffs from throughout 

the Ibanez Quadrangle show this pattern as well, although a sample from Cerro Cabeza 
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Figure 5.5: A) Trace element spider plot for olivine basalt lavas from near El Maiten, showing 
mild enrichment of LIL elements and depletion of HFS elements, with depletion spikes of Nb, Sr 
and Ti , and also strong depletion of Rb and K in some samples. Samples with LOI greater than 
3% are shown in orange. 
B) Trace element spider plot for basaltic andesites from Puerto Ibanez and Cerro Pira.rrude, showing 
slightly greater LIL enriehment than those lavas at El Maiten, similar Nb, Sr and Ti depletion, 
and less scatter of the mobile elements. Samples with LO! greater than 3% are shown in orange. 
Sha.ded fields show trace element ranges for a.nde5itic rocks from Ta.upo Volca.n ic Zone, New Zealand, for comparison. Data fro m Burt 
(1999). 
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Figure 5.6: A) Trace element spider plot for basaltic andesitic lavas from Arroyo Zanjon Feo and 
Estancia Moroma, showing slightly greater LIL enrichment than those samples in Figs. 5.5A and 
B, and similar Nb and Ti depletion . Samples with LOI greater than 3% are shown in orange. 
B) Trace element spider plot. for all basaltic to andesitic rocks from the Thanez Formation showing 
general similarity of all samples in the HFS elements, and also the scattered nature of the mobile 
elements from Pb to K, most likely due to weathering and alteration. Samples with LOI greater 
t.han 3% are shown in orange. 
C) Ibanez Formation basaltic to andesitic lavas plotted on the Ti-Zr-Y discrimination diagram of 
Pearce and Cann, 1973. Symbols as for 5.1. Samples with LOI greater than 3% are shown in 
orange. 
D) Ibanez Formation basaltic to andesitic lavas plotted on the Ti-Zr-Sr discrimination diagram 
of Pearce and Cann, 1973. Symbols as for 5.1. Samples with LOI greater than 3% are shoVv"1l in 
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5.3. Divisadero Formation 163 

Blanca lacks the Sr depletion spike. Dacitic and rhyolitic rocks have Rb/Sr ratios of 0.14 

6.7 and K/Rb ratios of 186-330, whereas the rhyolitic ignimbrites have Rb/Sr ratios of 

0.19-10.4 and K/Rb ratios from 99-254, with the greater range of the Rb-Sr ratio perhaps 

indicating the contamination effect of lithic fragments included in the ignimbrites. The 

silicic rocks of the Ibanez Formation mainly plot within the Volcanic Arc Granite field, 

with a few samples plotting within the Syn-Collisional Granite field, reflecting a slight 

enrichment in Rb, probably due to alteration, on the Rbi (Y + Nb) tectonic discrimination 

diagram of Pearce et al. (1984) (Fig.5.8). Their plate margin affinity, with distinctive low 

Nb content, is well illustrated by comparison with data from Pankhurst et al. (1998) on 

a Nb-Zr plot (Fig 5.9) for all the Jurassic silicic rocks of Patagonia. 

5.3 Divisadero Formation. 

Twenty one tuffs and ignimbrites from the Divisadero Formation were sampled, five from 

the Ibanez Quadrangle at Cerro Manch6n, Estancia Moroma, and Arroyo Zanj6n Feo, 

together with sixteen samples of five ignimbrites from the Divisadero Formation type 

section at Cerro Divisadero and from nearby exposures at Lago Frio and Lago Castor (see 

location map, Fig. 5.10). Well-exposed ignimbrites were sampled at base, middle and top 

so as to cover any internal trends. These rocks plot on the TAS classification diagram of 

Le Maitre (1989) as rhyolites, and are both metaluminous and peraluminous (Fig. 5.11). 

5.3.1 Major Elements 

Although basic rocks for the Divisadero Formation are not common and were not analysed, 

Harker variation plots of the Divisadero Formation are presented to illustrate the similarity 

of the Divisadero Formation rocks to those of the Ibanez Formation. Plots for CaO 

and the alkalis are presented in Fig. 5.12, and for A120 3) MnO, MgO and Fe203 in 

Fig. 5.13. The tuffs and ignimbrites of the Divisadero Formation are rhyolitic, quartz

hypersthene normative, and range from 69.1-77.62% Si02. The major element trends of 

Divisadero Formation rocks are essentially the same as those of rhyolitic rocks of the Ibaiiez 
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Figure 5.7: A) Trace element spider plot for dacitic lava and dome rocks from Puerto Rey, showing 
LIL enrichment a.nd HFS depletion, and strong Nb, Sr and Ti depletion spikes. Samples with LOI 
greater than 3% are shown in orange. 
B) Trace element s-pider pIot for rhyolitic lavas of the Ibanez Formation showing LIL enrichment 
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3% are shoWTl in orange. 
C) Trace element spider plot for rhyolitic tuffs of the Ibanez Formation showing LIL enrichment 
and HFS depletion with marked depletions spikes of Nb, Sr and Ti. Samples with LOI greater 
than 3% are shown in orange. 
Shaded field indicates trace element ranges for da..citic (A) a.nd rhyolitic (B & C) rocks from Taupo Volcanic Zone, New Zealand, for 
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Figure 5.8: Silicic rocks of the Ibanez Formation plotted on the Rb/(Y +Nb) granite discrimina
tion diagram of Pearce et al. (1984). Samples with LOI greater than 3% are shown in orange. 
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Figure 5.10: Sample locations for geochemistry within the Divisadero Formation. 
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Figure 5.11 : A) TAS plot for volcanic rocks of the Divisadero Formation, after Le Maitre (1989). 
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5.4. Cerro Pica Raja Rhyolite Dome 168 

Formation, and the samples plot as a-tight cluster within the fields defined above for rocks 

from the Ibaiiez Formation. Basic rock examples were not analysed due to indeterminate 

field evidence as to their provenance as either a sill intruding the Divisadero Formation 

or a lava within the Divisadero Formation, so no distinct basic to acidic compositional 

trends can be identified. CaO is low, Na20 is medium to high and most samples plot as 

High K rather than Medium K. The Divisadero Formation samples show only occasional 

scatter due to alteration, and the bulk of Divisadero tuffs have similar CaO, Na20 and 

Ti02 contents and slightly higher K20 contents than those of the Ibanez Formation, and 

also a slightly lower Fe203 content. 

5.3.2 Trace Elements 

Ignimbrites of the Divisadero Formation show LIL enrichment and HFS depletion, and 

strong depletion spikes at Nb, Sr and Ti (Fig.5.14A). The Divisadero Formation rhyolitic 

ignimbrites plot within the trace element ranges of the older Ibanez Formation with the 

exception of some samples with slightly higher Nd, and one sample with greater Nb de

pletion, but otherwise are similar to, if not indistinguishable from, spider plots of silicic 

rocks of the Ibanez Formation, although with less scatter of data points, related to the 

less altered nature of the samples. (Silicic pyroclastic rocks of the Divisadero Forma

tion often show welded glassy eutaxitic groundmass textures, rather than the partially 

recrystallised and altered felsitic textures shown in Ibanez Formation examples.) Rb/Sr 

ratios range from 0.5-7.5, while K/Rb ranges from 199-383. As with the Ibaiiez Forma

tion, the Divisadero Formation tuffs and ignimbrites plot as Volcanic Arc Granites on the 

Rb/(Y +Nb) tectonic discrimination diagram of Pearce et al. (1984). (Fig.5.14B). 

5.4 Cerro Pico Rojo Rhyolite Dome 

This dome complex is erupted through and onto the Divisadero Formation, and is overlain 

by basaltic lava flows. Eight samples were analysed, from seven flowbanded lavas and one 

pumice flow tuff. These plot on a TAS diagram as high silica rhyolites, and are peralkaline 
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Figure 5.14: A) Trace element spider plot for rhyolitic tuffs of the Divisadero Formation. Note 
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Shaded fields mdicate trace element ranges for rhyolitic rocks from Taupo Vol ca.ni c Zone, N6W Zea..land, for comparison. Data from 
Burt (1999) . 

171 



5.5. Plateau Basalts 172 

to weakly metaluminous, and peraluminous in an altered sample, and plot as comendite 

on the Ah03-FeO plot of Le Maitre (1989). (Fig. 5.15). 

5.4.1 Major Elements 

These rocks are medium to high K comenditic high silica rhyolites, with 73.5-76.5% Si02 • 

5.4.2 Trace Elements 

These rocks show a markedly different trace element pattern from the calc-alkaline rhy

olitic rocks of both the Ibanez and Divisadero Formations. They have slight LIL enrich

ment and HFS depletion patterns, they are entirely without depletion of Nb, and have 

very strong depletion of Ba, Sr and Ti (Fig. 5.16A) and enrichment in Zr, typical of per

allmline felsic rocks. The pattern shown is very similar to that of a phonolitic sill cutting 

the Ibanez Formation at Peninsula Levican (see Fig. 5.27B). These rhyolites have high 

Rb/Sr ratios ranging from 1.7-90, and K/Rb ratios from 130-188, and plot well within 

the Within Plate Granite field on the Rb-(Y +Nb) discrimination diagram of Pearce et al. 

(1984) (Fig. 5.16B). 

5.5 Plateau Basalts 

These rocks occur as plateau lavas overlying the Divisadero Formation and Cerro Pico 

Rojo Rhyolite. Three samples were analysed, all from lava flows. These samples plot on 

a TAS diagram as basalt, trachy-basalt and basaltic trachy-andesite (Fig. 5.17) and are 

metal uminous. 

5.5.1 Major Elements 

These three samples are quartz-hypersthene normative, with 47.3-52.6% Si02 . They have 

moderate K20 levels, plotting as medium and high K, and are high in Ti02 • Although the 

data set is small, weak trends can be determined: CaO, Ti02 , Fe203 and MgO decrease 
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5.6, Minor Intrusive Rocks 176 

with increasing Si02, while K20, AI"203 and Na20 increase slightly, and MnO shows no 

distinct trend (Fig. 5.18). 

5.5.2 Trace Elements 

These rocks have flatter and more primitive trace element patterns than the basic rocks of 

the Ibaiiez Formation, without the Nb depletion spike of the underlying Mesozoic volcanic 

rocks, and with less enrichment of LIL elements and also less depletion of HFS elements 

(Fig. 5.19), They have low Rb/Sr ratios from 0.03-0.06, and high K/Rb ratios of 389-592. 

On the tectonic discrimination diagram of Pearce and Cann (1973), these three lavas plot 

between the Within Plate basalt and Calc-Alkali basalt fields for the Ti-Zr-Y plot and in 

the Within Plate Basalt field on the Zr/Y-Zr plot of Pearce and Norry (1979). 

5.6 Minor Intrusive Rocks 

Forty three minor intrusive bodies were sampled, and represent a complex group of dikes, 

sills and stocks. These rocks are plotted according to their field occurrence, thus different 

symbols for each group: 'Minor Intrusive Rocks cutting the Ibaiiez Formation' etc. They 

show three distinct trends on a TAS diagram, with a calc-alkaline series from basaltic to 

rhyolitic, and two alkaline series, one of basaltic trachy-andesites to trachy-andesites, the 

other mugearitic to phonolitic. The trachytic series and the calc-alkaline series overlap, 

and given the more weathered nature of the trachytic series, and their high LOI values, 

their identification as trachytic is spurious and they may be altered examples of the calc

alkaline series. These rocks are dominantly metaluminous, with only three peraluminous 

samples and one peralkaline phonolite (Fig. 5.20). 

5.6.1 Major Elements 

There are three distinct trends among these rocks, one calc-alkaline and two alkaline. 

Various lesser trends can be determined on Harker variation diagrams, often relating to 

groups of similar rocks by their field occurrence, although some of these trends may be 
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Figure 5.19: A) Trace element spider plot for three Plateau Basalt lavas, showing slight HFS 
depletion and Sr depletion spike, and Th enrichment in one sample. 
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spurious due to the often high LOr values of these rocks, and t here is little stratigraphic 

control on the minimum age of those minor intrusive rocks which cut the older formations 

(Fig. 5.21 and 5.22). 

The calc-alkaline minor intrusive rocks are basalts, basaltic andesites, andesites, dacites, 

rhyodacites and rhyolites. Calc-alkaline basaltic to andesitic rocks are quartz-hypersthene 

normative, and range from 47.5-61.1% Si02 . Trachy-dacitic, dacitic and rhyolitic rocks 

are quartz-hypersthene normative and have Si02 from 60.94-72.81%. CaO is low to 

moderate. Samples mainly plot as medium K with some high and low K outliers. The 

calc-alkaline rocks show distinct trends on the Harker variation diagrams (Fig. 5.21 and 

5.22, red fields), with one, two or more trends identifiable depending upon the element 

plotted. CaO shows a distinctly bimodal plot, with basic and silicic samples plotting sep

arately, both decreasing with Si02 . K2 0 plots two positive gradient fields which overlap 
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in silica content, with most samplel:f plotting as low to medium K, and a second sparse 

series which plot as medium to high K. Two fields are also distinguishable on a plot of 

MgO, decreasing with Si02. Ti02 plots only one field, decreasing with Si02 while Al20 g 

also has one distinguishable trend, being initially high and increasing slightly before de

creasing with Si02. Fe20g has a general trend decreasing from around 10% in basaltic 

rocks to 2-3% in silicic samples, but can be divided into six separate fields, some of which, 

particularly in the dacitic and trachy-dacitic samples, can be related to spatially related 

sills and stocks intruding the Divisadero and Ibanez Formations at Estancia Moroma, and 

a series of dacitic dikes cutting the Ibanez formation at Cerro Piramide. 

The first alkaline trend is basaltic trachyandesitic to trachyandesitic. Most rocks are 

quartz-hypersthene normative, but their classification is suspect due to their high LOI 

values (see Appendix B). They range from 45.6-57.6 % Si02 and plot as medium and 

high K. These rocks are lower in Si02 and of narrower compositional range than the calc

alkaline minor intrusive rocks, and although found throughout the field area, are mainly 

present as sills or dikes in the upper Ibanez Formation and the Divisadero Formation. 

CaO decreases with Si02, plotting in a diffuse field between the trends of the basic calc

alkaline rocks and the strongly alkaline rocks. Their K 20 range plots in a diffuse field 

between the two other groups, from medium to high K, as does Na20, both plots having 

positive gradient. Fe20g, Ti02 and MgO plots have a narrow field that overlaps with the 

basic portion of the trend for the calc-alkaline rocks, although some of the alkaline rocks 

are higher in iron and titanium. Unlike the calc-alkaline rocks, no obvious internal trends 

within the mildly alkaline rocks can be determined. 

The second strongly alkaline trend has only three samples, two mugearites and a 

phonolite. These are nepheline or olivine-nepheline normative, with Si02 at 43.0, 45.5 

and 56.1%. These rocks are too few to interpret reliably, but they show the most basic 

and alkaline chemistry of all the minor intrusive rocks, with steeper gradients and earlier 

trends than the other groups (see blue fields, Fig. 5.21 and 5.22). Depletion trends of 

Ti02 , CaO, MgO and Fe20g plot to the left of the mildly alkaline and calc-alkaline rocks, 
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and all three samples plot as high K-and show steeply increasing gradients of K20, Na20 

and Ah03 to the left of the other groups. 

5.6.2 Trace Elements 

Both the calc-alkaline basaltic to andesitic rocks and the trachy-basaltic to trachy-andesitic 

minor intrusive rocks cutting the Ibanez and Divisadero Formations share broadly similar 

trace element trends, with all plots showing LIL enrichment, HFS depletion and some 

degree of a depletion spike at Nb, Sr and Ti (Fig. 5.23). 11L trends in the minor in

trusive rocks are variable, with basaltic trachy-andesites cutting the Ibanez Formation 

and Coyhaique Group (Fig. 5.23B) showing well defined Rb depletion and no Ti de

pletion in two samples, while basaltic trachy andesites cutting the Divisadero Formation 

(Fig. 5.23D) are all similar with a slight Ba depletion. LIL elements in the calc-alkaline 

basaltic andesites and andesites cutting the Ibanez Formation are scattered, showing no 

clear trends, as are those of the basaltic andesites and andesites cutting the Divisadero 

Formation. HFS elements for these rocks plot in a narrower trend, with depletion spikes 

of Nb and Ti present to some degree in all samples, whereas only basaltic and andesitic 

rocks cutting the Ibanez Formation (Fig. 5.23A) and basaltic trachy-andesites cutting the 

Divisadero Formation (Fig. 5.23D) show slight but clear Sr depletion spikes. The calc

alkaline basaltic andesites and andesites which cut the Divisadero Formation at Cerro 

Manch6n and north of Cerro Pico Rojo show the least coherent trends, with scattered 

LIL elements, poorly defined Nb depletion and a slight Sr enrichment in some samples 

(Fig. 5.23C). When plotted on the tectonic discrimination diagrams of Pearce and Cann 

(1973), on the Ti-Zr-Y plot these rocks fall mainly in the Calc-Alkali Basalt field, with 

some outliers towards the MORB and ·Within Plate fields, while on the Ti-Zr-Sr they 

plot well to the middle of the Calc-Alkali Basalt field, again with an outlier towards the 

MORB field (Fig.5.24). The basaltic to andesitic minor intrusives have RbiSI' ratios from 

0.016-0.18 and K/Rb ratios from 206-409. Basaltic trachy andesite to trachy-andesites 

have Rb/Sr ratios from 0.02-0.36 and K/Rb from 182-652. 
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Figure 5.23: A) Trace element spider plot for calc-alkaline basaltic and andesitic dikes and sills 
cutting the Ibanez Formation. All samples in A) have LOI above 3%. 
B) Trace element spider plot for alkaline basaltic trachy-andesit ic and trachy-andesitic dikes and a 
vent plug (F29) cutting either the Ib;l,nez Formation (F21) or the Ibanez Formation and Coyhaique 
Group. All samples in B) have LOI above 3%. 
C) Trace element spider plot for calc-alkaline basaltic-andesitic and andesitic sills, dikes and stocks 
cutting the Divisadero Formation, 
D) Trace element spider plot for alkaline basaltic trachy-andesitic sills and dikes cutting the Di
visadero Formation. Sample F64 has LOI above 3%. 
Sha.ded fields show trace el ement ranges for andesitic rocks from Taupo Volcanic Zone, New Zealand} for comparison. Data from Burt 
(1999), pers. comm. 

184 



5.6. Minor Intrusive Rocks 

A 
Till 00 

I 
\ 

/ )( 

Zr yx) 

Till 00 

/\ 
. \ 
~~~ \ 
~_C_--..: __ ~ ~\ 

~)Ulaadluc Thol_ \\ / ~) Cal.,.AIbli BuoIII 

~~M_O~~~' __ ~L-__ ~ __ ~\L( __ =====~~ __ ~ __ ~~ __ ~ __ ~ 

B 

Zr 
Srl2 

Figure 5.24: A) Zr-Ti-Y tectonic discrimination plot for some calc-alkaline basaltic and basaltic 
andesitic minor intrusive rocks, after Pearce and Cann (1973). 
B) Zr-Ti-Sr tectonic discrimination plot for some calc-alkaline basaltic and basaltic andesitic minor 
intrusive rocks, after Pearce and Cann (1973). 

185 



5.6. Minor Intrusive Rocks 186 

Calc-alkaline dacitic rocks also show a similar pattern of LIL enrichment and HFS 

depletion, with a steeper slope and greater depletion of Nb and Ti, and the slight Sr 

depletion spike present in some of the basaltic-andesitic and trachy-andesitic rocks is 

more apparent (Fig. 5.25). Dacitic dikes cutting the Ibanez Formation at Cerro Pirarnide 

also show marked depletion in Ba, although the sample of a dacite dike cutting the Ibanez 

Formation at Puerto Rey does not (Fig. 5.25A). The pattern present in the dacites is also 

present in the rhyolitic minor intrusive rocks cutting the Ibanez Formation, with more 

pronounced Nb, Sr and Ti depletion spikes (Fig. 5.25B) and some Ba depletion. The 

rhyolitic dikes from Cerro Cabeza Blanca show a more enriched pattern, particularly in 

LIL elements, than do the rhyolitic sills from Mait€m. The dacitic to rhyodacitic complex 

of stocks and dikes that cuts the Ibanez Formation, Coyhaique Group and Divisadero 

Formation between La Pedregasa and Estancia Moroma also shows a similar pattern of 

closely overlapping plots, but with less Ba depletion than in the dacitic rocks which cut 

the Ibanez Formation at Cerro Piramide (Fig. 5.25C). Dacitic and rhyodacitic minor 

intrusive rocks have RbiSI' ratios from 0.02-0.44 and K/Rb ratios from 229-557. The 

rhyolitic minor intrusive rocks have Rb ISr ratios from 0.32-1.17, and K/Rb ratios from 

214281. When plotted on the Rb-(Y+Nb) tectonic discrimination plot of Pearce et al. 

(1984), these rocks plot in the Volcanic Arc Granite field (Fig. 5.26). 

A differing trace element trend is present in some trachybasaltic, trachyandesitic, 

andesitic and dacitic minor intrusive rocks which cut the Ibanez Formation. These rocks 

show similar patterns to the other minor intrusive rocks, with LIL enrichment and HFS 

depletion, including the Nb depletion spike. The basic samples plot as calc-alkali basalts 

whereas the more silicic samples plot in the volcanic arc granite field in the discrimination 

diagrams used above. However, these rocks also show a positive Sr enrichment peak and 

Y depletion. This Sr enrichment peak is mildly developed in two sills cutting the Ibanez 

Formation at Maiten and Peninsula Ibanez, but there is no noticeable Y depletion. Sr 

enrichment is well developed in a diverse group of basaltic trachy-andesitic, andesitic and 

dacitic sills, dikes and stocks which intrude throughout the Ibanez Formation which show 
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Figure 5. 25: A) Trace clement spider plot for dacitic dikes cutting t he Ibanez Formation at Cerro Piramide 
(CP17-48) and Puerto Rey (WI 43). All samples in A) have LOT above 3%. 
B) Trace element spider plot for rhyolitic dikes and sills cutting the Ibanez Formation at Cerro Cabeza Blanca 
(FI2-14) and Mait~n (WI 10-22). Sample F12 has LOT above 3%. 
C) Trace element spider plot for dacitic and rhyodacitic stocks and di kes cutting the Ibanez Formation at La 
Pedregasa (F57-61), and the Coyhaique Group and Divisadero Formation between La Pedregasa and Estancia 
Moroma (F40-47, F64B). Samples F44A,F47,F57B and F59 have LOr above 3%. 
D) Trace element spider plot for basaltic trachy-andesitic, andesitic and dacitic dikes, sills and stocks cutting the 
Ibanez Formation at Cerro Piramide (PI79), Peninsula Levican (LIT), east of El Maiten (WII7) , Puerto Rey (WI30) 
and Peninsula Ibanez (F20) , which show both Sr enrichment and Y depletion. Samples PI79A,L17B,WI17 and F20 
have LOI above 3%. 

Sha.ded fields indicate trace element range8 for dacitic (A and C) and rhyolit.ic (B) rocks from Taupo Volcanic Zone, New Zealand, for 

comparil:wn. Data from Burt (1999), pers. comm. Shaded field in D marks tra.ce element ranges of adakitic granite and granodiorite 

from Separation Point Batholith, New Zealand, for comparison. Data from Muir et ai. (1995). 
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Figure 5.26: Rb vs (Y+Nb) granitoid discrimination plot for dacitic, trachy-dacitic and rhyolitic 
minor intrusive rocks, after Pearce et al. (1984) . 
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both the Sr peak and Y depletion (Fig. 5.25D). These rocks otherwise show some scatter 

in LIL elements, particu[arly in depletion of Rb and Ba in three samples, but the Nb 

and Ti depletion spikes are of a similar pattern to those found in the remainder of the 

calc-alkaline and trachybasaltic to trachyandesitic rocks described above. 

The strongly alkaline rocks, a mugearite stock cutting the Divisadero Formation, a 

mugearite dike cutting the Ibanez Formation and the phonolitic sill cutting the Ibanez 

Formation, show distinctly different patterns from the calc-alkaline and alkaline minor 

intrusive rocks. The mugearites (Fig. 5.27 A) both show relatively fla t patterns without 

LIL enrichment and with only mild HFS depletion. Neither sample shows any depletion 

of Nb or Ti. The phonolite sill from the Peninsula Ibanez shows a very evolved pattern , 

without strong LIL enrichment and with moderate HFS depletion, but strong depletion 

of Ba, Sr and Ti. Nb depletion is absent (Fig. 5.27B). When compared to the mugearites 

(Fig. 5.27 C), the phonolite is a more evolved version of a similar trace eiement pattern, 

with strong depletions in Ba, Sf and Ti, and a positive Zr spike. The phonolite also 

compares well with the peralkaline rocks of Cerro Pico Rojo (compare Figs. 5.16A and 

5.27B), showing an almost identical trace element distribution. The mugearites have 

Rb/Sr ratios of 0.05 and K/Rb ratios of 415 and 455, whereas the phonolite is more 
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evolved with Rb/Sr ratio of 20 and-K/Rb of 340. The mugearites plot as within-plate 

basalts, while the phonolite plots as a within-plate granite (Fig.5.28). 

5.7 Granitoids and Microgranitoids 

Granitic rocks occur as minor stocks, dikes and sills within and cutting both the Divisadero 

and Ibanez Formations, and as massive subvolcanic stocks or ring structures at Cerro 

Piramide and Cerro Fare1l6n. Twenty eight samples were analysed, eleven from Cerro 

Fare1l6n, seven from Cerro Piramide, seven from minor stocks and sills, and two batholith 

samples, from Lago Esmeralda and Lago Bertrand. These rocks plot as sub alkaline on a 

TAS diagram, within the calc-alkaline trend. The bulk of samples plot within the andesite 

to dacite fields, with outliers plotting as basaltic andesite or rhyolite, and altered samples 

and basic enclaves plotting as trachy-andesites or basaltic trachy andesites. On the TAS 

diagram of Wilson (1989), these rocks plot as granodiorites, some diorite and granite, 

with altered samples or basic enclaves plotting as syeno-diorites. All of these rocks are 

metaluminous (Fig. 5.29). 

5.7.1 Major Elements 

These rocks are quartz-hypersthene normative, and range from 52.7-69.9% Si02. Most 

samples plot as medium K. Harker variation diagrams (Fig. 5.30 and 5.31) show a clear 

trend with CaO, Ti02, Fe203, MnO and MgO decreasing with increasing Si02, slight de

crease in Ah03 and slight increasing trends of K20 and Na20. The granodioritic samples 

from the stocks at Cerro Piramide, Cerro Fare1l6n, Puerto Ibaiiez and West Ibaiiez plot 

as a linear trend, whereas the South Cerro Piramide Diorites and dioritic samples from 

the other stocks plot as a loose cluster on a similar gradient but at a lesser Si02 content. 

5.7.2 Trace Elements 

Trace element plots for all the granitic rocks are shown in Fig. 5.32 and 5.33. The large 

stocks at Cerro Fare1l6n, one sample from Cerro Piramide (CP60, a sill) and the smaller 
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Figure 5.27: A) Trace element spider plot for mugearitic minor intrusive rocks cutting the Di
visadero Formation at Estancia Moroma (F45) and the Ibanez Formation at PeniIlSula Ibanez 
(Fll) . 
B) Trace element spider plot for the phonolitic sill cutting the Ibanez Formation at Peninsula 
Levican. 
C) Trace element spider plot comparing the mugearites from A) with the phonolite plotted in B). 
All sanlples in A), B), and C) have LOI above 3%. Shaded field indicates tra.ce element raoges for the pera.lkal ine 
rhyolite at. Ce rro Pi eD Rojo (Fig. ~.J6A). 
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plot, after Pearce and eann (1973). 
B) L5o: phonolite sample plotted on aRb vs (Y+Nb) granitoid discrimination plot, after Pearce 
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Figure 5.29: A) TAS plot for plutonic rocks in the Ibanez Quadrangle and two samples of the 
Patagonian batholith from Lago Bertrand and Lago Esmeralda, after Wilson (1989). Data for the 
overlay field is from granitoid xenoliths from the Taupo Volcanic Zone, New Zealand. (Data from 
Burt (1999). Note that the West Ibanez Granitoid samples (pink) have L01 greater than 3%.) 
B) AFM plot for plutonic rocks in the Ibariez Quadrangle and two samples of the Patagonian 
batholith from Lago Bertrand and Lago Esmeralda, after Irvine and Barragar (1971). Note that 
the West Ibanez Granitoid samples (pink) have LOI greater than 3%. 
C) ASI plot for plutonic rocks in the Ibanez Quadrangle and two samples of the Patagonian 
batholith from Lago Bertrand and Lago Esmeralda, after Maniar and Piccoli (1989). Note that 
the West lbaiiez Granitoid samples (pink) have LOI greater than 3%. 
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Figure 5.30: Harker variation diagrams for major elements of granitoid and microgranitoid sam
ples from the Ibanez Quadrangle, Lago Bertrand and Lago Esmeralda. Fields in K 2 0 plot after 
Le Maitre (1989). Note that the West Ibanez Granitoid samples (pink) have L01 greater than 3%. 
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Figure 5.31 : Harker variation diagrams for major elements of granitoid and microgranitoid sam
ples from the Ib8iiez Quadrangle, Lago Bertrand and Lago Esmeralda. Note that the West Ibanez 
Granitoid samples (pink) have LOI greater than 3%. 
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granitic stocks and sills at Puerto Iba;nez, Puerto Rey and South Cerro Piramide (see Figs. 

5.32A, C and D, 5.33A and B) generally show similar trace element trends to those of 

the andesitic to dacitic rocks of the Ibanez Formation and the minor intrusive rocks, with 

moderate LIL enrichment and HFS depletion, and depletion spikes at Nb and Ti. Some 

samples have slight Sr depletion, but are without the stronger Sr depletion spike pattern 

found in the rhyolitic rocks of either the Ibanez or Divisadero Formations. A similar 

pattern is present in the two samples from the Patagonian Batholith, at Lago Bertrand 

and Lago Esmeralda, both of which show a similar LIL enrichmentlHFS depletion pattern 

with depletion spikes of Nb and Ti, and slight depletion of S1'. However, five samples 

from the Cerro Farellon complex show a different trace element distribution, with a mild 

Sr enrichment spike, and depletion in La as well as Nb and Ti (Fig. 5.32B), and the 

remaining five granodioritic samples from Cerro Piramide also show Sr enrichment (Fig 

5.32C). Two granodioritic samples from the West Ibanez microgranitoids, specifically 

those at Maiten, have Nb and La depletion and less enrichment of LIL elements, and 

show mild Sr enrichment (Fig. 5.33B), similar to some Cerro Farellon complex samples 

in Fig. 5.32B. The granitic rocks have Rb/Sr ratios from 0.02-0.54, and K/Rb ratios 

from 162-404, with all samples but one plotting within the Volcanic Arc Granite field 

on the Rb vs (Y + Nb) diagram of Pearce et al. (1984) (Fig. 5.33D). One sample from 

Cerro Piramide plots on the field border between volcanic arc granites and within plate 

granites, and in particular this sample (CP 60)was also the only Cerro Piramide sample 

to plot a slightly more enriched trace element pattern to the remaining Cerro Piramide 

samples, and it was also without Sr enrichment (see Fig. 5.32C ). 
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Figure 5.32: A) Trace element spider plot for the Cerro Fare1l6n Microgranitoid complex, showing 
HFS depletion, LIL enrichment, with depletion spikes at Nb and Ti. 
B) Trace element spider :plot for the Cerro Fare1l6n Microgranitoid complex, showing HFS deple
tion, LIL enrichment, with variable Th, some Sr enrichment, and depletion of Nb, La and Ti. 
C) Trace element spider plot for the Cerro Pirarnide Microgranitoid complex, showing HFS deple
tion, relatively flat LIL enrichment, Sr enrichment. Sample CP 60 is from a diorite sill at the base 
of Cerro Piramide and shows a more evolved pattern without Sr enrichment. All Cerro Piramide 
samples show Nb and Ti depletion. 
D) Trace element spider plot for the South Cerro Pirarnide Diorites, showing LIL enriclunent, HFS 
depletion, no Sr enrichment and depletion of Nb and Ti. 
Shaded fields are for tra.ce element ranges from" d iorite a.nd granodiorite xenoliths from Ta.upo Volcanic Zone, NZ, for compariBon. 
Data from Burt (1999). 
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Chapter 6 

Age of the Mesozoic Rocks of the Puerto Ibanez Area 

6.1 Paleontology and Biostratigraphy 

6.1.1 Ibanez Formation 

The Ibafiez Formation has no body fossils in the Puerto Ibafiez quadrangle and contains 

only some trace fossils, occasional wood fragments and leaf fossils (see Chapter 3). Sparse 

fossil ocurrences summarised· in Skarmeta (1978) give a range of ages from Tithonian 

(Feruglio, 1944) to Berriasian (Leanza, 1967), whereas the presence of Berriasian faunas 

immediately overlying tuffaceous sediments tentatively identified as 'Complejo Porfirico' 

was reported at a location south of Nirehuao (Charrier and Covacevich, 1980). Confir

mation of the extension of the Ibanez Formation into the lower Cretaceous is found at 

Lago Norte, some 200km north of the Puerto Ibanez Quadrangle, (See Fig. 6.1) where a 

Berriasian fauna containing Blanfordiceras spp occurs (Covacevich et al., 1994). 

Two sites at Lago Norte (GR 19278818 5006164 and 192793045005856) were sampled. 

Ammonite shell fragments collected match the description of Blanfor'diceras spp given by 

Covacevich et al. (1994), and a sketch stratigraphic column was made at GR 19278818 

5006164 from the fossiliferous strata through to the local top of the Ibafiez Formatio (see 

Figure 6.1). The ammonites are incomplete fragments, and occur in the thickly bedded 

basal sandstones of a fining upwards sequence of medium and coarse volcaniclastic sand

stones that grade into fine muddy sandstones and laminated shales. With the ammonoids 

are oysters, scallops and robust bivalve shell fragments. The base of this 40m-thick se

quence rests on weathered tuffaceous coarse sandstones containing some fossil fragments, 

and showing normal grading and internal "Bouma" sequence type mass flow structures; 
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whereas the top of the fossiliferous sandstones and shales grades into thickly bedded tuffa

ceous coarse sandstones, above which are 60m of ignimbritic tuff's, followed by a fining 

upwards sequence of weathered purple ignimbritic tuffs and tuffaceous sandstones. The 

top of the section is massive, faulted and fractured rhyolitic tuffs and silicic tuffs, weath

ered and purple and overlain by andesitic breccias and lavas, in turn faulted against more 

lithic tuffs, and capped by a later andesitic sill. This sequence indicates a short, and 

probably fairly local, early phase of the Austral Basin marine transgression, possibly fa

cilitated by rifting during late Ibanez Formation eruption and sedimentation in the Late 

Jurassic and earliest Cretaceous (Gust et al., 1985; Suarez and de la Cruz, 1997a). The 

marine basin was initially infilled by volcaniclastic debris flow sandstones bearing trans

ported and broken fossil fragments, then by a relatively quiescent period with deposition 

of fine sandstone, mudstone and shale, before a final infilling by rhyolitic volcaniclastic 

sandstones and renewed silicic volcanism supplying tuffs and tuffaceous sandstones (ei

ther sub-aqueous or sub-aerial). This infilling was followed by subaerial andesitic lavas, 

possibly representing remnants of stratovolcanoes (Covacevich et al., 1994). 

6.1.2 Coyhaique Group 

The Coyhaique Group units outcropping in the Ibanez Quadrangle were thought by 

Skarmeta (1978) to be of Valanginian-Hauterivian age, based on the occurrence of Favrella 

americana. South of Lago General Carrera, a similar age was assigned by Charrier and 

Covacevich (1980). Suarez and de la Cruz (1994b) give a Hauterivian age based on am

monites for the Katterfeld Formation and the Apeleg Formation in the Coyhaique region, 

and Hauterivian-Aptian for the Apeleg Formation south of Lago General Carrera. 

'Within the Ibanez Quadrangle and the southern Farellon Quadrangle, only one fossil

iferous location was found within the Coyhaique group, with ammonites, bivalves, sharks 

teeth and saurian bones present in small limestone hardgrounds within the Katterfeld 

Formation below Cerro Manchon (see Chapter 3). Two species of ammonites occur, and 

are identified as belonging to Crioceratites nolani/duvali group (Aguirre-Urreta, 1998 
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Figure 6.1: Sketch stratigraphic column of the Ibanez Formation at Lago Norte. 

200 



6.1. Paleontology and Biostratigraphy 201 

a; Riccardi, 1988) and Aegocriocera~9 (Aguirre-Urreta, 1998 b) indicating a Hauterivian 

age for the Katterfeld Formation in the southern Farellon Quadrangle, matching the age 

of the Katterfeld formation in much of the Aysen region (Fig. 6.2). The Grioceratites 

nolani/duvali group has also been described from the upper member of the Agrio Forma

tion in the Neuquen basin of North Patagonia, Argentina, with an upper Hauterivian age 

(Aguirre-Urreta, 1999). Both Grioceratites nolani/duvali and Aegocrioceras are known 

from the western Tethyan realm, with Aegocrioceras in particular known previously from 

the Speeton Clay in the UK and elsewhere in Northwest Europe, particularly in Germany 

(Aguirre-Urreta, 1998 b), suggesting seaway connections of both the Nuequen and Austral 

Basins with the Tethyan region (see Fig. 1.7), presumably by a proto-Atlantic seaway. 

The occurrence of Gr'ioceratites nolani/duvali in both the Neuquen basin and the Austral 

basin is also significant, showing evidence of connection of these two basins with coeval 

faunas in the lower Cretaceous (Aguirre-Urreta et aL, 2000). The Apeleg Formation has 

no body fossils but contains grazing and burrowing trace fossils, as well as wood fragments 

and occasional logs in its upper parts, particularly near the gradational contact with the 

Divisadero Formation. 

6.1.3 Divisadero Formation 

No body fossils were found within the Divisadero Formation in either the Ibanez Quad

rangle or the measured sections taken in the Coyhaique region, except as small fragments 

of wood or bone at the cores of oncoliths in allocthonous oncoid limestone blocks from 

slump deposits in redbeds at Cerro Manch6n, and stromatalitic algal limestone in lithic 

blocks at the Cerro Montreal section. These oncoliths, with a core of rock, bone, wood 

or other organic matter, covered with laminae of calcified cyanobacteria sheaths with 

radial crystalline or bushy structures, are indicative of freshwater lacustrine or fluvial 

environments (Riding, 1990). 
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Figure 6.2: Ammonoid and bivalve fossils from the Katterfeld Formation southwest of Cerro 
Fare1l6n, from fossiliferous hardgrounds within tbe blocks of Katterfeld Formation blackshales 
which have been moved by the landslide below Cerro Manch6n. A) Aegocrioceras B) Crioceratites 
nolani/duvali group and C) Inoceramid bivalve. Specimens kindly identified by Beatriz Aguirre
Urreta, Buenos Aires, (Aguirre-Urreta, 1998 b). 
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6.2. Ar-Ar Radiometric Dating 203 

6.2 Ar-Ar Radiometric Dating 

Eight samples were processed for 40Ar/39Ar radiometric dating. Results are given in 

Appendix D and in Table 6.1, and compared with other radiometric data for the Ibanez 

Formation and related rocks in Patagonia. The samples were analysed in 1999 at the 

Institute of Geological & Nuclear Sciences, Lower Hutt, New Zealand, at their Ar-Ar 

facility, by Dr Chris Adams. Samples were step heated in ninr steps of lOO°C each from 

550-1450°C. ·With some samples, only four or five steps were possible before the argon 

content was exhausted. Precision was reduced because of some excess argon from the 

copper foil packaging in which the samples were irradiated, excess argon released in the 

early heating steps, and also by a mistake in the irradiation process, when the reactor 

technicians misread the requested 72 hours as 12 hours and only irradiated the samples 

for the shorter period. The analyses were calibrated against the American LP6 biotite 

standard (127Ma) (Adams, 1999). 

6.3 Summary 

6.3.1 Ibanez Formation 

Three samples of the Ibanez Formation in the Puerto Ibanez Quadrangle were analysed: 

biotite separates from an ignimbrite and a rhyolite, and muscovite from an ignimbrite. 

The muscovite sample from sericitised pumice fiamme in an ignimbrite at Peninsula Ibanez 

gave 151.8±6.2 Ma, which can be interpreted as a Late Jurassic alteration age dating the 

formation of the muscovite replacing the pumices, indicating that the ignimbrite itself is 

probably older. The Cerro Cabeza Blanca rhyolite which intrudes through and overlies the 

andesites, tuffs and ignimbrites of the Peninsula Ibanez yielded biotite which gave an date 

of 150.3±1.8 Ma, slightly younger than the tuffs beneath but statistically the same within 

the error margins. This rhyolite dome has previously been mapped as Upper Cretaceous 

or Tertiary (Skarmeta, 1978). K-Ar analysis was also carried out on biotite from the Cerro 

Cabeza Blanca rhyolite, and returned a date of 155±2.8 Ma. These two dates are from 



6.3. Summary 204 

fresh biotite phenocrysts, and may be interpreted as close to the actual crystallisation age, 

giving the dome a probable eruption age between 150-155Ma. The underlying andesites, 

ignimbrites and tuffaceous sediments of the Peninsula Ibanez are therefore probably older 

than 155 Ma, and have undergone a thermal alteration with sericitisation of pumice 

fragments at 151 Ma. The third Ar-Ar analysis for the Ibanez Formation on biotite from 

an ignimbrite on Peninsula Levican gives 143.4±2.1 Ma. The biotite occurs as fresh crystal 

fragments within the upper part of a welded and columnar jointed ignimbrite, and could be 

interpreted as representing a crystallisation age predating the eruption of the ignimbrite. 

This may indicate a Tithonian to Berriasian age for ignimbrites on the Peninsula Ibanez. 

However, biotite collected from an ignimbrite within lkm of this location has returned a 

K-Ar date of 150±4Ma (Suarez and de la Cruz, 1997b), whereas Pankhurst et al. (2000) 

report a U-Pb SHRIMP isochron age for a sample from this locality of 153.0±l.OMa, 

indicating that the younger date from this study may be a result of analytical error, or 

may indicate that a thermal event has 're-set' the sample, giving a cooling age in the 

Lower Cretaceous or later. 

Although processing and analytical errors in the analysis of these samples must be 

taken into account, the resulting age range for the Ibanez Formation of the Puerto Ibanez 

Quadrangle is 150.3±1.8~155±2.8 Ma, with possible thermal events causing alteration and 

re-setting of Ar-bearing minerals between 151 ~ 143 Ma. The dates acquired compare well 

with the paleontological information summarised above and with previously published 

data for the Ibanez Formation at Chile Chico immediately south of Lago General Carrera 

and the EI Quemado Formation further south in the Provincia de Santa Cruz, Argentina 

(Suarez and de la Cruz, 1997a,b) (See also table 6.1 and Fig 6.3). They are older than 

the 136±3 Ma K-Ar date for the Ibanez Formation given by Charrier et al. (1978), which 

may be thermally re-set. These new dates are also significantly younger than Rb-Sr 

isochron ages published for both the Chon Aike Formation and the Marifil Complex, 

although still older than the Cretaceous Rb-Sr isochron age for the EI Quemado complex, 

though this is thought to have been thermally re-set by Cretaceous activity in the North 
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gle, Lago Bertrand, Lago Esmeralda and Lago Norte with U-Pb SHRlMP and Ar-Ar 
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arc volcanic events of Parada et al. (2001), and the Gondwana Margin V1-V3 silicic 
volcanic events of Pankhurst et al. (2000); lliley et al. (2001). 
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Patagonian Batholith (Pankhurst et al., 1993; Rapela and Pankhurst, 1993). An age of 

155 Ma for rocks of the Tobifera Formation south of 50 degrees was calculated by Halpern 

(1973), based on bulk RblSr ratios, which roughly correlates with the Ar-At ages in this 

study. However, Pankhurst et al. (2000) give robust ages of 171 -178 Ma for the Tobifera 

Formation from U-Pb SHRIMP analyses, so the Ibanez Formation is significantly younger 

than the Tobifera. 

These data support the hypothesis that Jurassic silicic volcanism in Patagonia youngs 

to the southward (Rapela and Pankhurst, 1993), and it may also be noted that the 

Ibanez Formation and the cognate El Quemado Complex form a westwards-younging 
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extension of this trend. Also based on these data and previously published ages, the 

Ibariez Formation can be included as part of the youngest Patagonian episode of Jurassic 

silicic volcanism (V3) as defined by Pankhurst et al. (2000), although the youngest ages 

from both radiometric and fossil data may require extension of the 'V3' event into the 

Berriasian. These data also fit the Ibanez Formation within the earliest of the three main 

Mesozoic back arc extensional events of the Aysen region as defined by Parada et al. 

(2001), from 160-130 Ma (see Fig. 6.3). 

6.3.2 Divisadero Formation 

One sample from the Divisadero Formation at Cerro Divisadero near Coyhaique was 

analysed. Biotite crystal fragments from a vitric tuff near the mid-point of the measured 

section taken at Cerro Divisadero returned a date of 138±4. 9 Ma, a Berriasian-Valanginian 

age, but this date is at odds with the biostratigraphy of the underlying Coyhaique Group, 

which as discussed above ranges from the Hauterivian to the Aptian. The Divisadero 

Formation to the north of Coyhaique at Bano Nuevo is Hauterivian, whereas K-Ar dates 

of 102±3 Ma from Cerro Divisadero at Coyhaique and 111±2 Ma from Meseta Buenos 

Aires south of Lago General Carrera (Suarez and de la Cruz, 1994b) place it as Albian 

in age. The date of 138±4.9 Ma returned from Cerro Divisadero is therefore too old, 

probably due to excess argon, and must be discarded. The Divisadero Formation at 

Cerro Divisadero thus remains at Albian, while the Divisadero Formation outcropping in 

the Puerto Ibanez Quadrangle is probably Aptian to Albian. 

6.3.3 Granitoids 

Four samples from granitoids were analysed, two granodiorite samples from the Puerto 

Ibanez quadrangle, a granodiorite from Lago Esmeralda and a granite from Lago Bertrand, 

with results given in Table 6.1. An additional K-Ar analysis for Lago Esmeralda gave 

147±3.4 Ma. The Puerto Ibanez granodiorite and the Lago Bertrand granite at 101 and 

107 Ma correlate well with K-Ar ages of 100-128Ma for plutons in the Aysen region 
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associated with subduction and theaevelopment of the Estero Los Flamencos Tuffs and 

the Divisadero Formation (Suarez and de la Cruz, 1997a), whereas the date of 89.3±3.7 

Ma for the Cerro Farellon Complex granodiorite fits within the 95-70 Ma group of Suarez 

and de la Cruz (1997a), associated with extensional tectonics and bimodal volcanism. 

All three of these dates also correlate well with the Mid Cretaceous Rb-Sr isochron ages 

of 88±2-117±1 Ma reported for plutons in the eastern part of the North Patagonian 

Batholith contacting the Ibafiez Formation by Pankhurst et al. (1999), and with the 

Cretaceous 114-75 Ma event of Parada et aL (2001). The 148 Ma Jurassic age for the 

Lago Esmeralda granodiorite may be correlated with either the early onset of ~orth 

Patagonian Batholith magmatism or associated with later stages of the Ibanez Formation 

magmatism. 
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Sample Number Age (Ma) Mineral Formation Utm Bast / Utm North 

Lat. / Long. 

Ar-Ar ages (This study): 

L5/3 143.5 ± 2.1 Biotite Ibanez Fm. Ignimbrite, Peninsula Levican 281170 4859500 

F9B 151.8 6.2 },,1uscovite Ibanez Fm. Ignimbrite, Peninsula Ibanez 288074 4868214 

Ga1lC 150.3 ± 1.8 Biotite Ibanez Fm. Rhyolite I Cerro Cabeza Blanca 288426 4871485 

CD9B 138.1 ± 4.9 Biotite Divlsadero Fm. Ignimbrite! Coyhaique 267771 4946000 

Bert-2 107.7 ± 12.2 Hornblende Cretaceous granitoid, Lago Plomo/Bertrand 660670 4792090 

Lago Esmeralda 148.3 ± 4.0 Hornblende Jurassic granitoid, south of Cochrane. 228533 4750175 

PI62 101.2 ± 2.6 Hornblende Granitoid Stock cutting Ibanez Fm. 273300 4872725 

CF 20 89.3 ± 3.7 Biotite Granitoid Stock cutting Divisadero Fm. 272387 4878345 

Additional K-Ar ages (This Study): 

GallC 155.0 ± 2.8 Biotite Late Ibanez Fm. Rhyolite. 288426 4871485 

Lago Esmeralda 147.0 ± 3.4 Hornblende Jurassic granitod, south of Cochrane. 228533 4750175 

K-Ar ages: Suarez and de la Cruz (1997b) 

CC-331 144.0 ± 4 Biotite Ibanez Fm. Ignimbrite, ChHc Chico 273921 4834974 

CC-328 144.0 ± 3 Biotite Ibanez Fm. Ignimbrite, Chile Chico 272878 4835205 

CC-330 145.0 ± 3 Biotite Ibanez Fm. Ignim_brite, Chile Chico 272209 4835307 

CC·190 146.0 ± 4 Biotite Ibanez Fm. Ignimbrite, Chile Chico 285820 4836346 

CC·93-D 149.0 4 Biotite Ibanez Fm. Ignhnbrite, Chile Chico 276298 4819194 

CC-47-2 150.0 ± 4 Biotite Ibanez Fm. Ignimbrite, Peninsula Levican 281100 4859450 

K-Ar age: Charrier et al. (1978) 

C·30-73 136.0 ± 3.0 Whole rock Ibanez Rhyolitic tuff, Rio Chacabuco. 

U·PB SHRIMP ages: Pankhurst et a1. (2000). 

Puerto Ibanez 153.0 Zircon Ibanez Rhyolite, Puerto Ibanez. 

Sierra Color ada 154.1 ± 1.5 Zircon Bl Quemado Fm. Ignimbrite 

Rio Pinturas 156.2 ± 1.8 Zircon ?Chon Aike Fm. Ignimbrite 

Bot. La Union 154.5 ± 1.4 Zircon EI Quemado Fm. Ignimbrite 

C. MorIa Vicuna 171.8 ± 1.2 Zircon Tobifera Fm. Ignimbrite 

K-Ar ages: Suarez et al. (1997) 

FT-17 159.0 ± 4 Biotite BI Quemado Fm. Ignimbrite, Rio Correntoso. 47° 13'60" 71 <) 34}87" 

FT-18 144.0 ± 4.0 Biotite El Quemado Fm. Ignimbrite, Sierra Colorada. 47° 21'8711 71 0 37'87" 

FT-19 150.0 ± 4.0 Biotite Bl Quemado Fm. Ignimbrite, Sierra Colorada. 470 22'0211 71 0 37'95" 

FT-26 142.0 4.0 Biotite EI Quemado Fm. Ignim_brite, Garganta de Oro. 47° 25'15" 71°58'43H 

Rb-Sr Isochron ages: Pankhurst et aJ. (1993); Rapela and Pankhurst (1993); Halpern (1973). 

Pto Deseado (1) 

170.0 ± 4.0 Chon Aike Fm. t Puerto Deseado region 

Pta Deseado (11) 

168.0 2.0 Chon Aike Fm" Puerto Deseado region 

Sierra Colorada 136.0 ± 6.0 EI Quemado FIn., Sierra Colorada region 

Arroyo Verde 

183.0 ± 2.0 :Marifil Complex, Arroyo Verde-Estancia :Marifil 

Sierra Negra 

181.0 7.0 1v1arifil Complex, C. del Ingeniero/Sierra Negra 

Dique Ameghino 181.0 ± 4.0 Mariti] Complex, Dique Arneghino region 

Pen. Carnerones 

178.0 ± 1.0 Marifil Complex, Peninsula Camerones 
---------------------------

Table 6.1: Table of Ar-Ar data compared with selected K-Ar, U-Pb SHRIMP, and Rb-Sr Isochron data 
from previous authors. 



Chapter 7 

Discussion and conclusions 

7.1 Internal stratigraphic units of the Ibanez Formation: For

mation vs Group 

In recent publications (Suarez and de la Cruz, 1997a,b; Suarez et al., 1997) a tendency 

to refer to the Ibanez Formation as the 'Ibanez Group' or 'Grupo Ibanez' has arisen, in 

conflict with previous nomenclature, in which the term 'Ibanez Formation' is most com

monly used (for example, Baker et al. (1981); Gust et al. (1985); Skarmeta (1974); Suarez 

and de la Cruz (1993, 1994b)). In order to upgrade the Ibanez Formation to the Ibanez 

Group, it is necessary to demonstrate that an Ibanez Group comprises throughout the 

major part of its outcrop two or more distinctly mappable member formations, after the 

definition of Salvador (1994). This is possible, for example, with the overlying Coyhaique 

Group, which can be subdivided into the constituent Toqui, Katterfeld and Apeleg For

mations (Ramos, 1976; Suarez and de la Cruz, 1994b). However, the Ibanez Formation is 

a composite formation comprised of bimodal basic and silicic volcanic facies whose rocks 

are complexly interdigitated with volcaniclastic sedimentary rocks and very occasionally, 

with shallow marine sedimentation. 

Previous work has defined areas within the Ibanez Formation in which distinct volcanic 

and sedimentary facies can be identified (Suarez and de la Cruz, 1993), and as part of 

this study distinct facies associations have been described within the Ibanez Formation 

mapped in the Ibanez quadrangle. (See Chapter 3). Within the Ibanez Quadrangle, the 

Ibanez Formation can be shown to contain several volcanic facies associations. Caldera 

proximal deposits such as the thick welded and ponded ignimbrites intercalated with 

209 
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lacustrine shales, debris flow deposits and fining upwards deltaic sequences occur in the 

Rio Ibaiiez Valley and near EI Maitenal. Thinner welded and umvelded ignimbrite and 

tuff outflow sheets intercalated with epiclastic tuffaceous sandstones and gravels typical 

of river channels, overbank deposits and sheetflow floods occur on the Ibanez and Levican 

peninsulas, whereas rhyolitic domes and lavas with their associated breccias and block 

and ash deposits occur at Puerto Rey, Peninsula Levican, southwest Cerro Piramide and 

Cerro Cabeza Blanca. Also, at EI Maiten, Estero Lechoso and Arroyo Zanj6n Feo there 

are associations of basaltic to basaltic andesitic lavas, breccias and tuffs, often locally 

unconformable on silicic Ibanez Formation tuffs and rhyolites, which may be interpreted as 

either isolated monogenetic eruptions or the remnants of andesitic stratocones. However, 

within the Ibanez Quadrangle, within each of these facies associations, whereas local 

corellation on the order of a few 100m to lkm is possible, the degree of minor faulting 

and deformation makes defining a coherent internal stratigraphy of individual formations 

derived from single volcanic centres within the Ibanez Formation in the area mapped 

difficult if not impossible. The one coherent internal stratigraphic contention for the 

Ibanez Formation mapped in the Ibanez Quadrangle is that in three locations (EI Maiten, 

Puerto Ibanez/Estero Lechoso and Arroyo Zanj6n Feo) , silicic tuffs and lavas of the Ibanez 

Formation proper have a weathered erosion surface or paleotopography onto which basaltic 

andesitic lavas have been erupted, in one case in the hill west of EI Maiten forming a valley 

fill sequence into eroded and weathered silicic tuffs. This may represent a final event in 

Ibanez Formation volcanism and sedimentation in parts of the area mapped, but this is 

not certain, as at Cerro Piramide these andesitic rocks are in turn overlain by up to 500m 

of silicic tuffs, ignimbrites and rhyolites, and at Cerro Cabeza Blanca the dome that forms 

the bulk of the mountain erupted through and onto these andesitic rocks, and contains 

biotite dated at 150 ± 1.8 Ma, a typical Ibanez age. There are indications that at Lago 

Norte, from the sketch stratigraphic section showing andesitic lavas overlying weathered 

silicic tuffs (See Chapter 6) that an andesitic eruptive event also occurred in the upper 

Ibanez Formation, although the rocks at Lago Norte extend into the Berriasian, while 
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those at the Ibanez Quadrangle are most likely Tithonian. 

Thus it is my opinion that for the moment, it is premature to refer to the 'Ibanez 

Group,' as at the present level of stratigraphic detail and correlation has shown little 

evidence of a coherent internal stratigraphy that would allow division into regional For

mations. It may be tentatively said that within the Ibanez quadrangle there is evidence 

for an andesitic 'member' erupted as a late event after a period of erosion, but given the 

degree of faulting between the andesitic outcrops, and the occurence of further typical 

Ibanez silicic rocks overlying two of the three andesitic outcrop areas, it is difficult to jus

tify elevation of the andesitic rocks mapped to the level of a formation within an 'Ibanez 

Group'. However, given that individual facies associations and fragments of volcanic com

plexes may be readily identified, it may be appropriate to adopt the terminology 'Ibanez 

Complex' or to merge the Ibanez Formation with the EI Quemado Complex, (with which 

it is often regarded as equivalent). 

7.2 Ibanez Formation Magmatism: Differentiation of the Ibanez 

and Divisadero Formations 

In most regions of the Aysen Basin where both the Ibanez and Divisadero Formations 

are exposed in close proximity, local stratigraphy is usually adequate to separate the two. 

In particular, the presence of part or all of the Coyhaique Group marine transgressive

regressive sequence allows definition between the two silicic volcanic formations. However, 

this is not always so in some areas of the basin, particularly towards the margins of the 

basin or near areas of paleotopographic highs within the basin where the Coyhaique 

Group may be thin, patchy or altogether absent. Part of the initial aim of this study 

was to determine if there were distinct geochemical signatures for each formation that 

would allow identification via analysis when stratigraphic markers such as the Coyhaique 

Group were absent or at least inconclusive. Some defining characteristics of the Ibanez 

and Divisadero Formations are compared in Table 7.1. 
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Table 7.1: Defining char<ideristics of the Ibarlez and Divisadero Formations. 

Ibanez Formation 

Main facies associations: 

Within caldera or near caldera facies: The Ibaiiez Forma
tion to the west of the quadrangle sha-IV8 a thick (> 1500m, 
perhaps up to 2000m, but possibly tectonically thick
ened) near caldera calc-alkaline rhyolitic volcanic facies, 
with thick ponded tuffs and individual ignimbrites up to 
130m thick. There are associated lava breccias and domes, 
along with further ignimbrites, tuffs, lithic tuffs and brec
cias. Intercalated with these rocks are sedimentary facies 
that include deltaic sandstones with some trace fossils and 
wood fragments, plus debris flows, turbidites and lacus
trine shales. 
Rhyolitic Domes and Proximal Ignimbrite Outflow sheets: 
These rocks occur principally on the Peninsula Levica.n 
and Peninsula Ibanez. Dacitic or rhyolitic domes and 
coulee lava flows with associated breccias, surge tuffs and 
feeder dikes occur, and are erupted within, through or 
faulted against extensive tuff and columnar jointed thin 
«50m) ignimbrite sheets intercalated with fining upwards 
alluvial gravels and sandstones of floodplain or lacustrine 
sources. 
Basalt to Basaltic Andesite lavas and possible Stratocone 
remnants: Calc-aikali olivine basalt and basaltic andesite 
aa lava flows at El Maiten, Puerto Ibanez and Arroyo 
Zanjan Feo. At these locations, basaltic to basaltic an
desitic lavas up to 250m thick overlie older, weathered 
Ibanez domes, tuffs and epiclastic sediments of the near 
caldera facies andignimbrite outflow sheet facies. 

Divisadero Formation 

Delta front and floodplain facies: At Cerro Manch6n, the 
Divisadero Formation is in gradational contact with the 
underlying tidal to delta front sandstones of the Apeleg 
Formation, and begins with floodplain overbank deposits 
of fine muddy 'redbed' sandstones with common wood 
fragments, massive slump deposits and lenses of channel 
sandstone. Within the slump deposits are blocks of sand
stone containing algal oncolites, indicating lacustrine en
vironments are present. 
Distal Ignimbrite outflow sheet and flood plain facies: At 
Cerro Manchan and Cerro Divisadero, above the redbeds 
are thick sequences of tuffaceous coarse through to fine 
sandstone sequences, with repeated fining upwards trends 
in tabular and trough crossbedded channel sandstone se
quences, along with muddy laminated and thinly bedded 
overbank sandstones. In the Ibanez Quadrangle these se
quences are occasionally interrupted by thin (I-15m) tuffs 
and ignimbrites, while at Lago Frio and the Cerro Di
visadero section the channel and floodplain sandstone fa
cies are regularly interrupted by thick rhyolitic tuffs from 
5-50m thick throughout the sequence. 
Proximal Ignimbrite outflow sheet and floodplain facies: 
At Cerro Montreal, tuffaceous coarse to fine fining up
wards sequences of channel sandstone with intercalated 
muddy overbank sandstone deposits, similar to those of 
Cerro Divisadero and Cerro Manchan. However, at this 
location the sequence is regularly interrupted by massive 
coarsely stratified lithic breccias and thick to very thick 
(15-50m) lithic rich massive tuffs, and in particular one 
160m massive tuff, commonly with cobble and block size 
lithics, and some megablocks >lOm. This sequence is in
terpreted as being a more proximal ignimbrite outflow 
sheet fades than those described from Cerro Divisadero 
and Cerro Manchan. 
Rhyolitic dome complexes and andesitic lavas have also 
beed described from the Divisadero Formation (de la Cruz 
et aI., 1994). 

on next page 
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Table 7.1: Defining ch'aracteristics of the Ibanez and Divisadero Forma

tions cont 

Structural Geology: 

The Ibanez formation within the Ibanez Quadrangle is 
moderately deformed, mainly with moderate to intense 
minor normal and reverse faults, usually between a few 
hundred metres to 1-2km between faults, such that beds 
can generally be correlated for only a few hundred metres 
and seldom more than 2km. In areas such as the Peninsula 
Levican or near El Maiten, where north-south and east
west faults cross, many blocks of Ibanez Formation tuffs 
are tilted, with dips up to 40°. Folding is rare, present only 
in two locations, a rollover anticline at Puerto Ibanez and 
an anticline at La Pedregasa associated with deformation 
by a dacitic intrusion. Most faults are normal faults, but 
often with a significant oblique component, as at Cerro 
Bandera Oeste, and deform only the Ibanez Formation, 
with only three locations (Arroyo Zanjon Feo, Estancia 
Moroma and La Pedregasa) where faults can be seen to cut 
and deform the Ibanez l<ormation, Coyhaique Group and 
Divisadero Formation. Therefore most deformation of the 
Ibanez Formation is probably coeval or just after Ibanez 
Formation activity, and previous to Coyhaique Group and 
Divisadero Formation sedimentation. 

Petrography 

Ibanez Formation tuffs: Rhyolitic tuffs with common crys
tal phases of quartz, sodic plagioclase, occasional biotite 
and sanidine. Lithic fragments are common, and often 
large. Propylitic type alteration with sericite, saussurite, 
k-feldspar, calcite and clay alteration of feldspar and vitric 
material is widespread, as is low grade metamorphism, oc
casionally up to albite epidote or hornblende facies. Most 
are vitric tuffs, but crystal and lithic proportions are high. 
Vitroclastic textures are present but generally destroyed 
by felsitic or mosaic recrystallisation textures. 
Ibaiiez Formation Rhyolites and Dacites: Porphyritic 
fiowbanded rocks with phenocryst phases of quartz, sodic 
plagioclase and biotite, with traces of k-feldspar in rhyo
lites and altered biotite or pyroxene in dacites. Ground
mass textures in dacites are flowbanded pilotaxtic feldspar 
microphenocrysts with some recrystallised quartz-feldspar 
poikilomosaic textures. Groundmass textures in rhyolites 
are either felsitic or spherulitic undercooling textures, with 
some flow banding ,and ubiquitous mosaic recrystallisation 
to quartz!k-feldspar. Propylitic alteration is common. 
Ibaiiez FOT'mation Olivine Basalts and Basaltic An
desites: Porphyritic or aphanitic rocks with phe
nocryst and microphenocryst phases of olivine-augite
labradorite-oligoclase-magnetite and augite-Iabradorite
oligoclase-magnetite respectively, with sparse intersti
tial k-spar and quartz, intergranular groundmass tex
tures, sieve textured and swallowtailed plagioclase, skele
tal olivine in the olivine basalts and pilotaxitic to in
tergranular ground mass textures. Alteration is common, 
with sericitisation and k-feldspar replacement of plagio
clase and often albite-epidote facies contact metamor
phism. 

The Divisadero Formation within the Ibanez Quadrangle 
is only slightly deformed in comparison to the Ibanez For
mation. At Cerro Farellon and Cerro Manchon the Di
visadero Formation is near flat lying, with beds dipping 
j5° E, with little faulting or folding except where involved 
in the Cerro Farellon collapse structure, in which the cap 
of Divisadero Formation rocks subsiding into the micro
granitoid have drag folds near the bounding faults and 
conjugate normal faults within the subsiding block. Ma
jor reverse faults cut and fold the Divisadero Formation at 
La Pedregasa and Estancia Moroma, causing folding and 
shearing in the Coyhaique group and Divisadero Forma
tion. At Cerro Divisadero minor normal faulting trends 
NW and NE, while at Cerro Montreal there are NNE di
rected normal faults. Regular small scale block faulting 
like that found in the Ibanez Formation is absent. 

Rhyolitic tuffs of the Divisadero Formation:Divisadero 
Formation tuffs generally have low crystal contents, very 
low lithic contents, and high vitric ash and pumice con
tent. Crystal phases are sparse quartz and sodic plagio
clase with occasional biotite and rare k-feldspar. All plot 
as vitric tuffs, although lithic rich ignimbrites and lag brec
cias do occur at Cerro Montreal. Vitroclastic textures are 
very well preserved, and generally only partially devit
rified with little development of mosaic recrystallisation 
textures, and some glass remains in welded tuffs at Cerro 
Divisadero, as do occasional spherulites. Widespread al
teration of feldspars and mafic crystal fragments, devit
rification, and recrystallisation to felsitic or mosaic tex
tures is usual only when secondary thermal events have oc
curred, particularly around the microgranitic intrusions in 
the Ibanez Quadrangle, where both Divisadero and Ibaflez 
Formation tuffs may reach albite-epidote and hornblende 
hornfels facies. 
Divisadero Formation Basaltic Andesite:The sole Di
visadero Basaltic andesite from northeast of Estancia Mo
roma is a porphyritic rock with sieve textured labradorite 
- andesine and sparse augite phenocrysts in a groundmass 
of pilotaxitic andesine microphenocrysts with k-feldspar 
rims and intergranular augite, magnetite and traces of in
terstitial quartz. 

on next page 
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Table 1.1: Defining characteristics of the Ibanez and Divisadero Forma

tions cont 

Geochemistry: 

The geochemistry of the Ibanez Formation is strongly sub
duction related, with a bimodal suite of metaluminous 
calc-alkali basalts to basaltic andesites and metaluminous 
to peraluminous calc-alkaline dacites to rhyolites. A dis
tinct major element compositional gap between the ba
sic and silicic rocks suggests a mantle wedge source for 
the mafic rocks and perhaps a crustal source for the sili
cic rocks. Trace element signatures have LIL enrichment 
and HFS depletion, with Nb, Sr and Ti depletion spikes 
compatible with a subduction influenced source and frac
tionation of plagioclase and magnetite, or possibly with 
inheritance of the signature by re-melting of older mate
rial with a subduction derived signature. 

The geochemistry of the Divisadero Formation is also sub
duction related, with a silicic suite of calc-alkaline metalu
minous to peraluminous rhyolitic ignimbrites of very simi
lar composition to the Ibanez Formation silicic rocks. Lack 
of basic samples precludes identification of a compositional 
gap, but trace element composition shows the subduction 
related Nb depletion along with Sr and Ti depletion. Di
visadero Formation silicic rocks show no significant major 
element or trace element differences to the Ibanez Forma
tion, suggesting a similar or related petrogenesis or source. 

Calc-alkaline subduction related igneous rocks are the dominant form of magmatism 

present in the Ibanez quadrangle throughout the Mesozoic. The Ibanez and Divisadero 

Formations, together with the later granitoid intrusions and the bulk of the minor intrusive 

rocks, show very similar characteristics and may all be related to magma generation in a 

subduction setting. 

The Ibanez Formation is a bimodal calc-alkaline suite with mafic rocks comprising calc-

alkali basalts to basaltic andesites, and silicic rocks represented by dacites, rhyo-dacites 

and rhyolites. Due to the effects of weathering and common hydrothermal alteration and 

contact metamorphism up to hornblende hornfels facies in some areas, major element 

geochemical trends are indistinct. However, major element chemistry of the Ibanez For-

mation is similar if not indistinguishable from much of the other calc-alkaline Jurassic 

volcanism in Patagonia (see Fig. 5.1 with overlay data (Pankhurst et al., 1998))). The 

Ibanez Formation also compares well with calc-alkaline rocks from Taupo Volcanic Zone, 

New Zealand in both major element and trace element distribution (See Figs. 5.1 and 5.5 

through 5.8). In their major element trends, the basic and silicic rocks of the Ibanez for

mation can be separated into two fields separated by a compositional gap. In MnO, 1(20, 

Ti02 the trend and gradient of the two fields are linear and may be interpreted as a result 

of crystal fractionation, but in MgO, CaO, Al20 3, Fe203 and Na20 the two fields exhibit 
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slightly to greatly different gradients, and while basic and silicic rock trends are linear, 

the two fields often do not plot on the same trend. The trace element distribution of the 

Ibanez Formation exhibits LIL enrichment and HF8 depletion in all samples, and low Nb 

levels typical of magmatic arc rocks (Wilson, 1989). Silicic rocks from dacite to rhyolite 

show increasing depletion of Ba, 8r and Ti which can be attributed to fractionation of 

feldspars and magnetite respectively. The bimodal nature of the Ibanez Formation may 

be interpreted as a suite of basic-intermediate rocks derived from mantle wedge melting 

above a subduction zone, with probable assimilation and fractionation during migration 

through the continental crust. The more voluminous silicic rocks could represent crustal 

melting driven by the excess heat from emplacement of the basic subduction magmas into 

the crust. Parada et al. (2001) present 8r-Nd isotopic data for basaltic to intermediate 

rocks from the Aysen region, which indicate that of the Mesozoic-Eocene back-arc exten

sional volcanic rocks in the Aysen region, those from the south of 46°30' are sub alkaline 

with enriched Sr-Nd signatures indicating lithospheric affinity, while those to the north 

of that parallel are more alkaline and have more depleted 8r-Nd signatures similar to 

asthenospheric derivation. The felsic rocks of the southern magmatic domain of Parada 

et al. (2001) was also noted to have lower ENd values and lightly higher 8781'/86 81' ratios 

than those to the north of 46°30', interpreted as evidence of a greater degree of crustal 

material in the magma sources. The isotopic data of Parada et al. (2001) may indicate 

that crustal thinning due to back-arc extension was more active to the north of the Aysen 

region, leading to less crustal melting and assimilation, than to the south, where greater 

crustal thickness would lend more crustal influence to volcanism. However, to evaluate the 

degree to which these possibilities may apply to the Ibanez Formation, further radiogenic 

isotope analysis is required. 

The Divisadero Formation as sampled is of a narrower compositional range, and ha..<J 

only minor basic representatives. However, in major and trace element chemistry it plots 

in almost identical patterns to the Ibanez Formation in all respects excepting for less 

scatter due to alteration. It may also be interpreted as a suite of silicic magmas derived 
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from crustal melts driven by basic underplating in a subduction zone. However, within 

this study few rocks that could well represent the basic-intermediate compositional suite 

for the Divisadero Formation were found, and so more work is required to further eval

uate whether the Divisadero Formation contains the same bimodal compositional trends 

as seen in the Ibanez Formation. It is evident from the major and trace element data (See 

Figs. 5.12, 5.13, and 5.14) that there is no significant difference in the geochemistry of the 

Ibanez and Divisadero Formations, indicating that as a mapping tool for determining the 

two formations where stratigraphic data is inconclusive, simple major and trace element 

geochemistry is inconclusive. As discussed above, the silicic rocks that dominate both 

formations could be derived from crustal source regions of similar composition, with ana

texis driven by underplating derived from a similar subduction influenced mantle wedge in 

both cases. Therefore it may be necessary to investigate any differences between the two 

formations with radiogenic isotope geochemistry that can pick out isotopic differences or 

similarities in the source regions. If, for instance, both sets of silicic rocks are derived from 

melted crustal rocks from approximately the same area, there may have been significant 

isotopic depletion of the Ibanez source region. Therefore, the isotopic signature of that 

source region when remobilised by renewed Mid Cretaceous magmatism to generate the 

Divisadero Formation, may show evidence of depletion from the earlier Ibanez melting 

event. Greater use of robust radiometric dating methods that are unlikely to be easily 

re-set by subsequent thermal events may also be useful. 

7.3 The petrogenesis, deposition and deformation of the Ibanez 

Formation in the upper Jurassic - earliest Cretaceous Aus

tral basin 

The volcanism and deposition of the Ibanez Formation has been associated with either 

subduction related (Demant, 1995; Gust et al., 1983, 1985) or plume related (Pankhurst 

et al., 1998; Pankhurst and Rapela, 1995; Pankhurst et al., 2000) basic intrusions driving 

crustal anatexis leading to widespread silicic volcanism. More recent workers tend to 
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emphasise the subduction related affinity of the Ibanez Formation, although it may still 

be influenced by the heat and magma influx of the declining stages of the proposed 

mantle plume event that drove the major silicic volcanism of the older and more eastern 

silicic provinces of central Patagonia, (Pankhurst et al., 2000; Riley et al., 2001). In 

particular, Pankhurst et al. (2000); Riley et al. (2001) define three silicic magmatic events 

in the Jurassic of Patagonia, VI (188-178:\Ia), V2 (172-162Ma) and V3 (157-153Ma), of 

which the earlier VI event has a 'within-plate' geochemical signature and is related to 

plume and crustal thinning driven lower crustal anatexis (see also summary in Geological 

Setting, Chapter 1), whereas the later V2 and V3 events are of a more subduction related 

geochemical signature from the western Gondwana margin. Of these three events, the 

Ibanez Formation occurs at the upper limit of V3, with a well defined subduction related 

major and trace element geochemistry typical of destructive plate margins, with a low Nb 

signature (see Fig. 5.9), and Ar-Ar ages falling between 143-150Ma, although fossil data 

from Lago Norte indicates a continuation of activity beyond the V3 event into Berriasian 

times (see Fig. 6.3). The younger ages of the Ibanez Formation could be explained 

as a dominantly subduction based system of mantle wedge basic magmas underplating 

continental crust and driving crustal anatexis with the possibility of some input from the 

last stages of lateral migration of the expanding remnants of a plume head as it spread 

and thinned against the base of the continental crust, having a later effect on the Ibafiez 

region than the older silicic provinces further east which received the bulk of the plume 

input (Fig. 7.1, Tithonian-Berriasian). 

The tectonic setting of the Aysen Basin into which the Ibafiez Formation and later 

rocks were deposited is generally accepted as an ensialic back arc basin (Bell et al., 1994; 

Townsend, 1995; Parada et al., 2001). Whereas the Aysen Basin was unable to initiate 

back-arc seafloor spreading (as occurred in the Rocas Verdes/Sarmiento Complex further 

south, at circa 150Ma (Mukasa and Dalziel, 1996)) by Ibanez times the presence of in

tercalations of rippled sandstones and mudstones with plant fossils, Ophiomorpha and 

Thalassinoides ichnofacies in the tuffs of the Ibafiez area, and the Berriasian marine fau-
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Tithonian--Berriasian. 
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Figure 1.1: Plate tectonic cross sections for the Ibanez Area from the Tithonian to Albian. 
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nas at Lago Norte, indicates sufficent subsidence to keep some sedimentation occurring in 

sub-aqueous environments at or near sea level. This subsidence allowed marine incursions 

into the Ibanez Formation despite the accumulation of up to 1000m of silicic volcanic 

rocks. Diemer et al. (1997) note a similar occurrence of Ophiornorpha and Thalassinoides 

in conjunction with heterolithic rippled sandstones and imbricated pebble conglomerates 

as suggestive of brackish to marginal marine environments, in the upper parts of the 

early Cretaceous fore-arc basin fan delta deposits of the Puerto Barroso Formation on the 

Taitao Peninsula. In addition to the early marine incursions during Ibanez times, after 

the Berriasian, the presence of Hauterivian faunas of Tethyan affinity in the Katterfeld 

Formation at Cerro Manchon (see Chapter 6 and Aguirre-Urreta et al. (2000)) indicates 

some degree of open seaway connections through the upper Hauterivian to Barremian -

Aptian times, via either the Austral.Basin or the Chubut Basin with a proto-Atlantic 

seaway and the western Tethyan realm (see Fig.1.7 and 7.1 Valanginian-Hauterivian). 

The Jurassic north-south oriented normal faulting deforming the Ibanez Formation can 

be related to back-arc extension rather than latest Jurassic - earliest Cretaceous con

tinental rifting, with the back-arc extension beginning to open the Aysen Basin in the 

Kimmeridgian - Tithonian. However, few of the normal faults mapped within the Ibanez 

Formation cut later rocks, so basin subsidence from the later Berriasian up to Hauteriv

ian and Aptian times may be ascribed to post rifting thermal subsidence as proposed by 

Gust et al. (1985); Suarez and de la Cruz (1996, 1997a). Back arc extension in the latest 

Jurassic may be driven via subduction roll-back at the Pacific margin, but the presence of 

the Tethyan faunas in the Katterfeld Formation by Hauterivian times suggests that the 

Pacific marginal north-south oriented Aysen back-arc basin may also have been influenced 

by a breakthrough of Gondwana rifting related basins, such as the Chubut Basin, from 

the east, or from an extension of back-arc rifting via the south from the Austral Basin. 

The calm, anoxic sedimentation conditions of the Katterfeld Formation, however, suggest 

a fairly enclosed marine embayment (Bell et al., 1994), so it is likely that the Aysen Basin 

was open via only one of these seaways, not both, or had only very narrow connections 
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to either. 

Whether subduction related or crustal anatexis related, the Ibanez Formation volcanic 

event led to the development of extensive silicic volcanic eruptive centres, with related 

epiclastic sedimentary sequences, and to a lesser degree basaltic and basaltic andesitic 

eruptive centres. Within the Ibanez Quadrangle, there is abundant evidence for these 

facies. Caldera or caldera proximal deposits are well exposed in the Rio Ibanez, with 

thick sequences of ponded ignimbrites intercalated with fining upwards deltaic systems, 

lacustrine shales, small turbidite sequences and debris flows, all of which indicate sed

imentation in the presence of standing water, which could be within caldera basins or 

or back-arc rift faulted basins. The presence of minor rhyolitic intrusions with peperitic 

characteristics could be interpreted as intrusions into wet sediments within a caldera se

quence. However, an actual topographic or structural feature in the mapped area that 

may determine whether these rocks are part of an intra-caldera sequence is either not 

present or has been destroyed or masked by later faulting. 

Rhyolitic domes and lavas are also common, and are intercalated with both the thick 

ignimbrite sequences in the Rio Ibanez valley and with the more extensive thinner 

imbrite outflow sheets and tuffaceous sandstones of the Peninsula Ibanez and Peninsula 

Levican. Associated with the domes are coeval lava breccias and occasional block and 

ashflow tuffs and/or basal surge tuffs. 

Within the upper parts of the Ibanez Formation, the erosion surfaces mapped west of 

EI Maiten and at Arroyo Zanjon Feo, indicate active erosion between volcanic episodes, 

with infilling of this paleotopography by later olivine basalts and basaltic andesites. Silicic 

volcanism continued after the andesitic episode, as silicic tuffs and a rhyolite dome overly 

the basaltic andesites at Cerro Cabeza Blanca. These basaltic andesitic lavas may be 

either isolated events or the partial remnants of stratocone volcanism. Similar sequences 

have been described at Lago Norte by Covacevich et al. (1994), and elsewhere in the 

Ibanez Formation by Niemeyer et al. (1984); de la Cruz et al. (1994). 
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7.4 The deposition of the Coyhaique group and its relationship 

to the overlying Divisadero Formation 

The Coyhaique group is incomplete in the Ibanez Quadrangle, as it lacks the basal lime

stones of the Toqui Formation (Suarez and de la Cruz, 1993). However, both the Kat

terfeld Formation blackshales and the Apeleg Formation sandstones are present. These 

blackshales represent low energy pelagic and anoxic sedimentation in a restricted basin 

(Townsend, 1995), with fault controlled thickness relationships related to possible half 

grabens (Hechem et aL, 1993) developing during lower Cretaceous rifting and marine 

transgression in the backarc Aysen Basin portion of the Austral basin (Bell and Suarez, 

1997). Whereas the overlying Apeleg Formation shows little major thickness variation, 

generally varying between 50-120m, the Katterfeld Formation shows dramatic changes 

in thickness, being about 250m thick east of Cerro Farellan, in excess of 500m at Cerro 

Manchan and south of Cerro Farellan, but present as trace amounts only at Estancia 

Moroma. These changes in thickness may be due in part to a significant degree of pa

leotopography on the underlying Ibanez Formation unconformity surface on which the 

Katterfeld Formation is deposited, or possibly due to erosion of the Katterfeld Formation 

before Apeleg Formation deposition. However, if extensional tectonics that deformed the 

Ibanez :Bormation by normal and oblique faulting in the late Jurassic and Early Cre

taceous were still active during Katterfeld Formation sedimentation in the Hauterivian, 

these thickness variations may be due to a small half graben or similar fault bounded 

local basin development beneath the current Cerro Farellan Cerro :\;lanchan area. The 

reverse fault deforming the Ibanez Formation, Coyhaique Group and Divisadero Forma

tion east of La Pedregasa and in Rincon Los Arroyos could be a good candidate for a 

normal fault bounding a half graben basin that has been reactivated by post Divisadero 

Formation compressive tectonics. Certainly this fault trends towards Cerro Manchan, 

and would have formed the eastern margin of a half graben collecting thick blackshales 

in that area. Similar fault bounded deposition for the Katterfeld Formation has been 

suggested by Hechem et al. (1993), for exposures in the Lago Fontana region, in addition 
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to thickness variations produced by' static relief in the Ibanez Formation. Further work 

may be necessary in the stream outcrops around Cerro Fare1l6n to determine the nature 

of the contact of the Katterfeld Formation with the Ibanez Formation, and perhaps to 

identify any facies within the Katterfeld Formation that may indicate deposition in a fault 

bounded basin. 

The Apeleg Formation in the Ibanez Quadrangle matches the marine and deltaic facies 

described by Bell et aL (1994); Gonzalez-Boronino and Suarez (1995); Bell and Suarez 

(1997). The exposures at Cerro Manch6n are a lower member of prograded tidal trough 

and herringbone crossbedded sandstones and are in gradational contact with the upper 

Katterfeld Formation. The Apeleg Formation then fines upwards as a massive foreset 

crossbedded prodelta sequence, which in turn grades upwards into alluvial gravels and 

delta top/fiood-plain deposits in gradational or paraconformable contact with the lower 

Divisadero Formation. Further east, at Estancia Moroma, the Apeleg Formation is of a 

more sub-littoral facies, with trough, channel and hummocky or swaley crossbedding and 

an onlap contact relationship with the Ibanez Formation unconformity surface, without 

the presence of the Katterfeld Formation. Further Northeast at Cerro Cabeza Blanca and 

Arroyo Zonjon Feo, the Apeleg Formation itself is absent, and the Divisadero Formation 

rests unconformably on the Ibanez };ormation, thus illustrating the presence of significant 

paleotopography in the Ibanez unconformity surface and the onlap relationship of the 

Coyhaique Group in the eastern portion of the Ibanez Quadrangle. At Estancia Moroma, 

the Apeleg formation does not grade into the Divisadero Formation, but rather is interca

lated in its upper parts with breccias and surge deposits of a small andesitic tuff deposit, 

although this exposure is not well mapped and needs further work (GR 4870800286000). 

Hence in the Ibanez Quadrangle, the Katterfeld Formation has served to fill in depres

sions in the Ibanez Formation unconformity surface, whereas the prograding tidal and 

deltaic sandstones of the Apeleg Formation have covered over all but the highest Ibanez 

Formation. In turn the last high sections of the Ibanez Formation are unconformably over

lain by Divisadero Formation rocks in occasional locations where the Coyhaique Group 
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sediments were not deposited or have been eroded prior to Divisadero Formation sedi

mentation (see Fig. 7.1, Valanginian-Hauterivian). 

7.5 The deposition of the Divisadero Formation 

The Divisadero Formation within the Ibanez Quadrangle is dominated by floodplain chan

nel sandstones and overbank deposits, with occasional interruption by airfall tuffs and 

ignimbrites, and is probably no younger than Aptian in age. The Divisadero Formation is 

sometimes in gradational or paraconformable contact with the Apeleg Formation, whereas 

at Estancia Moroma it overlies basaltic to andesitic tuffs in the upper Apeleg Formation, 

and further east in Arroyo Zanj6n Feo it is in unconformable contact with the Ibanez 

Formation. 

The largest Divisadero Formation tuffs and ignimbrites in the Cerro Manch6n section 

are usually 20m or less, with only three thick tuffs present in the 500m measured section, 

whereas tuffs from the type section of the Divisadero Formation at Cerro Divisadero nine 

50-60m thick tuffs are exposed, and at Cerro Montreal seven thick tuffs are present, from 

5-160m. Thus it is evident that the Divisadero Formation in the Ibanez Quadrangle 

is significantly more distal than that from the Coyhaique region; exposures at Cerro 

Montreal are the most proximal facies to an eruptive centre, judging from the to the large 

size of lithic blocks present in the ignimbrites. 

Sedimentation in the Divisadero Formation is dominated by deltaic plain muddy sand

stone overbank deposits at the base, with migrating channel deposits and occasional debris 

flows, above which the bulk of the formation is comprised of fining upwards sequences 

of tuffaceous channel sandstones and mudstones with airfall tuffs and occasional distal 

ignimbrites. The more proximal facies of the Divisadero Formation at Cerro Divisadero, 

other than having more regular disruption of the floodplain system by large tuffs and 

ignimbrites, is very similar to that exposed in the Ibanez Quadrangle. As the exposures 

in the Ibanez area are slightly older (lower Albian, Suarez and de la Cruz (1994b)) than 

those of the Cerro Divisadero area (upper Albian, Suarez and de la Cruz (1994b)) and 
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have fewer thick tuffs, the greater frequency of large tuffs at Cerro Divisadero and Cerro 

Montreal may indicate an increase in silicic eruptive events in the upper Albian. Within 

the Ibanez region, the Divisadero Formation has no well exposed eruptive centres, unlike 

the Coyhaique region where, as well as ignimbrite outfiow sheet/fioodplain facies, dacitic 

and rhyolitic domes, caldera fill, surtseyan basalt cones, and andesitic lavas have been 

described (de la Cruz et al., 1994). 

7.6 Post Ibanez and Divisadero volcanic events 

After the deposition of the Ibanez Formation, Coyhaique Group and Divisadero For

mation, extensive plutonic and hypabyssal magmatism and some extrusive magmatism 

occurred. Defining exact timing for these intrusive rocks is difficult, as the Ibanez Forma

tion is host to a wide range of hasaltic, andesitic, basaltic trachyandesitic, trachyandesitic, 

dacitic and rhyolitic hypabyssal intrusive rocks, some of which may be coeval with the 

Ibanez Formation, whereas others may be related to the Divisadero Formation, or the 

Cerro Piramide and Cerro Fare1l6n granitoid complexes, or later events such as the erup

tion of the Cerro Pico Rojo peralkaline rhyolites or the Plateau Basalts. The bulk of these 

rocks, although often much altered with high LOIs, have subduction related volcanic arc 

geochemical signatures (see Chapter 5) but, without concise stratigraphic control or ra

diometric dating, may be freely attributed to episodes of subduction related magmatism 

from at least the early Cretaceous to the Miocene. 

Leaving the many minor intrusive rocks aside, during the mid Cretaceous, after the 

deposition of the local Divisadero Formation, large granodiorite to tonalitic stocks, dikes 

and sills of the Puerto Ibanez Cerro Fare1l6n - Cerro Ph'amide complexes were intruded 

through the Ibanez and the Divisadero Formations. This is most likely to have happened 

between the upper Albian and the Turonian, with the timing of magmatism suggested by 

Ar-Ar ages of lO1.2±2.6 Ma from the La Masira stock and 89.3±3.7 Ma from the main por

tion of the Cerro Fare1l6n complex. These rocks are metaluminous calc- alkaline diorites, 

granodiorites and tonalites, with quartz-plagioclase-hornblende-biotite dominated miner-
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alogy and accessory phases of titanite, apatite, zircon, ilmenite and epidote, indicating an 

I-type source after the scheme of White and Chappell, (1977). They show generally sub

duction related trace element patterns, with HFS depletion and LIL enrichment. In most 

samples a Nb, Ti and slight Sr depletion spike pattern is present, although not as strongly 

developed as in the Ibanez and Divisadero Formation host rocks. Similar major and trace 

element chemistry is present in the two samples analysed from the Patagonian Batholith 

at Lago Bertrand (Mid Cretaceous) and Lago Esmeralda (Jurassic), which indicates that 

the plutonic calc alkaline rocks from the Ibanez Quadrangle are able to be interpreted 

as isolated outliers from the main group of calc-alkaline mesozoic grantoids comprising 

the batholith. Their major and trace element chemistry also compares well with subduc

tion derived rocks from the modern Taupo Volcanic Zone, (see Chapter 5, granitoids and 

microgranitoids), and may be described in terms of subduction influenced remelting and 

differentiation of continental basaltic underplate deeper in the crust (Pankhurst, 1999). 

Some rocks from the Cerro Farellon complex (CF6A, CF6B, CFI6, CF19C and CF24), 

as well as most samples from the Cerro Piramide stock (GAI5,CP52,CP61,CP62,PI89) 

(as well as several of the calc-alkaline andesitic to dacitic minor intrusive rocks: PI79A, 

L17 A and B, WI30 and F20) show a slight but distinct enrichment spike in Sr, as well as 

Y depletion in some samples, (Figs 5.32B and C; Fig. 5.25D), which may indicate that 

some of the calc alkaline granitic intrusives and minor intrusives of the Ibanez Quadrangle 

are adakitic in nature. Rather than invoking slab melting to achieve this trace element 

signature, it is proposed that it is derived from melting in a deep (circa 50-60km) hot 

source areas with garnet active in the source region and a lack of stable plagioclase, after 

Defant and Kepezhinskas (2001); Muir et al. (1995). If generated in this way, the adakitic 

signature of the Cerro Piramide and Cerro Farellon rocks can be taken as evidence of 

the development of a thickened, underplated arc root by the middle Cretaceous (Fig 7.1 

Barremian - Albian). 

The intrusion of the Cerro Farellon and Cerro Piramide complexes has led to minor 

Pb/Zn/Cu sulphide mineralisation of the adjacent Ibanez and Divisadero Formation host 
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rocks, as well as the development of metamorphic aureoles of albite epidote and hornblende 

hornfels facies. At Cerro Fare1l6n, the Divisadero Formation has collapsed by stoping and 

sag folds into the underlying granitoid and may be a suspect for a caldera structure, al

though further mapping is required to investigate this possibility East of Cerro Pinimide, 

the granodioritic cone sheet intrusion northeast of Laguna Huncal appears closely associ

ated with northwest southeast oriented open synclinal folding of the Divisadero Formation 

and Coyhaique Group. The smaller hypabyssal dacitic and trachydacitic stocks between 

La Pedregasa and Estancia Moroma are also closely associated with local reverse micro 

faulting that deforms both the Ibanez and Divisadero Formations, and may be related to 

periods of compressive tectonics reported as occurring in the mid to late Cretaceous or 

earlier (Suarez and de la Cruz, 1997a, 2000). 

As well as the common subduction related volcanic arc rocks ubiquitous as intrusive 

bodies in the Ibanez Quadrangle, there is a minor presence of within-plate volcanic rocks. 

As minor intrusives, these are represented by two alkaline mugearitic rocks cutting the Di

visadero and Ibanez formations at Estancia Moroma and Peninsula Ibanez, and a phono

litic dike on the Peninsula Ibanez. The mugearitic rocks are without the Nb depletion 

spike of the subduction related rocks but instead show relatively flat and more primitive 

trace element patterns with slight HFS depletion. The phonolite dike shows strong deple

tions in Ba, Sr and Ti together with enrichment in Zr, is an example of an evolved and 

fractionated member of the sequence (see Fig. 5.27). Eruptive equivalents of these rocks 

are found in the Plateau Basalt lavas and the peralkaline Cerro Pico Rojo rhyolites, both 

of which show similar within-plate type geochemical signatures. The rhyolites in particu

lar have matching trace element patterns to the phonolite, showing that the alkaline rocks 

present in the Ibanez Quadrangle have fractionated to produce both phonolites and alkali 

rhyolites. Taken together, this group of within plate rocks may be interpreted as examples 

of the within-plate plateau basalts and associated rocks reported throughout this region 

of Patagonia (Petford et aL, 1996; Petford and Turner, 1996; Singer et al., 1998; Gorring 

and Kay, 2001) with variable ages from the Paleocene to the Pleistocene. These rocks, 
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which also outcrop at Chile Chico south of the area studied, have been related to the 

presence of windows in the slab beneath Patagonia, and possibly to melting assisted by a 

mantle plume present beneath the slab in the Paleocene to Miocene (Petford et al., 1996). 

To generate these rocks, Gorring and Kay (2001) advance an initial process of decompres

sion melting of Ocean Island Basalt-like sub-slab material, contaminated by adakitic slab 

melts while rising and with further contamination by arc-signature material while passing 

through the supra-slab mantle wedge/basal continental lithosphere, together with some 

crustal contamination, to erupt as the main plateau lava sequence circa 12Ma, whereas a 

secondary less voluminous post-plateau set of magmas around 7Ma are modelled as less 

contaminated asthenospheric partial melts as the slab window(s) widen. Of the rocks in 

the Ibanez Quadrangle, the minor intrusives with adakitic signatures (see Fig. 5.25D) and 

Nbdepletion show similar characteristics to the earlier arc and slab contaminated main 

plateau magmas of Gorring and Kay (2001), while the Plateau Basalts, mugearitic minor 

intrusive rocks, phonolitic dike and the peralkaline Cerro Pico Rojo Rhyolites show less 

contaminated within-plate signatures and can be tentatively identified as a differentiation 

sequence similar to the later 7Ma post plateau magmas of Gorring and Kay (2001). 

7.7 Some conclusions on the geological evolution of the Puerto 

Ibanez area 

• -VVith respect to nomenclature, following the convention of Salvador (1994) in the In

ternational Stratigraphic Code, the adoption of the term Ibanez Group is premature, 

and until more conclusive evidence of a more uniform internal stratigraphy compris

ing two or more mappable member formations that would comprise an Ibanez Group 

is developed, the older term Ibanez Formation is still more appropriate, although 

the adoption of either the term Ibariez Complex or unification with the EI Quemado 

Complex may also serve . 

• For distinguishing between the Ibanez Formation and the Divisadero Formation, 
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stratigraphic and petrographic-evidence, particularly with regard to levels of propy

litic alteration, contact metamorphism and structural complexity, are more con

clusive than major and trace element geochemistry, which show little difference 

between each formation, with both showing volcanic arc subduction related major 

and trace element geochemistry. Further work is required to expand the database of 

geochemical data on both formations, together with isotopic analysis to detail any 

differences in their petrogenesis which are not immediately apparent to major and 

trace element chemistry . 

• Ibanez Formation volcanism and deposition in the Ibanez Quadrangle is charac

teristic of rhyolitic caldera volcanism and ignimbrite outflow sheets, with extensive 

development of accompanying volcaniclastic sedimentary deposits, along with sub

ordinate rhyolitic dome facies and some evidence of basaltic to basaltic andesite 

stratocone volcanism. Thick sequences were allowed to accumulate due to probably 

coeval back arc extensional tectonics (Gust et al., 1985; Suarez and de la Cruz, 

1997a), and the major part of the volcanism is probably Kimmeridgian to Titho

nian in age, matching the mainly subduction related V3 157-153Ma silicic event of 

Pankhurst et al. (2000); Riley et al. (2001), with some activity reaching into the 

Berriasian, based on fossil evidence (Covacevich et al., 1994) and Ar-Ar and K-Ar 

data. There is with a possibility of thermal alteration resetting some ages in the 

Tithonian to Berriasian. K-Ar data from Suarez and de la Cruz (1997b) and C-Pb 

SHRIMP data from Pankhurst et al. (2000) give similar Kimmeridgian to Tithonian 

ages from samples within the Ibanez Quadrangle and nearby at Chile Chico. Ar-Ar 

dating methods appear to have given reliable ages during this work but excess Ar 

was a problem during analysis, so greater precision and less sensitivity to thermal 

resetting may be obtained in the future by use of Rb/Sr or U-Pb methods . 

• Coyhaique Group sedimentation in the Ibanez Quadrangle occurred from at least 

the Hauterivian to Barremian/Aptian, with the Katterfeld Formation filling in the 

bulk of the basin, although significant high areas of the Ibanez Formation were 



7.7. Some conclusions on the geological evolution of the Puerto Ibanez area 229 

probably not buried until the Albian. Fossil evidence from the Katterfeld Formation 

shows the existence of seaway connections allowing access to Tethyan faunas at 

least in the Hauterivian. Regression occurred with the onset of Apeleg Formation 

deposition, probably during the Barremian, and was completed with the deposition 

of the Divisadero Formation during Albian times, with renewed arc volcanism. 

• Deformation of the Ibanez Formation in the Ibanez Quadrangle occurred during 

the upper Jurassic and perhaps into the earliest Cretaceous, possibly coeval or 

shortly after Ibanez volcanism, as predominantly north-south directed extensional 

normal and oblique faulting. Significant differences in the thickness of the overlying 

Katterfeld Formation of the Coyhaique Group may be due to this episode of faulting 

creating fault bounded basins. Few faults cutting the Ibanez Formation also cut 

the Coyhaique Group, indicating that active tectonism may have slowed or stopped 

during the deposition of the Coyhaique Group. Compressive deformation and folding 

of the Ibanez Formation in this area is rare, and when present appears to be mainly 

related to post Jurassic and generally post mid Cretaceous events related to the 

emplacement of the Cerro Farell6n and Cerro Piramide granitoids during the closing 

stages of, or after Divisadero Formation sedimentation. Some older faults cutting the 

Ibanez formation may have been reactivated during later compressive deformation(s) 

• Divisadero Formation rocks in the Ibanez Quadrangle are dominated by epiclastic 

sedimentary processes, with intercalated distal rhyolitic volcanic deposits, in con

trast to the Divisadero Formation at Coyhaique, which shows more proximal facies 

closer to the eruptive centres. The Ibanez Quadrangle exposures of the Divisadero 

Formation may be slightly older than those at Coyhaique and may reflect a time 

of less active volcanism, although this may be an artefact of their distal deposition 

setting. 

• Minor within plate basalts, basaltic trachyandesites, mugearites, phonolites and per

alkaline rhyolites present in the Ibanez quadrangle can be correlated to subducting 
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slab window volcanism from tlie Paleocene to the Miocene as described by Petford 

et al. (1996); Gorring and Kay (2001). 

Work on the rocks of the Ibanez Quadrangle described in this study is incomplete, 

and directions for further work include: 

• More detailed mapping of the structure of the Cerro Farellon granitoid complex 

with a view to determining the whether it is a caldera structure and if so, the type 

of collapse mechanism involved. 

l1li Use of isotope geochemistry to determine what if any geochemical markers may 

exist to differentiate Ibanez and Divisadero Formation rocks . 

• Further examination of the many of the intrusive rocks found within the Ibanez 

formation so as to determine their age relationships and which volcanic events they 

may be related to. 
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Appendix A 

Petrographic descriptions 

A.D.l Key: 

Q: Quartz 

A: Alkali Feldspar 

P: Plagioclase Feldspar 

F: Feldspathoids 

CF: Crystal fragments 

RF: Rock fragments 

V: Vitric matrix 

QF: Quartz fragments 

RF: Rock fragments 

FF: Feldspar fragments 

* : analysed 

Petrographic descriptions may contain abbreviations for plagioclase Anorthite percent 
determination methods such as: ML: Michel Levy Method, Section Ta: Section perpen
dicular to a, and C-a: Carlsbad-Albite twin method. 

Also present are 'Plag' for plagioclase, 'cpl' and 'ppl' for cross and plane polarised 
light respectively, and mineral names may be shortened to their first syllable. 

A.I Basement Schists 

Field Number Forrnation: 

SCH4 Paleozoic Basement 

Utm East Utm North Q: A: P: F: I :Ubtotal: 

663616 4835104 

I Final Rockname 

Tectonised marble. 

Microscopic textures (SCH4): 
Medium_ grained well recrystallised granoblastic calcite marb1e, with slight shape preferred orientation of crystals) presumably deformation 

derived. Very few accessory minerals apart froIll minor quartz and some opaques. 
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Field Number Forma.tion: 

SCH4b Paleozoic Basement 

Utm East Utm North Q: A: P: F: Subtotal: 

663616 4835104 0 

Final Rockname 

Ankerite zone Calcwsilicate schist. . 

Microscopic textures (SCR4b): 
Calcic Schist, mineralogy: quartz/albite feldspar / calcite/ ankerite / epidote/ chloritel pyri te. 
Schistosity of chlorite/?ankerite/epidote/anhedral opaque anastomoses around pods of calcite or quartz/calcite/feldspar. Also minor 

evidence of trace muscovite. 
Feldspar dominant over quartz, with moderate to large 2v (40 to 70 ish) and occasional twinning, but difficult to determine type. Grains 

are anhedral mosaic) with intricate boundaries, often strained and occasionally twinned. RI agains epoxy: Fast and slow strongly below epoxy, 
Yellow epidote/clinozoisite (Not zoisite, as yellow and has inclined extinction in some sections) , rhombohedral high RI ?ankerite and 

yellow-green to grass green pleochroic chlorite form anastomosing schistosity around mosaic feldspar/quartz/calcite pods and ribbons. Also 
blocky square pyrite porphyroblasts and anhedral, sometimes elongate, patches of opaque ?graphite. Chlorites are length fast} brown int 
colours and strongly coloured, so probably prochlorite to pseudothuringite. 

Field Number Formation: 

SCH5A ~ Paleozoic Basement 

Utm East Utm North 

I 

Q: A: P: F: Subtotal: 

I 673543 4822099 3 0 60 0 63 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

25 10 

Other components: Others: Total: 

Calcite, epidote, etc. 2 100 

I :il::~ Rocknarne 
Altered andesitic sn~ .. 

Microscopic textures (SCR5A): 
Altered andesitic sill , with equigranular texture of subhedral framework of altered plagioclase with interstitial chloritised mafics, opaques 

and anhedral quartz. 
Plagioclase is about 60% of the rock, subhedral and euhedral sericitised and murky crystals up to 0.5mm. Crystals may be replaced by 

albite/sericitejepidotejcalcite, so some saussauritisation. 
Chloritised mafics are about 25%. possibly after pyroxene or amphibole, but no discernable pseudomorphs of either. Interstitial to 

plagioclase, bright green pleochroic, blue in cpl. 
Quartz is about 2-3%, sparse} interstitial anhedral crystals <O.2mm or void filling euhedraI terminated crystals up to 3mm. 
Opaques about 10%, euhedral blocky and oxidised magnetite, intergranular to plagioclase, up to O.Imm. 

Field Number Formation: 

Se1l3 Paleozoic Basement 

Utm East Utm North Q: I A, P: 
I F: 

I Subtotal: 

661517 4837786 0 
• 

Final Rockname 

Quartz-Muscovite semi pelitic to pelitic Phyllite, slightly recrystallised by proximity to the Batholith 

Microscopic textures (SCR3): 

I 

I 

I 

Fine grained quartzjalbite/mica/chlorlte rock, with schistosity of alternating bands of quartz and mica/dissolution seam opaques. Dis
solution seams are concentrated in micaceous layers, and vice versa. Dissolution seems more pronounced on steep limb of crenulations. 

Quartz is very nne grained {subO.Oo) granoblastic mosaic quartz, slight SPO due to dissolution on sides bounded by micas or dissolution 
seams, but no LPO. Later stage quartz veins are of mosaic quartz, slightly greater grainsize {.05 toOAmm), and with some LPO from frlnge 
orientated growth along vein margins. No feldspar in veins. 

Murky, slighlty altered feldspar grains within mosaic quartz can be determined by RI and interference figure (2v high, 90 ish), but too 
small to determine accurate composition. Becke line test below quartz, so probably sodic plagioclase~ probably Albite from 2v. 

Chiorite is fine fibrous or platy crystals, intergranular to the quartz mosaic crystals, colourless or very pale green and anomalous blue in 
cross polars. 

Muscovite is concentrated in the dissolution Bealn areas, colourless, sub parallel to solution seam direction; as fibrous or platy grains, 
often as fringes between or around quartz grains. 

S01ne of the micas and chlorite show no strong orientation, and together with the mosaic nature of the quartz suggests this rock has 
been thermally annealed by the batholith. 
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Field Number Formation: 

SCHZ Paleozoic Basement 

Utm East Utm North Q: A: P: F: Subtotal: 

660592 4842154 10 70 0 81 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

3 8 

Other components: Others: Total: 

Epidote/apatite/etc. 3 100 

Final Rockname 

Tectonised and recrystalHsed bic.tll;e-hornlolend.c 
layer that has been heated, 

Microscopic textures (SCH2): 
Inequigranular rock with large crystals of sodie plagioclase (3-10mm)t with intergranular fine mosaics of untwinned granoblastic feldspar 

(.l~lmm), with radial or poorly orientated sprays of red brown biotite and pale yellow to green pleochroic amphiboles. Perhaps some epidote) 
plus opaque sulphides, trace apatite. Chlorite present as alteration product. 

Textures are reminiscent of a sHghtly tectonised granitic gneiss, with some fracturing of larger feldspar crystals. Probably annealed, 
thought to account for the finer mosaic texture of the smaner feldspars and amphiboles. Sprays of fine acicular pale amphibole, and perhaps 
epidote, are nucleated in radial clusters on many grain boundaries between feldspars, or in areas of smaner mosaic feidspar. 

Fine grained mosaic feldspar has fast and slow below resin mounting, and 2v high, 80 or 90, so probably Low albite, perhaps up to Sodie 
Oligoclase, supported by occurrence of albite twins in some crystals. 

Large albite-pericline twinned crystals look more like albite or sodle oligoclase. 2v is between 60-80, and RI is low, fast just belm ... · 
medium I Slow about the same, so probably Albite. Maybe fine grained mosaic k-spar appears to be replacing large albite crystaJs t and some 
large crystals are have faint blebs of low RI material, so may be slightly anti~perthitic, 

Quartz is not present, or trace only. Proportions probably: Large Albite 30%, Groundmass albite 40%, Trace K-spar (5-10%) plus 
Biotite 8% and Amphibole 5%, others trace to 1%. 

Field Number I Formation: 

SCHZB-SCH2B' Paleozoic Basement 

Utm East Utm North Q: A: P: F: Subtotal: 

i 660592 4842154 25 5 60 0 90 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

5 1 4 

Other components: Others: Total: 

100 

Final Uockname 

Contact metamorphosed high greenschist facies or low amphibolite facies amphibolitic gneiss country rock and Tonalitic 
granitoid lit par lit injection layers, both recrystallised and metamorphosed by the Batholith. 

Microscopic textures (SCH2B-SCH2B'): 
Sample SCH2B - Felsic band sample: Heterogranular quartz/feldspar/biotite/amphibole rock with large rounded feldspar crystals, in 

matrix of mosaic and feldspar and poorly shape orientated sparse amphiboles and micas, sometlrues in poor rosette patterns. 
Amphibole yellow-green pleochroic, stubby, prismatic erystals J probably hornblende group. Segregation layering is present. as 

felsic material and and ampihiboles are separated as gneissic schistosity. 
Feldspars are low UI I anhedral or subhedral with occasional albite twinning. Low delta has Beta well below slow quartz and 

moderately below fast quartz, So sodie plagioclase below about An 20) and low delta grain epoxy is slightly below it, so probably 
Albite, or very Sadie Oligodase. 2Vs are 80-90 for albite twinned grains. Some plagioclase is myrmekitic, with quartz rods present. Maybe 
trace to 5% K~spar, 

20-25% quartz. 60% Plagioclase feldspar, 5% Amphibole, 4-5%Biotite. Unlike the mafic bands, this rock has no apparent Lattice pref. 
Orientation in the quartz and feldspars. It appears well recrystal1ised, with a heterogranular mosaic texture. The large feldspars may indicate 
that it has been a granitic injection layer, which has since been thermally metamorphosed and recrystallised. 

Sample SCH2B' - Mafic band sample: Heterogranular mosaic of dark green amphibole, feldspar and biotite, with common fine graine 
opaques and trace apatite. Amphibole has moderate shape preferred orientation, while feldspar has a poor lattice preferred orientation. 
Biotite also has preferred orientation. All parallel to banding in sample. Vein feldspar at about 5-10 degrees angle to the materix 
shape orientation has the same lattice orientation, although vein biotite has an orientation more in keeping with growth as fringes on vein 
margin. 

Amphibole is anhedral, with moderate SPO of elongated crystals. Mid to dark olive green, moderately pleochroic. Many larger crystals 
have internal core with many opaque inclusions, while small crystals or those grown in vein areas iack these inclusions, and crystals with 
inclusions have an outer inclusion free zone. Green actinolite or hornblende. 

Feldspar is subhedral or anhedral mosaics, sometimes albite or crosshatch twinned. Albite twinned crystals have fast just below epoxy} 
slow just the same or equal. Looks like Albite or Sodic Oligoclase. 2v large. 

About GO to 65% Amphibole, 30% feldspar, 3-5% biotite. 
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A.2 Ibanez Formation 

A.2.1 Silicic Pyroclastic Rocks 

I Field Number Formation: 

F9M • IMnez tuff/lg 
. 

I Utm East Utm North 

I 

OF: RF: 

I 
V: Subtotal: 

288074 4868214 23 7 70 100 

Pinal Rockname 

Welded rhyolitic Ignimbrite. 

Microscopic textures (F9M): 
Three similar sections l displaying vitroclastic and eutaxitic textures, 2~15% crystal and lithic contents, and similar alteration minerals, 

Middle and top appear mOre altered than the base. 
Quartz: SubO.2 to 3-4rnm, 5%1 rounded. embayed or fractured bipyramids. 
Feldspars are SuhO.4 to 2mm, 15%~ish. subhedral-to anhedral Or fract,ured. Sodic plagioclase} maybe sanidine or anorthoclase. Commonly 

sericitised/replaced by calcite. K-Spar present is probably sanidine, low 2v, ?replaced by calcite in many cases. Plagioclase is Albite or 
Oligoclase. Often sericitised. 

Biotite: Trace-3%t up to 2mm, now altered to pseudomorphs of hemat,ite, calcite, muscovite and leucoxene. 
Lithic. are angular, small (up to 6mm) altered/silicified felsitlc rhyolite, spherulitic rhyolite, de.citic rock fragments, etc. 5-7% 
Groundmass: About 70% of rock, Flattened and welded shards, replaced by calcite/sericite/muscovite, visible in cherty-felsitk devitrified 

ash matrix. Also hematite staining, and fine magnetite/ilmenite, altered to hematite and leucoxene. Pumice clasts flattened and attenuated, 
altered to sericite/ calcite/hematite?zeolite. 

Other minerals: Calcite, as replacement of shards and plagioclase. Leucoxene and hematite as alteration of mag/ilmenite and biotite. 
Maybe trace epidote. Chlorite ?trace, in ground mass as alteration product. 

Field Number Formation: 

CP67 Ibanez tuff/Ig 

Utln East Utm North OF: RF: V; Subtotal: 

275339 4870746 24 12 64 100 

Final Rockname 

Thickly bedded, moderately sorted coarse ashy viteic tuffs. Slightly thermally recrystallised/baked. 

Microscopic textures (CP67): 
Baked or oxidised tuff, with common fine disseminated red hematite staining in reflected light, together with opaque patches of hematite 

and leucoxene as alteration of opaques and mafic lithic fragments. 
Rock is moderately sorted coarse ash crystal and rock fragments, with occasIonal crystal, rock and pumice fragments up to 5-6mm, but 

most between 0.5 and 2mm, 
Crystal fragments: 10% broken subhedral rounded beta-quartz fragments, between 0.1 and 

partly sericitised sodic plagioclase, broken subhedral fragments, simHar size range to quartz, Also 
size range to quartz fragments, and occasionally perthitic with exsolved plagioclase patches. 

most about 0.-O.3mm. 8% altered and 
low 2v (20-40) Sanidine?, also similar 

Lithic fragments are angular to sub rounded l-lOmm oxidised pilotaxitic andesitoids, with partial to complete replacement by hematite 
opaques. Again, most areO.5-2mm grain sizes, with occasional larger clasts. About 12%. 

Pumice fragments are visible in ppl as irregular wispy fragments, with some vesicular texture visible t and recrystallised to felsitic or 
quartz mosaic in about 25%l lmm to 3-4mm. 

All coarse material an.d pumice/lithic fragments are matrix supported in fine grained devitrified felstitic matrix, about 41% of rock. 

I Field Number Formation: 

FllM' Ib!tnez tuff /Ig 

I 
Uim East Utm North OF: RF: V: 

288173 4869185 40 5 55 

Final Rockname 

Welded rhyolitic ignimbrite. 

Microscopic textures (FUM): 
More and lithic rich thin section than basal sample. 
Quartz fractured and rounded/embayed bipyrarnids t up to 3mm, about 15%, 
Feldspars are almost all completely sericitised or replaced by calcite. 25%. 

Subtotal: 

100 

Biotit,e occurs as euhedral broken cleavage fragments and 'booklets', generally altered to lnuscovite in optical continuity with the original 
biotite and opaque leucoxene OCCurS along cleavage plains. (Trace to 1%) 

Groundmass ( 55%) is still devitrHied to felsitic material, shard textures are less preserved than in the basal sample. Larger shards are 
replaced by quartz/feldspar Or by sericitic muscovite. Common secondary patches of calcite, more red hematite stained patches t and Borne 
patches of quite strongly recrystallised material to quartz-feldspar mosaic. Greater destruction of shard textures may indicate more welding. 

Pumices are still sparse l well fiatt,ened Hamme. altered to mix of calcite and sericite. seldom more than 5mm long. Some have devitrified 
to spherulitic textures, but are now replaced partly by sericite and calcite. 

Lithic fragments are present as oxidised dark red or opaque intermediate volcanic rockfragments, larger than basal sample, with one 
lOx15mm lithic of oxidised andesitoid, and some quartz/feldspar mosaic recrystallised rhyolitoid. (1-5%.) 
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Field Number Formation: 

FllB • Ibanez tuff/Ig 

Utrn East Utm North OF; HF; 

I 
V; Subtotal: 

288173 4869185 37 1 62 100 

Fina.l Hockname 

Welded rhyolitic ignimbrite. 

Microscopic textures (FllB): 
Quartz, Feldspar, altered biotite and lithics in vitroclastic altered groundmass, shards devitrified but texture preserved. Calcite as 

alteration) plus ?rnuscovlte. 
Quartz is fractured and rounded/embayed bipyrarnids, up to 3mm) about 20%. 
Feldspars: 10-15%, up to 1.5mm. Rounded subhedral or fractured. Sodie plagioclase and ?Sanidine K~8par. Plagioclase is often sericitised 

or replaced by calcite. 
Biotite occurs as euhedral broken cleavage fragments and 'booklets\ generally altered to red and orange semi opaque iron oxides, leucoxene 

and some muscovite, 2%. 
Groundmass is about 62% of 

size variations in the felsitic Inaterial. 
calcite. 

partially or wholly devitrified to felsitic Inat"erial, but shard textures are still well preserved by grain 
shards are replaced by quartz/feldspar or by serlcitic muscovite. Common secondary patches of 

Some very fine opaques. Shard wrap· around textures with phenocrysts are visible. Trace TBJpidote. Pumices are sparse, well flattened 
fiamme) altered to mix oC calcite and sericite, seldom more than omm long. 

Other minerals: Leucoxene as opaqe, and aiteration of biotite. Calcite as void filling, and replacement of feldspars, £lamme. 
Lithic fragments are present as oxidised dark red or opaque intermediate volcanic rockfragments, fromO.5-3-mm, (up to 5cm in hand 

spec) angular, about 1%. Some are rhyolitoid. 

I 
Field Number Formation: ! 

F9T • Ibanez tuff/Ig 

Utm East Utm North OF: HF: V: Subtotal; 

288074 4868214 23 7 70 100 

Final Rocknatue 

Welded rhyolitic Ignimbrite. 

Microscopic textures (F9T): 
Three similar sections, displaying vitroclastic and eutaxitic textures, 2-15% crystal and lithic contents, and similar alteration minerals. 

Middle and top appear more altered than the base. 
Quartzl SubO.2 to 3-4mm, 5%, rounded, embayed or fractured bipyrarnids. 
Feldspars are SubO.4 to 2mm, 15%-ish. subhedral to euhedral or fractured. Sodic plagioclase, maybe sanidine or anorthoclase. Commonly 

sericitised/replaced by calcite. K-Spar present is probably sanidine, low 2v, ?l'eplaced by calche in many cases. Plagioclase is Albite or 
Oligoclase. Often sericitised. 

Biotite: Trace-l %t up to 2mm. now altered to pseudomorphs of hematite, calcite, muscovite and leucoxene. 
Muscovite occurs as alteration product of biotite, Trace-2% 
Lithics are angular, small (up to 6mm) altered/silicified felsitic rhyolite, spheruHtic rhyolite, dacitic rock fragments) etc. 5-7% 
Groundmass~ About 70% of rock t Battened and welded shards, replaced by calcite/sericite/muscovite, visible in cherty-felsitic devitrified 

ash matrix. Also hematite staining, and fine magnetite/ilmenite, altered to hematite and leucoxene. Pumice clasts flattened and attenuated, 
altered to sericite/calcite/hematite?zeolite. 

Other minerals: Calcite, as replacement of shards and plagioclase. Leucoxene and hematite as alteration of magnetite/ilmenite and 
biotite. Maybe trace epidote. Chlorite 7trace} in groundmass as alteration product. 

F'ield Number Formation: 

F9B * Ibanez tuff/lg 

Utm East 

I 
Utm North OF; HF: V; Subtotal; 

288074 4868214 23 7 70 100 

Final Rockname 

Welded rhyolitic I 

Microscopic textures (F9B): 
Three sim.i1ar sections, displaying vitroclastic and eutaxitic textures, 2-15% crystal and lithic contents, and similar alteration minerals, 

Middle and top appear more altered than the base. 
Quartz! SubO.2 to 3-4mm, 5%. rounded, embayed OT' fractured bipyramids. 
Feldspars are SubO.4 to 15%~ish. subhedral-to euhedral or fractured. Sadie plagioclase, maybe sanidine or anorthoclase. Commonly 

sericitised/replaced by calcite. present is probably sanidine, low 2v, ?replaced by calcite in Inany cases. Plagioclase is Albite or 
Oligoclase. Often sericitised. 

Biotite: Trace-l %, up to 2mm, now altered to pseudomorphs of hematite, calcite, muscovite and leucoxene. 
Muscovite occurs as alteration product of biotite, Trace-2% 
Lithics are angular j small (up to 6mm) altered/silicified felsitic rhyolite, spherulitic rhyolite, dacitic rock etc. 5-7% 
Groundmass: About 70% of rock, flattened and welded shards, replaced by calclte/sericite/muscovite, visible cherty~felsitic devitrified 

ash matrix. Also hematite staining, and fine magnetite/ilmenite, altered to hematite and leucoxene. Pumice clasts flattened and attenuated, 
altered to sericite/calcite/hematite?zeolhe. 

Other minerals: Calcite, as replacement of shards and plagioclase. Leucoxene and hematite as alteration of magnetite/ilmenite and 
biotite. Maybe trace epidote. Chlorite ?trace, in groundmass as alteration product. 
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Field Number Formation: 

WI7 • Ibanez tuff/Ig I 

Utm East Utm North CF: RF: V: Subtotal: • 

277920 4863330 0 

Final Rocknanlc 

Silcified and mineralised rhyolitic tuff incorporated into fault breccia. 

Microscopic textures (WI7): 
Fine grained cherty brecciated tufT/tuffaceous sediment I with angular 1-10lum clasts of fine felsltic materiat~ recrystallised and devitrified) 

but with occasional remnant shard textures visible in some clasts, and alteration of calcite and fine blue-green disseminated chlorite. 
Secondary silicification has cemented clasts and void space with cherty quartz cenlEmt) and brown iron oxides are common as alteration 

of mafics and as dusty lining on clasts. 
Occasional clast of pilotaxitic andesitoid occurs, with sericite/calcite replaced feldspars and bright green interstitial chlorite alteration 

of feldspars, and secondary pyrite cubes. 

Field Number Formation: 

i 
CP86 Ibanez tuff/Ig 

Utm East Utm North C1-': RF: V: Subtotal: 

278950 4870020 7 40 53 100 

I Final Rockname 

Rhyolitic breccia or block and I1sh tuff. 

Microscopic textures (CP86): . 
This rock is fragmental, with crysta)s and".rock fragmeuts in a fine felsitic matrix. Crystals include sodie plagioclase, quartz, opaques 

altered to leucoxene, whpe rock fragments are of either spherulitic or felsitic rhyolitic material. 
Felspars are altered, to sericite, clay or calcite t partly rounded subhedral or fractured crystals, mostly less than 1.5mm. Ii'rom remnant 

twins. probably sodic plagioclase. 5%. 
Quartz is sparse as crystal material, occuring as some small, rounded and fractured bipyramids, 2%. 
Rock fragments are angular, to 5mm) composed of felsitic or recrystallised spherulitic rhyolite, now recrystallised to poikilomosaic 

quartz. Spherulite fragrnents are feathery sectors and fragments of spherulites! aud have clearly not grown in the rock they now 
occupy. Some have partly recrystallised poikilomosaic quartz, however. Rock fragments about :35~40%. 

Matrix is fine felsitic textured material, with some ?pumice) but mostly felsitic material and fine grained fractured and crushed crystal 
fragments, spherulite fragments, etc. Little or no evidence of shard textures or fiamme texture. Partly recrystallised in places to mosaic quartz 
in veins and cavities. Common goethite/leucoxene as opaques. About 53% of rock. 

Field Number Formation: 

F8B IbMiez tuff/Ig 

Utm East Utm North I CF: RF: V: Subtotal: 

287390 4869125 10 20 70 100 

Final Rockname 

Possible basal surge rhyolitic tuffs associated with Coulee Lava from Frontier Dome? 

Microscopic textures (F8B): 
Altered tuff, with quartz/feldspar/biotite crystals in a felsitic, de vitrified matrix. 
Quartz: 1~5% Subhedral-euhedral rounded bipyramids, up to 2mm, and irregular fragments, perhaps partly recrystallised/overgrown 

from matrix. 
5% or less, up to Smm, Subhedral fractured sodie plagioclase, seridtised. Maybe some ?perthitic or unmixed K~spar. 

Trace, occasional smallO.2mm toO.5mm biotite flake, green-brown pleochroic. Not too altered, some chloritised. 
Other minerals: Leucoxene and hematite opaques. Maybe some groundmass zeolite, but doubtful. 
Groundmassl Fine grained felsitic textured devitrified material with very faint vitroc1astic and pumice textures, also with patches. 

networks and seams of fine muscovite alteration. 
Lithics: Angular red-brown fraglnents of spherulitic rhyolite are common, generally Imm or less. Also 1 Jarge 5mm fragment of in~ 

termediate ?dacitoid trachytic textured fragment with well developed quartz grourrdmass poikilomozaically enclosing pilotaxitic feldspar 
microphenocrysts. Som€! small cherty felsic volcanic fragments. 

Devitrified ashy groundmas5 & pumices: 70%. Crystal Fragments: 10%. Lithic/rock Fragments: 20%. 

Field Number Formation: 

FllT • IbB.Jiez tuff/Ig 

Utm East 
I 

Utm North C1<': rtF, V: Subtotal: 

288173 4869185 51 3 46 100 

Final Rockname 

l Welded rhyolitic igpimh,;t 
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Microscopic textures (FllT): 
Sirnilar to middle sample, with much reddish hematite staining of groundrnass and pumices, More pUluice fiarnrnc, some of which 

are devitrified to spherulites and later COarse quart2i mosaic recrystallisation. Sericitisation very commOll, biotite altered to muscovite and 
leucoxene in same manner as middle samples. 

Quartz is fractured and rounded/embayed bipyra:rnids, 1-5mlu, about 20%. Larger crystals than base and m.iddle of this ignimbrite. 
Feldspars are still badly seric1tised or replaced by calcite. More crystal rich than m.iddle or base, with up to 30% feldspars. Crystals are 

broken and fractured euhedral sodie plagioclase 1 albite-carlsbad twinned, ML readings: 17, 71 8, 16.5. 20~ 7.5, 8.5, 20 degrees give An28%1 
Calcic Oligoclase. Some low RI carlsbad twinned crystals may be Sanidine. 

Biotite still occurs as euhedral broken cleavage fragments and 'booklets', altered to lTIuscovite in optical continuity with the original 
biotite and opaque leucoxene exsolved along cleavage plains. (Trace to 1%) 

Groundmass, about 46% of rock, is still devitrified to felsltic materialJ shard textures are less preserved than in the basal sample. Larger 
shards are replaced by quartz/feldspar or by seridtic muscovite. Common secondary patches of calcite, and red hematite stained patches, 
and some patches of quite strongly recrystallised Inaterial to quartz-feldspar mosaic. Greater destruction of shard textures may indicate more 
welding. Pumices slightly more common than lower about 10%j well flattened fiamme, up to 10mm long, devitrified to radial or 
elongate spherulites but are now replaced partly by sericite calcite. 

Lithic fragments are present as quartz/feldspar spherulitic rhyolitoids and devitrified tuff fragments~ up to 4mm in thin section, B%. 

Field Number Formation: 

PI55 Ibanez tuff/Ig 

Utm East 

I 
Utm N orih I CF: RF: 

I 
V: Subtotal: 

271050 4873700 62 30 8 100 

Final Rockname 

Liajc"~1 dericite cemented crystal and lithic tuff. 

Microscopic textures (PI55): 
Black to purple black~ pinch and swell bedded medium through to coarse sandy, moderately sorted sub-angular to angular volcaniclastic 

(feldspar and rock fragments) clast supported matrix poor sandstone. 
Clasts are altered and often replaced by calcite. Occasional flattened pumice fragments, but no pervasive vitro clastic texture. Clasts 

well imbricated. some evidence for solution seams parallel to imbrication/bedding orientation. 
'Clast population, looks ~bout 60% aericitised/calcite. replaced feldspar, 1-2% quartz fragments, 1-2% pumice fragments, 30% rock 

fragments and opaques, plus 3-6% caldte/zeolrte/sericit~ matrix: after ashy matrix? 

Field Number Formation: 

I L20", • Ibanez tuff/lg 

L:tm East 

I 
Utm Korth CF: RF: V: Subtotal: 

• 

280500 4859600 32 5 63 100 

Final Rockname ! 

Rhyolitic Ignimbrite. 
~. 

Microscopic textures (L20Q): 
Pumice and crystal rich rock l with large devitrified pumice fiamme, quartz, plagioclase, lithic fragments and biotite, in eutaxitic texture 

in devitrified matrjx of ash and fine crystal fragments. 
Rock is crystal rich, being about 25-35% quartz/feldspar/biotite crystals and crystal fragments. Pumice fiamrne are probably about 20%, 

and lithic fragments about 5%, with about 30-35% devitrified ashy matrix. Fiamme texture and remnant shard textures are well developed 
and partially flattened, but not with strong wrap-around textures, so welding not particularly advanced - sintered rather than strongly 
welded. 

Quartz is broken and embayed/rounded bipyramids, often with whisps of devitrified pumice. 10-15%) up to 5mm crystals. 
Plagioclase is euhedral and subhedral broken crystals, sometimes glomeroporphyritic crystals. Crystals are up to about 4mnlt 

8 ··9%. Patchy sericitisation and alteration of some cores to calcite or sericite is common. ML on twinned crystals: 9, 20.5} 6, 17.5. 8.5; 14.5, 
5, about An 29~30%! Calcic Oligoclase. K-spar is present in spherulites grown in dev1trified pumices, and low RI untwinned feldspar crystal 
fragments have 2v about 30, RI fast and slow, well below epoxy, probably sanidine. Sanidine crystal fragments: 1%. 

Biotite crystals are occasional cleavage flakes and booklets l oxidised and rimmed with semi-opaque hematite and in some cases slightly 
chloritised or green~brown pleochroic. Less than 1mtn size, about 1-2%. 

Lithic fragments are usually angular fragments of oxidised silicic volcanic rocks, stained with hematite and recrystallised into quartz 
mosaic over original felsitic texture. 1~2mm or less, 5% ish. 

Matrix is devitrified and oxide stained vitroclastic material, with common whisps of pumice, some up to 5cm 
spherulitic and felsitic textures l in SaIne places partly serlcitised or replaced with calcite. Shard textures and pumice 
but alteration and devitrification textures visible in cpl. 

Fjeld Number Formation: 

PI29 Ibanez tuff/lg 

Utm East Utm Korth CF; RF: V: Subtotal: 

273300 4871125 23 5 72 100 

Final Rockname 

Microscopic textures (PI29): 
Quartz: g/rnass to 5mm phenocrysts, 15%, Rounded, embayed and fractured, some euhedral bipyramids. 
Feldspar: Altered, murky, up to 2.5mm, 10% Plagjoclase MI,; 12.5, 12, 16.5, 16, 11,5.5, 16, so Albite or Oligoclase, RI suggests Albite. 

Sericitised. 
Biotite 3%, up to 2mm, green brown pleochroic, altering to Chlorite. 
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Other minerals: Calcite in g/mass, voids and feldspars, 'Trace zircon~ maybe some clays (unusual rnurky opaques. Magnetite! 
altel'ccl J trace opaque. 

Groundmass: about 70%f felsitic material; with well developed shard textures but recrystallised to felsitic and quartz mosaic material 
in cpl. Pumices arc flattened, extensively recrystalHsed into quartz, calcite. sericite. 

Lithics about 5%, Some large, (30mm hand spec.) rhyolitic tuffs. dacitic rock fragments with pilotaxltic feldspars and poikilomosaic 
quartz groundmass. 

Field Number Formation: 

PI300 Ibanez tuff jIg 

Utm East Utm North OF: 
i 

RF: V: 

273175 4871100 25 3 71 

Final Rockname 

Rhyolitic bedded tuff. 

Microscopic textures (PI30C): 
Quartz:0.4-4mm, 10%. Mostly fractured, subhedral, also rounded aud embayed. 
Feldspar:O.2-3mm, 10-15% Altered, Albite. Subhedral and euhedral crystals, up to 4mm. 

Subtotal: 

100 . 

I 

Other minerals: Calcite, as alteration of feldspars and as void-fill/replacement of groundrnass. Apatite as inclusions within biotite, 
Zircon (with haloes,) in biotite. Biotite Trace to 1%,0.2 to hum, Green~brown pleochroic, altering to chlorite. Magnetite as opaque} trace. 

Groundmass about 60%, recrystallised felsitic material with ghost shard textures visible in pp1. Shards in Cpl are quart?l~feldspar Jnozaic. 
Pumices are about 10-11%, altered to felsitic material, and calcite, sericite. 

Lithic fragments are about 1-3%, spherulitic rhyolite, and pilotaxitic to poikilomosaic recrystallised dacite, 

I 
Field Kumber Formation: 

PI33 Ibanez tuff jIg 

Utm ~;ast Utm North OF: RF: V: Subtotal: 

273000 4871180 23 3 74 100 

Final Rockname 

Rhyolitic tuff 

Microscopic textures (PI33): 
Quartz:O.5 to 5mm, 10%. Anhedral shattered grains, to embayed, euhedral bipyramids. Some grains have cherty overgrowths and 

overgrown dust rims. 
Feldspar: 12% Altered, murky oligoclase/albite. Plagioclase within relic pumices is often glolneroporphyritic, euhedral or skeletal. 

Al tered to sericite. 
Other nl1nerals: Secondary Calcite,in some pumice fiamme 1 and as alteration of feldspar. Also sericitic alteration of feldspar, Maybe 1% 

Biotite pseudomorphed by opaque Fe-oxides. ~1aybe also trace amphibole, pseudomorphed by opaque alteration products. 
No obvious lithic fraglnents in thin section, 1-3% small '2mm or less altered mauve Uthics in hand specimen. 
Groundmass about 70-74%, Recrystallised felsitic TIlaterial, with ghosts of glass shards visible in ppl, showing some wrap-around tex

tures on crystals. Occasional microphenocrysts of feldspar, muscovite, opaques visible. Becke lines indicate mUltiple minerals l probably 
Quartz/feldspar in felsitic materiaL Felsitic Quartz/Feldspar in pumice relics is coarser than in the groundmass, but feldspars are still altered. 
Pumice fragments, trace. Uniformly granular recrystallised patches with ragged edges and euhedral crystals held within. 

I Field Number Formation: 

PI34B Ibauez tuff jIg 

Utm East Utm North OF: RF: V: I Subtotal: 

272918 4871350 
I 

15 30 I 55 100 

Final Rocknarne 

Rhyolitic Ignimbrite. 

Microscopic textures (PI34B): 
Quartz: Sub 1.5mln, 1-5% 
Feldspars are about 10%, Albitised Plagioclase and K-spar. K-spar is Sanidine, 2v small. RI strongly below epoxy. Plagioclase is Albite. 

(RI fast and s10w slightly below epoxy), altered, scricitised, some replacement by calcite. 
Other minerals: CalcHe replacing feldspars, some reddish hematite. Possibly murky clays in the feldspars. Chlorite common as alteration 

product of mafics and in G/mass. 
Groundmass is about 55%. Fine grained felsitic groundmass with occasional coarser patches of felsitic material and muscovite perhaps 

representing altered pumice £lamme. 
Lithics: Sub 5mm to lOrnm, 25-30%, altered rhyolitic, dacitic, mafic volcanics, S01ne cherty metamorphic quartzite, 

I 
Field Number Formation: I 

PI35A Ibanez tuff jIg 

Utm !Dast Utm North OF: RF: V: 

I 
Subtotal: ! 

272275 4871750 16 5 79 100 
• 

Final Rockname I 

Rhyolitic Ignimbrite. 
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Microscopic textures (PI36A): 
Quartz: Trace-l % as phenocrysts! but COmmon in Gl'ounclrnass. 
Feldspars: Sanidinc, Untwinned or Carlsbad twinned, RI below medium, 2v sIllall.?5% Plagioclase: Approx 10% Plag. :r..1L: 17.5,16,14,9.5,8,2.5,5 

sa Albite or 011goc1ase An 23~4. Some synneusis twins present. Fast and slow RI below medium I so Probably Albite or Albitised. 
Other minerals: Trace I<Jpidote, Calcite as cavity infiU, some Fe Oxide staining. Biotite, ?Trace, nOw altered. Muscovite, as sericitic 

alteration, in some rock fragments and in groundmass. Trace chlorite in groundmass, also present as alteration product of ?Biotite. 
Groundmass: 79% of rock, devitrified, fine feishie texture with ghost glass shards visible in PPL, but recrystallised to coarse felsitic 

material in CPL. Plus fine opaques. Coarse felsitic textured patches may define relic de vitrified and rexllised pumices. 
Lithics, about 5%1 Rock fragments are felsitic and 5pherulitic rhyolites, pilotaxitic or poikilomosaic recrystallised dacitic volcanic frag

ments, quartzite, and spherulitlc devitrified obsidian with microlites. 

Field Number Form.ation: 

PI43T • Ibanez tuff jIg 

Utm East Utm North OF: RF: V: Subtotal: 

271625 4871575 36 5 59 100 

Final Rockname 

Rhyolitic Ignimbrite 

Microscopic textures (PI43T): 
Quartz: up to 2mm, 10%, rounded, embayed and fractured. 
Feldspars about 25%. some Sanidine, up to 2mm, 10%, and sodic plagioclase I sericitised, about 15%. 
Biotite: 1 %, green~brownJ very altered and changing to chlorite. 
Other minerals: Trace Epidote, granular and radial patches or sprays. Magnetite, Trace, as sub lmIn crystals or in groundmass. 
Groundmass: Approx 3g%. Detrital, recrystallised glass shards, devitrified to feIsitic material, and chlorite, opaques. Also Pumice, 

2-8mm., 15-20%. Recrystallised into coarse felsitic texture. 
Lith1cs: Up to 10 mm, 5%. Fragments of ignimbrite , andesitoid, ?schist. 

Field Number Formation: 

PI43B * IbMiez tuff jig 

Utm East Utm North OF: RF: V: Subtotal: 

271625 4871575 15 5 80 100 

Final Rockname 

Rhyolitic Ignimbrite 

Microscopic textures (pr43B): 
Crystal and lithic poor tuff, with sparse crystals of quartz) sodie pJagiocJase and altered biotite, and occasional schist lithic fragments. 
Quartz is subhedral broken and embayed beta quartz bipyramids, ranging from subO.lmm groundnlass fragments up to 3~4mm rounded 

and embayed subhedral bipyramids. About 5-6%, sometirnes in clusters along fiRnlIne-fabrlc/bedding imbrication of rock. 
Feldspar is altered, sericitised sodic plagioclase, albite carlsbad twinned subhedral and fractured crystals, up to 2-3mm, about 8%. Fast 

and slow RI well below epoxy, so Albite plagioclase. 
Biotite occurs as sparse cleavage flakes or booklets, and is altered to greenish chlorite or Inuscovite/chlorite mix with exsolved leucoxene 

along cleavage planes. Up to trace to 1 %. " 
Lithic fragments are sparse, or less, angular pilotaxitic or porphyritic andcsitoid to dacitoid volcanic rocks, sometimes with quartz 

mosaic poikilornosaic groundmass! oxidised and hematite stained. Also fragments of vitro clastic welded tuff and rounded fragments of green 
schist facies chlorite and muscovite schist (quartz/albite/chlorite or quartz/albite/muscovite). 1-6mm in range, avg 2mm or less. 

Groundmass is 80% of the rock t about 5% seric1te and calcite replacing pumice fragnlents, and otherwise fine grained felsitic textured 
devitrified ash! with ghost shard textures visible in ppl. Patches of sericite, pale to moderate green chlorite and calcite occur as occas1onal 
alteration or void filling. 

Field Number Formation: 

PI436 IbMiez tuff/Ig 

Utm East Utm North OF: RF: V: Subtotal: 

271625 4871575 51 1 48 100 

Final Rockname 

Blue indurated thinly bedded sorted medium to very coarse sandy Quartz/feldspar Crystal Tuffs/tuffaceous sandstones. 

Microscopic textures (PI438): 
Moderately sorted, anhedral to subhedral angular quartz, feldspar, minor biotite) clast supported, with sparse matrix of felsitic materlal , 

some recrystallised quartz, calcite void filling. 
Quartz~ Large, up to 3mm, 30%. Mostly rounded and embayed, fractured bipyramids 1 sonle also as fine euhedral diagenetic? Growth in 

ground mass and as rims. 
Feldspars:0.2-311lffi, 20%, mostly Albite Or Oligoclase, Altered. 
Other mineralsi Biotite! Trace to 1 %, up to 2mm. Green pleochroic, ?altering to serpentine/chlorite, with exsolution of opaqes along 

cleavage, perhaps leucoxene. 
Groundmass: Matrix Approx 45-48%. Rock is matrix poor, with IIlOst grains clast supported. Some void space filled with calcite, 

otherwise matrix is fine grained felsitic material, occasional leucoxene opaque 1 and fine platy /serlcitic crystals of ?muscovite. 
Lithics: 1% or trace only. Quartzite fragments, Or quartzvein fragments, with mozaic texture remeniscent of quartz ribbons. Some have 

epidote. 
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Field Number Formation: 

PI43-y Ibanez tuff/lg 

Utm East Utm North CF: I RF: 
V; Subtotal: 

271625 4871575 0 

Final Rockname 

Mauve} crystal rich, poorly sorted, matrix supported rhyolitic tuffaceous medium to coarse sandstone 

Microscopic textures (PI43/): 
Quartz:i5%. up to Brnm. Subhedral, embayed, rounded and fractured fragrnents of Beta Quartz bipyramids. 
~'eldBpar: 20%,0.2-2mm. Mostly Albite, or Albitised, murky alteration, perhaps clay/sericite. Subhedral and fractured. 
Biotite 1-5%, up toO.8rnm, green-pleochroic, altering and exolving leucoxene opaques along cleavage planes. Also altering to ?hematite, 

and perhaps to chlorite/mu3covite/leucoxene mix. 
Other minerals: Calcite I replacing feldspars and as void-fill. Dorninant opaque in matrix is leucoxene. Trace Epidote as alteration of 

Feldspars. 
Groundmass: 50-55% Fine felsitic material, with coarser patches of Quartz-feldspar pseudomorphing glass shards. Remnant vitroc1astic 

and cutaxitic textures occasionally visible. Patches of Calcite~ Hematite occur. Also felsitic altered and partly crushed pumices. Pumices 
contain ghost vesicle texture, and fine plates of muscovite. 

Lithics: Trace. Cherty altered rhyolitic fragments occur. 

Field Number Formation; 

PI43M· Ibanez tuff/Ig 

Utm East Utm North CF: RF: V: Subtotal: I 

271625 4871575 36 15 49 100 

Final Rocknarne 

Rhyolitic Ignimbrite. 

Microscopic textures (PI43M): 
Crystal and lithic rich tuff, with quartz, sodic plagioclase and schist lithic fragments in a matrix of partly sericite/chlorite replaced 

relsitic devitrified ash/glass shards. 
Quartz: 15%, 5mm max, embayed, fractured bipyramids. 
Feldspar: About 20%, albite and carlsbad twinned, moderate to large 2v, RI well below epoxy. Crystals are up to 3mm, subhedral and 

fractured, partly sericitised. Mostly Albite-carlsbad twinned high albite, perhaps some sanidine. 
Biotite: l%J altered, green-brown pleochroism. Chlorite present as alteration product of biotite, and in cavity infill. 
Groundmass: 45~49% felsitic material with common secondary sericite, chlorite I with ghost impressions of recrystallised glass shards. 

Secondary calcite as cavity innll and alteration. 
Lithics~ 15%, Dominant lithics are quartz>albite> muscovite xenoliths} presumably underlying country rock. Also Chlorite> Muscovite>Quartz>Felds 

greenschists and quartzite fragments. Some andesitoid rock fragments also. 

! Field Number I Formation: 

: L20' Ibanez tuff/lg 

Utm East Utm North CF: RF: V: Subtotal; 

280561 4859650 40 3 57 100 

Fin"l Rockname 

Welded and devitrified rhyolitic '5H'H'VU"~. 
i 

Microscopic textures (L20): 
Similar ignimbrite to L20o:, but with luarkedly less pumice j and more devitrified groundmass. Biotite 1s less altered~ but feldspars are 

more altered. clayey and aericitic. 
Rock is less crystal rich, about 30% quartz/feldspar/biotite crystals and crystal fragments. Pumice fiamUle are less common than the 

upper sample (20 <x), only 5-10% or less, while lithic fragments are at the same level, about 5-10%, with about 40-50% devitrlfied ashy 
matrix. Fia.rnme texture and renlnant shard textures are less well developed and flattened, with stronger wrap-around textures, and OlDre 
advanced/pervasive devitrlfication and recrystallisation, perhaps suggesting stronger welding to glass that then devitrified. 

Quartz is broken and embayed/rounded bipyramids t up to 5mm crystals, about 5-10%. 
Feldspars are euhedral and subhedral broken crystals, sometimes broken glomeroporphyritic crystals. Crystals are up to about 4mm, 

20%. Most are sericitised, and it is not feasible to identify plagioclase from crystalline angles. Most plagioclase remnants have RI suggestive 
of Albite or albitised. 

K-spar occurs as low RI untwinned feldspar crystal fragments may also be k-sparl 5% or less. Also, as with L20Ck, K~spar is present in 
spherulites grown in devitrified pumices. 

Biotite crystals are occasional cleavage flakes and booklets, 1.5mm max sizet about 5%. Less altered than L20a:, but some grains are 
still altered to hematite. Biotite is red-brown. 

Lithic fragments are less common, but similar types to L20o:, angular fragments of oxidised silicic volcanic rocks, stained with hematite 
and recrystallised into quartz mosaic Over original felsitic texture. Also occasional granophyric quartz/feldspar intcrgrowth fragment. 1-2mm 
or 3%. 

is about 57%, devitrified and oxide stained vitro clastic material, less pumices than L20o:, devitrified to spherulitic, felsitic and 
patchy incipient poikilomosaic quartz textures. Shard textures and pumice textures just visible in ppl, but alteration and devitrHication 
textures visible in cpl. 'rhis rock has a InOre devitrified groundnlass, with better wrap around textures and more pervasive devitrHlcation, 
perhaps indicative of greater welding. Not surprising due to its location in the columnar zone of the ignimbrite. 



Appendix 251 

Field Number Formation: 

PIS1 Ibanez tuff/lg 

Utm East Utm North OF: RF: V: Subtotal: 

270468 4873521 32 10 58 100 

Final Rocknarne 

Rhyolitic Tuff. 

Microscopic textures (PI51): 
Crystal fragments, rock fragments and pum.ices matrix supported in fine felsitic devitrified ash. 
Quartz: 15%,O.2-2mm, mostly subhedra11 embayed or rounded grains. Often fractured. Also present in coarser devitrified shards in 

groundmass. 
Feldspars: 15%. Up to 2rnm, SUbhedral, fractured grains. Sodie Plagioclase and K-spar (Sanidine). Often altered, replaced with 

calcite/sericite mix. About 10% plag, 4-5% Sauldin •. 
Plagioclase with Oombined Ab-O twins give either An5% or An30%. R! is below glue, so probably An5% ish, so Albite or albitised. 

Some plagioclase has patchy repiacment or exsolution of K-spar along cleavage planes and fractures, also K-spar outer rims occur, 
Biotite is about 1 % to trace. Altered (usually to chlorite/leuxcoxene/muscovite). vVas probably green-brown. Also muscovite, trace, as 

sericitic alteration of feldspars and as alteration of biotite. Also present as fine plates in groundmass. Chlorite trace, as alteration of biotite, 
and as patches within g/mass aud pumices. 

Other minerals: Leucoxene as common opaque. Possibly minor epidote. Also patches of reddish semi opaque ?hematite. Calcite as 
replacement <;If feldspars and as patches in groundmass. Opaques up to 1% 

Groundmass: Devitrified fine felsitic leucoxene hematitic iron staining, with networks and clots of muscovite plates, 
chlorite, and ghosted vitrocIastic texture in some Glass mainly replaced by quartz/feldspar mozaic, quartz dOIllinant. Partially 
crushed pumices are devitrified, ragged terminations, also strongly sericitised to fine platy muscovite with some chlorite. 

Lithics about 10%, including rhyolitoids, coarsely crystalliue Quartz/albite/muscovite/chlorite schists, intermediate pilotaxitic volcanics, 
ofteu oxidised red with hematite common. Most 5mm or less. 

Field Number I ~:;:::tion: 
PI6lA z tuff/!g 

Utm East Utm North OF: RF: V: Subtotal: 

271430 4873285 24 I 1 75 100 

Final Rockname 

Rhyolitic tuff. 

Microscopic textures (PI61A): 
Quartz/Feldspar/Biotite/lithics and pumice are matrix supported in matrix of devitrlfied but classic v!troclastic material. 
Quartz: 10%,O.25-3mm. Large, rounded subhedral grains, embayments and fractures common. Rounded, euhedral embayed grains occur 

within pumices l and also occurs as fine, cherty mosaics iu devitrified pumice and groundmass. 
Feldspars: 10%, 0.25-1.5mm. Altered, fractured subhedral crystals, probably dominated by Sodie Plag, Plagioclase 7% 0.25-1.5mm 

Subhedral and occasioual euhedral grains. Some sericitic alteratiou. RI indicates Albite. Kspar, 3%, rounded or broken subhedral crystals, 
less altered than albite, moderate 2v (40 ish)1 some carlsbad twinning. Probably Sanidine. 

Biotite common, 3-4%, altered to opaque hematite and leucoxene with some muscovite. Euhedral booklets and cleavage flakes, O.2~lmm. 
Trace Calcite. Hematite and leucoxene as opaques in g/mass and in altered biotites. 
Groundmass: 50-60% Devitrified cuspate gla.ss shards in fine brownish devitrified groundmass. Some traces of sericitic mica) glass shards 

devitrified to G...uartz/feldspar mozaic, with anhedral quartz, some euhedral feldspar ter.rniuations, perhaps some zeolites too. 
Pumices 15% flattened, devitrified J ragged terminations. Devitrifed into quartz/feld/sericite mozaic) also some calcite patches. Contain 

euhedral rounded and embayed quartz, plus biotite ps/morphs and albite phenocrysts. 
Lithics are Trace-l %, rounded fragmeuts of felsitic rhyolite and intermediate andesitoid. 

I 
Field Number Formation; 

F23 • Ibanez tuff/Ig 

I 

Utm East Utrn North I OF: RF: V: Subtotal: 

281770 4869250 25 5 10 100 

Final Rockname 

Welded rhyolitic ignimbrite. 

Microscopic textures (F23): 
Ignimbrite with crystal phases of Quartz, Plagioclase] altered biotite, opaques aud ground mass of recrystallised vitroclastic texture and 

crystal/pumice fragments. 
Quartz is broken and rounded/embayed bipyramids, about 12%. 
Feldspar crystals arc euhedral to subhedral fractured crystals I slightly altered with murky brown patches and some sericite. Jvlost are 

so die plagioclase I with albite-carlsbad twinning. Section A gives! 14 degrees, An% close to zero, so Albite. RI fast and slow well below epoxy 
supports this. Some low RI untwinned or carlsbad only twinned crystals have 2v low, about 20, so some Sanidine present. Total feldspars 
12%, about 9% albite, 3% sanidine. 

Biotite is altered to nluscovite, opaque white leucoxene and hematite Trace to 1%. 
Lithic fragments are rare) with the occasional 2-3mm angular to rounded fragment of rhyolitic tuff or oxidlsed andesitoid. 2~··5%. 
Groundmass is about 70% of rock, recrystalIised to felsitic texture, or some quartz/zeolite formation in groundrnass. Shard textures 

sometimes plastically defor:riu,:d, but not strongly welded. Pumice fiamme, about 20% of groundmass , are altered to sericitic material plus or 
minus chlorite, and have remnants of recrystallisation spherulites. 
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Field Number Formation: 

Pl64 IbAnez tuff/lg 

Utm East Utm North CF: RF: V: Subtotal: 

272570 4873165 22 18 60 100 

Final Rockname 

Lithic Tuff with granule and small pebble size lithics. 

Microscopic textures (PI64): 
Crystals and lithics are matrix supported in felsitic devitrified ash and flattened pumice fiamme. There is some evidence for ?dissolutions 

seams. 
Quartz: O.2-2mm. 7% Subhedral, rounded, embayed or fractured. Also present as fine mozaic with sericitic mica and feldspars in 

devitrified pumice flam me. 
Feldspars; O,2-3mm. 10-15% Mostly appear to be sodie plagioclase and some K~spar, with some High sauidin€' in alkaline volcanic 

lithics. Plagioclase has Rt fast & slow below medium, so Albite or Albitised. (Fast. well below medium) slow just below.) Some sericitisation. 
Other minerals: ?Trace Epidote. Calcite cOmmon as replacement of Feldspars with sericite and ?Epldote. Also chlorite alteration. 
Groundmass: 50% F'elsitic material with rare preserved glass shards. Common fine grained sericitic utica and chlorite as patches, veins 

and networks. Fine equigranular leucoxene occurs, as does some ironstaining around crystal rims and opaques. 10% Large 1-30mm, devitrifed 
and flattened lensoldal pumices, often sedcitised with small mica flakes. 

Lithics: 18% 1-tOmm Lithic fragments include oxidised plagiophyric andesitoids, and porphyritic dacitic and rhyolitic fragments with 
felstic and poikHomosaic quartz/feldspar recrystallised groundmass. Some of the andesitoids are blebby, rounded and may be cognate magmatjc 
blebs from a bimodal eruption. 

Field Number Forluation: I 
GAlOa IbAnez tuff/Ig 

Utm East Utm North CF: RF: V: Subtotal: 

287300 4871750 3 7 85 95 

Other components: Others: Total: 

Calcite/sericite 5 100 

Final Rockname 

Rhyolitic pumice flow tuff/surge tuff. 

Microscopic textures (GAlOC): 
Pumice flow tuff, with 3 to 20mUl pumice clasts, clast supported, with occasional clasts of spherulitic rhyolite and minor interstitial 

matrix of sub 2mm pumice fragments, quartz: and feldspar crystal fragments j broken spherulites and secondary void filling of quartz, red/brown 
semi opaque hematite and calcite or sericite. 

Pumice clasts make up 75% of this rock, and are partly crushed vesicular pumices with vesic1ular textures and whispy terminations visible 
in ppl, but under cross polarised light are recrystallised to fine grained felsitic texture with some fine grained chlorite and sericite alteration 
and SOme calcite patches. Clasts are porphyritic with occasional 1-3mm bipyramidal beta quartz pseUdomorphs, often slightly rounded or 
ernbayed, about 3%, also 2% euhedral sericite/calcite replaced sodic plagioclase, and 1-2% red-brown biotite. 

Sparse matrix is comprised of smaller pumice fragments, spherulitic rhyolite clasts (very similar to F22, GAI1C rhyolite) and broken 
quartz, sodic plagioclase and occasional biotite. Also euheral quartz needles, sericite and calcite as void filling t and many pumice clasts appear 
rimmed with brown hematite staining (possibly vapour phase alteration), 

Vitrie Pumice clasts: 75%, Matrix pumice 10%, Matrix Crystal fragments: 3%, Rhyolitic rock fragments; 7%, Secondary quartz, calcite 
and sericite voidfilling: 5%. 

I Field Number Formation: 

WI9 • Ibanez tuff/lg 

Utm East Utm North CF: RF: V: I Subtotal: 

276970 4864220 12 I 1 87 100 

Final Rockname 

Rhyolitic Ignimbrite 

Microscopic textures (WI9): 
Ignimbrite with large (1---5mm) crystal fragments of quartz and so die plagioclase, occasional biotite and sparse oxidised andesitoici lithic 

fragments, with a patchy matrix of partially recrystallised vltroc1astic ashy matrix. 
Crystal fragments are about 10-12%, 6% large angular and broken beta quartz crystal fragments, rounded and embayed: 4-5% partially 

sericitised and murky altered subhedral sodic plagioclase, albite or albitised j also angular and broken: and trace to I % partially chloritised 
cleavage fragments of green-brown biotite. 

Lithic fragments are rare; about l%J although they may range from O.54mm. Fragments are angular or subangular silicic tuff rock 
fragments or pilotaxitic textured andesitic rock fragments with swallowtail plagioclase morphology. 

Groundmass is devitrlfied vitro clastic material, with patchy variation in the degree of destruction of the vitroc1astic texture. Some areas 
have near complete destruction and replacment by uniform felsitic material, with shard textures only present as ghosts in plain polarised light, 
while other areas have well preserved shard textures only partially replaced by felsitic material. Areas with well preserved shard textures show 
common fine disseminated hematite, which appears to have retarded the complete replacement of shards and allowed preservation of textures. 
Also common sericite) and individual shards may have irregular radial or edge perpendicular spherulitic and mosaic recrystallisation textures. 
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Field Number ~ Formation: 

WI21 • I Ibanez tuff/Ig 

Utm East Utm North CF', ! RF: V: Subtotal, 

272650 4865620 i 0 

}i'inal Rockname 

Rhyolitic Ignimbrite. 

Microscopic textures (WI21): 
Quartz: Up to 4mm, euhedral or rounded and embayed bipyraIIlids, often shattered. Also in coarsley recrystallised g/mass and secondary 

prisms in cavities. 
Feldspars: Present, but almost aU completely sericitised. Albite or K-spar. 
Other minerals! Opaques include leucoxene and hematite. Biotite trace, altered to muscovite and opaque leucoxene along cleavage. 

Zircon is associated with altered biotites, 
Groundmass: Fine grained felsitic texture of devitrified Inaterial, shard textures pseudomorphed by abundant ?hematite opaques. 

Sometinlcs CoarSe recrystallisation to quartz/feldspar mosaic has taken 
Lithics: Up to 4mm across in thin section) Altered pumices and fragments of Spherulitic rhyolite. 

Field Number Formation: 

WI23 Ibanez tuff/Ig 

Utm East Utm North CF, RF', V, Subtotal: 

270330 4863220 22 5 73 100 

Final Rockname 

Bedded rhyolitic tuff. 

Microscopic textures (WI23): .. 
Quartzj 0.1 to 3mm, 1-2% max. Euhedral or fractured bipyramids, also as part of devitrified felsitic texture and recrystallised groundmass 
.F'eldspars are sparse, altered and sericitised about 20%t ulOStly Plagioclase l RI of fast and slow directions below epoxy, so probably 

Albite. Crystals euhedral, but often shattered. Also trace K-spar: ? V small 2v, Oap parallel to 010 so High sanidine. 
Other minerals: Hematite staining in g/mass from ?altered opaques and mafics. Trace Calcite present, usually associated with altered 

feldspar. Trace muscovite and ?Leucoxene as alteration of Biotite. 
Groundlllass about 13% of rock, with Felsitic texture to mosaic texture of recrystalHsed glass shards and and common coarse felsitic 

textured devitrified pumices, up to 8mm, porphyritic with plagioclase crystals sometimes glomeroporphyrit.ic within pumices, occasional ghost 
shard textures visible in ppl. Fine grained opaques common, plus sericitised material. 

Lithic fragments are about 3-5%1 include felsitic Rhyolite, trachytic intermediate rock fragments. 

I Field Number Formation: 

WI35 Ibanez tuff/Ig 

Utm East Utm North CF: RF: V: Subtotal: 

275500 4858500 20 70 10 100 

Final Rockname 

Dacitic Lithic Tuff, probably precursor ashfall or surge deposits to the overlying lavas. 

Microscopic textures (WI35): 
:IViassive deposit of lithic and crystal rich tuff, with rock and crystal fragments of dacitoid composition, in a matrix of devitrified 

felsitic material and finer graiued crystal and lithic fragments. Lithification and alteration, together with the similarity of clast and matrix 
composition, make estimation of clast/matrix proportions difficult. 

Crystal fragments are about 20%1 with very sparse quartz, oxidised and chloritised mafics, and common Feldspar t up to 3-4mm t but 
also make up much of the fine microphenocryst size crystals in the matrix. Crystals are Sodic Plagioclase, partly altered and sericitised t but 
Albite-carlsbad twinning gives 17,5 about An25%1 Oligoclase. 

Clasts of dacitic mineralogy (Oligoclase, altered malics, felsitic-pilotaxitic or intergranular groundmass) are angular, difficult to determine 
boundades in thin section l but in hand specimen are about 70% of the rock, leaving about 10% matrix of similar mineralogy (sodic plagioclase, 
felsitic devitrified material, secondary chlorite; calcite, sericite.) Quartzite xenoliths also OCcur. 

Calcite and chlorite occur as void filling and cement. 

Field Number Formation: 

WI39A Ibaiiez tuff/Ig 

Utm East Utm North I CF, RF: V: Subtotal: 

273941 4856130 0 

! Fina} Rockuame 

i 
Altered dacitic lithic eUHf V'"C~" 

Microscopic textures (WI39A): 
Clastic rock composed of medium to coarse sand-size rock and crystal fragments. Fragments are devitrified fels1t-ic material, with small 

altered feldspar crystals. Crystal fragments are sericitised feldspar, probably albite or oligoclase, from twins in some remnant crystals. 
Rock fragments are angular to sub-angular, and have been cemented by ?devitrlfication/zeoUtlsation process, which has deposited a clear 

rim of felsitic material over the clasts. Iron staining is common, and many voids are filled with goethite, celadonite or chlorite. 
Feldspars are sericitised or replaced with calcite. 
Poor bedding is defined by slight imbrication of clasts. Occasional plate of tridymjte occurs, 
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Microscopic textures (WI56): 
Well preserved rhyolitic ignimbrite with common quartz) serlcitised feldspar and biotite crystal fragments in a devitrified felsitic ground

ITlaSS of ashy material and pumice fiamme with spherulitic texture and sericite alteration patches. 
Quartz is about 10%, up to 2rnm. subhedraI bipyramjds 1 ernbayed , rounded and fractured. 
Feldspars are 15-20%, mainly sericitised sodie plagioclase l subhedral and fractured, and elnbayed with patchy fine grained sericite 

invading along cleavage planes or by zones. Some sodie plagioclase appears to have partial alteration to K~spar, occurring as low RI patches 
within albite twinned crystals. 

Biotite is green-brown, chloritised or altered to chlorite, reddish brown hematite and muscovite, as euhedral booklets or cleavage fraglllents 
up to Imm. About 1%. 

Rock fragments nre sparse, less than 1%, generally angular fragments of oxidised rhyolitic tuff. 
lvlatrix is 65~70% of rock. brownish stained with fine disseminated iron oxides in ppl, and showing well preserved vitro clastic textures 

"\"lith flattened glass shards and wrap around textures and partially spherulitic devitrified fiamme with network or vein sericite replacement. 

I 

Field Number Formation: 

WI72· Ibanez tuff/Ig 

Utm East Utm North CF, RF, y, Subtotal: 

269539 4868620 5 12 83 100 

Final Rockname 

Rhyolitic IgrriInbrite. 

Microscopic textures (WI72): 
Well recrystalliscd tuff, with groundmass of fine grained felsit.ic material partially recrystallised to mosaic quartz-feldspar, and showing 

only occasional ghost remnants of vitro clastic textures. 
Crystal fragments are about 5%, mainly small <2mm_ sub to rounded fragments of Bodie plagioclase, usually albite, with common 

sericite and murky alteration. Trace angular quartz fragments biotite. 
Rock ragments are also sparse) about 5-8%, fine grained O.4-3mm rounded fragments of tuff j tuffaceous sediments, pilotaxitic andesitic 

rock fraglnents, and occasional fragments of microgranodiorite. Some are altered and oxidised, with opaque hematite and yellow or green 
chlorite. 

11atrix is fine grained felsitic material after vitroclastic textured ashy matrix, although most vitroclastic texture now gone. Patchy 
recrystallisation to qunrtz-felspar mosaic occurs throughout, Some faintly visible fiamme also remain. Fine sericitic muscovite and chlorite 
occur as replacement and alteration of groundmass. 

Field Number p"ormation: 

W193B Ibanez tuff/Ig 

Utm East Utm North RF, y, Subtotal: 

272390 4864430 o 

Microscopic textures (WI93B): 
Quartz: Common, 15-20% crystals O.2-3mm, embayed or fractured subhedral bipyramids, with visible dust rims and overgrowths. Also 

present in groundmass as anhedral mosaic with feldspar in felsitic alteration of pumice, or as enhedral secondary crystals in calcite. 
K-spar: ?trace. Small 2v J -vej altered, untwinned feldspars. ?Sanidine. 
Plagioclase, Plagioclase ML, 10, 6.5,11.5, 14,3.5, 4.5, 6. so Albite or Oligoclase. 
Other minerals: 50% plus Oalcite - secondary cement and alteration product. Biotite, Trace, altered to opaques, probably leucoxene 

exolved along cleavage) and muscovite, still with the same optical orientation as the original biotite. Leucoxene as alteration product of biotite. 
lvIuscovite also as sericitic fine alteration product in pumice, with calcite and felsitic Quartz/felds. 

Groundmass: Calcite cernent, perhaps replacing original material, plus felsltic devitrified ?ash/glass. 
Lithics: ~~elsitic rhyolite fragments, cherty quartz fragments. Common altered pumices, either devitrified and felsitic, or mostly rep]aced 

by calcite. 

I Field Number Formation: 

i 
PI49A Ibanez tuff/Ig 

Utm East Utm :'oIorth CF': RF, V, Subtotal, 

269225 4872569 30 25 45 100 

Final Rockname 

lvIassive rhyolitic Tuff. - .. 
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Microscopic textures (PI49A): 
Poorly sorted, angular Crystals, rock fragments and pumices are matrix supported in a brownish devitrified felsitic groundrnass. 
Quartz: 1~5%j to 1.5mm. Anhedral fractured or subhedral rounded and enlbayed crystals. 
Feldspars: 25%, to 3mm altered Sodic Plagioclase and K-spar. Sanidinc} Fractured O.2~3mm crystals, small 2v, not as strongly 

altered as plag. Plagioclase is altered cry5tals~ often serjcitised or replaced by calcite. RI indicates Albite or very sodie Oligoclase. 
Other minerals: anhedral patches of calcite, and occasional euhedral carbonate rhombs as replacement of lithicB and growing in ground-

mass l dolomite or siderite. vVhite refiective opaques probably leucoxene. Common dark green chlorite pa.tches j fine platy masses. 
Infilling and alt'n of ?biotite. 

Groundmass; 35%. Murky brownish in ppl, Felsitic textured in cpll probably devitrified ash. Common plates of fine sericitic muscovite! 
patches of chlorite and leucoxcne as dominant opaque. Trace vltroclastic texture, but mostly altered or devitrHied beyond recognition. 

Pumices are common l 10%, devitrified t relatively undeforIned, with visible, rounded vesicles, often filled with bright chlorite. Devitrifi
cation has altered the glass to fine felsitic material. Some pumices a.re stretched and flattened. 

Rock fragments are up to 2.Ij%j O.25-5nlm, and most are pilotaxitic sodic plagioclase rich dacitic volcanic fragments, some felsitic and 
poikilornosaic recrystalHsed rhyolitic volcanic fragments l cherty sediments and dolomite bearing muddy fine grained sediment. 

Field Number Formation: 

L5/3 '" Ibanez tuff/Ig 

Utm East Utm North CF: RF: V: Subtotal: 

2S1170 4859500 22 4 74 100 

Final Rocknanle 

Devitrified poorly welded upper zones of a rhyolitic ignimbrlte" crystal rich, pumice poor. 

Microscopic textures (L5j3): 
Ignimbrite! with crystals of quartz, plagioclase, biotite, perhaps k-spar, and lithic fragments, in a matrix of devitrified ash and finely 

broken crystal fragments 1 with secondary calcite, chlorite. etc. 
Quartz is broken fragments of embayed beta quartz bipyramids, some up to 3mm, about 10-15%, but also present as recrystallisation of 

devitrified gronndmass material. 
Plagioclase is about 5%l present as broken subhedral 

crystals. RI measurement suggests sodie oligoclase, as greater 
Biotite is euhedral cleavage sections/booklets, O.2-0.&mm, 

sometimes with inclusions of apatite and trace "zircon. 1-2%. 

0.2-Imm, often altered with calcite replacement of COres or even entire 
quartz, but less thau/equal slow quartz. 

brown to dark brown pleochroic; fresh) with no alteration to chlorite) but 

K-spar trace? may .occur as sparse broken subhedral crystals, with very low RII below epoxy, and without albite twins. Intermediate 'lv, 
fiO-ish to 40-ish, but positive? May just be sections of albite not showing twins. 

Groundmass is about 74%1 devitrified and recrystallised felsitic quartz/feldspar somethnes replacing and paendomorphing original glass 
shard textures, together with patches of calcite and sericite. Quartz mosaic material has replaced most shard pseudomorphs. Fine grained 
opaque magnetite and hematite occur j and traces of green chlorite or fine grained amphibole. No pumices or fiamme texture. 

Lithic fragments are small, 0.1-4mm fragments of oxidised andesitoids and spherulitic rhyolites, etc. 4%. 

Field Number Forma.tion: 

F57A * Ibanez tuff/Ig 

Utm East Utm North CF: RF: V: Subtotal: 

280710 4867530 4 5 91 100 

Final Rockname 

I Rhyolitic pllInice flow/vitric tuff. 

Microscopic textures (F57 A); 
Pyroclastic rock with occasional quartz and rock fragments in a well preserved matrix with glass shard textnres still visible, partly 

recrystallised to felsitic texture. 
Quartz crystal fragments are sparse, broken bipyramids, about Imm across, less than 1%, and feldspars are slightly more common, as 

broken l murky and altered subhedral crystals, albite twinned) look to be altered sodic plagioclase, probably albite. Feldspars are also small) 
about O.5mm, 2-3%. 

Rock fragments are about 5%, oxidised, altered intermediate and felsitic textnred silicic vQlcanics. Range from sub lmm up to 10rnm in 
hand specimen. 

Matrix is about 90% felsitic textnred recrystallised ash, with shard textures visible in ppl, but recrystallised with slightly larger graillsize 
in cpl, and only faintly visible. Pumices, are about 10% of groundmass, with felsitic recrystallisation or replacment by calcite and sericite. 
Pumices have whispy ends, but are moderately flattened. 

Field Number Formation: 

GAllA Ibanez tuff/Ig 

Utm East Utm North CF: RF: V: Sllbtotal: 

288426 4871485 16 5 79 100 

I 

Final Rockname 

Rhyolitic tuff or ignimbrite. 

Microscopic textures (GAllA): 
Altered tuff, with crystal fragments of quartz, plagioclase, k~spar and biotite, with lithic fragments of intermediate to rhyolitic volcanic 

rocks, in a matrix of devitrlfied fine grained ashy material with patches of pumice altered to whispy networks of seridtic muscovite. This rock 
may have undergone a thermal event from the intrusion of the adjacent Cerro Cabeza Blanca rhyolite dome. 

Quartz crystal fragments are sparse1 5%) less than 1.5mm, subhedral broken bipyramids, 
Feldspars are also small and spase, about 10%, with about 8% Plagioclase as partly sericitised or calcite replaced crystals. C~Albite 

gives: 10 j 15, About Oligoclase, but some crystais show irregular patchy structure reminiscent of coarse perthitc 1 with high albite extinction 
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in some places and low in others. Other feldspar crystals, untwinned or carlsbad tVlinned, are murky and altered, and have lower 2v, 40-60ish, 
High Sanidine? Oap parallel to 010, so High sanidine, about 2%. 

Biotite occurs as euhedral booklets or cleavage fragments, up to .Smm, 1% 
Matrix/groundmass is about 75-79% of the rock with occasional vague remnants of shard textures, but is generally co1ourless or slightly 

green streaked material in ppt, and in cpl shows felsitic texture with occasional streaks of secondary sericitic muscovite and remnants of glass 
shards as patches of quartz-feldspar mosaic material. 1vluscovite occurs as fine networks and fibrous replacement of pumice material and 
groundmass 1 slightly greenish in ppl. Pumice fragments are about 5-10%, generally devitrified and sericitised t some have messy spherulitic 
texture or fine quartz/feldspar recrystallised mosaic texture. 

Lithic fragments are angular or snb angular, up to 5mm, about 5%, reddish or greenish oxidised tuff, andesitoid lava or rhyolitic volcanic 
rocks. Some chlorite replaces mafics in andesitoid Hthics. 

I 

I PI52 Ibanez tuff/Ig (Altered) 

Utm East Utm North OF: RF: V: Subtotal: 

270230 4873945 25 5 70 100 

Final Rockname 

Altered rhyolitic Tuff, 

Microscopic textures (PI52): 
Quartz, Feldspar and pumice fragments matrix supported in a fine devitrified felsitic groundmass. Common Fe-oxide staining and calcite 

patches. 
Quartz: O.2-3mm. Generally subhedrai, very strongly embayed in some crystals, but not conunonly rounded. Often fractured. 
Feldspars: Q,2-2mm, Strongly altered, often replaced by calcite, opaques, Subhedral or fractured Sodic Plagioclase and K-Spar, 

Sometimes partially replaced by Hematite and calcite, Plagioclase is Albite, RI just below glue, often replaced partially by calcite. 
Other minerals: Common calcite, as alteration of Plagioclase and as patches within g/mass. Dominant opaque is ?hematite, with big 

oxide stain patches around grains of it. 
Groundmass: 60% Densely matted brownish material. occasional with very fine grained opaques. Felsitic in cpl, possibly still partly 

glassYt as almost black in cpl. Trace glass shard ghosts. 
Pumices common, 10%1 up to lOmrn long, devitrified with COmmon quartz mosaic, or alteration to calcite. Well flattened and typical 

fiamme whisp ends occur . 
.occasional (3-5%) angula,r lithics of felsitie and poikilomosaic recrystallised rhyolite. 

Field Number Formation: 

PI79B • Ibanez tuff/Ig (Altered) 

Vtm East 

I 
Vtm North OF: I RF: 

V: Subtotal: 

I 275220 4873570 0 

I 

Final Rockname 

Purple/mauve poorly sorted fine ash to small lapi11i size crystals and lithics in fine ashy devitrified matrix, Rhyolitic Tuff. 

Microscopic textures (PI79B): 
Baked/devHrified iron stained tuff with quartz/feldspar/lithics in a matrix of devitrified glass shards} and secondary iron oxides as 

opaque seams, probably the result of thermal effects. 
1-3%, up to 2mm. Rounded and embayed or fractured crystals. 

V€ld"pscrs: 10-15%, subhedral and euhedral crystals up to 2mm, ?Mostly sodic plagioclase, RI fast and slow are both below glue, ML is 
inconclusive, but small angle, probably albite. 2v is large, close to 90. Some sericitic alteration. 

Other rninerals: Trace Bjpidote as subhedral crystals in voids and groundmass. Calcite present as void filling) and as alteration of pumice 
clasts and feldspars. Trace amphibole, possibly xenolithic. 

Groundlnass: Fine grained felsitic material, with ghost shard texture sometimes visible in ppl. Devitrified, ashy material, speckled with 
fine ?hernatite opaques, also seams of calcite and oxide stains. Pumices up to 5-6mm 1 ragged, flattened and devitrified to coarser felsitic 
texture than the groundmass. Often altered/replaced by calcite. 

Lithicsz Lithics include fragments of glass-rich welded tuff, minor felsltic rhyolitoids. 

Field Number Formation: 

I PI78 Iba.nez tuff/lg (Altered) 

Utm East Utm North OF: RF: V: Subtotal: 

274950 4873620 0 

Final Rocknalue 

Altered rhyolltic tuff. 

Microscopic textures (PI78): 
Well developed vitroclastic texture, with flattened shards and wrap around textures. Pervasive hematite opaques) perhaps from baking, 

and large lithic fragments. 
Quartz: 3-5% in matrix, but 10-15% in large lithic block. Rounded, Anhedral and embayed or fractured crystals, 
Feldspars: Very altered, K-spar and So die Plagioclase. 
Biotite: Trace, altered crystals present in lithics 
Muscovite: 'frace, in devitrified lithic) and in biotite altered to hematite and muscovite. 
Chlorite: Trace, as patches in groundmass, and alteration of mafic minerals. 
Other Ininerals: Dominant opaques are hematite (Ubiquitous) red under reflected light), with ?alteration to Goethite/limonite and 

Leucoxene, in small white patches. 
Groundmass: -5-5-60 or 70%. Dominated by vitric material, but with dense alteration/deposition by secondary henlatite staining and 

cement. Some hematite almost forms seamS I like unto dissolution seams. Glass shard textures well preserved, but shards themselves devitrified. 
Some wrap aroun.d textures of shards or pumice around crystals and llthics. 

Lithics: Lithic. include pebbles and cobbles crystal rich tuff, similar to the tuff matrix but fines depleted and clast supported. Smaller 
lithics include andesitoids dacitoids, felsitic rhyolitoids l fragnients of microlitic obsidian and cherty devltrified material. Pumices are blocky, 
whispy at edges and devitrified. 
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Field Number Formation: 

F54 Ibanez tuff/lg (Altered) 

Utm East Utm North CF, RF, V: Subtotal: 

280400 4868450 20 5 75 100 

Final Rocknarne 

Devitrified and recrystallised dacitic tuff. 

Microscopic textures (F54): 
Altered dacitic tuff or Ignimbrite, with felsitic ground mass recrystallising to quartz/feldspar mosaic, and sodie plagioclase feldspar 

phenocrysts altered to clay or sericitic material, trace of small rounded quartz crystals. Common calcite patches, and pumice fiamme arc 
replaced by calcite or by fclsitic material of slightly different grainsize to groundmass. Lithic fragments are sparse, rhyolitic rock fragrnents l 

with slight overgrown quartz rim froIIl recrystallising groundrnass. Maybe some siderite along with calcite. Feldspars appear to have been 
sodie plagioclase, -while quartz crystal fragments are rare and small t so perhaps closer to dacite than rhyolitic. Very faint shard or pumice 
whisp shapes are preserved in different grain sizes of felsitie groundulass and recrystaUised quartz mosaic. Presume mosaic reerystallisation 
driven by heat from nearby intrusive bodies, 

About 20% crystal fragments, (Sericitised sodie plagioclase, rare quartz), 4-5% rhyolitic lithic fragments, 75% devitrified felsitic to 
mosaic quartz replacing ashy matrix. Also secondary calcite, sericite. 

Field Number Formation: 

I 
WI19 Ibanez tuff/Ig (Altered) 

Utm East Utm North OF: RF, V: Subtotal: 

273190 4865740 22 5 73 100 

Final Rockname 

.. RhyolitIc Igmmbrlte. 

Microscopic textures (WI19): 
Phenocrysts and lithic fragments are matrix supported in a fine grained felsitic material with traces of shard texture and pumice 

fragments. 
Quartz: O.l-amm, 5-10% Embayed and bipyramidal euhedral crystals, often shattered. 
Feldspars crystal fragments are about 10-12%: 0.1-1mm, Carlsbad twinned low RI k-feldspar, some albite. K-spar has Low IU, low to 

moderate 2vjpositive and negative - Sanidine. 
Other minerals: Trace zircon. Rounded arnorphous clots of opaque in the groundmass are white under reflected light, and may be 

leucoxene. is the dOITiinant opaque. Also dark red-brown semi~opaqne hematite common, as alteration of ?magnetite/mafics. :tv1uscovite 
comUion a.s recrystallised and coarsened sericitic altn. of feldspars and pumices. 

Groundmass: About 70% of rock. Recrystallised/devitrified felsitic material, little or nO relnnant vitroc1astic texture, but some sericitised 
,fiamme present. Pumice fragments are either sericitised or devitrined, and often contain euhedral phenocrysts of quartz: or feldspar. 

Lithics are about 2-5%, Quartzite, trace other meta-quartzose rocks. Felsitic rhyolitoids common. Up to 2mm-3mm:. 

Field Number Formation: 

CP27A Ibanez tuff/Ig (Altered) 

Utm East Utm North OF: RF: 

! 

V, 

I 
Snbtotal: 

277341 4869075 6 20 74 100 

Final Rockname 

Altered small pumice lapilli tuff. 

Microscopic textures (CP27A): 
Tuff with well developed fiamme texture, but poorly preserved vitroclastic texture, quartz crystal fragments O.I-3mm, common calcite, 

and devitdfed groundmass of quartz/calcite/sericite/clays, as well as chlorite and opaque iron oxides. 
Quartz crystal fragments are unaltered, rounded and fragmental beta quartz to 2mm, but lllost Jess than 1111m, only about 1%. 
ri'eldspar crystal fragments are sericitised or entireJy replaced by calcite, were subhedral crystals, remnants are low RI and low 

2v, perhaps Sanidine, but difficult to tell with alteration. About 5% max, up to 2mm. 
Lithic fragments are 15-20%, angular to rounded fragments of oxidised pHotaxitic and vesicnlar andesitoids, l-om I in section, up to 

lOcm in hand specinlen. 
Remainder of rock is altered and devitrified pumice and ashy groundmass, with vitTic material in well recrystallised to felsitic texture 

and with anastomosing networks of fibrous sericite and patches of chlorite and calcite. About 74% of rock. 

Field Number Formation: 

OP43A Ibanez tuff/lg (Altered) 

Utm East Utm ~orth OF: RF: V: Subtotal: 

277359 4869675 13 5 82 100 

Final Rockname 

i Silicified and recrystallised rhyolitic tuff. 
I 
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Microscopic textures (CP43A): 
Quartz is common as recrystallisation rnaterlal in groundrnass. Crystal fragments are broken and ernbayed birpyramids~ up to 4mrn, 

2-3%. 
Feldspars are about 8%, as altered fragmental crystals, replaced by calcite, sericite, etc. Altered plagioclase has remnant albite and 

carlsbad twinning, RI fast and slow well below expoxy, 80 Albite. 
Trace to 1% Sanidine K-spar be present, also as replacement of plagioclase by low t K-spar along fractures, veins, or as rims around 

crystals which may be primary of zoned plagioclase by late stage k-spar before eruption. 
Biotite 1 %-trace, 0.4-0,5nlIIl cleavage flakes and booklets, altered to :tvfuscQvite, opaque iron oxides and leucoxene. 
Opaque minerals are mainly reddish brown hematite) and some white leucoxene, trace. 
Lithics up to 5mm, 2~5%1 range from fragments of other ignimbrites} rhyolitoids, pilotaxitic andesitoids, h.1any oxidised and strongly 

stained or replaced with hematite and Fe oxides. 
Groundmass is about 82% brown in ppl, and has faintly visible glass shard textures. In CPL 1 it is a uniform felsitic texture, aithough 

larger shards have devitrified to fine mozaie and cherty-textured quartz and feldspar. Recrystallisatlon has coarsened up some patches of this 
mosaic material, and quartz overgrowths have occurred on some quartz crystal fragments. Common patches of secondary calcite as void filling 
and repiacment. 

Field Number Formation: 

F2A * Iba.nez tuff/Ig (Altered) 

Utrn East Utm North CF: RF: V: Subtotal: 

288123 4865021 25 35 40 100 

Final Rockname 

Altered Rhyolitic Ignimbrite. 
I 

Microscopic textures (F2A): 
Altered lithic tuff or iguimbrite, with crystal phase of broken beta quartz, altered plagioclase and lithic fragments, matrix supported by 

recrystall.ised felsitic groundmass with much replacement by calcite) sericitic muscovite and chlorite. 
Quartz is rounded and broken beta quartz pseudomorphs. relatively unaltered apart from Blight secondary overgrowths of mosaic quartz 

ou some grains. 3----5%, up to 2mm. 
Feldspars are about 15-20%, up to 3~4mm. Plagioclase is subhedral to euhedral broken crystals, carlsbad and albite twinned, with 

and sericitic alteration and replacement by calcite. Sectio!! Tc and RI fast and slow below epoxy indicates Albite or albitised. K-spar 
present as occasional carlsbad twinned crystal fragments, with 2v 60-70 and oap paraJlel DID, and RI well below adjacent sericitic mica. 

Groundmass is abQut 40% of rock, and has remnant patches of felsitic texturey recrystallised from ashy material, and very faint glass 
shard textures are present In places, however most of the felsitic material has been replaced by chaotic fibrous and anastomosing platy sericite, 
green chlorite and possibly celadonite t as weH as patches of calcite. Chlorites are length slow types) with anomalous blue interference colours 
(Pycnochlorite?) 

Fiamme are also replaced with sericite, calcite) chlorite, but vesicle textures are still visible in some fiamme. 
Lithic fragments are: Rhyolitoid lava aud tuff, often recrystallised or altered. Some mosaic quartz recrystallisation. Also fragments of 

audesitoid, with hematite and other opaque oxidation products. About 35%. 

Field Number Formation: 

PliO Ibanez tuff/Ig (AI tered) 

Utm East Utm North CF: RF: V: Subtotal: 

283424 4859525 I 0 

Final Rockname 

Devitrified and altered block & ash tuff. I 

Microscopic textures (PIlO): 
Altered tuff, with patches of calcite and goethite alteration, common crystal fragments of so die plagioclase j rare quartz, and lithic 

fragments of pilotaxitic dacitoids with sodic plagioclase phenocrysts and poikilomosaic quartz rieh groundmass. Groundmass of tuff is felstic 
material with fine platy chlorite and sericite alteration with patches of calcite and quartz mosaic recrystaUisation. Some altered 
pumices, mainly material with large calcite patches, porphyritic with altered sodic plagioclase. 

li'n 

Wll18A Ibanez tuff/Ig (Altered) I 
Utm l<last I Utm North CF: RF: V: Subtotal: 

I 

269310 4864530 38 20 42 100 

B"'jnal Rockname 

Rhyolitic lithic tuff. 

Microscopic textures (WI118A): 
Altered tuff, matrix poor and crystal/lithic/pmnice rich, 'fhin section is cut a little thick, Secondary calcite, chlorite and sericite are 

comnlOn as alteration of feldspars, groundmass, pumices and also as void filling. 
Crystal fragments are altered feldspars and both subhedral and fractured crystals. 
QU8.1'tz is about 8%j broken subhedral and bipyramid fragments. 
Feldspars are 25~30%, O.5mm or less up to 3mm, (or 5~10mm glorneroporphyritic clusters in pumices), subhedral and broken, with 

pervasive alteration to brownish clayey material or patchy sericite and calcite. Some remnants show albite twinning, so mostly sodic plagioclase. 
Lithics are about 20%, mainly pilotaxitic and felsitic textured 1-·3mIll fraglnents of brownish hematite rich oxidised dac1toid volcanic 

fragments, and also occasional fragments of quartzite. 
Pumices are common, about 25%, up to 20mm in hand specimen, porphyritic with euhedral altered sodie plagioclase and vitric matrix 

recrystallised to felsitic or poikilornosaic quartz or replaced by calcite. 
Matrix is fine grained felsitic material with very sparse ghost shard textures in ppl, about 17% of rock. 
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1 p, 
.~ OH. 

CP85 1 Ibanez tuff/Ig (Altered) 

Utm East Utm North OF, RF, V: I Subtotal: 

279140 4869990 6 
.... 1 

35 59 100 

Fina] Rockname 

Altered rhyolitic lithic tuff. 

Microscopic textures (CP8,S): 
Felsitic crystal poor lithic tuff, with sparse crystals of fragmental feldspar and quartz in a felsitic deyitrified matrix with large (up to 

lOmm) angular lithic fragments. 
Quartz is broken small fragments, O.2-Q.8mm, sometimes rounded and emhayed. 1%. 
Feldspar crystals are euhedral to subhedral fragnHmts, O.5-lrnm) partly sericitised, with albite and carlsbad twins, 2v moderate to large 

(60-80) Oap -- 010. Probably Albite, although some may be k-spar. About 5%. Also occasional Sanldille crystal. 
Lithic fragments are large, from lmm to 10mm, angular, matrix supported clasts of spherulitic and felsltic rhyolite. and some fragments 

of dacitic material with poiklomosaic quartz and pilotaxitic feldspar microphenocrysts. Some sericitic alteration of feldspars and common 
poikilomosaic quartz textures are present in groundmass of clasts. About 35% of rock. 

Groundmass is fine grained felsitic devitrified ashy material, with faint shard and fiamme textures visible in 
of fiamme with muscovite. Shard textures in cpl arc visible as faint variations of grainsize of felsitic texture. About 

Additional secondary alteration: Opaques are altered to brownish hematite/ goethite l and sometimes leucoxene. 
covite occur where sericitic alteration of groundrnass or feldspars has recrystallised. 

Field Number Formation: 

CP80 Ibanez tuff/Ig (Altered) 

Utm East Utm North CF: 

I 
RF: V, Subtotal: 

278640 4868840 18 15 67 100 

I 
Final Rocknarne 

Altered and devitrified rhyolitic tuff. 

Microscopic textures (CP80): 

and some replacement 
of rock. 

Patches of platy mus-

Pyroclastic rock with broken subhedral sodic feldspars and quartz, chloritised biotites, rock fragments, sericitised pumices! in felsitic or 
mosaic quartz/feldspar recrystalHsed groundrnass. 

Quartz is broken 0.5~lrnm fragments of rounded and embayed igneous quartz) about 2-5%. 
Feldpars are about 10%, mainly sodie plagioclase) 2v high, +ve 80 ish) often sericitised, not enough twinning for accurate ML. Given 

signs of thermal effect on this rock l probably Low Albite. 
Nfuscovite (2%.) occurs as fine fibrous sericitic alteration of feldspars and pumice fiarnme, also within groundmass, but also as larger 

subhedral slightly pleochroic green grains, platy and up to 0.2mm, randomly orientated in decussate texture, sometimes associated with 
chlorite, may be alteration of biotite. 

Biotite occurs as sparse pale brown pleochroic grains, euhedral or cleavage booklets. up to O.5mm, trace-1 % 
Rock fragments are up to 2-5mml about 15%, silicic volcanics? oxidised and recrystalHsed. 
Groundrnaas is 67% of rock) fine grained felsitic textured material, sometimes partly recrystaUised to mosaic quartz/feldspar. Occasional 

chlorite, calcite, patches of sericite. 1-3% opaques. Chlorite occurs as granular or platy patches in groundmaas, also as blocky pseudomorphs 
of mafic mineral. 

Also trace pleochroic dark blue-light brown mineral, uniaxial negative; so probably 'rourmaline, perhaps Schorl variety. Possibly riebeckite 
but uniaxial negative figure makes this very unlikely. Birefringence about .020, so perhaps from Elbaite-Schorl series, probably Authigenic. 

I 
Field Number Formation: 

PI99B Ibanez tuff/Ig (Hornfelsed) 

Utm East Utm North OF, RF, V: Subtotal: 

276400 4872750 0 

Final Rockname 

Albite epidote hornfels (Rhyolitic lithic tuff.) I 

Microscopic textures (PI99B): 
Hornfelsed lithic tuff with common radial and granular epidote porphyroblast clusters. 
Lithics-are coarse ash to small lapilli size fragments of pilotaxitic andesitoid and dacitoid. altered, and occasional poikilomosaic recrys~ 

tallised rhyolitoid. 
Matrix is felsitic textured recrystallised ashy material with crystal fragments and ash size lithic fragments. 
wfost clasts are partly recrystallised to poikilomosaic quartz. around original pilotaxitic feldspar, and are spotted with fine granular 

patches of epidote. Chlorite is common as alteration and void filling with some epidote and euhedral quartz needles. Chlorite is radial platy 
clusters with deep blue interference colours. 

Lithic" about 35-40%, voids with epidote/chlorite/quartz filling about 15-20%, altered feldspar and quartz crystal fragments about 10%, 
devitrified ashy matrix about 30%. 

I Field Number Formation: 

PIlOO I Ibanez tuff/Ig (Hornfelsed) 

Utm East Utm North OF: 
I 

RF, I V: Subtotal: 

276132 4872833 I 0 

Final Rockname 

Albite epidote hornfels. (Rhyolitic ignimbrite.) 
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Microscopic textures (PIlOO): 
Fine grained felsitic groundmass with clots of pumice and feldspars altered to epidote/chlorite/sericite. Altered pumice and streaks of 

?Fe oxide in groundmass define eutaxitic texture. 
Quartz: Sparse, Less than anhedral fractured grains up to lmm, Also present ill de-vitrified groundmass material. 
Both sodie plagioclase and K-spar present, but often sericitised or partially replaced by epidote. K Feldspar has RI strongly below giue, 

2v small to moderate l probably anorthoclase or saniciine, but now altered. 
Plagioclase RI both fast and slow directions is below glue, so probably Albite. 
Other minerals: Calcite) as void filling, and alteration of ?sodic plagioclase. Epidote, alteration of Feldspars and pumices, and generally 

as clots/spots of thermal effect. Uniaxial negative ?zeolite in some altered intermediate volcanic lithics. Leucoxene occurs as dominant opaque 
mineral. Some hematite patches/staining. Chlorite present in groundmass) as alteration of ?fiamme or ?biotite. 

Groundm~ss: Brownish fine felsitic material, occasionally with faint glass shard textures. Devitrified, with shards altered to ?quartz/felds/sericite 
mix! often destroying any shard textures. Occasional patches of fine epidote. and chlorite. Leucoxene is COfilmon as alteration of opaques, as 
is some brown hematite oxide staining. Pumices, 5% occur as feisitic devitrified lenses up to 8-10mm long, often altered to granular euhedral 
epidote and chlorite/sericite mix. 

Lithics: Lithic fragments include andesitoids, rhyolitoids, spherulitic rhyolitoids, dacitoids. All, particularly basic ones, are altered. with 
common granular or radial patches of epidote, 

i 

Field Number I Formation: 

CF25B i Ibanez tuff/Ig (Hornfelsed) 

Utm East Utm North CF: I RF: V: Subtotal: 

272151 4878035 0 

Final Rockname 

I Hornblende hornfels (tuff or tuffaceous medium sandstone). 

Microscopic textures (CF25B): 
Fine grained rock with a cherty texture) with occasional fragmental crystals of volcanic quartz in a fine felsitic to cherty textured 

groundmass of sericite and perhaps feldspar. Veins of quartz occur, as do large patches of sericite. Rare Andalusite. 
Groundmass is grained cherty quartz/feldspar mosaic. with coarser recrystallisation near quartz veins. Ghost impressions of lithic 

fragments and glass shards occur) as do remnant lithics. Some sericite coarsens up to fine muscovite. Trace amounts of green chlorite and 
blue green ?hornblende occur. 

Andalusite occurs in a single complex PQrphyroblast 'Composed of several crystals in a rough radi&l pattern, associated with a cherty 
to mosaic quartz recrystallisation patch and coarsened and recrystallised sericitic muscovite. High relief. straight extinction! fast along) low 
birefringence. 

Quartz is commOn throughout the groundmass as recrystallised f£llsitie to cherty material with feldspar, but also as remnant fragmental 
volcanic crystals with overgrowths of cherty or mosaic quartz. Some appears to be broken ignimbritic or pyroclastic derived, while other grains 
are still v,rithin mosaic-quartz recrystallised rhyolitoids. 

Lithics identifiable are angular fragments of rhyolite, Quartzite, and cherty angular fragments that may be recrystallised fine crystal 
poor tuff. Max size about 5mnl. Larger sericitic patches may be remnants of pumice. 

Looks like a hornblende~Hornfelse fades altered tuff or tuffaceous sandstone from the Ibanez formation. 

I Field Number Formation: ! 

WI38A Ibanez tuff/Ig (Hornfelsed) 

I 

Utm East Utm North CF: RF: V: Subtotal: 

274840 4857120 15 20 65 100 

Microscopic textures (vVI38A): 
Well recrystallised and probably hornfelsed silicic tuff. At first glance looks like Phenocrysts of enlbayed bipyralnidal quartz and sericitised 

sodie plagioclase occur in a well recrystallised fine grained mosaic quartz matrix l with patches of coarse recrystalHsation to well developed 
granoblastic qua.rtz. However, in plain polarised light faint pyroclastic textures show up, and the rock 'Can be seen to be lithic and crystal 
fragments held in a weH recrystaUised ashy matrix. This rock also contains xenoliths of well recrystallised granoblastic quartzite. 

About 5% quartz j 10% Sericitised sodic plagioclase, 15-20% rock fragments, 65% quartz mosaic recrystallised ashy matrix. 
Secondary alteration includes calcite, coarsening of the quartz mosaic recrystallisation in the groundmas8, growth of some green amphibole 

porphyroblasts, probably tremolitic. 
Opaques are uniformly altered to leucoxene and helnatite. Probably a block caught up in the WI47 intrusive. 

I 

Field Number Formation; 

P117A Ibanez tuff/lg (Hornfelsed) 

Utm East Utm North CF: RF: V: Subtotal: 

I 274225 4870845 0 

FUlal Rockname 
! 

Microscopic textures (PIl7A): 
Rock is a baked and contact metamorphosed lithic tuff, with angular clasts of andesitic, dacitic and rhyolitic material held in a ma

trix of altered, opaque hematite stained altered ash and rock fragments. Glassy material and feldspars are sericitised or saussuritised to 
epidote/sericite/albite. Matrix has crystals of broken quartz, sausBuritised pIng, ?biotite (now altered to muscovite and opaques). 

Pyroclasts are less altered than the matrix, and consist of partly recrystallised felsitic rhyolitic and dacitic material, and pilotaxitic 
fragments of andesitic rock. In thin section these are up to 5mm, but in outcrop the range included large blocks and bombs. 

Alteration includes oxidisation and addition to matrix of opaque or dark red hematite sericitisation of glassy material and 
feldspars, saussuritisation of the same, also growth of epidote throughout the matrix, and quartz style recrystallisation of some of the 
more silicic clasts. 
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Field Number Forrnation: 
,-

OP55D8 Ibanez tuff/lg (Hornfelsed) 

Utm East Utm North I OF: 

I 
RF: V: 

I 
I 

Subtotal: 

276517 4871529 20 25 55 100 

Final Rockname 

Albite epidote hornfels (Rhyolitic tuff/pumice flow.) 

Microscopic textures (CP55DtI'): 
Rhyolitic tuff with recrystallised felsitic textured matrix, common rounded, embayed or fractured quartz bipyrarnids, with feldspars and 

fiamme replaced by green chlorlte and granular yel1ow~green epidote, and Borne sericite. Other crystal fragments are occasional flakes of altered 
biotite (now pseudomorphed by muscovite with reddish hematite and white Jeucoxene exsolved along cleavage planes). 

Quartz is subhedral rounded and embayed or fractured bipyramids, frorn 0.3 to 3rom, about 14%. 
Feldspars are remnant only, replaced by granular epidote, sericite. Crystals were up to 2mnl~ subhedral and fractured. From remnant 

fragments with albite twins and high 2v, probably High Albite sodie plagioclase before alteration. About 5%. 
Biotite is present, O.5-2mm, 1%, as bent and altered cleavage fragments and flakes, altered to opaque leucoxene and muscovite or chlorite. 
Lithic fragments are common, 0.2 to 5-6mm, angular and rounded, mainly porphyritic andesitic to dacitic rock fragments l but a]so 

fragments of poikilomosaic recrystallised rhyolite, and rhyolitic tuff and ignimbrite fragments, and some rounded fragm,ents of quartzite. 
Lithics are about 20-25% of the rock. 

Groundmass is partly recrystallised felstic material, brown in pplJ with fine grained opaques and traces of glass shard textures and 
whispy a.ltered pumice fiamme, Flamme and groundmass show COmmon secondary sericitic and chlorite mica patches or network replacement 
of felsltic rnaterial and flamme. Some larger fiamme are replaced by large granular patches of epidote. Fine grained sericltic muscovite and 
chlorite show slight bedding parallel shape preferred orientation. About 55% of rock. 

I 
Field Number Formation: i 

OP49A Ibanez tuff/Ig (Hornfelsed) 

Utm East Utm North I OF: RF: V: Subtotal: 

277510 4870427 31 15 54 100 

Final Rockname 

I Albite-Epidote Hornfels. (rhyolitic tuff.) 

Microscopic textures (CP49A): 
Rhyolitic tuff with crystal fragments of quartz! feldspar and biotite in a matrix of devitrified felsitic ash with relic shard textures, 

occasionaJ lithic fragments of volcanic rocks and vitric tuff with well preserved shard textures, and incipiently hornfelsed, with patches of 
granular epidote 1 radial chlorite sprays and anastomosing fibrous sericitic mica common in the matrix felsitic material. 

Quartz is common large 1~3mm subhedral fractured, rounded and embayed crystals, about 15%. 
Feldspar crystals are euhedral to subhedral fractured crystals with patchy alteration to serlcte, calcite. chlorite. Some sodic plagioclase 

has exsolved patches of k-feldspar. Albite-carlsbad twinned crystals have low Rl and low extinction angles, high 2v (80), Albite or albitised 
(Note growth of epidote patches and sericite within crystals.) Some carlsbad only twinned crystals have RI fast and slow well below epoxy 
and Oap / / 010, so possibly Sanidine. About 12% Albite, 3% K-spar. 

Biotite occurs as altered cleavage fragments, O.5-1mm, altered to white leucoxene and muscovite. Trace to 1 %. 
Lithic fragments are oxidised pilotaxitic andestic rock fragments, poikilomosaic devitrified rhyolitic rock fragments and rhyolitic vitric 

tuff fragments, about 15%, up to lOmm. 
Matrix is devitrified felsitic material, with patches of altered pumice, now chlorite/sericite/epidote, and clots of sericite or chlorite 

common as replacment of felsitic material. Calcite and quartz occur as void fillings. About 54% of rock. 

Field Number Formation: 

P119 IbAnez tuff/Ig (Hornfelsed) 

Utm East 

I 
Utm North CF: RF: V: 

I 
Subtotal: 

I 
274300 4871325 15 5 80 100 

Final Rockname 

Albite-Epidote hornfels (Rhyolitic tuff). 

Microscopic textures (PI19): 
Incipiently metamorphosed tuff, with felsitic groundmass spotted with mosaic quartz recrysallisation and fine granular yellow epidote 

patches. 
Quartz: Sub 0.5 to 2mm, 1-5% Euhedral, embayed. 
Feldspars about 10%, anhedral to subhedral broken crystals, .4-2mm. 8%: Plagioclase ML: 13, 4, 8.5, 14.5, 15, RI below Medium so 

Albite or albitised. 2%: Sanidine, Small 2v t almost ps-uniaxial t Carlsbad twinned) very low RI. 
Lithics! Oxidised lithics of pilotaxitic volcanic rocks, vitro clastic tuffs and cherty metamorphic quartzite. About 5%. 
Groundmass About 80%, altered felsitic textured material plus Epidote and opaques! also fine network of anastomosing sericitic muscovite. 

Mosaic quartz recrystalisation present as cherty material, and euhedral quartz occurs in vesicle infill. Cornmon yellow epidote as alteration 
patches in fiamme, and as granular patches in G/mass. Chlorite as alteration of fiamme) mafic minerals and as vesicle lnfill. Also Calcite as 
secondary cavity intill. 

Field Number Formation: 

CP55Da Ibanez tuff/lg (Hornfelsed) 

Utm East Utm North OF: RF: V: Subtotal: 

276517 4871529 22 10 68 100 

Final Rockname 

Albite 
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Microscopic textures (CP55Da): 
Thermally metamorphosed tuff with normally graded crystal and rock fragments in a recrystallised nlatrix of altered felsitic material 

and fine grained sericitic mica with moderate bedding parallel SPO. 
Crystal and rock fragments are normally graded l from very coarse 2-3mm to medium and fine ash fragments (lmm and tess.) and arc 

matrix supported by the sericitic and felsitic recrystallised groundmass, 
Quartz is about 12%, angular and broken embayed and rounded beta quartz. 
Feldspars arC altered, about 10%, nOW yellow-green epidote! green chlorite and uniaxial -ve colourless material. 
Lithic fragments are about 10%, rounded and sub angular oxidised or partly metamorphosed tuff and andesitoid fragments. 
Groundmass is mostly sericitic mica and felsitic material with anastomosing bedding parallel shape preferred orientation. About 68% of 

rock. 

! Field Number I Formation: 

I F19 Ibanez tuff/Ig? 

Utm East I Utm ~orth ! CF: 

I 4872533 

RF: 

I 

I :Ubtotal: 

289728 

Final Rockname 

Rhyolitic Ignlmbritic breccia or Lag breccia. 

Microscopic textures (F19): 
Rock is matrix supported, with quartz, feldspar, rock fragmeuts and opaques, with secondary calcite, chlorite, and ground mass with 

felsitic recl'ystallised texture; fine grained felsitic/sericitic recrystallised pumices, chlorite and calcite. 
Quartz 2-5%, Feldspars, 2-5%, Rock fragmeuts sparse in thin section, more in hand specimen, pebble through to cobbles and boulders, 

about 40%, trace opaques. 
Feldspars are commly cloudy, with alteration to sericite, calcite, chlorite and clays. Quartz. is fragmental} rounded and embayed igneous 

bipyramids. Calcite, chlorite and sericite occur asd feldspar replacement, chlorite and calcite appear as void fillings aud rims. Grauular 
opaques, ?Hmenite or mangauese oxide, rim some rock fragments and crystal fragrnents. Rock fragments Can be up to 15 mm in the thin 
section) but hand specimens ranged up to cobbles, Dominated by spherulit1c rhyolites, with minor intermediate audesitoids. 

A.2.2 Silicic Extrusive Rocks (Including Cerro Cabeza Blanca) 

Field Number Formation: i 

CF8D Ibanez (Mineralised) 

Utm East 
Utm,::r:h I Q: A: P: F: Subtotal: 

273873 4876 0 ,....... .. 
Final Rockname 

!vIineraHsed vein in Ibanez Rhyolite lava. 

Microscopic textures (CF8D): 
Ct'ystalline mosaic quartz, SOme crustiform vein quartz, some drusy cavities, with enhedral aud subhedral elongate prismatic crystals. 

Ore minerals present are disseminated euhedral and subhedral pyrite cubes, and rnurky, saw~dam.aged white galena) almost all ripped out of 
the slide. Cavities now filled with clay, but field sample had clay. 

Field Number Formatiou: 

CF9D Ibanez Breccia 

Utm East Utm North Q: A: p, F, Subtotal: 

273995 4876569 0 
i 

Final Rockname 

Brecciated Ibanez country rock with juvenHe matrix: associated with Cerro Fa.re1l6n Complex. I 

Microscopic textures (CF9D): 
Polymictic breccia with angular crystals and clasts of rhyolitic through andestoid compositions in a matrix of brownish felstitic ash) 

broken crystal fragments and devitrified material. Esseutially the same as CF9A. 
Largest cla.sts are angular fragments of pi10taxtitic altered andesitoid with green pyroxene! sodic plagioclase, in pilotaxitic textures and 

altered with a Jot of sericite, calcite and chlorite. 
1vfatrix has occasional altered .mafics and quartz/sodie plag/andesitic clasts in murky brown devitrifed ashy material. 
Occasional clasts of hypabyssal granodioritic rock similar to Cerro Fare1l6n and Cerro Piramide intrusives. 

Field Number Formation: 

CF9A Ibanez Breccia 

Utm East Utm North I Q: I A: p, F, 

I 
Subtotal: 

273995 4876569 
. 

0 

Final Rockna.:me 

Brecciated andesitic lava mixed with juvenile material related to Cerro FareLl6n vent breccias? 

I 
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Microscopic textures (CF9A): 
Polymictic breccia with angular crystals and clasts of rhyolitic through andestoid compositions in a matrix of brownish felstitic ash! 

broken crysta.l fragments and devltrified material. 
Largest clasts are angular fragments of pilotaxtitic altered andesitoid with green pyroxene, sodie plagioclase, in pilotaxitic textures and 

altered with a lot of sericite, calcite and chlorite. 
Matrix has occasional altered mafies and quartz/sodie plag/andesitic clasts in Illurky brown devitrifed ashy material. 
Occasional clasts of hypabyssal granodioritic rock similar to Cerro Farelton and Cerro Piramide intrusives. 

! Field Num_bcl' Formation: 

CP31 Ibanez Breccia 

Utm East Utm North Q: A: P: F: Subtotal: 

277141 4867712 0 

Final Rocknarne 

Thinly to thickly bedded, moderately sorted matrix poor clast supported angular to subangular lithic breccia. 

Microscopic textures (CP31): 

i 

Polymictic breccia, clast supported, matrix poor, with angular to subangular moderately sorted clasts of intertnediate pilotaxitic textured 
andesitoids/dacitoids, recrystalHsed poikilimosaic, felsitic and spherulitic rhyolitoids, quartz and plagioclase crystal fragments, tuff/ignimbrite 
clasts) quartzite clasts, and occasional granophyre fragments. 

Clasts arc rimmed with opaque hematite, and cemented with hematite and calcite. 
Feldspathic clasts and crystal fragluents are altered to sericite and clay, or replaced/invaded by calcite. Mafic phases are chloritise, while 

opaque minerals are oxidised and replaced by hematite and white leucoxene. 
Rock fragments about 60%) comprising 25-30% silicic volcanics, 15-20% intermediate volcanics, 5-8% tuff fragments l 1-2% exotics 

(quartzite, granophyre.) Crystal fraglnents about 10%quartz, 10% sodie plagioclase) remainder 20% calcite/hematite dmnling, voidfill and 
matrix/cenlent material. 

! Field Number I Formation: 

OF12A lbane. Breccia (Altered) 

Utm East Utrn North Q: A: P: F: Subtotal: 

273306 4876512 0 

Final Rockname 

Propylitised subvolcanic vent or collapse breccia associated with the Cerro Fare116n intrusives and incipient caldera structure. 

Microscopic textures (CF12A): 
Breccia of unsorted} angular and fractured crystals and rock fragments, in this section mostly the matrix described in hand specimen) 

with only One large clast. 
Matrix is finely cornluinuted angular rock fragments, quartz, sericitised felspars, cherty material, mostly sub OAmm in grainsize, down 

to 0,1 or less. Occasional clasts are up to 4~8mm! and the largest is 20mm. 
Crystals are fractured or broken quartz and plagioclase, with some quartz showlng embayed beta bipyramids. Plagioclase is euhedral, 

fractured and sericitised. 
Sericite and cherty felsitic material form a large part of the matrix. Leucoxene occurs as alteration of opaques. 
tv1any clasts appear to be altered hypabyssal volcanic fragments, but some show granitic textures. Alteration is in the form of mosaic 

quartz recrystallisation, sericitisation of feldspars~ growth of epidote as radial sprays or irregular granular clusters. Pyrite also occurs as 
euhedral opaque cubes. Calcite occurs as void filling. 

I 

Field Number Formation! 
i 

Wl32 Ibanez Dacitoid 

Utm East Utm North Q: A: p, F: Subtotal: 

271290 4858400 20 25 35 0 80 

Opx: Opx: Amph: Chlorite: Opaques: rvIuscovite: Biotite: Olivine: 

10 5 

sericite, calcite 5 100 
i 

FI' ,in lDreccia. i 

Microscopic textures (WI32): 
Finely comminuted monornictic breccia of angular pilotaxitic/felsitic textured dacitoid rock t matrix supported in partly recrystal1ised 

ashy matrix of felsitic material and smaller clasts, together with crystal fragments and recrystallised secondary quartz. 
Clasts are pilotaxitic and flowbanded, with fine grained feldspar laths and felsitic material supporting a few sericitised phenocrysts of 

sadie plagioclase. Much of felsitic material has RI strongly below epoxy, so it is probably some K.spar and most of the coarser patches 
recrystallised quartz mosaic. Mafic phases are replaced by chlorite/iron oxides/leucoxene. Clasts are between 0.5 to 10~15mmt unsorted, 
angular, matrix supported. 

Matrix is feJsitic material! broken crystal rr"grne'ntS of sericitised or calcite-replaced sodie pla.gioclase, fine grained opaques, iron oxide, 
secondary recrystallised quartz mosaic material, chlorite. Trace chloritised biotite. 

Proportions probably clasts: 45~50%, ~1atrix 
% for clast mjneralogy~ 35% Sodie Plagiocla.se phenocrysts, ground mass approx 25-30% quartz mosaic, 25% K-spar laths] plus 10% 

chloritised mafics and 5% opaques. 
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Field Number Formation: 
.- I 

WI34 IbAnez Dad toid i 

Utm East Utm North 'I: A: P: F: Subtotal: 

275130 4859040 20 I 15 35 0 I 70 

Cpx: Opx: Amph: Chlorite: I Opaques: IVluscovlte: Biotite: Olivine: 

IS 5 

Other components: Others: Total: 

i 
Calcite etc 10 100 

I 
Final Rockname 

Altered Dacite. 

Microscopic textures (WI34): 
Moderately altered porphyritic rock, with auhedral feldspars and altered chloritised mafics in a partly recrystallised felsitic matrix. 

Similar to ,VI33, but more feldspars. 
, Large feldspars are euhedral, often glomeroporphyritic. Crystals are often zoned I and some have sericitised cores or rims. Some sieve 
textures present. Plagioclase is slightly zoned, with a--section giving 17, either albite or an25 ish ol1goclase. Some plagioclase crystais have 
irregular or patchy replacement or exsolution of K-spar along cleavage or fractures, and as rims. 

Maf'ics are green, blocky pseudomorphs of chloritc t after pyroxene. from the shape of the pseudomorphs. Often glomcroporphyritic or 
clustered with opaques, probably rnagnetite, from blocky shape, or with sericitised plag. Some are uralitised. 

Groundmass is poikilomosaic texture with luicrophenocrysts of feldspar and quartz mosaic with oxidised matrix and disseminated patches 
of chlorite, hematite and calcite alteration. Calcite patches are more common as halos near some thin fractures filled with secondary mosaic 
quart'.G. 

Mineral %: Oligoclase & Albite phenocrysts: 20%, 5% for k-spar rims, Opaques (Magnetite)lO%, secondary chlorite (after pyroxene) 
10%, Groundmass is about 60% of rock, and is about: 5% opaques and oxides, 5% chlorite after mafics, 20% quartz mosaic, 15% partly altered 
plagioclase microphenocrysts, 10% anhedral K-spar? 

I 

Field Number Formation: 

WI44A Ibanez Dacitoid 

! 
Utm East Utm North 'I: A: P: F: Subtotal: 

I 271540 4857820 20 10 60 0 90 

1 Opx: Op,,: I Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

2 5 3 

Other components: Others: Total: 

I 100 

Final Rockname 

I Dacitic Lava. 

Microscopic textures (WI44A): 
Both rocks are porphyritic with an intergranular/ pilotaxitic groundmass, with euhedral and subhedral altered feldspars and mafic 

minerals in a finer groundnlass of partly pilotaxitic feldspar microphenocrysts and granular opaques. lvlafics are altered, feldspars partly 
sericitised or replaced by calcite. Voids are filled with calcite, particularly in 44A, where SOme areas of matrix are also replaced by calcite. 
44B is more altered, although it appeared fresher in the field. Also, groundmass textures iu 44B arc much more altered and recrystallised, 
with a lot of clay about. 

Larger Feldspar phenocryst in 44A are euhedral to subhedral, often glomeroporphyritic or complexly twinned) with albite-carlsbad, 
pericline and some ?synneusis twins. Some crystals have entirely sericitised or calcitised cores l and some weak zoning or rimming occurs. Sieve 
texture OccurS but is rare. AlbIte Or Sadie Oligoclase, large phenocrysts up to 4mm. 20% 

Some smaller carlsbad only twinned phenocrysts may be anorthoclase, about 10%, and RI of all feldspars is well below medium. Pilotaxitic 
and intergrannlar groundmass feldspars are albite twinned, 40% as groundmass microphenocrysts. 

Quartz about 15-20% in groundmass Illosaics. Also as secondary groundmass alteration. 
Mafics are stubby, green pleochroic clinopyroxene, often uralitised or chloritised, perhaps a sodic clinopyroxene.2-3% 
Opaques are blocky, square, sometimes with embayments. Probably magenetite. 
Groundrnass is pilotaxitic Albite microphenocrysts, and granular quartz. Some groundrnass material J feldspars included. is recrystallised 

into irregular mosaic quartz patches, but this is different to the granular material. Also some apatite. 

F: Subtotal: 

o 70 

Cp": Opx: Amph: Chlorite: Opaques: h1 uscov i te ~ Biotite: Olivine; 

15 

Other components: Others: Total: 

Calcite 10 100 

Final Rockname 
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Microscopic textures (WI41): 
Porphyritic rock with phenocrysts of chloritised amphibole and sericitlsed sodie plagioclase in a felsitic groundmass with some patchy 

quartz mosaic recrystallisation. 
Feldspars are euhedral, up to 3mm, but most below lmm, sometimes glomeroporphyritic1 but ubiquitously serlcitised or calcite replaced. 

Some remnants are albite twinned, with low extinction angles, so sodie plagioclase, either albite or Sodie Oligoclase, but not enough to do 
meaningful measurement. 

Mafic phase is elongate or blocky, square pseudomorphs cOIuprised of green pleochroic chlorite and calcite, with some sericite and opaques. 
F)'om shapes they are more likely to have been pyroxenes, rather than amphibole, because although they have blocky or square end 
on sections. Sometimes glomeroporphyritic with blocky opaques (Partly oxidised magnetite) and plagioclase, plus also slightly 
brownish apatite. 

Groundmass is felsitic material with fine grained disseminated opaques l green altered mafics and some iron oxide staining. Some vague 
remnants of pilotaxitic texture, and also development of poikilomosaic type quartz mosaic recrystallisation of groundmass. 

About 20% sericitised sodic plag, 10% chlorite as altered pyroxene ,65% felsitic groundmass. 
Groundmass is approx; 3-5% about 25% quartz mosaic, 5% altered mafics (now chlorite) and secondary calcite, etc. 10% 

plagioclase mkrophenocrystsJ perhaps anhedral k-spar. 

I ::~::Number Formation: 

13 • Ibanez Dacitoid 

Utm East Utm North Q: A: P: F: Subtotal: 

277660 4857300 23 20 45 0 88 

Cpx: Opx: Amph: Chlorite: Opaques: 1\1 uscovite. Biotite: OHvine: 

7 5 

Other components: I Others: Total: 

100 

Final Rockname 

Hydrothermally altered and oxidised rhyodacite to rhyolite. (Included with Dacite dome complex because of field relation-
ships.) 

Microscopic textures (WI113): 
Weakly flowbanded strongly porphyritic rock, with large, up to 6mm, euhedral altered feldspars, 0.5-1mrn euhedralquartz and 2-4mm 

'altered mafic phenocrysts in a partly recrystallised and altered felsitic matrix, 
feldspars 20% phenocrysts, 45% from groundmass, are O.5····6mm t euhedral J sodic plagioclase, with some zoning, simple, and most 

are to sericite or calcite, often conlpletelYI or cores are sericitised. ML on remnant Albite twins: 12, 187 More readings difficult. 
Looks like nlost albite twinned crystals are albite or oligoclase, RI of albite twinned felspar both fast and are well below medium. 
Medium is just above fast quartz) equal to slow quartz, which does not help, Probably albite. 20 % phenocrysts Altered albite l 25% from 
groundmass. 

K-spar 20% ?Unknown, probably groundmass anorthoclase or sanidine. Alteration common. 
Quartz is present as small, Trace~3% rounded and ernbayed sub O.5mm beta quartz bipyramids. 
1\.fafic Phase is blocky, altered crystais! octagonal end section, probably clinopyroxene! now rimmed with Fe oxides, altered in core to 

hematite, and pleochroic green ?celadonite! or maybe remnant of uralite. Pseudomorphs only, 5-7% 
Alteration products are: Calcite) celadonite, serkite after feldspar, clay, helnatite, goethite. Apatite and zircon present as trace 

minerals. 
Groundmass is uniform felsitic material, sometimes oxide stained, and in patches recrystallised to quartz mosaic material) or sometimes 

replaced with calcite. 60-70%l say 20%quartz, 25%plag, 20% kspar and 5% opaques and trace minerals. 

I Field Number Formation: 

i 
WIlll • Ibanez Dacitoid 

Utm East Utm North Q; A: P: F: Subtotal: 

I 218:,00 4859530 25 15 40 0 80 

Cpx: Op,,: Amph: Chlorite: Opaques: Muscovite: Biotite; 

I 
10 5 5 

i 

Other components; Others: Total: 

100 

Final Rockname 

Dacitic dome lava. 

Microscopic textures (WIlll): 
Porphyritic rock with sadie plagioclase and partly uralitised green clinopyroxene and opaque phenocrysts in a fine pilotaxitic/intergranular 

feldspar/opaque matrix. 
Quartz 25-30% as groundmass patches. 
Large So die plagioclase are euhedral~ up to 4mml sometimes glomeroporphyritic, albite-carlsbad twinned. RI fast and slow directions 

is below medium, suggesting Albite, Some crystals are slightly sericitised l or have sieve textured or altered cores filled with green chlorite. 
Albite, phenocrysts up to 4mm, 15%, 

h.1afics are nlostly altered, blocky or tabular crystals, green pleochroic. Unaltered crystals have inclined extinction, up to first order blue 
d ' , and appear to be a green clinopyroxene. Looks like uralitic or chlorHic alteration to most crystals. XIs up to O.5mm. 5% 

Phenocryst phase opaques are irregular} blocky} often slightly aItered/oxidised, and sometimes clustered with uralitised clinopyroxene 
andlor plag, ± apatite. Probably magnetite, not blobby Iskeletal enough for ilmenite. 

Groundmass textures range from piIotaxitic to felsitic , with intergranular opaques. Feldspar microphenocrysts are tabular, som.ctimes 
pilotaxitic , albite twinned on occasion l some swallowtailed J with intergranular green pyriboles and fine grained opaques. Anhedral patches 
of Inosaic quartz occur throughout. Estinlated groundmass composition: 70-75% of the rock, consisting 15% anhedral low Rl k-spar, 25% 
quartz, 5% altered fine pyroxenes/mafics, 5% opaques, 5% chlorite alteration, 25% Albite microphenocrysts. 
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Field Number Formation: 

WI110 Ibanez Dacitoid 

Utm East Utm North Q: A: P: F: Subtotal: 

277840 4859850 40 20 25 0 85 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite~ Biotite: Olivine: 

5 5 

Other components: Others: Total: 

Calcite 5 100 

Final Rockname 

Altered Dacitic lava. 

Microscopic textures (WIllO); 
Porphyritic rock with altered euhedral sodie plagioclase phenocrysts in devitrified and recrystal1ised quartz-mosaic ground mass, with 

patches of oxidised opaques and secondary qnartz/calcite alteration patches/zones. 
Feldspars are euhedral t up to 3mm, nlostly carlsbad-albite twinned sodie plagioclase, often altered or replaced 

murky with clays. ML is 15, 17.5, 13, 11, 11.5, 10, 18.5, 17.5. Albite or Oligoclase. RI fast quartz is above slow 
quite above fast plag. Looks like Albite. 

Some untwinned felspars have HI well below mediuffi 1 so may be K-spar present as minor phenocryst population. 

ser1cite and calcite, or 
and slow Quartz is 

Blocky patches of opaques and bright green chlorite, and some sericite occur. The opaques are red brown at rims, so hematite or similar. 
Possibly altered mafics, Pyroxene from blocky shapes? 

Common mosaic quartz in groundmass and secondary vein quartz as cavity infill, associated with calcite. Some relict traces of ftow
banding, destroyed by Mosaic quartz. Sericite present within some areas of groundmass. Trace green chlorite and some celadonite. Opaque is 
hematite/goethite. 

QAPF difficult. but rock looks like altered dacitoid. Sodic Plagioclase phenocryts: 25%, less. Altered Mafics, 5% or less. Trace 
to 5% k-spar. microphenocrysts. Groundmass is 70% of rock, high .in quartz, 40%, although material has patchy look that may result 
from original spherulitic texture, and other mineral with quartz 1n patchy areas has low Rl t so anhedral k-spar) 20%, plus secondary calcite, 
5% opaques 5%, plus some void filling euhedral quartz. 

Field Number Formation: 

WI36B Ibanez Dacitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

275525 4858035 0 

Final Rockname 

Altered and chloritised breccia of Juvenile dacitic fragments. 

Microscopic textures (WI36B); 
Strongly altered rock with large rounded clasts of vesicular dacitoid rock with sericitised phenocrysts of plagioclase and matrix/groundmass 

of similar composition, also vesicular, with murky altered groundmass of pilotaxitic and feJsitic material with much secondary chloritisation 
of any manes, and some mosaic quartz recrystallisation, particularly along clast rims. 

Clasts and matrix are strongly vesicular, with vesicles infiHed with radial platy green chlorite clusters, Or rimmed with opaques and filled 
with calcite. 

Feldspars are about 40%, up to 3mm, euhedral and subhedral, commonly glomeroporphyritic, altered to sericite and replaced by calcite. 
Remnant albite twinning has low extinction angles, indicating sodie plagioclase. 

Secondary alteration minerals include calcite, quartz, hematite, sericite, leucoxene, etc. 
Too altered for accurate QAPI>' 

I Field Number Formation: 

Wl45A Ibanez Dacitoid (Altered) 

Utm East Utm North Q: A: P: 

271990 4858540 20 15 40 

Cpx: Opx: Amph: Chlorite: Opaques: ~1uscovite: 

10 5 

Other components: 

I 

Others: Total: 

Calcite 10 100 

Final Rockname 

Altered dacite lava. 

Microscopic textures (WI45A): 

F: Subtotal: 

0 75 

Biotite: Olivine: 

Porphyritic rock with felspar aud altered mafic phenocrysts in a dark, mafic rich intergranular groundnlass with felsitic and pilotaxitic 
textures, with some calcite or chlorite filled vesicles, 

Plagioclase is euhedral, but cores are altered to sericite or chlorite, and some may be rimmed with 
extinction angle tests l but RI against medium indicates Sodic Plagioclase or Albite., and the becke line on 
for K-spar anorthoclase rimming. 

Generally too altered for 
rims is almost strong enough 
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Mafics are uniformly altered to pleochroic blue-green chlorite and/or uralite, also reddish hematite stainiug. Blocky rectangular crystals 
make me thiuk these arc uralitised and chloritlsed cliuopyroxeues. 

Blocky patches of brownish aud red riInmed hernatite and goethite opaques may be oxidised Magnetite phenocrysts. 
Groundmass is murky felsitic material with some quartz mosaic recrystallisiation, pilotaxitic altered feldpsar lllicrophenocrysts and 

oxidised opaques, now Inost!y haematite/goethite. Feldspars are sericitised. Voids are filled with either goethite/calcite mix, or green/brown 
amorphous material. 

Sodic plag: 25%. Altered clinopyroxene (chlorite/uralite) 10%, HeIllatite/goethite (after Opaques, probably magnetite.) 5% Secondary 
calcite/voidfiU 10%. Groundmass is 50% of rock, aud is probably about 20% quart-z mosaic, 15% euhedral sodie plagioclase Tnicrophenocrysts 
aud 15% anhedral groundmass K-spar with the quartz mosaic (some patches give other than uniaxial negative figures and have low RI.) 

Field Number Formation: 

WI44B Ibanez Dacitoid (Altered) 

UtIll East Utrn North Q: A: P: F: Subtotal: 

271540 4857820 0 

Final Hockname 

Altered Dacite lava. 

Microscopic textures (WI44B): 
Both rocks are porphyritic with an intergranular/ ilotaxitic groundmass f with euhedral and subhedral altered feldspars and mafic minerals 

in a finer groundrnass of partly pilotaxitic feldspar microphenocrysts and granular opaques. Mafics are altered I feldspars partly sericitised Or 

replaced by calcite. Voids are filled with calcite, particularly in 44A, where SOme areas of ruatrix are also replaced by calcite. 44B is ruore 
altered, although it appeared fresher in the field. Also, ground mass textures in 44b are much mOre altered and recrystallised, with a lot of 
clay/calcite about. 

Larger Feldspar phenocryst in 44A are euhedral to subhedral, often glomeroporphyritic or complexly twinned, with albIte-carlsbad, 
peri cline aud some twins. Some crystals have entirely sericitised Or calcitised cores, and some weak zoning or rimming occurs. 
Sieve texture occurs is rare. Smaller phenocrysts without zoning, sieve texture and without much alteration appear to be K-spar, type 
not certain. RI of all feldspars is well below medium. 

IVfafics are stubby, green pleochroic clinopyroxene, often uralitised or chloritised, Perhaps a sodic clinopyroxene. 
Opaques are blocky, square, sometimes with embayments. Probably magnetite. 
,Groundmass is pilotaxitic~ feldspar microphenocrysts1 K-sparJ and unknown granular colourless mineral - maybe quartz but 

cou1d also be groundrnass foid. 'Some groundmass material j included~ is recrystallised into irregular mosaic quartz patches, but this 
is different to the granular 'material. Also some apatite. 

Field NUIllber Formation: 

WI37 Iba.nez Dacitoid (Altered) 

UtIll East UtIll North Q: A: P: F: Subtotal: 

275570 4857710 0 

l>, 

Altered Dacitic Lava. 

Microscopic textures (WI37): 
Altered dacitic rock, with phenocrysts of sericitised sodie plagioclase, chloritised mafies, microphenocryst of magnetite and apatite, in a 

groundmass of pilotaxitic feldspars with occasional anhedral quartz, with common secondary calcite, sericite, clay and chlorite. 
Feldspars are euhedral to subhedral sericitised sodie plagioclase, up to 3mm. brownish aud murky in ppl, sometimes glomeroporphyritic. 

Remnant crystals with Albite twius give angles between 10 and 7, while HI of both fast and slow directions is below epoxy, so Albite. About 
30% of the rock. 

lvfafic phase is altered to platy pleochroic bright green chlorite, with straight extinction and anomalous blue interference colours. 
Pseudomorphs thus are blocky, square or tabular shapes. with some remnants having octagonal end sections, indicating that this phase 
was a pyroxene, probably clinopyroxene. 

Associated with the altered pyroxenes are blocky magnetite crystals) often oxidised (up to O.5mm, m.ax) and low birefringence apatite 
crystals. 

Groundmass has common hematite oxide stainiug, and ubiquitous calcite aud chlorite alteration and void-filling. Sericite is commOll, 
especially at grain boundaries. Primary mineralogy is iutergranular or pilotaxitic feldspar microphenocrysts with intergranular maflcs (now 
oxidised or chloritised) I opaques, and interstitial anhedral quartz, plus minor accessory apatite. Microphenocryst feldspar is mainly plag~ 
although the sericite level may indicate a lot of altered k-spar. 

Too for accurate QAPF. 

Field Number Formation: 

WI36A Ibauez Dacitoid (Altered) 

Utm East I Utm North Q: A: P: F: Subtotal: 

275525 4858035 0 

Final Rockname 

Altered and silicified Dacitic Lava Breccia. 

Microscopic textures (WI36A): 
Altered, possibly partly hornfelsed dacitic rock, with original mineralogy of euhedral 1~2mm sodie plagioclase phenocrysts in a ground

mass of felsitic material, but now with many patchy recrystallisation and replaernent areas of calcite and lllosaic quartz, following flow banding. 
Feldspars are blocky euhedral and subhedral sadie plagioclase, up to 2mm, about 15-20% .. Most now eroded and replaced by plagioclase, 

or clays/seric; to. IU is below epoxy, so probably Albite. 
Quartz is ubiquitous as recrystal1ised rnosaic material in groundmass, or vein/cavity euhedral crystals with the 
Groundmass felsitic texture is partly replaced by sericite, quartz mosaic and calcite. Opaques are oxidised, and 

common. Some groundmass sericite has coarsened up and recrystallised to form O.5mm muscovite porphyroblasts. 
Too altered for accurate QAPF. 
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Field Number Formation: 

W[87 Ibanez Dacitoid (Altered) 
i 

Utm East Utm North Q: A: P: F: Subtotal: 

271890 4864430 0 

Final Rockname 

Propylitised Dacitic dome or sill. 

Microscopic textures (WI87): 
Entirely altered rock. Porphyritic textures rClnain, but large feldspars have been altered a.nd replaced by sericite and goethite/hematit.e to 

form pseudolllorphs. Groundmass is coarsened felsltic texture with recrystallised quartz, sericitised feldspars and iron oxides, with occasional 
recrystalHsation of the sericite into visible muscovite, 

?Propylitised Dacitic dome or sill? Too fine graine for QAPF. 

I Field Number Formation: 

WI33 * Ibanez Dacitoid (Altered) 

I 

Utm East Utm North I Q: 
I 

A: I P: 
F: 

I 
Subtotal: 

271736 4858660 0 

I • FInal Rockname 

field ou TAS, but greater than 20% normative quartz makes it more dacitic, 

Microscopic textures (WI33): 
.Porphyritic rock with oc<;:asional sericitised feldspars, altered green mafic minerals and felsltic textured groundmass with remnants of 

pilotaxitic texture, Section rnay be cut too thin, as all feldspars appear to be ripped out. 
Feldspars'are euhedral, BOJne remnants have '2vx 20~6-0, OAP parallel to DID, so maybe high sanidine present. Others are sodie plagioclase, 

but Illost are to altered 'to tell. Alteration is sericite, calcite, or cherty material. Many feldspars have been ripped from the section during 
preparation. 

Ma.fks are bright pleochroic blue green, blocky crystals with occasional eight sided section. Appear to be uralitised pyroxene, from shape 
of some sections. Some are chloritised and surrounded by reaction rim of opaques. May be a sodie amphibole, but no cleavage visible. Colour 
suggests this, though. 

Groundmass is felsitic devitrified material, with fine grained opaques~ possibly aenigmatite, and patches of quartz, perhaps some feldspar, 
as combined mosaic rexllisation. Some sparse low RI material could be zeolite. 

Too altered for reliable QAPF estimations. 

Field Number Formation: 

I L7 Ibanez Dad toid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

! 281909 4858458 35 20 40 a 95 

Cpx: Opx: Arnph: Chlorite: Opaques: Muscovite; Biotite: Olivine: 

5 ! 
Other components: Others: 

I ~:;al: 
Final Rockname 

Altered rhyolitic lava. 

Microscopic textures (L7): 
Porphyritic rock with altered feldspar phenocrysts in felsitic to partly mosaic recrystallised poikilomosaic groundmass with irregular 

patches and spots of opaque hematite/goethite. 
Feldspa.r phenocrysts are euhedraJ, slightly rounded l sometimes glomeroporphyritic. Up to 3mm, altered with brownish clay patches, 

Albite and Carlsbad twinned. RI fast and slow well below Epoxy, so probably Albite. Some sericite , and occasional patchy replacement by 
calcite. About 10%. 

Groundmass is faintly pilotaxitic 1 with microphenocrysts of altered plagioclase in pilotaxitic texture defining faint flowbandjng~ with most 
of the groundmasB showing felsitic texture incipiently recrystallised to quartz Illosaic or poikilomossic textures. About 30% microphenocrysts 
of 35% quartz mosaic) 20% K-spar in anhedral felsitic texture with the recrystallised quartz) 5% or so altel'ed hematite and leucoxene 

mafic phases. Minor secondary calcite and sericite. 

Field Number Formation: 

F55 Ibanez Dacitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

! 280250 4868375 0 

Final Rockname 

I Hydrothermally altered dacitic rhyodacitic lava. 
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Microscopic textures (F55): 
Pervasively altered rhyolitoid or dacitoid. Feldspars are replaced by clays, calcite, etc, often haloed by opaque or dark brown iron oxides. 
Quartz occurs as small (.2-0.4 mIn) microphenocrysts in the grollndmass, about 5%, 
Ii'eldspars are euhedral and subheclral rounded crystals up to 3mm, SOIlIC glorneroporphyritic clusters, about 8%} and are pseudomorphed 

by calcite and brown patchy hematite. 
Gronndmass is fine grained felsitic rnaterial 1 partly recrystaUised to mosaic quartz) with disseminated fine opaque iron oxides and yellow 

staining, with patches of calcite, and perhaps also siderite, Section cut a little thick, quartz is too yellow or even red. 
Too altered for QAPF. Lack of common large phenocryst quartz may indicate dadtic to rhyodacitic composition, rather than rhyolitic. 

Field Number i Formation: 

W118 Ibanez Dacitoid (Altered) 

Utm East 

: 

I F: 
Subtotal: 

274580 4864030 0 

Final Rockname 

Propylitised Dacite to rhyodacite. 

Microscopic textures (WI18): 
Sparsely porphyritic altered rhyolite or rhyodacite. Sparse altered feldspar phenocrysts and recrystallised quartz in an altered, goethite/haernatite 

stained felsitic or pilotaxitic matrix. 
Large feldspars, about 10%, up to 2mm are euhedral, sometimes glomeroporphyritic, murky and often sericitised or with patches of 

calcit,e. RI suggests Albite} or more likely K-feldspar, but there are some albite twinned crystals, and smne Carlsbad only twinned crystals. 
Probably a mix of the two, Some crystals have 40",,60 2v and oap 010, so probably anorthoclase, while those with 2v as high as 80, are 
proba.bly albite. Alteration makes identification difficult. 

Quartz occurs as rnurky mosaic patches in the groundlnass, also as reccrystalHsed clear mosaic and euhedral quartz in cavities with 
calcite. No phenocryst quartz. 

Muscovite is common as coarsened and recrystallised material from sericite, and disseminated sericite is very comIIlon in groundlll8.Ss. 
Remainder of groundmass is pilotaxitic sericitised feldspars, sometitnes with faint albite or carlsbad twin remnants; with RI well below 

epoxy, in murky poikilomosaic quartz) sericite, and dominant opaques are brown goethite and opaque reddish hernatite, 
Too fine grained and altered for accurate QAPF. 

Field Number Formation: 

I 
WIl07A Ibanez Dacitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

276136 4857940 0 

Final Rockname 

Pro py litised h drothermall / y y altered Dacitic Lava. 

Microscopic textures (WIl07 A): 
Flow banded porphyritic rock, with altered feldspar pseudomorphs in a recrystallised quartz/feldspar mosaic matrix. 
Large (up to 3mm) feldspars are euhedral laths or tablets, alnl0st all are altered to sericite, clay or calcite, particularly calcite in cores, 

and some crystals entirely replaced by calcite. Also replacement by cryptocrystalline or mosaic qnartz. 
lrnm patches or blobs of hematite occur, often with diffuse halo of goethite staining, Some occurs with muscovite in what may be 

pseudomorphs of biotite! while some replaces: square) blocky mineral that was probably magnetite. 
Groundmass is recrystallised to felsitic or mosaic qnartz with interstitial opaques and sericite, plus trace tridyrnite plates and occasional 

z:ircon. 
QAPF not feasible. 

Field Number Formation: 

WI76 * Ibanez Rhyolitoid 

Utm East I Utm North Q: 

I 
A: P: F: Subtotal: 

259410 4864870 415 40 13 0 98 

I Opx: I Opx: Amph: Ohlorite: 

I 

Opaques: Muscovite: Biotite: Olivine: 

I i 2 

I 

Other components: Others: 

I 

Total: 

100 

; ::ya:l:::::~e ,11', and silicified. 

Microscopic textures (WI76): 
Flowbanded, porphyritic rock with 3···5% quartz and feldspar phenocrysts in a thoroughly recrystallised quartz mosaic flow banded 

groundmass, Feldspars are altered and replaced by calcite/sericite, and some blocky maSses of calcite/opaques lTIay be pseudomorphs of a 
mafic mineral, perhaps biotite or pyroxene. 

Quartz phenocrysts are rounded and embayed bipyramids} sometimes fractured, 5%, up to 2mm. Some phenocrysts have overgrowth of 
groundmass murky mosaic quartz, in optical continuity, while others are overgrown by halos of recrystallised mosaic groundmass, and may 
have been at the centre of spherulites. 

Feldspars are 5--8%. often altered, euhedral/subhedral. replaced by calcite or sericite. 2v ranges from 90 ish to 30-40 -ve. Albite twinned 
crystals are sparse, but indicate sodie oligoclase or albite, and have RI strongly below mediuIll - probably albite. 
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Mafic pseudomorphs (Calcite/hematite) and opaques, 1-2%. 
Groundmass is recrystallised to mosaic quartz, although in ppl there are Some structures visible j such as Rowbanding and flattened/attenuated 

vesicles, and occasional recrystaHised spherulites. Flowbanding is now expressed in grainsj~e variations of the mosaic quartz. 
Approximate QAPF: Phenocryst quartz: 5%, Phenocryst plag; 8% Altered mafies and opaques: 2% Groundmass remaining 85 % of rock, 

so about 40% each mosaic Quartz and anhedral K-spar, 5% altered plagioclase microphenocrysts. 

Field Number I ~:;::tlon: 
WI59 ez Rhyolitold 

Utm East Utm North Q: A: P: F: Subtotal: 

i 270950 4867290 40 35 23 0 98 

, Cp": 01''': Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

2 

Other components: Others: Total: 

100 

Final Rockname 

Spherulitic and felsitic rhyolite dike. 

Microscopic textures (WI59); 
Porphyritic rock with phenocrysts of quartz) glomeroporphyritic feldspar and altered ?blotite in a recrystallised felsitic matrix, with 

renIn ant spherulites, quartz mosaic rexlln and seams of goethite and patches of dissemInated calcite. 
Quartz phenocrysts are 0. 5~3mm 3-5%, rounded, euhedral to subhedral bipyramids, occasionally embayed or fractured. Some are 

twinned, and some have overgrowths of fibrous quartz/kspar as incipient spherulites from groundmass devitrHication. 
Feldspars are euhedraJ/subhedraI, often glomeroporphyritic, up to 5mm across, 5-8%. Alteration is patchy replacement with calcite and 

calcite more comInon, often in blebs fU1d lamellae along crystal structures/cleavages. Ivlost display albite or carlsbad twins, Albite or 
Some have carlsbaq twinning only. Medium RI is between fast and slow quartz, carlsbad~albite twinned feldspar is strongly below 

medium, 
Possible biotite pseudomorphs are blocky' patches of goethite/hematite/lnuscovite/leucoxene, with Iron rich material approximately 

parallel to what would have been cleavage directions if the material was once biotite. Up to Imm, trace. 
Groundmass is felsitic Jnaterial, partly recrystaHised to quartz mosaic, but still displaying occasional patches of altered spherulites I 

altered albite microphenocrysts, Trace epidote, plus occasional zircon. Some sericitk mica, patches of caldte also. Also seams of opaque 
goethite. 

Approxirnate QAPF: Phenocryst quart:z;; 5%, Phenocryst Plag: 8%, opaques as hematite pseudomorphs after biotite, and altered grotlnd
lnass opaques j 2%. Remaining groundmass; 85% of rock, with about 15% albite lnicrophenocrysts, 35% each Quartz and altered K-spar, 

I 
Field Number Formation: 

CP71 Ibanez Rhyolitoid 

Utrn East Utm North Q: A: 

I 

P: F: Subtotal: 

275672 4869296 58 30 10 0 98 

Op": 01':<: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine; 

2 

Other components: Others: Total: 

100 

Final Rockname 

i Devitrified and recrystallised rheomorphic lava, perhaps sourced from a rhyolitic ignimbrite. Or highly vesicular rhyolite. 
?Sllicified. 

Microscopic textures (CP 71); 
Porphyritic rhyolite with rounded and embayed subhedral quartz and seridtised feldspar phenocrysts in a flowbanded felsitic matrix, 

with well developed, recrystallised quartz nlosaics pseudomorphing earlier eutaxitic or pseudo~eutaxitic texture, 
Quartz phenocrysts are rounded or embayed subhedral beta quartz up to 2mm across. 
Feldspars are entirely altered euhedral/subhedral fragments I fractured. Most are altered to sericite. 
Groundmass is flowbanded brown glassy material in ppl, with strong eutaxitic texture. CPL reveals that large lenses in this 

texture are recrystalHsed to mosaic quartz,and some sericite, while the brown glassy material has devitrified to felsitic material. Well developed 
wrap around structures occur with phenocrysts, and some of the recrystallised lenses have extensional pull apart cracks preserved. 

Approx QAPF: Phenocryst quartz: 8%, Feldspar Pseudomorphs 10%. 1-2% opaques. Groundmass: 80% of rock, about 20% clear mosaic 
quartz and 60% murky recrystallised felsltic material estimated to be 30% each quartz/k-spar. If feldspar phenocryst pseudomorphs are 
assumed to be sodic plagioclase, numbers are quart'2l 58, plagioclase 10, kspar 30. 
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Field Number Formation: 

I 
CP30 Ibanez Rhyolitoid 

Utm East Utm North Q: A: P: I F: Subtotal: 

276983 4868054 35 30 30 0 95 

Cpx: Opx: Amph: Chlorite: Opaques: ' Muscovite: Biotite: Olivine: 

1 3 

Other components: Others: Total: 

Sericite 1 100 

Flnal Rockname 

Rhyolite Java. 

Microscopic textures (CP30): 
Pine grained rock with sparse small quartz and feldspar phenocrysts in a mixed groundmass of felsitic material w.ith rnicrophenocrysts 

of feldspar and quartz. 
Quartz phenocrysts are sparse, less than O.4mm, founded Of fractured. About 5%. 
Larger feldspars are slightly altered, euhedral to snbhedral fractured crystals, up to 0.5 mill, 2v moderate-high) about 70. Albite twlnned j 

RI of fast Ilnd slow is below epoxy. (1.54) Probably Albite or albite twinned sodie k-spar. About 5%. 
Groundmass is fine Celsitic texture with pilotaxitic flow aligned feldspar microphenocrysts, with albite-carlsbad twinning, Common 

coarsening or recrystallisation of felstitic material to poikilomosaic quartz and murky low RI anhedral feldspar, probably k~spar. Some small 
patches of green-yellow chlorite? And sericitised material. Opaques are oxidised to goethite-limonite. 

Microphenocryst feldspars are euhedral laths, carlsbad and albite twinned, but ML is about 6-8, so either Albite or Oligoclase. RI fast 
and slow below medium, so Albite. 

QAPF about 5% each phenocrysts quartz and albite. Groundmass is 90% of rock, with about 20-25% pilotaxitic plagioclase mlcrophe
nocrysts J 3% altered opaques and 2% secondary chlorite/sericite, 30% quartz mosaic, 30% murky altered k-spar, anhedral crystals. 

Field Number Formation: 

P22 .. Ibanez Rhyolitoid 

Utrn East Utm North Q, 

I :; 
P: P: Subtotal: 

287090 4868960 40 10 0 87 

Cpx: Opx: Amph: Chlorite: 

I 
Opaques: Muscovite: Biotite: Olivine~ 

5 3 

Other components: Others: Total: 

Devitrified Glass 5 100 

Final Rockname 

Spherulitic Rhyolite Lava. 

Microscopic textures (F22): 
Porphyritic rock with phenocrysts of sodic plagioclase, quartz and biotite in a groundmass of mosaic spherulites and fine grained 

fllicrolites. 
Quartz phenocrysts are rounded, embayed or ske-Ietal and fractured beta quart~ pseudomorphs, about 3-5%} up to 2mln. 
Feldspar phenocrysts are euhedral to subhedral partly rounded crystals, sornetimes fractured, Albite} Carlsbad aud pericline twjnned~ 

partly altered to clay/sericite. Up to 3mrn, 5-10%. Not enough crystals to do reliable extinction angle tests, but most twinned crystals have 
low angles (10-15 degrees) and RI of fast and slow is below epoxy, so albite. 

However SOHl-e small, untwinned crystals have high 2v and oap parallel 010, so maybe a 1-2% of Sanidine present. 
Biotite is altered, green-brown, partly chloritised and with opaque material exolved along cleavage plains. 3%, lrnm and less in size. 
Groundmass is dominated by partly recrystallised mosaic spherulitic texture. Spherulites are nucleated on most phenocrysts, or randomly. 

Mosaic spherulites cover most area, although Some areas of feIsitic texture occur where spherulites have not nucleated. Trace perlitic cracking 
shows that these felsitic areas were once glass. Two generations of microlites occur, one set parallel to wavy even fiowbanding that passes 
through spherulites, and other set radially orientated on spherulites. Quartz mosaic recrystallisation has occurred randomly in spherulitic 
material, but also in bands and veins along spherulite mosaic boundaries and along fractures, 

QAPF approx: Phenocryst quartz 5%. Phenocryst Albite 10%. Phenocryst Sanidine 2%., Biotite 3%~ Groundmass about 80% of rock, 
so about 35 Quartz., 35% K-spar, 5% felsitic devitrified glass and 5% microlites and opaque hematite. 

I Field Number Formation; 

GAllC * Ibanez Rhyolitoid 

Utrn East Utrn North Q: A: P: F: Subtotal, 

288426 4871485 44 34 15 0 93 
i 

Cpx: Opx: Amph: Chlorite: Opaques: !v1 uscovite: Biotite: Olivine: 

2 5 

Other components: Others: Total, 

100 

T> , 

Biotite bearing spherlllitlo Rhyolite lava. 
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Microscopic textures (GAlle): 
Striking Porphyritic rock with quartz, feldspar and biotite phenocrysts in a bright red-brown spheruHtic matrix. Very pretty. 
Quartz phenocrysts are irregular, up to 10%, O.5-3mm rounded and strongly embayed crystals. Some embaYlllents retain isotropic brown 

glass. 
Feldspars are larget euhedral to subhedral/rounded, most O.5-3mm, some glomeroporphyritic clusters up to 5mm across. Alteration js 

common, with Ubiquitous partial replacement by patchy, blebby calcite, but also with mosaic quartz or sericite. Difficult to identify due to 
alteration j but remnant Albite carlsbad twinned material has RI strongly below medium, so most likely Albite, about 15% of rock. 

Biotite is dark brown to red brown pleochroic, in tabular euhedral books or hexagonal basal sections. Basal sections are almost black. 
Up to L5mm, 2-5% Some biotite is altered, to tabular pseudomorphs outlined with iron oxides, filled with Inosaic quartz. 

Groundmass is 10 % of the rock, brown mosaic spherulitic material t sometimes partly recrystallised to mosaic quartz) but near phenocrysts 
spherulites are several mm across. Trace Aeatite and zircon. Some patches of felsitic and quartz mosaic material occur, between rounded 
spherulites. Spherulites/felsitic material 18 70% of rock, so is estimated to be about 2% fine opaques and microlites, and about 34% each 
quartz and k-spar in anhedral felsitic material or radial spherulites. 

Field Number Formation: 

WI25 * IbMicz Rhyolitoid 

Utm East Utm North Q: A: P: F: Subtotal: 

270150 4862670 43 35 20 0 98 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

2 

Other components; Others: Total: 

100 

Final Rockname 

Partly altered and recrystallised Rhyolite Lava dome or cryptodome. 

Microscopic textures (WI25): 
Porphyritic rhyolite with rounded and embayed quartz phenocrysts, feldspars (altered), in a fine feIs'itie groundmass which shows flow

banding through grain size variations in the groundmass. 
Quartz is rounded, subhedral crystals, O.5~3mnl, often embayed l sometimes fractured. Some crystals are overgrown with optically 

continuous halo from partly recrystallised felsitic material in groundmass. About 5-8%. 
Feldspars are rounded, Bubhedral to euhedral pseudomorphs, up to 3111m, entirely replaced by sericite with some patches of calcite and 

opaques. i\.1ay have been sodie plagioclase. Up to 3mm, about 5%. 
Some from blocky shape possibly pyroxene, now pseudoIllorphed by green pleochroic chlorite and sericite. 
Groundmass very fine grained felsitic Inaterial, now recrystallised to murky Inosaie quartz, some of which has overgrown phenocrysts, 

with occasional round patches of secondary recrystallised quartz after spherulites, and altered microphenocrysts of feldspar. Occasional veins 
and patches have clear mosaic quartz and fine sericitic mica. Opaques are altered to hematite and goethite oxide stains. 

Approximate QAPF: Phenocryst quartz, 8%) Phenocryst sericitised plag, 5%, Altered mafics and opaques, 1-2%, Groundmass 85% of 
rock, with about 15% altered 7plagloclase Inicrophenocrysts and 35% each quartz/kspar in partly reerystallised felsltic texture. 

Field Number Formation: 

L14 * Ibaf,cz Rhyolitoid 

Utm East Utm North Q: A: P: F: Subtotal: 

i 284040 4860840 50 26 15 0 91 

I 
OPl<' Opx, Amph: Chlorite: Opaques: :tv! uscovite: Biotite: Olivine: 

9 

i Other components: Others: Total: 

100 

Final Rockname 

Flowbanded i ~ to rhyolitic lava. 

Microscopic textures (L14): 
Porphyritic rock with sericitised phenocrysts of feldspar in a. mosaic quartz recrystaillsed ground mass. No quartz phenocrysts, and 

blocky opaques and ocassional blocky mafic pseudomorphed by green pleochroic chlorite. Common oxide staining and patches of dark 
semi-opaque hematite. 

Feldspars are euhedraJ and subhedral phenocrysts up to 2mml and are altered to sericite, calcite and clays. Unaltered 
albite twinning, and have RI well below the epoxy mounting medlum. Most remnant crystals appear to be albite, with low 
while other crystals have no albite twins, low RI, and OAP parallel to 010, and may be high sanidine k-feldspar. 

show some 
albite twins l 

Groundmass is well recrystallised quartz and altered low RI anhedral k-spar in coarsened mosaic, perhaps recrystallised a bit 
from felsitic or spherulitic texture. K-spar is quite murky and altered, 

Approx composition Albite phenocrysts: 15%, Sanidille phenocrysts: trace to 1 %. Opaque phenocrysts and altered mafics: 5%, Ground
mass: 80% of rock) approx 50% quartz, 25% altered anhedral k-spar) and :1-4% altered opaques aud secondary hematite after opaques/ma.£cs. 
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! 
Field Number Formation: 

F18 * Ibanez Rhyolitoid 

Utm East Utm North Q: A: P: F: Subtotal: 

288375 4871800 50 35 10 0 95 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

3 2 

Other components; Others: Total: 

100 

Final Rockname 

Rhyolite feeder dike, 

Microscopic textures (FI8): 
Porphyritic flowbanded rock with phenocrysts of quartz and sedcitised feldspar I in a ground mass of flowbanded and quartz-mosaic 

recrystal1ised material. Traces of muscovite/opaques as pseudomorphs of biotite. 
Quartz phenocrysts are euhedral, rounded and embayed beta quartz bipyramids) up to 2mm, about 5%. 
Feldspar phenocrysts are euhedrai-subhedral, but completely altered to sericite t in fine grained masses forming pseudomorphs of the 

feldspar crystals, with some glomeroporphyritlc crystals up to 3mm) again, about 10%. No phenocrysts are unaltered, so original feldspar 
phenocryst composition Is unknown) but probably sodie plagioclase. 

Trace ~vluscovite) grown with opaques along cleavage plains, perhaps pseudomorphing biotite. 
Groundmass .- flowbanded and recrystallized poikilomosaic quartz and murky feldspar after spherulites. Spherulitic textures are vis

ible in ppl as round and elongate spherulites along flow banding, or nucleated on phenocrysts, but have been obliterated by mosaic quartz 
recrystallisatlon in cpl. Fine opaques and remnant feldspar oCCur. 

Approximate QAPF: Quartz, 50%, Sodic Plagioclase 10%, Biotite pseudomorphs 2% or less t K-spar in groundmass about 35%. Opaques 
3%, 

Field Number Forrr:tation: 

WIG Ibanez Rhyolitoid (Altered Vein at Margin) 

Utm East 

I 
Utm North Q: I A: 

P: F: Subtotal: 

278700 4862900 0 

Final Rockname 

Unusual calcite vein rep)acment of chiIJed margin of rhyolitic intrusive. 

Microscopic textures (WI6): 
Rock is composed all1\1ost entireiy of caicite, both sparry and microcrystalline, with some radial structures perhaps pseudomorphing 

spherulites, and some smaH pod-like structures that may indicate bacterial colonisation in the veins, One phenocryst of volcanic quartz 
occurs. Some dissolution seams or stylolites occur. 

Field Number Fornlation: 

F13 Ibanez Rhyolitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

4869995 o 

Microscopic textures (FI3): 
Rock is thoroughly recrystallised and devitrified flowbanded rhyolite. Felsitic tnatrix has been recrystallised into quartz mosaic; sparse 

feldspar phenocrysts are completely altered to fine grained sericite. 
Feldspar phenocrysts are euhedral to subhedral, sericitised, "\vith remnant fragments showing albite twinning occasionally. Crystals were 

up to 2mm, and about 5% of the rock. 
Quartz is not present as a phenocryst 
Opaques are up to O.5tnm J anhedral or altered to brown hematite or 'white leucoxene. 1%. 
Groundmass is up to 90~95% of the rock) and is felsitic to mosaic quartz/altered feldspar in variable degrees of recrystallisation, 

apparently controlled by flow banding. Grain size varies from unrecrystallised felsitic materiaL with patches of mosaic quartz up to .5mm, 
through to moderately recrystallised poikilomosaic material with .2-0.5mm mosaic quartz, up to coarsely recrystalBsed poikilomosaic quartz 
with 0.5 to 1mm size crystals. The feldspathic portion of the ground mass is low RI, murky and altered. 

QAPF not feasible 

Field Number Formation: 

F15A Iba,nez Rhyolitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

289370 4867606 0 

Final Rocknanle 

Altered and silicified rhyolite, 
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Yricroscopic textures (F15A): 
Same mapping unit as F3. RecrystalHsed and altered fiowbanded rhyolite; porphyritic with glomeroporphyritic altered feldspars roughly 

aligned along fiowbanding orientation. Large patches of calcite occur as voidfilling of drusy quartz. lined voids. 
Large phenocryst feldspars are euhedral tablets and laths) albite-carlsbad twinned and often partly or wholly altered to sericite and 

calcite. Often glomeroporphyritic in clusters along ftowbanding orientation, now altered and surrounded by groundmass mosaic quartz. RI 
medium is between fast and slow quartz, large feldspar phenocrysts are strongly below epoxy, albite twinned crystal - 2vx moderate, So high 
Albite, 

3~5% patches of round or anhedral brownish opaque hematite. 
Groundmass is fine felsitic material, with some pilotaxitic fine carlsbad twinned felspar, and some disseminated or vein filling serlcitic 

mica, Some sericitic mica has coarsened up and formed sizeable crystals (up to 0.3mm) Around phenocrysts, groundmass is recrystalHsed into 
quartz mosaics; murky, but sometimes clear T forming poikilomosaic texture with microphenocrysts of feldspar. Some of these poikilomosaic 
patches are round, and may be recrystallised spherulites. RI of micro phenocrysts within this quartz is strongly below the quartz, so probably 
albite or K-feldspar. Trace zircon. 

QAPF not feasible, 

i Field Number I Formation: 

L19 : Ibanez Rhyolitold (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

284100 4859800 30 25 30 0 8 

Cpx: Opx: Amph: Chlorite: Opaques: ~1uscovite: Biotite: Olivine: 

5 

Other components: Others: Total: 

Calc! tel apatite/ aeriete 10 100 

F"lnal Rockname 

'Weathered rhyodacitic/rhyolitic Dome lava, 

Yricroscopic textures (L19): 
Oxide stained porphyritic rock. Mattix and phenocrysts are stained brown in ppl by iron oxides, and original opaque minerals are altered 

to haematite/goethite or white leucoxene. 
Feldspars are euhedral, Q,2-2mm 15%, Albite and Carlsbad/albite twins common. MI.: 18,5, 17, 16.5, 8, 7, 21.5, RI of albite 

twinned crystals, Fast below medium, Slow above. An% just below 30 - Calcic oligoclase, 15%. Alteration quite pervasive, crystals are 
murky with and have patches of and calcite. 

Some of smaller phenocrysts and microphenocrysts display only carlsbad twins) and may be k-spar, but not much (?anorthoclase, 
trace to 5%) 

Groundmass is murky brown material, recrystallised to quartz mosaic which is poikilomosaic textured about altered albite twinned felspar 
Inicrophenocrysts. 70% of rock, about 15% altered plagioclase microphenocrystSt 5% hematite and leucoxene after opaques and about 30% 
mosaic quartz and 20% murky altered K-spar 

Opaques are altered to leucoxene or goethite/hematite. Trace minerals include apatite and sericitic mica. A mafic mineral has been 
replaced by mix of calcite j goethite and leucoxene. 

I 

Field Number Formation: 

CP2Q • IbMie. Rhyolitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

277955 4869685 0 

Final Rockname 

Altered spheruHtic rhyolite lava breccia. 

Microscopic textures (CP20): 
Brecciated spherulitic rhyolite, with slightly recrystallised blocks of spheruiitic material heid in a matrix of finer fraglnents and recrys

tallised felsitic to quartz mosaic material 
Feldspars are rare as phenocrysts, less than 10%) and are sericitised to fine sericite withont exception. Some are euhedral, some fractured 

subhedraL 
Rare broken beta quartz phenocrysts occur. 
Spherulites are radial or irregular, with occasional partly recrystallised cores, but otherwise well preserved. 
Recrystallisation to murky felsitic and qnartz mosaics is cOlnmoll, especially within matrix material l but not so much \vithin 

breccia blocks, and then .mainly between spherulites, rather than within them. Small quartz veins with clear mosaic quartz are common. 
Square, blocky pyrite crystals occur, often oxidised with goethite halo. 
Too altered for QAPF, 

! 
Field Number Formation: 

i CP25C Ibanez Rhyolitoid (Altered) 

Utm East 

I 

Utm North Q: 

I 
A: P: 

277775 4868796 

Final Rockname 

Altered Spherulltic Rhyolite, 

I F: 
Subtotal: 

0 
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Microscopic textures (CP25C): 
Devitrified and recrystallised quartz rich felsitic matrix dominates this rock. Texture is a flowbanded. sparsely porphyritic rhyolite t with 

occasional sodie plagioclase feldspars replaced by sericite and calcite. Grounclmass is fine, granular to cherty quartz mosaic with occasional 
remnant feldspar J cherty material! sericitk muscovite, and calcite. 

Feldspar phenocrysts are subhedral to euhedral, O.5-3mm, sometimes fractured, about 8~10%, replaced with patchy calcite, quartz! 
sericite and occasional muscovite plates. No albite twinning visible, although some carlsbad twins remain. RI both fast and slow is strongly 
below epoxy, so 2v difficult, but crystals are negative, 

Flowbanding preserved by grainslze variations in the cherty quartz groundmass\ while spherulites are present as recrystallised spherical 
agglomerations of mosaic quartz and sericite. 

Fine platy muscovite/sericite in the groundmass is Bub parallel to the original flowbanding. 
Too altered for accurate QAPF, but looks like a very silicic alkali feldspar rhyolite. 

Field Number I Formation: 

OP36B Ibanez Rhyolitoid (Altered) 
. 

Utm East Utm North Q: A: P: F: 

278288 4867515 I 

Final Rockname 

Silicified rhyolitic lava. 

Microscopic textures (CP36B): 

I 

Subtotal: 

0 

Altered rhyolitic rock) with well developed mosaic quartz defining renlnant flowbanding texture by grain size variations, and filling voids, 
while relnainder groundlnass is murky felsit1c texture with patches of sericite and goethite pseudomorphing {pyrite. No obvious phenocrysts, 
although some elongate patches of clear mosaic quartz could be pseudomorphs of feldspar. 

Field Number Formation: 

OP41B Ibanez Rhyolitoid (Altered) 

Utm East I Utm North Q: A: P: F: Subtotal: 

277179 4869240 0 

Final Rockname 

Devitrifled and altered rhyolite lava. 

Microscopic textures (CP41B): 
Sparsely porphyritic rock with faint contorted fiowbanding, common recrystallised mosaic quartz, altered feldspars} remnant spherulites 

in a devitrified and partly recrystallised felsitic matrix. 
Large feldspars are up to 3mm long; euhedral! uniformly altered to sericite pseUdomorphs. occasionally invaded by patches of mosaic 

quartz. 
Groundmass is fine pilotaxltic felsitic material, partly or wholly replaced by recrystallised mosaic quartz. Occasional partly recrystallised 

spherulites OCCUr. 
Too altered for QAP l". 

Microscopic textures (CP44): 
Altered and recrystallised rhyolitoid. Porphyritic with sericitised felspar phenocrysts and sparse quartz phenocrysts in a flow banded and 

spheruIitic groundmass with patchy recrystallisation to granoblastic quartz mosaic material. 
Feldspar phenocrysts are entirely altered to fine grained seridtic material, and sometimes invaded by mosaic quartz. About 15-20%, 

pseudomorphs are euhedral to subhedraltsometimes broken. Often nucleation points for spherulites, 
Groundmass is patchy remnant spherulit1c texture, with felsitic and mosaic quartz recrystalHsation along spherulite boundaries Or as 

replacement of cores, or along flowbanding, or clear mosaic quartz in cavities. Fine grained sericite is common, also patches of hematite 
staining and opaque Ieucoxene grains after opaques. 

Too altered for QAPl" 

Field Number Formation: 

I OP28A Ibanez Rhyolitoid (Altered) 

I 

North Q: A: ! P: F: Subtotal: 

r7445 0 

I 

Final Rockname 

Propylitised flowbanded rhyolite lava. 
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Microscopic textures (CP28A): 
Sparsely porphyritic rock, with 5% sericitised feldspars in a recrystallised cherty /felsitic matrix with a moderate quartz LPO. 
Feldspars are entirely sericitised or replaced by sericite/mosaic quartz mix. Original crystals were euhedral, glomeroPQrphyritic. 

276 

Matrix is mosaic quartz: and remnant un-recrystallised felsitic material, with fine grained opaques. Quartz has and LPO parallel to 
remnant ftowbanding hace, which can be seen with flow structures around phenocrysts. Occasional sericitic patches. 

Oxide stains aTe common. mostly goethite, sourced in ?altered pyrite crystals. 

Field Number Formation: 

WI2 IbAnez Rhyolitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

271250 4869255 0 

Final Rockname 

! Altered rhyolitic intrusive/cryptodome. 

Microscopic textures (WI2): 
Porphyritic rock, with sparse altered sodic plagioclase and occasional quartz phenocrysts in a feJsitic and partly spherulitic groundmass. 

Common iron oxide staining and patches of calcite. 
Feldspar phenocrysts are euhedral, sometimes glomeroporphyritic, up to 5mm, RI fast and slow below medium) so probably Albite. 

Albite-Carlsbad twins occur. An crystals altered, murkYt with patches of calcite and sericitic throughout. 
Quartz microphenocrysts are rare, rounded or subhedral bipyramids, up to about O.9mm! fractured or embayed. 
Groundmass is felsitic quartz and sericitised feldspar mix, with about 20-25% recrystallised spherulites, sometimes rimmed with 

hematite or goethite. Oommon interstitial fine grained goethite-limonite, sericite, 
Rock is partly recrystallised and propylitised felsitic rhyolite. 

I 
Field Number Formation: ! 

Wl4 IbAnez Rhyolitoid (Altered) 

! 
Utm East Utm North Q: A: p, F: Subtotal: 

278590 4862260 0 

Final Rockname 

Silicified spherulitie flow banded rhyolite stock or cryptodome. 

Microscopic textures (WI4): 
Sparsely porphyritic devitrified and recrystallised fiowbanded rhyolite. 
Feldspars, sparse, sericitised to pseudomorphs except for some partly altered microphenocrysts. Crystals were tabular Or elongate 1aths 

up to 5mm, some remnants have carlsbad twins. Some have been invaded by quartz mosaic patches as well as sericite. 
Flow banding is visible as bands of grainsize variations in groundmass felsitic material f and some recrystallised spherulitic remnants. 

There are many veins or recrystallized mosaic quartz patches, in some cases cementing small brecciated patches. Cavities are lined with 
euhedral sparry/drusy quartz and fiUed with calcite, sometimes traces of ?celadonite - green material. Greenish patches in hand specimen 
are apparent as very fine grained sericitic/felsitic patches, perhaps replacement of felsitic feldspar. 

Occasional opaques are amorphous haematite, sometimes with green ?celadonite disseminated around them. 
Brecciation has occurred after spherulite growth, and fractures cut spherulites l flowbanding and phenocrysts. 

Field Number Formation: 

CP68· IbAnez Rhyolitoid (Altered) 

Utm East Utm North Q: ! A: P: F: Subtotal, 

276129 4870062 . 0 

Final Rockname 

Incipiently metamorphosed and partly recrystallised spherulitic rhyolite. 

Microscopic textures (CP68): 
Devitrified and partly recrystallised spherulitic rhyolite with secondary quartz veins. 

! 

I 

I 

Spherulites are fairly large, irregular and partly recrystallised. Up to 8mln max. Some are nucleated on rectangular or blocky pseu~ 
domorphs composed of fiue mosaic quartz1 partly strained, and interstitial fine sericitic mica to the quartz, These pseudomorphs may be 
feldspars on which the spheruEtes nucleated, 

Between the irregular spherulites there occurs recrystalUscd fllatrix, still felsitic in places, but now .mostly murky mosaic 
The entire rock is seaIned with quartz and sericite mica filled cracks/veins, some of which show bearded sericite structures. original 

quartz phenocrysts appear to have been recrystalJised to mosaic quartz. 
QAPF not really possible. 

Field Number Formation: 

CF19B· IbMiez Rhyolitoid (Altered) 

Utm F.Jast Utm North Q: A: P: F: Subtotal: 

271642 4878393 0 
----

Final Rockl1ame 

i 
Altered Dacitic to Rhyolitic (Caught up in margin of Cerro Far.lIon G'~H" .u.) 
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Microscopic textures (CF19B): 
Pal,tly altered porphyritic rock with phenocrysts of plagioclase, altered amphibole and quartz, in a groundmass of coarse felsitic material, 

sometimes quite granular in texture. Overall very similar in apearance to rocks like the CF 13 dikes further southeast. 
Plagioclase is rounded euhedral crystals, often zoned) partly altered. 2-5mm, about 25%. Sornetimcs glomeroporphyritic, with alteration 

along cracks and fractures ncar rims, or as murky partial sericitisation or clayey alteration throughout, Section Tn gives 32 at core, 15 at rim. 
So probably zoned Andesine to Oligoclase. 

Quartz is not common as phenocrysts, 1% or less! as partially rounded, cuhedral to subhedral pipyramids. 
Mafic phases have ben replaced by bright green chlorite, epidote and perhaps uralite, but from elongate prismatic sections were probably 

an amphibole. 
Groundmasg 1S fine grained felsitic or partial mosaic quartz/feldspar material, with some degree of granular texture, varying, and altered 

granular green mafics, some of which still show remnant amphibole colours. Some quartz filled fractures occur. 

Field Number Formation: 

PI9A Ibanez Rhyolitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

I 283065 4859441 33 32 27 0 92 

I Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

8 

Other components: Others: Total: 

100 

Fiual Rockname 

Silicified and recrystallised rhyodacite to rhyolite. 

Microscopic textures (PI9A); 
Section cut a bit thick (yellow quartz.) Flowbauded sparsely porphyritic rock with ground mass of poikilomosaic quartz around altered 

feldspars, and some bands of goethite iron staining. 
Large feldspars are enhedral, sometimes gtomeroporphyritic, albite and carlsbad twinned, altered by sericite l calcite) and sometimes 

replaced by Tnosaic quartz and calcite/sericite mix. Synneusis twinning Occurs. 2v is close to 90, so presumably oligoclase or low albite, 
especially if inverted from hot forms. RI looks to indicate Albite.Altered, 1O-l2% 

Groundmass feldspars are small euhedral tablets, O.05mm or thereabouts, 15%, seem to have simple carlsbad twinning, aud are in 
poikilomosaic texture in mosaic quartz developed from groundmass. Well defined flow orientation of crystals is parallel to flow banding. 

Groundmass has well developed mosaic quartz in poikilomosaic texture as above. In places there is clear mosaic quartz devellap.ed 
in fractures parallel to flow banding and pilotaxitic texture. Opaques are present, up to Imm, mostly goethite/hematite, presumably 
magnetite/ilmenite. 5-8% Goethite/hematite after magnetite dissemiuated calcite, 

Approximate QAPF: Plagioclase phenocrysts: 12%. Opaques:8% (but much seem secondary.) Groundmass 80% of rock, about 15% 
plagioclase microphenocrysts, 30--33% each of mosaic quartz and altered murky brown k-spar, 

Field Number Formation: 

CP51 IMnez Rhyolitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 
• 

276916 4869390 0 
i 

Final Rockname 

Altered and silicified devitrifed sphernlitic rhyolite. 

Microscopic textures (CP51): 
Vesicular rhyolitic rock, with fine grained altered felsitic matrix, mauy mosaic/drusy quartz filled vesicles and a trace of altered spherulites, 
Groundmass is fine felsitic material, partly recrysta.Uised into mosaic qua.rtz and the feldspathic portion almost uniformly altered to fine 

platy sericitic mica between quartz grains, Some remnant spherulites are visible in this matrix. 
Vesicles are filled with mosaic or drus)' up to 5mm across. Some retain a. central ca.vity, which has some goethite filling. 
Common opaques are irregular patches Goethite/limonite, some hematite and some leucoxene. 
Too altered for QAPF 

Field Number Formation: 

WI5 Ibanez Rhyolitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

278890 4862310 40 30 25 0 95 

Cpx: Opx: I Amph; Chlorite: Opaques: Muscovite: Biotite: Olivine: 

5 

Other components: Otbers: 'Total; 

100 

Fi nat Rockname 

Altered flowbanded rhyolite. 
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Microscopic textures (\¥J5): 
Similar but less recrystall.ised rock than \VI4 example of this rhyolite. Faintly fiowbanded rock with strong recrystallised quartz mosaic 

texture in groundmass. tabular feldspars and oxidised opaques. 
Feldspars arc euhedral, up to 3mm, albite and carlsbad twinned, partly altered and sericitised. Plag) 20% Combined A-C method gives! 

12, 20 Oligoclase to Andesine, but bad twins. Also some K.spar - Carlsbad twinned, low RI, 2v 40-60 ish. 10% or less Probably k-feldspar. 
1<1aybe mOre in groundrnass. 

Quartz does not occur as a phenocryst phase} but is common in the ground maSS. 
Groundmass is both clear and murky mosaic quartz and felsitic material, with occasional feldspar Inicrophenocrysts, which are sub-parallel 

to some flowlayering in a poikilomosaic texture. 
Opaques and alterd mafics are O.,l)mm and smaller, mostly oxidised to brownish hematite and occasionalleucoxene. About 5%. 
Groundmass is 75% of rock, 3-5% altered sodic plagioclase micro phenocrysts, and about 40% quartz and 20% low RI murky k-spar in 

felsitic and poikilomosaic material. 

Field Number Formation: I 

L13 Ibanez Rhyolitoid (Altered) 

Utm East I Utm North Q: A: P: I F: 

283720 4860910 0 

Final Rockname 

Dacitic or rhyolitic lava. 

Microscopic textures (LI3): 
Altered rock, ,vith rernnant phenocrysts of sericitlsed feldspar in a ground mass of recrystallised mosaic qnartz with patches of sericite 

and seamed with quartz veins. 
Feldspar phenocrysts are eultedral, about 10-15% 

throughout. Remnant albite twinned crystal give an 
below fast and slow quartz, and also below epoxy, 2v is 
and partly replaced by mosaic quartz. 

of the rock1 and are murky and altered, with patches and blebs of platy sericite 
of 16 degrees, but not enough good twins for more than one reading. RI is low, 

around 60-·80 by optic axis figures, sO most likely Albite. Many crystals are cut 

Groundmass is patchy and mnrky mosaic quartz) with sub-parallel grainsize variations in the mosaic picking out flowbanding. Fractures 
up to Imm wide and transverse to bandingt arC filled with clear mosaic quartz. Sericite is widespread as platy patches and clusters or 
within mosaic quartz, and much of the finer grainsize material is dominated by sericite. Anhedral, murky, low RI K-spar is present 
quartz mosaic) but is quite altered and difficult to identify. 

·Opaques are about 3%. up to Imm? and are patchy or blob by reddish hematite or white leucoxene in reflected light. 
Too altered for QAPF. 

Field Number Formation~ 

WI52 Ibanez Rhyolitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

270665 4865420 0 

Final Rockname 

Altered Rhyolitic dike. 

Microscopic textures (WI52): 
Altered and recrystallised rock, originally porphyritic 

and felsitic matrix recrystal1ised to poikilomosaic quartz with 
piJotaxitic texture. Also trace epidote, plus zircon. 

in flowbanded matrix, but feldspars now replaced by calcite/sericite/goethite 
disseminated sericite and sonle remnant microphenocrysts of feldspar in 

Too altered for accurate QAPF. 

Field Number Formation: 

L3 Ibanez Rltyolitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

287300 4861970 0 

Final Rockname 

Hydrothermally altered Rhyolitic lava with Barytes vein infilling. 

Microscopic textures (L3): 
Very recrystalHsed and altered porphyritic rock, with remnant feldspar phenocrysts entirely sericitised, and groundmass coarsely recrys

tallised to mosaic quartz and patchy sericite and opaques (brown hematite and white leucoxene) 
Vein material is not calcite/quartz as thought in the field, but rather high RI Feldspar'?, subhedral to euhedral f two good cleavages in 

prismatic sections, 2v Low) looks a lot like sanidine, but occurrence in vein suggests adularia K~spar of hydrothermal origin, BUT RI is very 
strongly above the fllounting medium l so perhaps something else, RI suggests but 2v too low. Perhaps sirnilar Barium Feldspar 
(Yellow colour in hand speciInen supports this,) However, could be Barytes. Some have cleavages that may match this, as does the 
straight extinction in prismatic sections. Barytes veining'? 

Host rhyolitoid too altered for QAPF. 

I Field Number Formation: 

GA19 Ibanez Rhyolitoid (Altered) 

Utm East Utm North 

I 

Q: A: P: F: Subtotal: 

288560 4864941 0 

Final Rockname ! 

Propylitised rhyolitic lava or dome. 
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Microscopic textures (GA19): 
Slightly porphyritic altered rock t with occasional calcite/sericite pseudomorphs of feldspar in a devitrified rhyolitic matrix of mosaic 

quartz and sericitised feldspar. 
Felspars are serlcitised to fine grained muscovite, with calcite patches and occasionally coarsened sericite to snbhedral platy or radial 

muscovite. Probably sodie plagioclase before alteration, O.5-2mrn, 5% of rock. 
Specks and patches of anhedral hematite occur, about 1-2%, and also white leucoxene is present in reflected light. 
Gronndmass is occasional clear qnartz, as srnall anhedral crystals, defining faint ftowbanding or similar fabric, bnt dominated by finely 

intermingled mosaic quartz and altered or sericitised feldspars, with disseminated calcite as well. 
PropyHtised rhyolitic or dacitic lava. QAPF not possible dne to alteration and fine grainsize. 

Field Nnmber Formation: 

F3 Ibanez Rhyolitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

288421 4865425 0 

Final Rockname 

Recrystallised and silicified rhyolitic dike. i 

Microscopic textures (F3): 
Well recrystallised rock, with sparse feldspar phenocrysts in a recrystallised coarse matrix of poikilomosaic mosaic quartz, with quartz/calcite/goethite 

infill in vesicles. 
Feldspar phenocrysts are present in two populations, D.S-3mm euhedral and partly altered albite phenocrysts, and smaller enhedral 

feldspar Iuicrophenocrysts (also appear to be albite.) in poikilomosaic texture in the recrystallised groundmass quartz mosaic. Some albite 
crystals appear to have grown overgrowths during the matrix recrystallisation. 

Quartz is present as veins, mosaic quartz dominates the groundmass) and also as clear crystalline drusy quartz lining vesicles and cavities. 
Oavities also include calcite, goethite, etc. 

Secondary muscovite occurs, in platy irregular patches. This could either be low grade metamorphism material, coarsened up from 
sericite, or au alteration of biotite. 

Groundmass is dominated by coarse quartz mosaic, but patches of felsitic ground mass remain, with feldspar microphenocrysts defining 
slight flow orientation. Opaques are altered to lencoxene or goethite/hematite. 

·Too altered for accurate QAPF. No phen<?~ryst quartz., so maybe more dacitic~rhyodacitic than rhyolitic. 

Field Number Formation: 

FBA Ibanez Rhyolitoid (Altered) 

Utm East Utm North Q: A: P: F: i Subtotal: 

287390 4869125 I 0 

Final Rockname 

i 
Altered Rhyolitic Lava Flowfront Breccia, 

Microscopic textures (F8A): 
Porphyritic rock (Out from breccia block) with phenocrysts of feldspar, quartz and biotite in a fine grained or aphanitic felsitic matrix. 

Some faint flow banding texture in matrix, partly recrystallised to mosaic quartz in places, and many patches of secondary calcite, especially 
around phenocrysts. 

Quartz is rounded, embayed bipyramids~ up to 2mm. Some crystals have inclusions of biotite. Some have slight overgrowth of mosaic 
quartz from recrystallised felsitic groundmass. 

Feldspars are euhedral to subhedral sadie plagioclase, with albite and carlsbad twins I some pericline twinning, Some have little tabular 
overgrowths at edges, of small albite twinned crystals in groundmass! in semi or full optical continuity. RI of large albite twinned crystals has 
fast and slow distinctly below medium. 2v about 80 ish, so albite if this feldspar has re~crystallised somewhat at low temps. 

Biotite is irregular, damaged crystals, pleochroic dark brown. Individual crystals show cleavage fragments levered apart from the body 
of the crystal by quartz mosaic from the recrystallised groundmass that has invaded between cleavage layers. Some crystals a1so appear to 
have broken along cleavage during flow of the lava. 

Groundmass is partly recrystallised felsitic material, to quartz mosaic and carlsbad twinned k-spar microphenocrysts} also some sodic 
plagioclase microphenocrysts , with sorne replacement by calcite in irregular patches. Green granular mineral oceurrs in groundmass, not 
chlorite} maybe pyribole of some sort. 

J 

Field Number I Formation: 

W1120 * Ibanez Hhyolitoid (Altered) 

! 
Utm East I Utm North Q: A: I P: F: Subtotal: 

271695 4862680 0 

Final Rockname 

Flowbanded rhyolitic cryptodome or lava. 

Microscopic textures (WI120): 
Very well recrystallised rhyolitic rock. Sparse rounded bipyramidal quartz occur, with well developed rims from recrystalHsed groundmass 

quartz mosaic. Feldspars are altered to sericite. 
Quartz phenocrysts are about 5%, euhedral, rounded, with wide rims about 1/4 their original width, overgrown onto them during 

devitrification/reerystalHsation of groundmass. Rims are murky, but optically continuous with original phenocrysts. 
Feldspars are trace only, entirely by sericite. 
Groundmass is recrystallised to quartz, and about 30% sericitic or cherty altered feldspar, and about 1% hematite/goethite. Some 

lithophysae occur t lined with hematite/goethite. 
QAPF not feasible. 
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Field Number I Formation: 

Pl96 Ibanez Rhyolitoid (Altered, ?Rheomorphic tuff'?) 

Utm East Utm North CF: I RF: V: Subtotal: 

276013 4872096 0 

Fina.l Rockname 

Either well welded and partly reomorphic crystal poor tuff or partly vesiculated rhyolitoid lava, I 

Microscopic textures (PI96); 
Thin section is cut a bit wedgf! shaped. Rock is very even grained, with faint stratification defined by remnant? Glass shard texture. 

Feldspars are entirely altered to sericite, glass is recrystallised to quartz mosaic and felsitic material in matrix. 
Quartz is euhedral, rounded and embayed, occasionally fractured. Up to 2mml less than 5% as phenocrysts. 
Feldspars are euhedral or anhedral, entirely altered to sedcitic pseudomorphs, originally up to 2-3mm crystals, less than 5% of rock. 
Groundmass is partly mosaic recrystalHsed felsitic material and what looks like recrystallised glass shardS, but may be partly flattened 

vesicles infilled with mosaic quartz, as some patches, although showing shard like shape! have core of sericite and lining of euhedral spiky 
quartz around edge. 

Too altered for QAPF, 

A.2.3 Basaltic and Basaltic Andesitic Extrusive Rocks 

Field Number Formation: 

CP73B Ibanez Andesitoid 
i 

Utm East Utm North Q: A; P: F: Subtotal: 

275400 4869(JOO 2 1 75 0 78 
. 

I Cpx: Opx: Amph: Chlorite; Opaques: Muscovite: Biotite: Olivine: 

14 5 3 

Other components: Others: Total: 

100 

Final Rockname 

Olivine Basalt lava breccia. 

Microscopic textures (CP73B): 
Partially altered basaltic to andesitic rock with pilotaxitic altered plagioclase with blocky intergranular phenocrysts. Plagioclase 

and pyroxene phenocrysts are up to 1-2mm. in a pilotaxitic and intergranular ground mass of sub OAmm O.lrnm plagioclase, pyroxene, 
chloritised olivine and pyroxene, secondary carbonates j iron oxides after and minor interstitial quartz. 

ML on groundmass pilotaxitic Inicrophenocrysts: J 6, 33.5, 18, 8, gives about An 52%, just into Labradorite, while Carlsbad 
Albite twinning gives 8,30, about An 45%, Many phenocrysts show patchy sericitisation and replacement by patches of K-spar. 

Pyroxene is Augite group) up to 0,026 birefringence, often chloritised, 2v sma!) to moderate (25-30), Su bhedralJ granular crystals up to 
O.5mm in groundmass, but generally less, and occasional large phenocrysts up to 1-2mm, mostly chloritised. Augite to subcalcic augite. 

Opaques are blocky oxidised magnetite, about 3~--5%, 
Chlorite ocCurs as patches interstitial to plagioclase, but also as larger pseudomorphs of Olivine with red brown altered iddingsite cores. 
Groundmass also has patches of ?siderite or similar carbonate. 
Estimated QAPF; Plag:75%, Kspar 1% or less Opaques 5%, Pyroxene 14%, Olivine 3%, Quartz 2%. 

Field Number I Formation; 

PI27 A Ibanez Andesitoid 

Utm East I u~m North Q; A: P: F, Subtotal: 

274000 4872050 0 

Final Rockuame 

altered basaltic andesitic scoria. 

Microscopic textures (PI27 A): 
Altered and oxidised andesitic scoria, with pebble through to cobble size clasts of oxidised 1 altered hematite/goethite rich vesicular 

porphyritic andesitoid. Voids are filled with mosaic quartz, and patches of clasts are altered to quartz mosaic) anhedral feldspar and granular 
epidote. 

~lost of clasts are altered to opaque hematite/goethite/clay Inix, but many have remnant swallowtail plagioclase 1n groundmass and 
partly altered large euhedral phenocrysts of zoned or sieve textured plagiocla.se. 



Appendix 281 

Field Number Formation: 

F28 • Iballez Andesitoid 

Utm East Utm North Q: A: P: F: Subtotal: 

287250 4871405 2 10 55 0 67 

Cpx: Opx: Amph: Chlorite: Opaques~ Muscovite: Biotite: Olivine: 

20 1 9 

I 

Other components: Others: Total: 

Calcite 3 100 

I 
Final Rockname 

Basaltic Andesite. 

Microscopic textures (F28): 
Porphyritic rock with phenocrysts of plagioclase t altered pyroxene and magnetite in a pllotaxitic grounclmass of plagioclase laths with 

intergra.nular rnagnetite and altered pyroxenes, and occasionally SOIIle intersertal anhedral k-spar or quartz? Secondary alteration includes 
calcite and sericitic replacernent of fiedspars, carbonates and chlorite as replacement of mafics and as vein and void filling material, plus 
hematite replacment of mafics and opaques and as stains on other minerals. 

Plagioclase phenocrysts are euhedral to subhedral crystals! occasionally sieve textured or rimmed, O.25-4mml 25%. Crystals are mod
erately altered, with sericite and calcite replacing some cores, while others have patchy alteration to Albite or k-spar along cleavage plaues. 
Zoned crystals are often altered to sericite, chlorite and calcite in calcic cores. rvfL on unaltered crystal cores; 29, 32, 40.5 1 33, 23 f 33} 28, so 
about An 68%. Most crystals have a single outer rim overgrown on a dissolution surface l of about 15 degrees less in extinction angle than the 
cores, about An35%, so simple normal zoning from Calcic Labradorite to Sodie Andesine. 

Pyroxene phenocrysts are relict only, O.5~2mm, up to 5%, replaced by green uralitic amphibole or chlorite and calcite. Some also replaced 
by hematite and high releif carbonates (Mg Or Fe cabonates,) Remnants of unaltered phenocrysts show 90 degree cleavages, and altered crystals 
retain octagonal pyroxene end sections as pseudomorphs. 2v of remnant patches is small to moderate (25-30) suggesting subcalcic Augite) 
but some crystal remnants have -ye 2v also about 30 1 suggesting SOll1e orthopyroxene is present (Trace to 1%). 

Groundrnass is pilotaxitic sodie plagioclase and intergranular aitered pyroxenes and opaques, about 30% plag, 9% oxidised opaques~ 15% 
altered pyroxenes, Some silica, uniaxial negative so probably Cristobalite, about 2% and low RI anhedral K-spar interstitial to all, maybe 
10%. . 

Field Number Formation: 

WI99 • Ibanez Andesi toid 

Utm East Utm North Q: A: P: F: Subtotal: 

273720 4863380 5 0 60 0 65 

Cpx: Opx: Amph: I Chlorite: Opaques: Muscovite: Biotite: Olivine: 

13 10 12 

Other components: Others: Total: 

100 

Final Roekname 

Partly altered Olivine Basalt lava. I 

Microscopic textures (WI99): 
l~irly equigranuJar rock, dominated by strong pilotaxitic feldspar orientatIon. Some larger feldspar phenocrysts have cores altered to 

coarse muscovite, presumably from mild reheating of this rock by \-VI98 intrusive recrystalHsing sedcitised cores. Mafic minerals have been 
entirely altered to reddish hematite and cherty material. The hematite in some of these pseudomorphs preserves a cleavage structure, and 
from the shape they were presumably a pyroxene, probably cpx. 

Matrix feldspars are strongly p.ilotaxitic euhedral laths in intergranular texture with altered mafiC5 and opaques. Frarn matrix 
feldspars appear to be Oligoclase, (Fast equal or just below medium, Slow just above it, if medium is 1.54). Albite-Carlsbad on 
G/rnass feldspar: 35.5 & 25.5, An68%, Labradorite1 50 rock is approx 60% sub Imm labradorite. lvfaybe range to oligoclase, 

Remainder of matrix is fine granular partly altered clinopyroxene and opaques, in intergranular texture with plagioclase. Altered nlafics1 

possibiy oHvine but now hematite or iddingsite. Minor quartz occurs as anhedral patches between opaques and plagioclase microphenocrysts l 

less than 5%. 
Large 1-2mm blocky or lozengy double pointed reddish to opaque pseudomorphs could be iddingsitised or hematite replaced OHvines, 

Otherwlse,the hematite in some of these pseudomorphs preserves a cleavage structure, and from the shape they were either olivine or pxne. 
Approx QAPF: Plag:60%, Altered Olivine/pxne 15%, groundmass Opaques: 10%, Quartz 5% Or less, groundmass pyroxene 10%. 
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Field Number I ~:;::tion: 
CP24A' Andesitoid 

Utm East Utm North Q: A: P: F: Subtotal: 

277848 4868650 0 0 60 60 

Cpx: Opx: Amph: Chlorite: Opaques: 1Vluscovite: Biotite: Olivine: 

15 5 

Other components: Others: Total: 

Calcite 20 100 

Final Rockname 
I 

I Altered Basalt Lava from Labradorite phenocrysts. TAS plots as Trachybasalt! so possibly sodium enriched during metaso-
matisrn/thermal metamorphism. 

Microscopic textures (CP24A): 
Aphanitic rock dominated by fine grained feldspars in pilotaxitic texture} partly altered and replaced by calcite, with sparse clinopyroxenes 

altered to uralite Or green chlorite. Chlorite also common as alteration in grounclmass mafioso Calcite patches and veins ubiquitouB. 
Rock is 60~65% feldspar microphenocrysts , euhedral laths, with strong pilotaxitic flow orientation, and intergranular material now altered 

to chlorite, iron oxides, clays. ML on feldspars: 33) 24. 23, 28 , 29, 17 = An% 50 or greater. Labradorite. Some sericitisation of groundmass 
feldspars, also some replacem.ent of cores, Zoning sparse, only on bigger Illicrophenocrysts~ slightly more calcic in cores. Due to alteration of 
groundmass, no way to spot any primary k-spar. (note, 14% normative orthoclase, though.) 

Disseminated secondary calcite comnlon thoroughout, about 20% of rock. 
Opaques are blocky, look fairly un-altered. Maybe primary 1v1agnetite or secondary pyrite. 3-5% 
Chlorite is disseminated throughout rock, as small blocky or rectangular pseudomorphs of pyroxene. Some fibrous material may be 

malite. About 15%. 

Field Number Formation: 

WI86B Ibanez Andesitoid 

Utm East Utm North Q: A: P: F: Subtotal: 

272060 4864280 0 

Final Rockname 

Altered basaltic lava breccia. 

Microscopic textures (WI86B): 
Calcite cemented breccia, originally lava flow top breccia. Clasts are angular, poorly sorted cobble to boulder in hand specilnen, down 

to pebble through to coarse sand in thin section, clast supported. Very oxidised, presume baked by overlying lava. Calcite replaces most 
feldspars and forms a sparr.y cement between clasts. Clasts are otherwise altered to opaques, hematite, clays. 

Clasts are vesicular angular andesitic rock, with altered pilotaxitic microphenocrysts j up to 0.3 or O.4mm, now calcite or sericite, 
euhedral laths with some swallowtail ends, with intergranular opaque iron after mafIc minerals, presumably pyroxene and magnetite. 

Voids aud vesicles are filled with anhedral sparry calcite and sOme orange iron oxide staining. 

Field Number Formation! 

WI8tlA • Ibanez Andesitoid 
-

Utm East Utm North Q: A: P: F: Subtotal: 

272060 4864280 2 0 10 0 72 

! 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

10 5 8 

Other components: Others: Total: 

Calcite I 5 100 

Final Rockname 

Partly altered Olivine Basalt with iddingsitised oHvines. 

Microscopic textures (WI86A): 
Porphyritic rock with well developed pilotaxitic texture in groundmass feldspars l and altered olivines now replaced by ? Iddingsite or 

hematite. 
pseudomorphs show dark red brown alteration product on rims, invading cores along heavy, oilvine like fractures. Cores are either 

replaced the same material, or by chlorite and cherty material! possibly quartz. Crystal shape is indicative of subhedral olivjne~ and some 
are glomeroporphyritic. About 3-5%" 1-2nlm, Some pseudom.orphs up to 5mm. 

Groundmass is well developed pilotaxltic texture of plagioclase feldspars with intergranular mafics, some alteration patches and oxide 
patches. Mafics are partly altered sub 0.3mm granular subhedral c-pyroxenes. Groundmass approximately :~-8% opaques (oxidised magnetite), 
10% partly altered granular clinopyroxene) ';--10% disseminated interstitial calcite and pale green chlorite as alteration products, maybe 1-2% 
interstitial quartz. remaining material is plagioclase laths, about 65~70%. 

Groundmass plagioclase is generally unaltered, euhedral albite and carlsbad twinned plagioclase laths, between O.1-0Amm, with strong 
How orientation. Mr, gives: 27,30,26.5,33.5, 35, 20, 25 An%58, Labradorite. 
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.. 
FIeld Nurnher Formation: 

LN3E Ibanez Andesitoid 

Utm East Utm North Q: A: P: F: Subtotal: 

278818 5006164 1 1 53 0 55 

Cpx: Opx: Amph: Chlorite'! Opaques: Muscovite: Biotite: Olivine: 

20 25 

Other cmnponents: Others: Total: 

100 

Final Rockname 

Basaltic or BasaUic andesitic Lava, 

Microscopic textures (LN3E): 
Fine grained volcanic rock with occasional partially altered small (sub hum) auhedral plagioclase phenocrysts in a pilotaxitic ground mass 

of fine plagioclase laths with intergranular altered rnafics and oxidised opaques. Alteration includes sericite; chlorite, iron oxIdes and patchy 
calcite. 

Plagioclase phenocrysts are occasionally sieve textured, generally euhedral, about 1~3%) sub lmm. Too altered for ML. Groundmass 
plagioclase is about 50% of rock} fine grained sub 0.2mm plagioclase laths in pilotaxitic texture with intergranular opaques and partially 
oxidised clinopyroxenes. Albite-Ca.rlsbad on g/mass plag: 15, 35, about An 60%, Labradorite. 

Pyroxenes are mainly present in the groundmass, about O.lmm or less, although ocasional O.5~lmm larger phenocrysts occur. Some 
crystals are unaltered flesh toned clinopyroxene, whereas most are partly oxidised, chloritised or uralitised. Probably about 15-20% before 
alteration, 

Opaques are COInmon, oxidised lllagnet1te and secondary hematite after altered pyroxenes and mafics. About 25%. 
Trace anhedral quartz or other silica polymorph in groundmass, 1% or less, difficult to tell if any k-spar present. 

Field Nnmber Formation: 

WI83A Ibanez Andesltold 

Utm East Utm North Q: A: P: F: Subtotal: 

272280 4863180 0 

Final Rocknallle 

Albite-Epidote facies hornfels (Olivine Basalt.) 

Microscopic textures (WI83A): 
Altered porphyritic volcanic rock) with chlorite and epidote pseudomorphing abont 20-25% 1····2mm phenocrysts, with blocky and lozenge 

shapes, in a groundmass of pilotaxitic altered feldspar laths with intergranular mafics altered to chlorite and epidote, with common secondary 
calcite and ?siderite. 

Groundmass laths were plagioclase, but are now sericitised and replaced with calcite, and have RI moderately below epoxy! indicatjng 
albitisation. Sorne feldspars replaced with epidote. 

Mafic phenocrysts are sllbhedral and euhedral phenocrysts up to 2mm, and are replaced entirely by pale green chlorite, epidote, opaque 
hematite and calcite, plus some siderite. There are two populations, one blocky and square or octagonal, and one lozenge shaped} with some 
skeletal crystals. Probably Clinopyroxene and Olivine before alteration. 

JvIinor levels of fibrous amphibole may occur in groundmass. 
Secondary calcite is common. 
Albite-Epidote facies hornfelsed basalt, probably olivine basalt slmllar to those of the rmuainder of EI Maiten hill. 

Field Number Formation: 

WI82B' Ibanez Andesitoid 

I 

Utm East Utm North Q: A: 

I 

P: F: Subtotal: 

272004 4863160 0 1 60 0 61 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

5 30 4 

Other components! Others: Total: 

100 

Final Rockname 

Altered Olivine Basalt. 
'----. ...... 

Microscopic textures (WI82B): 
Altered porphyritic volcanic rock, with 5% altered mafic phenocrysts in a piJotaxitic groundmass of feldspar laths and fine grained mafics, 

altered by patches aHd veins of calcite. 
Altered mafic phenocrysts are up to 2rnm, with white leucoxene 1 hematite and calcite forming pseudoluorpbs of clinopyroxene and perhaps 

olivine. 
Grollndmass is euhedral-subhedral 0.1-0.3 feldspar laths, plagioclase, with intergranlliar altered mafies, opaques, and secondary chlorite 

and calcite. l\1L on plagioclase gives: 14, 21} 31.5, 20, 29, 27, 18. An% 45 - Andesine 
Groundmass has fine interstitial chlorite and occasional quartz between the feldspars. Calcite rims opaque pseudomorphs and forms 

anastomosing veins through the rock. 
Pseudomorphs of Olivine/pyroxene make this rock probably an altered Olivine Basalt rather than andesite. Feldspars are albitised/calcium 

depleted. Calcium is definitely mobile. 
Approx 20-30% altered mafics and opaques, in 60-70% fine pilotaxitic plagioclase, maybe trace Kspar in groundmass. 
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Field Number Formation: 

CP29A Ibanez Andesitoid 

Utm East Utm North CF: RF: V: Subtotal: 

277264 4868350 () 

Final Rockname 

Volcaniclastic or pyroclastic andesitic breccia or lithic tuff. 

Microscopic textures (CP29A): 
lrregular to rounded clasts of pilotaxitic andesitoid clasts occur in a fine, felsitic matrix including plagioclase 

and finely corninnuted rock fragments. Calcite is ubiqitous as small patches throughout the groundmass, Chlorite 
product and may be acting as a cement. 

Field Nurnber Formation: 

PI17B Ibanez Andesitoid (Altered) 

Vtm East Utm North Q: A: P: F: 

274225 4870845 0 10 60 0 

Cpx: Opx: Amph: Chlorite: Opaques: :f\,1u5covite: Biotite: 

20 5 

Other components: Others: 'rotal: 

100 

Final Rockname 

Olivine Basalt, hornfelsed to Albite-Epidote facies by nearby granitoids. 

Microscopic textures (PI17B): 

284 

fractured quartz 
a cmllrIlon alteration 

I 

Subtotal: ! 

70 . 
Olivine: I 
5 

I 

• 

I 

Porphyritic rock with phenocrysts of plagioclase and pyroxene in a pilotaxitic groundmasB of felspar laths and intergranular mafics and 
opaques. Alteration consists of secondary quartz, white chalcedony/chert and green chlorite as vesicle filling, and larger plagioclase phenocrysts 
have cores altered to patchy sericite and clusters or sprays of green epidote, sometimes patches of green chlorite. 

Large feldspar phenocrysts are euhedral to subhedral, sometimes glomeroporphyritic with pyroxene. Up to 4mm, 10%. Alteration-is 
epidote/sericite/calcite chlorite, mainly confined to the cores l indicating saussuritisation. RI is difficult to measure, with few grains near 
margins of slide, and none have good sections for extinction angle work. RI has slow about equal or slightly above epoxy, fast just below, so 
probably AlbHe or Sodie oligoclase l but posibly albitised due to saussuritisation and growth of epidote. 

Pyroxene phenocrysts are euhedral to slightly rounded. up to 2nlm l 5%, usually sImple) but sometlm.es twinned or glomeroporphyritic 
with clusters of a.ltered plagioclase a.nd opaque pseudomorphs of something else. 2v small to moderate, so Augite or subcalcic augite. MQstly 
unaltered. Large dusters with cpx, saussuritised plagioclase and opaque may be cognate xenoliths from magma chamber. as have cumulate 
type textures. 

Large, up to 3mm.3-5%, opaque to dark brown pseudomorphs with some chlorite are probably iddingsite after olivine. Some look like 
olivine 001 sections. 

Groundmass is feldspar laths (50%) and intergranular opaques (5%) and c1inopyroxenes (15%), with about 10% subhedral or anhedral 
murky low RI K-spar interstitial to plagioclase laths. Feldspars are generally unaltered t although some are sericitised in places. ML: 21, 241 
28, 27, 28,5, 26. = An% 43 ish, andesine or greater. 

Field Nurnber Formation: 
I 

CP70 Ibanez Andesitoid (Altered) 

Vtm East Vtm North Q; A: P: F: Subtotal: 

275870 4869725 0 

Final Rockname 

Hydrothermally altered and ehloritised AndeslUe Lava. 

Microscopic textures (CP70): 
Altered porphyritic volcauic rock. Sparse feldspars are altered to calcite and sericite, while mafic phenocrysts are altered to opaque 

hematite. presumably after pyroxene. 
Groundmass has faint remnant feldspars in pilotaxitic and intergranular textures, but now recrystallised and altered to sericitlc muscovite, 

calcite) chlorite, etc. 
Fractures and vesicles are lined with fibrous chlorite and filled with sparry calcite. Any original phenocrysts are rep1aced by pseudomorphs 

of hematite and opaques for mafies and calcite/chlorite/sericite rnix for feldspars. 
Liesegang bands of iron oxides form the reddish streaks seen in hand specimen, visible as disseminated red brown hematite in thin section. 
Entirely altered Andesitic to dacitic lava, QAPF not really possible. 

Field Number Formation: 

i 
GP65 Ibanez Andesitoid (Altered) 

VIm East Vtm North Q: A; p; F: Subtotal: 

274848 4871900 0 

Final Rockname 

Calcite cemented basaltic or basaltic andesitic lava breccia/scoria. 
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Microscopic textures (CP65): 
Pyroclastic rock with granule through to gravel size clasts of altered and oxidised vesicular angular anrlesitic clasts, clast supported, 

with sparry calcite void filling. 
Clasts are porphyritic and range from vesicular andesitic rocks with sparse pilotaxjtic plagioclase in an opaque oxidised matrix with 

hematite staining, to fractured dense andesltoids and dacitoids without vesicles, porphyritic with sodie plagioclase r zoned and sieve textured l 

in a pilotaxitic groundmass of feldspar laths with intergranular opaques, occasional quartz and oxidised mafies. 
Feldspars are partly sericitised plagioclase! looks like andesine from some remnant twins, but ItI of many crystals is well below epoxy, 

so probably albitised. Dacitic clasts may have groundmass K-spar, and some have minor groundmass quartz. 
l\tlafics are altered to opaque hematite, or perhaps chlorite in some clasts. Vesicles and inter-clast voids are filled by clear, sparry calcite, 
80me clasts have quartzite zenoliths. Minor quartz occurs as lining of void spaces and rims on some clasts. 

Field Number Formation: 

PI74 Ibanez Andesitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

273155 4871940 0 

Final Rockname 

Altered Basaltic Andesitic Lava. 

Microscopic textures (PI74): 
Fine grained feldspathic volcanic rock! with partly recrystallised feldspar lath groundmas8! chloritised or uralitised mafics, sericite and 

calcite replaced feldspars, common goethite or hematite replacing ma£cs and opaques. Veins with some quartZt calcite and epidote occur. 
Large feldspars were subhedral, glomeroporphyritic, probably plagioclase, now sericitised, replaced by calcite, sericHe~ epidote and also 

goethite hematite staining COmmon on pseudomorphs, 
Groundmass feldspars are partly recrystallised laths, with well developed pilotaxitic texture, but often recrystallised to patchy felsitic or 

mosaic feldspar and perhaps some quartz. Rl is strongly below medium, so probably albite. 
M,afics are oxidised to red hematite and opaques f although some blocky square phenocrysts are altered to pale green chlorite. Opaque 

pseudomorphs may be after olivine, chlorite after clinopyroxene. 
Remainder of g/mass is chlodtised ma£cs j sparse veins with quartz/calcite/epidote, oxidised opaques, etc, This rock probabiy too a.ltered 

for chemistry. 

Field Number Formation~ 

WI86C * Iblliie2 Andesitoid (Altered) 

Utrn East Utm North Q: A: P: F: Subtotal: 

272060 4864280 0 

Pinal Rockname 

Altered Olivine Basaltic Lava. 

Microscopic textures (WI86C): 
Fine grained porphyritic rock with altered, oxidised pseudomorphs of Olivine and Pyroxene in a matrix of euhedral feldspar laths in 

intergranular texture with opaques} oxidised :fine mafics and secondary calcite. Veins of calcite and pale green chlorite occur l some with ?zeolite 
or adularia. 80me vesicles are filled with green chlorite l with blue interference colour. Quartz ?trace as vein'? 

Large brownish red pseudomorphs occur\ up to 2mm. Some are blocky, rectangular tablets, others are lozenge or diamond shaped. Cores 
may be chlorite or calcite seamed with red-brown materia} coming in from the rim, but many crystals ,are entirely of the brown material. 
From the crystal shape and alteration. most of these pseudomorphs appear to be iddingsite/hematite/chlorite after Olivine) but some may 
have been pyroxene, particularly the square or blocky ones. 3-5% 

Groundmass is euhedral to subhedral partly altered plagioclase laths, .2mm or less\ in intergranular texture with altered, minor mosaic 
quartz and oxidised ma:fics and common secondary calcite, plates of chlorite, patches of hematite, etc. Cores of many crystals altered, but ML 
on good t.wins is: 29 1 27, 23 1 24} 30, 34, 34.5, = An%55-58, Labradorite, groundmaBs O.2-0.4mm and less, 60% 

Too altered for QAPF, although plagioclase is about 60% of rock. 

Field Number Formation: 

CF23B Ibanez Andesitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

272273 4876633 0 

Final Rockname 

Mineralised Olivine Basalt. 

Microscopic textures (CF23B): 
Chaotic aggregate of radial clusters of chlorite, granular epidote, quartz mosaic, patches of bladed hematite and occasional remnant 

pilotaxitic volcanic textures! as ghost texture within chlorite. Chlorite and opaque minerals form pseudomorphs of lozenge shaped Olivine 
phenocrysts, while groundmass is altered pilotaxitic feldspars, altered ma:fics and opaques. 

Reflected light reveals sparse mineralisation, occasional massive, anhedral pyrite, with rims or blebs of chalcopyrite. Disseminated 
chalcopyrite and pyrite occur in groundmass. Larger chalcopyrite has intricate careous weathering and rims of covellite , ?chalcocite and 
perhaps sphalerite. 
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F'ield Number Formation: 
.-

PIlOl Ibanez Andesitoid (Altered) 

Utrn East Utm North OF: RF: V: Subtotal: 

275460 4872416 10 75 15 100 

Final Rockname 

Albite-Epidote facies hornfels (basaltic andesitic lapilli tuff.) 

Microscopic textures (PIlOl): 
Contact metamorphosed lithic lapilli tuff, with irregular Or grauular sub angular juvenile clasts of pilotaxitic andesitoid/dacitoid, clast 

supported. and occasional spherulitic or poikilomosaic rhyolitic clasts and quartz/sodic plagioclase crystal with minor felsitic 
devitrified matrix, and calcite, mosaic quartz) epidote void filling a.nd porphyroblasts of epidote within clasts. patches of green fibrous 
chlorite common throughout. 

A bout 70% altered audesitoid lithic., 5 % rhyolitoid lithics, 10% rhyolitoid crystal fragments and 15% devitrlfied felsitic matrix and 
secondary void fining. 

Field Number Formation: 

PI26A lbafiez Andesitoid (Altered) 

Utm East Utm North Q: A, p, F: Subtotal, 

273780 4872175 0 

Final Rockuame 

I Albite Epidote facies Horufels. (Basaltic Andesitic Lava.) 

Microscopic textures (PI26A): , 
Altered rock, originally sparsely porphyritic with feldspars and ?cHnopyroxene iu pilotaxitic feldspar matrix. Matrix is now partly 

recrystallised and mafics. are pselldomorphed by chlorite and uralite. Oxidised patches aud veins of hematite/goethite are common, as are 
veins of epidote with wide alteration halos. Disseminated crystals of epidote are also growing in the matrix. Later fractures crosscut epidote 
and oxide veins and are still open, but with some drusy quartz growth on vein edges. 

Groundmass is :tllurky, altered and partly recrystallised to anhedral low 2v albite and some quartz or altered to clay/sericite and 
epidote. Remaining give RI below medium~ probably albite or albitised. 

Large blocky appear to be oxidised pyrite cubes, also indicative of altered state. 

• Field Number I Formation: 

i WIl02 Ibanez Andesitoid (Altered) 

Utm East Utm North Q: A: P: F: Subtotal: 

272440 4862920 0 

Final Rockname 

Hornfels (Olivine Basaltic lava Breccia.) 

Microscopic textures (WIl02): 
Vesicular rock with groundmass of strongly pilotaxitic altered sodic p1agioclase! now sericitised or calcitised, or recrystallised into ?rough 

quartz nloaaie. 
Pilotaxitic rock with altered sodie plagioclase iu felted texture, partly sericitised and also partly poikilomosaic with secondary quartz:. 

Microphenocrysts are up to Q.2-0.3mm, with sericitised cores and replacement by platy sericite and calcite commOu. 
Mafic phases are replaced by opaque iron oxides and perhaps pyrite. also calcite, and from blocky shapes and lozenges are pseudomorphs 

of primary pyroxene and oliviue. 
Vesicles are large, up to 5mm l Bned with granular yellow epidote and filled with calcite, mosaic and dogs tooth quartz! chlorite, 

and opaques. Pyrite cubes are com mont although beginning to 
Hydrothermally altered and hornfelsed Olivine basaltic lava Breccia. 

I 

Field Number Formation: 

WI29 Ibanez Andesitoid (Altered) 

Utm East Utm North Q: A: p, F, Subtotal: 

i 
270760 4859040 8 55 63 

I 
Cpx: Opx: Amph: Chlorite: Opaques, Muscovite: Biotite: Olivine; 

17 20 

Other components: Others: Total: 

100 

Final Rockname 

Altered Basaltic Andesite Lava. 
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Microscopic textures (WI29): 
Porphryitic and vesicular volcanic rock, with common altered plagioclase phenocrysts in an altered groundrnass of plagioclase and oxidised 

opaques and manes. Common secondary chlorite as vesic11e and vein filling, and as alteration of mafics. 
Phenocryst plagioclase is about 30"-35% of rock, euheclral to subhedral l often glolllcroporphyritic, O.5-4mnl. Murky and brown in ppl, 

with cornmon sericitic alteration or patches of chlorite in voids. Too altered for extinction angJe methods, but RI fast and slow are well below 
epoxy} so Albite or albitisecl. 

Groundmass plagioclase is similarly altered! and is in pilotaxitic to intergran111ar textures with interstitial opaques and oxidised or 
chloritised mafics. Anhedral material interstital to plagioclase Inicrophenocrysts is very murky, but has low RI, so perhaps K-spar 5-8%. 

Main mafic phenocryst '\vas pyroxene, now chlorite pseudomorphs with occasional octagonal end sections visible. 
Overall about 55% plag, 17% chloritised ?px:ne, 15% opaques and secondary hematite} (also vesicles are about ,10% chlorite filled void 

space.) 

I Field Number Formation: 

: Wll03B Ibanez Andesitoid (Altered) 

Utm East Utrn North Q: A: P: F: Subtotal: 

I 272570 4863280 0 

Final Rocknarne 

I Hornfels. Basaltic rock in contact with chilled and altered minor intrusive margin. 

Microscopic textures (WIl03B): 
Very altered rock. Small remnant of andesitoid in corner of thin section is fine grained, aphanitic with small (Imm or less) altered sodic 

plagioclase in a matrix of altered feldspars, secondary quartz and oxidised mafics with patches of chlorite and secondary epidote. Bulk of thin 
section IS fine serrated bouudary mosaic/felsitic textured to hypidiomorphic quartz and feldspar studded with clusters of large 1-2mm epidote 
crystals l chlorite pseudomorphs of ?hornblende! and a lot of secondary calcite. 

Hornfelsed andesitoid in contact with chilled and altered minor intrusive margin. 

Field Number Formation: 
u 

GAlOB * Ibanez Andesitoid (Altered) 

Utm East ! Utm North Q: A: P: F, Subtotal: 

273720 4863380 0 5 70 0 75 

Opx: Opx: Arnph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

5 15 

Other components: Others: Total: 

Oalcite I 5 100 

Fl, knA.m~ 

ic Lava. 

Microscopic textures (GAIOB): 
Rock is porphyritic, with plagioclase phenocrysts up to 3mm, euhedral, in a matrix of pilotaxitic plagioclase mlcrophenocrysts and 

opaque minera.ls, perhaps some glass. Alteration is cornrrlOn, with some sericitisation of plagioclase und occurrence of calcite within vesicles 
and some veins or small patches in the groundmass. Pyroxene has been replaced by pseudomorphs of calcite and ?haematite. 

Plagioclase phenocrysts are euhedral to subhedra.l crystals t from Illicrophenocrysts in the groundmass (sub O.lUlIn) to 2 or 3mm phe
nocrysts. Some crystals have slight zoning) some have altered cores and sieve texture, but most do not. Alteration is either patchy sericite, 
patchy calcitised or just murky ?clay. Albite~Carlsbad twinning gives; 5, 15 1 about An26%, while ML gives 7, 11, 15 t 6, 51 16, 15.5, 
about 5 or 20% An. has fast strongly below medium, slow just below mediulIl, ~ Albite or albitised. 

Mafics are blocky crystals now pseudomorphed by calcite and hematite/goethite. Presume they were Clinopyroxene from blocky, square 
cross-sections. 

Groundmass is sodic plagioclase microphenocrysts J in intergranular texture with altered mafics and opaques (now hematite and remnant 
magnetite, and some dark brown altered glass.) Vesicles ure filled with calcite, and occasional drusy quartz. 

About 35% plagioclase phenocrysts, 5% mddised mafics, 60% groundmass of about 35% pl(!gioclase microphenocrysts, 15% opaques, 
5-10% low RI anhedral k-spar. 

I Field N urnb er I Formation: 

FB8 • Ibanez Andesitoid (Altered) 

Utm East Utm North Q: A: I P: F: Subtotal: 

284425 4869125 1 5 65 0 71 

I 
Cpx: Opx: Amph: Chlorite: Opaques: Muscovite; Biotite: Olivine: 

10 9 

Other cOInponents: Others: Total: 

Calcite 10 100 

Final Rockname 

Altered Basaltic Andesitic vent breccia. Chern gives trachy andesite, but really not HU'oWUHU, due to alteration. 
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Microscopic textures (F38): 
Thin section may be cut a little thick. Fragmental rock of andesitoid rock fragments, with andesitoid clasts in fine grained matrix of 

crystals and andesitoid fragments. Very altered, with ubiquitous calcite as replacement of feldspars, void filling and veining. Opaque and dark 
brown iron oxides are common as oxidation/alteration of mafies and ground mass of clasts. 

Clasts are andesitoid, with phenocrysts of euhedral plagioclasc t in altered groundmass with disseminated iron oxides. Oxides also rim 
clasts and crystals. SOIl1C remnant pyroxene and Olivine, but some clasts have chlorite/opaque pseudomorphs with amphibole shapes instead. 
Vesicles are filled with chlorite or calcite. 

Clasts are about 30% sericitised and clayey plagioclase, up to 10% each chloritised and oxidised mafics (to opaque iron oxides) Groundmass 
is mainly fine grained altered feldspars t about 55-60% of rock probably about 35% plag. remainder fine grained oxidised mafics and opaques, 
with Common secondary chlorite and calcite. Trace quartz) probably secondary. 

Field Number ForIllation: 

W196E Ibanez Andesitoid (Hornfelsed) 

Utm East Utm North I Q: A: P: F: 

I 
Subtotal: 

272580 4863880 0 

Final Rockname 

Hornblende hornfels (Olivine Basalt) 

Microscopic textures (WI96E): 
Fine grained aphanitic volcanic rock, with remnants of pilotaxitic texture and oxidised nUi.fic phenocrysts, spotted with granular clusters 

of epidote and pale green hornblende. Calcite and epidote occur as secondary void filling. 
Original texture/mineralogy was pilotaxitic feldspar laths wlth intergranular opaques (magnetite) and maRcs (probably clinopyroxene, 

and opaque/chlorite/calcite pseudomorphs are blocky and lozenge shapes, probably altered olivine and pyroxene phenocrysts), 
Feldspar laths are still visible, but are sericitised and replaced by calcite, and now have RI well below epoxy, so are probably albitised 

plagioclase. Ivtafic phase is replaced by pale green pleochroic actinolitic hornblende, often granular or fibrous, ActinoUtic amphibole also 
occurs as lining of void spaces with fil1 of calcite and epidote. 

Calcite is common as alteration of feldspars, also as retrograde rims on actinolitic aIllphibole. 
Original grainsizes retained, wiUh feldspars about Q.l-o.2mm, larger mafic pseudomorphs up to O.5mm. and granular amphibole replacing 

mafics about O.1~0.2mm. 
Hornblende-hornfelse facies contact metamorphosed Olivine basalt or basaltic andesite. 

Field Number Formation: 

CP18A * Ibanez Andesitoid (Hornfelsed) 

Utm East Utm North Q: A: P: F: I Subtotal: 

278225 4869590 0 15 55 0 I 70 

Cpx: Opx: Amph: Chlorite: Opaques: rvruscovite: 

I 

Biotite: Olivine: 

25 5 

Other components: Others: Total: 

100 

Final Rockname 

Albite-epidote facies hornfels. (Olivine basaltic lava.) Chemistry is tephritic, but as other Ibanez lavas plot as basalt-basaltic 
andesite this is probably an altered example. 

Microscopic textures (CP18A): 
Aphanitic with slightly pilotaxitic but mostly intergranular textured feldspars, opaques and 10-15 % up to 1mIll chloritised mancs. 

Some patches or fill of calcite. 
Feldspars are fine grained, OAmIll or less, euhedral laths, with altered sericitised SOIlle crystals are albitised from original COIll~ 

position as RI now below epoxy, but others still show RI strongly above epoxy, so at least Oligoclase. Dominating texture is slightly 
pilotaxitic feldspar laths with intergranular altered Illafics and opaques. Laths show swallowtail or stepped ends indicating slight undercooling 
on crystallisation. 

Maflcs are altered to dull green pleochroic amorphous 01' platy length slow chlorite and some leucoxene. and both O.4-1mm phenocryst 
sizes and fine rnatrix microphenocrysts are altered to this chlorite/opaque mix. Larger pseudomorphs are either lozenge shaped after olivine, 
or blocky and square after pyroxenes. 

Chlorite also occurs as void fining material with calcite. 
Some cherty recrystallisation of groundmass material occurs t and patches of low birefringence moderate RI biaxial nlateriaI possibly 

but also some euhedral pseudomorphs of old phenocrysts so may be albitised plagioclase. 
clusters of secondary epidote, indicating that this rock may be hornfelsed, 

Rough QAPF: Plag: 55%, gmas. K-spar 15%, Chloritised mafics: 25%, groundmass opaques 5%. 

Field Number Formation: I 

PI22 * Ibanez Andesitoid (Hornfelsed) 

Utm East 

I 

Utm North Q: A: P: F, Subtotal: I 

274424 4871800 5 5 70 0 80 

Cpx: I Opx: 
Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine; 

3 15 

Other components: Others: Total: 

Calcite/epidote 2 100 

Rork 

(Basaltic andesitic lava.) 
i 
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Microscopic textures (PI22): 
Altered porphyritic volcanic rock t with reillnant euhedral glomeroporphyritic plagioclase phenocrysts in groundmass of pilotaxitic 

feldspars with oxidised manes and occasional quartz rnicrophenocrysts. Epidote, caldte, quartz, chlorite OCcur as alteration, both of phe
nocrysts and groundmass, and as void filling materiaL Mafies are either altered to pale chlorite with blue interference color or oxidised to 
hematite. Secondary hematite is disseminated throughout the rock. Occasional patches of quartz oCcur in ground mass and as secondary 
euhedral crystals in cavities/veins with calcite. 

Large feldspar phenocrysts are euhedral to subhedral crystals up to 1.5-2mm, partly rounded plagioclase, sometimes glomeroporphyritic l 

some with sieve textures. Alteration to sericite and both crystalline and fine granular epidote is common, but some crystals still ok. ML gives: 
7,17,17.5, 9 f 5,14,19.5, = either albite or calcic oligoclase. RI is difficult to measure) but is below medium for fast' and slow' so probably 
Albite Or Albitised. 

Groundmass feldspars show well developed pilotaxitic texture, but are also partly altered/sericitised Or clayey. Remnant albite and 
carlsbad twins are common, and RI is well below medlum~ so Albite mOst common and some k~spar may occur. 

Mafks and Opaques are oxidised to reddish opaque hematite in specimen, giving a distinct red tinge to rock and thin section. 
About 15-20 %, including any original opaques and blocky pseudomorphs of ?clinopyroxene. 

Estimated Qap: Phenocryst Plag: 10%. Groundmass 60%. Quartz microphenocrysts:5% Altered mallcs and Opaques: 15%, 
perhaps 5% interstitial anhedral k-spar but difficult to identify to aIteration. Also secondary chlorite/epidote/calcite voidlllling and 
alteration 5%. 

I 
Field Number Formation: 

PUS' Ibanez Andesitoid (Hornfelsed) 

I 

Utm East Vtm North Q: A: P: F: Subtotal: 

271875 4871800 10 1 60 0 71 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite; Biotite: Olivine: 

5 5 5 i 8 

Other components: 

I 

Others: Total: 

Epidote 6 100 

Final Rockname 

Albite-epidote facies hornfels (Olivine Basaltic Lava). 

Microscopic textures (PH8): 
Fine grained, porphyritic rock with some remnant phenocrysts of plagioclase, now studded with secondary epidote f lozenge or skeletal 

olivines now altered to ?hematite/iddingsitc, and some remnant pyroxenes. Groundmass is fine grained felsitic/pilotaxitic and partly recrys
tallised or sericitised plagioclase microphenocrysts, altered mafics and hematite opaque, with common secondary epidote, chlorite and maybe 
quartz. 

Remnant Clinopyroxene, probably augite) occur, up to O.5mm. 3-5%. Some appear partly recrystallised and overgrown, others are altered 
to chlorite or uralite. Some fine grained pyroxene ocenrs in the groundrnass, but is difficult to differentiate from the epidote due to small 
grainsize. 

Large opaques are hematite or iddingsite mix) and from pointed terminations and skeletal shape they may be pseudomorphs of quenched 
textured olivine phenocrysts, subhedral, np to 1.5mm. No unaltered olivine remains, however. 

Large feldspars are plagioclase, some up to 5mmJ but only 1-2%. Alteration is patches of calcite and green epidote. Some show sieve 
textures and rounded subhedral shapes. 

Groundmass feldspar laths are sub Imm, partly recrystallised, sometimes to quartz mosaic patches? t and are in intergranular texture 
with partly altered pyroxene. oxidised opaques, and secondary epidote and chlorite alteration. Some veins of calcite occur, Becke line test of 
felspar rnicrophenocrysts difficult, but albite or oligoclase. 

Estimated primary composition: Olivine: 8%. Clinopyroxene3-5%, opaques 
10% patchy quartz; recrystallisation t maybe trace k-spar as anhedral material in groundmass. 

A.2.4 Ibanez Sediments 

I 

Field Nnmber Formation: 

F24B Ibaiiez Sediment 

Vtm East Vtm North Q: A: P: F: 

287350 4872720 

Final Rockname 

Plagioclase laths in groundmass 60%, up to 
to tell due to alteration. 

Subtotal: 

0 

Dark blue~grey friable to poorly indurated coarsely laminated to thinly bedded well sorted coarse volcaniclastic sandstone. 

Microscopic textures (F24B): 
Detrital rock of feldspathic igneous rock fragments and some quartz. Weak bedding parallel development SPO of chlorite. 
Common to pervasive alteration of feldspars in rock fragments to isotropic and low Rl zeolite, probably analcime. which also occurs as 

vein fillings, 
Minor dissolution seams occur. 
Chlorite is common as vein filling, void fill land alteration product On rims of crystal fragments. 
Calcite occurs as vein filling and alteration product. 
Most rock fragments appear to be andesitoids , trachytic or pilotaxitic in texture, with much opaque iron oxide alteration product. 

Field Number Formation; 

F2B Ibanez Sediment 

Utm East Utm North CF: RF: V: Subtotal: 

288123 4865027 0 
I--

Final Rocknfune 

Light blue, indurated, Inoderately sorted, normal and reverse graded tuffaceous fine siltstone to medium sandstone. 
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Microscopic textures (F2B): 
Weak grading of fragments, and secondary mica.s in matrix have bedding parallel orientation. Finely lamjnated on 1-2nun bedding 

planes, but not obvious in thin section. 
Quartz: Fine silt to mediu.m sand sized angular, fra.ctured crystals. 
Feldspars: Detrital Plagioclase and K-spar. Sericitised and replaced by calcite in the sandier laminations. Probably sodie or albitised 

plag. Ivfuscovite common as smaH. murky patches and plates in the matrix. Has weak bedding parallel SPO. Also present as sericitisation of 
feldspar clasts. 

Other minerals: Leucoxene as opaque, and some red hematite staining and patches among coarser grainsizes. Calcite present as void 
filling and alteration of feldspars. 

Groundmassl Matrix of fine silty material with ghost shard textures in some nOW mostly felsitic texture with small plates of 
muscovite and patches of ?Zeolite alteration. Some fine silt sized quartz: and feldspar Ira.grrlCncts. 

Field Number Formation: 

F4 Ibanez Sediment 

UtIn East Utm North CF: RF: I V: Subtotal: 

288817 4866879 0 

Final Rockname 

1vloderately sorted angular to subangulal" medium to coarse sandy tuffaceous feldsarenite. 

Microscopic textures (F4): 
Moderately sorted angular to subangular medium to Coarse sandstone, composed of feldspar, rock fragments and quartz, 40-50% feldspars, 

30% rock fragments, 10% quartz, along with minor proportions of silicic cherty cement~ calcite, clay, chlorite also present as void filling and 
cement, 

Rock fragments are pHotaxitic andesitoids, also devitrified tuffs and rhyolitoid fragments, max size coarse sand or very small granules. 
Sonle felsitic deforrned fragments Iuay be devitrified and recrystallised detrital pumice and glass shards. 

"frace minerals include biotite, magnetite) hematite, claysj leucoxene, sericite. 

I 
Field Number Formation: 

CP82B Ibanez sediment (Horr;felsed) 

Utm East Utm North I CF: RF: V: 

278803 4869300 

Final Rockname 

Albite-Epidote facies hornfels (tuffaceous fine sandstone.) 

Microscopic textures (CP82B): 

Subtotal: 

0 

FIne grained rockt with ground mass of equigranular fine granoblastic quartz/feldspar, recrystallised froITl tuffaceous or tuff precursor? 
Occasional remnant broken detrital bipyramidal volcanic quartz and feldspar clasts, sometimes overgrown with new material from 

recrystallising groundnlass. Sericite as feldspar alteration) sometiIncs recrystal1ised into slllall plates of muscovite. Low birefringence, 
low RI uniaxial negative grains may cristobalite, while low RI biaxial high 2v grains look to be Low Albite. 

Subhedral/ euhedral randomly orientated or decussate biotite occurs, commonly chloritised. Concentrated along vein areas or coarser 
grained reflecting original grainsize changes. 

muscovite, epidote, nlagnetite as opaque, oxidised to hematite and occasionally occurring with leucoxene. 

I 

Field Number Formation: 

CF19 Ibanez Sediment (Hornfelsed) 

Utrn East Utrn North OF: RP: V: Subtotal: 

271642 4878393 0 

Final Rockname 

Albite-Epidote facies hornfels (after tuffaceous sediment). 

Microscopic textures (CF19): 
Hornfelsed Ibanez tuff with faint fiamme texture and occasional altered feldspar and quartz crystal fragments, in fine grained feJsitic 

matrix, recrystallised in places to coarse mosaic quartz with decllssate textured porphyroblasts of muscovite and biotite Inica and chlorite. 
Possibly also some andalusite, but very small and difficult to identify. 
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Microscopic textures (CP79A): 
Very fine rock with faint subhorizontal compositional banding reflecting original sedimentary structure. 
Matrix is grained granoblastic mosaic of quartz and feldspar t often with small subheclral grains of biotite and sericitic muscovite in 

decussate texture. Feldspar 2v high where .rneasureablc) with Rt well below quartz., fast well below epoxy, slow moderatly below so probably 
Low albite. 

Clots or poikiloblastic patches of high Rt colourless andalusite and altered sericitised ?cordierite occur, ill bands parallel to original 
Biotite grains often occur in patchy rim around these altered cordierites or andalusite porphyroblasts. 

authigenic euhedral uniaxial negative brown tourmaline. 
Opaques are small, blocky, probably magnetite, but also much yellow iron staining and patches of semI-opaque reddish hemitite. 

Field Number Formation: 

PI43o: Ibaiiez sediment. 

Utm East Utm North CF: RF: V: Subtotal: 

271625 4871575 0 

Final Rockname 

Reworked crystal tuff/ well sorted, thickly bedded to laminated and graded crystal rich, clast supported tuffaceous coarse 
to medium sandstones. 

Microscopic textures (PI43a); 
Quartz: Size ra.nges sub O.125mm through to 2mm. 10% In sandy material, 1-5% in pumices. Commoll, as angular fractured crystals in 

sandy and silty material, and as phenocrysts in pumice clasts. 
Feldspars: Detrital in material, plagioclase mostly Albite or albHised} maybe some oligoclaseJ and Kspar present, altered, subhedral 

and fractured. Sizes range to 3mm. About 10-15%. 
Biotite: Altered, trace, in pumice clasts, altered to mafics and chlorite, surrounded by chlorite halo. 
Muscovite: Trace as sericite, and occasjonal crystal, presumably of xenolithic origin. 
Other minerals; Trace calcite, trace epidote. Chlorite J Dark green pleochroic. Common in Groundmass and as alteration product. Maybe 

some serpentine as well, 
Groundmass: Fine, silt-sized quartz/felspar/opaques, occasional ?mica. Common chlorite patches and alteration I recrystallised/felsitic 

material, probalby devitrified glass, murky brown streaks in fine sandy layers at base of coarse pumice horizon possibly carbonaceous material 
or ?styiolitic veins, or clay streaks. . 

Pumices are Large , 5-15mm devitrified pumice fragments, with quartz/Sadie plag/trace Sanidine/biotite mineralogy. Also sub-rounded 
porphyritic f.lsitic rhyolite lithics, with trace pyroxene. (large material is clast supported,) 

A.3 Coyhaique Group 

A.3.l Katterfeld Formation 
I Field Number Formation: 

GA13 Coyhaique Group (Katterfeld) 

! Utm East Utm North I QF: RF: FF: I Subtotal: 

278000 4876940 I 0 

I 
Final Rockname 

Recrystallised limestone hardground/concretion in Katterfeld shales. 

Microscopic textures (GAI3): Small fragment of calcite concretion layer in shales, draped with fine silty shale layers 
with some quartz draped over finely granular sparry clast or concretion which shows internal bedding, occasional quartz clasts 
and secondary euhedral O.2mm pyrite, and wedge shaped internal fractures filled with coarse grained sparry calcite, Higher reHef wedge or 
hexagonal patches in calcite may be dolomite. 

Possibly small limestone hardground from blackshales, partly recrystallised into concretions/nodules. 

Field Number Formation.: 

F43 Coyhaique Group (Katterfeld) 

Utm East Utm North QF: RF: FI<', Subtotal: 

283314 4868800 0 

Final Rockname 

I I<atterfeld Blackshale. 

Microscopic textures (F43): Finely laminated shale or siltstone, with normally graded laminations of fine 
ceous organic material and minor quartz-feldspar silt component, and one ?andesitoid Rock fragment. (Note, 
smell when cut or broken.) 

semi opaque carbona
specimen has sulphurous 

Calcite veining has invaded and contorted some laminations while sediment was still unconsolidated, giving rise to some "micro-diapiric" 
structures. These calcite veins themselves are contorted, with the thickest veins parallel to laminations. There is some dissolution and pressure 
solution seaming evident. especially at veins. 
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Field Number I Formation: 

CF22 Coyhaique Group (Katterfeld) (Altered) 

Utm East Utm North QF: RF: FF: Subtotal: 

272832 4878335 0 

Final Rockname 

Hornblende hornfels (Katterfeld Formation). 

Microscopic textures (CF22): Strongly silicified and partially hornfelsed laminated muds and very fine silts. Laminations are from 0.5-
with finer laminations partially recrystallised to fine grained sericitic mica with strong lamination parallel LPO, and coarser layers partly 

recrystallised quartz/feldspar grains and cherty rock in a silty matrix. Some areas have incipient " spotty" porphyroblast 
growth, but metamorphic mineral difficult to identify. Quartz with muscovite grains along vein 

Silty layers are composed of cherty rock fragments with about 20~30% quartz and so die plagioclase up to O.3mm1 and have 
matrix of cherty and micaceous material. Coarscr grained (.3-0.4mm) thick silty layers with ripple shapes also porphryoblasts of granular 
or radial clusters of blue-green or brown~blue pleochroic amphibole, probably metamorphic hornblende. Opaque euhedral pyrite porphryoblasts 
OCcur disseminated throughou tl in both silty and muddy layers. 

A.3.2 Apeleg Formation 

Field Number Formation: 

1:'41 Coyhaique Group (Apeleg) 

Utm East Utm North QF: RF: FF: Subtotal: 

283750 I 4869190 30 30 25 85 

Others: Total: 

Calcite voidflll 15 100 

Rocknam, 

White to grey well sorted thickly bedded normal and reversely graded medium and Coarse sandy volcaniclastic ·feldspathic 

• 

litharenite', Clast supported, matrix poor. 

lYIicroscopic textures (F41): "Vhite to grey well sorted thickly bedded normal aud reversely graded medium and coarse quartzofeldspathic 
sandstone. Clast supported, matrix poor. 

Dominated by quartz and rock fragments, with slightly less feldspar. 
About 30% Angular volcanic quartz fragments, originally subrounded but now overgrown wit.h secondary authigenic quartz to angular 

shapes. 
Rock fragments also about 30%, felsitic and cherty mosaic quartz/feldspar recrystalHsed silicic volcanics, with minor well rounded 

andesitoid or trachytoid fragments. Devitrification and recrystallisation to mosaic material has contributed significantly to cementing the 
sandstone. This may be thermally enhanced by F40 intrusive. 

Feldspar is murky) clayey sodie plagioclase, mostly oligoclase Or albite l with murky alt,ered subhedral subangular to subrounded crystal 
fragrnents, often sericitised. About 25% 

Minor minerals are some secondary authigenic or low grade met muscovite} also calcite as void fHl1ng 1 and common quartz overgrowths 
on quartz grains. visible due to dust on original grain margins. 

RF,30, Q:30 Feldspar:25, secondary quartz overgrowths, calcite voidfllling, etc 15%, plots as a feldspathic litharenite by Folk et al. (1970) 
classifica tion. '" 

Field Number Formation: I 

OF17 Coyhaique Group (Apeleg) (Altered) 

Utm East Utm North QF: RF: FF: Subtotal: 

272832 4879701 0 

Final Rockname 

Horblende hornfels (Apeleg Formation). 

Microscopic textures (CF17): \Vell recrystallised sandstone, probably once a tuffaceous sandstone, but now most clasts and matrix are 
mosaic quart2 and feldspar with fine granular decussate biotite and pyrite. Section cut a bit thick, Borne qllart2 is showing yellow and 

red colours. 
Relict sand grain textures are present, with most grains now cherty mosaic quartz: feldspar, and with rims of granular altered rnafic 

minerals or decussate biotite. Quartz has also occurred as large grains as void filling t together with amphibole and opaques. Original sodic 
plagioclase grains are still present, but appear murky and albitised. Granula.r green subhedral to amorphous material in matrix and rimming 
clasts is possibly uralitic amphibole} while blue-green and brown-green hornb1ende also occur. Minor amounts of muscovite occur! also in 
decussate texture in matrix. Remnant grains of K-spar occur also. 

Veins have chlorite along rims and scapolite (straight extinction l fast along cleavage, uniaxial negative) as vein filling. Possibly retrograde? 
Hornblende hornfelse facies Apeleg Sandstone. 
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Fi eld Number Formation: 

CF21 Coyhaique Group (Ap.leg) (Altered) 

Utm East Utm North QF: RF: FF: Subtotal: 

272995 4878050 15 65 10 90 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

3 

Other components: Others: Total: 

Mud/silt matrix 7 100 

Final Rockname 

Apeleg Formation moderately well sorted m.edium to coarse sandYt thickly bedded and foreset crossbedded, volcaniclastic 
litharcnite. 

Microscopic textures (CF21): Moderately sorted to well sorted medium to coarse sandstone with ripup clasts of fine siltstones and 
mudstones, Sand grains are quartzJrockfragments/feldspar l clast supported) sorted and normally graded, with 5-50mm ripup clasts of semi 
consolidated Inudstonc/siltstonc j with SOUle ripple/scour structures within the ripup clasts. 

Quartz grains make up about 15% of the rock, ranging from broken and embayed rounded volcanic quartz grains, to occasional rounded 
grains of polycrystalline metamorphic quartz with some lnica plates. Volcanic quartz dominate, generally 1-1.5mmt but up to 4mm. 

Feldspar grains are about 10%. 111urky altered fractured or subrounded grains serititic alteration. Some are sieve textured 
so die or albitised volcanic plagioclase, and some untwinned or carslbad only twinned grains with RI well below epoxy be K-spar. 

Rock fragments make up about 65% of rock, and are from medium sand sizes up to 30··-50mm ripup clasts. Sand are well sorted, 
subrounded to rounded. while ripup clasts are angular and sometimes deformed. Most RF are either cherty or felsitic silicic tuffaceous 
sediment Or silicic volcanic rock fragments, or pilotaxitic porphyritic andesitic rock fragments. Large ripup clasts are of silty mudstone \vith 
ripple structres and some deformation, indicating they were not lithified. Occasional polycrystalline metamorphic quartz grains occur. 

Rock is clast supported, with minor muddy or silty matrix (7%) and some chlorite occuring as void filling (3%). 

Field Number Formation,: 

CF17D Coyhaique Group (Apeleg) (Altered) 

• 

Utm East Utm North QF: I RF: FF: Subtotal: 

272832 4879701 15 I 75 5 95 

Other components: Others: Total: 

Cement and void fill 5 100 

Final Rockname 

Albite-epidote facies hornfels: Apeleg Formation very coarse sandstone to granule/pebble conglomerate. (Litharenite by 
Folk/ Andrews/Lewis(1970)} 

1;1icroscopic textures (CF17D): Cross bedded graded rock, from fine pebble/granule conglomerate to very COarse sandstone in hand 
specimen. Thin section is cut at base of crossbedding, showing granules of quartz and rock fragments above very fine sandstone to silt! with 
slight founder structures. Then laminations of moderately sorted. clast supported small granules and very coarse sands, both normally and 
reverse gradedJ with some fine sand interstitial to larger clasts. Rock is partially recrystallised with cherty or felsitic and quartz mosaic 
recrystallisation of silicic rock fragments and mosaic silica ceInentation. Quartz fragments have overgrowths visible through dust rims. Mosaic 
quartoz occurs as void filling, and as cement, along with epidote/chlorite/ clusters as void filling and alteration/metamorphism. About 15% 
Quartz, 5% feldspar, 75% rock fragments, 5% chlorite/epidote/cherty as cement and void infilling. 

Quartz occurs mostly as angular to sub angular and rounded quartz fragments} often with secondary rims/overgrowths} but 
also as sand grains and granules with granoblastic rnosaic metamorphic grains, some with very fine grainsizes reminiscent of cataclastic quartz 
textures, 

Some volcanic grains have recrystallised into two or more subgrains, perhaps indicating sUght strain effects associated with the Cerro 
Fare1l6n intrusions. 

Rock fragments are felsitic, cherty or mosaic recrystaUised grains and granules of mainly silicic volcanic or volcaniclastic material, 
rounded to subrounded and sub angular. There are lesser proportions of pilotaxitic andesitic fragments I and the granoblastic quartzite 
fragments mentioned above. Finer grainsizes of cherty or felsitie textured clasts were probably fine ashy or silty volcaniclastic sediments. while 
the coarser grained felsitic to mosaic recrystallised clasts may have been rhyolitic clasts or ignimbritic clasts. Little internal texture survives 
in most rock fragments the pilotaxitic, porphyritic andesitic clasts and the granoblastic or cataclastic quartzite fragments. Some rock 
fragments are replaced or by mosaic quartz/feldspar, others spotted with epidote and chlorite porphyroblasts. 

Feldspars mainly occur within volcanic rock fragments, although individual subrounded to angular COarse sand size grains occur, mainly 
of altered, sericitised sodie plagioclase. 

I 
Field Number Formation: 

CFI1C Coyhaique Group (Apcleg) (Altered) 

Utm East Utm North QF: I RF: 
FF: I ::btotal: 

212832 4879701 25 45 20 

Other components: Others: Total: 

Matrix 10 100 

! 
FInal Rockname 

te-"'~'la'Ote Facies Hornfels 
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Microscopic textures (CF17C): Partially recrystallised coarse sandstone, with moderately sorted, clast supported subangular to angular 
grains of quartz, cherty altered rock fragments and altered or scricitic feldspar, partially recrystallised and silicified. 

Quartz grains are about 25%, mainly angular fractured volcanic quartz, although some mosaic grains of metamorphic quartz are present. 
Some grains are partially overgrown with mosaic quartz grains from nearby altered rock fragments and from interstitial silicification. 

Rock fragments are about 45%, angular to sub rounded cherty or mosaic quartz feldspar patches, possibly recrystallised from fragments 
of silicic tuff or rhyolites. Some fragments contain remnant pl10taxitic texture. Differing clasts can be determined fr01n brown staining in ppl 
or changes in recrystaUisation textures. 

Feldspars are mainly murky altered grains of so die plagioclase) often sericitised, albitised. About 20%. but difficult to identify 
Rock is cla.st supported, but pore spaces are filled by cherty mosaic quart-z and quartz/feldspar cenlent/recrystallisation material, 

with occasional spots or patches of radial chlorite/epidote and granular subhedral blocky pyrite. Some pyrite/chlorite/epidote veins also occur, 
parallel to bedding. Matrix cherty cement and chlorite/epidote/pyrite make up remaining 10% of rock. 

! 

Field Number Formation: 

CF17B Coyhaique Group (Apeleg) (Altered) 

Utm East Utm North QF: RF: FF: 

I 
Subtotal: 

272832 4879701 5 75 10 90 

Other components: Others: Total: 

Matrix 10 100 

FiJ!:al Rockname 

Hornblende Hornfels (Apeleg Fm.) 

Microscopic textures (CF17B): Poorly sorted small pebble to gravel conglomerate, roughly trough crossbedded in the field, spotty with 
black, purple and green clasts, secondary epidote and magnetite. 

Pebbles are clast supported, rounded to subrounded granules to gravel sizes I either cherty or felsitic textured altered rhyolitic tuff and 
rhyolite fragments or altered and sericitised porphyritic or pilotaxitic andesitic to dacHic volcanic fragments, with an interstitial matrix of 
coarse sand sized rock and crystal fragments) of rhyolitic and andesitic debris, sodic plagioclase and volcanic quartz. Feldspars are altered 
and sericitised, as are andesitoid/ dacitoid clasts. Cherty mosaic recrystallisation of felsic clasts is cotnmon. 

Secondary minera.ls are green length slow fibrous chlorite as void filling and alteration mafic minerals, and clusters of granular epidote
and magnetite around clastic grains. Some grairtrims have nucleated acicular colourless tremolitic an1phibole. 

About 75% rock fr~gments, 10% feldspar fragments~ 5% quartz frags and 10% m,atrlx and secondary metamorphic minerals. 

AA Divisadero Formation 

AA.l Tuffs and Ignimbrites 

Field Number Formation: 

GA14C Divisadero Tuff/lg 

Utm East Utm North CF: RF: 

I ~~ 
Subtotal: 

278990 4877460 1 0 100 

Final Rockname 

I Accretionary lapilli Tuff. 

Microscopic textures (GA14C): Fine grained tuff with partially flattened ovoid accretionary lapillifrom 2-lOmm, composed of successive 
layers of fine devitrified chertyash with occasional very small quartz fragments. with interstitialmatrix of devitrified ash with fine cherty texture 
and remnantvitroclastic shard textures, sometime-s pseudomorphed by calcite. Fine disseminated pale green chlorae COmmon. 

. 
Field Number Formation; 

LF5T * Divisadero 'l'uff/Ig i 

Utm East Utm North I OF: RF: V: Subtotal: 

272748 4938582 . 1 2 97 100 

Final Rockname 

Partially welded or sintered and subsequently devitrified upper part of rhyodacitic-rhyoHtic vltric tuff/~6P- ,h 

Microscopic textures (LF5T): Again, very similar to the two previous samples, a devitrified vitroclastic rock, crystal poor, with varying 
degrees of recrystaHisation. 

This rock is dominated by devitrified ash, and has less pumice than thepreceding two samples. Vitroclastic shard textures, slightly 
fiattened1are visible in both cpl and ppl. but less so in the former because of amix of felsitic and spherulitic or mosaic quartz/feldspar 
replacement of the shards. Common finegrained microlites occur in shardmaterial. Unlike the former two samples, secondary quartz is 
notconfined to fianlme but occurs disseminated through both ash matrix andfiamme. Otherwise, shards are replaced by irregular spherulitic 
radial textures rather than felsitic textures. 

Sparse crystal fraglnents include a trace of green-brown biotite, altered in places to opaque brown iron oxides, and about 1% Sodic 
plagioclase feldspar, with patchy alteration to K-spar along fractures and cleavagetffiore altered than the middle sample, but less so than the 
base. Also trace amounts of blocky magnetite crystals and maybe altered biotite. 

Alteration includes patchy sericite and clots of reddish-opaquehematite, perhaps after biotite from and fractures. 
Lithic fragments, 2%" occur as 1-3mm o-xidised interlnediate voJcanicand volcaniclastic rock SOIIle have served as nuclei 

forquartz/feldspar mosaic recrystaJlisation. 
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li'ield Number Formation: 

F27A * Divisadero Thff/lg 

Vtm East 

I 

Vtm North CF: RF: 
I 

V: Subtotal: 

287660 487a900 37 1 62 100 

Final Rockname 

Welded and devihified rhyolitic ignimbrite ! 

Microscopic textures (F27 A): Quartz-Feldspar fragment rich ignimbrite, with about 15% quartz and 15-20% feldspar and occasional 
biotite in a devitrified brown ashymatrix. Secondary calcite and iron oxide staining occur as alteration. 

Quartz is about 10-15%\ broken subhedral bipyramids, rounded and embayed, up t,Q 2mm, often fractured or broken. 
Feldspars are altered! subhedral and broken, about 20%1 up to 2mm. Calcite and cherty-textured sericitic material are common alter-

ation/replacement~ but most crystals have remnant unaltered or partially altered feldspar,both sodie plagioclase and occasional k4 spar. 
Biotite is cleavage fragments or subhedral booklets~ unaltered, green brown pleochroic I about 1 % to trace, up to O.5mm. 
Opaques are oxidised to hematite/goethite, reddish in reflected lighttup to Imm. 
Lithic fragments are sparse. occasional O.5-Imm angular fragments of immature volcaniclastic sandstones/siltstones. 
Matrix is about 60-65%, brown devitrified ashy material with incipieut felsitic recrystallisation texture in cpl, but with shard textures 

andfiattened pumice fiamme, up to 5-6mm, visible in ppl. Common secondary hematite staining and some fiamme seem replaced by opaque 
hematite. Voidspace filled with calcite or cherty sericitic material) some times with opaque hematite. 

Field Number Formation: 
i 

OD7T' Divisadero Tuff/lg 

Vtm East Vtm North OF: RF: V: Subtotal: 

267771 4946000 17 1 82 100 

Final Rockname 

Moderately welded but strougly devitrified, recrystallised and maybe vapour phase altered upper part of thick vitrle tuff. 

Microscopic textures (CD7T); Section is cut a little thick (Yellow Quartz.) 
Still fairly uniform fine grained vitric tuff, with the same proportion of crystal and lithic fragments as the middle sample, about 

20%,remaining 80% devitrined glassy ash and pumice. Orystals are about 15%1 lithics 3-5%, size ranges about O.4mm to 4mm J avg sub 1mm. 
Quartz and sodic plagioclase still most common J perhaps some k-spar. 

Quartz is rounded, embayed and often fragmeutal bipyramids, up to 3mrn. About 7%. Some embayments and voids coutain devitrified 
glassy material. 

Feldspar is about 10%, 8ubhedral and euhedral crystals, often fractured! someglomeroporphyritic, up to 2mm. Alteration is common. 
usually slight murkiness of crystals l but seems more advanced than both the basal and middle sample. Sodic plag) albite J seems to dominate, 
same as basal sample. 

Other crystal frags present: Trace magnetite) often with hematite alteration. 
Ljthics are the same as the middle sample! about 1 %, up to Imm and are still slightly oxidised and devitrified angular fragments of tuff 

and ignimbrite. 
Matrix is devitrifed ash shards, but vitroclastic texture is very faint,only just visible in pp1, ot,herwise matrix is grainy brown featureless 

material like the middle sample. However, in cpl the matrix is both devitrified and recrystalBsed to a very coarse felsit,ic texture and also very 
much to a finely granular quartz/feldspar mosaic texture. This may be an effect of vapour phase alteration on the upper parts of the tuff. No 
evidence of fumarole action was seen in the field, however. 

I Field Number Formation: 

F48 * Divisadero Tuff/Ig 

Vtm East Vtm North CF: RF: V: Subtotal: 

281710 4868830 27 1 72 100 

Final Rockname 

i Welded and npv;t.rH,pn Rhyolitic 19mmv,ne. 

Microscopic textures (F48): 19nimbritic rock with fragmental quartz aud altered feldspars, in poorly welded glass shard and pumice 
fiamme matrix. Shard textures visible l deformed, mostly devitrified to felsitic texture iu cpt 

Orystal fragments are about 27%. Quartz is fragmental and embayed bipyramids, up to ammo About 3%. Plagioclase feldspar is about 
15-20%j fractured euhedral and subhedral crystals t altered to sericite, calcite and clays, but ML on remnants indicates Oligoclase) about 
An28%, from 21 degree reading. Sparse small, biotite, brown pleochroic cleavage fragments, sometimes murky with iron oxides or replaced 
with hematite, about 1%. Also trace to 1% blocky opaque also altered to iron oxides, and with associated apatite. (1%) 
are often square or blocky, up to ImmJ probably magnetite, now replaced by leucoxene or murky hematite. Biotite may 
secondary vapour phase mineral in voids. 

Groundmass is devitrified shards and flattened pumice fiamme. Shards are clearly visible in ppl, flattened and deformed, and 
devitrified to quartz/k-spar texture in cpl! while pumice fiamme are flattened and spherulitic in radial or concentric bands. Groundma8s 
is faintly stained red or orange by hematite staining. Lithic fragments: sparse and small, usually 1mm or less, felsitic textured intermediate to 
silicic volcanic fragments. 1% or less. 

Field Number Fornlation: 

F47B Divisadero Thff/Ig 

Utm East Vtm North QF: RF: FF: Subtotal: 

281980 4868360 o 

Final Rockname 

Light blue well sorted 
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Microscopic textures (F47B): Pine grained tuff or tuff'iiceous rock with trace glass shard remnants, but dominated by fine grained isotropic 
and patchy felsitic groundmass,with smaU broken crystal fragments of quartz} feldspar and occasional pyroxene; matrix supported in partially 
devitrified felsitic and altered ashy ground mass. Some secondary chlorite, and patches of dark brownJalmost opaque iron oxides. About 15-20% 
crystal fragments, the remaining 75-80% devitrifying ashy matrix material. Very few rock fragments at all. 

Field Number Formation: 

LP5M' Ilivisadero Tuff/Ig 

Utrn East Utm North CF, RP, V, Subtotal: 

272748 4938582 0.5 5 94.5 100 

Final Rockname 

Welded and devitrified crystal poor vitric rhyodacitic or rhyolitic tuff/ignimbrite. 

Microscopic textures (LF5M): Middle sample is also poor, with less than 1% crystals orcrystal fragments, and is likewise dominated 
by a well preserved.6utaxitic pumice fiamme texture in a of devitrified v1troclasticm ash. Welding is well developed 1 with both pumices 
and shards flattened and attenuated. Vitroclastic textures stand out well in ppl and cpl, and unlike the basal sample, where matrix ash has 
devitrified to felsitic texture in cpl, whereas here the vitroclastic shard texture is still visible in cpl, possibly due to lesser welding effect and 
less advanced devitrification. Some shards display internal devitrification/rexlln to felsitic or semi-spherulitic texture. but this recrystallisation 
does not cross shard boundaries, suggesting a lesser welding effect. 

Punlice Hamme are up to 10mm t lensoidal and flattened. Recrystallisation varies, with some a mass of small spherulites and others a mix 
of large diffuse spheruHtes and irregular quartz/feldspar mosaic recrystallisation. Crystals within sonle pumices have "tails!' of quartz/feldspar 
nlOsaic material reminiscent of pressure shadows, and voids have mosaic material as well. 

One or two primary quartz crystal fragments occur as small fractured crystals. Otherwise, quartz is a seconda.ry recrystallisation mineral. 
Sodic plagioclase occurs, less than 1% of the rock, subhedral-euhedralfragmental crystals. Sadie plagioclase is fresh or rnarkedly less 

altered than that in the basal sarnple, and IS also less internally fractured. Some crystals are zoned and glomeroporphyritic. 
Opaques are oxidised to hematite/goethite. Biotite is trace only, lessthan in the basal sample, and is still green-brown cleavage fragrnents. 
Lithic fragments are sparse between 3-5%, and are rnostly fragments of other vitroclastic tuffs a.nd ignimbrites, although some are 

oxidised intermediate to felsic volcanics. 

Pield Number Formation: 

LC2 • Ili visadem Tuff jIg 

Utm East Utm North CF, Hii', V: Subtotal: 

286560 4947721 4 3 93 100 

Final Rockname 

Orystal poor, welded core of LC rhyodacitic-rhyolitic ignimbrite. i 

Microscopic textures (LC2): Devitrified crystal poorlgnimbrite. ,Vell developed pumice lenses in eutaxitic texture, but devitrification of 
groundmass ash has partly obscured shard outlines. Pumices are replaced with sericitic materialand felsitic or rnosaic quartz/feldspar, very 
fine grained. Groundmass ash shards are visible in ppl) but under cpl most have recrystallised into fine grained felsitic material, although 
some shards show semi-spherulitic textures. 

Lithic fragments are sparse~ 1~3%, angular) up to 5mm, 10 in handspec, and are either fragments of tuffaceous sedilllents, rhyoitoid 
tuff,ignimbrite or intermediate volcanic rocks. 

Crystals are rare, most are fragmental sodic plagioclase) but SOme muscovite cleavage sections are present! including iron oxides along 
cleavage planes. These may be altered biotite, 1%. Feldspars are less than 3%) serlcitised, small crystals. No primary quartz. 

Some chlorite occurs as alteration associated with cavities and mafic volcanic lithics/xenocrysts,.as does goethite/hematite staining. 
Secondary quartz fills some fine vertical fractures) similar to LCI sample. 

Field Number Formation: 

I GAl' Divisadero Tuff/Ig 

Utm East Utm North CF: RP: V: Subtotal; 

286670 4871970 27 0 73 100 I 
Final Rockname 

i 

Lithic poor sintered rhyolitic ignimbrite. 

Microscopic textures (GAl); Rock is pyroclastic, with colourless broken quartz phenocrysts and murky, euhedral Or fractured altered 
feldspars in light brown matrix with faintly visible shard texture, and traces of biotite, occasional oxide patches. CPL exposes many mOre 
shards in groundrnass 1 showing some flattening, widespread devltrification and quartz mosaic rexllnl finegrained though. Some wrap-around 
structures on phenocrysts. 

Quartz is 8····10%, up to 5mm, rounded) fractured and embayed bipyramlds, Groundmass contains much mosaic quartz, mostly fine 
grained from recrystallised glassy material, but larger have grown around Borne altered feldspars. 

Feldspars are entirely altered) but are about 15 up to 4mm 1subhedral and euhedral, some fractured, all now psedomorphed by 
colourless cherty textured sericite, but also some invasive quartzrnosaic occurs along grain boundaries, Under reflected light the crystals are 
partly altered to white clay. 

Biotite,2 %, less than O.5mm, green to brown pleochroic, usuallyeuhedral booklets or fragments. 
Essentially no lithic fragments. 
Groundmass is felsitic or mosaic recrystallised ash to quartz, etc, and under cpl partly flattened shards show as anisotropic partly 

devitrified glass Or as cherty felsitic material , sometimes coarsened to quartz mosaic. Opaques are probably hematite, after magnetite/ilmenite, 
and are surrounded by reddish haloes of goethite staining. 
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FleJd Number Formation: ! 

LF5B * Divisadero Tuff/Ig 

Utm East Utm North OF: RB': V: Subtotal: 

272748 4938582 1 5 94 100 

Final Rockuame 

Rhyolitic to rhyodacitic welded and devitrified crystal poor basal vitrophyre of a vitric tuff/ignimbrite. 

Microscopic textures (LF5B): This rock is quite crystal poor, with less than 1 % crystals or crystal fragments, and is dominated by a well 
preserved eutaxitic pumice fiamme texture in a matrix of devitrified vitroc1astic ash. Welding 1s well developed, with hoth pumices and shards 
flattened and attenuated. VitrocIastic textures stand out well in ppl, and pumices are hard to spot, hut in the vitroclastic groundmass 
is uniformly felsitic l and the pumice fiamme are easily discernible as wisp ended lenses or streaks with fine quartz/feldspar cherty or 
mosaic recrystallisation texture, 

Green-brown Biotite and sodie plagioclase together are about 1 % of the rock, and are subhedral-euhedral fragmental crystals. Sodic plag 
is quite altered, sericitised or seamed with cracks. One or two quartzcrystal fragments occur. Some biotite occurs inside pumices. Opaques 
are oxidised to hematite/goethite. 

Lithic fragments are sparse between 1-5%, and are mostly fragments of other v!trQc1astic tuffs and ignimbrites, although some are 
oxidised intermediate to felsic volcanics. Some of these lithic fragments have also been attenuated and flattened along with the pumices. 

Field ~umber Formation: 

OF43 Divisadero Tnff/lg 

Utm East Utm North OF: RF: V: Subtotal: 

273571 4885582 26 1 73 100 

Final Rockname 

I Partially hornfelsed rhyolitic tuff. 

Microscopic textures (CF43): Partially homfelsed tuff with secondary epidote and widespread serlcitisation of groundmass vitroclastic 
shard textures. 

About 5% fragmented and embayed or rounded bipyramidal quartz, about O.2-2mm. 
are mainly subhedral fractured and broken sodic plagioclase, albite by low RI, but also with patchy alteration to K-spar, some 

crystals present. About 20%, 0.2-4mm crystal fragments. 
Biotite trace to 1 %f altered and chloritised green brown biotitedeavage flakes, Groundmass is felsitic textured devitrified ashy material 

and partially crushed pumice fragments, with vitroclastic textures pseudomorphed by sericitic micas replacing groundmass shards and pumice, 
fragments. 

Lithic fragments are rare, 1 % or less, fragments of sub-angular tuffand tuffaceous sandstones. 
Incipiently metamorphosed with secondary epidote in groundmass, and replacement of shards by sericitic micas, plus also albisation of 

feldspars. 

I Field Number Ii'ormation: 

CD12T * Divisadero Tuff jIg 

Utm East Utm North OF: RF: V: Subtotal: 

267771 4946000 2 1 97 100 

i Final Rockname 
I 

I Lithic and crystal poor welded and devltrified upper parts of a rhyolitic vitric ignimbrite/tuff. 

Microscopic textures (CD12T): Top sample is 1110re a reddish-brown to brown vitroc1astictuffjignimbrite, still with well developed 
vitroc1astic texture in matrix with flattening and devitrification of shards, crystal poor~ but with lithics up to omm, pumices up to 2cm. Very 
similar to the bae;e and middle samples, perhaps with a little more pumice) but also the introduction of more oxidation (red-brown stain, rather 
than brown) anda little more alteration. Unusual red spherulites occur, up to 3mm or 4mUl at their largest, and have remnant vitroclastic 
texture at centres. Occasional quartz fined fine veins occur, like middle sample. 

Crystals are still sparse, about 1-2%, mainly either O.5-2mm subhedral fractured and maybe zoned sodic plagioclase (section T-a 
so An% about 3%, Albite) or occasional high sanidine with trace small cleavage flakes or 'booklets' of pleochroic green-brownbiotite. 
is more altered, with smne opaques along cleavage, sometimes altered to green chlorite. Some biotite occurs within the pumices. 

Pumice fragments are more common, still wisp-ended lensoidal fragments and partly flattened angular fragments, and as with middle, 
some appear quite blocky and a little less flattened. Devitrification textures areas with the other samples, with some showing fels1tic and 
incoherent spherulites, some larger pumices with small! well developed spherulites and SOme with quartzjk-feldspar mosaic textures, and most 
show two or nlore of these textures, Spherulitic textures seem a little more common. Some pumices contain sodic plagioclase fragments. 

Lithics are rarer than the two lower samples, and consist of small, sub1mm oxidised intermediate volcanics, 1%. 
Matrix is red to brown oxide/hematite-stained ash/glass shards in a felsitic brown material (showing remnants of finer shards, and 

with fine opaque microlites) Flattening of shards and eutaxitic vitro clastic texture is still present, but less compaction has occurred than in 
lower samples. Wrap-around textures are faint, not well developed. Individual shards have either felsitic or partial spherulitic devitrification 
and recrystallisation textures, and show up in both ppl and cpl. Some also show fine, cherty quartz mosaic textures. Unlike both lower 
samples,occasionai large spherulites have nucleated in the welded vitroclastic matrix, and are up to 2-3mm, simple radial or partly irregular 
red stained spherulites. 

Field Number Formation; 

CD12B' Divisadero Tnff/lg 

Utm East Utm North OF: RF: V: Subtotal: 

267771 4946QOO 1 3 96 100 

Final Rockname 

Devitrified welded basal ignimbrite. 
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Microscopic textures (CD12B): Brown vitroclastic tuff/ignimbrite, welJ developed vitroclastic texture in matrix with flattening and 
devitrification of shards, crystal poor,but with lithics up to 6mrn j pumices up to 2cm. 

Crystals are sparse, less than 1 %, and arc either O.5-2mm subhedral fractured So die plagioclase or occasional cleavage flakes of plcochroicgreen
brown biotite. 

Pumice fragments are wisp-ended lensoidal fragments, or partly flattened fragments with stretched-vesicle textures still visible. 
All arc partly Or completely devitrified, with varying degrees, with some showing and incoherent spherulites, some larger pumices with 
small, well developed spherulites and some with quartz/feldspar mosaic textures! and most show two or more of these textures, 

Lithics are angular or sub angular to rounded oxidised fragments of intermediate volcanic rocks or siliciclastic volcaniclastic sediments. 
Up to 5mm, but most sub Imm. a% 

Matrix is brown-stained ash/glass shards in a felsitic brown material (showing remnants of finer shards.) Somewhat flattened and 
eutaxitic vitroclastic texture is well developed, Wra.p~around textures are present around HUdes and crystal Individual shards have 
either felsitic or partial spherulitic devitrification and recrystallisation textures, and show up in both ppl and SOlne also show fine, cherty 
quartz mosaic textures. 

Field Number Formation: 

OF39 • Divisadero Tuff/Ig 

Utm East Utm North I OF: RF: V: Subtotal: 

279587 4879590 i 21 3 76 100 

Final Rockname 

Welded and devitrified Rhyolitic Ignimbrite. 

Microscopic textures (CF39): Partly devitrified welded ignimbrite. Oolourless or brownish devitrified and eutaxitic ash matrix bears 
large skeletal crystals of quartz, euhedral feldspars, as well as lithics of rhyolite! fiattened and devitrlfied pumices, etc. 

Quartz Crystals 8-10%, Gmass, 30-40% , is present as fragmenta1crystals, up to 4Inm, Bmm in BOille pumices, and is both euhedral beta 
quartz and/or rounded, embayed and sometimes skeletal and fragmental crystals. Also widespread in groundmass and purnices as quartz; 
mosaic recrystallisation of vitric material, and as vein filling. 

Feldspars are about 10%, euhedral O.3-4mmt sometimes fractured} sornetimes glomerQPorphyritic. RI indicates Albite, and some crystals 
with no albite twinning and strong becke line may be K-spar, perhaps sanidine, probably most as groundmass feJsitic material. 

Trace to 1 % green-brown biotite occurs\ however it 1s unusually altered with the plates levered apart along cleavage planes by fine mosaic 
quartz. 

Bright green pleochroic mineral occurs, in amorphous masses within fianlme or cavities, or as replacement of Iuafics. Probably chlorite, 
maybe amphibole after pyroxene in SOIne of the replaced -crystals. 

Rock fragments are' sparse} angular} felsitic textured devitrified tuff and tuffaceous sediment, 1-3%. 
Groundmass ash and glass fragments are strongly eutaxitic, with good flattening and wrap-around textures. Colourless or brown in 

ppl,Felsitic in OPL j with different grain sizes and recrystallisation levels to mosaic quartz/feldspar defining shard pseudomorphs, etc, Some 
larger pumice fragments have developed coarse mosaic textures and some spherulitic textures. 

Field Number Formation: 

L04 • Divisadero Tuff/Ig i 

Utm East 

I 
Utm North OF: RF: 

I 

V: ! Subtotal: 

I i 
286560 4947721 1 1 98 100 

Final Rockname 

Welded and devitrified crystal poor/depletedlgnimbrite, perhaps co-ignimbrite ashfall tuff. 
I 

Microscopic textures (LC4): Red and brown stained fine grained ashy tuff/ignimbrite. Finer tban the three lower samples, with almost 
no pumice £lamme, and also quite crystal and lithic poor. 

Crystals present are mostly fragmentary sodic plagioclase} up to O.8mm, fractured 1 but otherwise little alteration. Also occasional altered 
biotite, altered to chlorite or opaques/muscovite mix. 1% 

Matrix is flattened and devitrified shards in finer devitrifed brown material, with some wrap-around textures near crystals, and occa
sional fiamme. Devitrification textures include partial spherulites, especially in £lamme, and felsitic textures. Occasional patch of mosaic 
quartz/feldspar. Trace calcite as patches and vein fillings near altered £lamme. 

Lithic fragments are rare, less than Imm, usually oxidised fragments of intermediate volcanics or fragments of other ignimbrites, 1%. 

Field Number Formation: 

LF4B • Divisadero Tuff/Ig 

Utrn East Utm North OF: RF: V: Subtotal: 

272635 4938732 26 0 74 100 

Final Rockname 

Mauve to brown lithic poor welded basal layers of crystal rich rhyolitic tuff/ignimbrite. 

1v1icroscopic textures (LF4B): Tuff or ignimbrite with embayed and skeletal quartz, altered feldsparand occasional lithic 
grained, felsitic devitrlfied brown matrix. Occasional pumice fiamme are difficult to tell apart from the matrix, although some 
spherulitic texture. 

I 

! 

in fine 
irregular 

Quart2l is common) 15 %1 embayed1 fractured and sometirnes strongly skeletal bipyramids. Up to 2mm. Some crystals within pumices 
have nucleated spherulites during devitrification/cooling. SOllIe quartz also as part of recrystallisation of groundrnass 1 lithics and pumices, 
mostly as srna,ll patches of mosaic material. Feldspars are about 10% altered fractured subhedral rounded or euhedral crystals, sometimes 
slightly zoned partly sericitised large 2v(60) sodic plag, probably Albite. with some epidote alteration also, and some k-spar and calcite 
replacement in with the sericite. Some crystals have low 2v possibly indicating primary Sanjdine as welL Some feldspar crystals have partially 
overgrown biotite adhering to their rims. 

Altered mafic occurS t replaced by calcite, amorphous brown mineral,opaques including Jeucoxene, and rn'llscovite. May have been about 
1~2% biotite. Also some trace blocky magnetite crystals. 

l\.1atrix is brown felsitic textured devitrified ash with faint remnant shard texture and occasional devitrified; spherulitlc pumice fiamme. 



Appendix 299 

Field Number I Formation: 

LF4T * Divisadero Tuff/Ig 

Utm East Utm North • CF: RF: V: Subtotal: 

272657 49;,8702 
I 

14 1 85 100 

Final Rockname 

.. Dark brJCk red bthlc poor well 81ntered/welded crystal and pumlce poor upper part of rhyohtlc tufi'/lgnunbrlte, 

Microscopic textures (LF4T): Very similar to LF 4 Band M, but this upper Tuff Or ignimbrite hasless crystal component, a darker colour, 
with more oxide staining. 

Quartz is less common, up to 5%) embayed j fractured and sometimes strongly skeletal bipyramids. Up to 2mm. Otherwise, no difference 
to the lower samples. Again also part of recrystaUisation of gronndmass,lithics aud putnices, mostly as small patches of mosaic materiaL 

Feldspars arc more altered than the lower samples, still fractured subhedral rounded or euhedral crystals, most are partly sericitised 
sodic plag, common voids from cutting and polishing, common calcite replacement in with the sericite. About 8%, O.1-4mm. Mafic here is 
more altered than both lower again Trace to 1 %. Also some goethite/hematite alteration/staining. Not really identifiable as having 
been biotite without the evidence LF4M. 

~1atrix is still brownish, more hematite/goethite staining than both lower samples, feJsitic in cplj still good shard texture in ppl, with 
tightly packed, flattened shards, slightly better 'wrap around' textures, and fiamme are rare. Again, most are devitrified to felsitic style 
texture} but some are fibrous and pumice fiamme are either partly spherulitic or quartz-feldspar Inosaic recrystallised. 

Field Number Formation: I 
LC3 * Divisadero Tuff/lg 

Utm East Utm North CF: I RF: 

I ~~ 
Subtotal, 

286560 4947721 3 I 1 100 

Final Rockname 

Crystal poor welded dacitic-rhyodacitic ignimbrite. 

Microscopic textures (LC3): Eutaxitic textured rock with wispy pumice lenses, large ash shards, crystal fragments and lithic fragments 
in a reddish stained felsitic matrix of devitrified ash material. No primary Quartz. Less pUlniee richthan lower levels. 

Feldspars are subhedral, fragmental sodic plagioclase, often partly sericitised. Crystals are small, most around lmm, about 3%. Section 
T a gives 16 so looks like albite. RI is also lower than mediumboth fast and slow} so probably albite. Some untwinned fragmental 
crystals with low RI may be 2v 40-60, positive. 

Lithic fragments are up to 6mm section, but most are 1mm range,about 1%. Largest seen is also tuff/ignimbrite, devitrified and 
recrystalUsed to mosaic quartz. Smaller Imm and less are rounded, oxidised andesitoid/dacitoid fraglnents. 

Matrix is fine grained goethite/hematite red stained and devitrified ashy material. with larger flattened eutaxitic textured glass shards 
and lenses, also devitrified and in some cases recrystallising into spheruHtic or mosaic quartz/feldspar textures. Eutaxitic texture is 
wen with sparse but good pumice lenses, wispy fragments, flattened cuspate shards, and 'wrap around' textures around lithics and 
crystals. void spaces have calcite fill, and some pumices also show alteration to fine grained sericite and calcite. Some fine subverticaI 
fractures fined with sericite, quartz mosaic and calcite. 

I 

Field Number Formation: 

CD12M • Divisadero 'I\tff/Ig 

I 
Utm East Utm North CF: RF: V: Subtotal: 

267771 1 1 98 100 

I Ro~kn"me 

Welded igphnhrite. 

11icroscopic textures (CD121vI): Middle sample is still Brown vitroclastic tuff/ignimbrite, well developed vitroclastic texture in matrix 
with flattening and devitrification of shards J crystal poor, but with lithics up to 6mm, pUlnices up to 2cm. Unlike the base, there are fine, 
narrow sub-horizontal fractures! cutting the fiamme texture at about 10 degrees, filled with mosaic quartz. 

Crystals are still sparse, about 1%, and are either O.5-2mm subhedral fractured and maybe :Goned sodie plagioclase or occasional small 
cleavage flakes or 'booklets' of pleochroic green-brown biotite. Feldspar RI fast and slow are below mounting epoxy, probably Albite. Some 
crystals of plagioclase have sericitised COres. Biotite appears fresh. 

Pumice fragments are still wisp-ended lensoidal fragments and partly flattened angular fragments, but some appear quite blocky and a 
little less flattened. Devitrification textures are as with the basal sample, with sOn1.e showing felsitic and incoherent spherulites, some larger 
pumices with small, well developed spherulites and some with quartz/feldspar mosaic textures I and lnost show two or more of these textures. 
SpheruHtic textures seem a little more common. Some pumices contain so die plagioclase fragments. 

Lithics are still angular or sub angular to rounded oxidised fragments of intermediate volcanic rocks or siliciclastic volcaniclastic sedinlents. 
Up to 5mm, but most sub In1.m. 1% 

Matrix is brown-stained ash/glass shards in a felsitic brown material (showing remnants of finer shards.) Somewhat flattened and 
eutaxitic vitroclastic texture is well developed, Wrap-around textures are present around lithics and crystal fragments, and may be a little 
better developed than those in the basal sample. Individual shards have either felsitic or spherulitic devitrHication and recrystallisation 
textures, and show up in both ppl and cpl. Some also show fine l cherty quartz mosaic 

Field Number Formation: 

LF4M • Divisadero 'I\lff/Ig 

Utm North CF: RF: V: Subtotal: 

4938702 31 68 100 

or partly welded crystal rich rhyolitic tuff/ignimbrite. 
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Microscopic textures (LP4M): Very simliar to LF 4 B~Tuff Or ignimbrite with embayed and skeletal quartz, altered feldspar and occasional 
lithic fragment in fine grained, felsitic devitrified brown matrix. Occasional pumice fiamme are difficult to tell apart from the matrix, although 
some have irregular spherulitic texture, and in this sample are a bit more porous. 

Quartz is common} up to 10%) elnbayed, fractured and sometimes strongly skeletal bipyramids. Up to 2mnl, Some crystals within 
pumices have nucleated spheruHtes during devitrificationjcooling. Some quartz also as part of recrystallisatio"n of groundmass, Hthics and 
pUluices. mostly as small patches of mosaic material. Mosaic recrystallisation of some fiamme more advanced than LF4B. Feldspars are about 
20%, altered fractured subhedral rounded or euhedral crystals, most are partly sericitised sodie plag, with some epidote alteration also. and 
some calcite replacement in with the sericite, RI both fast and slow well below medium, so probably Albite and Inaybe some K~spar. 

Ivlafic here is altered to similar opaques/calcite mix to that in LF'4B, but ha~9 remnant brown biotite near edges of crysta1s1 although 
little orno pleochroism, Trace to 1%. Also SOme goethite/hematite alteration/staining. 

Lithics~ trace to 1%, subangular tuffaceous fragments, hnm or less. 
Matrix is again brownish, felsitic in cplj but has better preservedshard texture still visible in ppll with tightly packed, flattened shards, 

but still without strong 'wrap around' texture, and fiamme are rare. Again! most are devitrified to felsitic style texture, but some are fibrous 
and pumice fiamme are either partly spherulitic or quartz-feldspar mosaic recrystallised. 

Field Number Formation: 

OD7M • Divisadero Tuff/Ig 

Utm East Utm North CF: RF: V: Subtotal: 

267771 ,1946000 25 5 70 100 

Final Rockname 

Well welded crystal rich devitrified core of vitric tuff. 

Microscopic textures (CD71'vf): As with basal sample, a fairly uniform fine grained vitrlc tuff, but with slightly more crystal and lithic 
fragments than the basal material,about 20%. remaining 80% devitdfied glassy ash and pumice. Orystals are about 15%, lithics 3-5%J size 
ranges about O.4mm to 4mm, avg sublmm~ but more larger 2-3mm feldspar than basal salnple. Quartz and sodicplagioclase still most common, 
perhaps some k-spar. 

Quartz is rounded, embayed and often fragmental bipyramids, up to ammo About 10%. Some embayments and voids contain devitrified 
glassy material. 

Feldspar is about 15%} subhedral and euhedral crystals, often fractured, some glomeroporphyritic, up to 2mm. Alteration is common, 
usually slight murkiness of crystals, some incipient sericitis~tlon. Sodic plag. albite, seerns to dominate, same as basal sample. 

Lithics Jess common, about 5%, up to 3nim and are slightly oxidised and devitdfied angular fragments of tuff and ignimbrite. 
Jviatrix is devitrifed ash shards, but vitroclastic texture is very faintl only visible in ppl, otherwise matrix is grainy brown featureless 

material. )n CPL, matrix is coarse cherty devitrified and recrystallisedfelsitic This destruction of much shard texture may reflect 
greater welding effect, with shards sintering together such that their individual shapes are not preserved on devitrification, unlike the basal 
sample. 

Field Number i Formation: 

OD7B • Divisadero '!\lff/lg 

Utm East I Utrn I':orth CF: RF: V: Subtotal: 

267771 4946000 10 3 87 100 

Final Rockname 

Base of massive, rhyodacitic to Rhyolitic sillar or sintered tuff/ignimbrite. 

Microscopic textures (CD7B): Rock is a fairly uniform fine grained vitric tuff with about 15% crystal and lithic fragments, remallllllg 
85% devitrified glassy ash and pumice. Crystals are about 10%, Ethics 3-5%. size ranges about OAmm to 3mm, avg sub hnm. Quartz and 
sodie plagioclase most common, perhaps some k~spar. 

Quartz is rounded, embayed and often fragm_ental bipyramids, up to 3mm. About 3%. Some embayments and voids contain devitrified 
glassy nlaterial. 

Feldspar is about 7%, subhedral and euhedral crystals, often fractured, some glomeroporphyritiC1 up to 2mm, Alteration 1S COmmon 1 
usually slight murkiness of crystals, some incipient sericitisation. Sodic plagioclase seems to dominate, ML: 15, 7, 17J 7.5, 101 looks like albite 
or 2v 80 ish, RI f&s below medium. Albite or Sodic Alkali Feldspar. 

are about 3%, up to 1.5 or 2mm (hand spec.) and are dominatedby sllghtly oxidised and devitrified angular fragments of tuff 
and ignimbrite. 

Matrix is devitrifed ash shards, retaining vitroc1astic texture in Pp1J but felsHic in Opl. Larger fraglnents have semi 5pheru1itic or radial 
devitrification along margins. Not particularly welded, but slightly flattened and devitrification crosses shard boundaries, so probably sintcred 
or sillar welding. (NB, no strong column development inoutcrop.) 

Microscopic textures (LC1): Brown stained pyroclastic rock with moderate eut""itic texture, sparse crystals and Iithics, dominated by 
altered pumice Samme and oxide stained ash matrix. 

Rock is crystal poor, less than 10%1 maybe less than 5%1 but has about 15-20% 3-15mm partially flattened pumices) Oxidised lithic 
fragments about 5-8%, remaining about 70% red oxide stained shard textured and devitrified ashy matrix. 

Pumice fiamme are large, lensoidal or wispy, up to 15mm in handspec, Vesicles can still be seen} as can perlitic fractures in the more 
compressed fiamme. Most are now altered to fine euhedral or mosaic feldspar and quartz in a matrix of cherty textured sericitic material. 

Sparse sub 0.5mm feldspar crystals are sodic plagioclase, partly altered, murky, mostly euhedral but often fractured. RI would appear 
to indicate Albite. Secondary feldspar may occur in the mosaic material replacing punlices, as two minerals are evident by becke line test. 

Primary igneous Quartz crystals are present in trace quantity only, although it is a common replacen1ent of pumice fiamme, and also 
occurs as a vein filling in small vertical fractures running through the rock. 
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Field Number Formation: 

F5D • Divisadero Tuff/Ig 

Utm East Utm North CF, RF, 

I 
V: Subtotal: 

284100 4870800 21 5 74 100 

Final Rockname 

Rhyolitic tuff. 

Microscopic textures (F50): Tuff with subhedral and fragmental crystal fragments matrix supported ina devitrified felsitic textured 
ashy groundmass. Crystal fragments are quartz, embayed and zoned with cherty/murky cores l and sodicplagioc1ase, also minor k-spar and 
some muscovite and opaques perhap safter biotite. Secondary alteration includes hematite) leucoxenc, fine grained chlorite and muscovite in 
groundmass and void spaces. 

Quartz is around 10%, fractured and embayed crysta.l fragments1sometimes bipyramidaJ, and some with unusual stdated/mottled cores, 
overgrown by clear quartz with ernbayement structures. 1viostly O.5~lmm.some unbroken crystals up to 3mm. 

Plagioclase is about 10%, broken and fragmental subhedral to euhedralcrystals with albite-carslbad twinning and occasionally 2Ioned, 
Some alteration to sericite and patchy or network alteration to K-spar. Albite twinning gives! 6 t 5, 10) 28, 21, 8, 11, so about An40%, 
Andesine, but many crystals have angles and RI of more sodic compositions f and some crystals are rimmed with K-spar. P"rimary k-sparrnay 
be present a.s crystals, but difficult to identify due to common fragments of plagioclase that have been partly or wholly replaced by net.work 
fine k-spar. 

Biotite: Trace, altered to hematite and muscovite, about 1%, cleavage fra.gments. 
Lithic fragrnent.s l 1-5%, rounded to sUbangnlar fragnumts of felsitictextured devitrified tuff or occasional andesitoid volcanic fragments,up 

to 3mm, 
Purnice fiamm.€ are not present, but devitrified or spherulitic glass fragments occur, with well developed vesicles and shard wall tex

turesjabout 2%} up to 3mm. 
Groundmass is fine grained felsitic textured devitrified ashy material t with occasional ghosting of shard text.ures) SOlne fine grained 

chlorite,and void filling of cherty quartz, secondary hematite. and also networks of fine rnuscovite micas, particularly around altered feldspar 
crystals. Some calcite also in voids. About 70% of rock with 4% voidspaces filled with epoxy or alteration products. 

Field Number Formation: 

CD9 Divisadero Tuff/lg 

Utm East Utm North CF: RF:· V: Subtotal: 

267771 4946000 25 1 74 100 I 

Final Rockname • 

Vitric Tuff. This sample yielded Ar-Ar age on biotite of 138±4.9Ma, too old, probable excess Ar. 
t 

Microscopic textures (CD9): Well preserved vitric tuff with about 20% crystal and lithic fragments in a matrix of devitrified glass shards 
with development of feJsitic andoccasional spherulitic textures with some sericite replacing well defined vitro clastic shard textures. 

Crystal fragments are about 20-25% of the total, comprising lO-15%broken subhedral and euhedral sodic plagioclase, RI fast and slow 
below epoxy, so probably so die oligoclase to albite, and 3-4% subhedral quartz, plus 1% biotite cleavage flakes. Some feldspar crystals are 
partly altered to k-spar along fractures and cleavages~ or have mildserlcitic alteration, otherwise fresh. Biotite flakes are contorted a.nd kink
folded around crystals and shards, possibly due to compactionand/or welding. Crystals are well sorted, between O.5-1mnl, rarely more than 
Imm. Trace magnetite, altered to leucoxene. 

Lithic fragments are rare, < 1 %, occasional red oxidised angular fragments of tuff. 
Matrix is about 70-75% of total, comprised of well preserved vitro clastic shard texture with some flattening and wrap-around of shards 

near crystals) with secondary felsitic and spherulitic devitrlfication textures, but some original glass remains. Some marginal sericite alteration 
of shards and pumice fragments occurs rims and as void filling between shards, as well as occasional brown oxide staining near lithic or 
mafic fragments. Some void filling with amorphous alteration. 

I Field Number Forrnation: 

F25A Divisadero tuff/sediment 

Utm East Utm North QF, RF: FP: Subtotal: 

287276 4872850 0 

Final Rocknarne 

Well sorted thinly bedded and bioturbated tuffaceous siltstone. Zeoli te fad es 

Jl.,1icroscopic textures (F25A): Fine silty sediment with patches or nodules of bright green chlorite,dark isotropic low RI Analcime, and 
reddish orange hematite. 

Calcite and analcime may occur together as void filling, 
Occasional fine Chlorite pervasive through rock as void fill and alteration product. 
Quartz occurs as fine angular grains of detrital volcanic quartz, aswell as recrystallisation product. 
Bulk of rock is recrystallised, fine felsitic textured silt size material, presumably partly rexlHsed a.sh) with round patches of dark 

to analcime. Also halos and patches of orange iron oxides an.d opaque iron oxides and perhaps manganese oxide. 
detrital include occaslon.al feldspar, biotite, as well as opaques, 

No easily discernable glass shards, but the felsitic textures and zeolite alteration patches make this rock look like water laid finefelsic 
volcaniclastic material. 

Field Number Formation: 

F25B Divisadero tuff/sediment 

Utm East 

I 

Utm North QF: RF: F]l': Subtotal: 

287276 4872850 0 

Final Rockname 

Very well sorted tuffaceous fine siltsone. Zeolite facies 
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Microscopic textures (F25B): Very fine siltstone, with~ spots of opaque hematite Or similar oxides,with some fractures rimmed by alteration 
haloes and dendritic oxide growths. 

Silt is fairly featureless nne silt size grains with strong lattice and shape orientation parallel to with semi opaque orange iron 
oxides from O.1-0.5mm. Silt is isotropic, possibly from a.nalcime occuring as alteration of ash grains, also has an astomosing fine 
colourless or slightly greenish parallel phyllosilicate or sericitic alteration, possibly fine muscovite, length slow) straight-ish extinction 
but difficult to pick individual grains. RI of fine silty material and its alterations well below epoxy, and fairly murky, 80 possibly clays of some 
sort present as welL Greenish grains may be chlorite! also with bedding parallel spo/lpo. 

Isotropic analcime OCCUrS as void and vein filling and probably within patchy isotropic areas of groundmass silt. 
Trace quartz/adularia growth in fractures, and relict very fine grains of detrital quartz/feldspar probably present in silt as detritals. 

Field Number Formation: 

F63 Divisadero tuff/sediment 

Utm East Utm North QF: RF: FF: Subtotal: 

280690 4868900 0 

Final Rockname 

Moderately sorted angular to sub angular tuffaceous coarse sandstone. 

1vricroscopic textures (F63): Tuffaceous medium to coarse sandy rock, with: 
5% broken volcanic quartz fragments, 5% secondary opaque alterationoxides. 25% altered sodie feldspars replaced by calcite 
andsedcite, 25% rock fragments, mainly felsitic or quartz mosaic textured rhyolitoids, as weU as intermediate volcanics l 30-40% ashy 
matrix and crushed and altered pumice, showing felsiticre crystallisation and chlorite and sericitic mica alteration, with some coarsened up to 
0.5mm muscovite grains. 

Field Number Formation: 

F30A Divisadero tuff/sediment 

Utm EJast Utm North I QF: RF: FF: Subtotal: 

285520 4870960 0 

Final Roekname 

Normal and reverse Graded, moderately sorted angular to subangular fine sandy to coarse silty tuffaceous sandstone. 

Microscopic textures (F30A): Graded, Fine sand to coarse silty, moderately sorted angular tosubangular tuffaceous sandstone. 
Rock is graded sandstone with quartz, plag, rockfragments anddevitrified glass, cemented with calcite and chlorite and argillaceous 

material, plus by effects of glass devitrifieation. 
Grains are laminated and graded both normally and reverse, with very low angle crossbedding and mechanical sorting of opaque rich 

laminations on some crossbeds. 
Chlorite cement is moderate green pleochroic J with platy, anastomosing grains between detrital rrtinerals. Moderate shape and lattice 

orientation parallel to bedding. 
Calcite cement is sparse j more common as void and alteration of feldspars. 
Feldspars are mostly plagioclase, fairly calcic from but fairly full range of compositions. 
Rock fragments are: devitrlfied rhyolitics, spherulitic rhyolitics, felsitic rhyolitics, oxidised intermediate to mafic andesitoids. 
Glass shards are comrnon J devitrlfied to felsitic texture or replaced by sericltic and chloritic material. Trace detrital biotite I cornmOn 

iron oxides, etc, many opaques altered to leucoxene, 
Proportions about Quartz/Feldspar 20/30, Rock frags 15-20%, Devit glassshards 20%, Ohlorite 8%, Olays/ calcite opaques, 2%. 

A.4.2 Andesitic Lavas 

Field Number Formation: 

• 
F35 Divisadero Alldesitoid 

• 

Utm East Utm North Q: A: P: F: Subtotal: 

I 
286700 4872150 2 10 55 0 67 

Opx: Opx: Amph: Ohlorite: Opaques: l\1uscovite: Biotite; Olivine! 

3 20 

Other components: Others: Total: 

Alteration products 10 100 

Final Rockname 

Andesitic Or basaltic andesitic lava. 

Microscopic textures (F35): Porphyritic rock with euhedral plagioclase feldspar phenocrysts and occasional pyroxenes in a groundmass 
of pilotaxitie feldspar laths and intergranular Inafics. Alteration includes chlorite, celadonite,sericite, etc. 

"''''gl.ocla"e is about 15-20%, 1-4mm -euhedral sadie plagioc1ase,sometimes sieve textured, sometimes glomeroporphyritic, albite and 
carlsbad murky and slightly sericitised. some cores replaced by chlorite, while other crystals have patches of bright green celadonite,or 
fine fibrous yellow length fast material. Too altered for ML or similar method. RI against epoxy has both fast and slow below, so probably 
Albitised. 

IS sparse, subhedral crystals, about 3mm, less than 1% as phenocrysts. 2v is low I crystals are slightly green/yellow in 
t','·'»""'QH"J subcalcic augite. 

is pilotaxitic textured microphenocrysts, about30-35%, <O.lrnII1, ML of 23] 17, 26, 22, 241 15, about An%35-
6,Andesine f 20% opaque magnetite, quartz and clinopyroxene, apatite, minor aenigmatite. Also about 10% products, 
including chlorite and hematite after pyrox.ene, bright green celadonite t calcite perhaps trace green amphibole, and about 5-10% anhedral, 
low It! moderate 2v ?k-spar. 
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• 

Field Number 
.-

Formation: 

S4 Divisadero Conglomerate 

Utm East Utm North I Q: A: P: F: Subtotal: 

280075 4879433 0 

Final Rockname 

Pyroclastic agglomerate or reworked pyroclastic agglomerate of trachy basaltic to quartz trachytic composition. 

Microscopic textures (S4): Coarsely laminated but well sorted rock of angular to sub-angular small pebble to grauule si.e clasts or 
DvrO'ClaB~B of vesicular brown oxidised basaltoid trachy-busaltoid to trachy andesite. Rock is clast supported, with a matrix of calcite. 

non mafic clasts OCCUf, with occasional small fragments of rhyolitoid material Seen in hand specimen and one fragment seen in 
thin section} plus occasional free crystal of bipyramidal quart:;:. Alteration is pervasive, with much secondary hema.tite and similar iron oxides 

all clasts brown to red-brown opaque. Calcite is present between clasts and also replaces many feldspars and fills vesicles. 
are almost all uniformly oxidised~ with ground mass dominated by semi-opaque reddish hematite; plus SOlIle chlorite and clays, but 

still dispJay porphyritic texture with pilotaxltic feldspar laths within a groundmass of smaller pilotaxitic feldspars and intergranular oxidised 
mafics and opaques. Feldspars may have been sodic piagioclase1 now albitised? with some swallowtail textures, esp. in mlcrophenocrysts j and 
some larger crystals (.5mnI) have outer rinIS of ?anorthoclase. Some clasts appear to have quartz present as a primary mineral. Feldspar RIof 
remuant crystals is well below medium, both fast and slow, so Albiteor K-spar. 

Field Number Formation: 

CMI Divisadero Dacitic Breccia 

Utm East Utm North Q: A: P: F Subtotal: 

729990 4917220 20 10 55 0 85 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite; Biotite: Olivine; 

8 7 

Other components; Others: Total: 

100 

Final Rockname 

! 
Dacitic Breccia/block and ash tuff. 

Microscopic textures (eMl): Altered dacitic rock with porphyritic texture of sadie plagioclase ,clumps of glomeroporphyritic plag/opaque/pyroxene, 
minor secondary quartz, in a felsitic groundmass with some pilotaxitic textures and incipient mosaic quartz/feldspar recrystallisation. COInmon 
secondary iron staining or fine oxidation products. 

Feldspars are altered sodic plagioclase I euhedral and glonIeroporphyritic. sometimes with magnetite and greenish pyroxene. O.5-5mm. 
Clayey and opaque in with some calcite replacement. RI well below epoxy. so Albite. About 30% 

Opaques are common, blocky disseminated material in groundmass, as well as blocky phenocrysts with glomeroporphs of plag/pyxne. 
Mostly magnetite, with associated hematite alteration. Apatite tends to occurwith the opaques. About 7% 

Pyroxene is partially altered, blocky euhedral crystals up to 2mm, slightly greenish and altered to opaques and chlorite in Some crystals. 
Occurs with plagioclase and magnetite in glomeroporphyrltic patches. Small positive 2v subcalcic augite. 8% 

Groundmass is 55% of rock, fine grained felsitic materjal, partially mosaic recrystallised, with occasional secondary quartz void filling and 
faint pilotaxitic texture of so die plagioclase microphenocrysts, Estimate about 25% sodie plag, 20 quartz and 10% altered-kspar in incipient 
mosaic recrystallisation of felsitic mate!'lal. 

A.5 Cerro Pico Rojo Rhyolite Dome 

Field Number Ii'ormation: 

F51B Cerro Pica Raja Rhyolite 

Utm East Utm North CF: RF: V: Subtotal: 

283020 4873950 2 5 93 100 

Final Rockname 

Peralkalin€ rhyolitic pumiceous tuff. 

Microscopic textures (F5lB): Crystal poor pumiceous tuff, consisting of irregular partly flattened juvenile rhyolitoid and poorly vesicular 
pumice clasts in a grey felsitic matrix of devitrlfed ash, with traces of glass shard texture. Lithic fragments are sparse, but do include oxidised 
fragments of what appears to be Divisadero or Ibanez style quartz/feldspar crystal bearing igninlbrite. Matrix and pumices are oxide stained 
\\lith hematite, and some vapour phase crystallisation appears to have taken place ill some pumice vesicles. Pumices are yellowish in 
and have devltrified into mosaic quartz and feldspari although rnicrolites can still be seen under hIgh power. Any mafic phase in the 
has been oxidised to fine granulaL' and acicular hematite and goethite, but some pumices have sparse! slightly altered blue-green pleochroic 
microphenocrysts which be sodie amphibole. 

Approx 1 ~2% Crystal (mostly quartz), 5% lithics, 93% vitric ash and pumices. 
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~'ield Number Formation: 

GAo· Cerro Pica Raja Rhyolite 

Utm East Utm North Q: A: 

285530 4873588 55 40 

Cpx: Opx: Arnph: Chlorite: Opaques: 

5 

Other components: Others: Total: 

100 

Final Rockname 

Rhyolitic Lava (Peralkaline rhyolite.) 

Microscopic textures (GA5): Spa.rsely porphyritic flowbanded felsitic 
phenocrysts, sometimes with skeletal textures, and (5%) occasional euhedral 
section by saw. Groundmass is brownish, flowbanded felsitic material with 
recrystallisatlon. Common disseminated opaque or semi opaque hematite 
occurrence of bright green celadonite as void filling. Groundmass is 75% of rock 
celadonite/chlorite, remainder 35% each quartz and k-spar in felsitic texture. 

Field Number Ii'ormation: 

GA7· Cerro Pico Raja Rhyolite 

Utm East Utm North Q, A: p, 

2S5020 4873240 

Final Rockname 

Aphanitic rhyolitic lava. (Per alkaline Rhyolite) 

304 

P: F: Subtotal: 

Q Q 95 

Muscovite: Biotite: Olivine: ! 

with about 20% subhedral bipyramidal 0.4-1mm quartz 
phenocrysts up to 2-3mm t often altered Or ripped from 

microphenocrysts and occasional patches of mosaic quartz 
and void fill, and brownish alteration of mafics. Minor 

,about 5% altered oxidised mafics, opaques and secondary 

F: Subtotal: 

0 

Microscopic textures (GA7): Very fine grained aphanitic flowbanded felsitic rhyolite, with only nne 1m phenocryst of euhedral sanidine, in 
a groundmass of flow banded felsltic material with occasional (10-15% each) microphenocrysts of quartz and k«feldspar, with some pilotaxitic 
texture to feldspar grains. Much of felsitic material shows incipient mosaic recrystallisation to fine grained quartz-feldspar mosaic. Too fine 
for any reliable QAPF, normative figures are about Q34, A30 j P32. Mafics are fine brownish oxidised material in groundmass, but 
some patches of granular mafics show blue-green colour, possibly remnant sadie an'plllo'o"e. 

Icield Number Formation: 

F53 Cerro Pico Rojo Rhyolite 

Utm East Utm North Q' A: P: F: Subtotal: 

283570 4873620 41 56 0 0 97 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 
! 

3 

Other components: Others: Total: 

I 100 

Final Rockname 

I Rhyolitic Lava. Rhyolite) 

Microscopic textures (F53): Large euhedral to subhedral quartz and k-spar phenocrysts in a felsitic groundmass. Common disseminated 
iron oxide patches and stains. 

Quartz phenocrysts are occasIonal rounded and beta quartz bipyramids, usually 1-3mm, subhedral. 5%. 
K-feldspar phenocrysts are common, about 20%, to anhedral polcrystalline clusters!glomeroporphs. Very low RI, strong 

negative releif f small -ve 2v, probably Sanidine. Polycrystalline sanidine crysta.ls have granitic textures with subhedral crystal boundaries, so 
are interpreted as cognate xenoliths. Some crystals arc slightly perthitic. 

Groundmass is 75% of rock, felsitic material with patches of mosaic quartz recrystallisation and occasional sanidine rnicrophenocrysts, 
Unlike other samples, no remaining amphibole, but small patches of brownish alteration product may be pseudomorphs of 

original sodie amphibole. Opaque iron and brownish alteration products about 3%; so approx 36% each kspar and quartz from 
material. Spherulitic texture visible in hand specimen has been mostly removed by recrystallisation. 

I 

Field Number Formation! 

SS Cerro Pico Rajo Rhyolite 

Utm East Utm North Q: A: P: F'; I Subtotal: 

284500 4878500 I 0 

Final Rockname 

Peralkaline rhyolitic lava, probably similar to C. Pico Rojo group. 
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Microscopic textures (S8): Sparsely porphyritic flow banded rock with phenocrysts of K-feldspar in a flowbanded and well recrystallised 
quart'Z-k-spar mosaic ground mass, with some shape and lattice preferred orientation of mosaic crystals. Patches of semi-opaque red hematite 
and other oxides Occur parallel to fiowbanding. Flowbanding appears to exert SOllie control on shape and lattice preferred orientation of 
recrystallised groundmass, perhaps reflecting some original pilotaxitic ground mass feldspar. 

Feldspar phenocrysts arc euhedral or broken subhedral crystals} most about Imrn or less, 3~5%. Flowbanding shows some 'wrap around' 
textures with respect to the crystals. 2v is sman to moderate negative biaxial. Oap appears to be perpendicular to 010, so probably Sanidine. 

Groundmass is mosaic rexllised quartz and k-feldspar! with some clear mosaic quartz also grown in voids/HthophysR-e. Under high power 
remnant microlites of k-spar can be seeu to have well developed flow aligument which has been partially destroyed/modified to poikilomosaic 
texture by recrystallisation to mosaic material, but has imparted prefferred orientation on that material, both lattice and shape. Fine 
dissemnated blue~green pleochroic amphibole, probably Riebeckite} is present in trace amounts in groundmass. Occasional hC1natite rimmed 
altered blue green amphibole occurs as micro phenocrysts up to O.lmm. 

Too fine for accurate QAPF, Normative cOlnposition about: Q32 1 A24, P26. 

F'ield Number F'orJllation: 

F51A Cerro Pica Rajo Rhyolite 

Utm East Utm North Q: A: P: 

I :' 
Subtotal: 

283020 4873590 51 46 0 97 

Cpx: Opx: Amph: Chlorite, Opaques: :tvlnscovite: I Biotite: Olivine: 

3 

Other components: Others: Total: 

100 

Final Rockname 

Flowbanded and autobrecciated per alkaline rhyolite lava. 

l:vIicroscopic textures (F51A): Aphanitic flowbanded rhyolitic rock with almost no phenocrysts except small subhedral quart. rnicrophe
nocrysts, dominated by partly' recrystaHised felsitic texture with felsitic k-spar-quartz mix and SOme zones of coarsened anhedral rexllised 
quartz occuring along fiowbanding. \Vithin felsitic matrix 1 small blue-green pleochroic microphenocrysts occur, maybe arfvedsonite/riebeckite 
type. 

Occurrence of sodic arnphibole concurs with ·cnelIllSI.ry which shows this rock to be Peralkaline. Quartz. microphenocrysts about 5%, 
Sodic amphibole 3%, felsitic material 92% (=46% each q a) 

Alkaline or peralkaline rhyolite, probably related to C. Pico RojD dome complex. 

Microscopic textures (S7): Sparsely porphyritic rock with small k-feldspar phenocrysts and occasional quartz in a groundmass of felsitic 
material partly mosaic recrystallised to quartz and k~feldspar. 

Feldspar phenocrysts are low birefringence, euhedral to subhedral crystals up to Imm, about 3%. Occasionally carlsbad twinned, small 
2v indicates Sanidine. 

Small quartz microphenocrysts occur, subhedral J less than O.2mm, often clear mosaic quartz, perhaps secondary void filling. 
Groundmass is remnant k~feldspar microlites in very fine pilotaxitic texture, now replaced by complexly sutured mosaic of quartz 

and k feldspar. Mafic phase within groundmass is strongly blue green pleochroic amphibole, probably Riebecklte, occasionally present as 
micro phenocrysts up to O.2mm. 

Too fine grained for accurate QAPF. Normative composition about: Q33, A25 P26. 

Field Number Formation: 

S2 • Cerro Pico Rojo Rhyolite 

Utm East 

I 

Utm North 
i Q: 

A: P: P: Subtotal: 

282216 4874163 0 

Final Rockname 

i Devitrlfied red rhyolitic Obsidian. 

Microscopic textures (82): Flowbanded and red-stained obsidian, with sparse feldspar crystals and some small spherulites. 
Feldspars are small, <5%, 1-1.5mm or less, euhedral t appear to be albite, (albite twins, faint zoning} and RI strongly below medium) 

but untwinned crystals could be K-spar, Some are glomeroporphyritic and albite twinned, others are small) euhedral stubby crystals with low 
RI and no twinning or carlsbad twinning. From 2v, small crystals would appear to be sanidine. (v. small negative 2v.) 

Opaques are small round structures, possibly goethite/hematite filled vesicles? Other cavities, occasionally at the core of perlitic crack 
structures, are filled with bright green chlorite and perhaps some celadonite. 

Glass matrix is pale brown to orange~red, with some devitrified bands gone entirely to spherulites, but within the red glass, spherulites 
are small and sparse, but elongate devitrification bands and clusters occur, along flowbanding as elongate spherulite like clusters of crystals. 
Perlitic cracking is common but non pervasive. Red staining also occurs along cracks cutting unstaiued spherulitic bands, so perhaps it is a 
secondary oxidation effect,maybe Hematite staining. Bright green celadonite Occurs as void filling materiaL 
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A.6 Plateau Basalts 

Field NUluber Formation: 

SlOB • Plateau Basaltoid 

Utm East Utm North Q: A: P: F: Subtotal: 

285500 4876800 2 5 50 0 57 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

16 5 12 10 

Other components: Others: Total: 

100 

Final Rockname 

Basaltic to andesitic lava. Chemically basaltic to trachybasaltic lava. 

Microscopic textures (SlOB): 
Porphyritic rock with phenocrysts of Plagioclase} Pyroxene, and a red to brown altered mafic that may have been Olivine! but some 

pseUdomorphs have pyroxene shapes, and magnetite phenocrysts, in a groundrnass of intergranular plagioclase t clinopyroxene and magnetite. 
Some fine~grained, granular xenoliths of pyroxene and plagioclase. 

Plagioclase is subhedral to anhedral phenocrysts up to D.S-3mm. Often glomeroporphryitic and zoned with an outer sieve textured 
rim, and often with inclusions of augite or altered amorphous; green material. Some polycrystalline zenoHths with anhedral plagioclase and 
pyroxene in granoblastic texture occur. Plagioclase phenocryst RI has both fast and slow slightly and moderatly above epoxy, while poor 
albite-carlsbad twin gives 8 t 33. about An55%) Sodic Labradorite. Large phenocrysts are about 3-5% of rock. 

Pyroxenes are Clinopyroxene, augite group, slightly brownish, subhedral to euhedral crystals, sornetimes altered to chlorite. O.lInm 
groundmass to .5-2mm phenocrysts, low 2v j 25 ish l euhedral to anhedral, sometimes rounded or twinned, sometimes present as inclusions 
within sieve textured plagioclase and with alteration to amorphous or fibrous green chlorite or brownish iron oxides. Also common in 
groul~dmass as microphenocrys,ts and as granular crystals within cognate xenoliths. About 16%. Other mafic is orange-yellow iddingsitised 
olivine pseudomorphs, either amorphous or slightly pleochroic with single cleavage like biotite. Sections with cleavage show straight extinction, 
but grade into amorphous material Some have yellow~green ?chlorite rim. From sorrle crystals with double pointed shape, these pseudomorphs 
were probably olivine. About 10%. 

Groundmass is subhedral to euhedral O.1-0.5rrun plagioclase feldspar in intergranular texture about granular magnetite, patches of brown 
altered olvine and interstitial chlorite 5% and small clinopyroxenes. Some piJotaxitic texture, maybe some glass. Section perp-a on plagioclase 

34 degrees, About An55-58%, Sodie Labradorite. About 45% of rock. Magnetite and opaques, 10-12%, 1-2% interstitial quartz and 
interstital k-spar. 

, Field Number Formation: 

S9A • Plateau Basaltoid 

Utm East Utrn North Q: A: P: 

I 
F: Subtotal: 

284600 4877575 0 2 70 0 72 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: I Biotite: Olivine~ 

15 10 3 

Other components: Others: Total: 

100 

Final Rockname 

Basaltic or Basaltic andesitic Lava. Chemically basaltic to trachybasaltic. 

Microscopic textures (S9A): 
Sparsely porphyritic rock, with phenocrysts of plagioclase, pyroxene and another altered mafic mineral in a pilotaxitic groundmas5 of 

feldspar microphenocrysts and intergranular opaques and altered mafics. Occasional xenocryst of quartz with reaction rims. 
Larger plagioclase phenocrysts are 0.5-3mnl euhedral to subhedral crystals, some fractured, most carlsbad-albite twinned, some with 

complex sector twins and pericline twins. Zoning is comlnon, oscillatory normaL Some sieve textures too. Not enough crystals for ML, RI 
fast and slow is significantly above medium, while section Ta gives core 43, rirn 36, so zoning is about An78 at core and 65 at rim, Bytownite 
to Labradorite. Albite-Carlsbad gives 30, 6, about An60%. 

Pyroxenes are euhedral to subhedral brownish O,5~··lrllm Augite group cHnopyroxenes t sorne altered to brownish semi-opaqe 
material, probably 

Olivine may be present as brown or red brown murky iddingsitised or otherwise altered pseudomorphs, with sparse lmm and less brown 
lozenge shaped pseudomorphs replaced by brown murky iddingsite and also opaque mInerals and calcite. 

Groundmass plagioclase microphenocrysts are euhedral laths, sornetimes with slight swallowtail texture. Albite-Carlsbad on microphe
nocrysts gives 30; 3 f about An68%, Labradorite. Intergranular opaque magnetite, cpyroxene and altered clinopyroxene occur, together with 
what may be minor amounts of anhedral interstitial k~spar. Altered material seems to be pseudomorphing pyroxene, and is semi opaque 
green-brown material) sometimes platy but non pleochroic. 

This rock appears sjgnificantly more feldspathic than the 810 Sample, about 70% plagioclase, 10% opaques, 15% Clinopyroxene and 
altered pyroxene, 3% altered olivine and trace to 2% k-spar. 
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Field Number Formation: 

SI0A' Plateau Basaltoid 

Utm East Utm North Q: A: P: F: Subtotal: 

85500 4876800 0 5 45 0 50 

Cpx: Opx: Amph: Chlorite: Opaque.: Muscovitei Biotite: Olivine: 

28 15 5 2 

• 
Other COtnponents~ I Others: Total: 

i 
100 

Final Rockname 

Basaltic to basaltic andesitic lava. Chemically basaltic to trachy-basaltic. 

Microscopic textures (SlOA): 
Note: Section is somewhat saw-scarred. Porphyritic rock with phenocrysts of Plagioc1asc, Pyroxene I and a red to brown altered mafic 

that may have been Olivine, but some pseudorflorphs have pyroxene shapes, and Inagnetite phenocrysts, in a groundnlass of intergranular 
plagioclase, clinopyroxene and magnetite. Some fine-grained, granular xenoliths of pyroxene and plagioclase. 

Plagioclase phenocrysts are about 20%, euhedral to subhedral! larger phenocrysts up to 3-4mln. Oscillatory zoning and sieve textures 
are fairly common, and some crystals have inclusions of pyroxene, nlagnetite and green chlorltic alteration products within the sieve textures. 
Some crystals are glomeroporphyritic, again with much sieve texture and inclusions, especia.lly in cores of some crystals. Albite Carlsbad for 
larger phenocryst gives: 10, 36.5, about An68, Calcic La.bradorite. 

Pyroxene phenocrysts are Clinopyroxene, augite group, slightly brownish, subhedral, sonletimes altered to chlorite. About 8%, O.5~2mm, 
euhedral to anhedral, sometimes rounded or twinned~ sometimes present as inclusions within plagioclase. Alteration is either to amorphous 
or fibrous green chlorite or brownish iron oxides. Also common in ground mass as microphenocrysts and as granular crystals within cognate 
xenoliths. Unlike the S3 and S6 samples) nO appreciable orthopyroxene. 

Other mafic is orange~yellow pseudomorphs, either amorphous or slightly pleochroic with single cleavage. Sections with cleavage show 
straight extinction t but grade into amorphous material Some have yellow-green ?ehlorite riIll. Probably Iddingsite after olivine, up to about 
2%. 

-Groundmass is about 75% of rock} with 25% subhedral pilotaxitic plagioclase feldspar in intergranular texture with granular magnetite 
15% and small granular br,own-clinopyroxenes '2Q% and brOwn pleochroic biotite (5%) Inicrophenocrysts, and about 5% anhedral interstitial 
low RI k-spar, Some pilqtaxitic texture. Plagioclase microphenocryst ML: 8.5, 35, 21~ 26, 33, 8, 23.5, About An 60% Labradorite, but smaller 
phenocrysts seem more sodie, perhaps down to An 30 or 40%. 

A.7 Minor Intrusive Rocks 

A.7.1 Undersaturated Basaltic Minor Intrusive Rocks 

Field Number Formation: 

F45 • Mugearitic Basalt cutting Divisadero 

Utm East Utm North Q: A: P: F: Subtotal: 

82860 4868900 0 15 45 2 62 

Cpx: Opx: Arnph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

15 5 8 

Other components: Others: Total: 

Glass 10 100 

Final Rockname 

Picritic olivine basalt, chemically plots as basanitic or mugearritic rock, normative olvine well sub 10%, so Mugearitic basalt. 

Microscopic textures (F45): 
PorphyrItic rock with phenocrysts of altered glomeroporphyritic olivine, pinkish augite, in a ground mass of intergranular plagioclase 

microphenocrysts and magnetite, fine pyroxenes and brown altered glass, together with brown biotite, alteration products, etc. 
Olivine is euhedral, up to 2~3mml 8%, glomeroporphyritic 1 and uniformly altered to green or brownish bowlingite/iddingsite, or replaced 

with calcite, quartz and chloritic material. 
Plagioclase is about 45%1 as microphenocrysts in groundmass, subhedral to euhedral , <1mm, sometimes 6wallowtailed) highest ML 

37, An65%, Calcic Labradorite. 
is large euhedral brown to pinkish crystals) up to 3mm, about 5%, 2v small, about 25. Looks like a fairly titanian augite. Some 

al1,eratJiOn to fibrous green or brown uralite/chlorite and calcite. 
ltound patches occur, filled with calcite, and low RI pseudo isotropic zeolite, sometimes faintly twinned t probably analcime or wajrakite. 

These may be pseudomorphs of nepheline, about 1~2%. 
Groundmass is 5% opaques, 10% altered brown pyroxenes) 45% plagioclase microphenocrysts and about 10% brown murky devitrifed 

glass with fine black rnicrolites and brown biotite (common; brown pleochroic, straight extinction and length slow.) K-spar may be present in 
trace amounts, but cannot be easily estimated, Normative value is approx 15%. 
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Field Number Formation; 

Fll * Mugearitic Basalt cutting Ibaiie~ 

Utm East Utm North Q, A, p, F, Subtotal, 

288173 4869185 0 10 60 5 75 

Cpx: Opx: Amph: Chlorite: Opaques~ Muscovite: Biotite: Olivine: I 

15 6 4 
-~~ 

Other components: Others: Total: 

100 

Final Rockname 

I N eph.line Mugearite sm~ 

Microscopic textures (Fl1): 
Porphyritic rock, with phenocrysts of Plagioclase, Augite, Nepheline, and occasional Kaersutite hornblende in a Dlutrix of intergranular 

plagioclase, pyroxene and opaques. Trace altered olivine. 
Pyroxenes 15%, O.S-3mm, brown or altered, 2v posjtive, small to moderate, probably titanian augite. 
Olivine is present as occasional nlegacrysts in hand specimen! but only 3-4% subhedral slightly green phenocrysts up to 

1~1.5mm in thin section, often altered to iddingsite. 
Occasional subhedral phenocrysts of dark red-brown pleochroic hornblende, probably kaersutite. O.5-1rnml 1% 01' less. 
Plagioclase phenocrysts are 10% large I-3mm, rounded or skeletal subhedral and euhedral phenocrysts with sOme sieve texturing and 

zoning) often with altered calcic cores, and ground mass feldspars are subhedral .2-0.5mm laths (about 50%), rnore calcic than An 20 by Rl 
against medium, and groundmass carlsbad-albite twin 10 ,36, about An 66%, while large phenocrysts give ML readings of about 32 max, 
An 45%. So Andesine phenocrysts, up to Labradorite the groundmass. 

Nepheline is present as rounded phenocrysts, up to O.5mm l although rare. Up to 5%. 
Analcime zeolite occurs with calcite in vesicles. 
Groundmass is mainly plagioclase feldspar j maybe 10% anhedral low RI k-spar interstitial to mafics and p1agioc1ase l with intergranular 

augite and fine aggregates of brown granular or fibrous biotite, 10% in groundmass, maybe fine grained brown hornblende and some pyroxenes. 
Chlorite present as alteration, 

Approx QAPF makes this a Mugearite, perhaps mugearitic feldspathoid bearing basalt, but chemistry is Mugearite, too. 

A.7.2 Basaltic, Basaltic andesitic, Trachybasaltic/andesitic and Andesitic 
Minor Intrusive Rocks 

Field NUTnher Formation: 

i WI30 * Andesite Intrusive cutting Ib.i1iez 

I Utm East Utm North Q; A; P: F: Subtotal: 

271070 4859298 10 3 65 0 78 

I Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

12 5 5 

Other components; Others: 'fotal: 

100 

F'jna1 Rockname 

Hypabyssal andesltic intrusive. 

Microscopic textures (WI30): 
Medium grained, almost microgranitic plagioclase/hornblende rock, porphyritic with phenocrysts of reaction rimmed hornblende in a 

groundmass of euhedral and subhedral granular pJagioclase phenocrysts and microphenocrysts with interstitial anhedral quartz, chJoritised 
mafics and opaques. 

Plagioclase phenocrysts are zoned, occasionally sieve textured, and have patchy replacement by k-spar, and have thin outer rims 
of k-spar. Section Ta gives core 42, rim 33 , about An8D% down to An55%, Bytownite to sodie Labradorite. Some sericite replacement 
occurs, especially in cores. SmalIer phenocrysts with Albite Carlsbad are 15, 35, about An 60%, Labradorite, Large zoned phenocrysts are 
1-2mm, smaller phenocrysts are subhedral O.1-O.3mm~ Plagioclase about 60-65% of rock. 

Hornblende phenocrysts are pleochroic green to green brown, subhedral 1-6 mTn crystals with well developed reaction riTTlS of opaque 
minerals and murky brown or green granular mineral. About 12%. 

Altered/ehloritised mafics in groundmass: anhedral, interstitial to plagioclase, fibrous or cherty pleochroic green material probably 
uralitised amphibole, about 5%. 

Quartz, small subhedral microphenocrysts or anhedral interstitial material in groundmnss. About 10%. 
Opaques are subhedral to euhedral blocky microphenocrysts and groundmass intergranular magnetite} and also some in alteration dms 

of amphibole. 5% 
Trace k-spar as rims/alteration to plag l also perhaps minor interstitial k~spar in g/mass. 1-3% max. 
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Field Number Formation: 

FlO * Andesite Intrusive cutting IbaJiez 

Utrn East UtlIl North Q: A: P: F: Subtotal: 

288230 4868535 15 5 55 0 75 

Cp": Op": AlIlph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

15 8 

Other cOlnponents: Others: Total: 

Oristobalite 
i 

2 100 

Final Rockname 

Altered Andesite Sill. 

Microscopic textures (FlO): Even grained rock, aphanitic with sparse large 2-3mm plagioclase phenocrysts in a groulldmass of 0,5···1mm 
BU bhedral plagioclase microphenocrysts and anhedral interstitial quartz, with intergranular opaques and chloritised rnafics. Conunon secondary 
calcite and chiorite. 

Plagioclase phenocrysts and microphenocrysts arc altered and often partly replaced by calcite, some sericite. ML on remnant twins gives: 
16, 71 15, 19, and RI is fast below and slow just below epoxy, so probably Albite, rather than Oligoclase. Most grains are patchy, altered and 
are probably albitised. 55%. 

Oalcite replaces patches of feldspar and is Common in the groundmass. Chlorite/calcite occur in oblong pseudomorphs of mafic minerals, 
or as small round patches. Chlorite is platy, radial or chaotic clusters. About 10-15%. 

Opaques are granular euhedral and subhedral blocky magnetite phenocrysts up to O.5mm, and also microphenocrysts in groundmass, 
8%. Some apatite associated with opaques. Some alteration to leucoxene. 

Original texture would have been sparsely porphryitic plagioclase lath network with inter granular mafics and opaques. Feldspar texture 
still remains, but calcite and chlorite and sericite have replaced much of the original minerals. 

Anhedral quartz occurs as interstitial material to plagioclase groundmass phenocrysts! perhaps up to 15%t also found with calcite in filled 
cavities) with euhedral terminations, and some cristobalite also occurs in cavities, 2%. Some grai.ns show slight granophyric edge textures, 
with trace murky low RI k~spar intergrown with quartz, so 1-5% k~spar, difficult to estimate, 

Ii'ield Number Formation: 

Fl * Andesite Intrusive cutting Ibanez 

Utm East Utrn North Q: A; P; F: Subtotal: 

288071 4866299 10 2 75 0 87 

Cpx: Opx; Amph' Chlorite, Opaques: Muscovite: Biotite: Olivine: 
I 

7 6 

Other components: Others: Total: 

i 100 

Final Rockname 

Andesitic Sill. 

Microscopic textures (FI): Phenocrysts of glomeroporphyritic, albitised'l Plagioclase occur. Sparse. Some replacement of feldspars with 
calcite/sericite. Groundmass has blocky opaque magnetite, and altered feldspar laths, in pilotaxitic texture. 

Sparse large Sadie plagioclase phenocrysts occur, about 2-3%, altered and sericitised. Euhedral and glomeroporphyrItic. ML method 
not feasible, as twins are sparse and altered, but looks like Albite/Oligoclase, with RI indicating Albite. 

Groundmass feldspar lath RI is below both w Quartz and Some ?Anorthoclase (1-2%, trace, but mainly groundmass feldspar laths 
are fine albite, ML gives angles of 5-10, RI below epoxy, Albite 70-75% of rock. 

Also microphenocrysts of Quartz) 5-10%, O.1-O,2mm, anhedral small grains and perhaps green uraltised or chloritised mafic 3-5%, in 
groundmass, altering to chlorite. Magnetite, quartz and green lllinerais (?Amph/chlorite) are intergranular to feldspar laths. 

Ohlorite alteration: 1-2%, O.1-0.2mm, altering amphibole or pxne in gmass. also some larger patches with the Albite. 
Other minerals: 14eucoxEme after magnetite, commOn calcite as void filling or alteration of pla.gioclase. Possibly tra.ce Tridymite in 

g/mass . .tv:lagnetite and other opaques, 5-6%, in groundmass. 
Andesite. Groundmass seems to have more albite than k-spar. Ohemistry gives high end of TAS andesite field, close to Tr~Andesite. 

I 
Field Number Formation: 

L17B* Andesite Intrusive cutting Iba;iiez 

Utm East Utm North Q, A: P: 
I 

F: Subtotal, 

284860 4859830 10 5 65 a 80 

Cpx: Opx: 

I 
Amph: Chlorite: Opaques: Muscovite: Biotite, Olivine: 

5 5 i 10 

Other components: Others: Total: 

i 
100 

I 
Final Rockname 

Andesitic minor Intrusive. 

I 
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Microscopic textures (L17B): Porphyritic rock with euhedral-subhedral augitic pyroxenes, with some reaction rims. Entirely altered horn
blende group amphiboles, pseudonlOrphed by opaques. Groundmass of tabular, pilotaxitic feldspars. SOlne alteration patchesfrecrystallisatlon 
of groundrnass into mozaics of quartz,feldspar. Trace calcite and euhedral quartz as void filling materials. Trace Epidote as alteration product 
of mafic minerals, with calcite, 

Pyroxene is coloudess, subhedral-euhedral, O.5-2mm, 5% +ve 2v about 40, probably augite, possibly towards the diopside end. Sometimes 
gloIneroporphyritiC J and sometirnes altered to chlorite and opaques at the rim. 

Hornblendes arc sparse, subhedral green brown phenocrysts, usually entirely altered, elongate pseudomorphs with opaques at rim, chlorite 
at core, perhaps also epidote/clinozoisite. 2%. 

Groundmass is 90% of rock, mainly pilotaxitic tabular plagioclase laths, altered and sericitiseds with interstitial quartz and intergranular 
opaques magnetite, and patches of greenish and brownish manes chlorite altered. About 60-65% pIag, too altered to identify by 
extinction angle) maybe 10% quartz, 3% granular brownish small pyriboles,10% opaques, maybe trace to 5% interstitial k~spar but difficult to 
tell. Some void filling of calcite and quartz. 

Field Number 

WI46B * 

GtJn East P: F: Subtotal: 

272650 55 a 75 

Cpx: Opx: lvluscovite: Biotite: Olivine: 

13 

Other components: 

Glass/calcite etc 

Final Rocknrune 

Andesltic dike cutting 

Microscopic textures (WI46B): Porphyritic volcanic rock, with phenocryst phases of glomeroporphyrltic plagioclase and altered green 
mafics in a ground1nass of plagioclase microphenocrysts, opaques and dark brown volcanic glass. Common secondary calcite and chlorite as 
alteration products aud void filling. ' 

Plagioclase phenocrysts are 0.2 to 2mm, euhedral, 25%. Oscillatory zoning present, occasionally glorneroporphyritic. Calcic cores have 
been sedcitised , with some calcjte aud epidote replacement, On larger phenocrysts) Section Perp. a gives: 37, gives An% 60: Carlsbad Albite. 
lB, 32, gives An% 55 -4 Labradorite 

Mafic mineral: BlockYt euhedral and subhedral 1-2mm crystals entirely replaced by bright green chlorite, perhaps with some uralite. 
Shape suggests altered clinopyroxenes. 5%. 

Opaques. 3% O.2mm microphenocrysts of magnetite. 
Groundrnass approx 70-72% of rock. Plagioclase microphenocrysts) 0.2mm and less l about 30 %, euhedral and swallow tailed laths, with 

volcanic glass and magnetite. Glass is brownish, still isotropic in patches, but has some rexllised patches to murky mosaic quartz~ about 15%, 
and rnaybe trace to 5% anhedral k~spar? and devitrification structures. Common patchy secondary calcite. Opaques and altered chloritised 
groundmass mafics, about 1-2%opaques, 8% chloritised mafics. Mlcrophenocrysts have some degree of pilotaxitic texture, with intergranular 
opaques and green speckly pyriboles. Groulldmass plagioclase is : RI above glue, probably not albite. Twins difficult to discern, some MIt 
gives: 12, 12, 211 probably low end andesine or oligoclase. 

ChemicallYl the rock is an andesite) close to the tas boundary with dacite. Microscopy supports this} but it would be easier to confirm 
if the pyroxenes were not altered. 

Field Number Formation: 

WI1* Basalt Intrusive cutting Ibanez 

Utm East Utm North 

I 
Q, A: P: I F: Subtotal: 

271250 4869255 6 5 50 a 61 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

20 10 

Other components: Others: Total: 

Calclte/sericite 9 100 

Final Rockname 

Basaltic Dike. 

Microscopic textures (vVIl): Altered basaltic rock, porphryitic with phenocrysts of plagioclase and altered pyroxene in a groundmass 
of plagioclase microphenocrysts with intergranular opaques and chloritised mafics. Common secondary sericHic and calcite alteration and 
replacmcnt of feldspars, chlorite replacement of pyroxenes. 

Plagioclase phenocrysts are sparse) 2-5%, 1-3mm subhedral and euhedral crystals, calcite replaced or seric.itised, especially in cores. 
Groundmass plagioclase is about 45%, pilotaxitic subhedral laths, also with similar sericitic alteration or calcite replaClnent comrnon, Some 
zoning, often destroyed by sericite excepting outer zones. Some sieve textured crystals occur) with wide sieved zones around coherent cores 
and rims. ML on groundmass remnant twins gives: 25,17,29,32,30,10) 15, about An 50%, while Albite~Carlesbad gives 8,30, about An45%, 
So Andesine to Labradorite. 

Mafics are now chloritised, but from occasional blocky square or octagonal/rectagonal psuedomorph with remnant 'islands l were clinopy
roxene) probably augite. Probably about 15-20%, up to 2mm max 

Opaques are blocky, Or elongate microphenocrysts of magnetite, in intergranular texture with chloritised mafics, interstitial to feldspars. 
10%. 

Also anhedral interstitial quartz, O.1-0.2mml about 5-6 %, and some anhedral feldspar) RI well below groundmass plagioclase, so trace 
to 5% interstitial k-spar estimated. 
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Field Number Forrnation: 

F20 • Basaltic Trachy-andesite Intrusive cutting Ibanez 

Utrn East Utm North Q: A: P: F: Subtotal: 

288223 4873265 3 10 60 0 73 

Cpx: Opx: Arnph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

20 7 

Other components: Others: Total: 

I 
100 

I Final Rockname 

: \Veathered basaltic trachy-andesite or basaltic andesite. 

1\1icroscopic textures (F20): Coarsely pilotaxitic rock with network of euhedral/subhedral pilotaxitic feldspar laths with intersertal 
chloritised mafics and blo('.ky intergranular opaques. 

Feldspar laths are up to 1.5mm, but most O.l~O.4mml with well developted pilotaxtic texture, and pervasive alteration of cores to calcite. 
Some rernnant albite twinning with low extinction angles (less than 10 degrees.) RI either just above or below epoxy, so sodie plagioclase. 

Mafics are altered to green-semi opaque chlorite and clays, up to O.5rn.m, about 20%. Occasional blocky octagonal section indicates that 
primary mineral was pyroxene. 

. 

Opaques are goethite and leucoxene, after magnetite. 5-7%. 
Secondary cherty material present as interstitial mater:ial between feldspars and altered rnafics, 2-3% quartz and 8-10% low RI k-spar, 
Too altered for QAPF, but about 60 % altered sodic plagioclase. 

F'ield Number Formation: 

F21 • Basaltic Trachy-andesite Intrusive cutting Ibanez 

Utm East Utm North Q:' A: P: F: Subtotal: 

286680 4869000 1 5 60 0 66 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite, Olivine: 

19 15 

Other components: Others: Total: 

100 

Final Rockname 

l Altered Basaltic trachy andesitic dike. 

IvIicroscopic textures (F21): Fine grained pilotaxitic to framework-intergranular textured rock with altered plagioclase feldspar, chloritised 
mafics and opaques. Chlorite and calcite occur as void/fracture filling material. 

Plagioclase is subhedral to euhedral crystals, often glomeroporphyritic in radial clusters, partly sericitised , with occasional skeletal or 
swallowtail textures. About 55-60%, up to O.Smm. ML readings mainly below 20, RI fast weill below epoxy and slow just below, so Albite or 
albitised. SOllle low HI subhedral microphenocrysts in g/mass have RI below g/mass albite, so trace-k-spar, maybe 5%, 

Mafics and .much of interstitial spaces to plagioclase Is replaced and filled by green chlorite and murky yellow green chloritic material 
(about 20%). Pyroxene pseudomorphs are present as blocky patches of darker green chlorite. 

Opaques are blocky magnetite, about 15%. 
Trace to 1% anhedral quartz. 
Chemistry is mugearitic trachy-andesite, but I doubt this due to alteration in thin section l possibly with increase in sodium. 

Field Number Formation: 

WI24 .. Basaltic Trachy-andcsite Intrusive cutting Ibanez 

Utrn East Utm North Q: A: P: F: Subtotal: 

270370 4863390 1 5 65 ° 71 

I 
Op:x:: ! Opx: Amph: Ohlorite: Opaques: Muscovite: Biotite: Olivine: 

4 15 10 

Other cOlllponents: Others: Total: 

100 

! Final Rockname 

Andesitic sill. 

Ivlicroscopic textures (vVI24): Porphyritic rock with poorly pilotaxitic or framework altered/albitised plagioclase phenocrysts in intergran
ular textured feldspar/chlorite/hematite, probably altered from an intergranular textured basic lava/minor intrusive. Chlorite and hematite 
are common as specks j clusters and aggregates between feldspars, and may represent alteration of an original mafic mineral. Trace pleochroic 
brown amphibole occurs. 

Sodie Plagioclase is about 60-65%j O.2~3mm, mainly groundmass laths, with 20% as larger phenocrysts in a matrix of feldspars/chlorite/hematite. 
Crystals are altered and sericitised, and cores are often replaced by chlorite or sericite, and fractures filled with opaques. ML: 6.5, 14, 7, 5, 
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10, 6, 12, so looks like albite, RI fast/slow both less than medium, so probably is albite. Groundmass feldspars also quite altered, RI fast 
strongly below medium, slow just be1ow, so albite. 

K-spar difficult to spot due to alteration of groundmassJ maybe trace to 
Other minerals: Hematite J after Magnetite, 15%, and chlorite 10-15%) as granular or fibrous n1aterial, replacing nlafic minerals l with 

some remnant m_urky brown clinopyroxene present as enhedral and subhedral crystals intergranular to plagioclase, 
Trace to 1% anhedral quartz in groundmass t also some apatite) epidote, amphibole. 
Andesitoid or Basaltic Andesitoid, possibly with slightly albitised feldspar. 
Chemistry gives Basaltic Trachy Andesite, 

, Field Number Formation: 

Wl31 Minor Intrusive cutting Ibanez 

Utm East Utrn North Q: A: P: F: 

271139 4858690 10 5 55 

Opx: Opx: Amph: : Chlorite: Opaques: Muscovite: Biotite: 

I 15 5 
[-----

Other components: Others: Total: 

, 100 

I 
Final Rockname 

QAPF gives Q12.5,A31,P56 -- Quartz trachyte to Quartz trachy-andesite. 

Microscopic textures (WI31): 

Subtotal: 

80 

Olivine; 

Porphyritic rock with tabular, euhdral/subhedral phenocrysts of zoned feldspar, altered green tabular to blocky mafic phenocrysts, in a 
matted ground mass of feldspars, opaques and some rnozaic quartz. 

Quartz: 5-10%, in groundmas8 and as void filling. 
Phenocryst Feldspars are up to 2mnl) euhedral or subhedral slightly zoned or usually unzoned crystals, sericitised , sometimes cores 

replaced by sericite Of green chlorite. Sometimes occurs in granular t glomeroporphyritic masses with altered mafic, presumably pyroxene. 
These may be xenolithic or restite fragments qf refractory source materjal, and they appear to have a reaction rim against the surrounding 
groundmass. Feldspar composition, RI large phenocrysts, fast and slow well below lnedium, so likely Albite. Oap perpendicular 010, 2V x 
about 60-80 ish Albite. 40%, to 3mrn Albite, but bulk is groundrnass material. 

Groundmass feldspars, RI and slow also below medium, strongly, but have albite twinss, so also albite, 25% but nlaybe BOlne 
interstitial k~spar maybe up to 5%. Some larger crystals have rim of Anorthoclase. 

Mafic phenocrysts are colourless, moderate relief, stubby rectangular prismatic sections, 2v moderate, 1st red to blue, inclined ext-inction. 
Sometimes glomeroporphyritic with plagioclase l always altered to green minerals, sometimes chlodte, but sometimes something else with optical 
continuity with original mineral, perhaps uralite, Mineral probably originally augite/diopside clinopyroxene. 

Chlorite Common, 15% as alteration of mafics and Plagioclase. 
Groundmass is feldspar laths in pilotaxitic texture} with intergranular rnatics, 3-5 % magnetite} green alteration product, maybe green 

amphibole after pyroxene. 

Microscopic textures (PI87B): 
Aphanitic rock with pilotaxitic groundTIlass feldspars, intergranular opaques and chlorite, plus other green mica? Some porphyroblasts 

of enhedral but skeletal pyrite (Visible as euhedral cubes in hand specimen). Veins and relic vesicles have calcite/platy chlorite fill. Sparse 
epidote occurs throughout groundmass, together with some remnant green hornblende, 

Feldspars are altered, auhedral laths, 0.1~0.3mm 'with simple ?carlsbad twinning, but appear to have altered calcic cores, so probably 
once plagioclase. Relatively unaltered crystals at edge of slide have Fast and Slow below epoxy medium, so Albite or Albitised. 

Interspersed with these altered feldspars are patches of calcite, bright green chlorite, rnurky clay and occasional large porphyroblasts of 
secondary pyrite, Small grains of green pleochroic fibrous ?uralitic aInphibole appear, probably altered from primary pyroxene or aTIlphibole. 
8m.all, blocky, partly altered magnetite is the ubiqnitons opaque, but some of this rnay have been reduced to pyrite. Chlorite is 
length slowj quite dark green, so probabJy sOTIlething like Brunsvigite, Probably altering pyroxene from the blocky octagonal shape 
occasional large pseudomorphs. 

Field NUlllber Formation: 

Wl15 Minor Intrusive cutting Ibanez 

Utm East Utm North Q: A: P: F: Subtotal: 

274728 4864366 9 5 65 79 

Opx: Opx: Amph: Ohlorite: Opaques: Muscovite: Biotite: Olivinei 

10 9 2 

Other components: Others: Total: 

100 

Final Rockname 

Porphyritic hornblende quartz microdiorite. 
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Mic~oscopic textures (WI15): 
Porphyritic medium grained rock, with partially altered green/brown hornblendes, large euhedral and subhedral plagioclase, some 

opaques, in a granularJfelsitic groundmass of quartz/feldspar. 
Hornblendes are pleochroic dark to light green or green to brown, altered to a mix of ?uralite/tren1oliteJ calcite} traces of chlorite. There 

is also a reaction rim of opaques around the hornblendes. 
Plagiocase is euhedral-subhedral, giomeroporphyritic, carlsbad-albite twinned, often partly sericitised and zoned. J\.1L test gives: 2:l , 3D, 

29.5,31.5, 11,27,29 An%46, Andesine. Carlsbad-albite test gives: 31.5/11.75, An%46, Andesine. 
Perhaps also SOllIe small crystals of k-spar in groundlnass. (2v slllall to moderate, OAP parallel 010). 
Groundmass dominated by granular texture, with tablets of plagioclase. maybe some k-spar, with interstitial quartz, and Borne chloritised 

and uralitised hornblendes. Proportions, Plagioclase phenocrysts, 35%, Hornblende, 10%, groundmass remainder, 8-9%quartz, 3-··5% k-spar, 
30% plagioclase, 1-2% opaques, 9~10% other chloritised rnafics. 

Field Number FOrlnation: 

Wll16 Minor Intrusive cutting Ibanez 

Utm East Utm North Q: A: P: F: Subtotal: 

276425 4856430 0 5 65 0 70 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

10 3 1 

Other components: Others; Total: 

Glass 16 100 

Final Rockname 

Basaltic ande.sitic dike. 

Microscopic textures (WI116): 
.Porphyritic rock with plagioclase a.nd pyroxene in pilotaxitic/intergranular textured ma.trix. Not a similar rock to WI39 at all, presume 

small intrusive body) or dike big enough that I·did not notice its margins among the scrub. 
Plagiocla.se is euhedral, sometimes with sieve textures, oscillatory zoning and sometimes glomeroporphyritic with 

alteration to clay, sericit'e and replacement by calcite. ML COre readings! 24, 20. 13) 15.5~ 15, 12, 22. An 35, C~A gives: 22, 
Andesine. Possibly some trace of anorthoclase as rims on some crystals through which albite twins do not continue. 35%. 

K-spar Trace to 5%} possible anorthoclase rims visible On some plagioclase. 
Clino-Pyroxene is sometimes oxidised, but is pale greenish with moderately high (2nd order) interference colours. 2vz moderate, +ve. 

Augite 10%. 
Some olivine hiding among the big clusters of pyroxene & plagioclase (1%), which look like restite or xenolith materiaL 
Groundmass is pilotaxitic textured feldspar laths with intergranular opaques, blocky magnetite I altered brown pyriboles and glassy ma

terial, with occasional m.icrophenocryst of c-pyroxene. RI indicates groundmass felspars are probably calcic oligoclase. Oligoclase plagioclase, 
30%, glassy stuff and pyriboles, 15-16%, opaques, 3%. 

Field Number Formation: 

WI94 ! Ivtinor Intrusive cutting Ibanez 

I Utm East Utm North Q: A: P: F: Subtotal: 

272810 4864500 0 

Final Rockname 

i Albite-Epidote hornfels. (Andesitic-dacitic sill.) 

Microscopic textures (WI94): 
Altered porphyritic rockJ with intergrauular textured groundmass and altered large mafic phenocrysts. wIa£c phenocrysts appear to be 

green hornblende t altering to Chlorite and opaques. Trace brown and green hornblende in groundmass. (wIaybe secondary, green possibly 
actinolitic.) Common secondary anhedral to subhedral yellow-green Epidote pOl'phyroblasts, grown in and around groundmass material. 

Groundmass is of feldspars altered by Calcite/sericite, but zoning and albite twins visible, ML gives:l0.5, 11.5, 9.75, 11, 12.5, 13, 
Oligoclase or Albite, RI indicates Albite. Many larger feldspar phenocrysts have fine epidote and calcite crystallised within them, plus sericite, 
while reJuaining feldspar is albitised Saussauritisation. Groundnlass feldspar occurs with disseminated anhedral quartz, secondary chlorite, 
epidote, calcite, etc, and is also sericitised. 

Quartz in groundmass appears slightly recrystallised. 
Hornblende phenocrysts are pleochroic green and brown, has chaotic reaction rhus with opaques and chlodte. Some may be uralitised, 

also often chloritised. 
Albite-Epidote facies hornfelsed or hydrothermally altered dacitic andesitic intrusive. 

Field Number I Formation: 

WI40A l Minor Intrusive cutting Ibanez 

Utm East I Utm North Q: I A: 
P: F: Subtotal: 

274470 4858508 0 

Altered andesitic intrusive. 
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Microscopic textures (WI40A): 
Altered rock, with well developed pilotaxitic texture of altered feldspars, mainly groundmass, but sparse euhedral phenocrysts from 

Q,5rnIIl up to Imm. All are altered to fine grained platy sericite and calcite, but from crystal shapes (long) platy or tabular crystals and sparse 
remnants of carlsbad twins.) were probably anorthoclase. 

Groundmass is sericitised pilotaxitic feldspar microphenocrysts, with Borne development of mosaic quartz, but common alteration is 
patchy calcite and sericite, with large irregular patches of chlorite. t.1afics are altered to chlorite, while leucoxene replaces original opaque 
microphenocrysts. Trace apatite is unaltered. 

Rock was probably an andesite. 

Field Number li'onnation: 

WI40C Minor intrusive cutting Ibanez 

Utm East Utm North Q: A: P: F: Subtotal: 

274470 4858508 0 

Ii'inal Rockname 

Altered andesitic dike. 

Microscopic textures (WI40C): 
Strongly altered trachytk textured volcanic rock. Pilotaxitic groundmass has remnant feldspar microliteB, recrystaUised to ghostly 

poikiloII1osa-ic of quartz about remnant feldspars, and some feldspar pseudomorphed by calcite I and intergranular texture of lnagnetite, green 
fine grained pyriboles, and chlorite. Streaks observed in hand specimen are en-echelon extension fractures filled with quartz-Illosaics, and 
surrounded by wide alteration halos in the trachytic groundmass, Oalcite & sericite pseudomorphs replace glorneroporphyritic ?albite feldspar 
clusters up to 3rnnl across. Both groundrnass recrystallised quartz have LPO and feldspars have SPO parallel to trachytic texture and 
en-echelon fractures. Quartz in the fractures has no LPO. Slightly sheared and altered arrdesitic dike. 

Field Number Formation: 

WI65A Minor Intrusive cutting Ibanez 

Utm East Utm North Q: A: P: F: Subtotal, 

271400 4869230 0 

Final Rockname 

Altered basaltic andesitic/andesitic sill. 

Microscopic textures (WI65A): 
Even grained feldspar rich volcanic rock, moderately well developed pilotaxitic orientation of feldspar laths, with round vesicles filled 

with radial clusters of chlorite or calcite patches. Opaques, cherty fine material and chlorite patches are intergranular to feldspars. 
Felspars are quite sericitised, but dominated by plagioclase, probably Oligoclase-Andesine. Mr., not possible t RI suggests Albite or 

Albitised. 
Altered basaltic andesitic/andesitic sill. 

Field Number Formation: 

WI83B I Minor Intrusive cutting Ibanez 

Utm East Utm North Q, A: P: F, Subtotal: 

272280 4863180 0 

Final Rockname 

Albite epidote hornfels. (Andesitic dike.) 

Microscopic textures (WI83B): 
Porphyritic volcanic rock, WIth euhedral, glomeroporphyritic phenocrysts of plagioclase and chloritised pseudomorphs of a mafic phase, 

in a groundmass of pilotaxitic/framework altered feldspar laths with intergranular opaque magnetite and patches of secondary chlorite; days. 
Trace apatite, as well as secondary quartz and epidote as alteration product. 

Feldspars, O.2-3mm, 15··~20% are extensively sericitised J some with flakes of muscovite, often with calcite. Large phenocrysts are Pla
gioclase, Albite~Carlsbad twinning gives: 4.5, 21.5 ---+ An%32! Andesine. Phenocrysts are oscillatory zoned! euhedral-subhedral, glomeropor
phyrltic. Sericitisation is fairly pervasive, but concentrated towards the core in many crystals. 

Altered Mafics, O.2-1.5mm, 5%. presumably pyroxene from blocky, rectangular pseudomorphs in calcite and bright green chlorite, {Ohlo~ 
rite in pseudomorphs is mostly of the brown variety in cpl, +ve, length fast.} 

Groundmass: Pilotaxitic/intergranular feldspars of O.2rnm and smaller, with intergranular opaques and smaH altered mafics (nlostly 
chLorite), recrystallised in Some places to murky quartz/feldspar felsitic mosaic. Vesicles are filled with bright purple-lavender cpl chlorite, 
together with quartz, calcite, maybe adularia, some epidote. Traee Apatite. 

Altered Andesitic dike. 

Field Number i FOrlllation: 

WI92 I Minor Intrusive cutting Ibanez 

Utm East Utm North Q, A, p, F: Subtotal: 

272450 4865020 o 

Final Rockname 

Weathered and altered andesitic dike. 
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Microscopic textures (WI92): 
Strongly altered porphyritic rock, with pseudomorphs of mafic phenocrysts in calcite/chlorite and opaque, and serlcitised and clayey 

feldspars, in a fine grained matrix of altered pilotaxitic to randomly arranged feldspar and blocky opaques} 'with occasional quartz. 
Dominant phenocryst is altered green mafic pseudomorphs. Crystals appear to have been amphiboles, from their long prismatic sections 

and blocky, six sided cross sections. About 10-,15%, up to 2 or 3mm long. Alteration is to green pleochroic chlorite and opaqne magnetite, 
apparently part of a reaction rim, and calcite, leucoxene and chlorite in the cores, with occasional apatite. Possibly some with uralite alteration 
also. 

Remainder of rock is brownish altered feldspa.r phenocrysts and groundmass of altered fe1dspar, opaques, calcite, chlorite and minor 
secondary quartz. fi"eldspars used to be sodic plagioclase, but are now altered to sericite, calcite and clay. Fine grained chlorite is disseminated 
throughout the groundmass, as is patches of calcite, and blocky finegrained opaques in intergranular texture with the altered feldspars, 

Field Number Formation: 

WI122 Minor Intrusive cutting Ibanez 

Utm East I Utm North Q: i A: P: F: Subtotal: 

273005 4864236 0 

Final Rockname 
I 

Altered andesitic to dacitic sill. 

Microscopic textures (WI122): 
Porphyritic rock with altered brown to green brown amphibole phenocrysts in a groundmass of poorly pilotaxitic feldspar~ replaced by 

sericite, calcite and saussurite, with intergranular altered opaques and secondary chlorite and epidote. 
Amphibole is green to brown pleochroic hornblende, O.5-1mm, about 5---10%, with reaction rjm of carbonates and opaques. 
Large feldspar phenocrysts are rare, and are saussuritised, to albite, epidote, sericite and calcite. Groundmass feldspar is also similarly 

altered, with patchy calcite, sericite, and fiue grained epidote. 
Cavities are filled with radial chlorite platy aggregates and/or calcite. 
Groundmass also has trace quartz, difficult. to tell whether primary or secondary. 

Field Number Formation: 

wnoo Minor Intrusive cutting Ibanez 

Utm East Utm North I Q: A: P: 

273320 4862770 

Final Rockname 

Altered microdiorite or rnicrogranodiorite. 

Microscopic textures (WIlDD): 

F: Subtotal: 

0 

Porphyritic microgranitoid, with subhedral crystals of altered plagioclase and chlorite pseudomorphs of mafic minerals in an altered 
matrix of plagioclase, quartz and opaque minerals. Alteration includes epidote, chlorite J calcite, etc. This rock is more altered than the WIgS 
sample and also somewhat rnore porphyritic, with greater numbers of mafic and plagioclase phenocrysts. Otherwise texturaHy similar. 

Large plagioclase phenocrysts are up to 5mnl j most 2-3mm, about 5% of the rock. Crystals are euhedral to subhedral , some times zoned, 
Alteration consists of pervasive fine cracking with growth of sericitic material, and growth of or clusters of epidote within plagioclase, 
possibly with related albitisation. RI of large phenocrysts has fast and slow directions fairly below medium, which indicates Albite. 
Alteration matches Saussuritisation. 

Groundmass plagioclase is more altered than the larger phenocrysts, and is murky, cracked, sea.med with sericite 01' calcite and sometimes 
intimately associated with c1usters of anhedral epidote. 

Quartz oCcurs as fine anhedral grains the groundmass, int,erstitiaj to the altered plagioclase, Some is probably secondary. and some 
areas have been recrystallised to InOSalC quartz. 

Mafies are blocky or elongate pseudomorphs of green chlodte wjth interference colour, often mixed with subhedral or euhedral 
clusters of epidote. Shape of some pseudomorphs indicates they may have an amphibole, probably the green hornhlende found in WI98 

Opaques include blocky square pyrite, and altered, oxidised magnetite and hematite. 

I 

Field Number Formation: 

PI6S Minor Intrusive cutting Ibanez 

i 
Utm East 

I 
Utm North I Q: A: P: F: Subtotal: 

272540 4873560 : 0 

I Final Rockname 

. Microgranodiorite dike. 

Microscopic textures (PI68): 
Sparse rounded bipyramidal quartz. sericitised rounded zoned plagioclase and chlorite altered Hornblende phenocrysts in felsitic/intergranular 

groundmass of felspar microphenocrysts, rnagnetite and recrystallised to quartz mozaic. Common calcite as alteration of feldspars in phe
nocrysts and groundrnass. 

Large plagioclase is sodic Oligoclase by RI. Some simple oscillatory zoned plagioclase altered by separate zones to calcite! or sericite, 
and some unaltered zones. Groundmass plagioclase is also zoned, perhaps rimmed with k-spar. RI indicates albite. 

Long patches of pleochroic green chlorite ± calcite j quartz, and trace epidote appear to be pseudomorphs of Hornblende. Trace tridymite 
(biax+, pseudo hex plates~ fast along) and trace cristobaHtet low birefring l uniax.-ve. (maybe apatite,) Some monazite or zircon. Hybabyssal 
Tonalitic/grandioritic dike. 
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Field Number Formation: 

GA17 Minor Intrusive cutting Ibanez 

Utm East Utm North Q: A: P: F: Subtotal: 

286998 4866155 0 

Final Rockname 

\Veathered and sericitised andesitic sill. 

~ficroscopic textures (GA17): 
Rock is feldpar rich, porphyritic textured with large plagioclase phenocrysts in a feldspar groundrnass! intergranular textured, with some 

magnetite and secondary chlorite! calcite, and perhaps trace primary quartz, although some euhedral quartz may be secondary cavity infill 
materJal. 

Quartz occurs in trace amounts as small, anhedral crystals in the groundmass. 
Feldspars appear to be sodie oligoclase or albite l but difficult to tell with alteration. All feldspars are sericitised. groundmass feldspars 

have vague trachytic orientation, but stubby crystal shape makes this a texture. ML on renmant albite twins in groundmass plagioclase: 
14,0,16, 17.5, 9.5, 14, 121 9. An% close to 0 or 20-25ish, so Albite or Oligoclase. RI is fast and slow below epoxy medium, so probably 
Albite. 

Mafic minerals now altered to calcite/chlorite/opaques, but from PSeudolfiorphs. appear to have been an amphibole. 
'I)'ace Apatite in cavities, low relief, birefringence. But has anomalous biaxial negative int{ernal?) figure in some cases. 
Calcite common in groundmass, as alteration/replacement mineral. 
Probably an andesite. Too altered for chemjstry. 

Field Number FOrInation: 

FaC· Trachy-andesite Intrusive cutting Ibanez 

Utm East Utrn North Q: A: P: F: Subtotal: 

287890 4869125 5 15 55 0 75 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

5 8 

Other conlponents: Others: Total: 

Devitrifying glass 12 100 

Final Rockname 

Hydrothermally altered andesitic Lava or sill (Chemistry is Trachy Andesite.) 

Microscopic textures (FSC): 
Porphyritic vesicular rock, with phenocryst phase of plagioclase in a fine grained pilotaxitic groundmass. 
Feldspar phenocrysts are euhedral-subhedral sodic plagioclase, murky and altered with sieve texture, some synneusis twins1 albite twins, 

somethnes glomeroporphyritic, up to 4mm, about 20%. Some crystals appear poikilitic around opaque, possibly Ilmenite. )"fL max reading 
on albite twins is 18.7, giving An% 0 or 25ish. RI is either fast and slow below Inedium or fast below and slow above) so range from sodic 
Oligoclase to Albite. 

Original mafic phase are blocky, elongate phenocrysts, up to lmm, euhedral rectangular pseudomorphs of fibrous chlorite. Probably after 
pyroxene. 5%. 

Groundmass is 75% of rock, with fine grained poorly p.ilotaxitic feldspar laths with occasional albite twinned crystals, with granular 
opaques and altered brown maficB set in brown glass, which is partially recrystallised anhedral mosaic material. Gronndmass feldspar is below 
.05nlm, fine~ no discernable twins, has RI well below epoxy. so likely to be albite. Estinlate about 5-8% paques and altered tnafics, 35% fine 
albite laths, maybe 10-15% k-spar and 5% quartz as mosaic groundmass material. However, much groundmass feldspar is recrystallised into 
mosaic material, faintly visible under CPL as coherent extinction patches. 

Vesicles are lined with fine cherty quartz and filled with green platy chlorite, with anolnalous brown interference colours. 
Secondary void filling is of calcite, cherty quartz} bright green fibrous chlorite and occasional sericitic lllica. 

Field Number Formation: 

L17A * Trachy-andesite Intrusive cutting Ibanez 

Utm East Utm North Q: A: P: F: Subtotal: 

284860 48598:30 0 2 80 0 82 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

5 5 8 

Other components: Others: Total: 

100 

R 

Altered Andesitic sill. 

Microscopic textures (L17 A): 

i 

Porphyritic rock with altered Fe-oxide rimmed hornblende/oxyhornblendes and subhedral pale ?olivine/pxne in a felsitic/intergranular 
ground mass of feldspar and opaques. Patches of calcite occur as alteration of groundmass and phenocrysts. 

Hornblendes are mid to dark green pleochroic, rimmed with opaques, and often altered entirely to pseudomorphs of opaques at rim, core 
of calcite/chlorite. Perhaps some Uralite about. Up to 2mm, 2-5%. 
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Pale Mafic. PresuI11ably pyroxene, as crystal shape and interference colours not quite right for Olivine, 2v low, positive. From colourless, 
white appearance in PPL, 1 think Diopside, 2mm max) 2~5%, No good cleavage sections seen f but extinctionn angle and octagonal end 
sections match. Glollleroporphyritic and altered to opaques. chlorite and calcite in some sections. 

Groundnlass: About 90% of rock, 80% Tabular euhedral-subhedral feldspars in poor pilotaxitic texture, with about 5-8% intergranular 
opaques and 4-5% green chlorite from altered mafies. Feldspars seem to be Albite, ML about 10 %an, RI also albite. Quite strongly 
altered/sericitised. K-spar may be present as anhedral low Rl colourless material interstitial to sodic plagioclase, to 2%, 

Probably Andesitic, Chemistry gives Trachy-Andesite, bnt I think this is due to alteration from the banding effect observed in ontcrop 
increasing proportions of Alkali elements, particularly sodinm. 

I Field Number Formation: 

. F2C' Trachy-andesite Intrusive cutting Ibaiie~ 

! Vtm East Utm North Q: A: P: F: Subtotal: 

288123 4865027 1 5 70 0 76 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

10 10 

Other components: Others: Total: 

Calcite voidfill 4 100 

Final Rockname 

Altered andesitic/trachyandesitic sill. 

Microscopic textures (F2C): 
Medinm grained trachytic textured rock with coarse 0.S-2mm euhedral 60% sodic plagioclase and 10-20% ?K feldspar, 1% quartz. 
Feldspar phenocrysts are pilotaxitic about intergranular opaques and chloritised mafias. Some patches of calcite alteration. Plagioclase 

is murky and sericitised, sorne of which has coarsened up to muscovite plates. Plagioclase ML gives Ambiguous AN 5 or 20%, RI Fast and 
slow are below epoxy, so Albite or Albitised. About 70% of rock. 

SOllle plagioclase phenocrysts have low RI rims and also some low RI material occurs as anhedral interstitial crystals. Probably trace 
anorthoclase, trace to 5% max; . 

Quarh is trace to 1 %, as anhedral inters'titial material between so die plagioclase phenocrysts., secondary mineral in vesicles) cavities, 
and perhaps as cherty intergrowths in cavities. 

Mafics are and altered anhedral material interstitial to plagioclase. Now altered to bright green pleochroic chlorite or fibrous 
uralite. Difficult tell if pyroxene or hornblende in original state as crystals are anhedral. About 10%. 

Opaques are blocky euhedral to subhedral magnetite, about 8···10%. 
Hypabyssal Andesite/Trachyandesite. (Chemistry gives TAS trachyandesite.) 

! Field Nnmber Forrnation: 

F5A' Vent breccia cutting IbAnez 

Utrn East Utm North Q: A: I P: 

287814 4866122 

Final Rockname 

Hydrothermally altered and weathered Andesitic Vent Breccia. 

Microscopic textures (F5A); 

F: 

i 

Subtotal: 

0 i 

I 

Andesitoid breccia of rounded juvenile fragments, along with country rock fragments of rhyolitoid material and quartz crystals, matrix 
supported in a finely comminuted matrix of similar material to the andesitoid fragments~ with less crystals and no orientated phenocrysts. 

Andesitoid fragments are rounded, pilotaxitic, with much alteration and replacement by clay and calcite. Round vesicles are filled with 
calcite and light green chlorite. Feldspars are altered, clayey or calcite patch replacement, laths are pilotaxitic, sometimes albite or carlsbad 
twinned, RI fast and slow below epoxy, 80 probably Albite. Groundmass of fragments is slmjlar to groundmass of matrix., but with more 
chlorite and vesicles, as well as occurrence of patches of pilotaxitic mkrophenocrysts and jntergranutar altered mafics. 

Groundmass is fine grained chlorite and felsitic material, together with stray broken} fractnred crystals of feldspar, ocasional quartz, fine 
rock fragments, Quartz appears to be rounded and fractured bfpyranlids derived from surrounding rhyolitic tuffs through which this ?vent 
breccia punches. Rhyolitic country rock fragments also occur. 

Field Number Formation: 

I CF13A Vent Breccia cutting Ibanez and Divisadero 

Utm East Utm North Q: A: P: F: Subtotal: 

273179 4877563 0 

Final Rockname 

vent breccia with primary dacitic juvenile material and pulverjsed and brecciated country rock fragments. 

Microscopic textures (CF13A): 
Polymictic matrix supported breccia) with clasts of altered 7Ibane'Z country rock and ?juvenile volcanic material in a matrix of felsitic 

material, broken crystals and secondary calcite and sericitic alteration. 
Juvenile igneous clasts are rounded, porphyritic , with altered and sericitised sadie plagioclase t euhedral hornblende (chJoritised) and 

some quartz in a groundmass of COarse felsitic to granular quartz/feldspar mosaic material. Looks like hypabyssal dacitic to rhyolitic material. 
Rock fragments are angular, altered tuffs, sediments, intermediate volcanics with pilotaxitic feldspars, all either oxidised, devitrified and 

often sericitised where feldspars were present. 
Orystal fragments include large, O.2~2nun fragmentary or fractured bipyramidal quartz, presumably from country rock fragmentation, as 

this does not occur commonly in the rounded juvenile igneous clasts. Also sericitised sadie plagioclase, similar size range l and often replaced 
by calcite as well as sericite. 

Matrix is fine felsitic textured material and many crystal fragments} patchy sericite, calcite cement and void fill and fine grained rock 
fragments of altered ?Ibaiicz tuffs and sediments. 
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I Field Number Formation; 

F39B * Basaltic Trachy-andesite Intrusive cutting Ibanez and Coyhaique Group 

Utm East Utm North Q: A: P: F: Subtotal: 

284325 4869300 4 2 60 0 66 

Cp", Op,,: Arnph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

I 15 10 

Other components: Others, Total: 

Calcitef quartz voidfill 9 100 _ ... 

Ii'inal Rockname 

Qapf just inside 1'rachy~Andesjte field, Quartz trachy-andcsite, while chemistry gives Basaltic trachy andesite,but this 
may due to alteration. 

l'vficroscopic textures (F39B); Porphyritic rock with phenocryst phases of altered plagioclase, mafic minerals replaced by chlorite, and 
blocky magnetite, in fl groundmass of plagioclase and altered mafies plus opaques in intergranular texture. 

Plagioclase phencrysts are euhedral to subhedral, sometimes giomeroporphyritic, murky and altered. Up to 3~4mm, maybe 25%. Often 
porous or sieve textured with opaques or chlorite/calcite alteration filling cavities. Some zoning, mainly a simple less altered outer rim. Poor 
ML readings: 10 down to 3, while RI of high birefringence plag has fast well below epoxy aud slow moderately below, so Albite or Albitised, 

Groundmass is about 35% luicrophenocrysts of sodic plagioclase, with 10% intergr8.uular blocky magnetite, and trace interstitial k-spar 
(1-2%), 4-5 anhedral, irregular qua.rtz, about. with 15% chlorite after mafic phase, and secondary chlorite, calcite and quartz as vesicle filling. 

r."fafic phases both in phenocrysts and groundmass are biocky square or elongate pseudomorphs of fibrous or radial low RI platy pleochroic 
green length slow minerals, probably Antigorite/serpentine, while some with anomalous blue interference colours will be chlorite. Shape of 
pseudomorphs suggests they were pyroxene. 

Field Number Formation: I 

F29 * Trachy"-andesite Intrusive cutting Coyhaique Group 

Utrn East Utm North Q: A: P: F: Subtotal: 
I 

286050 4870730 0 20 60 0 80 

Cpx: Opx: Amph, Chlorite: Opaques: Muscovite: Biotite, Olivine: I 
I 2 8 10 . 

Other components: Others: Total, 
I 

100 

Final Rocknalne 

'Trachy-andesitic or altered andesltic vent breccia. 

Microscopic textures (F29); 
Brecciated rock with common crystal fragments of sodic plagioclase, green hornblende, pilotaxitic basaltic/andesitic rock fragments. 

dioritic rock fragments and a matrix of fine grained comminuted crystal fragments. A lot of secondary alteration, and hematite stainingt 

cementation, etc, 
Feldspar crystal fragments are about 80% of the rock, mostly subhedral and sometimes polycrystalline granitic of sodlc 

plagioclase, with patchy recrystallisation and replacement to k-spar, discernable by RI changes within Rock has significant 
recrystalHsation, with crystal fragments showing mosaic patchy recrystallisation cutting across original and polycrystal1ine fragment 
boundaries. Twinning is rare) and original feldspar probably perthitic frOITI pervasive intergrowth of k-spar and plagioclase, now partially 
recrystallised, estimate about 60% albite-oligoclase and 20% orthoclase. Rare albite-carlsbad twin gives 10,22, about An 35% or less than 
AnlO%, while RI on same crystal has both fast and slow below epoxy) 50 probably albite rather than oligoclase. 

Mafics are occasional crystals of pale pyroxene and bright green pleochroic hornblende, up to O.5mm. About 5-8% amphibole, 
trace to 1-2% pyroxene. No discern able and interstitial to clasts is COllllllon secondary helnatite, about 10%. 

Trachy-andesitic vent breccia. 

I 

Field Number Formation: 

S3 * Andesite Intrusive cutting Divisadero 

Utm East Utm North Q, A: P: F, Subtotal: 

282264 4877008 15 5 55 0 75 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

2 8 10 

Other components: Others: Total: 

remnant glass 5 100 

FInal Rockname 

Hypabyssal to subvolcanic or maybe extrusive basalt to basaltic andesitoid, from occurrence of two pyroxenes. Needs more feldspar determi-
nations in gmass. 

I 
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Microscopic textures (83): Porphyritic rock with (up to 4rnm) phenocrysts of plagioclase and pyroxene in a fine grained groundmass 
of opaques t pilotaxitic feldspar rnicrophenocrysts and glass and groundmass felspar. 

Plagioclase (30%) is euhedral to subhedral, often glomeroporphyritic and sieve textured. Some oscillatory zoning. C-A on larger 
phenocrysts: 12.5, 27, About an 45, and 11, 32.5, about An 55%. Section Ta. also gives about An 45%. So larger phenocryst plagioclase varies 
between 

Sodie Labradorite and Calcic Andesine. Larger population varies between simple, slightly zoned enhedral crystals, then large! glomero
porphyritic subhedral to granular clusters with oscillatory zoning, then a third population of large crystals with distinctly dense and rounded 
sieve textured rim followed by slightly more calcic overgrowth. 

Groundmass (50-60% of rock) is of fine granular opaques and partially recrystallised glass with some plagioclase as small euhedral 
laths, sOTIletimes glomeroporphyritic, slight trachytic texture, SOme swallowtail texture. Intersertal glass has sorne recrystallisation to patchy 
rnosaic quartz/feldspar, but very indistinct, with intergranular fine opaques and pyroxenes between plagioclase microphenocrysts. Groundmass 
feldspars are 0.1-0,2mm, C-albite twin gives: 30, about An 50-55%, Labradorite. Overall, groundmass is about 25% plagioclase, 20% mosaic 
material recrystallised from glass, 10% fine and opaque minerals. Estimate about 10-15% of mosaic material is quartz, 5% k-spar. 

Dominant rnafic (10%) is a mixed popUlation of slightly greenish to brownish pyroxenes, one with, moderate birefringence t straight 
small extinction angle, biaxial negative, moderate 2v! probably Orthopyroxene. and the other is of higher birefringence, moderate extinction 
angle, biaxial positive, small to moderate 2v, probably subcalcic augite to augite. Some complexely laminated crystals have both augite and 
orthopyroxene within them. Uralitic alteration occurs. 2%cpx, 8% opx, about. Many of the pyroxenes) but mostly orthopyroxene? Appear to 
be associated with fine grained to medium grained granular xenoliths of refractory material, mostly plagioclase and pyroxene. 

I 
Field Number Formation: 

F33 • Andesite Intrusive cutting Divisadero 

I 

Utm East Utrn North Q: A: P: F: I Subtotal: 

284510 4872370 15 5 60 0 ! 80 

I Cpx: Opx: Amph: Chlorite: Opaques: .f..1uscovite: Biotite: Olivine: 

15 1 4 
. 

! Other components: Others: Total: 

100 

Final Rockname 

Petrographically andesite J chemically also andesite. Presence of hornblende in groundmass and labradorite to Andesine plagioclase range 
confirms this. 

lvIicroscopic textures (F33): Moderately altered porphyritic andesitic rock. Porphyritic with phenocrysts of plagioclase, altered pyroxene, 
magnetite, in an intergranular groundmass of plagioclase, opaques , fine grained pyroxene. Alteration is common, with secondary calcite as 
vein and void filling~ also as core alteration of some plagioclase. Sericite is present as feldspar alteration, and pyroxenes are psendornorphs 
with almost complete replacement by chlorite, green/brown biotite and fibrous uralite. 

Plagioclase phenocrysts are euhedral to subhedral. up to 5mm, often oscillatory zoned, about 40%. Michel levy- test on unzoned crystals 
gives 28. 20, 24. 27, 26, 32 and 84 degrees, about An 60%, Labradorite. 

Pyroxene is blocky euhedral phenocrysts! pseudomorphed by pleochroic fibrous green chlorite and fibrous pleochroic green~brown bi
otite? And also by fibrous uralite. Up to 3-4mm, euhedral, about 10%. Probably once augite, now completely altered to pseudomorphs by 
chlori te / bioti te / n r alite. 

Groundmas is about 40% of the rock, with plagioclase as fine laths, sub .1mm, enhedral) but often with a swallowtail step. Plagioclase 
microphenocrysts are about 20% of the groundnlass. lvfL is difficult, readings: 29, 24, 23, 18! 12, 21, 16, About An 45%, Andesine. Rernainder 
of ground mass is intergranular texture with 4-5% oxidised brown opaques,some apatite l 5-6% chlorite as green matted nlaterial replacing 
groundmass pyroxenes and irregular anhedral interstital quartzJ about 15%, rnaybe trace to 5% kspar. Occasional green brown hornblende 
(trace-l%)l and common secondary calcite, chlorite, hematite as void filling material and replacement minerals. 

I 

Field Number Formation: 

S6 • Basaltic Andesite Intrusive cutting Divisadero 

! Utm East Utm North Q: A: P: F: Subtotal: 

283956 4878304 10 5 65 0 80 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

4 6 5 5 

Other components; Others: Total: 

100 

Final Rockname 

Basaltic Andesitoid high level intrusive or lava. 
I 

Microscopic textures (86): Porphyritic rock with phenocrysts of plagioclase, pyroxene and iddingsitised olivine, in a groundrnass of 
pilotaxitic plagiociase feldspar and fine grained intergranular mafics and opaques, 

Olivine is present, trace to 5%, anhedral to subhedral pseudomorphs up to 2mm, composed of bright red brown amorphous iddingsite, 
and in some cases greenish chlorite. Distinguishable as olivine by the occurrence of a couple of euhedral double pointed or lozenge shaped 
prismatic crystals. Otherwise rounded, and with reaction rlms. 

Plagioclase is bimodal, as 0.5 to 3mrn euhedral/subhedral phenocrysts, (20%) and as fine sub 0.2mrn ground mass microphenocrysts. 
Larger population Is euhedral to subhedrall' occasionally oscillatorily zoned or sieve textured, sometimes radially or irregularly glomeropor
phyritic. At least one crystal is surrounded by altered olivine in a variety of "frame" texture. Core ML: 35 f 7 ~ 24.5, 39,5, 34.5, 34, 36. About 
An 68%, although zoned crystals have oscillatory zoning, most tend to be overall normal, with about 5-10 degrees reduction in extinction 
angle at the rim, so crystals appear to be zoned froul AneS at cores to An50 or 45 at rim. Zoned, Labradorite cores to Calcic Andesine at 
rims. 

i 
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Pyroxene is slightly grey-brown, mainly as granular fine material in groundmass, but also as occasional phenocrysts l Subhedral to 
auhedral crystals up to 2mm, and similar to S3, there are both Augite, distinguishable by high birefringence and inclined prismatic extinction, 
and Orthopyroxene, with low birefringence and prismatic straight extinction. Orthopyroxene tends to be glomeroporphyritic or associated 
with granular xenoliths of restite material. About 5~6% Opx, 3-4% cpx, with Opx being more common as larger phenocrysts. 

Groundmass is about 40-45% fine grained pilotaxitic plagioclase in intergranular texture with interstitial pyroxene (see above) and 
magnetite (5%), with some (15%) anhedral colourless material in groundmass from both uniaxial positive in some patches and low RI 
in others, about 10% quartz and 5% respectively. Plagioclase by ML is: 23.5, 30, 19, 26, 24, 30.5, About An45%, Andesine. Also 
patches of greenish and brownish and perhaps some remnant glass. 

Field Number Formation: 

LH12 • Basaltic Andesite Intrusive cutting Divisadero 

Utm East Utm North Q: A: P: I': Subtotal: 

279244 4878797 10 12 50 0 72 

Cpx: Opx: Amph: I Chlorite: Opaques: Muscovite: Biotite: Olivine: 

15 3 5 

Other components: Others: Total: 

Altered glass 5 100 . 
Final Rockname 

Basalt or Basaltic andesite feeder dike to Plateau basalts. 

Microscopic textures (LH12): Aphanitic rock composed of poorly pilotaxitic plagioclase microphenocrysts, with both intergranular 
pyroxenes and opaques, and interstitial low RI k-spar and Ininor quartz, with some patches of brown glass in intersertal texture. Occasional 
phenocrysts of larger) up to 1mm plagioclase and pyroxene occur. 

Plagioclase microphenocrysts are euhedral) about O.lmm, sometimes with slight swallowtail texture. Feldspars are flow aligned, but not 
well. ML: 18.5, 23.5, 21t 20, 1,9.5, 30, 31.5, about An 48-50%, Andesine. Smaller phenocrysts are more sodic, occasional large phenocrysts 
more calcic. About 50% of rock. 

Glass is intersertal to all other micropheno·crysts, brown with black microliies in ppll generally opaque in cplt but some has devitdfied 
to murky brown material. About 5% 

Groundmass anhedral colourless material is mostly biaxial, small positive 2v 1 RI also mainly well below plag J so probably k~spar with 
some quartz, estimate 10-12% k spar and 8-10% quartz. 

Fine grained granular mafic in groundmass is pyroxene, probably mostly augite, although some low Rl crystals may be orthopyroxene. 
Some pyroxene is altered to bright green chlorite, but not much. Maybe some uralitisation. About 15% 

Minor occurrence of bright green Hornblende in groundmass. 
Dorninant opaque is magnetite, small, blocky rnicrophenocrysts, about 5% 

I Field Number Formation; 

F27B • Basaltic Trachy-andesite Intrusive cutting Divisadero 

Utm East Utm North Q: A: P: 

287660 4873900 5 15 55 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: 

7 2 5 

I Other components: Others: 'fotal: 

Glass 10 100 

! Final Rockname 

I 'P. 

F: Subtotal: 

0 75 

Biotite: Olivine: 

1 

'ivIicroscopic textures (F27B): Porphryltlc rock with phenocrysts of euhedral plagioclase and clinopyroxene in a groundmass of granular 
plagioclase and pyroxene microphenocrysts with some intersertal brown glass. 

Large plagioclase phenocrysts are about 25% of the rock, euhedral to subhedral crystals with oscillatory nomal zoning and sieve textures, 
between 1-3mm. Carlsbad-albite gives 7! 39 at COre and 2, 12 at rim, so about An70% down at cores to An 25% at rim, Labradorite to 
Oligoclase. Sieve textured plagioclase includes some glass within crystals and some crystals are poikilitic about augite phenocrysts. 

Clinopyroxene phenocrrsts are slightly brownish augite, subhedral crystals occasionally poikilitically enclosed by plagioclase, about 5%, 
0.5-1mm. Some alteration to murky green chlorite. 

Occasional large orange lozenge shaped pseudomorphs of amorphous or fibrous iddingsite or green matted lnaterial j perhaps bowlingite, 
with reaction rims of opaques, perhaps trace to 1% altered olivine. 

Groundmass is about 74%, mainly intergranular plagioclase microphenocrysts, granular clinopyroxene and blocky magnetite, with Inter
sertal brown glass patches and small patches of low RI anhedral intersertal and very slighty granophyric k-spar, with fine quartz intergrowth. 
Groundmass plagioclase microphenocrysts are euhedral to subhedral with stepped swallowtail quench textures, albite-carlsbad tw.ins give 4.5, 
21, about An28-30%, Oligoclase. Some groundmass augite has rims or lamellae of orthopyroxene. Plag:30%, Glass: 10%, Augite 7%, Opx 2%, 
it-spar 15%, quartz 5%, opaques 5%. 
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Field Number Formation; 

F69· Basaltic Trachy-andesite Intrusive cutting Divisadero 

Utm East Utm North I Q: 

I 

A: P: F: Subtotal: 

281570 4870550 3 16 50 0 69 

Cpx: Opx: I Amph: Ohlorite: Opaques: 

I 

lvluscovite: Biotite: Olivine: 

15 10 

Other components: Others: Total: 

calcite/sericite 6 100 

I 

Final Rockname 

Petrographically a. quartz trachy-andesitoid or basaltic trachy~andesitoid, chemically Basaltic Trachy Andesite. 

Microscopic textures (F69): Fine grained, equigranular rock with pilotaxitic/intergranular textured plagioclase, magnetite, altered mafics, 
with secondary calcite, sericite, iron oxides. 

Plagioclase is fine euhedral rnicrophenocrysts, up to about 0.2mm, about 50%. ML gives 7, 6.5, 17, 24, 7.5, 23, 25.5, about An 35%. 
C-Albite gives: 11,22 degrees, also about AN 35%t sodic Andesine. Some swallowtail quench textures. 

Oxidised opaques are about 10%, intergranlllar to plagioclase, mainly magnetite} often altered to hematite. Calcite and sericite occur as 
voidfill and alteration in groundmass1 and patches of green chlorite or uralitic, calcite and red hematite pseudomorph a mafic phase, of which 
remnants show augite clinopyroxene interference colours, about 15%. 

Anhedral colourless material intersertal to plagioclase and mafics contains sorrle quartzl 3%! and other material is very low RI, biaxial 
-vel anhedral groundmass k-spar, about 15~16%. 

Pield Number Formation: 

F64A • Basaltic Trachy~andesite Intrusive cutting Divisadero 

Utm East Utm North Q:' A: P: F: Subtotal: 

281130 4868670 5 15 48 0 68 

Opx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: 

I 

Olivine: 

10 I 10 i 
Other components: Others: Total: 

Altered glass 12 I 100 

Final Rockname 

Altered Basaltic Andesite by microscope. Chemistry gives Basaltic Trachy-Andesite. 

Jl.,1icroscopic textures (F64A): Altered basaltic intrusive, porphyritic with altered plagioclase and pyroxene phenocrysts in an intergrallular 
matrix of finer plagioclase, pyroxene, opaques and common green-brown partly devitrified with fine grained mafics, often skeletal. 

Plagioclase phenocrysts (5-8%) are pervasively altered in cores to yellow-green or slightly pleochroic granular or platy mineral. 
Also common sieve textures. Carlsbad Albite on relatively unaltered crystal gives: 31,?) about AN45-50% , Calcic Andesine. Alteration 
product is difficult to identify, may be chlorite group, probably not epidote. 

Pyroxenes are small subhedral augite, up to 2mm) but most in groundmass J also altering to uralite/chlorite. 
Calcite occurs as vein mineral, also as alteration product of feldspar, and together with cherty quartz, sometirnes as vesicle or void filling. 
Groundmass is intergranular textured plagioclase (40%) and brown to green amorphous chlorite/uralite pseudomorphing pyroxene (8-

10%) microphenocrysts j with intersertal altered greenish or brownish alteration product, sometimes fibrous and biotite like, otherwise amor
phous, presumably after glass, about 12%. Also about 10% fine opaques and some chlorite as alteration product of lllafic nlinerals. Trace to 
5% anhedral interstitial quartz and anhedral low RI interstitial k-spar, more than quartz, about 15%. M.icrophenocrysts give C-Albite- reading 
12, 22, about An38%, Sadie Andesine 

Field Number Formation: 

F68 • Basaltic Trachy-andesite Intrusive cutting Divisadero 

Utm East Utm North Q: A: P: F: Subtotal: 

282850 4869930 5 15 55 0 75 

Upx; Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

15 5 5 

i 
Other components: Others: Total: 

100 

Final Rockname 

Basa1toid or Basaltic Andesitoid. Chemistry gives Basaltic trachy Andesite, but dodgy due to degree of alteration revealed 
in thin section and high LOI. 

Microscopic textures (F68): Basaltoid rock, with plagioclase, and secondary calcite, chlorite, sericite, etc, replacing much of the original 
mineralogy. 
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Plagioclase is present as fine O.2~O.5mm euhedral groundmass microphenocrysts) about 55% of rock, including 10% large 2~5mm zoned 
euhedral phenocrysts with cores showing sievetexture and serictic or calcite and clay alteration, with trace epidote. Albite-Oarlsbad on 
groundmass plagioclase gives: 15,27, about An45% and 15 t 33, up to An55%! so Calcic Andesine toSodic Labradorite, Large phenocrysts are 
quite altered) but section Ta 41, about An75%, Bytownite. 

Calcite, green chlorite clay appear to have effectively obliterated any pyroxene, although small remnants showing clinopyroxene level 
interference colours occur within some of the blocky or squareish chlorite/uralitic pseudomQrphs. Probably about 10-15% before alteration 

Groundmass is intergranular framework of andesine microphenocrysts, about 5% anhedral small quartzJ and 5% opaques, 5% chlorite 
after ?pyroxene, and void filling calcite. Void filling of chlorite, calcite and cherty quartz occurs. Any original intersertal glass or k~Bpar is not 
discernable due to alteration products and secondary calcite, hematite, chlorite, but extrapolation from chemistry gives about 15% k-spar. 

I Field Number Formation: 

. F34 Minor Intrusive cutting Divisadero 

I Uim East Utrn North Q: A: P: F: Subtotal: 

286190 4873170 15 10 55 0 80 I 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

I 15 5 

Other components: Others: Total: 

100 

Final Rockname 

Andesitic or basaltic andesitic intrnsive. 

Microscopic textures (F34): 
Porphyritic rock with Plagioclase and Pyroxene phenocrysts in an intergranular to pilotaxitic ground mass of feldspar, mafics and minor 

quartz, Common calcite as replacement/alteration of feldspar, pyroxene and groundmass. Aiso secondary brown iron oxide staining and 
oxidation of .rnafics. 

Plagioclase is euhedral to subhedral, glomeroporphyritlc} often Oscillatory zoned or sieve textured, Michel Levy on ul1zoned phenocrysts 
gives 31.5, about An 48%, ·Calcic Andesine. with oscillatory zoning varying between to sodic Andesine and calcic Andesine. Carlsbad Albite 
twinning gives 29.5, 15, about An48%. Phenocryst plagioclase is about 1~5mm in size) 35% of rock. 

Groundmass plagioclase is small sub 1mm 6ubhedral laths, in intergranular or trachytic texture, with interstitial opaques, altered 
pyroxenes t quartz and k-spar. ML gives: 8, 20, 16, 21, 25, 22) 19, so about An 35%, Sodic Andesine. Groundn1ass plagioclase probably about 
20% of rock. 

Pyroxene is brown to slightly yellowish clinopyroxene, often rimmed/invaded or replaced by brown iron oxides and calcite, 2v amaH! 
positive, about 25·-30, so probably subcalcic augite. Up to 1mnlt about 15% when calcite/jron oxide pseudomorphs are taken into account. 

Remainder of groundmass is secondary calcite and alteration, with primary minerals interstitial to plagioclase inicrophenocrysts being 
anhedral quartz and k-spar, with very occasional poor granophyric texture, and fine granular altered pyroxene and magnetite making up the 
mane phase. Very occasional biotite? Groundmass quartz about 15%, Grollndmass kspar about 10%) groundmass opaques 5%. 

Field Number Formation: 

S5 Minor Intrusive cutting Divisadero 

Utm East Utm i'Jorth Q: A: P: F: Subtotal: 

279540 4880001 9 15 51 0 75 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

20 
• 

i 
5 

Other components; Others: I Total: 

100 

Final Rocknanle 

Andesitic or basaltic andesitic feeder dike, 

Microscopic textures (S5): 
Fine grained porphyritic and mildly vesicular rock, with small feldspar phenocrysts in a pilotaxitic and intergranular ground mass of 

feldspar, altered rnafics, trace quartz and magnetite opaques. Veins and patches of calcite occur, as does comnl0n chloritisation of manes and 
secondary chlorite and quartz occur as vesicle infilL 

Larger Feldspar phenocrysts are rare, 1%, up to 1mm, a.nd are altered by sericitisation or albitisation, and often replaced by calcite. 
Some are zoned , with sieve texture. \Vere probabiy a sodic plagiocla.se. 

Quartz occurs as anhedral microphenocrysts, about 5-10% O.5mm or less l disseminated through the groundmass. Also present in vesicles 
as sllbhedral or euhedral crystals with fibrous and platy chlorite. Trace tridymite also occurs in vesicles and calcite patches. 

Opaques are fine grained opaque magnetite in groundmass, partly oxidised, 
Mafics are also remnant crystals of high birefringence, now mostly clay, calcite and opaques, which may have been clinopyroxene, possibly 

hedenbergite. 5%. 
Gl'oundmass feldspars a.re fine grained 0.4 to O.ln1m or so laths and smaller altered and partly recrystallised into indistinct mosaic. 

However t they have pilotaxitic texture with intergranular opaques, pyriboles and chlorite, plus some partly recrystallised mosaic feldspar, 
maybe k-spar matrix, Some crystals are albite twinued} but ML is difficult due to alteration. Angles generally less than 20 degrees, and HI 
both fast and slow generally below medium. Estimate groundmass to be 80%+of the rock, with about 50% albite or albitised feldspar laths, 
10-15% mafics and chloritised mafics) plus maybe 15% anhedral mosaic k-spar. 
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Field Number Pormation: 

I F46 Minor Intrusive cutting Divisadero 

Utm East Utm North Q: 

I 
A: P: F: I Subtotal: 

282580 4868550 15 15 60 0 90 

Cpx: Opx: Arnph: Chlorite: I Opaques: Muscovite: Biotite: I Olivine: 

5 5 

Other components: Others: Total: 

100 

Final Rockname 

Plots in basalt field on QAPF, probably best described as a sub-alkali basalt 

Microscopic textures (F46): 
Medium grained volcanic rock. different in texture from F45, the other sample from this intrusive body. 
Plagioclase is about 60%1 with cores altered to chloritic material and sericte. are up to 2.5mm. but most are O.5mrn. 

Some glomeroporphyritic, Carlsbad-Albite twinned cores give 30, 11 and 10 degrees, An% 45-47, Andesine. 
Pyroxene is present, about 5%, about Q.l-O.3mm, faintly clinopyroxene ppl. 2v about 25-30, so fairly subcalcic augite. 
Opaques are fine grained, square and blocky, O.1-O.3m,m, 5%, probably magnetite. 
Quartz and low RI material, probably K-spar (presume Anorthoclase) occur in chaotic and poor granophyric intergrowth in groundmass, 

Probably about 10-15% each of Quartz and K-spar, with some K-spar rimming Andesine plagioclase. 

I 

Field Number Formation~ 

LH9int Minor Intrusive cutting Divisadero 

Utm East Utm North Q: A: I P: F: Subtotal: 

279098 4879268 0 
• 

Final Rockname 

Altered andesitic intrusive. 

Microscopic textures (LH9int): 
Altered porphyritic rock, with phenocrysts of chloritised and altered amphibole in a matrjx of sericitjsed and calcite replaced plagioclasej. 

some quartz with altered opaques and secondary calcite, Prehnite, epidote and chlorite occur as alteration product of mafics f although 
occasional crystals of augite survive. 

I 
Field Number Formation: 

F70B Vent Breccia cutting Divisadero 

Utm East Utm North Q: A: p, F: Subtotal: 

281250 4869625 0 

Final Rockname 

Altered Basaltic to andesitic vent breccia. 

Microscopic textures (F70B): 
Altered basaltoid to andesitoid rock, porphyritic with large (up to 4mm) euhedral and subhedral altered plagioclase in an intergranular 

to pilotaxitic vesicular groundmass of plagioclase microphenocryst8 and altered mafics, together with secondary calcite, iron oxides and quartz 
as alteration and void filling of vesicles. 

Large plagioclase are sometimes sieve textured, and some crystals are slightly zoned. Unzoned crystal gives C-Albite of 16, 33, About 
An% Labradorite, while section Ta gives 29; about An 48%, Calcic Andesine. Groundmass mierophenocrysts are also albite twinned laths, 
small angles j so probably more sodie. Oligoclase or Albite, Some anhedral material may be groundrnass k-spar. 

Mafic phase was probably Clinopyroxene j judging by the shape of the altered pseudomorphs present in calcite and opaque or brown iron 
oxide materials. 

Opaques are magnetite, blocky and square ,altering to brown iron oxides. Both as phenocrysts and groundmass. 
Comnlon (1~3%) rounded slightly brown uniaxial negative apatite crystals as microphenoerysts. Some seem anomalously biaxial, small 

2v. 

Field Number Formation: 

F70A Vent Breccia cutting Divisadero 

Utrn East Utm North Q: A: p, F': Subtotal: 

281250 4869625 o 

Microscopic textures (F70A): 
Matrix supported breccia with granule to pebble size angu]ar clasts of devltrified felsitic pumices, andesitoid and rhyoHtoid lithic 

fragments and crystal fragments of sodie plagioclase and bipyramidal quad-z. 
Matrix is opaque rich, fine grained felsitic m,ateriai with extensive oxide stainingt patches of calcite and perhaps siderite, semi opaque 

brown hematite I and rims of opaques coat clasts and crystals. 
Feldspars are sadie plagioclase, replaced or altered by sericite and calcite. 
About 20-25% altered pumices~ 15% oxidised rock fragments, 10% crystal fragments, remaining 50% matrix of comminuted rock and 

crystal fragments, secondary calcite/sericite and felsitic devitrified ashy rnaterial. 
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A.7.3 Phonolitic Minor Intrusives 

Field Number Formation: 

I 
i L5a ¥ Phonolite Intrusive cutting Ibanez 

Utm East Utm North Q: A: P: F: Subtotal: 

I 283980 4862235 0 30 32 25 87 

i 
Cpx: Opx: I Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

10 ! 2 1 

Other components: Others: Total: 

100 

Final Rockname 

! Phonolite or tephritic phonolite dike. 

Microscopic textures (L5a): 
Porphyritic rock with glorneroporphyritic K-feldspar phenocrysts in poikilomosaic groundmass of low RI nepheline, feldspar rnicrophe

nocrysts and granular aegirine and green arfvedsonite. 
Feldspar phenocrysts are euhedral, O.5-3mm crystals, 1 about 10%, often radially glomeroporphyritic, with some alteration to brownish 

sericite and clays, or replacement by mosaic k-spar1 zeolite or nepheline - Low relief, colourless, low birefringence) uniaxial negative. Feldspar 
has Oap perp to 010, low RI, low to moderate birefringence, low (20-30) 2v, -ve, occasional remnant albite twins, particularly in microphe
nocrysts, but rare in larger phenocrysts. Probably about 30% Albite phenocrysts and microphenocrysts, with 5-10% anorthoclase phenocrysts 
and microphenocrysts, and 20 % mosaic biaxial k~spar in ground mass poikilomosaic material. Normative values used for QAPF, approx 32% 
Albite, 30% K-spar. 

Difficult to identify ground mass mosaic rnaterial due to ocCurrence of k-feldspar, nepheline and zeolites (isotropic analcime and some 
biaxial positive zeolite?) 

Groundmass is poikilomosaic texture with feldspar micro phenocrysts, both albite and auorthoclase, and 10% groundmass green 
about 2% green amphibole -,probably arfvedsonite , surrounded in mosaic of anhedral k-spar, biaxial positive colourless, low RI 
possibly zeolite after Nepheline, occasional unaltered nepheline, and some isotropic analcime. Estimate originally 25 % Nepheline or so 
On normative compositio,n. ?trace biotite J 1% opaques. 

A.7.4 Dacitic and Rhyolitic Minor Intrusives 

Field Number Formation: 

CP17C ~ Dacite Intrusive cutting Ibanez 

Utm East Utm North Q: A: P: F: Subtotal: 

2783a5 4869433 25 15 45 0 85 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

! 3 5 

! 

Other components: Others: i Total: 

chlor ital seric i te I cal cite 7 100 

I Final Rockname 

i 
QAPF gives Rhyolite close to dacite boundary, Chemically dacite. 

Microscopic textures (CPI7e): Porphyritic rock with euhedral to subhedral phenocrysts of quartz, chloritised biotite and sericitised 
plagioclase in a ground mass of felsitic material with alteration patches. Common secondary chlorite, calcite aud sericite alteration in many 
crystals and groundtnass. 

Quartz is about 10%, up to 4mm, subhedral and euhedral bipyramids and rounded embayedand occasionally skeletal crystals. 
Biotite is present as altered chloritised pseudomorphs, now green chlorite with patches of calcite, or occasionally with muscovite lamellae. 

Originally subhedral cleavage booklets. 3-5%, up to 3-4mm. 
Feldspar is subhedral and euhedral sodic plagioclase, often partly or wholly sericitised with fine grained platy tnuscovite t or patches of 

calcite , particularly in cores. About 25-30%, up to 5mm, albite twinned, RI fast and slow well below epoxy, so Albite or albitised. 
Opaques are about 2-3%, mainly fine grained patchy leucoxene and occasional blocky magnetite, and pyrite was present in hand specimen. 
Groundmass is about 60% of rock, fine grained to partly mosaic felsitic rnaterial, possibly slightly recrystallised, with patches of secondary 

calcite and chlorite l about 15% anhedral fine grained quartz/quartz mosaic, 5~7% secondary alteration as chlorjte~ sericite, calcite and opaques, 
and about 15% each of murky altered plagioclase microphenocrysts and anhedral low RI k-spar. 
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Field Number Ii'orm_ation: 

WI43 Dacite Intrusive cutting Ibanez 

Utm East Utm North Q: A; P: F; Subtotal: 

270507 4856660 20 16 50 0 86 

i 
Cpx; Opx: Amph: Chlorite: Opaques! Muscovite: Biotite: Olivine: 

7 

Other components: Others, Total: 

uralite/chlorite 7 100 

Final Rockna:rne 

Dacite sill. 

Microscopic textures (WI43): Porphyritic rock with phenocrysts of plagioclase, chloritlsed and uralitised pyroxene atld blocky magnetite 
in a groundmass of pilotaxitic plagioclase microphenocrysts and felsitic quart::6/kspar. 

Plagioclase phenocrysts are about 25%, O,2~3mm, euhedral crystals, sornetimes glomeroporphyritic with slight zoning, some sieve textures 
in internal zones. Albite-carlsbad twius give 5, 24, about An35%~ and RI both fast and slow directious above epoxy, so probably sodlc Andesine. 
Zoned crystals have less than 1 degree change in extinction angles from core to rim, so no strong compositioual zoning, rims slightly less calcic 
than CoreS. 

Mafic phase occurs as blocky green pseudomorphs of pyroxene, probably after augite, uow replaced by bright pleochroic green fibrous 
uralite or platy chlorite. Associated with magnetite and apatite in occasional clusters. Identifiable as a pyroxine by occasional euhedral 
octagonal end sections. About 5-7%. 

Magnetite is blocky euhedral and subhedral phenocrysts and microphenocrysts, up to O.5mm, often associated with euhedral apatite and 
sometimes giomeroporphyritic with the altered pyroxenes. About 6-7%. 

Groundmass is about 25% fine grained sub O.2mm pilotaxitic plagioclase microphenocrysts, with some swallowtail quench textures, and 
interstitial felsitic material with fiue altered mafics and secondary calcite. Microphenocrysts are difficult to do ML on due to alteration, but 
RI is at or below epoxy} so proably oligoclase to albite. From uormative composition, groundmass felsitic material is probably 20% quartz, 
15-16% k-spar. Some secondary alteration to calcite and chlorite patches occur. 

Field Number Formation: 

OP48 - Dacite Intrusive cuttiug Ibanez: 

Utm East Utm North Q: A: P: F: Subtotal; 

277735 4870270 18 '"1 55 0 89 

Cpx; Opx: Amph: Chlorite: :paqu Muscovite: Biotite: Olivine: 

7 1 

cnmnnnpnh, 

100 

R, 

Daeitic dike. 

Microscopic textures (CP48): Pretty Hypabyssal looking. Sparse rounded Quart. and Subhedral. sometimes rounded Sodie Plagio
clase phenocrysts in a granular Quartz-K-spar~rvlafic groundmass. Feldspars altered to Calcite/sericite) mafic phenocrysts(?after biotite or 
hornblende?) now chlorite. 

Large plagioclase phenocrysts are euhedral and subhedral crystals from 2-6mm, about 10~15%, unifornlly altered, replaced by patchy 
sericite and calcite, with sohle chlorite and replacement by k-spar. Probably once sodic plagioclase. Some sericite is recrystallised to platy 
nluscovite. 

quartz phenocrysts are sparse, 1--2%, large rounded 2~4mm crystals, with slight overgrowths of grouudmass mosaic quartz:, 
Mafic phases altered to bright green chlorite, and are blocky or elongate O.5-4mm pseudomorphs~ which may be after biotite or 

amphibole, about Often in granular clusters: with opaques and secondary epidote. 
Sonle altered plagiophyric zenoliths. 
Groundrnass is: murky! altered felsitic material with about 40% altered sodic plagioclase O.l-GAmm Inicrophenocrysts, -with 2-3% oxidised 

opaques and 1-2% chloritised mafics, some (1%) secondary muscovite f and in granular partly recrystallised .interstitial felsitic materiaL 
Estimate felsitic material in groundlllass 15~16% quartz, 15-16% k-spar, based on normative values. 

Field Number Formation: 

CP46A • Dacite Intrusive cutting Ibanez: 

Utm East Utm North Q: A: 

I 
P; F: Subtotal: 

277673 4870000 22 20 47 0 89 

Opx: Opx; Amph; Chlorite: Opaques: Muscovite: Biotite: Olivine: 

1 5 . 
Other conlponents: Others: Total: 

chlorite/sericite/ cald te 5 100 

Final Rockname 

A 01-' facies hornfels of altered dacHic dike. 
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Microscopic textures (CP46A): Coarsely porphyritic rock with altered phenocrysts of large euhedral quartz, sodic plagioclase and chlo
ritised biotite in a felsitic to pilotaxitic feldspar groundmass, with secondary chlorite, caicite and quartz mosaic material; particularly as void 
filling. 

About 35% phenocrysts) 65% matrix, with 10% euhedral to subhedral rounded and embayed quartz, 20% altered sericitised Of saussuri
tised plagioclase and 5% chloritised 1-4mm euhedral biotite. 

Groundmass is felsitic to intergranlllar murky brown altered feldspar microphenocrysts with occasional swallowtail texture, some quartz 
(10% or less) and common (5%) secondary chlorite, sericite! Qxidised opaques and mosaic quartz as void filling. Leucoxene common (1%) 

Common occurrence of epidote as granular patches in groundmas8 and as component of altered sodie plagioclase. Quartz phenocrysts 
have fine grained overgrowth from recrystallising ground mass material. 

Too altered for accurate QAPF, normative composition is Q22, A20, P47. 

i 

Field Number Formation: 

1;'58 Dacite Intrusive cutting Ibanez 

I Utm East Utm North Q: A: P: 

I 
F: Subtotal: 

280230 4867400 20 9 60 0 89 

! Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: I Biotite~ Olivine: 

4 5 

Other components: Others: Total: 

Calcite/sericite 2 100 

Final Rocknanle 

i Dacite Hypabyssal intrusi ye. 

Microscopic textures (F,58): Porphyritic rock with Glomeroporphryritic sericitised feldspars and green mafics, in a granular groundmass 
of feldspa.r and occasional quart2. 

Quartz: 20% in groundmass, 
Large feldspar phenocrysts are up to 5m.m, 15-20%, euhedral and subhedral albite or sodic oligoclase, often glomeroporphyritic} generally 

partly sericitised and replaced with calcite in patches, RI fast and slow below medium, looks like albite or albitised. 
Mafies are dark green) matted patches of chlorite/uraiite which nlay be pseudomorphs of pyroxene and amphibole, with occurrence of 

both blocky octagonal and lozenge shaped pseudomorphs. About 3-4%. Chlorite also occurs in radial clusters in some feldspar glomeroporphs, 
5% opaque magnetite. 
SOffle vesicles/cavities occur} filled with calcite and lined with euhedral secondary quartz 
Groundmass is granular mosaic of quartz, pilotaxitic or framework sodic plagioclase laths and murky interstitial k-spar, difficult to 

determine. (20% quartz, 40% sodic plagioclase , 9--10% sparl trace chlorite and mafics.) Texture partly l1'),atted or granular felsitic texture of 
and quartz, with some pilotaxitic patches. Some chlorite Occurs as intergranular patchesl. Other minerals as alteration are Calcite, 
and Clay. 

: l;'ield Number I Formation: 

F57B • Dacite Intrusive cutting Ibanez 

Utm East Utm North Q: A: P: F: Subtotal: 

280710 4867530 28 10 55 0 93 

Other componeuts: Others: Total: 

Altered mafics etc. 7 100 

Final Rockname 

Altered and recrystallised hybabyssal dacite. 

Microscopic textures (F57B): Porphyritic rock, with altered euhedral/subhedral rounded, glomeroporphyritic feldspars in a granular, 
recrystallised quartz-rich or silicified groundmass. Rock has some trails/patches of hematite/goethite iron staius running through it. 

Large feldspars are about 20%, up to 5mm and are altered to serIcite and replaced in patches by calcite and quartz. By remnant twinning, 
they were probably albite or maybe oligoclase. 

lvIafic phase is now sparse (3%) blocky pseudomorphs of chlorite I opaques. calcite and maybe siderite after probably pyroxene. 
Groundmass is donl1nated by recrystallized mosaic quartz, about 30%, around remnant laths of albite, with hematite occuring in patches l 

repladng mafic minerals and opaques. Muscovite occurs as radial void fining material, fibrous and sericitic in Borne cases. Alteration products 
about 3-4%. K-spar difficult to estimate, but present as low RI material in Itlosaic groundmass. 

Rock was probably a dacite, based on its textural resemblance to .Ii~58, and chemistry agrees, although significantly silicified. NOrnlative 
QAPF: Q28, A10, P55. 

Field Number Formation: 

PI79A Dadte Intrusive cutting Ibanez. 
r-----

I 
I Utm East Utm North Q: A: P: F: Subtotal: 

275220 4873570 18 9 60 0 87 

I 

Cpx: Opx; 

I 

Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

5 
I 

5 1 

Other components: Others: Total: 

chlorite/calcite voidfill 2 100 

Final Rockname 

Dacite Dike. 
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Microscopic textures (PI79A): Porphyritic rock with large (up to G-7mm) phenocrysts of sericitised plagioclase, rounded/corroded quartz 
phenocrysts and green chloritised mafics (biotite and hornblende) in a fine grained felsitic groundmass. 

Plagioclase arc large, up to 6-7rnm, often glomeroporphryitic or polycrystalHne, euhedral and altered with spotty sericiti-
sation , patchy k-spar or frarnework replacement and some calcite. Too altered for extinction angle methods t RI is below epoxy, so 
probably albite or albitised. About 40% of rock. 

Quartz: phenocrysts compdse about 5%t O.5-2mm rounded and corroded subhedral bypyramids Of anhedral rounded crystals. Some 
twinning. and often have fine cherty overgrowth of mosaic material from groundmass. 

iv1afic: phases are altered biotite and hornblende. 
Biotite, 1%, 0.5 .... 1mm, altered to muscovite/chlorite/leucoxene/calcite, often with the muscovite optically continuous to the original 

biotite. 
Hornblendes are elongate subhedral and euhedral chlorite pseudomorphs, up to 1mm) about 5%. uniformly altered to pale green chlorite 

or patchy calcite/chlorite and opaques1 although may have been brown hornblende from some small remnants. 
Opaques are euhedral blocky magnetite, up to 0.5mm, and fine grained disseminated leucoxene in groundmass. About 5% total. 
Groundmass is partially recrystaUised grainy felsitic material. with some patchy calcite and chlorite alteration and void filling 2%. and 

fine disseminated leucoxene and chloritised mafics. 
QAPF front normative composition: Q18, A:9, P60. 

Field Number Formation: 

F59 * Dacite Intrusive cutting Ibanez 

Utm East Utm North Q: A: P: F: Subtotal: 

i 280490 4867120 22 5 60 0 87 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

i 
6 

Other components: Others: Total: 

I ww. ,"/calcite/sericite 7 100 

1<. 

Dacite Dike. . 

l\1icroscopic textures (F59): Porphyritic rock with 3-5mm feldspars, subhedral to euhedral, sometimes glomeroporphyritic, zoned, ofteu 
sericitised or partly replaced by clay or calcite. Large feldspars are either albite or albHised. 

Quartz phenocrysts are about 5%, anhedral and sometimes mosaic voidfilling crystals) O.5rnm max. Also as mosaic material around 
pilQtaxitic ground mass feldspars, 15-17%. 

Plagioclase phenocrysts are about j 20%, 0.S-3mm subhedral and euhedral sodic plagioclase. Most crystals partially sericitised or patchy 
replacement to ca1ci,te. Highest :rviL reading: 25, An 35%1 Sodie Audesine , carlsbad albite gives 12,24; An40%. Some zoned crystals down to 
calcic oligoclase carlsbad-albite: 5, 13, Au28%. 

Large mafics are now replaced by calcite I clay, leucoxene pseudomorphs. Prom elongate rectangular shape) 
Associated with apatite and blocky or hexagonal rnaguetite phenocrysts and micropheuocrysts. Altered pxne 3%, opaques 

Groundmass, Recrystallsed mosaic quartz (15-17% and maybe kspar (trace to 5%) around pilotaxitic sodic plagioclase (40%), with 
patches of calcite and clay, sericite. has minor secondary voidfilling quartz! common finegrained mafics. Trace chlorite, apatite. ? Trace 
Cristohalite. Misc Leucoxene, etc. 

Looks like a 

II<ield Number ' Formation: 

: F61 ! Dacite Intrusive cutting Ibanez 

Utm East Utm North Q: A: P: F: Subtotal: 

280880 4866940 25 7 60 0 92 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite; Olivine: 

4 0 4 0 

Other components: Others: Total: 

100 

Final Rockname 

Hypabyssal porphyritic biotite hornblende microgranodiorite. _ ..... 
NIicroscopic textures (F61): Hypabyssal intrusive rock, Microgranitic in texture, porphyritic with large euhedral zoned plagioclase in a 
matrix of microgranitic textured feldspar. quartz, biotite, amphibole and ?pyroxene. Some occurrence of pilotaxitic orientatiou of euhedral 
grouudmass plag. 

Large plagioclase phenocrysts are euhedral, albite or carlsbad twinned I often zoned l and from RI are probably Albite at outer dms (fast 
and slow below and fast quartz.) Crystals are 2-4mm, 30% some with sieve textures, and outer zones on some may be 
('?anorthoclase.) section Ta ou zoned crystals is down to -6 on the rim, giving An65% down to An15% the rim, so 
is from Labradorite down to sodic Oligoclase, indicates SOIlle crystals are ALbite at the rim. 

is minor, about 5-7% as anhedral) murky altered crystals in the groundmass t and perhaps as rims on Some plagioclase. 
feldspar is small lllicrophenocrysts, euhedral, carlsbad-albite twinned sodie plagioclase, :rvfL reading about 10 degrees. RI of fast 

and slow well below Epoxy, so probably Albite. Sub Imm, about 30% 
Mafic minerals are high releif, colourless, low birefringence biaxial -ve ?Orthopyroxene, about 3-4%, up to 3mm, altered, and seamed 

with cracks and dark green chloritic and uralitic alteration and darl green-brown biotite. Brown hornblende and red-brown biotite occur as 
minor 0.5mm accessories associated with the orthopyroxene and opaques, trace to 0.5% each. 

Opaque is maguetite, sometimes oxidised, about 3-4%. Greeu semi-opaqne alteration products of mafics abound in groundmass t pseu
domorphing pyroxene. Some chloritisation of biotite. 

Quartz is anhedral groundmass material) often poikilitic around partially pilotaxitic sodic plagioclase. 
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I 
Field Number Formation: 

PI86A :t-..1inor Intrusive cutting Ibanez 

Utm East Utm North Q: A: P: F: Subtotal: 

276170 4873100 0 

Final Rockname 

Dacitic siH, altered. 

Microscopic textures (PI86A): 
Section cut a bit thick. Porphyritic rock with intergranular groundmass. Phenocrysts afe altered, rounded sodie plagioclase, often 

by calcite/sericite. Some suhhedral rounded quartz phenocrysts. Mane minterals entirely replaced by chlorite, blue in cpl} and 
by square opaqc, magnetite or pyrite. Groundmass sericitised feldspars, some unaltered so die plag, magnetite, chloritised maficB, in 
intergranular texture. Some groundlllass plagioclase has visibly altered calcic cores and zoning. 

! 

Field Number Formation: 
I 

Wl98 Minor Intrusive cutting lbl:tiiez 

Utm East Utm l'Iorth Q: A: P: F: Subtotal: 

273910 4863720 0 

Final Rockname 

Altered Dacitic sill. 

Microscopic textures (WI98): 
Porphyritic sill l with phenocrysts of altered ?hornblende, pseudomorphed by chlorite/calcite/leucoxene and other opaques 011 rim. Some 

quartz phenocrysts, but also secondary quartz in cavities/groundmass. 
Feldspar phenocrysts altered to calcite, groundmass feldspars have recrystallised to murky mozaic quartz} some calcite and fine sericitic 

muscovite. Groundmass. feldspars have calcite>sericite core alteration, fairly unaltered rim. Possibly Sodic plagioclase core, K~spar rims. 
Some Plagioclase twins still visible suggest Albite/sodic Oligoclase. 

Mafics are altered entirely to chlorite/calcite/opaques I with opaques being a remnant reaction rim. Presumably these pseudomorphs 
were amphiboles, from their elongate prisma.tic sections and short stubby cross sections. 

Groundmass is poikilomosaic of murky quartz mosaic, poikilitic around altered mafies and serlcitised feldspars. Common patches of 
calcite! and also patches of fine sericltic mica. 

Field Number Fornlation; 

Wl22 • RhyoHte Intrusive cutting Ibanez 

Utm East Utm North Q: A: P: F: Subtotal: I 
270630 4863100 35 10 45 0 90 

Gpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

2 3 

Other components: Others: Total: 

I 
c aicite/ sericite/ quartz 5 100 
voidfiHing 

Final Rockname 

Rhyodacitic to rhyolitic intrusive. (Chemistry plots as rhyolite, but rock appears significantly silicified in thin section, and 
has nO phenocryst quartz.) 

Microscopic textures (WI22): 
Porphyritic rock with euhedral altered feldspars in a partly recrystallised felsitic groundmass. Some patches/void filling of mosaic quartz 

and calcite. 
Quartz: 30···35%, mostly groundmass rnosaic material, also as euhedral spar and mosaic quartz in voids with secondary calcite. 
Feldspars are euhedral and subhedral plagioclase up to 4mm, 15% phenocrysts, 30% microphenocrysts in felsitic groundmass. Phenocrysts 

are altered and sericitised glomeroporphyritic sodic plagioclase, with some calcite and clay alteration. Rl fast and slow are below medium, 
fast is below fast quartz. (epoxy mediuIn is above fast quartz, about equal slow quartz.) Albite or albitised. Plagioclase laths in groundmass 
also albite, about groundmass K-spar estimated at 10% (difficult to tell.) 

Oroundmass is felsitic material with fine disseminated chloritised mafics 1 sericite and sOme recrystallisation to mosaic quartz/felspar. 
Common secondary clear mosaic quartz occurs as void filling. Opaques are magnetite, often altered to leucoxene. Also 1-2% fine chloritised 
mafies. Trace apatite, trace Tridymite. 

Other minerals; Calcite, sericite, hematite, Ieucoxene, as alteration (5~7%) also traces of tridymite, Apatite, Nlagnetite (2-3%). 
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I Field Number Formation: 

WIlO * Rhyolite Intrusive cutting Ibanez 

Utm East Utrn North Q: A: P: ~': Subtotal: 

276460 4863460 25 10 60 0 95 

Cpx: Opx: Arnph: Ohlorite: Opaques: Muscovite: Biotite: Olivine: 

1 2 

Other components! OtherB: Total: 

Oalcite. etc. 2 100 

Final Rockname 

Rhyolitic sill. 

Microscopic textures (WIlO): 
Iviicroporphyritic rock; with microphencrysts of feldspar, quartz in a matted feldspathic groundmass, partly trachytic and partly felsitic 

in texture. 
Phenocryst Plagioclase occurs as murky, partly sericitised euhedral crystals up 3mm long. sometimes glomeroporphyritic, 8-10%. MIt 

test not feasible, but looks like Sodie plagioclase. IU tests: Fast dir. Plagioclase below Glue, Slow dir above, so looks like An15% or lower -
Sodie Oligoclase or Albite. 

Quartz occurs as small anhedral crystals, apparently phenocrysts, but often displaying triple-junction. boundaries and no apparent 
volcanic style bipyrimids. ] think most quartz in this rock, both microphenocryst size and groundmass recrystallisation mosaic may be 
secondary recrystallisation textures. Some quartz in caicite patches shows euhedral vein quartz shapes. About 20-25%. 

Sparse mafics, some up to 1.5mm, but mostly small fibrous material in groundmass, are biotite. partially or entirely altered to chlorite 
(1-2%) 

Calcite occurs in patches in groundmass: also wlthin altered amphibole and plagioclase. 1 % opaques. 
Groundmass has also recrystallised into a quartz)! poikHomosakll type texture around what was probably a feldspathic trachytic ground

mass. Some remnant biotite is present. but most appear altered to chlorite. Groundmass feldspars are subhedral pilotaxitic O.1-Q.2mm laths, 
albite twinned j extinction angles below 10, RI below Inedium, albite, about 50%. Estimate 10% k-spar in recrystallised patches with quartzl 
based on normative k-spar con't:ent, 

Pield Number I Formation: 

PH" Rhyolite Intrusive cutting Ibliiiez 

Utm East Utm North Q: I A: P: P: Subtotal: 

289762 4869589 43 14 37 0 94 

Opx: Opx: Amph: Ohlorite: Opaques: Muscovite: Biotite: Olivine: 

I 2 2 2 

Other components. Others: Total: 

100 

Final Rockname 

Slightly altered and recrystallised Hypabyssal rhyolite. (Hypabyssal more to field outcrop pattern and large phenocrysts 
than anything else. Oould be a post-Ibanez dome root or dike.) TAS definition is Oalk-alkaline rhyolite. 

Microscopic textures (F14): 
Porphyritic rock with quartz I feldspar and altered biotite phenocrysts in a granular felsitic matrix. 
Quartz phenocrysts are sparse, 1-5%, large) up to 6-10mm, rounded subhedral beta quartz, sometimes twinned~ often embayed or 

fractured. Some crystals have slight overgrowths frmTI recrystallised rnatrix material, opticaily continuous but murkier than original phenocryst. 
Embayments often contain sericite, calcite or felsitic matrix materiaL 

Plagioclase phenocrysts are euhedral to subhedral, rounded, up to 3mm, but sometimes in glomeroporphyritic clusters 6mm across, about 
10%. Twinning when visible is albite or albite-carlsbad, but often very poor due to alteration. Feldspars also have recrystallisation/reaction 
rim with felsitic matrix and are murky with small patches of hematite, sericite and calcite. RI calibration: Medium is above fast quartz, 
almost equal slow quartz. Feldspar has fast and slow well below medium I albite. 

Biotite is in euhedral booklets~ up to 2mm across, 1-2%. but is entirely altered to muscovite of the same optical orientation with lamellae 
of opaques between cleavages, with the opaques being either brown goethite or leucoxenc, or both. Traces of euhedral to subhedral Apatite 
crystals occur in close association with the biotite pseudomorphs. 

Groundmass is 80+% of rock, of fine grained granular felsitic ll1_aterial, slightly recrystallised in places; especIally around some quartz 
phenocrysts, with disseminated fine platy sericitic mica (1-2%») patches of oxidised opaques, 2%. RI movement of becke lines indicates 2 
minerals at least in felsitic material, although mostly quartz mosaic. 

QAPF difficult due to fine matrix, normative numbers are Q43, A14, P31. 



" 
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Field Number Formation: 

F12 * Rhyolite Intrusive cutting Ibaiicz 

Utm East Utm North Q: A: P: F: Subtotal: 

289954 4871335 38 25 30 0 93 

I Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

2 1 

i 
Other components: Others: Total: 

Oalcite/sericIte altn. 4 100 

Rocknamp 

Devitri and recrystallised rhyolitic intrusive. 

Microscopic textures (F12): 
Porphyritic rock, with large, up to 5mm glomeroporphyritlc rounded euhedral feldspars and 1-2mm euhedral green-brown biotites and 

embayed, rounded 1-2nnll euhedral beta quartz, in an equigranular matrix of coarse felsltic or microgranular quartz and feldspar. 
Quartz: 5-8 % phenocrysts and microphenocrysts, up to 3mm, euhedral bipyramids. 
Large Feldspa.rs are euhedral, giomeroporphyritic Albite~carlsbad twinned, with some sericitisation and replacement by calcite. RI is less 

than medium) and well below groundmass mosaic quartz, so looks like Albite. 5%, up to 4mm. 
Biotite is euhedral booklets1 green-brown pleochroic l sometimes with asaodated apatite, often partly chloritised and seamed with leu

coxene along some cleavage planes. 1%, euhedral! up to 2mm. Musxovite Trace, as sericite and alteration of biotite. Chlorite also trace! as 
alteration of bIotite. 

Opaques: Altered blocky or anhedral hematite and leucoxene, up to Imm, 1-2%. 
Secondary calcite, platy sericitic mica t as replacement of feldspar and groundmass. 
Groundmass was felsitic texture! recrystallised to coarse and granular mosaic qnartz and murky altered feldspar. 80-85% of the section. 

About 30% mosaic quartz, estimate about 25% each plagioclase and k-spar. Some apatite occurs in gmass. 

Field Number Formation; 

WIlT • Trachy-dacite Intrusive cutting Ibanez 

Utm East Utm North Q; A; P: F; Subtotal: I 

273920 4864910 12 8 65 0 85 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: 01ivine~ 

10 5 
~ 

Other components: Others: Total: 

100 

Final Rocknalne 

Trachy-Dacite. 

Microscopic textures (WIl7): 
This rock is very similar to WI15. A porphyritic rock with phenocrysts of plagioclase and hornblende in a granular feldspar-quartz-mafic 

groundmass, 
Hornblendes are 1-5mm euhedral to subhedral phenocrysts, completely altered to chlorite, calcite, opaques, but with good pseudomor

phing of crystal shape and cleavages. Reaction rims of opaques around the hornblende pseudomorphs are very well developed, and probably 
represent corrosion while in magma, 

Plagiocase is euhedral-subhedral, glomeroporphyrltic. carlsbad-albite twinned! well sericitised and zoned. Carlsbad Albite test gives: 14, 
31.5 An4B% - Andesine, but many crystals appear to have been albitised. 

Groundmass dominated by granular felsitic texture, with tablets of plagioclase, maybe Some k-spar, with interstitial quartz, and some 
chloritised and uralitised hornblendes. 

Proportions} Plagioclase phenocrysts, 30%} Hornblende, 10%, groundrnass remainder, of approx 10-12 %quartz, 5-8% k~spar , 35% 
plagioclase, 5% opaques, 10% chloritised hornblendes. Patches of Calcite occur. Chemically this rock plots as a Trachyte, but I feel that it is 
most likely an andesite or dacite, as is \VIl5, 

Field Number Formation: 

F44A· Dacite Intrusive cutting Coyhaique Group 

Utm East 

I 

Utm North Q: A: P: 
I 

F: ! Subtotal: 

282980 4868520 20 10 60 0 90 

Cpx: Opx: Arnph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

4 6 

Other components: Others: Total: i 

100 

F1nal Rockname 

Hypabyssal dacite intrusive. 
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Microscopic textures (F44A): Porphyritic rock with partially altered phenocrysts of sodic plagioclase and magnetite in a groundmass of 
quartz and plagioclase microphenocrysts in pilotaxitic texture altered to poikilomosaic texture by recrystallisation, with traces of apatite and 
secondary hematite staining, 

Plagioclase phenocrysts are about 20%, euhedral, sometimes glomeroporphyritic crystals from 1-4rnm, partially altered with patchy 
replacement by cherty textured k-feldspar and calcite along fractures and cleavage planes, and some sericite. RI of phenocrysts has fast below 
epoxy and slow just below or equal, so albite or albitised. 

Magnetite phenocrysts are subhedral to euhedral O.5-1mm crystals, about altered to opaque hematite and Borne leucoxene. 
Mafic phase is blocky, rectangular pseudomorphs in calcite of ?pyroxene, up 2mnl, about 3-4% 
Groundmass is felted mass of pilotaxitic sodic plagioclase laths) probably albite, but partially nlosaic recrystallis:ed to poikilomosaic 

texture, about 40% plag, 4-5% fine oxidised mafies and opaques, trace apatite, 20% subhedral quartz: microphenocrysts/mosaic quartz, and 
10% interstitial k-spar. 

Field Number Formation: 

F40 * Trachy-dacite Intrusive cutting Ooyhaique Group 

Utm East Utm North Q: A: P: F: Subtotal: 

284100 4868880 15 8 65 0 88 

Cpx: Opx: Amph: Chlorite: Opaques; Muscovite: Biotite: Olivtne: 

5 6 

Other conlponents: Others: Total: 

Apatite 1 100 

Final Rockname 

Hypabyssal Dacite/trachydacite intrusive. 

Microscopic textures (F40); 
.Porphyritic rock with phe,nocrysts of altered euhedral sodie plagioclase and green uralitised or chloritised maflcs t with microphenocrysts 

of quartz, in a finegrained matrix of quartz/feldspar with both pilotaxitic and poor granophyric textures. 
Plagioclase is: euhedral to subhedral altered crystals, D.5-3mm, 20% some glolneroporphyritic clots upto 6mm, with altered maflcs and 

opaques. Crystals arc murky and sericitised, albite and carlsbad twinned remnants give poor readings of 13, 20, and 16, 21) about An 35-.'38%. 
Andesine. 

phenocrysts 1~3mmJ about 3%, are subhedral bipyramids or anhedral, and both are often Berated Or skeletal at their rims, and 
may network granophyric overgrowths/rims with groundmass feldspar. 

Mafic phase is mainly uralitised blocky euhedral clinopyroxene pseudomorphs, altered to chlorite, maybe SOme uralite, up to 3mm 1 

4-5%, identified by octagonal and square-ish end sections and by one remaining partially uralitised crystal with augjte range clinopyroxene 
interference colours. In naked view of thin section matrix around mafics has pale alteration halo, which seems to be optically continuous 
quartz recrystallisation patches thin section. 

Opaques are blocky magnetite phenocrysts and micro phenocrysts, up to 1mm t about 5-6% Also trace to 1% apatite. 
Groundnlass is about 40-45% sodic plagioclase nlicrophenocrysts, 3-5% opaques and uralitised/chlorltised pyroxenes j trace chloritised 

biotite (often included within feldspars or late stage in voids.) remainder is about 12% granophyric quartz intergrown with about 5-8% murky, 
low RI anhedral K-spar. 

Field Number Formation: 

CF13E !vfinor intrusive cutting Ibanez and Divisadero I 

Utm East I Utm North Q: I A: 
P: F: Subtotal: 

273179 4877563 0 

Final Rockname 

Altered rhyoda.citic to Rhyolitic Dike. 

Microscopic textures (CF13E); 
(This section may be cut a little thick, with some strongly yellow quartz.) Moderately altered porphyritic rock, with phenocrysts of 

Sodie Plagioclase, Quartz and altered ?amphibole in a fine grained equigranular felsitic to mosaic quartz/feldspar groundmass. 
Quartz is about 2·-5%; rounded euhedral and subhedral bipyramids, from A-Bmm, Some embayments and skeletal 
Feldspar phenocrysts euhedral and subhedral glomeroporphyritic sodic plagioclase, between 1 and 5mm, up to 20%. includes 

cracking/fracturing with clay alteration, some sericite and occasional saussurite alteration to cores, but in general these feldspars are less 
altered than those in the other CF13 intrusives. Crystals are zoned and albite·carlsbad twinned, but not well enough for extinction angle 
methods. RI varies between Albite to K-spar, (fast and slow both below mediUIu) and Albite/Sodie Oligoclase (fast and slow stradling 
medium.). 

1\1afics are green to brown partly chloritised elongate crystals of amphibole 1-3%, Imm or 
may be uralitised. Subhedral, no good cleavage seen. Alteration may include opaque reaction 
calcite. 

probably green- brown hornblende. Some 
chlorite, quartz j epidote, uralite and 

Groundmass is fine grained granular felsitic or mosiaic equigranular quartz and feldspar with murky patches of clayey and sericitlc 
alteration, Microphenocrysts of rnagnetite and perhaps secondary pyrite occur. 

Field Number Formation: 

CF13C :Minor intrusive cutting Ibanez and Divisadero 

Utm East 

I 

Utm North Q: A: 
I P: 

F: Subtotal: 

273179 4877563 0 

Final Rocknazne 

Altered rhyolitic dike. ! 
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Microscopic textures (CF13C): 
Very similar to OF laB) altered porphyritic rock, with euhedral sericitised and glomeroporphyritic feldspars, chloritised mafic phase and 

calcite/sericite alteration of a felsitic groundmass. However, quartz is Illorc common1 about 5%, O.1-4mm rounded and ernbayed crystals. 
Feldspars are completely altered, now pseudomorphs of sericite. calcite and ?leucoxene. 
Maflea are difficult to identify, but long shape probably indicates amphibole, hornblende like CF13B, also chloritised and perhaps some 

arc uralitised (not quite straight extinction, no blue into colours. 
Groundmass is felsitic quartz/feldspar) but with about 5% of subhedral quartz m1crophenocrysts. Sericite, calcite and chlorite common. 

Field Number i Formation: 

CF13B lYIinor intrusive cutting Ibanez and Divisadero 

Utm East I Utm North , Q: A: P: F: Subtotal: 

273179 4877563 i 0 

I 

Final Rockname 

Altered dacitic intrusive. 

Microscopic textures (CF13B): 
Highly altered porphyritic rock\ with all phenocryst phases altered bar quartz. 
Feldspars were euhedral sodic?plagiociase, now with near complete alteration to sericite, and in some cases clays and calcite. Sonle were 

glomeroporphyritic with manc minerals. 
Mafic phase is now altered to green chlorite, blue interference colours, although some may be uralitised. From long crystals and 60/120 

end sections! these were hornblendes. 
Groundmass is fine grained felsitic material, with common se"Orl<i'''y chlorite t sericite and calcite, sometimes studded with euhedral 

pyrite. Leucoxene also occurs as an alteration product of both opaques mancs. 

Field Number Formation: 

F47 Dacite Intrusive cutting Divisadero 

Utm !<Cast I Utm North Q: A: 

I 
P: F: Subtotal: 

281980 4868360 25 3 55 0 83 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

12 5 

Other components: Others: Total: 

I 100 

i 

Final Rockname 

Dacite dike. 

Microscopic textures (F47): Porphyritic rock with phenocrysts of sericitised sodie plagioclase and chloritised/nralitised mafic phase, 
probably hornblende, in a groundiitass of fine grained pl10taxitic feldspar and anhedral or bipyraIIlidal quartz microphenocrystst with fine 
grained opaque rnagnetite, secondary green pyriboles, apatite & chlorite. 

Plagioclase phenocrysts are up to 2 or about 10%, euhedral, sometiInes glorneroporphyritic with aJtered mafics and euhedral opaque 
magnetite. ~1ost crystals have patches of calcite, sericite, or patchy, skeletal dissolution texture? Altered C~Albite twins gives 14, 20, about 
An35%t Sodic Andesine, however! RI test of altered crystals at the edge of slide gives RI both fast and slow below epoxy. Poor section Ta 
gives 12 degrees, about An20%. Oligoclase. 

Occasional opaque square euhedral magnetite phenocryst and blocky rectangular altered mafics. now fibrous or amorphous green chlorite 
or uraHte. 2% 

Groundmass is pilotaxitic fine grained sadie plagioclase mkrophenocrysts with interstitial feJsitic textured quartz/feldspar, with dissem
inated fine opaques and green pyrlboles, often chlorltised. Patches of calcite and chlorite occur. Also microphenocrysts of rounded quartz 
and occasional plates of tridymite, plus apatite. From unaltered groundmass original ratio about 45% fine grained plagioclase, 20-30% 
mosaic and microphenocryst quartz,mabye 3-5% k-spar, 10% green chloritised and 5% opaques and traces of zircon, apatite, tridymite, 
and quartz, epidote, calcite, chlorite, sericite as void filling and alteration products. 

Field Number Formation: 

F64B' Trachy-dacite Intrusive cutting Divisadero i 
Utm East Utm North Q: A: P: 

I 
F: ! Subtotal: 

281130 4868670 15 10 62 0 87 

Cpx: Opx: Amph: Chlorite: Opaques: ~t1uscovite: Biotite: Olivine: 

4 
i 

3 5 

I Other components: Others: Total: 

apatite 100 

Final Rocl<name 

Quartz trachyte dike, Trachyte by chemistry. (much of the quartz looks like secondary recrystallisation.) 



Appendix 333 

Microscopic textures (F64B): 
Trachytic textured rock with large phencoryst phase of euhedral Carlsbad-albite twinned, altered so die plagioclase. 
Large feldspars have moderate 2v, 40-60 ish, ML all below 10 degrees and RT fast well below epoxy, slow slightly below, so 

probably albite, About 10-12%, up to 5mm.! euhedral sometimes giolneroporphyritic. 
Quartz occurs as anhedral IDicrophenocrysts or mosaic polycristalline patches, and also some very low RI uniaxial negative cristobalite 

occurs with it. Up to 5%, OAmm. 
1tlafic phase are small blocky pseudomorphs of calcite, chlorite, semi-opaque goethite/hematite, probably after pyroxelHi, 3-4%. Associ

ated with magnetite and apatite (1%), 
Opaques are blocky magnetite, 5%, up to Imm. Assodated with apatite and altered pyroxene. 
Groundmass is approx 50% fine grained pilotaxitic feldspar, with intergranular textured opaques and 2--·-3% green alteration product) 

presumably chlorite after pyroxene. Feldspar Is fine narrow albite laths, with RI just below epoxy glue, with some poikilomosaic texture 
formed by groundmass quartz and k-spar, estimate 10% k-spar and 10% mosaic quartz. 

A.8 Granitoids and Microgranitoids 

I Field Number i Formation: 

CF15B Cerro Farell6n Granitoid 

! Utm East I Utm North ! Q: A: P: F: Subtotal: 

I 272100 4878970: 0 

Final Rockname 

I Thermally altered Dacitoid to rhyolitoid dike, 

Microscopic textures (CF15B): Altered porphyritic rock, with phenocrysts of saussauritised plagioclase, rounded bipyramidal quartz and 
chloritised mafics in a partly altered and recrystallised felsitic groundmass. 

Quartz is unaltered, subhedral rounded and embayed crystals) 1-4mm, 5% or less. Some nlay have slight rim of secondary recrystallisation 
of calcite, quartz and chlorite from ground mass. 

-Feldspar is murky, saussauritised euhedra.1-.subhedral g,lomeroporphydtic plagioclase, up to 6mm, with crystals partly or wholly replaced 
by epidote, sericite, calcite and albite. 

Mafic was biotite) ,possibly xenocrystic, as one large crystal is present, replaced by bright green chlorite, ?calcite and opaque white 
leucoxene. 

Smaller patches of chlorite within groundmass may indicate replacement/alteration of fine grained mafic, either hornblende or biotite. 
Not easHy discernable pseudolllorphs. 

Matrix is altered felsitic to partly pilotaxitic, poorly flow banded quartz-feldspar material. with secondary sericite, calcite, chlorite and 
quartz recrystallisation to mosaic quartz/feldspar around edges of granitic xenolith/block and around Some quartz phenocrysts and within 
SOJIle cavities. 

Opaques are leucoxene, ?magnetite and perhaps pyrite. 

Field Number ]i'ormation: 

i CF15 • Cerro Fare1l6n Granitoid 

I 
Utm East Utm North Q: A: p, F: Subtotal: 

272100 4878970 20 10 55 0 85 

i 

I 
Cp"': Opx: Amph: Chlorite: Opaques: Muscovite. Biotite: Olivine: 

7 3 5 
i 

Other cOfllponents: Others: Total: 

100 

Final Rocknante 

BlOtJte Hornblende mICro granodlonte. -

Microscopic textures (CF15): Crystalline, granitic rock, with plagioclase dominant over quartz, and quite euhedral as well, Plagioclase is 
controlling textural element, with interstitial later phase quartz, biotite (chloritised) and green hornblende. Opaque is magnetite, and epidote 
occurs as a late stage or secondary mineral. 

Plagioclase is subhedral-euhedral, up to 3mm crystals, about 50~55%t controlling textures strongly. Crystals are oscillatory zoned, and 
some may have au outer rinl of orthoclase. Carlsbad albite twinning on one crystal core gives 5 J 20, about An 301 Oligoclase-andesine boundary, 
Another, 20, 32, gives An56-ish. Looks like zoning from Andesine to Oligoclase, sometimes repeated several times, and some maybe with a 
late stage outer rim of orthoclase, through which albite twins do not propagate. Some crystals have either coreS or zones partly sericitised. 

K~spar ? Trace to 0-10% as orthoclase rim on some plagioclase. 
Quartz is anhedral, irregular crystals, late stage and interstitial to the plagioclase. About 10-20%. 
Mafic phase is 5-8% pleochroic green amphibole and 5% partly chloritised green-brown biotite, Crystals are subhedral or anhedral, with 

biotite altered to bright green with purple cpt color chlorite, and amphibole often altered to chaotic green uraIite or uralite/chlorite mix. 
Trace minerals include) 3-4% Inagnetite, trace secondary epidote, sericite in feldspars, maybe trace leucoxene. plus apatite trace with 

mafic phases. 
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Field Number Formation: 
.. 

CFlO Cerro Fare116n Granitoid 

Utm East Utm North Q: A: 

I :~ 
F: Subtotal: 

274091 4875954 20 8 0 88 

Cpx: Opx: Amph: Chlorite: Opaques: I Muscovite: Biotite: Olivine: 

5 5 i 
Other components: Others: Total: 

epidotcjapatite, zircon 2 100 

Final Rockname 

I Could be referred to as hypabysal TIlicro~granodiorite, or perhaps as a coarse grained subvolcanic dacitic intrusive. 

IvIicroBcopic textures (CFIO): Rock is porphyritic, with euhedrallarge plagioclase in a granular groundmass of sericitised euhedral/subhedral 
sodie plagioclase a.nd fine mosaic anhedral quartz, with green chloritised mafics. Rock looks distinctly hypabyssal in texture. (Similar in texture 
to the sample from the top of Cerro P!ramide.) 

Large plagioclase is euhedral! som.etimes glomeroporphyrltic, but smaller plag is 8ubhedral, equigranular and often hypidiomorphic with 
quartz and mafics. All plagioclase is partly sericitised and many are zoned. RI of large plagioclase Is fast below medium, slow above, so it 
looks to be oligoclase to andesine. Twinning is indistinct, due to sericitisation. About 60%. oligoclase to andesine! euhdral to subhedral, 
bimodal. 

K-spar occurs as anhedral groundmass mosaic crystals, about 5-8%, sometimes intergrown with quartz. 
Quartz is mostly small, 0.1-0.4mm about 20% anhedral, granular or mosaic crysta.ls interstitial to smaller plag, but some larger, subhedral 

crystals do occur. Sorne larger crystals are slightly granophyric at rims with k-spar, 
Mafks are altered to pleochroic green chlorite (4-5%)and Some muscovite. with also magnetite altering to leucoxene (5%). Ohlorite 15 

purple in cpl. Magnetite also occurs with some of these altered mafics) as does some apatite, zircon and yellow-green epidote. 
Some large patches of sericitic mica occur) which may be entirely altered feldspars. 

Field Number Formation: 

I CF6B Cerro Farell6n Granitoid 

Utm East Utm North Q: A: P: F: Subtotal: 

271799 4881025 20 ! 10 55 0 85 

Cpx: Opx: Amph: Chlorite: Opaques: lVfuscovite: Biotite: Olivine: 

7 6 I 
Other components: Others: Total: 

Epidote/titanite/calcite 2 100 

Final Rockname 

Hornblende granodiorite. 

Microscopic textures (CF6B): Hypidiomorphic, but slightly porphryitic with large subhedral to cuhedral plagioclase looking in some 
places. 

Quartz is about 15-20%) up to 2mmJ anhedral, interstitial to most other minerals} often slightly granophyric with murky altered k-spar. 
Plagioclase dominant phenocryst phase, 50-55% 0.25 to 4mm, sub and euhedral J sometimes zoned t some synneusis twinning. Rl seems 

to be above medium) but strongly below omega quartz, Sect Perp A gives 22, so An35 ish, but ba.sed on Rl) Oligoclase also occurs. 2v close 
to 90. Some plagioclase sericitised in cores, and occasionally slightly saussuritised with some albitisation and epidote. 

K-spar present as anhedral, murky low RI interstitial crystals to p1ng and quartz, sometimes in granophyric intergrowth with quartz, 
small 2v. About 10%. 

Mafic phase is pale green pleochroic hornblende,.5-2mm, 7-8%, sometimes altered to fibrous chlorite or platy fibrous uralite. 
Opaques are blocky magnetite! O.1-0.5rnm, about 5-6%, associated with amphiboles. 
Trace Calcite. Trace Epidote, assoc with altered plagioclase and hornblende and opaques j also some titanite. 

Field Number I Formation: 

CF6A Oerro Fare1l6n Granitoid 

Utm East i Utm North Q: A: P: F: Subtotal: 

271799 i 4881025 20 8 60 0 88 

Cpx: 
I 

Opx: Amph: Chlorite: 

I 

Opaques: Ivluscovite: Biotite: Olivine: 

i 
6 1 5 

I 
Other components: Others: Total: 

100 

" 
Hornblende ite. 

i 

I 

I 
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l'vHcroscopic textures (CF6A); Bimodal porphyritic granitic texture with large euhedral plagioclase up to 4mm, in a matrix of fairly 
equigranular euhedral~subhedral plagioclase and anhedral green hornblende and quartz. Smaller material is O.1-0.5mm or so. 

Plagioclase is 0.5--3mm, 55-60% plagioclase with large euhedral crystals in a granitic matrix of smaller plag/quartz/rnafics. Ab-C: (22, 
7), (25,12) gives An 45-50%. ML of smaller population: 20, 19, 22,6.58.5, 20,7. Gives An 42%, so Andesine, with large crystals slightly more 
calcic than smaller later crystals. Some seriicitisation. 

Kspar is if present at all t perhaps ?Trace to5-8%, anhedral, altered gra.ins interstitial to small plag. 
Quartz is lmm, 15-20%, anhedral, interstitial to smaller plagioclase. 
Green hornblende is about 5-·6%, O.025-0.6mrn I pale pleochroic green subhedral crystals, often altered to ura-titic material mixed with 

chlorite Chlorite is present as Trace~l % as alteration of mafics. Purple in extinction. Pale green pleochroic. 
4...:...5% subhedral granular opaques, mainly magnetite, up to 0.5nlm. Trace Epidote~ fine grained alteration product. Also some Calcite or 

perhaps other carbonate. 

Field Number Formation: 

CFIG • Cerro Fare1l6n Granitoid 

Utm East Utm North Q: A: P: F: Subtotal: 

272210 4879050 20 10 GO a 90 

Opx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

3 4 3 

Other components: Others: Total: 

100 

Final Rockname 

• 

Partly sericitised 1 type hornblende-biotite micro~granodiorite, 

Microscopic textures (CF16); Very similar to CF 15, but significantly more altered. Plagioclase dch granitic rock with subhedral-euhedral 
plagi9c1ase, partly sericitised~ ~nd with interstital quart .... , green hornblende and chlorltised biotite. 

As with CF 15, Plagioclase is euhedral-subhedral crystals t 55-60 % up to 4mm, which control the texture of the rock, almost cumulate. 
Sericitisation is more common, with many crystals showing partial sericitisation. Crystals are zoned, some simple, Borne oscillatory, and some 
nlay have an orthoclase K~spar outer rim. tvn on cores gives: 9~ 20, 31.5, 24, 30.5~ about An54%J Andesine. Rims are more sodic, down to 
Oligoclase and perhaps K-spar outer rirn. Poor albite carlsbad measurement also gives Andesine for cores. 

K-spar, 5-10% as rims and minor interstitial phase to Plag. 
Quartz. is anhedral to subhedral, interstitial to euhedral plag, 0.1-2mm, 15,,-20%. Some euhedral crystals overgrown by mafics. 
Mafic phases are green hornblende and green chloritised biotite, about 3% hornblende and 3-4% biotite. Chlorite replaces biotite, 

together with some leucoxene. 
Magnetite accurSt about 3-4% 
Other minor phases: Apatite} Titanite, late or secondary epidote. 

Field Number Formation: 

OF19C • Cerro Fare116n Granitoid 

Utm East Utm North 

I 
Q: A: P: 1': 

I 
Subtotal: 

! 271642 4878393 4 10 57 a 71 

Cpx: Opx: Amph: Chlorite: I Opaques: Muscovite: Biotj I Olivine: 

I 
I 15 10 4 

Other components: Others: Total: 

100 

Final Rockname 

Hornblende Hornfelse facies basic xenolith in Cerro F'are116n Granitoid. 

l'v1icroscopic textures (CF19C); Altered basic rock, with poorly preserved feldspars and chlorltised mafics in granular texture, maybe 
some remnant phenocrysts but difficult to tell due to alteration. Strong reaction rim wIth granitoid, with growth of radial and granular green 
tremolitic amphibole. 

are up to 2mm, euhedral relict phenocrysts of plagioclase, rare, otherwise altered groundmass feldspar sub 0.5mm, murky and 
clayey.R! and slow is less than epoxy, possibly Albite, about 50-55%. 

Manc phases are altered to green chlorite (10%) and radial clusters of pleochroic green tremolitic amphibole (15-20%). 
Opaques are now pyrite) also Some anhedralleucoxene, about 4-5%. 
Interface with granitoid has slightly coarser grainsize, before giving way to large, unaltered euhedral zoned plagioclase in porphyritic 

texture with matrix of felsitic material and occasional green hornblende. Plagioclase phenocrysts in micro granitoid are up to Smm, euhedral, 
cracked and altered around rims. Amphibole also has reaction rims) and also occurs as sparry growths in vesicles or miarolitic cavities. 

QAPF not feasible by mineral estimation, Normative results are approx Q4,A10 1P57. 
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Field Number FOrIuation: 

CF20 Cerro Fare1l6n Granitoid 

Utm East Utm North Q: A: P: F: Subtotal: 

272387 4878345 25 8 55 0 88 

Cp,,: Op": Amph: I Chlorite: Opaques: Muscovite: Biotite: Olivine: 

! 4 5 

Other components: Others: Total, 

sphene/ epidote/ apatite/zircor 3 100 

Final Rockname 

I type Biotite Microgranodiodte, maybe rnicrotonalitc, if enough plag . ! 

.t-.1icroscopic textures (CF20): Very similar mineralogy to the other Cerro Farellon granitoids. Bimodal rock with large subhedral 
Plagioclase domina.nt, with interstitial equigranular quartz, and late stage green brown biotite, some chloritised , and magnetite, epidote, 
a.patite, zircon 8.5 trace minerals. No amphibole, though. 

Plagioclase 1s a Httle less euhedral than other samples, more subhedral! and less size difference between plagioclase and quartz. to 
2mm crystals, about 50~55% of rock. Crystals are subhedral, some euhedral j often partially zoned, and some sieve texture present, 
crystals are partially sericitlsed, especially core regions I or more calcic zones. Carlsbad-albite gives 12,25 An40 1 in cores; slightly more 
sodic towards rims. Andesine. 

K-spar not immediately noticeable j maybe 5-8% 1 mainly as low RI rims to plagioclase and fine slightly rnurky low RI crystals interstitial 
to plagioclase and quartz in ground mass. 

Quartz is anhedral to subhedral O.l-lmm crystals, interstitial to plag, fairly equigranular but with some larger more anhedral crystais 
of similar nucleation age to the plagioclase, smaner crysta1s more euhedral, granular of later nucleation. About 25-30%. 

Biotite, brown to greenish brown is up to Imm, but lllost anhedral clusters of booklets about O.lmm, is interstitial to quartz and 
associated with later stage opaques and also with finely granular plagioclase xenolithic or refractory material. About 5%, some altered to 
chlorite. 

Trace rninerals include titanite, epidote, magnetite (3-4%), apatite) maybe zircon. 

Field Number Formation; 

OF5 Cerro Farell6n Granitoid 

Utm East Utm North Q: A, P: F: Subtotal: 

274338 4876679 0 

Final Rockname 

Hydrothermally altered and saussuritised hypabyssal dacitiod-rhyodacitoid. 

Nficroscopic textures (CF5): Porphyritic rock with saussuritised plag, rounded beta quartz and altered green/brown hornblendes in matrix 
of fine grained mosaic quartz/altered feldspar, calcite j sericite, epidote and chlorite. 

Essentially the same intrusive as CFl-2, but with saussurltisation being the dominant alteration method. 

Field Number Formation: 

OF25 • Cerro Fare1l6n Gra.nitoid 

Utm East Utm North Q, A: P: F, Subtotal, 

272151 4878035 25 10 50 0 85 

Cpx, Opx, Amph: Ohlorite: Opaques: Muscovite: Biotite: Olivine: i 

6 8 

Other components: Others: Total: 

epidote, apatite,zircon 1 100 

Final Rockname 

Porphyritic quartz micro granodiorite. 

Microscopic textures (CF25): Rock is very similar in texture to OF24, but with less coherent, more altered groundmass. Porphyritic, 
with large, euhedral and zoned plagioclase feldspars, in a granular to chaotic felsitic altered ground mass of biotite, brown pyriboles, altered 
feldspar and quartz. 

Plagioclase is euhedral to subhedra1J sometimes oscillatory zoned, often glomeroporphyritic. Crystals are up to 4mm, largest clusters 
IOmm, about 40% phenocrysts and within ground mass about 10%, so 50% total. Many crystals, especially smaller ones, have coreS altered to 
sericite. ML on unaltered cores and unzoned crystals: 35, 17, 23, 24.5, 28.5, 9.5, 24.5, and C-A 9, 24. Gives An 60 by ML and An 38 by CA. 
Zoning appears to oscillate between these approx compositions. 

K~spar not obvious, but may be present within chaotic quartz mosaic in ground mass as felsitic material. 5-10% 
Quartz is less common than CF24, 20--25% llot present as larger crystals, but common as anhedral mosaic crystals in groundmass} with 

many inclusions and flaws. Perhaps a. sort of messy ruicro-granophyric texture. 
Biotit.e is green~brownJ small clusters up to 1mm, about 5-8% altered to brownish mineral, small, platy, and some to chlorite. Some 

zircon and apatite occurs with altered biotite. 
Accessory minerals include epidote, opaque is magnet.ite, at trace t.o 5-6% 
Widespread alteration to sericite occurs, of both plagioclase crystals and ground mass materiaL 
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Field Number Formation: --

CF26 • Cerro Fare1l6n Granitoid 

Utm East Utm North Q: A: P: F: Subtotal: 

272103 4882481 20 10 60 0 90 

Cpx: Opx: Amph: Chlorite: Opaques: l\l"1tlsCOyjte: Biotite: Olivine: 

4 4 2 

Other components: Others: Total; 

100 

Final Rockname 

I Biotite-hornblende quartz monzodiorite, I type. 

Microscopic textures (CF26): Equigranular granitic rock with dominant euhedral-subhedral plagioclase, interstitial quartz and mafic 
phases of green-brown hornblende and chloritised green-brown biotite? minor J(-spar. probably orthoclase, 

Plagioclase is euhedral to subhedral, between 0.5 and about 60%. Carlsbad-albite twinning gives: 13, 25.5 (Core, rim slightly more 
sodic.) About An 46%. Additional reading: 12, 27.5, About 50%. Some plagioclase is partly zoned, oscillating once or twice, with core 
and rim about the same with an intemediary more sodie zone, but varying only in about 5 degrees extinction angle. Some" sericitisation, but 
not pervasive. 

K-spar is trace to 5-10%, small, anhedral crysta.ls} biaxial positive, moderate 2v, interstitial to plagioclase and often to quartz, sometimes 
in granophyric inter growth at rhns of quartz, Orthoclase. 

Quartz lS anhedra1, interstitial to the Plag, about 15-20%, up to 2mmt sometimes slightly granophyric with k~8par a.t edges. 
Hornblende is green-brown, sometimes chloritised or uralitised, with crystals up to 3mrn, but most sublmm. About 4-5%. 
Biotite is brown to green brown, but comnlonly chloritised to bright green pleochroic chlorite with purple-blue interference colours. 

About 2%. 
Accessory minerals include epidote, trace zircon, magnetite opaque (4-5%). 

~'ield Number Format,i9n : 

CF27 • Cerro Fare1l6n Granitoid 

Utm East Utm North Q; A; P: F: I ~ , I; 

272468 4882333 28 20 45 0 I 93 

Cpx; Opx: Amph: Chlorite: Opaques: ~1uscovite: Biotite: Olivine: 

3 3 1 

Other components: Others; Total: 

100 

Final Rockname 

Porphyritic micro granular hornblende micro-monzogranite.? I type, hypabyssal. 

Microscopic textures (CF27): Porphyritic rock with subhedral to euhedral crystals of plagioclase, some K-spar and plus hornblende and 
sparse biotite in a an equigranular or granulitic matrix of quartz and ?K feldspar. 

Plagioclase. Large plagioclase phenocrysts are up to 4mm, about 30%1 and are euhedral to subhedral l with 
reaction rims or llframingU where ground mass granular quartz and k-spar have nucleated. Albite Carlsbad twinning 
An 48%. Sn"laller subhedral to anhedral more sodic crystals occur in groundmass, 10-15%) some with k-spar rimming 

zoning. Some have 
26.5, 11.5, About 

K-spar. Occasional subhedrallarge phenocryst up to 4rnm occur. but most crystals are small, anhedral mosaic Inaterial with quartz as 
part of the granular groundlllass. Large crystals have partial overgrowth of optically continous smaller crystals in surrounding groundmass. 
20% ish. 

Quartz is mostly fine O.1~O.2mm anhedral groundmass crystals, sometimes granophyric, but generally anhedral granular crystals with 
k-spar. but occasional rounded phenocryst with an optically continous groundmass quartz overgrowth occurs. About 25-28%. 

Hornblende is su bhedral t 0.4 to 5mm crystals, sometimes chloritised or uralitised, about 3% 
Biotite is rare, with reaction rims and chloritisation around edges, and is poikilitic about slnall plagioclase. Opaques are 2-3%, blocky 

magnetite associated with hornblende. 

Field Number Formation: 

CF41B Cerro Fare1l6n Granitoid 

Utm East Ulm North I Q: A; P: F: Subtotal: 

273233 4882541 I 10 5 75 0 90 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

5 4 

Other components: Others: Total: 

epidote/ apatite 1 100 

Final Rockname 

Hypabyssal Porphyritic quartz micro-diorite or micro tonalite, depending on amount of quartz in layers derived froln inter-
action with granitoid. 



Appendix 338 

Microscopic textures (CF41B): Xenolith/Enclave, A"porphyritie roek with euhedral glomeroporphyritic plagioclase, subhedral and some
times uralitised green/brown amphibole, per hap trace pyroxene, chloritised J in a groundmass of pilotaxitic sodie plagioclase, perhaps 
and Intergranular magnetite, chloritiscd and uralitised pyriboles and some quartz-hornhlended mosaic recrystaUisation or blebs of 
materia1. Secondary epidote occurs as part of alteration of some plagioclase. 

Plagioclase phenocrysts are about 15~20%) up to 5mm, sometimes giomeroporphyritic, partly saussauritised. Some display mild osciI1a
tory zoning. C-Alhite core measurement: 10) 36.5; close to An70%, but measureUlent unreliable. Most other crystals too altered. 

Groundmass feldspar laths are sometimes albite twinned, but often altered t especially cores, About 60%. RI on several gives fast 
below medium, Slow moderately above, so jJrobably Sadie oligoclase rather than albite. Maybe 3-5% interstitial kspar but to tell. 

Hornblende is green brown, anhedral, 3-5%, often partly uralitised and some is altered to chlorite. Max size 2mm, but also OCCurS as 
fine granular crystals in groundmass. Some have sector twinning and clusters of opaque Magnetite 3-4%. Trace epidote and apatite. 

Quartz is sparse, maybe 5 or 10% in ground mass, as anyhedral crystals interstitial to feldspar and mafics, but sometimes occurS as 
patches and lenses of quartz mosaic with hornblende, maybe as a result of lit par lit iujection from the granitoid or a similar exchange of 
material. 

Field Number Formation: 

CF41C Cerro .F'are1l6n Granitoid 

Utm East Utm North Q: A: p; ~', Subtotal: 

273233 4882541 20 10 60 0 90 

Cpx, Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

5 4 

Other components! Others, Total: 

Epidote/ apatite 1 100 

Final Rockname 

, Porphyritic u" micro-quartz monzodiorite. .r UH' 

Microscopic textures (CF41C): Coarsely pprphyritic Granitic rock with large, subhedral to euhedral plagioclase phenocrysts dominating 
the rock j with interstitial hornblendes and ·granophyric quartz-kspar Intergrowth. 

Plagioclase is mostly euhedral to subhedral crystals with some zoning and mild sericitic alteration. About 55-60%, with crystals 
up to 5mm, sometimes glomeroporphyritic. Carlsbad-Albite on un zoned cryst.al gives: 10, 241 about An 45. Smaner crystals are slightly more 
sadie. Zoning appears to be oscillatory in the larger phenocrysts I usually within the andesine compositional Alterat,ion of plagioclase 
is either veinlike cracking and saussurite with epidote and albitisation or some sericite alteration of calcic zones. crystals appear to be 
rhnmed with K~spar. 

Quartz occurs in anhedral 0.1 to lmm, blobby to augular granophyric intergrowth with K-feldspar, interstitial to plagioclase, but 
occasionally nucleated on corners or edges of Plagioclase crystals. About 15-20% 

K feldspar occurs as granophyric intergrowth with quartz\ but also as anhedral to Bubhedral grains interstitial to plagioclase and mafics, 
sometimes invading fractured plagioclase crystals, and perhaps as rims on plagioclase crystals. 10% 

Mafic mineral is green to green brown hornblende, 5% subhedral to anhedral, and often chloritised or uralitised, associated with clots of 
chlorite and trace apatite and epidote, plus 3---4%magnetite. 

Field Number Forrnation: 
I 

CF24 • Cerro Fare1l6n Granitoid 

Utm East Utm North Q; A, P: F; Subtotal: 

272431 4876892 25 8 60 0 93 

Cpx, Opx; Amph: Chlorite: Opaquesi t.1 uscovite: Biotite: Olivlne~ 

2 3 

Other components: Others: Total: 

Epidote/titanite 2 100 I 

Final Rockname 

I type porphyritic biotite micro-granodiorite i 

.Microscopic textures (CF24): Porphyritic rock with euhedral to subhedral zoned magmatic plagioclase and some euhedral to skeletal 
or rimmed quartz, in a matrix of granular anhedral-subhedral quartz and chloritised biotite, Although this is still a granitic looking rock in 
mineralogYJ the matrix is looking increasingly hypabyssal in texture. 

Plagioclase is euhedral aud subhedral crystals up to 5mm, down t,o O.2mm or less, but mode about lmm. About 55-60%. Some 
Glomeroporphyritic and some synueusis tWInning? Almost all are usually oscillatory zoning, repeated calcic-sodie) but uot by much, 
ML not reliable. Sect T a on 2 unzoned to slightly zoned smaller crystal gives: 22.5, 25, about. An 420/0 to 45%, Crystals with both inner and 
outer zoneS giving this % were seen, with lesser angles for intermediate zones, so oscillatory zoning appears to be between low andesine and 
ca1cic oHgoclase. SmIle crystal rims have overgrown small groundmass quartz and kspar. 

K-spar is difficult to spot, but may occur in the granular groundmUS8 with quartz, and as intergrowth around rims of SOme large quartz. 
Groundmass k~spar is anhedral low RI crysta.ls with moderate biaxial 2v, perhaps Orthoclase. Soole plagioclase crystals had outer rims through 
which plagioclase twin planes do not pass, possibly a thin K-spar rim. 5-8% 

Quartz occurs in two populations, O.5mm-lmm subhedral partly skeletal or irregularly rimmed crystals as phenocrysts, and more anhedral 
sub O.lmm granular mosaic crystals interstital to plagioclase and larger quartz. Larger crystals are sometimes skeletal or granophyric at rims. 
About 20-25% 

Biotite is about 3%, 1mm or less, subhedral to anhedral cleavage flakes and basal sections. interstitial to larger populations, and often 
chloritised. Forms clusters with opaques, titanite and epidote, and occurs sometirnes as inclusions within sieve textured or irregular feldspar. 
Epidote: bright yellow~greenJ trace, occurs with biotite. Also titanite. trace, ocurs with biotite and epidote. Opaques 1-2%, altered to 
leucoxene. 
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Field Number }<"ormat ion: 

OFIB Oerro Fare1l6u Granitoid 

Utm East Utm North Q, A; p, 
i F; 

Subtotal: 

275283 4876600 0 

Final Rockname 

Altered h ab ssal dacite-rh odacite, yp y y 

Microscopic textures (CFIB): Very similar rock to CF 1, with the same textures, slightly more feldspars and larger crystals, but altered 
in the same way. 

Altered porphyritic rock, with sericitised plag, chloritised mafics and rounded I embayed beta quartz as phenocrysts in a granular ground
mass of quartz/feldspar microphenocrysts and chlorite, sericite, calcite, with trace apatite. ?MUBcovite occurs as a replacement of ?biotite?! 
but appears almost uniaxial negative Very low 2v Phengite? 

Large plagioclase phenocrysts are up to 4mm, euhedral to subhedral, often glomeroporphyritic. Most crystals arc sericitised and possibly 
albitised, but show evidence of oscillatory zoning in the Andesine to Oligoclase area. Some crystals also patchily replaced with calcite1 and 
may have been auti-perthitic. 

Mafics are eutirely replaced by opaques, green chlorite, leucoxene and sometimes unusually low 2v muscovite (almost pseudo-uniaxial). 
clay and calcite. Ii'rom blocky or elongate shapes l probably pseudomorphs of hornblende t although some may have been biotite. 

Quartz is sparse, large phenocrysts, up to 3--4mm, rounded and embayed beta quartz. Also some crystals present as part of groundmass 
mosaic/grauular material, may be secoudary. 

Groundmass is quartz/altered feldspar, chloritised mafics, occasional apatite, euhedral., secondary calcite 
Altered hypabyssal dacite-rhyodacite. 

Field Number Formation: 

CFl Cerro Fare1l6n Granitoid 

Utm East .Utm North I Q, A: I P; 
F, I :Ubtotal: 

2n283 4876600 

Final Rockname 

Altered hypabyssal dacite-rhyodacite. No chern. 

Microscopic textures (CFl): Altered porphyritic rock, with sericitiBed plag, chloritised mafics and rounded. embayed beta quartz as 
phenocrysts in a granular gl'oundmass of quartz/feldspar microphenocrysts and chlorite, sericite, calcite, with trace apatite. 

Large plagioclase phenocrysts are up to 4mm, euhedral to subhedral, often glomeroporphyritic, Most are sericitised and possibly 
albitised, but show evidence of oscillatory zoning in the Andesine to Oligoclase area. Some crystals also replaced with calcite, and 
may have been anti~perthitic. 

Mafics are entirely replaced by opaques l green chlorite, leucoxene and sometimes muscovite, clay and calcite. FroIn blocky or elongate 
shapes, probably pseudomorphs of hornblende, although some may have been biotite. 

Quartz is sparse, large phenocrysts, up to 3--4mm, rounded and embayed beta quartz. Also sonle crystals present as part of groundmass 
mosaic/granular Inaterial, may be secondary. 

Groundmass is quartz/altered feldspary chloritised mafics, occasional apatite, euhedral.~ secondary calcite 
Altered hypabyssal dacite-rhyodacite. 

Field Number Formation: 

CF2 Cerro Ji'are116u Granitoid 

Utm East Utm North Q: A: p, F: Subtotal: 

274995 4877100 0 

Final Rockname 

B:, , ........ e 11, altered • r dacitoid . 

1vIicroscopic textures (CF2): Porphyritic hypabyssal textured rock, with phenocrysts of Plagioclase in a granular groundmas8, very highly 
altered. Almost all plagioclase is euhedral to subhedral crystals! replaced entirely by calcite and sericite. Groundmass is patches of calcite, 
sericitised feldspar, recrystallised quartz. Mafics are altered by chlorite and calcite. 

! ,,", "'" m. 

CF120 i Cerro Farell6n Granitoid? 

Utm East Utm North Q; A: 

I 
p, F; , Subtotal: 

273306 4876512 10 10 60 0 80 

Cpx: Opx; Amph: I Ohlorite, Opaques: Muscovite: Biotite, Olivine: 

12 5 

Other components: Others: Total; 

Epidotej calcitej etc 3 100 

Final Rockname 

Hornfelsed or propyl:itised hypabyssal or quartz Hlicro-monzodiorite , maybe quartz micro-diorite. 
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l\1icroscopic textures (CF12C): Very altered rock, "porphyritic with a microgranular altered groundmass. Could be called either a 
microgranitoid or hypabyssal. 

Rock has 60% phenocrysts of saussauritised euhedral/subhedral 1-5mm sodie plagioclase and chloritised maf1cs in a ground mass of 
microgranular altered plagioclase and mafies with a lot of secondary calcite and epidote. Altered magnenite as opaque. 

K-spar hard to spot if it is there, estimate 5-10% in groundmass. 
Groundmass is chaotic felsitic material, saussuritiscd small plag l 5-10% minor granular or partly mosaic quartz, secondary epidote and 

ca1cite, plus 10-12% Or so chlorite after mafics. 
Rounded Cognate? Xenolith of partly saussuritised large plagioclase in matrix of microgranular and partly pilotaxitic feldspar and 

altered mafics may be associated with the blocks and boulders of exotic material within the intrusion, as described in the field. 

Field Number Formation: 

CF12B Cerro Farell6n Granitoid? 

Utm East Utm North Q: A: P: F: Subtotal: 

273306 4876512 0 r:: "',,'nom. 
Hornfelsed or propylitised dacitoid subvolcanic intrusive probably associated with Cerro FareIl6n complex. 

Microscopic textures (CF12B): Altered porphyritic rock with pseudomorphs of feldspar and mafic minerals set in a matrix of very fine 
grained felsitic material. 

Feldspars were up to 5mm, euhedral, rounded I some glomeroporphyrltic, but are now altered to saussurite, with pseudonlOrphs of sericite, 
yellow green epidote and calcite replacing most of the original crystals. 

Mafic phase, probably hornblende t is now pseudomorphed by pleochroic green chlorite and granular epidote, plus some leucoxene. Chlorite 
is anomalous blue in cpl, and is quite strongly green iron dch. 

Matrix is slightly recrystaIHsed fine grained felsitic nlaterial. 

Field Number Formation: 

LHI Cerro Pintmide Granitoid 

Utm East Vtm North Q: A: P: F: Subtotal: 

279060 4876560 0 

Final Rockname 

Hydrothermally altered hypabyssal micro-quartz diorite 

lvficroscopic textures (LHl): Altered pol'phryritlc rock with phenocrysts of plagioclase and green amphibole in a murky, micl'ogranular 
ground mass of altered feldspar, quartz, chlorite, misc. alteration products and opaques. Arnphiboles are altered to chlorite, and have distinct 
reaction rims with overgrown opaques. Plagiociase is sedcitised j and both epidote and prehuite Occur as alteration associated with altered 
plag. Quartz occurs in groundmasB as both prinlary mineral and secondary alteration product in cavities. 

Hydrothermally altered hypabyssal quartz dioritioid. 

Field Number I Formation: I 

CP62 • : Cerro Piramide Granitoid 

Utm East 

I 
Utrn North Q: A: P: F: I Subtotal: 

274264 4873586 23 9 58 0 90 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite; Biotite: Olivine: 

5 3 

Other components: Others: Total: 

epidote. calcite etc 2 100 

Final Rockname 

Porphyritic Hornblende Microgranodiorite 

Microscopic textures (CP62): Very similar rock in texture to CP6l, a porphryritic rnicrogranitoid with phenocrysts of plagioclase, 
hornblende and quartz in a groundmass of granular quartz and feldspar. However J this rock is very much more altered than CPol, with 
saussuritised plagioclase and chloritised mafies. 

Plagioclase phenocrysts are about 25%, subhedra,l and euhedral, up to 5mm, avg about 2mm. Phenocrysts are often partly sericitised, 
and some are saussnritised, replaced with albite and fine grained sericite and granular yellow~green epidote .. 

Quartz phenocrysts (1-2%, O.5-3mm) are rounded subhedral bipyramids, with an overgrown rim of granular groundmass quartz, sotne
times granophyric with k-spar. 

Mafic phases are about 5% euhdral and subhedral 0.5-1.5rnm pseudomorphs of amphibole in green pleochroic chlorite and epidote. 
Groundmass is fine grained granular mosaic of quartz and feldspar with about 2-3% opaques) patches of chlorite and epidote after 

hornblende, and traces of apatite. 
Granular groundmass difficult to estimate for QAPF. Normative composition is: Q23. A9 , P5B. 
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i • Formation: 
.. 

PI89 • I Cerro Pinimide Granitoid 

I Utm East Utm North Q: A: P: F: Subtotal: 

i 
277085 4872918 20 10 60 0 90 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine; 

5 4 

Other components: Others: Total: 

Epidote, calcite, etc 1 100 

Final Rockname 

Porophyrit.ic hornblende microgranodiori teo 

l'vHcroscopic textures (PI89): Porphryritic microgranitoid very simila.r to CP61, CP62. Dominant phenocryst phase is euhedral to 
subhedral zoned and sieve textured plagioclase, with chloritised hornblendes and occasional rounded quartz bipyramids. 

Plagioclase is about 30%) 1-6mlu, euhedral and subheclral crystals with oscillatory zoning sieve textures and common alteration, with 
patchy Or vein replacement by K-spar and common sericitisation and partial saussuritisation in some crystals with epidote occuring within 
phenocrysts along with sericite. Also some patchy replacement by calcite. HI Fast is below epoxy and slow just a.bove! so about AnlO%, 
albite or albitised by alteration. CarlsbadMAlblte twinned and zoned crystals froJJl 32.9 to 13,6 at rim, about AnoO to An30%. Labradorite 
to Oligoclase. So) phenocrysts are zoned Labradorite to Oligoclase) and are partially albitised with development of sericite and epidote. 

Amphiboles (and any biotite) are pseudomorphed by chlorite, with occasional 60-120 cleavage lozenges visible in pseudomorphed end 
sections. Chlorit.e is dark green pleochroic with purple-blue interference colours, also some leucoxene, other opaques and calcite OCCur in 
amphibole pseudomorphs. Originally about 5%, up to 3mm. 

Quartz phenocrysts are sparse, rounded bipyramids, 5%, up to lmm, with some overgrowth of granular quartz from groundmass. Occa
sional twinned crystals. 

Groundmass is about 65% of rock) fine grained and gl'anular, with % minerals difficult to identify, about 15% granular anhedrai quartz; 
remainder 3-4% opaques and approx 30% partially sericitised plagioclase and maybe 5-10 % anhedral k~spart but difficult to determine except 
where it is replacing parts of larger Plag phenocrysts. 

Field Number Formation: 

OA15A' Cerro Piramide Granitoid 

I Utm East Utm North Q: A: p, F: Subtotal: 

i 280040 4875980 20 5 60 0 85 

Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Oliv-ine: 

8 I 5 1 

Other components: 

I 

Others: Total: 

apatite, zircon, sericite 1 I 100 

Final Rockname 

Hornblende micro granodiorite 

Microscopic textures (GA15A): Porphyritic plagiophyric microgranitoid with phenocrysts of plagioclase in a medium graiued micro
granular quartz-feldspar ground mass. Similar textures to several of the other Cerro Piramide Intrusive samples, all of which vary between 
microgranitic and hypabyssal voleauk textures. , 

Plagioclase is the dominant phenocryst, about 25% of the rock, with ,3-4mm euhedral and subhedral crysta1s, sometimes oscillatory 
zoned (zoning is static or normal oscillatory.) or glomeroporphyritic, slightly sericitised. Section perp a gives: 25, about An 36%, Andesine. 

Main Mafic phase is subhedral sparse (5-6%) small Phenocrysts of hornblende! pale colourless to brown pleocrhroic mineral, faint. 
Sometimes occurs as patches or clusters of fine grained material in groundmass1 altered, or as subhedral prismatic crystals. 

Groundmass is microgranuiar textured, about 30-35% euhedral/subhedral plag microphenocryss with interstitial granitic textured an~ 
hedral quartz (15-20%) and maybe trace to 5% K-spar, together with 2% fine grained amphibole, 5% opaque magnetite, trace biotite, chlorite 
alteration, sericite and opaques. Groundmass plagioclase ML: 12.5, 10.5, 10. 9 t etc, An 5% or 20%, and C-Albite gives:2, 12, also about 
An20-25%, Oligoclase. Groundmass K-spar is anhedral, low releif, difficult to spot except for releif differences. 

Field Number Formation: 

OP52 Cerro Pini,mlde Granitoid 

Utm East Utm North I Q: A: P: F: Subtotal: 

275385 4871444 21 6 63 0 90 

Opx: Opx: Amph: Chlorite: 

I 
Opaques: Muscovite: Biotite: Olivine: 

5 2 

Other components: Others: Total: 

epidote, calcite, sericite 3 100 

Final Rockname 

Granodiorite. 
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Microscopic textures (CP52): Strongly altered porphyritic rock with phenocrysts of saussuritised plagioclase and chloritised hornblende 
in a granular recrystallised quartz-mosaic groundmass. 

Phenocryst plagioclase are altered, either sericitised/SauBsauritised or replaced by calcite. Otherwise were euhedral to subhedral large 
crystals, 1-6mm, glorneroporphyritic 1 remnant ML gives: 13,19, 16, II, 15, 20, 10, iv1ax 20 gives either An% 0 or 20, while Rl of both fast 
and slow directions is well below epoxy, so probably Albite or albitised due to sRus8uritisation, About 35-40% 

Mafics altered to Chlorite or occasionally chlorite/epidote, euheclral to 5ubhedral O.5-2mm pseudomorphs of hornblende, about 5%, Some 
have reaction rims of opaque minerals. 

Phenocryst is about 3-5%, small sub lmm rounded or corroded crystals. 
Groundmass murky~ rexxlised to granular quartz/feldspar nlosaic, Bome small albite phenocrysts, with 1~2% oxidised opaques and 

patches of sericite, chlorite, epidote and occasional calcite, too fine and altered for mineral estimation. Occasional small drusy cavities with 
euhedral quartz lining and chlorite infilL 

QAPF extrapolated from norm: Q21, A6, P63. 

i CP60 

lOn, aH,m I 
Cerro 'iramide C' .. . .., 

Utm East Utm North Q: A: P: F: 

I 
Subtotal: 

277090 4872000 10 15 62 0 87 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

7 4 1 

Other components: Others: Total: 

epidote/sphene/zircon/apatite 1 100 

Final Rockname 

QAPF' gives Quartz Monzodiorite, while TAS gives Syeno-diorite. 

l'vIicroscopic textures (CP60): Moderately altered microgranitoid, with main phase of plagioclase, often euh.dral and zoned, with inter
stitial hornblende, chloritised biotite) granophyric quartz/k-spar intergrowth and minor phases of magnetite, sphene, secondary chlorite and 
void filling calcite. 

Plagioclase is euhedral to subhedraI crystals, often with oscillatory zoning, and common partial sericitic alteration to cores. Soule crystals 
also invaded by veinlike secondary K-spar replacement. Crystals are up to 2mm when large and euhedral and groundmass crystals are blocky 
subhedral crystals about 0.5 to lIum. Albjte~carlsbad on cores gives: 12,29, about An55%, while outer rims of large are zoned down 
to albite and are overgrown by k-spar rIms and patches of quartz/k-spar granophyric intergrowth. About 60-65% of 

Quartz occurs as anhedral interstitial grains, generally O,5mm or less, often in granophyric intergrowth with k-spar. 10%, 
K~spar is sparse, either as interstitial material in intergrowth with quartz or as rims on plagioclase, About 10-15%, sub 1mm. Also as 

secondary fracture/cleavage invasion replacement of plagioclase. 
Biotite is about 1% pleochroic straw to red brown biotite, up to 2mm, generally chloritised to grass green or purple pleochroic chlorite 

in cpt 
Hornblende is mOTe common, about, 5-8%, partially chloritised or uraIitised, subhedral and interstitial to the plagioclase, up to 2mm, 

or 5mm, green-brown or light to dark green pleochroic. 
Opaques are common blocky magnetite! about 4 ~5%, with traces of sphene, secondary epidote, void filling calcite, also minol' apatite and 

zircon. 

I 
Field Number Formation: 

GP6l Cerro Piramide Granitoid 

! 

Utm East Utrn North Q: A: 
I 

P: F: Subtotal: 

276620 4871950 25 5 60 0 90 

I 
Cpx: Opx: Arnph: Chlorite: Opaques: Muscovite: Biotite: Olivine! 

3 2 4 
,.....--..... 

Other components: Others; Total: 

zircon/apatite 1 100 

Final Rockname 

Porphyritic Hornblende Microgranodiorite. 

Microscopic textures (CP61): Porphryitic rock with phenocryst phase of 1-5mm subhedral to euhedral zoned and sleve textured pla
gioclase, 1--2rnm altered and reaction rimrued green-brown amphiboles and occasional rounded quartz phenocrysts, in a. fine graned granular 
rnatrix of subhedral feldspar and anhedral quartz, 

Plagioclase are about 20%, up to 5mm, avg 2mm or less. Crystals are zoned , glomeroporphyritic) partly sericitised and 
seamed with fine Zoned crystal with section perp a gives coreS of An50% down to oligoclase or albite at rims! while Albite-Carlsbad 
twins give III 21, about An40%, so plagioclase crystals are oscillatory normally zoned crystals from sodie Labradorite through to Oligoclase I 
with some albite on rhns. Most phenocrysts have minor sericite, and occasional epidote alteration also occurs. 

Quart:.:: phenocrysts are rare, about 5% or less, rounded subhedral or skeletal bipyramids l with slight rimming or framework overgrowth 
with optically continuous groundmass quartz. Up to 2-3mm. 

Hornblende is green to brown pleochroic subhedral crystals with opaques and leucoxene as alteration I also sometimes nralitised or replaced 
by platy chlorite. Some crystals are rounded with reaction rims, About 3% 

Gl'oundmass is about 75% of rock, with about 20% fine granular anhedral quartz, 2-3% chloritised mafics t 3-4% magnetite l up to O.5mm. 
1% trace minerals such as zircon and apatite, also minor secondary epidote, but is mostly 40% murky subhedral plagioclase, RI greater than 
epoxy, but with some (5% or less) k-spar in intergrowth with quartzrimmed phenocrysts. 
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I Field Number Formation: 

GPS081 Cerro Piramide Granitoid 
• 

Utm East Utm North Q: A: P: F: Subtotal: 

278244 4872248 22 12 55 0 89 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

5 4 

Other components: Others: Total: 

epidote/calcite altn. 2 100 

Final Rockname 

! Porphyritic hornblende microgranodiorite. 

Microscopic textures (GPS081): Porphyritic rock with phenocrysts of Quartz, Plagioclase and an altered mafic, in a matrix of granular 
or isogranular fine quartz and feldspar. 

Plagioclase phenocrysts arc about 15-20% of the rock, .5-5rnrn. Crystals are cuhedral, sometimes rounded or glomeroporphyritic. 
Crystals are quite altered, such that twinning methods for identification arc useless. Saussuritisation has occurred, leaving crystals studded 
with epidote t sericite and calcite patches, and seamed with cracks. RI of remnant feldspar within the crystals has both fast and slow distinctly 
below medium, so probably albitised. 

Quartz phenocrysts are rounded bipyramidal beta quartz pseudomorphs, about 2%, np to 1.5mm, with slightly fuzzy edges where 
groundmass crystals have nucleated on the phenocryst and given it a corona or halo of fine grains around it in optical continuity with the 
parent grain. 

Mafic phenocrysts are 5% blocky or elongate pseudomorphs of green chlorite with dark grey to blue grey interfence colours. Chlorite is 
sometimes chaotic, but sometimes platy and aligned along the long axis of the older mineral. Looks like chlorite replacing arnphiboles. 

Groundmass is fine grained granular quartz and altered sodie plagioclase, together with SOme anhedral ?K~spart low RI groundlnass 
materiaL Also fine grained disseminated chlorite and occasional epidote. About 25% quartz, Say 35% plagioclase and 10-12% K-spar, 3-4% 
fine granular magnetite. 

! Field Number Forma:tion: 

BERT! * Lago Bertrand Granitoid 

I Utm East Utm North Q: A: P: F: Subtotal: 

i 660670 4792090 30 15 50 I 0 95 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: I Biotite: Olivine: 

1 2 I 2 

Other components: Others: Total: 

epidote, zircon, apatite 100 

Final Rockname 

Biotite granite, I type. 

Microscopic textures (BERTI): 
Bert 2 (Bert 1 was too altered for dating, so will not be reviewed here.) 
Rock is a fairly altered granitoid, with plagioclase sericitised, some hornblendes uralitised or chloritised. Biotite, if present, has been 

altered to chlorite. Epidote comrnon as alteration of ?biotite and hornblende, Texture is granitic, but with euhedral plagiocla.se~ sericitised, in 
poikilitic texture within large grains of quartz and K-spar. Amphiboles are bright green pleochroic hornblende. sometimes cloritised/uralitised, 
associated with chloritised biotite pseudomorphs. 

Plagioclase is poikilitically enclosed by qnartz or k feldspar, with subhedral and euhedral grains up to 3mm, about 45--50%. Zoning is 
common, oscillatory and normal, but with most gra,ins only rhns remain. as sericitisation has altered all cores, bar Some smaUer grains within 

ML on remnant crystal rims and smaller plagioclase within qnartz: 18,9.5,29.5,28,30,24,5,17.5, about An54%} Sodic Labradorite. 
were probably more calcle. 

K-spar is finely perthitic, low RI grains, anhedral, about 1-Smmt perhaps 15-20%. Grains are poikilitic about some plagioclase, 
and when perthite well developed small albite twins are visible. 

Quartz. is about 30%) large.5-2mm, anhedral grains, poikilitically enclosing plagioclase, and SOll1e times chJoritised hornblende or biotite. 
Hornblende 1s bright green pleochroic, subhedral large crystals up to 6mm l occasionally z.oned. Some grains altered with chlorite or 

uralite around edges, but generally unaltered, 1%. 
Biotite occurs only as chlorite or chlorite/epidote pseudomorphs of euhedral booklets. Chlorite retains same crystallographic orientation. 

Up to 1mm, about 1-2%. Ohio rite is unusually bright green, and some have epidote as alteration also. 1-2% magnetite opaque t usually with 
biotite/hornblende clusters. Tra.ce yellow green epidote as primary interstitial mineral. 

Accessory minerals include: titanite, apatite, trace zircon. Opaque is small and blocky, so most likely magnetite. 
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I 

Field Number Formation; 

Esmeralda * Lago Esmeralda Grauitoid 

Utm East Utm North Q: A: P: 
i 

F: Subtotal: 

i 
228533 4750175 25 15 47 0 87 

I 
Opx: Opx: Amph: Ohlorite: Opaques: Muscovite: Biotite: Olivine: 

5 5 2 

i Other components: I ~thers: Total: 

i Apatite, zircon etc. 100 

I Final Rockname 

Partly altered/serlcitised Hornblende Granodiorite, I type. 

Microscopic textures (Esmeralda): 
1vIedium to coarse grained granitoid with euhedral sericitised plagioclase, green hornblende, quartz in graphic intergrowth with k-feldspar, 

minor biotite. 
Plagioclase is euhedral to subhedral crystals D.S-3mm, about 45-50% sometimes glomeroporphyritic. Crystals are zoned, normal or 

osdllatory normal, with most crystals having seridtised cores~ or more calcic zones. Sonl€: crystals appear to have low RI K-spar rim. ML on 
remnant plagioclase: 26.5, 27~ 29.5, 21.5, 22.5, 19.5, 12.5, about An52%, Sodic Labradorite, although these remnants are mostly rim areas, so 
cores were probably more calcic before alteration. 

Quartz occurs either as large anhedral crystals interstitial to the plagioclase, up to 4mm, or as cellular angular grains in ?graphic 
intergrowth with k~feldspar. Graphically intergrown material often is nucleated on larger grains without intergrowth. About 25-30%. 

K-feldspar occurs as occasional subhedral crystals up to hum, but generally as anhedral cellular crystals in graphic intergrowth with 
quartz. About 10-15%. 

Hornblende is subhedral green pleochroic crystals, O.5-2mm) often uralitised and fibrous, but enough unaltered crystals to date (see 
notes.) About 3-5%. 

Biotite is small, sub 1mm grains, altered to bright green pleochroic chlorite. About 2-3%. 

Field Number Formation: 

I PI62· Puerto Ibanez Granitoid 

Utm East Utm North Q: A: P: F, Subtotal: 

273300 4872725 20 10 55 0 85 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: 

I 

Biotite: Olivine: 

6 5 

Other components~ Others: Total: 

epidote, sphene, apatite 4 100 

Final Rockname 

Porphyritic hornblende microgranodiorite. 

Microscopic textures (PI62): 
Porphyritic microgranitoid, with about 40% phenocryst content. Dominant phenocryst is plagioclase, followed by green-brown hornblende 

then quartz. Some sedcite, chlorite and uralite as alteration products. 
Plagioclase is about 30%, 1-5mm crystals, euhedral to subhedral, sometimes sieve textured, zoned and glomeroporphyritic. Some 

phenocrysts are sericitised, particularly on outer rims, and some saussiritised crystals occur with epidote in the altered rims. Zoned crystals 
have normal oscillatory zoning. M-L on the cores of less altered phenocrysts is; 25, 31.5, 23, 3D, 20} 23.5, 32, so about An 55%, Labradorite. 

Quartz phenocrysts are rounded and subhedral bjpyramids, often skeletal and embayed, about 5%, up to 4mm. Rims are overgrown with 
optically continuous fine granular or partially granophyric quartz with low Rl k-spar intergrowth. 

Hornblendes are green to green brown pleochroic, subhedral to anhedral elongate crystals, about 5-6%, up to 5mm. Often associated 
with magnetite, and rimmed with reaction rim including fine grained magnetite or similar opaques. Some crystals replaced by fibrous green 
uralite and chlorite, and ocasionai patchy calcite. 

Trace biotite, as inclusion within hornblende. 
Opaques are blocky magnetite, about 3-5%. 
Groundmass is about 55% of rock, quite equigranu1ar with 10·-15% subhedral or anhedral quartz, 5-10% mafics and opaques, 20-25% 

fine grained subhedral sodie plagioclase and maybe 5-10% low RI anhedral k-spar. 

I Field Number Formation: ! 

Pl75A * Puerto Ibanez GranitoId 

Utm East 

I 
Utm North I Q: A: P: F: 

I 
Subtotal: 

274350 4873950 0 

Final Rockname 

Vveathered microgranodiorite. 
i 

Microscopic textures (PI75A): 
Probably hypabyssal quartz microdiorite or diorite. Granitic textured rock with large subhedral altereel plagioclase (40%), mostly gone 

to calcite/sericite. Quartz (5-10%) occurs as subhedral to rounded phenocrysts, also anhedral recrystallised material in g/mass and as drusy 
lining of cavities with calcite. Groundmass is murky grey to brown altered and mosaic l'ecrystallised material with secondary calcite replacment 
common, and patches of sericite. Any mafics and opaques altered to henlatite and Leucoxene. Trace chlorite after mafic minerals, 2--3%. 

Too altered for QAPF, and chemistry has high LO!, probably due to prevalent calcite. 
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Field Number Formation: 

PI23 • Puerto Ibanez Granitoid I 

UtIIl East Utm North Q: A: P: F: Subtotal: 

i 
274440 4871950 19 10 55 0 84 

Cpx, Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

8 1 5 I 
Other components: Others: Total: 

sphene, epidote j calcite! 2 100 
sericite. 

Final Rockname 

i I\1icrogranular porphyritic hornblende microgranodiorite. I type, 

Microscopic textures (PI23): 
Strongly porphyritic rock with Boundary line hypabyssal textures. Could be either volcanic or Plutonic. Euhedral plagioclase and 

subhedral green hornblende and rounded beta quartz phenocrysts occur in a matrix of equigranular quartz and feldspar. Alteration products 
include sericite, epidote, uralite and chlorite. 

Plagioclase is the dominant phenocryst phase, about 40%, occuring as large 1-6mm, euhedral crystals with cracking and sericitisation of 
rhns. Zoning is rare either normal or oscillatory normaL Twins are albite-carlsbad. C~A on large plagioclase cores: 32.5, 11.0, About An60%1 
also 18.5, 32, About An 58%, both on LT CUrve. Labradorite. 

Groundmass plagioclase is sublmm population and 0.1-0.5nnn groundmass crystals I are murky, cracked, altered to sericite and sometimes 
epidote t indicating some sau8suritisation. 10-15%. 

Quartz is present both as phenocrysts and in the groundmass. Phenocryst quartz is 0.5-3mm, rounded and embayed pseudomorphs of 
beta quartz, about 3%. Groundmass quartz is fine grained, anhedral, interstitial to and equigranular with murky, altered groundmass feidspar, 
about ,05mm. About 15-16%. Phenocryst bipyramids have been overgrown with optically continou5 fine grains of groundmass quartz. 

Other major groundmass mineral is murky, anhedral low RI material, Rl wen below quartz, probably K~Feldspar. Difficult to identify, 
but perhaps up to 10 % of rock, 

Amphibole is subhedral to euhedral green pieochroic hornblende. often with reaction rims and opaques. Alters to fibrous green uralite 
or green chlorite, and occasionally epidote. O.5-5mIn, 8-10%. 

Alteration products are chlorite' as void filling and with" uralite aitering amphiboles, sericite, clay and epidote altering feldspars. Opaques 
are magnetite, about 5% .. 

Field Number Formation: 

CP78 South Cerro Pinimide Diorite 

Utm East Utm North Q: A: p, F: Suhtotal: 

279442 4869264 15 0 70 0 85 i 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

10 3 2 
i 

Other components: Others: Total: 

100 

Altered hornhlen<ir quartz ",irro<iiorit,e. I type, 
i 

Microscopic textures (CP78): 
Similar, although more altered and slightiy coarser to CP77, an eql1igranular rock dominated by plagioclase, with interstitial 

quartz, green hornbiende and brown biotite, with more chlorite alteration and magnetite 
Plagioclase is euhedral to subhedral, 0.4-5mm, 70%. More pervasive cracking and sericitisation CP77, but still texure is raudomly 

aligned framework texture with interstitial quartz and mafics. Some crystals zoned, both normal and osciliatory norlnal. Sieve textures occur, 
but rarely. Sericitisation is more advanced, although it does not seem to be confined to calcic zones of crystals, rather being more uniform. 

Quartz is larger than '77, as anhedral grains up to 2mm, sometimes subhedral or slightly granophyric, interstitial to the plagioclase. 
About 10-15%, 

Mafic phases are chloritised or uralitiscd green hornblende, about .2-2mm, anhedral, sometirnes chloritised, about 10%, and relic brown 
biotite, almost all chloritised, about 3-5%. Opaque is magnetite} also pyrite, about 2~3%. Accesssories include apatite, maybe titanite, trace 
zircon, 

Alteration is sericitisation of plagioclase and chloritisation of most biotite and hornblende. Calcite also occurs. Also trace epidote. 

Field Number Formation: 

I CP83 * South Cerro Pinimide Diorite 

Utm East Utm North Q: A: p: F: Subtotal: i 

278860 4869480 12 10 60 0 82 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

i 
8 8 

• 
Other components: Others: Total: 

apatie) sphene, epidote 2 100 

I 

Final Rockname 

Hornblende microgranodiorite or hornblende quartz micro-monzodiorite, depending on quartz estimation. 
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Microscopic textures (CP83): 
Granitoid or microgranitoid J Plagiophyric, with large subhedral granitic textured plagioclase with anhedral interstitial quartz/amphibole/trace 

minerals. 
Plagioclase is about 55-60%, large (up to 3mrn) 5ubhedral to euhedral crystals, often zoned, sometimes with sericitic alteration and some 

saussauritisation in occasional crystals. Zoning is normal oscillatory, example ML gives 16 to 45 degrees, with a major jump between core and 
rim from calcic oligoclase by RI at rim, to core of Labradorite to Bytownite by ML. Smaller crystals without strong zoning give C~Albite of 
8, 20 1 and 7, 25 1 An% 38-47 respectively, Andesine. Outer rims around some plagioclase have RI well below fast quartz and albite twins do 
not continue this rim, if it is present l therefore probably Orthoclase rhu as late overgrowth, 

Orthoclase Occurs as very Jow RI anhedral or occasional subhedral crystals, occasionally carlsbad twinned, interstitial to plagioclase 
and very occasionally in very poor granophyric intergrowth with quartz. 2v high, 80 ish, oap TOlD. Max O.4mm, maybe 5-10% max, 

Quartz is anhedral grains} interstitial to plagioclase and large amphibole, perhaps 10-12%, occasionally In poor granophydc intergrowth 
with Orthoclase. 

Amphibiole is pleochroic green or green brown, subhedral Or anhedral, often altered to fibrous green uralite, or to green/brown platy 
chlorite, 2"-3mm max, about 5~8%. 

Trace rninerals include 5···8% magnetite, trace Epidote, both primary and as alteration and component of saussuritised plagioclase. 
Also present is apatite] sphene, minor epidote and alteration products include sericite and saussurite in plagioclase, uralite and chlorite in 
amphibole. 

Field Number Formation: 

CP77 • South Cerro Piramide Diorite 

Utm East Utm North Q: A; P: F: Subtotal; 

279163 4869108 8 5 65 0 78 ! 

Cpx: Opx: Amph: Chlorite; Opaques: Muscovite: Biotite: Olivine: 

10 7 3 

Other components: Others: Total: 

sphene, apatite] etc 2 100 

Final Rockname 

Biotite~hornblende, micro-quartz diorite. I type. 

Microscopic textures (CP77): 
Equigranular rock dominated by plagioclase, with interstitial quartz, green hornblende and brown biotite, with SOIue chlorite alteration 

and magnetite opaque. 
Plagioclase is euhedral to subhedral) 0.4mm-2mrn, 60-65%. Some coarse flow orientation, but generally randomly aligned framework 

texture with interstitial quartz and mafics, Some crystals zoned, both normal and oscillatory nornlaL Sieve textures occur, but rarely, 
Alteration is mainly mild sCl'icitisation. 1v1L on Cores: 29.5, 20.5, 27.5, 30, 35, 31} 31.5, About An 61 %, Labradorite, ranging down to calcic 
andesine at the rims, although some small later stage crystals have rims through which albite twins do not pass, perhaps k-spar rim, trace to 
5%. C-A reading on plagioclase gives: 31, 15, about An 57%. 

Quartz is present as small, sub Q,2mm anhedral grains interstitial to the plagioclase. About 5-8%. 
lYIafic phases arc partly uraHtised green hornblende, about O.2-0.6mm, anhedral. sometimes chloritised; about 10%, and brown biotite, 

chloritised, about 3%. Opaque is m_agnetite, also about ,'5~8%. Accesssories include apatite l maybe titanite. 
Alteration is sericitisation of plagioclase j also uralitisation of hornblende and chloritisation of some biotite and hornblende. Calcite also 

occurs. 

Field Number Formation; 

WI95C • West Ibanez Granitoid 

Utm East Utm North Q; A: P: F, Subtotal: 

272830 4864080 17 5 60 0 82 

I Cpx; Opx: 
! 

Amph: Chlorite: Opaques; Muscovite: 

! 

Biotite: Olivine: 

3 5 5 

! Other components! Others: Total: 

I trace min/voidfilling 5 100 

E'inal Rocknallie 

i I type biotite microgranodiorlte. 

Microscopic textures (WI95C): 
Granitic rock with euhedral-subhedral plagioclase, almost cumulate in texture, with interstitial quartz, altered biotite and secondary 

chlorite, sericite and calcite. Quartz looks a bit granophyric, but not much. 
Feldspars are euhedral to subhedral O.5-4mm plagioclase, often zoned, and apparently with outer rim of k-spar, probably orthoclase. 

Albite-carlsbad gives: 9, 27.5, about An53%, Sodie Labradorite} but outer zones appear to range down to albite, and some crystals have 
outermost rim through which albite twin planes do not pass, and HI is strongly below quartz and inner plagioclase layers j so probably 
orthoclase Estinlate about 60% Plagioclase, sub 5% K-spar. Sericitisation is common in plagioclase. 

Quartz anhedral, grani.tic quartz with slight undulatory extinction. Occurs as 0.5-2mm interstitial crystals to euhedral plagioclase, 
and is very slightly granophyric with k-spar at some points. About 15-17%. 

Remaining portion of rock is interstitial 0.1-3mlU minerals, about 5% biotite, some chloritised, 2-3% brown hornblende, and 5% opaques, 
along with traces of apatite, zircon and with sericite and calcite as void filling. 
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I 
Field Number Formation: --

i W195D \-Vest Ibanez Granitoid 

I 
Utm East i Utm North Q, A, I p, 

F: 

I 

Subtotal, 
i 

272830 4864080 0 

Final Rockname 

I Quenched near contact version of WI95 microgranodioritoid. Unusually low plagioclase content, high silica. 

Microscopic textures (WI95D): 
Porphyritic micro-granitoid, with large (up to 4mm) euhedral plagioclase, in a complex poikHomosaic groundmass of quartz} fine plagio

clase, trace k-spar, magnetite) biotite) secondary sericitic muscovite and chlorite. 
This rock has significantly different textures, although similar mineralogYt to the other WI9S granitoid samples. It may be part of a 

chilled or quenched marginal facies, part of the roof or side contacts of the intrusion. 
Large feldspar phenocrysts are euhedral or subhedral plagioclase, 1-4rnm, sometimes glomeroporphyritic, often with incipient or patchy 

sericitisation, albite, carlsbad and cross-hatched twinned. Some K-spar crystals, but difficult to spot. By ML and RI, Plagioclase is Albite to 
sadie oligoclase. 

Quartz is ubiquitous in the groundmass as anhedral complexly intergrown quartz mosaic with poikilomosaic texture including fine grained 
feldspar and biotite and opaques. Texture looks like a quench texture. Small groundmass feldspars are sodie plagioclase. If is present, 
it is as small, anhedral low releif, low RI crystals overgrown by the quartz, although some altered crystals show mosaic of RI k~spar 
replacing? 

Biotite is brown} inclusters with opaques) maybe with traces of brown hornblende. Minor chloritisation. 

I Field Number }brmation; 

WI95E West Ibanez Granitoid 

i Utm East Utm North Q: A: p: F: i Subtotal, 

272830 4864080 ! 0 

I Final Rockname 

K-s ar Quartz A p / p lite vein in Hornblende-biotite micro g ranodiorite. 

Microscopic textures (WI95E): 
Granitoid host 1s rnicro-granodioritoid, analogous to WI95 C, though with a little mOre hornblende and less biotite! but has 8mm wide 

fine grained aplitic vein cutting it a smooth edged broken fracture. 
Vein margins are very fine with a chilled margin. Internal part of vein is subhedral to anhedral equigranular quartz, sodie 

plagioclase and murky k~feldspar, with very rare biotite/Cchloritised.) Minor euhedl'al to subhedral magnetite opaques. Grainsize overall for 
most crystals is b/w 0.1 to 0.4mm, but finer at chilled margins. 

K-feldspar and quartz are equigranular, but the quartz is often slightly myrmekitic, but not often. Both are generally anhedral to 
subhedral. K-feldspar is easily distinguishable from very low RI and a grey. murky clay alteration to most crystals. 

This vein is a fairly classic aplite, characteristic of late stage dry melt characteristics. 

Field Number Formation: ! 

WI96A West Ibanez Granitoid 

Utm East Utm North 

I 

Q: A: p: F: Subtotal: 

272580 4863880 10 5 70 0 85 

Cpx: Opx: 

I 

Amph: Cblorite: Opaques: Muscovite: Biotite: Olivine: 

10 5 

Other components: Others: Total: 

100 

Final Rockname 

Hypabyssal altered hornblende micro quartzdiorite to quartz rIlonzodiorite. [ type. 

Microscopic textures (WI96A): 
Porphyritic rnicrogranitoid, with altered phenocrysts of plagioclase and chloritised/uralitised green amphibole in an equigranular plag/quartz 

groundmass. Secondary alteration includes sericite f calcite, chlorite and epidote. 
Plagioclase is mostly small 0,2-0.5mm groundmass crystals! subhedral, in hypidiomorphic texture with quartz and opaques. Murky and 

cracked with incipient sericitisation. Some Jarger phenocrysts up to 2mm, but sparse. ML on groundmass plagioclase, cores if possible: 10, 
24, 20.5, 16, 19) 32: About An55%, Labradorite. Crystals are normally zoned, and outer rims show very low extinction angles and fade 
out twins, possibly indicating a (trace to 5%) K-spar rim on some crystals. What few large phenocrysts occur show similar composition, 
but have oscillatory normal zoning. About 65~70%. Alteration products include sericite j epidote and finegrained clays and calcite. 

is fine, 0.2-Q.3mm anhedral crystals in groundmass, generally interstitial to plagioclase. About 10%. 
rninerals, including the pleochroic green hornblende and its alteration products are about 10% Remnant amphiboles are green 

pleochroic subhedral crystals, some up to 4mm! sometimes fibrous and uralitised or surrounded by reaction rims of chlorite and opaques. Some 
have calcite alteration also associated with reaction rims. 

Opaques are fine grained! square and blocky, about 5%. 
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! Field Number Formation: 

W147· West Ibanez Granitoid 

Utm East Utm North CF/Q/Q: RF/R/A: Vit/F/ P: F: Subtotal: 

273320 4858150 5 15 55 0 75 

Cpx: Opx: Amph: Chlorite: Opaques: Muscovite: 

I 

Biotite: Olivine: 

10 10 

Other components: Others: Total: 

Epidote, clacite~ sericite, 5 100 

Final Rockname 

QAPF gives monzodiorite, while chemistry is syenociiorite. Probably an altered granodiorite/diorite. 

Microscopic textures (WI47): 
Altered microgranitic textured rock, with altered brown subhedral and euhedral plagioclase, large subhedral chloritised amphiboles with 

interstitial quartz, chlorite and opaques. 
Plagioclase is brown, altered, euhedral to subhedral crystals, often zoned and sieve textured. Remnant unaltered crystal gives ML angle 

of 27) An%40~ Andesine. Most other crystals are murky and brown, especially at rims, with some patchy saussuritisation, to albite, sericite 
and epidote. Some crystals ha.ve outer rims of partly altered brown! low RI material which may be altered K-spar! as albite twins do not 
continue through it. About 55-60% of rock. 

Quartz occurs as small, anhedral and sometimes granophyric interstitial to pla.gioclase, about 5%. K-spar is in granophryic 
intergrowth with quartz, also as brown stained rims on plagioclase. about lO~15%! norm gives 14%. 

Mafic is pale green pleochroic anlphibole, probably hornblende, from 2-3mm blocky elongate subhedral chloritised, some uralitised 
crystals down to fine O.5mm and less interstitial anhedral grains in groundmass. 10-.--12%. 

Opaques are partially oxidised magnetite, with pyrite. hematite and leucoxene alteration. About 10%. Trace apatite. and secondary 
chlorite, sericite, epidote, uraHte and calcite as void fUliing and alteration of other phases. 

Field Number Formaition: I 

WI40D West Ibanez Granitoid 

Utm East Utm North ~ A: P: F: Subtotal: 

274470 4858508 20 10 50 0 80 i 
Cpx: I Opx: Amph: Chlorite: Opaques: Muscovite: Biotite: Olivine: 

10 5 

Other components: Others: Total: 

C aId te ,epi dote ,etc. 5 100 

Final Rockname 

Propylitised microgranodiorite. ! 

Microscopic textures (WI40D): 
Texture is hypidiomorphic, looks like a microgranitoid of some sort, but shows signs of extreme hydrothermal alteration - propylltisation. 
Original mineralogy appears to have been quartz, sodic plagioclase, and a pyribole of Some sort. 
Quartz is unaltered, 20% anhedral) interstitial to feldspars, but the plagioclase is now either albitised Or partly to completely replaced 

by sericite, calcite and epidote. Pyrite cubes are common. K spar, if present, is Altered, not identifiable, probably 10% or less. 
Plagioclase pseudomorphs and remnants were euhedr .. l to subhedral,o riginally 50% Altered, but identifiable as sodic plagioclase/albite 

from remnat albite twinned crystals, and pseudomorphs of zoning. 
The quartz and mafics forming later nlore interstitial phases. Clusters of pyrite1 epidote and purple-interference coloured chlorite occur, 

probably pycnochlorite or diabanHe. Calcite is also COmmon as a feldspar replacement. 
Chlorite 5-10%, as alteration of mafics. Coml'non calcite, Epidote, Pyrite, goethite, etc. Also Leucoxene. 

Field Number Formation: 

WIl05 * West Ibanez Grauitoid 

Utm East Utm North Q: A: p, F: Subtotal: 

272830 4863430 15 5 65 0 85 

Cpx: Opx: Amph: Chlorite: Opaques: 1vtuscovite: Biotite: Olivine: 

5 2 5 

Other components: Others: Total: 

Apatite/titanite/epidote, 3 100 
etc. 

Final Rockname 

Moderately altered hornblende micro-quartz monzodiorite/diorite. I type 
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Microscopic textures (WIl05): 
tv10derately altered plagioclase rich microgranitoid, with an equigranular texture of euhedral to subhedral plagiocla...')c crystals, partly 

sericitised or even. saussuritised, with interstitial quart~, green amphibole t chlorite (after biotite), magnetite, and secondary epidote, rutile, 
calcite, sericite, etc. 

Plagioclase is euhedral to subhedral J 0.4 to 2mln, avg O.Smm, which dominate the rock (about 60-65%). Cores arc partly sericitised, and 
outer rims are qnite sodie, some ma.y have K~spar rim (Trace to 5%.). Zoning occurs~ but is usually simple normal though some crystals 
show repeated oscillatory zoning. ML on cores: 16, 5, 21.5, 13, 22, 23, 26, about An% 40,Andesine, bnt given the level of alteration 
and occurrence of sericite; calcite and occasional epidote at the cores of most crystals, they were probably much more before alteration) 
which appears to have had an albitisation effect. Possibly original plagioclase was Labradorite, zoned down to an andesine or calcic oligoclase 
rim. 

Quartz is small, O.4mm or less anhedral grains interstitial to the plagioclase. About 10-15%. 
Mafics are green pleochroic hornblende, about 5%, subhedral, interstItial to the plagioclase and associated with opaques, 5% and about 

2-4% green chlorite, as alteration of hornblende and also trace chloritised biotite. Opaque is magnetite, Also some titanite and apatite with 
mafics. 

Alteration products include chlorite, sericite, epidote, calcite, fine grained fibrous green amphibole} perhaps uralite. 

Field Number Formation: 

I WI38B * West Ibanez Granitoid 

Utm East Utm North Q: A: P: F: Subtotal: 

274840 4857120 15 3 65 0 83 

Opx: Opx, Amph: Ohlorite: Opaques: Muscovite: Biotite: Olivine: 

10 5 

Other components: Others: Total: 

sericite, ca.lcite, etc 2 100 I 

Final Rockname 

Al tered micro-monzodiorite. 
I 

Microscopic textures (WI38B): 
Very altered microgranitic rock, with 60-65% serlcitised and calcite replaced subhedral and euhedral plagioclase, with interstitial sub

hedral and anhedral quartz (10-15%) and green altered mafics. 
Plagioclase phenocrysts subhedral to euhedral large crystals (O.5-2mm), in a matrix of finer subhedral microgranitic to framework or 

radial small plagioclase with interstitial anhedral quartz, opaques and altered manes. Plagioclase is brown and altered with fine patches of 
sericite and calctite occurring within crystals, sometimes saussuritised with epidote and albitised plagioclase. About 65%. Difficult to tell if 
any k-feldspar remains due to alteration t Norm gives almost 3%. 

Quartz is anhedral crystals interstitial to plagioclase, about 15%, sub 1mm. 
Mafics are about 9·-10%, blocky O.2-1mm pseudomorphs of amphibole, now green pleocho1c chlorite! with some calcite and opaque 

alteration. 
Opaque minerals are uniformly altered to white leucoxene or hematite, also about associated with mafics. Some skeletal, anhedral 

crystals suggest presence of some ilmenite, as well as blocky patches ofhematite after Ill"!!'l"'He 
A bit altered for good QAPF estimation. 
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Chemical Analysis 

Table B.l: Table of major chemical elements (%) 

Field 

no 

Basement Schists 

SOH5A 18.98 0.36 

Ibanez Formation 

Silicic Pyroclastic Rocks 

F9B 

WI56 

WI7 

WI72 

F9T 

FllT 

WI21 

L5{3 

Pl43T 

F11M 

F23 

Wl9 

F9M 

L20 

F57A 

PI43M 

PI43B 

L20a 

FHB 

PI79B 

F2A 

70.33 

74.75 

85.17 

78.49 

73.09 

73.59 

77.58 

72.24 

73.79 

71.66 

75.41 

74.88 

72.79 

75.56 

76.01 

72.65 

76.59 

74.34 

75.25 

76.2B 

67.33 

0.26 

0.19 

0.24 

0.25 

0.24 

0.22 

0.17 

0.19 

0.28 

0.24 

0.26 

0.23 

0.24 

0.16 

0.15 

0.26 

0.2 

0.24 

0.24 

0.25 

0.33 

AloOg 

7.33 

14.34 

13.47 

5.07 

11.08 

13.53 

13.2 

11.27 

12.74 

13.91 

13.47 

13.23 

13.24 

13.64 

13.31 

10.24 

13.59 

11.5 

13.02 

13.68 

11.33 

13.73 

6.1 

2.75 

2.16 

2.09 

2.3 

2.43 

2.42 

1.73 

2.28 

2.35 

2.4 

2.72 

2.57 

1.61 

2.04 

1.76 

2.58 

2.09 

2.86 

2.17 

2.24 

2.92 

MnO 

0.65 

0.05 

0.03 

0.04 

0.04 

0.04 

0.03 

0.009 

0.05 

0.05 

0.05 

0.02 

0.01 

0.04 

0.04 

0.07 

0.06 

0.04 

0.04 

0.01 

0.03 

0.06 

Silicic Extrusive Rocks (Including Oerro Oabeza Blanca) 

WI41 

Wllll 

WIl13 

WI33 

WI25 

59.97 

63.39 

78 

64.63 

78.23 

GAllO 74.15 

0.68 

0.77 

0.49 

0.59 

0.11 

0.2 

15.42 

15.93 

14.06 

15.55 

11.71 

6 

5.57 

3.93 

4.84 

1.59 

13.B2 0.9B 

on next page 

0.14 

0.15 

0.1 

0.09 

0.01 

0.02 

MgO 

1.96 

0.61 

0.26 

0.46 

0.45 

0.3 

0.24 

0.11 

0.28 

0.5 

0.38 

0.34 

0.29 

0.34 

0.28 

0.46 

0.B3 

0.52 

0.2 

0.34 

0.65 

0.57 

0.81 

1.36 

0.23 

0.55 

0.27 

0.2 

OaO 

32.81 

2 

0.15 

1.24 

0.27 

1.21 

1.13 

0.11 

2.31 

0.93 

2.44 

0.26 

0.25 

1.84 

0.23 

2.45 

1.38 

1.21 

0.56 

0.24 

1.63 

3.12 

5.48 

1.87 

2.24 

2.97 

0.17 

1.33 

2.23 

3.57 

2.4 

1.26 

4.75 

3.62 

3.18 

0.23 

2.65 

6.09 

4.06 

2.71 

3.5 

3.27 

2.84 

2.41 

4.07 

3.61 

3.69 

1.28 

3.57 

2.94 

2.87 

6.1 

0.75 

3.47 

0.86 

4.03 

0.15 

3.04 

5.33 

1.19 

1.45 

3.54 

4 

7.77 

4.14 

1.32 

2.17 

3.55 

4.33 

3.22 

4.59 

3.16 

2.65 

2.44 

3.51 

4.69 

2.74 

3.12 

2.69 

2.94 

B.25 

4.22 

5.97 

2.B3 

0.48 

0.07 

0.05 

0.12 

0.07 

0.07 

0.06 

0.05 

0.05 

0.06 

0.06 

0.06 

0.06 

0.06 

0.04 

0.03 

0.06 

0.05 

0.06 

0.06 

0.05 

0.1 

0.23 

0.23 

0.14 

0.19 

0.02 

0.05 

LOI 

28.77 

3.23 

1.17 

2.07 

0.61 

1.93 

1.8 

1.3 

3.01 

0.84 

3.17 

1.68 

1.04 

2.9 

1.23 

3.08 

2.24 

1.95 

1.37 

1.92 

1.54 

4.4B 

5.8 

1.66 

2.69 

3.26 

1.43 

2.35 

Total 

100.23 

99.96 

98.95 

99.76 

99.98 

99.88 

100.329 

99.94 

100.09 

100.09 

100.24 

100.4 

99.95 

100.33 

99.82 

100.37 

100.25 

99.89 

99.87 

100.31 

98.7 

100.09 

99.96 

99.64 

100.36 

100.37 

99.95 

350 
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Table B.I: Table-of major chemical elements continued 

Field 

no 

FIB 

F22 

WI76 

L14 

CP20 

CP68 

CF19B 

WI120 

78.06 

73.87 

76.14 

69.83 

75.67 

67.66 

64.84 

77.93 

0.11 

0.09 

0.09 

0.27 

0.14 

0.15 

0.47 

0.08 

12.19 

13.09 

10.98 

13.98 

13.82 

17.17 

16.86 

12.4 

1.4 

1.54 

1.27 

3.58 

1.32 

2.28 

4.34 

1.52 

Basaltic and Basaltic Extrusive Rocks 

WI99 48.55 

F28 53.52 

WI86A 50.92 

CP24A 45.6 

WI82B 46.07 

F'38 54.21 

GA10B 53.31 

WI86C 37 

PIl8 53.54 

CP18A 49.2 

PI22 55.77 

1.26 

1.18 

1.2 

1.19 

1.08 

0.62 

1.17 

1.15 

1.03 

1.05 

1.04 

Divisadero Formation 

'lUffs and Ignimbrites 

CD12B 

LC4 

CF39 

F48 

CD12M 

CD7T 

CD7J\,1 

CD7B 

LF5T 

LF5M 

GAl 

L~'5B 

LF4T 

LCI 

LOg 

LF4M 

F50 

LF4B 

F27A 

L02 

76.81 

76.38 

74.51 

73.36 

76.54 

77.33 

75.27 

77.34 

76.39 

76.58 

77.13 

75.9 

76.17 

77.41 

76.3 

75.53 

74.65 

74.6 

e9.1 

77.62 

0.1 

0.1 

0.18 

0.22 

0.1 

0.15 

0.17 

0.12 

0.1 

0.1 

0.18 

0.11 

0.21 

0.11 

0.1 

0.22 

0.21 

0.21 

0.24 

0.11 

16.98 

19.5 

16.56 

16.92 

16.95 

17.17 

18.35 

16.2 

17.09 

16.25 

16.92 

12.21 

12.8 

13.1 

13.66 

12.6 

11.63 

13.21 

11.86 

12.68 

12.6 

13.37 

13.09 

12.41 

11.96 

12.29 

12.8 

13.21 

12.62 

13.29 

12.53 

11.02 

7.38 

10.3 

7.54 

9.82 

6.84 

6.63 

10.13 

8.17 

11.77 

9.06 

1.55 

1.18 

1.33 

2.18 

1.4 

1.44 

1.49 

1.51 

0.99 

0.97 

1.34 

0.92 

1.97 

0.99 

1.13 

2 

1.98 

1.97 

2.53 

1.02 
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MnO 

0.01 

0.02 

0.04 

0.1 

0.03 

0.01 

0.09 

0.03 

0.17 

0.11 

0.2 

0.25 

0.19 

0.17 

0.09 

0.18 

0.15 

0.26 

0.14 

0.06 

0.02 

0.06 

0.04 

0.06 

0.03 

0.03 

0.03 

0.04 

0.04 

0.07 

0.03 

0.04 

0.07 

0.04 

0.08 

0.07 

0.08 

0.21 

0.03 

MgO 

0.26 

0.14 

0.19 

0.19 

0.1 

0.15 

1.87 

0.22 

6.26 

2 

6.58 

2.6 

6.57 

2.06 

1.86 

7.04 

5.14 

7.94 

4.57 

0.19 

0.26 

0.29 

0.13 

0.33 

0.05 

0.08 

0.05 

0.15 

0.18 

0.12 

0.11 

0.24 

0.29 

0.25 

0.22 

0.41 

0.21 

0.23 

0.21 

CaO 

0.16 

0.19 

1.59 

1.88 

0.11 

0.09 

4.13 

0.12 

10.3 

8 

9.6 

12.48 

8.93 

4.92 

2.99 

8.35 

7.57 

3.71 

2.64 

0.49 

0.26 

1.21 

0.61 

0.5 

0.25 

0.19 

0.16 

0.42 

0.52 

0.09 

0.39 

0.7 

0.73 

0.9 

0.56 

1.03 

1.17 

2.62 

0.17 

1.18 

4.05 

1.56 

1.04 

0.17 

0.18 

4.93 

0.29 

2.07 

3.57 

'2.22 

2.62 

3.13 

8.77 

6.75 

2.58 

3.21 

4.05 

6.09 

2.99 

2.9 

3.93 

2.97 

2.93 

2.72 

4.28 

3.86 

3.58 

3.17 

0.18 

3.63 

2.92 

2.75 

2.38 

3.66 

2.13 

3.54 

2,49 

1.91 

5.54 

4.77 

5.29 

5.83 

6.72 

10.8 

1.36 

5.41 

0.48 

1.8 

0.86 

2.22 

0.2 

0.92 

2.47 

0.19 

1.5 

3.75 

1.15 

4.53 

4.99 

3.74 

4.55 

4.57 

5.5 

4,46 

4.53 

4.57 

4.58 

3.42 

5.06 

4.03 

4.04 

5.04 

3.75 

4.15 

3.97 

4.16 

5.04 

0.03 

0.02 

0.02 

0.05 

0.03 

0.02 

0.16 

0.02 

0.32 

0.34 

0.34 

0.36 

0.28 

0.3 

0.35 

0.34 

0.33 

0.23 

6.34 

0.02 

0.02 

0.04 

0.05 

0.02 

0.03 

0.04 

0.03 

0.02 

0.02 

0.05 

0.02 

0.03 

0.03 

0.02 

0.04 

0.05 

0.04 

0.06 

0.02 

Lor 

1.02 

0.71 

2.21 

3.24 

1.59 

1.37 

0.95 

1.78 

2.66 

2.54 

1.22 

8.34 

6.89 

4,42 

6.05 

6,46 

2.14 

1.47 

2.4 

0.91 

1.07 

1.57 

1.65 

1.07 

0.65 

0.62 

0.29 

0.9 

1.2 

3.8 

1.15 

1.19 

1.46 

1.59 

1.19 

2.53 

1.3 

4.18 

1.38 

351 

Total 

99.96 

98.49 

99.38 

99.99 

99.68 

99.87 

100 

99.79 

100.07 

99.94 

99.£19 

100.1 

100.11 

100.1 

100.02 

99.99 

99.87 

99.69 

100.12 

99.86 

99.98 

99.97 

99.42 

100.11 

99.73 

99.83 

99.7 

99.83 

99.95 

99.73 

100.41 

99.91 

99.83 

100.03 

100.04 

100.42 

99.71 

99.11 

100.03 



Appendix 

Table B.l: Tablei)f major chemical elements continued 

Field 

no 

OD12T 76.59 0.11 12.5 

Andesitic Lavas 

Cerro Pico R.ojo Rhyolite Dome 

Pumice Flow Unit 

F53 

F51A 

GA5 

GA7 

F5lB 

87 

S8 

S2 

74.8 

75.98 

76.49 

76.21 

74.55 

76.2 

76.03 

73.53 

Plateau Basalts 

S9A 

SlOA 

SlOB 

52.63 

49.25 

47.29 

0.17 

0.15 

0.2 

0.13 

0.13 

0.11 

0.11 

0.14 

1.99 

2.31 

3 

Minor Intrusive Rocks 

12.52 

10.96 

11.05 

12.54 

10.76 

11. 74 

11.68 

11.21 

16.97 

16.61 

15.15 

1.31 

2.57 

3.27 

3.12 

1.46 

3.7 

2.39 

2.55 

2.73 

9.41 

11.14 

11.63 

Undersaturated Basaltic Minot Intrusive Rocks 

Fll 

F45 

45.49 

43.04 

2.14 

2.06 

17.14 

15.08 

9.91 

9.33 

MnO 

0.06 

0.06 

0.02 

0.01 

0.01 

0.02 

0.03 

0.06 

0.01 

0.21 

0.26 

0.15 

0.26 

0.18 

MgO 

0.27 

0.2 

0.2 

0.05 

0.05 

0.44 

0.05 

0.05 

0.06 

3.77 

5.08 

6.93 

3.91 

4.68 

OaO 

0.58 

0.24 

0.16 

0.06 

0.03 

0.35 

0.07 

0.07 

1.78 

1.18 

8 

8.98 

9.64 

12.62 

3.05 

4.35 

4.25 

0.99 

3.84 

3.03 

4.69 

4.58 

2.13 

4.17 

3.74 

2.96 

4.44 

3.26 

Basaltic 1 Basaltic andesitic, Trachybasaltic/andesitic and Andesitic Minor Intrusive Rocks 

L1TB 

WI46H 

F1 

FlO 

WI30 

WIl 

F20 

WI24 

F21 

LI7A 

F80 

F20 

F5A 

F39H 

F29 

F33 

S3 

S6 

LH12 

F64A 

F68 

56.39 

59.54 

54.18 

53.68 

55.17 

47.51 

45.6 

53.23 

48.94 

57.57 

58.34 

53.52 

53.15 

53.45 

55.31 

60041 

61.09 

54.99 

55.34 

52.43 

49.34 

0.85 

0.94 

1.13 

1.01 

0.72 

1.12 

1.57 

1.34 

2.36 

0.9 

1.1 

1.23 

0.91 

1.15 

0.67 

0.67 

0.74 

0.87 

1.55 

1.42 

1.33 

17.23 

16.18 

16.21 

15.79 

18.4 

16.48 

17.21 

18.35 

15.72 

17.57 

5.39 

6.86 

7.95 

7.4 

6.34 

8.83 

8.19 

9.12 

12.64 

5.54 

17.88 7.02 

16.62 8.63 

15.15 8.41 

16.93 8.76 

17.73 7.03 

17.82 5,45 

17.2 5.92 

19.06 7.69 

15.61 10.58 

16.21 10.15 

Hl.03 9.65 
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0.09 

0.12 

0.23 

0.19 

0.13 

0.28 

0.1 

0.13 

0.32 

0.08 

0.21 

0.16 

0.14 

0.32 

0.25 

0.07 

0.12 

0.19 

0.2 

0.18 

0.18 

3.48 

1.79 

2.13 

1.7 

3.61 

3.52 

2.78 

2.77 

4.11 

3.18 

2.76 

2.2 

6.67 

5.71 

3.17 

2.45 

2.86 

3.8 

3.03 

2.44 

2.06 

6.28 

6.41 

6.57 

6.4 

7.39 

10.42 

7.03 

5.35 

5.18 

3.49 

1.5 

4.49 

3.51 

3.35 

3.91 

6.05 

6.19 

8.42 

6.96 

6.7 

8.44 

4.44 

2.96 

4.84 

3.19 

3.98 

1.98 

2.9 

4.9 

5.41 

8.43 

6.88 

6.71 

3.27 

5.4 

5.13 

3.88 

3.82 

3.65 

3.47 

3.7 

3.26 

4.57 

4.67 

4.24 

6.33 

5.06 

4.33 

4.31 

4.53 

3.57 

1.5 

1.55 

1.08 

2.2 

2.36 

0.8H 

1.05 

0.52 

1.21 

0.64 

2.11 

1.89 

1.91 

0.74 

0.48 

2.02 

0.93 

1.74 

(J.55 

3.5 

1.31 

1.59 

0.78 

2.07 

3.03 

2.55 

0.03 

0.03 

0.03 

0.03 

0.01 

0.03 

0.02 

0.03 

0.02 

0.71 

0.58 

0.72 

0.92 

0.71 

0.28 

0.36 

0.6 

0.54 

0.18 

0.48 

0.7 

0.28 

0.91 

0.28 

0.34 

0.5 

0.28 

0.32 

0.35 

0.19 

0.15 

0.22 

0.54 

0.49 

0.47 

LOl 

0.9 

0.3 

0.51 

1.44 

0.7 

1.67 

0.33 

0.2 

4.76 

0.59 

1.5 

1.92 

3.98 

5.33 

4.59 

3.55 

5.91 

8.83 

2.69 

7.23 

12.43 

2.49 

4.01 

2.55 

2.42 

5.11 

6.27 

3.72 

3.38 

2.07 

0.26 

0.43 

0.4 

3.07 

6.81 

352 

Total 

99.95 

99.91 

99.77 

99.7 

99.98 

99.01 

99.88 

99.83 

99.94 

99.74 

100.01 

99.79 

100.03 

98.65 

99.91 

99.76 

100.27 

99.94 

99.25 

99.96 

100.4 

99.87 

100.34 

100.07 

100.47 

100.1 

99.5 

99.66 

100.43 

100.37 

99.94 

100.09 

99.75 

99.82 

100.12 



Appendix 

Table B.l: Table'of major chemical elements continued 

Field 

no 

F59 

F27B 

50.82 

54.36 

1.54 

1.31 

PhonoHtic Minor Intrusives 

LSa 56.13 0.04 

15.47 

18 

19.78 

Da.citic and Rhyolitic Minor Intrusives 

CP46A 65.11 

WJ43 62.11 

CP17C 64.86 

F57B 65.27 

F61 63.63 

CP48 64.11 

FS9 62.33 

F5B 66.31 

PI79A 62.05 

WIl7 60.94 

WIlO 69,45 

F14 72.54 

WI22 71.24 

F12 72.81 

F44A 63.08 

F40 64.06 

F47 62.72 

F64B 63.53 

0.62 

0.78 

0.42 

0.3 

0.63 

0.77 

0.63 

0.39 

0.51 

0,54 

0.24 

0.22 

0.28 

0.23 

0.5.5 

0.62 

0.86 

0.75 

15.16 

15.91 

14.86 

14.58 

16.73 

15.59 

15.61 

15.77 

16.76 

17.15 

15.49 

13.47 

14.8 

13.63 

15.26 

15.89 

15.72 

15.9 

Granitoids and Microgranitoids 

CF27 

CF19C 

CF20 

CF24 

CF25 

CF26 

CF16 

CF41C 

CF1S 

CF6A 

CF6B 

CP61 

GA15A 

CP62 

CPS2 

PI89 

CP60 

BBJRT1 

69.98 

54.32 

66.74 

68.32 

52.62 

62.31 

61.47 

63.84 

64.1 

63.15 

64.39 

66.11 

63 

67.24 

64.97 

64.69 

57.99 

68.34 

0.31 

0.93 

0.43 

0.4 

0.56 

0.63 

0.59 

0.58 

0.53 

0.55 

0.54 

0.41 

0.55 

0.42 

0.4 

0.49 

1.61 

0.25 

14.76 

16.67 

16.28 

16.71 

16.89 

16.77 

16.61 

16.3 

16.47 

16.85 

16.26 

16.31 

17.42 

16.39 

15.61 

16.23 

16.22 

16.33 

10.09 

8.79 

4.14 

3.89 

5.37 

3.63 

3.62 

5.68 

4.14 

5.09 

4.47 

4.47 

4.5 

2.9 

2.04 

2.78 

2.7 

4.68 

4.92 

6.49 

5.26 

2.85 

8.84 

4.33 

2.28 

6.48 

5.52 

5.35 

4.98 

4.95 

4.61 

4.54 

3.61 

4.72 

3.42 

3.55 

3.81 

7.78 

2.75 

page 

MnO 

0.17 

0.17 

0.14 

0.07 

0.12 

0.09 

0.12 

0.1 

0.15 

0.14 

0.15 

0.1 

0.1 

0.05 

0.07 

0.05 

0.07 

0.16 

0.17 

0.1 

0.11 

0.07 

0.23 

0.03 

0.03 

0.04 

0.11 

0.06 

0.07 

0.1 

0.06 

0.07 

0.08 

0.09 

0.07 

0.07 

0.1 

0.17 

0.06 

MgO 

2.87 

2.4 

0.049 

1.94 

0.74 

1.5 

0.85 

1.78 

1.55 

1.09 

1.01 

2.56 

2.8 

0.59 

0.3 

0.5 

0,43 

1.19 

1.45 

1.23 

1.43 

1.09 

5.1 

1.82 

1.49 

2.49 

2.69 

2.54 

2.33 

2.26 

2.69 

2.26 

1.74 

2.44 

1.59 

1.63 

1.97 

2.83 

0.75 

CaO 

6.48 

7.5 

0.67 

3.04 

5,86 

3.62 

3.05 

4.24 

3.19 

4.17 

2.55 

4.11 

3.01 

1.55 

2.54 

1.5 

1.2 

2.57 

2.31 

4.38 

2.65 

3.01 

6.76 

·1.17 

3.99 

4.41 

5.32 

4.83 

4.95 

4.94 

5.64 

4.82 

3.73 

5.29 

2.85 

2.75 

3.83 

5.45 

4.05 

4.06 

3.69 

10.01 

3.87 

3.56 

3.61 

4.34 

4.9 

4.64 

4.46 

5.72 

4.61 

5.94 

6.38 

2.72 

4.67 

2.72 

5.67 

6.28 

4.52 

6.14 

3.53 

4.22 

4.23 

4.5 

3.32 

3.76 

4 

3.93 

3.74 

4.29 

4.14 

4.91 

4.53 

5.24 

5.71 

5.02 

4.17 

3.34 

2.85 

2.33 

4.96 

3.19 

2.68 

2.79 

1.57 

1.27 

2.77 

1.27 

1.54 

1.46 

1.45 

1.73 

2.32 

2.07 

4.19 

1.57 

1.31 

0.47 

1.81 

3.49 

1. 73 

1.24 

1.34 

1.83 

1.7 

1.71 

1.74 

1.68 

1.22 

1.8 

1.17 

1.08 

1.49 

0.96 

1.36 

2,58 

2.6 

0.54 

0.5 

0.05 

0.19 

0.26 

0.15 

0.18 

0.32 

0.28 

0.26 

0.24 

0.16 

0.16 

0.14 

0.08 

0.09 

0.07 

0.22 

0.25 

0.36 

0.26 

0.08 

0.13 

0.12 

0.14 

0.15 

0.16 

0.15 

0.15 

0.15 

0.16 

0.15 

0.13 

0.16 

0.14 

0.13 

0.14 

0.61 

0.05 

Lor 

4.67 

0.26 

4.18 

3.27 

2.42 

4.27 

5.26 

0.52 

3.13 

5.25 

2.08 

3.53 

3.48 

1.97 

3.8 

2.44 

1.84 

4.78 

1.53 

3.08 

2.19 

0.71 

1.17 

0.83 

0.75 

0.65 

1.14 

2.08 

0.91 

0.93 

0.92 

0.91 

0.4 

0.93 

0.97 

2.87 

2.69 

0.91 

1.44 

353 

Total 

99.56 

99.31 

100.149 

100.35 

99.81 

99.8 

99.14 

99.8 

100,32 

100.3 

100.23 

100.32 

100.07 

100.49 

100.1 

100.42 

99.89 

99.73 

98.79 

99.93 

100.03 

99.88 

100,11 

100.23 

99.94 

99.43 

100.1 

99.38 

99.78 

99.84 

100.14 

99.88 

98.6 

100.22 

99.82 

98.65 

100.33 

100.32 

99.97 
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Table B.l: Tableuf major chemical elements continued 

Field 5102 Ti02 AlzOa FezOa MnO MgO CaO Na20 1(2 0 PzOS LOI Total 

no 

Esmeralda 

64.63 0.58 15.61 5.44 0.06 1.96 4.42 3.05 2.44 0.12 1.17 99.47 

Pl75A 57.98 0.54 16.2 4.34 0.12 2.06 5.79 3.8 2.5 0.17 6.7 100.2 

Pl62 63.29 0.62 16.36 5.24 0.11 2.31 4.75 4.09 1.94 0.19 1.55 100.45 

Pl23 62.92 0.65 16.15 5.36 0.12 2.29 4.93 4.07 1.79 0.19 1. 76 100.22 

CP77 53.44 1.07 18.08 9.14 0.17 3.87 7.52 3.87 1.01 0.26 L51 99.95 

CP83 56.18 1.07 17.26 8.46 0.21 3.12 6.31 4.01 1.35 0.39 1.63 99.99 

WIl05 60.52 0.62 17.64 5.43 0.07 2.65 5.08 5.01 1.18 0.21 1.61 100.01 

WI95C 61.33 0.59 17.26 5.31 0.12 2.67 5.32 4.25 0.96 0.2 2.27 100.27 

WI47 52.76 1.06 15.99 8.83 0.17 4.39 4.59 4.14 2.22 0.31 1.92 96.38 

WI38B 61.64 0.76 15.21 4.9 0.07 2.93 4.76 5.61 0.47 0.22 3.89 100.46 



Appendix 

Table B.2: Table of trace chemical elements (parts per million) 

Field Ga Pb 

no 

Baserncnt Schists 

SCH5 

A 

10 

Ibanez Formation 

SiHcic Pyroclastic Rocks 

FOB 

WI56 

WI7 

WI72 

P9T 

FliT 

WI21 

L5p 

PI43T 

F11M 

F23 

WI9 

F9M 

L20 

F57A 

PI43M 

PI43B 

L20a 

FHB 

PI79B 

F2A 

17 

14 

11 

10 

14 

14 

13 

14 

12 

15 

13 

12 

18 

14 

10 

16 

11 

14 

15 

9 

18 

13 

18 

4 

18 

11 

14 

19 

13 

15 

13 

15 

17 

13 

15 

7 

35 

15 

18 

20 

17 

Rb 

122 

175 

99 

74 

123 

144 

354 

145 

63 

108 

126 

166 

106 

150 

138 

145 

121 

131 

188 

94 

l6B 

Sr Th 

1915 4 

248 

3B 

28 

102 

292 

139 

34 

112 

294 

160 

101 

77 

158 

94 

141 

170 

157 

114 

73 

492 

115 

20 

18 

4 

10 

20 

13 

14 

11 

9 

20 

15 

15 

20 

13 

12 

7 

8 

11 

12 

16 

11 

y 

27 

21 

21 

13 

21 

19 

21 

23 

20 

21 

19 

17 

1B 

21 

22 

19 

14 

18 

21 

21 

22 

24 

Silicic Extrusive Rocks (Including Cerro Cabeza Blanca) 

WI41 17 

WI1ll 19 

Wlll3 17 

WI33 20 

WI25 13 

GAlle 13 

FIB 13 

F22 

WI76 

L14 

CP20 

CP68 

CF19B 

WI120 

12 

12 

24 

19 

21 

17 

14 

8 

10 

24 

9 

10 

12 

16 

19 

73 

19 

24 

12 

119 

104 

355 

179 

212 

71 

247 

136 

216 

232 

264 

466 

156 

262 

75 

184 

36 

510 

78 

95 

70 

96 

60 

69 

14 39 507 

3 226 66 

on next page 

13 

6 

10 

13 

14 

18 

21 

24 

13 

13 

17 

19 

3 

18 

35 

36 

32 

36 

20 

16 

22 

20 

25 

50 

45 

53 

12 

21 

v 

84 

30 

22 

42 

27 

26 

26 

39 

21 

40 

25 

20 

33 

25 

18 

26 

46 

34 

26 

27 

34 

39 

58 

47 

49 

40 

13 

22 

26 

14 

12 

8 

15 

19 

81 

16 

Cr 

42 

115 

2 

3 

,1 

10 

12 

2 

11 

7 

10 

2 

5 

6 

2 

14 

9 

5 

17 

6 

6 

13 

8 

19 

9 

2 

10 

2 

2 

3 

6 

8 

19 

15 

Ni 

20 

5 

4 

3 

3 

4 

4 

4 

4 

4 

3 

3 

3 

3 

4 

5 

3 

4 

3 

5 

3 

3 

3 

4 

4 

4 

11 

3 

Zn 

79 

39 

40 

53 

75 

39 

39 

26 

36 

32 

40 

43 

25 

40 

36 

62 

52 

39 

33 

37 

54 

53 

84 

86 

92 

59 

21 

20 

40 

42 

41 

106 

42 

39 

84 

20 

Zr 

86 

165 

121 

74 

153 

155 

141 

94 

115 

124 

158 

147 

137 

165 

113 

98 

109 

94 

150 

158 

159 

157 

226 

234 

236 

248 

84 

152 

94 

101 

71 

297 

167 

201 

109 

97 

Nb 

10 

7 

6 

8 

7 

6 

6 

6 

7 

5 

6 

8 

6 

5 

4 

5 

7 

6 

5 

5 

8 

10 

4 

8 

5 

8 

7 

7 

5 

8 

8 

7 

7 

7 

Ba La 

70 25 

634 41 

1084 34 

100 5 

362 26 

1016 42 

1117 41 

752 28 

987 27 

510 21 

488 42 

858 50 

1866 29 

751 48 

1368 26 

530 29 

490 17 

603 26 

1012 39 

923 45 

1006 25 

422 26 

600 32 

542 24 

1569 30 

880 28 

819 28 

989 35 

873 36 

1187 38 

783 26 

898 37 

1070 141 

902 37 

270 8 

1087 35 

Ce 

63 

83 

59 

7 

51 

74 

77 

60 

58 

54 

77 

91 

49 

87 

68 

52 

44 

42 

63 

86 

52 

46 

72 

64 

68 

59 

57 

71 

58 

61 

45 

75 

113 

66 

38 

66 

355 

Nd 

32 

27 

13 

30 

36 

36 

24 

21 

20 

34 

38 

21 

32 

39 

30 

30 

20 

20 

31 

26 

31 

42 

38 

34 

32 

26 

21 

23 

22 

26 

36 

143 

44 

18 

37 
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Table B.2: Table-of trace chemical elements continued 

Field Ga Pb Rb Sf 

no 

Basaltic and Basaltic Extrusive Rocks 

WI99 18 

F28 20 

WI86A 18 

CP24A 18 

WI82B 18 

F38 13 

GAIOB 19 

WI86C 18 

PIlB 18 

CP18A 16 

PI22 17 

5 

11 

8 

17 

7 

12 

6 

13 

9 

Divisadero Formation 

4 

65 

19 

84 

19 

70 

60 

447 

32 

405 

479 

348 

374 

386 

342 

646 

353 

516 

267 

598 

Tuffs and Ignimbrites 

OD12B 11 

1,04 12 

OFa9 12 

F48 13 

CD12M 12 

OD7T 11 

OD7M 13 

OD7B 12 

1,F5T 10 

LF5M 11 

GAl 14 

L~'5B 11 

LF4T 13 

1.01 10 

1.03 11 

1,F4M 13 

F50 15 

LF4B 13 

F27A 14 

1.02 11 

CD12T 12 

Andesitic Lavas 

20 

22 

15 

13 

17 

24 

15 

19 

17 

16 

4 

17 

21 

20 

19 

21 

16 

20 

22 

14 

16 

165 

186 

81 

143 

167 

120 

136 

123 

170 

169 

95 

135 

158 

165 

210 

138 

143 

127 

125 

203 

169 

39 

55 

152 

69 

43 

16 

42 

36 

46 

45 

16 

37 

65 

104 

66 

60 

139 

58 

93 

55 

45 

Cerro Pico Raja Rhyolite Dome 

Pumice Flow Unit 

~'53 

F51A 

GA5 

GA7 

32 

34 

32 

30 

32 

22 

253 

269 

19 

11 

14 313 11 

8 270 3 

on next page 

Th 

9 

3 

3 

3 

9 

7 

3 

5 

2 

7 

17 

15. 

13 

13 

20 

10 

12 

14 

18 

18 

12 

20 

11 

15 

15 

12 

19 

8 

15 

16 

18 

34 

45 

21 

29 

y 

26 

24 

27 

27 

24 

18 

26 

27 

23 

19 

26 

21 

20 

30 

28 

20 

40 

43 

46 

20 

20 

37 

20 

45 

21 

20 

44 

30 

41 

31 

18 

21 

144 

142 

113 

117 

v 

213 

139 

207 

225 

278 

181 

136 

255 

180 

276 

173 

14 

18 

18 

20 

16 

17 

17 

17 

15 

16 

20 

20 

17 

18 

17 

17 

21 

16 

31 

16 

16 

15 

11 

15 

13 

Or 

206 

18 

282 

188 

438 

9 

7 

419 

208 

210 

147 

8 

8 

14 

2 

7 

6 

8 

4 

4 

6 

9 

5 

9 

8 

10 

6 

3 

6 

2 

7 

17 

2 

2 

5 

11 

Ni 

73 

6 

83 

65 

125 

8 

3 

113 

65 

87 

52 

4 

3 

3 

4 

3 

5 

4 

3 

4 

4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

3 

4 

4 

4 

Zn 

92 

66 

96 

90 

142 

65 

54 

89 

88 

256 

86 

28 

24 

39 

44 

27 

31 

34 

35 

24 

23 

32 

21 

44 

24 

26 

44 

49 

45 

53 

28 

27 

182 

214 

69 

68 

Zr 

143 

161 

148 

151 

124 

129 

173 

134 

186 

90 

178 

80 

84 

152 

170 

84 

137 

146 

124 

85 

84 

150 

88 

205 

86 

84 

215 

158 

210 

162 

86 

87 

1004 

1879 

1077 

1179 

Nb 

10 

9 

8 

8 

5 

8 

9 

8 

2 

9 

6 

6 

8 

6 

6 

9 

9 

9 

6 

6 

8 

7 

7 

6 

6 

8 

9 

7 

5 

6 

7 

149 

177 

117 

139 

Ba La 

243 14 

484 24 

388 18 

472 15 

181 12 

559 22 

808 24 

136 12 

400 15 

269 5 

1085 12 

1094 32 

1115 34 

1273 27 

1299 26 

1082 34 

1295 36 

1001 44 

939 38 

1161 38 

1103 39 

1116 35 

1342 30 

854 32 

1599 30 

1121 33 

831 31 

601 46 

836 26 

997 28 

1128 33 

1113 34 

32 

20 

73 

20 

72 

73 

107 

17 

Oe 

50 

49 

58 

62 

34 

49 

63 

35 

55 

27 

54 

55 

63 

56 

55 

63 

71 

97 

83 

61 

56 

64 

55 

62 

54 

58 

58 

88 

67 

54 

58 

54 

152 

222 

229 

73 

356 

Nd 

35 

33 

35 

30 

26 

23 

37 

39 

36 

25 

28 

22 

24 

28 

24 

34 

38 

44 

36 

20 

22 

39 

39 

51 

24 

28 

44 

31 

39 

29 

27 

33 

73 

86 

117 

38 
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Table B.2: Table'of trace chemical elements continued 

Field 

no 

F51B 

S7 

S8 

S2 

Ga 

33 

29 

30 

28 

Plateau Basalts 

S9A 

SlOA 

SlOB 

23 

20 

21 

Pb 

33 

20 

24 

16 

4 

Minor Intrusive Rocks 

Rb 

248 

209 

223 

157 

21 

28 

23 

Sr 

23 

4 

7 

91 

544 

421 

445 

Th 

38 

28 

26 

20 

4 

4 

13 

Undersaturated Basaltic Ivfinor Intrusive Rocks 

Fll 

F45 

16 

16 

7 

6 

846 

764 

7 

6 

y 

169 

123 

100 

92 

36 

38 

38 

28 

24 

v 

11 

14 

17 

14 

256 

223 

210 

120 

144 

Cr 

2 

5 

4 

3 

9 

56 

225 

83 

255 

Ni 

3 

3 

6 

3 

11 

30 

129 

42 

127 

ZIl 

265 

132 

85 

103 

103 

87 

99 

73 

62 

Basaltic, Basaltic andesitic~ Trachybasaltic/andesitic and Andesitic Minor Intrusive Rocks 

L17B 

WI46B 

Fl 

FlO 

WI30 

WIl 

F20 

WI24 

F21 

L17A 

F8C 

r'2C 

F5A 

I·'39B 

F29 

F33 

S3 

S6 

LH12 

F64A 

F68 

F69 

F27B 

22 

19 

19 

17 

21 

18 

23 

23 

21 

24 

20 

17 

13 

19 

12 

18 

19 

19 

20 

22 

19 

19 

19 

4 

17 

5 

6 

61 

11 

7 

8 

7 

4 

14 

4 

9 

6 

7 

7 

3 

11 

11 

10 

B 

10 

25 

29 

11 

29 

13 

81 

36 

87 

11 

14 

81 

24 

49 

7 

95 

34 

50 

11 

55 

121 

100 

109 

.87 

1548 

418 

374 

320 

810 

452 

1316 

545 

456 

854 

318 

532 

290 

365 

558 

534 

571 

543 

587 

332 

421 

347 

461 

Phonolitic Minor Intrusives 

L5a 48 13 121 6 

Dacitic and Rhyolitic Minor Intrusives 

CP46A 

WI43 

CP17C 

18 

17 

16 

11 

16 

114 

74 

420 

498 

16 101 227 

on next page 

3 

10 

3 

3 

5 

4 

5 

5 

11 

3 

6 

4 

10 

6 

3 

18 

11 

10 

11 

12 

22 

15 

12 

13 

10 

34 

31 

30 

11 

26 

19 

27 

42 

10 

29 

26 

21 

20 

24 

16 

22 

21 

45 

41 

38 

44 

39 

34 

17 

35 

15 

104 

79 

44 

29 

132 

182 

145 

193 

319 

109 

120 

67 

176 

219 

105 

98 

127 

157 

214 

235 

248 

231 

151 

9 

83 

55 

66 

25 

11 

9 

16 

38 

89 

24 

8 

23 

31 

6 

9 

280 

34 

8 

46 

34 

50 

3 

14 

16 

4 

3 

2 

12 

5 

25 

20 

5 

4 

18 

39 

16 

7 

10 

21 

4 

72 

10 

6 

21 

16 

34 

3 

11 

10 

5 

6 

3 

13 

4 

8 

42 

93 

75 

65 

221 

83 

98 

121 

100 

47 

97 

70 

83 

65 

68 

60 

54 

65 

88 

67 

83 

83 

69 

224 

59 

76 

97 

Zr 

1733 

1050 

1032 

936 

284 

277 

304 

271 

198 

118 

303 

161 

160 

106 

156 

245 

150 

208 

126 

186 

142 

128 

162 

151 

130 

137 

90 

232 

215 

206 

214 

218 

1561 

149 

237 

137 

Nb 

163 

137 

123 

111 

26 

44 

32 

69 

63 

3 

12 

6 

6 

3 

8 

25 

4 

7 

2 

6 

6 

8 

6 

4 

6 

7 

10 

6 

7 

7 

7 

140 

6 

8 

5 

Ba 

23 

20 

26 

22 

386 

324 

217 

843 

584 

110 

503 

168 

351 

114 

587 

443 

324 

485 

53 

600 

312 

3083 

428 

2445 

278 

319 

190 

520 

494 

452 

671 

470 

20 

406 

1076 

392 

La 

106 

18 

53 

49 

28 

28 

17 

70 

47 

19 

44 

16 

20 

12 

25 

31 

14 

26 

21 

22 

8 

23 

16 

30 

13 

15 

7 

17 

26 

24 

25 

25 

124 

26 

32 

25 

Ce 

243 

73 

139 

137 

75 

70 

77 

117 

81 

59 

96 

37 

43 

22 

59 

77 

32 

58 

54 

44 

29 

48 

44 

54 

27 

30 

29 

69 

61 

55 

68 

63 

214 

49 

78 

49 

357 

Nd 

117 

44 

63 

60 

46 

47 

55 

51 

45 

29 

50 

40 

26 

15 

35 

41 

25 

36 

36 

32 

25 

22 

22 

26 

25 

32 

21 

40 

37 

33 

35 

41 

61 

27 

39 

23 
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Table B.2: Table-of trace chemical elements continued 

Field 

no 

F57B 

FBI 

CP48 

F59 

F5B 

PI79A 

WIlD 

F14 

WI22 

F12 

W117 

F44A 

F40 

F47 

F54B 

Ga 

15 

17 

19 

19 

16 

19 

17 

13 

16 

13 

18 

19 

18 

17 

17 

Pb 

8 

6 

39 

5 

7 

7 

11 

10 

14 

18 

14 

6 

6 

8 

10 

Rb 

48 

35 

91 

31 

37 

41 

62 

90 

61 

160 

39 

54 

31 

7 

59 

Sr 

407 

442 

297 

374 

436 

777 

116 

104 

191 

137 

607 

314 

480 

250 

240 

Granitoids and Microgranitoids 

CF27 

CF19C 

CF20 

CF24 

CF25 

CF26 

CF16 

CF41C 

CF15 

CF6A 

CF6B 

CP61 

15 

17 

17 

16 

19 

18 

17 

17 

17 

18 

18 

19 

GA15A 16 

CP62 16 

CP52 

PI89 

17 

17 

CP60 21 

BERTI 15 

Esmeralda 

PI75A 

Pl62 

Pl23 

CP77 

CP83 

WIl05 

17 

18 

19 

16 

21 

23 

18 

11 

8 

6 

8 

6 

3 

4 

7 

8 

9 

4 

5 

6 

6 

10 

18 

7 

18 

10 

3 

107 

54 

50 

61 

92 

49 

64 

47 

52 

47 

55 

24 

13 

36 

34 

32 

83 

104 

84 

103 

61 

58 

24 

44 

333 

436 

522 

485 

500 

480 

481 

480 

476 

648 

514 

524 

569 

551 

382 

474 

548 

191 

253 

317 

454 

453 

500 

442 

27 630 
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Th 

4 

15 

4 

6 

4 

6 

19 

7 

20 

3 

6 

3 

5 

16 

5 

4 

2 

4 

6 

4 

6 

13 

14 

2 

4 

5 

10 

7 

8 

3 

9 

5 

3 

6 

2 

y 

22 

22 

27 

28 

24 

10 

12 

14 

15 

18 

6 

29 

28 

27 

33 

18 

32 

11 

9 

15 

20 

15 

21 

18 

13 

18 

10 

13 

11 

10 

8 

50 

12 

22 

11 

18 

20 

20 

27 

15 

v 

14 

42 

54 

36 

17 

81 

13 

20 

18 

20 

81 

28 

29 

35 

32 

47 

213 

73 

63 

95 

106 

105 

85 

82 

91 

79 

52 

79 

53 

57 

73 

109 

65 

100 

92 

75 

100 

180 

108 

90 

Cr 

2 

2 

5 

7 

2 

41 

2 

3 

6 

8 

20 

2 

2 

3 

2 

19 

45 

17 

20 

23 

38 

43 

26 

34 

40 

31 

8 

28 

10 

8 

22 

6 

19 

35 

62 

14 

19 

14 

6 

28 

Ni 

4 

5 

4 

3 

17 

3 

3 

4 

14 

4 

2 

7 

24 

12 

5 

13 

17 

17 

18 

12 

29 

20 

12 

13 

9 

8 

12 

8 

3 

7 

28 

7 

7 

3 

7 

16 

Zn 

63 

49 

116 

70 

59 

55 

55 

40 

88 

45 

79 

67 

61 

64 

54 

38 

112 

36 

43 

46 

44 

51 

48 

64 

35 

38 

48 

42 

32 

56 

48 

83 

40 

32 

198 

47 

56 

75 

85 

51 

Zr 

165 

177 

210 

217 

176 

86 

157 

120 

186 

140 

105 

225 

220 

233 

255 

103 

60 

105 

93 

95 

122 

113 

147 

126 

119 

142 

97 

92 

103 

94 

90 

284 

69 

124 

93 

122 

141 

59 

150 

115 

Nb 

8 

7 

9 

8 

9 

3 

8 

5 

9 

6 

3 

7 

7 

9 

8 

7 

6 

7 

6 

7 

7 

8 

7 

7 

6 

7 

4 

6 

5 

4 

11 

8 

4 

4 

7 

7 

7 

9 

Ba 

313 

319 

360 

363 

405 

398 

240 

La 

22 

22 

32 

24 

24 

8 

16 

1042 29 

472 21 

1290 33 

455 7 

387 23 

426 20 

266 22 

408 25 

570 

218 

251 

256 

214 

366 

286 

412 

372 

220 

377 

306 

286 

339 

261 

332 

294 

462 

796 

166 

313 

371 

198 

270 

186 

21 

5 

21 

8 

15 

16 

9 

16 

21 

6 

9 

10 

12 

7 

9 

10 

34 

21 

17 

11 

15 

14 

8 

16 

7 

Ce 

52 

48 

63 

59 

64 

21 

33 

50 

41 

59 

15 

58 

41 

57 

61 

50 

26 

50 

22 

38 

37 

31 

39 

44 

24 

40 

14 

33 

18 

15 

21 

91 

40 

53 

19 

32 

42 

37 

43 

27 

358 

Nd 

31 

27 

35 

37 

34 

12 

23 

26 

21 

19 

12 

33 

33 

38 

38 

20 

25 

33 

20 

18 

19 

15 

28 

28 

23 

22 

19 

20 

17 

12 

16 

61 

21 

21 

17 

19 

32 

23 

35 

25 
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Table B.2: Table-of trace chemical elements continued 

Field Gil. Pb Rb Sr Th Y V Or Ni Zn Zr Nb Ba La Oe Nd 

no 

WI950 18 6 20 560 16 75 27 16 59 126 11 230 8 23 30 

WI47 18 4 79 384 10 27 194 72 15 54 196 6 793 22 51 27 

WI38B 16 24 322 15 21 123 84 21 25 200 7 31 19 48 25 



Appendix C 

Correspondence 

Author Aguirre-Urreta, Maria B 
Title = Ammonites, E-mail 6 May 1998 
Month = 6 May 1998 
Buenos Aires, May 6, 1998. 
Dear Zane, 
Yesterday I received your letter & photos. I have just arrived a day before from a field 
trip to the Neuquen basin where I am working in Lower Cretaceous rocks & ammonites. 
To my complete surprise, I discover that some of your ammonites (and the inoceramids) 
are identical to the fauna I have just collected in Neuquen. Up to the present, most 
people believed that coeval faunas from the Neuquen and Austral basin were different. I 
had some doubts about that,. specially since last year we found some Late Valanginian 
ammonites common to both basins (I will send a pre-print copy of the paper), and now 
your findings confirm that at some levIes there is a close link between both basins. 

There are three different ammonites: as you suspect, two are species of Crioceratites, 
of the Crioceratites nolani/ duvali group of Europe, with local names in Argentina that 
characterizes the "mid" Hauterivian of the Boreal Realm, or the early-late Hauterivian 
boundary of the Tethys. I have doubts regarding your third form which seems to be 
the most common one. I would like you to tell me how is the whorl section (rounded, 
subquadrate, compressed, depressed), and if the ribs cross the venter with or without 
interruption and how (straight or curved backward or forward) and if there is any hint of 
tubercles. Any chance to see a suture line? 

I think the fossils are very important and deserve a publication. Let me know your 
opinion about that, as I do not know exactly the scope of your work in Chile. 

Hope to hear from you soon. 
Best regards, 
Beatriz Aguirre-Urreta 

Author = Aguirre-Urreta, Maria B 
Title Ammonites, E-mail 16 December 1998 
Month 16 December 1998, 
Dear Zane, 
Last week I finished with the teaching of the second semester and started immediately to 
look at your ammonites. As you recall you have three different forms, the msot common 
one was the one I have some doubts, and then two species of Crioceratites, which are nearly 
identical with two species quite common in the Neuquen basin, in northern Patagonia. 

The common forms fits well with the diagnosis of Aegocrioceras, a genus only know in 
northwestern Europe, specially in Speeton Clay in UK and also in Germany, In fact, it is 
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very important, and quite strange to have this form in southern Patagonia. But it is not 
the first case of this funny distribution, we also have in the Austral basin, Protaconoceras, 
another Hauterivian genus that show the very same distribution. Up to the moment, we 
have none of these two genus in the Neuquen basin. It would be very important to the 
paleontology and biostratigraphy of the basin to be able to find the stratigraphic relation
ship of your fauna and the Favrella. I have written to Manuel Suarez about this problem, 
and also asking him if I could get more specimens from Chile but I did not get a reply. 
I would like to know if you are planning to go back again to the field this next summer, 
and if so, what is the chance of meeting a few days to visit the locality? I could manage 
some days in Mid-Late February-early March. Iwill be in Buenos Aires till the first week 
on January. Hope you are progressing with your thesis, and that the information taht I 
can provide you will help. Have a nice Christmas and I hope to hear form you, 

Best regards, 
Bea triz Aguirre-U rreta 
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Appendix of Ar-Ar data 

Table D.l: 40Ar/39Ar age determinations: Mesozoic Volcanics 

Step 40Ar 3gAr 

(1) 1,511 (R22329 biotite) 

2 

3 

4 

5 

6 

7 

8 

293.000 

581.700 

497.400 

755.800 

897.200 

1270.00 

324.700 

46.840 

blank 0.100 

40/36air288.600 

11.960 

30.420 

41.840 

35.500 

80.680 

113.500 

11.710 

0.489 

0.110 

(2) F9B (R22331 muscovite) 

2 

3 

4 

3665.000 61.610 

8564.000 

175.200 

297.700 

blank 0.400 

40/36air288.600 

203.600 

7.597 

3.510 

0.108 

(3) GAlle (R22333 biotite) 

2 

3 

4 

5 

6 

7 

8 

9 

110.500 1.842 

753.500 10.510 

1491.000 25.430 

319.700 16.640 

842.900 40.550 

1087.000 37.380 

1778.000 

368.900 

34.030 

blank 0.400 

40/36air288.600 

160.300 

34.480 

1.120 

0.108 

38Ar 

2.592 

7.818 

10.790 

9.301 

21.860 

30.160 

12.980 

0.084 

0.114 

6.582 

7.543 

0.306 

0.245 

0.114 

0.260 

1.451 

4.972 

4.273 

10.070 

9.045 

42.090 

9.270 

0.370 

0.114 

37Ar 

0.018 

0.026 

0.013 

0.015 

0.158 

0.131 

0.004 

0.006 

0.118 

0.406 

0.462 

0.101 

0.158 

0.118 

0.112 

0.137 

0.164 

0.130 

0.147 

0.133 

0.137 

0.123 

0.118 

0.116 

on next page 

3BAr 

0.581 

1.011 

0.343 

1.632 

0.621 

0.878 

0.751 

0.151 

0.125 

6.463 

23.120 

0.500 

1.038 

0.125 

0.440 

2.305 

4.520 

0.695 

1.841 

2.661 

1.153 

0.279 

0.202 

0.112 

40Ar'/39 39Ar 

Ark 

10.450 

9.500 

9.490 

7.994 

8.869 

8,926 

9.184 

6.571 

29.795 

9.441 

8.855 

9,909 

12.223 

12.440 

9.149 

9.487 

8.677 

9.661 

9,236 

9.449 

12.778 

cum. tot. 

0.037 

0.130 

0,258 

0.367 

0.614 

0.962 

0.998 

1.000 

0.954 

0.981 

0.994 

0.999 

0.005 

0.037 

0.114 

0.165 

0.288 

0.402 

0.892 

0.997 

1.000 

Age ±error Mean ±error 

(2 std. dev.) age 

167.4 

152.7 

152,6 

129.4 

143.0 
143.9 
147.9 

107.0 

441.3 

4.0 

2.8 

1.5 

3.5 

1.5 
1.4 
4.6 

18.0 

5.1 

151.8 6.2 
142.8 

158.9 

194.2 

107.5 

147.3 

152.5 

140.0 

155.2 

148.7 
151.9 
202.5 

3.0 

15.0 

30.0 

12.5 

10.0 

4.2 

3.1 

4.3 

1.0 
1.5 
45.0 

143.5 2.1 

151.8 6.2 

150.3 1.8 
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Step 40Ar 39Ar 

(4) eDgE (R22332 biotite) 

2 

3 

4 

5 

6 

7 

88.740 

3382.000 

800.200 

981.400 

1637.000 

387.400 

75.100 

blank 0.400 

40/36air288.600 

3.960 

43.810 

19.840 

20.180 

68.180 

20.380 

4.955 

0.108 

38Ar 

0.577 

7.759 

3.139 

3.627 

10.480 

3.289 

0.913 

0.114 

37Ar 

0.104 

0.199 

0.160 

0.174 

0.178 

0.133 

0.161 

0.116 

(5) BERT2 (R22334 horneblende) 

2 

3 

4 

5 

6 

2860.000 

2352.000 

1677.000 

634.600 

211.900 

199.200 

bJank 0.400 

40/36air283.400 

3.615 

2.665 

2.716 

12.770 

12.990 

5.090 

0.107 

2.330 

1.847 

1.433 

10.830 

12.940 

3.777 

0.121 

0.508 

0.282 

. 0.274 

5.358 

5.219 

1.766 

0.109 

(6) Lago Esmeralda ESM1 (R22335 horneblende) 

2 

3 

4 

5 

6 

7 

220.500 

557.300 

130.900 

810.100 

193.900 

47.860 

76.200 

blank 0.400 

40/36air266.500 

1.013 

1.721 

1.514 

19.170 

12.370 

1.800 

1.238 

0.108 

(7) PI62 (R22336 hornblende) 

2 

3 

4 

113.100 

80.780 

1159.000 

367.900 

43.540 

blank 0.400 

40/36air263.500 

0.979 

0.665 

8.270 

[6.380 

0.518 

0.116 

0.525 

0.828 

0.468 

25.920 

12.230 

1.163 

1.102 

0.114 

0.298 

0.380 

[3.330 

29.690 

1.034 

0.114 

0.193 

0.257 

0.228 

1.088 

3.814 

0.411 

0.392 

0.1.18 

0.154 

0.194 

3.244 

6.828 

0.309 

0.1.18 

on next page 

1:able D.l: continued 

36Ar 

0.303 

10.070 

2.454 

3.000 

3.915 

0.860 

0.231 

0.112 

10.110 

8.015 

5.702 

2.041 

0.571 

0.436 

0.130 

0.883 

2.049 

0.556 

2.500 

0.419 

0.222 

0.358 

0.115 

0.545 

0.411 

4.330 

1.133 

0.272 

0.125 

40Ar*/39 39Ar 

Ark 

8.990 

13.540 

7.270 

8.558 

8.370 

8.732 

8.521 

8.887 

45.684 

37.316 

7.235 

6.773 

6.456 

16.490 

25.560 

9.142 

9.195 

9.228 

11.246 

9.899 

0.077 

5.753 

6.022 

6.026 

5.731 

cum. tot. 

0.021 

0.263 

0.372 

0.483 

0.860 

0.972 

0.999 

0.099 

0.159 

0.260 

0.570 

0.876 

0.994 

0.027 

0.066 

0.191 

0.643 

0.933 

0.973 

1.000 

0.030 

0.049 

0.331 

0.893 

1.000 

Age 

144.9 

214.0 

118.1 

138.2 

135.2 
140.9 
137.6 

143.4 

638.8 

537.5 

117.5 

110.2 
105.2 

257.4 

384.8 

H7.2 

148.0 
148.5 
179,4 

158.9 

1.3 

94.0 

98.3 

101.2 
93.7 
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±error Mean ±error 

(2 std. dev.) Age 

13.3 

11.1 

7.6 

9.0 

3.2 
3.7 
10.0 

14.0 

50.0 

45.0 

3.5 

8.4 
8.8 

45.0 

25.2 

29.0 

2.0 
3.5 
24.0 

15.9 

40.7 

15.1 

5.2 

2.6 
14.0 

138.1 4.9 

107.7 12.2 

148.3 4.0 

101.2 2.6 
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'Table D.l: continued 

Step 40Ar 39Ar 3BAr 37Ar 3BAr 40Ar*/39 3gAr Age ±error Mean ±error 

Ark cum. tot. (2 std. dev.) Age 

CF20 (R22330 biotite) 

1 13.130 0.129 0.134 0.111 0.167 1.321 0.043 22.0 30.0 

510.100 15.3BO 3.925 0.309 1.726 4.932 0.207 81.0 3.1 

3 929.400 37.250 7.074 0.400 2.780 5.603 0.604 91.6 2.9 89.3 3.7 
4 501.000 37.070 7.677 0.295 1.244 5.314 1.000 87.0 2.3 
blank 0.100 0.116 0.114 0.118 0.125 

40/36air271.300 

K-Ar age data: K 40Ar(rad) Age 

wt.% nl/.,; Ma 

GAllO 22333bi 6.680 42.000 155 ±2.8 

LagoEsm. 22335hb 0.650 3.864 147.0 ±3.4 

Notes: 

All mass peak measurements are in picoamperes. 

Potassium decay constant 5.543E-10 a-I 

K-induced 40Ar /39Ar = 0.021 

Ca-induced 3gAr/37 Ar = 0.00078; 36Ar/37 Ar 0.000021 

Calibration J value (based on standard biotite LP6, 127.9±1.2 Ma) 0.0093 

Errors for Age are two standard deviations. 

Mean Age is an average of the boldface larger type Ages for each sample 

h-1ean age error is a combination of the boldfaced larger type Age errors for each sample 
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Zane I3nJce 
Dept. ur (]Cologieul Sciences 
litlll'crsity of Caillerbury 
Private Bag Ll~UO 
CHRJSTel lURCH 

26 Febrl1ary 1999 

Dear Zane 

GEOLOGICAL 

8: NUCLEAR 

CI NCES 
Il! 

Ati<l,;t here arc the Ar-Ar re~\lIt~ of the Chilean, Jurm;sic-Crelaceolls I'okanic rocks YOU 

submilled last Allgnst. I hilt! hoped to keep your \\ork Wllhll1 a 4-6 month time-rmlll~ and iI 
has been hard work to keep to this, [n some ways, I havc had to work very cmlli!lll,sly, 
beeanse the equipent was to be (and has bccn) shul down on completion of YOllr \\'!lrk, 
with no possibility or repeat amllyses, In ,.>thcr ways, I ha\'e had to work rast and a('ceplthe 
smupk and instrumental contli tionx as they arose in most cases I would have preferred to 
tin 'practice runs' to get the sensilJl'ily a bit higher, and the heating schedule narrower at the 
lower tempemlllre cnd (550-RSO°C) anti wider ntthe high end (> 1000° C). Also, the reoetor 
people only irradmted the sHll1ple~ rDr 12 hours, instead 01'72 (mllst have mis-read my 7 on 
the rOlm, and they also persistently misunderstand Ollr (sensible) day/month/year fonmll 
for lile US month/day/year one) and the amollnt of 39Ar in YOllr Imrnblcndes was 10 limes 
too jow. I al);o had a persistent high argon hlank rrom the ell fllil packing ellvelopes 
(despite being 9Y.9'J( pure) which reduced the precision or all the runs. The furnacc argon 
blank was OK - I ran it 50 times o\'er 2 months butthc ell roil was uniformly' gassy'. 
Wilh lllore lime III'0uid h;tlc ,entthe sumplcs buck to the reactor fur a full 72 hour blnst 
and with some dilTerel1t CII packing muterinls. I ha\'e analysed Ihe rcsults so thntl e,lll gel 
SOlllC idea of this non-radiogenic, i,e 'air' argon in Ihe samples; ill most cases the 
4()Ar/36Ar ratio was l1ormal, 2g6-2gg, but 111 one case, PI-62 itwus extrc:mdy 101\' and r 
rind this hard to explain (but the nge secms tll hal'e comc oUI OK). -

I als" fountl it exlremely hard to 'guess' the gas evolution over the I(XX)O tempcrature 
interval nectk'd for all your samples I did 9 steps, @I(X)O each, from 550° to 145()O (this is 
Ihe usual accepted scheme) bUI in 1110st cases the gas came all' 'too fast' at the 101\' 
lemperatures nnd was l'xlmusted by thc later stcps, It is hard 10 judge these thiIlg~ so that 
the gas e\tractcd (a) is enough ror an analYSIS, bol (b) \101 too much and too rapidly 
c\'olvcd to prel'enl seeing 11 good thermal-age spectrum, In most cases I only achie\'ed 5-7 
Slt'ps - which di'mppoinled me - and I have decided 10 charge you OJ] a 'Slcp-at'hievetl' 
basis, rather than a rull, IO-slep basis, A full IO-slep analysis would be $1500 (@$150 per 
step) discounted, as agreed in your case, to $1 (XlO (<<!' $100 per step). I also had a 'bad
hair day' wilh sample FM, I'or which I accidentally pumped away steps 2-3 Ihis sample 
was odd in thai a I'ery high proportion of the argon was released al <550°C) - thc remaining 
data for this do not ItXlk too had but again I have decided not to charge YOll for this cock
lip. 

Thc good news, Alllht; samples give nice late Jurassic or mid-Cretacfolls ages. They are 
calibrated againstthc \\'cll-knuwn A.mcrican LP() biotite ~t,U1dard (127 i\llo), ideal ror YOllr 
work, The data also show, as one mightl'XpeCI, that the hornblende samples do have 

H"ol,I'I) Ifi/i, I" ,,',/-l,<lI, 
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significant amounts of excess 40Ar (i,e, nol proJueed by in situ Jeeay or 40K), Also, in 
retrospect, i think sample PI61 has too loll' n K wntcllt (about 0.35%) for a rcHuble age 
at this lel'el, ex(;css l1rgon becomes a common anJ Jiffieult factor in the age interpretation. 
In each easc it is thus prudent to make a sensible, if subjectil'e estimate of the age by 
avoiding the excess argon steps, and averaging the ages for the best remaining P,llts of thc 
age platcau, usually in the rangc of steps 4-6. This behaviour is quitc normal and 
personally, 1 don' I like doing age interpretations on these 'saddle-shaped' age spcelrn I 
am far happier with biotites and 1l111s(;twites for which you can avemge a few more cenlral 
sleps in a plateau region where Ihe age precision looks good. But I will leave the final 
judgement, albeit n bit subjective, to you. 

I hopt~ it all makes sense, 
Regards. 

aVY--. P

\ • 

Chris Adams. 
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Figure D.l: 40Ar/39Ar age determination: Mesozoic Volcanics: Gas release Spectra 
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Figure D.2: 40Ar/39Ar age determination: Mesozoic Volcanics: Gas Release Spectra 
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Publications 

E.1 Paper presented at the 1997 Congreso Geologico Chileno: 

E.1.l Recent Work on the Stratigraphy of Mesozoic Rocks in the Aysen 
Region, 44-47° S: In Particular the Upper Jurassic Ibanez Formation 

Zane R. V. Bruce 1 

Supervisors: 
S.D. Weaverl

, J.D. Bradshaw!, and Manuel Smirez2 

1 Department of Geological Sciences, University of Canterbury, Private Bag 4800, Christchurch, 
New Zealand. 
2 Servicio N acional De Geologia Y Mineriaj A vinida Sante Marie, 0104, Santiago, Chile. 

E.1.2 Introduction 

The Eastern AysEm Region from 45°-47°S is characterised by Jurassic and Cretaceous 
silicic volcanic rocks and volcaniclastic terrestrial rocks, comprising two major formations 
separated by shallow marine and continental sediments. In the Puerto Ingeniero Ibanez 
region, these rocks have been mapped at 1:50000 scale to discover new information on 
their stratigraphic relationships. Of the two volcanic Formations, the Late Jurassic Ibanez 
Formation is dominated by thick tuffs and ignimbrites, and is more deformed, while the 
Lower Cretaceous Divisadero Formation is characterised by tuffs and tuffaceous floodplain 
sediments. The division between these two volcanic Formations is the Coyhaique Group, 
of Lower Cretaceous marine black shales and tidal sandstones. This sequence is cut by 
both hypabyssal volcanic rocks and outlying stocks of granitic rocks associated with the 
Patagonian Batholith. 

E.1.3 Geological Setting 

Mid and Upper Jurassic silicic volcanic rocks, locally named the Ibanez Formation [1], 
[2] overlie Palaeozoic semi-pelitic schists. Within the area mapped in the summer 1995-
96, the Palaeozoic schist basement does not occur as outcrop, but is common as lithic 
fragments in some of the ignimbrites, and as large xenoliths in one of the minor intru
sive bodies. The Ibanez Formation is at least 1000 m thick, and consists of a faulted 
sequence of rhyolitic and dacitic domes, tuffs and ignimbrites, with some andesitic lavas 
and pyroclastic rocks, intercalated with continental lacustrine and fluvial sediments and 
minor marine incursions in the upper part of the unit [3]. This Formation has been var
iously ascribed to subduction related volcanism [4], [5] or grouped with the large Chon
Aike/Marifil/Tobifera silicic province, suggested to be due to large scale crustal anatexis 
during the rifting precursor phase of Gondwana separation [6], [7]. 
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Unconformably overlying the JlIrassic igneous rocks is a transgressive-regressive se
quence, the Lower Cretaceous Coyhaique Group of shallow marine rocks forming the 
northern expression of the Austral Basin [8]. This Group consists of discontinuous lime
stones, tuffs and fossiliferous sandstones (To qui Formation), overlain conformably by a 
thick (up to 600m,) extensive unit of fossiliferous black shales (Katterfeld Formation), 
which in turn grades abruptly into the Apeleg Formation, a homogenous unit of ripple 
and trough crossbedded sub-tida (and locally deltaic) shallow marine sandstones [9], [10]. 

Overlying the Coyhaique Group are the volcaniclastic rocks of the Divisadero Forma
tion, a Lower Cretaceous silicic volcanic unit with flood-plain deposits and some deltaic 
facies, together with widespread tuffs, ignimbrites, and remnant rhyolitic, dacitic and 
andesitic eruptive centres [2]. Above the Divisadero Formation are patches of Late Cre
taceous and Tertiary flood basalts, including some possible eruptive centres. 

The entire sequence is cut by several generations of intrusives, both the Mid-Cretaceous 
to Miocene granitoids of the main Patagonian Batholith to the west, and numerous local 
hypabyssal intrusives and dikes ranging from the Jurassic through to Tertiary and Recent. 
Active volcanism in the region is represented by Volcan Hudson, and there is also evidence 
of basaltic pyroclastic rocks and subglacial pillow lavas during the last glaciation [11]. 

E.1.4 Jurassic Stratigraphy 

Within the area studied, the Ibanez Formation is dominated by silicic volcanic rocks, 
mainly tuffs and ignimbrites. Extrusive lavas are less common, but areas of dacitic to 
rhyolitic lavas and domes occur, as do minor andesitic lavas and pyroclastic rocks. Cutting 
the Formation are large numbers of minor normal and some reverse faults, which make 
correlation of individual units difficult. In the Rio Ibanez valley itself, many of these faults 
show a strong south-east to north-west alignment, and slickensides indicate both vertical 
and sub-horizontal movements. Ignimbrites in this area are generally five to twenty metres 
thick, although some show ponding up to 100 metres. Most are massive units, with simple 
cooling features, and columnar jointing is rare. From the lack of columnar jointing and 
the poor preservation of microscopic shard textures, it is difficult to distinguish primary 
welding from diagenetic features. In the lower parts of the exposed sequence, an ignimbrite 
with unaltered biotite has yielded a K-Ar age of 150 million years [12]. Intercalated 
with the tuffs and ignimbrites are sedimentary units, including fluvial deposits, mass 
flow deposits and laminated pelites. These sediments are occasionally fossiliferous, but 
contain only wood fragments, leaves and trace fossils, and as yet no body fossils have been 
found. In several places around Puerto Ibanez, large ignimbrite units are absent, and the 
formation consists of silicic lavas, breccias, tuffs and other volcaniclastic units, some of 
which are block and ash deposits directly associated with remnant dacitic and rhyolitic 
domes. Towards the upper part of the sequence, and locally just below the contact with 
the Coyhaique Group, Ibanez Formation tuffs and thin ignimbrites are weathered to a 
distinctive purple clay, and are associated with remnant fluvial gravels. Associated with 
this apparent palaeotopography are isolated occurrences of aa andesitic lavas and some 
pyroclastics, infilling valleys eroded into older silicic Ibanez rocks. 

E.1.5 Upper Jurassic-Lower Cretaceous Stratigraphy 

The base of the Coyhaique Group to the north-east of Puerto Ibanez is poorly exposed, and 
in places disrupted by later Cretaceous and perhaps Tertiary intrusives. Between Cerro 
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Figure E.1: Geological sketch map of the Puerto Ibanez quadrangle. 
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Pinimide and Cerro Fare1l6n, the first indications of the Coyhaique Group are outcrops 
of black shales of the Katterfeld Formation. The base is not well exposed, and the shale 
has been disrupted by several different intrusions. Black shales outcrop over a large area 
between the two mountains, and are perhaps up to five hundred metres thiclc However, 
further to the east at Cerro Cabeza Blanca, near the border with Argentina, the Katterfeld 
Formation is very thin or not present, and the overlying Apeleg Formation displays onlap 
relationships to the weathered paleotopography of the Ibanez Formation. Locally, the 
Katterf'eld Formation is responsible for landsliding that repeats some stratigraphy of the 
Apeleg Formation. The shales are fossiliferous in places, with ?Crioceratites Ammonoid 
species, Ostrea fragments, Bivalves, bone fragments and shark teeth. At its upper contact 
the Katterf'eld Formation grades abruptly into thickly bedded Apeleg Formation. 

The Apeleg Formation to the north-east of Cerro Piramide displays foreset cross
bedding, fining upward sequences, and grades upwards into continental redbeds of the 
Divisadero Formation, with channels and algal limestone fragments. The sandstones are 
100 to 120 metres thick, with individual beds up to three metres thick, dominated by 
coarse and very coarse sands and fine gravels but varying to rippled fine sands and some 
shales. The upper part of the underlying Katterfeld Formation rapidly coarsens upward 
from carbonaceous mudstones, shales and siltstones, through fine sandstones to Apeleg 
Formation thickly bedded coarse sands, which then display two fining upward sequences, 
the upper of which grades into the overlying Lower Divisadero Formation redbeds. The 
upper parts of the Apeleg Formation and lower parts of the Divisadero Formation redbeds 
have both carbonised and petrified tree trunks, but not in life position. 

The Divisadero Formation crops out in the north-east of the area mapped, and is 
dominated by tuffs and tuffaceous sandstones. It is preceded by the deltaic transition 
from Apeleg Formation to Divisadero Formation continental redbeds. The redbeds in 
places grade into the overlying tuff's and ignimbrites of the Divisadero Formation proper, 
but in at least one location the contact with the Divisadero is paraconformable, (trun
cated dike at Cerro Cabeza Blanca.) Ignimbrites are less common than in the Ibanez 
Formation, and generally less altered. Some still display deformed glass shard textures, 
but there are fewer welded, columnar, or complexly stratified ignimbrites. A significant 
feature of this Formation are the common, well preserved accretionary lapilli that oc
cur in the tuffs. Channel structures and conglomerates occur, notably in the redbeds at 
the base of the formation, but can also occur at higher levels. As with the Coyhaique 
Group, between Cerro Fare1l6n and Cerro Piramide, the Divisadero Formation is locally 
deformed and cut by later intrusive rocks. There are significantly fewer faults displacing 
the Cretaceous rocks, as compared with the densely faulted Ibanez Formation. However, 
what faults do occur have significant displacements. West of Cerro Piramide, Rocks of 
the Ibanez Formation are reverse faulted over the Divisadero Formation by a minimum 
of five hundred metres, whereas within the Divisadero, discrete normal and reverse faults 
occur, but without the dense faulting of the Jurassic rocks. Although dominated by tuffs 
and tuffaceous sediments in this area, in the upper exposure of the Divisadero Formation 
at Cerro Pico Rojo there is a remnant peralkaline rhyolite dome which retains parts of 
coulee flows and small pumice flows. 
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E.1.6 Intrusive Rocks 

Intrusive rocks occur throughout the sequence, and in many cases are the least altered 
rocks available for analysis. There are two groups, microgranitoids and hypabyssal intru
sives. The microgranitoids are of dioritic to granodioritic compositions and outcrop as 
irregular stocks and arcuate bodies. Some maintain granitic textures, but others grade 
into fine grained hypabyssal rocks. All have had moderate thermal metamorphic effects 
on the country rock, with contact aureoles ranging from a few tens of metres to perhaps a 
hundred metres wide. Small epithermal Pb/Zn/Cu-quartz veins and mineralised breccias 
occur within the contact aureoles of these rocks. The hypabyssal rocks are dikes, sills 
and irregular stocks, of compositions ranging through basaltic to rhyolitic, and including 
some trachytic rocks. Some sills are able to be traced up to three kilometres. The densely 
faulted Ibanez Formation is host to the majority of dikes, some of which are coeval with 
Jurassic activity, but many of which post-date it. Breccia pipes are also present. These 
minor intrusive rocks are difficult to separate into distinct age groups, and represent the 
combined subvolcanic intrusives from the Jurassic to Tertiary. Many of the dikes within 
the Ibanez Formation are cut by the faults confined to the Ibanez Formation, and can 
be tentatively assigned to the Late Jurassic. This includes dikes, sills and stocks of an
desitic, trachytic and rhyolitic compositions, ranging from dikes and sills a metre thick to 
bodies up to several hundred metres 'across. Several of the intermediate sized intrusions 
up to a kilometre across, of trachytic and basaltic compositions, cut all rocks up to the 
Divisadero Formation, and so can be assigned ages of Mid Cretaceous or younger. The 
larger granodioritic intrusions also cut the sequence up to and including the Divisadero 
Formation, and can also be assigned to the Mid Cretaceous or Tertiary. 

E.1. 7 Discussion and Conclusions 

As both fieldwork and analysis are still in progress, any regional synthesis is premature. 
However, the following tentative conclusions can be put forward: 

1) The Ibanez Formation has physical characteristics consistent with a large rhyolitic 
province, with an area of approximately 14,000 square kilometres. Ignimbrite out
flow sheets and tuffs are intercalated with fluvial and possibly lacustrine sediments, 
and occasionally with dacitic and rhyolitic domes, breccias and associated pyro
clastic rocks. Andesitic rocks occur more towards the upper part of the sequence. 
Faulting of the sequence makes exact stratigraphic correlation difficult. 

2) The upper parts of the Ibanez Formation show significant weathering and paleoto
pography varying as much as 600 metres, as can be estimated from the changes in 
thickness of the overlying Katterfeld Formation of the Coyhaique Group, and the 
onlap relationships the Coyhaique group rocks display towards the upper Ibanez 
paleotopography. 

3) The occurrences of the Coyhaique Group and Divisadero formation are consis
tent with the marine transgressive-regressive sequence and prograding volcaniclastic 
deltaic interpretations given to them by previous workers. 
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4) Although both the Ibanez and- Divisadero Formations in this locality are deformed, 
the Ibanez Formation shows a much greater density of faults than the overlying 
rocks. 
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