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Mount Somers, mid-Canterbury, New Zealand, consists of rocks of the 
Mt Somers Volcanic Group, a suite of mid-Cretaceous (89+1-2.0Ma) calc
alkaline intermediate and silicic volcanics. Revision of the stratigraphic 
nomenclature is recommended, with the addition of two new formations 
previously incorporated within the Somers Rhyolite Formation: the Somers 
Pitchstone and Somers Ignimbrite. 

The Somers Ignimbrite is a multiple 'flow-uniUcompound cooling-unit, 
high-grade pyroclastic flow deposit. Dense welding and pervasive devit
rification in the Somers Ignimbrite resulted in a lack of preservation of glass 
shards and pumice. A relatively low abundance of lithics, widespread 
rheomorphism, and the presence of layering similar in appearance to lava flow
layering, combine to give the Somers Ignimbrite a lava-like appearance. 

It is concluded that the Somers Ignimbrite is of pyroclastic origin on the 
basis of: (1) it's multiple sheet-like form; (2) the presence of multiple sub-units 
within most sheets; (3) co-ignimbrite ash deposits at the top of some sub-units 
(4) a moderate abundance of broken phenocrysts; (5) layering produced by 
extreme attenuation of pumice fiamme; (6) abundance of lithics at the base of 
sheets; and (7) vertical geochemical zonation. 

The Somers Ignimbrite was probably produced by a low-explosivity 'boil
over' eruption from a source to the north of Mt Somers. Twelve members are 
recognised, each recording a major explosive phase in the eruption. Contacts 
between sheets are gradational indicating the sheets were emplaced rapidly, 
probably over a period of days to weeks. Most sheets contain multiple 
temporally discreet sub-units. Rare cO-ignimbrite ash deposits at the top of 
some sub-units indicate they are flow-units; other sub-units may have been 
produced by step-wise aggradation at the base of a continuous over-riding 
pyroclastic flow. 

Welding occurred during primary pyroclastic flow as 'within-flow agglu
tination'. Millimetre-scale laminar layering comprises intercalated (devitrified) 
fragmental and pumiceous material. Pumiceous layers are interpreted to be 
extremely attenuated pumice fiamme produced by laminar shearing of the 
agglutinating pyroclasts during primary pyroclastic flow. Lineations on the top 
surfaces of some sub-units reflect prolate shearing. 

Rheomorphism and rapid thickness variations reflect deposition on a 
paleotopographic surface of significant relief. Thick accumulation of ignimbrite 
on the north side of Mt Somers reflects ponding in a paleotopographic 
depression. 

Vertical geochemical zonation reflects extraction from a compositionally 
zoned magma chamber compriSing more differentiated magma overlying less 
differentiated magma. 
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C apte 1 

Intr ucti n 

Mount Somers lies within the foothills of the Southern Alps in mid

Canterbury, New Zealand (Fig. 1.1). From the Canterbury Plains it's 

appearance is striking, with a rugged south face rising steeply to a distinctive 

peak at 1687m. The summit affords magnificent views of the plains to the 

coast, and inland to the Southern Alps. 

The first human occupation of the Mt Somers area was by Maori who 

frequently travelled a route along the Canterbury foothills utilising the Alford 

Forest for it's birdlife and timber (Scotter,1972). European settlers were also 

attracted to the Alford Forest for it's timber resources. The first settlers Were C. 

G. Tripp and J. B. A. Acland, sheep farmers who in 1856 took lip the Mount 

Somers run (Maffey,1971). Coal deposits were discovered in the area about 

this tim~ and Tripp took out a mining lease. Modest amounts of low-grade coal 

have been extracted since then to the present day, the height of activity being 

during the first half of this century when a tramline and railway serviced the 

area. Various other resources such as limestone, silica sand and clay have 

been quarried in the .area. However many deposits have proved uneconomic to 

work so that the history of the district contains many tales of unsuccessful 

ventures and lost fortunes, perhaps the most famous of which was the Alford 

Forest "diamond rush" in the 1880's when quartz was disastrously misidentified 

as the precious gemstone. 
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1.1 Locality and physiography of study area 

The area under study is shown in Fig. 1.2, comprising approximately 

30km2 of Mt Somers and hills to the northwest and west. The limit of study 

essentially follows the basal contact of the 'ignimbrites' within the Somers 

Rhyolite Formation mapped by Oliver and Keene (1989). 

The summit area of Mt Somers is triangular and plateau-like, sloping 

gently westwards towards the Stour River, but deeply incised by the Wooished 

Creek canyon. The summit is bounded to the north and south by steep and 

rugged faces which converge eastwards and have many bluffs and high cliffs. 

At higher altitudes vegetation reflects the subalpine environment, comprising 

mainly tussock. Extensive stands of native bush occur on the lower, and mainly 

south facing slopes up to -1000-1200m a.s.1. Known as the 'Alford Forest' it 

occurs in two main parts, a smaller stand in the Woolshed Creek canyon (also 

known as 'Ancient Forest'), and a larger stand on the south and east flanks of 

Mt Somers and the lower slopes of Mt Winters low. 

Mt Somers was farmed as part of the Mt Somers station until the late 

1970's when much of the land was 'retired'. Sheep and beef farming is now 

largely confined to the lower south and west flanks. Mt Somers is now 

administered by the Departme~t of Conservation as the 'Mt Somers Recreation 

and Conservation Area'. The native beech forest and rugged subalpine scenery 

make Mt Somers a popular tramping area, and the presence of many plant and 

animal species rarely found elsewhere in Mid-Canterbury also makes the area 

of great interest to botanists and zoologists. 
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1.2 Regional geology and nomenclature 

Mt Somers comprises the erosional and block-faulted remnants of a 

suite of Upper Cretaceous calc-alkaline volcanic rocks - the Mt Somers 

Volcanic Group. Barley et al (1988) calculated a Sr-isotope age of 89+1-2.0 Ma 

for the volcanics which comprise mainly rhyolite and to a lesser extent andesite 

and dacite. The Mt Somers Volcanics outcrop along the foothills of the 

Southern Alps (Fig. 1.1) from the Rangitata Gorge northwards to the Malvern 

Hills. Volcanics of similar age also lie in the eroded basement of the (Miocene) 

lyttleton Volcano, and are known from drillcores to exist in places as basement 

beneath the gravels of the Canterbury Plains. 

Underlying the Cretaceous volcanics is greywacke sandstone with 

interbedded siltstone and conglomerates belonging to the Torlesse 

Supergroup. Torlesse rocks are subdivided locally into the Mount Taylor Group 

(Triassic) and the Clent Hills Group (Jurassic) (Oliver and Keene,1989). 

The Mt Somers Volcanics unconformably overlie Torlesse sediments. 

Volcanism occurred during a period of high heat flow from the mantle due to a 

change from compressional to extensional tectonics following the culmination 

of the Rangitata Orogeny (laird, 1981 ; Barley, 1987). This change in tectonic 

regime may have been the result of spreading-ridge subduction 

(Bradshaw, 1989; Weaver and Pankhurst, 1991). 

Stratigraphic nomenclature for the field area is summarised in Fig. 1.3. 

Oliver and Keene (1989) established the initial nomenclature of four volcanic 

formations in the Mt Somers area: 'Surrey Hills Tuff, 'Barrosa Andesite" 

'Somers Rhyolite', and 'Hinds River Dacite'. The Somers Rhyolite included five 
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Fig. 1.3 Stratigraphic nomenclature for the Mt Somers Volcanic Group in 
the Mt Somers area. 
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different rhyolitic litho-types: tuff, two pitchstones, lava domes and flows, and 

ignimbrite. 

In this thesis the following changes are proposed (Fig. 1.3): (1) basal tuff 

is renamed 'Surrey Hills Tuff to correlate it with tuff that occurs everywhere at 

the base of the Mt Somers Volcanics and that has it's type section at Surrey 

Hills; (2) the two pitchstone deposits are considered to be the same unit and 

are renamed 'Somers Pitchstone'; and (3) rhyolite lava and ignimbrite are 

separated into two discreet formations and renamed the 'Somers Rhyolite' and 

'Somers Ignimbrite' respectively. 

Unconformably overlying the Mesozoic basement is a Tertiary 

sedimentary sequence (late-Cretaceous/Paleocene to early Miocene) out

cropping as small faulted outliers. Within the study area the sediments 

comprise coal measures of the Broken River Formation (Oliver and Keene, 

1989). 

Deformation of the area during the Kaikoura Orogeny has resulted 

generally in uplift which increases towards the northwest. Finally, successive 

glacial advances and retreats have deposited thick outwash gravels forming a 

series of terraces which merge to form the Canterbury Plains. 

1.3 Previous Work 

Perhaps the first to consider the geology of the Mt Somers area were the 

Maori who visited the area to collect a hard greenish stone (Surrey Hills Tuff 

porcelainite) for making knives and adzes (Trotter,1972). Charles Torlesse was 

in 1849 the first European to report on the district (Scotter,1972). He examined 
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the Alford Forest and commented on the " ... good soil, better than average on 

the plain ... " within the district. Pioneer settlers were the first to locate coal at Mt 

Somers, but formal reports of their occurrence were not made until Sir Julius 

von Haast's explorations in 1861, 1864 and 1872 (Gregg,1972). 

Appointed geologist to the Canterbury Province in 1861, Haast's early 

investigations were oriented towards searching for mineral resources in the 

Southern Alps. The volcanic rocks were also of interest because of 

unconfirmed reports of copper ores associated with them. Haast published 

three papers on his explorations, including a fairly accurate sketch map of the 

Mt Somers district (Haast, 1874). He summarised his findin9s in the "Geology of 

Canterbury and Westland" published in 1879, in which he subdivided the basic 

and acidic igneous rocks into 'melaphyre' and 'quartz porphyry and pitchstone' 

(respectively). Haast recognised that the volcanics post-date the greywacke 

sediments but thought they had a submarine origin. He was able to correctly 

conclude that they were emplaced before deposition of the Tertiary sequence, 

and finally he compared the near flat-lying strata that forms the upper part of Mt 

Somers (Somers Ignimbrite) to lava 'streams' (flows) of the present day. 

S. H. Cox carried out explorations in the Mt Somers area in 1876 and 

1883 (Cox 1887, 1884a and 1884b). Cox mapped the district and renamed the 

quartziferous porphyries as 'liparites' (synonymous with rhyolite). Although he 

correctly reinterpreted the volcanics as being subaerial in origin, he thought 

they were contemporaneous with the coal measures (late Cretaceous

Paleocene). In describing the origin and form of the liparites, Cox prescribed to 

new ideas of dome-like bodies with an "endogenous mode of growth, the lava 

being of a viscid consistency" (Cox,1884a). Cox (1884b) published detailed 

petrographic descriptions of the quartz-porphyries (returning to the older name) 

and pitchstone, suggesting that the pitchstones were produced by faster 
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cooling than the quartz-porphyries. 

Speight published a 'Geological Memoir' on the Mt Somers district in 

1938. It included the first detailed map to delineate much of the structure of the 

area, and a detailed description of the "pre-Tertiary volcanics" including their 

geochemistry. Without a means of determining a precise age, Speight 

concluded that the volcanics were post-lower Jurassic and probably pre-lower 

Cretaceous. He divided the volcanics into three simple, distinct· series: (i) 

rhyolites of the first period; (ii) andesites; and (iii) rhyolites of the second period 

(which includes the Somers Rhyolite and Somers Ignimbrite). 

Speight disregarded Cox's (1884a) hypothesis that Mt Somers is a lava 

dome because it was much too large in comparison with other domes known at 

that time. Speight drew comparisons with the similarly jointed rhyolitic tuffs in 

the North Island that Marshall (1935) had recently identified. Without making 

any definitive conclusions Speight suggested that the stratification of the rocks 

on Mt Somers could be explained by a pyroclastic origin in which they "fell as 

incandescent showers and were subsequently welded". He believed the 

presence of broken phenocrysts supported this, and was not disconcerted by 

the lack of "shreds of glass" given tile age of the rocks and the subsequent 

effects of devitrification. 

The Mt Somers Volcanics appeared for the first time by that name on the 

1 :250 000 Geological Map of Mt Cook, Sheet 20 (Gair,1968). On it they were 

simply shown as rhyolites and andesites with a suggested age of ("probably") 

late Jurassic, early Cretaceous, or both. On the corresponding Hurunui sheet 

(sheet 18, Gregg,1964) the 'MtMisery Volcanics' were regarded as being 

distinct from the Mt Somers volcanics. 
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Wood (1974) carried out detailed mineralogical and geochemical work 

on the garnet-bearing rhyolites from both areas, and suggested that they were 

of the same suite. Based on petrographic and electron microprobe analyses of 

the constituent minerals of the rhyolites, plus pressure and temperature 

determinations for the magmas, Wood concluded that the magmas were 

generated by crustal anatexis during the Rangitata Orogeny. 

As part of his PhD project, P. J. Oliver carried out extensive mapping of 

the Mesozoic geology of the Mt Somers area, completing his degree in 1977. 

Studies of petrography and geochemistry were conducted to aid field work by 

elucidating genetic relationships and eruptive forms. Oliver (1977) established 

the distribution and main characteristics of each of the volcanic units, and 

calculated a KlAr date of 98+/-0.7Ma, corresponding with the end of the 

Rangitata Orogeny. Geochemical studies indicated that the volcanics are 

genetically related, and Oliver suggested that they formed a differentiated 

sequence produced by fractional crystallisation of a high-AI basalt parent 

derived from subduction related processes. Oliver also carried out a 

paleomagnetic study including calculations of mClgnetic directions and paleo

pole determinations. 

Oliver (1977) provided a general account of the Somers Rhyolite, 

including it's distribution, eruptive form, and petrography, and concluded that it 

is contemporaneous with the andesites. At Mt Somers he identified tuffs, 

shallow intrusions, and agglomerates, and interpreted the shallow dipping 

strata on the upper part of Mt Somers to be ignimbrites based on their 

thickness, extent, calculated magma viscosities, and the presence of broken 

phenocrysts. Like Speight (1938) he was not perturbed by the lack of glass 

shards, which he believed could be completely destroyed by the processes of 

welding and devitrification. 
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Oliver published papers on the structure and tectonic history of the Mt 

Somers area (Oliver,1979); paleomagnetic studies (Oliver at aI, 1979); KlAr 

dating (Adams and Oliver, 1979); and formalisation of the Mesozoic stratigraphy 

(Oliver,1980). Mapping had been carried out in a joint programme with H. W. 

Keene as a condition of a Postgraduate Fellowship granted by the Geological 

Survey, the published map finally appearing in 1989. 

M. E. Barley carried out further work on the petrogenesis of the Mt 

Somers Volcanics under a Post-doctoral Fellowship with the University of 

Canterbury in 1986. This involved detailed petrographical and geochemical 

work, including calculation of magmatic temperature and pressure, electron 

microprobe analyses of constituent minerals, and Rb/Sr isotope studies. Barley 

(1987) concluded that the rhyolites were formed by partial melting of Torlesse 

sediments, whereas the intermediate rocks (basaltic andesite to dacite) were 

derived from mantle-derived tholeiitic magmas that underwent assimilation and 

fractional crystallisation. 

Finally, Weaver and Pankhurst (1991) compared the Mt Somers 

Volcanic suite to the compositionally distinct and slightly younger alkaline 

Mandamus Igneous Complex in North Canterbury and suggested that magmas 

for both suites were produced during an extensional tectonic regime following 

the subduction of a spreading ridge. The difference between the two magmas 

was suggested to be due to emplacement in different crustal environments, the 

crust underlying the Mt Somers Volcanics being thicker and leading to a higher 

degree of interaction between mantle-derived magmas and continental crust. 
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1.4 inology 

The term 'ignimbrite' was first introduced by Marshall (1935), who 

derived the name from the Greek words ignis (meaning fire) and imber 

(meaning shower). Confusion has often existed as to the precise meaning of 

the word in part because it attempts to describe both the process and the 

resulting deposit. Various definitions are given in the literature, the one rather 

arbitrarily chosen here, mainly for it's necessary vagueness is: "a rock or 

deposit formed from a pumiceous pyroclastic flow irrespective of the degree of 

welding or volume (Sparks et a/,1973). Ignimbrites are often referred to. in 

American literature as 'ash-flow tuffs', and although the term may be rather 

more useful in terms of ancient or densely welded volcanic deposits in which 

juvenile pumiceous material is not always readily discernible, the term 

ignimbrite is l.Jsed by convention in New Zealand. 

Walker (1983) introduced the term 'grade', with the simple prefixes 'low' 

and 'high' to describe the amount of welding-compaction exhibited by 

ignimbrites. Branney and Kokelaar (1992) developed the concept further, 

proposing that it is useful because it describes cooling history without implying 

which of many factors is the cause. The grade concept also implies a 

continuum which Branney and Kokelaar (1992) subdivide into arbitrary 

categories from 'extremely high-grade' (ignimbrites intensely welded even to 

their upper surfaces and sometimes texturally indistinguishable from lava), to 

'extremely low-grade' (ignimbrites that show little or no evidence of welding). 

Table 1.1 introduces the concept of grade and summarises associated eruption 

conditions, processes and products, many of which are pertinent to the Somers 

Ignimbrite. 
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Millimetre-scale laminar textural changes in ignimbrites is variously 

termed in the literature as 'flow-banding'. 'foliation', and 'flow-lamination' (etc). 

In this thesis the simple and non-genetic term 'layering' is used to describe 

textural lamination that is inferred to comprise highly attenuated pumice fiamme 

in ignimbrites. 

1.5 Purpose and scope of Study 

The main objective of this study is to accomplish a detailed appraisal of 

the physical volcanology of the high grade ignimbrites that form the upper part 

of Mt Somers. Although Oliver (1977) made a general study, no systematic 

work has been attempted. Because high grade ignimbrites and extensive silicic 

lava flows are difficult to distinguish, in that they have many structural and 

textural characteristics in common, evaluation of the origin of the Somers 

Ignimbrite is of primary concern. It should be noted that for ease of description 

and to avoid confusion (and because it is concluded that the "ignimbrites" are 

indeed pyroclastic flow deposits), that the ignimbrite is referred to throughout 

the thesis as the 'Somers Ignimbrite'. 

The study involved geological mapping and description of the 

distribution and form of the Cretaceous volcanics within the study area. 

Petrographic (especially micro-textural) studies were important in elucidating 

the origin and emplacement processes of the volcanics. In addition the 

geochemistry of some of the volcanics was investigated, principally to search 

for any variation, but also to add to the overall database for the area. Synthesis 

of the gathered data then allowed an informed consideration of the origin of 

the volcanics and the volcanic history of Mt Somers. 
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The order in which these topics are addressed in the text is as follows: 

- Description of volcanics that pre- and post-date the Somers Ignimbrite 

- Description of the Somers Ignimbrite 

- Description of structure within the field area 

- Petrography 

- Geochemistry 

- Discussion of the origin and emplacement of the Somers Ignimbrite and 

volcanic history of the Mt Somers area 

A geological map and two cross-sections (back pocket) are provided for 

reference throughout the thesis. 

1.6 Methods 

Mapping and field descriptions were made over approximately eight 

weeks of field work. Aerial photography for the area proved to be of little value, 

so field mapping was carried out on 1 :5000 base-maps. 

Description of the petrography was made by thin section analysis of 

approximately 130 samples. Ignimbrite samples for thin sectioning were cut 

perpendicular to layering and parallel to any lineations. Thin sections were 

made using Logitech equipment by Rob Spiers at the University of Canterbury. 

Mineral compositions were determined solely by optical methods (mainly 

extinction angle and optic axis figures). Volumetric composition estimates were 

made by point counting (Appendix 3) and visual estimation methods. 
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Whole-rock geochemical samples were analysed by XRF at the 

Department of Geology, University of Canterbury using a Philips 1400 x-ray 

spectrometer (analyst - Steve Brown). Samples were first crushed (Iithics were 

removed by hand sorting at this point) and milled to a fine powder. Major 

elements were analysed using borate glass fusion beads following the standard 

procedure of Norrish and Hutton (1969). Pressed 50mm diameter powder 

pellets were made for trace element analysis after the method of Norrish and 

Chappell (1967). Analytical methods and estimates of precision for all the 

elements are given by Weaver et a/ (1990). 'Newpet' geochemical s~ftware was 

used to produce data files and variation diagrams. 
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e logy I Icanics 

In this chapter the Cretaceous volcanic geology of the study area is 

described (with the exception of the Somers Ignimbrite). Grid references refer 

to Sheet K36 - Methven, NZMS 260 1 :50 000 series. Section 2.1 describes the 

Cretaceous volcanics that pre-date the Somers Ignimbrite; and Section 2.2 

those that post-date Somers Ignimbrite. 

Ignimbrite volcanics 

.1 Surrey Hills Tuff 

Surrey Hills Tuff underlies Barrosa Andesite in the north-west of the 

stlJdy area (K36/739336), and Somers Pitchstone in the base of Woolshed 

Creek (K36/730299) (Map 1 ; back pocket). The tuff has a lenticular distribution 

which may be due to erosion prior to emplacement of overlying lithologies. 

Surrey Hills Tuff occurs as both massive and bedded varieties: 

(1) massive rhyolitic tuff is predominant in the study area. It is light green 

or cream coloured, coarse-medium grained, poorly sorted, lithic bearing, and 

moderately indurated. Lithics are more common in the Woolshed Creek out-
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crop, occurring up to Scm, and making up to 1-2% of the rock. These 

characteristics suggest the massive tuff is ignimbritic. 

(2) bedded tuff occurs in the lower Woolshed Creek gorge, where it 

comprises very fine laminar bedding similar to that at Mt Alford (Kinney,1993). 

As at Mt Alford the bedding is disrupted by numerous complex conjugate 

fractures at the micro- and meso-scale and subsequently bedding attitude is 

difficult to estimate. The bedded rhyolitic tuff is a cream to light green colour, 

the thicker layers being lighter coloured and medium grained, and 'the thinner 

layers being darker, and fine-grained to porcellaneous. It is suggested the 

bedded tuff is volcaniclastic and comprises reworked primary volcanic deposits 

deposited in a laucustrine environment, as proposed for the basal tuffs at Mt 

Alford (Kinney,1993). 

2.1.2 Barrosa Andesite 

Barrosa Andesite outcrops over approximately 2km2 in the north and 

north-west of the study area (Map 1 ;back pocket). In the extreme north-west of 

the study area the andesite comprises mainly lava flows dipping moderately to 

the south and south-west. The andesite there is up to 80m thick, with individual 

flows up to 5m thick, and can be clearly seen to overlie weathered Torlesse 

greywackes at several localities. 

On the south side of the Mt Somers Fault the Barrosa Andesite 

comprises volumetrically more epiclastic breccias and occasional lahar 

deposits with fewer and generally thinner lava flows dipping moderately 

towards the west. Both the breccias and lahars are matrix supported, the 

breccia having angular clasts and interpreted as epiclastic slope debris, whilst 

the lahars have rounded 
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clasts and more definite bedding structure, suggesting transport and deposition 

in water. Rhyolite clasts comprise 1-2% of the epiclastic breccia, suggesting '~I 

early eruptions of the Somers Rhyolite overlapped with eruption of the Barrosa 

Andesite. 

Dikes of andesite are common throughout the Barrosa Andesite, often 

exhibiting a complex sheet jointing pattern. Plagioclase phenocryst laths often 

lie sub-parallel to the dike margins suggesting alignment during upwards 

emplacement of the magma. Sub-vertical flow-banding can sometimes also be 

seen where exposure is exceptional. The dikes are up to 1 0-15m wide and can 

be traced laterally for up to 150m. 

Quartz mineralisation is common throughout the Barrosa andesite, 

comprising mainly cryptocrystalline quartz (agate), rare amethyst veins and 

geodes, and opaline silica as amygdules. The silicification indicates a period of 

hydrothermal fluid movement through the andesite. Secondary calcite also 

infills veins in the andesite. Secondary mineralisation does not occur in the 

rhyolitic volcanics suggesting hydrothermal activity was associated with the 

higher temperature volcanics only, and ceased before eruption of the rhyolites. 

2.1.3 Somers Pitchstone 

The Somers Pitchstone (new name) occurs as poorly exposed outcrops 

in the north-west of the study area, and in the lower Woolshed Creek gorge 

(K36/730299) (Map 1 ;back pocket). 'Pitchstone' is a black glassy porphyritic 

silicic rock with a dull, resinous lustre, and irregular hackly fracture (Hatch et 

al,1972). 



!Fig. 2.1 Hand specimen of Somers Pitchstone from upper Wooished Creek 
(K36/750332) sho'!Ving psuedo-eutaxitic texture in which black pumice fiamme 
isolate lenticular pods of light-coloured matrix. 

Fig. 2.2 View of the north-east face of Mt Somers from near the Pinnacles Hut 
(K36/798319) . 

~I 
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The Somers Pitchstone is generally highly weathered to a friable, green

grey glassy sand or in the extreme to a green-coloured bentonite clay. The 

tendency to weather has produced a subdued outcrop pattern such that 

pitchstone is normally only exposed in fresh landslips and forms saddles rather 

than resistant ridges. Where fresh, Somers Pitchstone is moderately indurated, 

black-coloured, glassy, porphyritic, lithic bearing, and has a distinctive hackly 

fracture. Although pitchstone is found only as small isolated outcrops, it always 

occupies the same stratigraphic position. It is most unlikely to occur as the 

discontinuous wedge shaped outcrops mapped by Oliver and Keene (1989), 

but does appear to have a lenticular form. To the south of the Somers Fault in 

the north-west of the study area, rhyolite directly overlies andesite suggesting 

pitchstone may have been removed by erosion prior to emplacement of the 

rhyolite. 

In the north-west the pitchstone is approximately 20m thick, overlies 

Barrosa Andesite (although the contact is not exposed), and is overlain by 

Somers Rhyolite. Generally the Somers Pitchstone is massive, but occasionally 

a faint 'layering' on weathered surfaces indicates the attitude of the pitchstone. 

Individual layers range from 1-10mm in thickness and comprise alternating 

darker and lighter coloured glass. In Wool shed Creek (K36/750333) the 

pitchstone exhibits a eutaxitic texture on weathered surfaces with apparent 

white fiamme in a black glassy matrix (Fig. 2.1). However thin section evidence 

(Section 5.1.3) indicates an inverted eutaxitic texture in which the apparent 

white fiamme actually comprise matrix glass to (black) pumice fiamme. In 

Morgan Stream (K36/757330) the Somers Pitchstone exhibits evidence of auto

brecciation. Andesitic, greywacke and tuffaceous lithics comprise up to 5% of 

the Somers Pitchstone in the north-west of the study area. 

In the lower Woolshed Creek gorge Somers Pitchstone overlies Surrey 

Hills Tuff, and is overlain by Somers Rhyolite. The basal contact with Surrey 
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Hills Tuff is exposed at (K36/731299): massive, lithic-bearing (ignimbritic) 

Surrey Hills Tuff is overlain by a breccia consisting of angular clasts of 

pitchstone set in a matrix of comminuted pitchstone and tuff; this grades up into 

a zone of pitchstone blocks separated by sub-vertical anastomosing lenses of 

tuff; and finally into massive pitchstone. This complex zone is approximately 3m 

thick and is interpreted to be a basal autobreccia zone to the pitchstone, into 

which the tuff was injected. The pitchstone, containing up to 3% tuffaceous 

lithics, is texturally indistinguishable from that in the north-west of the study 

area. Overlying the pitchstone is Somers Rhyolite lava although the contact is 

not exposed. 

Oli'ver (1977) and Oliver and Keene (1989) interpreted the pitchstones 

from the two areas to comprise discrete stratigraphic units. In the north-west of 

the study area Oliver (1977) proposed that pitchstone was the chilled basal 

zone of the Somers Ignimbrite, and in the lower Woolshed Creek gorge he 

suggested the pitchstone was produced by fusing of Surrey Hills Tuff during 

emplacement of the overlying Somers Rhyolite. 

It is proposed that pitchstone in the north-west of the study area and the 

lower Wool shed Creek gorge comprise a single stratigraphic unit. Pitchstones 

from both areas are texturally indistinguishable and are overlain by Somers 

Rhyolite (Map 1 ; back pocket). 

There is little evidence to suggest why the Somers Pitchstone is glassy 

throughout it's entire thickness. Three principal models are possible: 

(1) The Somers Pitchstone records only the preserved basal glassy part 

of an originally thicker ignimbrite of which the less- to non-welded parts were 

removed by erosion prior to deposition of the Somers Rhyolite. Ignimbrites 

commonly have a glassy base due to chilling against the sub-stratum (Cas and 
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Wright,1988), however no gradation upwards or laterally into less- or un

welded ignimbrite occurs. The upper contact with Somers Rhyolite is exposed 

at only one locality in Ribbonwood Stream (K36/759328) , and there the 

pitchstone is glassy to the very top. 

(2) The preserved thickness of pitchstone may be the original thickness 

indicating it is welded throughout as a high-grade ignimbrite (after Branney and 

Kokelaar,1992). However most high-grade ignimbrites have devitrified interiors 

due to slow cooling, such that some mechanism of rapid chilling, perhaps due 

to deposition over shallow bodies of water is required. This may have merit 

when it is considered that parts of the underlying Surrey Hills Tuff are thought 

to have been deposited in a laucustrine environment. 

(3) The Somers Pitchstone was originally an un- or poorly-welded 

ignimbrite that was 'fused' by the. emplacement of the overlying Somers 

Rhyolite. Christiansen and Lipman (1966) describe fusing of previously 

unwelded ignimbrite, locally to > 75m thickness, by the emplacement of the 

overlying Comb Peak rhyolite lava in Southern Nevada. The term 'fusing' is 

used to refer to induration in the tuff due to external heating, softening and 

deformation of the glassy ignimbrite such that it essentially resembles welded 

ignimbrite. Where most densely fused the ignimbrite is a black vitrophyre and 

exhibits a eutaxitic texture which in places is highly attenuated forming a 

layering structure. The entire length of outcrop of Somers Pitchstone is 

everywhere overlain by Somers Rhyolite, thus 'fusing' may be a viable model. 
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.4 Somers Rhyolite 

This section describes the geology of the rhyolite lavas which comprise 

the lower half of the Somers Rhyolite Formation as defined by Oliver and 

Keene (1989). Within the study area the lavas cover an area of -9km2 (Map 

1 ;back pocket), which is significantly more than the -6km2 mapped by Oliver 

and Keene (1989). The rhyolite occurs as three main genetic types: lava 

domes, flows, and intrusive dikes. Study of the rhyolite was largely limited to 

distinguishing rhyolite lava from ignimbrite, and the distinction between domes 

and flows was not a priority. However, areas have been able to be identified as 

comprising mainly flows or mainly domes (Map 1 ; back pocket). 

Lava domes 

Dome rhyolite is volumetrically dominant, occurring over most of the 

Somers Rhyolite outcrop area except in the north-west of the study area. 

Outcrop is mainly confined to steep rugged slopes on the north-east and south 

faces of Mt Somers and in the Wool shed Creek gorge. Dome lava occurs up to 

a thickness of 300m in the Woolshed Creek gorge, and up to SOOm on the 

north-east and south faces. 

Dome rhyolite is best exposed on the north-east face of Mt Somers 

where it forms spectacular high cliffs exhibiting well developed columnar 

jointing (Fig. 2.2). The columnar jointing is generally subvertical, though a 

major distinguishing characteristic of dome jointing is the way in which it 

curves, normally gently, but in extreme cases to almost right angles. Columns 

are polygonal (four to six sided) in section, and thickset with widths of up to 

2.S-3m. Lengths of up to 40m give corresponding width:length ratios of up to 

1:16. 



Fig. 2.3 Cross-section through a single small-volume rhyolite dome exposed 
on the north-east of face of Mt Somers south of the Pinnacles Hut 
(K36/797314). Polygonal columnar joints radiate perpendicular to cooling 
margins from the isothermal centre of the dome at centre-left. These joints are 
cut at right angles by 'onion-skin' joints which curve upwards and form margins 
to curved columns higher in the dome. 
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Joint patterns even where well exposed are generally complex making 

recognition of the volcanic structure difficult. However at least three small 

individual domes have been identified, one on the north-east face 

(K36/797314) (Fig. 2.3), and two in the Woolshed Creek gorge (K361750320 

and K361737299). They are identified as such because of their characteristic 

jointing pattern in which columnar joints radiate perpendicular to the cooling 

surface and a second set of joints curve concentrically parallel to the cooling 

surface ('onion skin joints'). These individual domes have volumes of <1 km3 

each, although it is difficult to estimate their original extent. The two domes in 

Woolshed Creek appear to Ilave been significantly eroded, and the dome.on 

the north-east face of Mt Somers merges imperceptibly into more complex 

jointing. 

The majority of the Somers Rhyolite comprises a complex mass of 

coalesced domes (or 'cumulo-domes' - Oliver,1977), formed by a combination 

of endogenous and exogenous growth. Autobreccias rareiy occur suggesting 

that 'endogenous' growth may have been the dominant process. 

Lava flows 

Lava flows up to 100m thick occur in the north-west of the study area 

(Map 1 ;back pocket), outcropping over an area of <1 km2. They are 

distinguished from the lava domes primarily by their more sheet-like form, lack 

of columnar jointing, and the widespread presence of abundant autobreccias. 

These autobreccias comprise angular blocks of rhyolite ranging from 10-20cm 

down to a matrix composed of finely comminuted rhyolite, and grade 

imperceptibly into massive crystalline lava. 
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Dikes 

Rhyolite dikes occur in the north-west of the study area (Map 1 ;back 

pocket). Up to four individual dikes have been recognised, and all trend 
I 
I 

approximately east-west although the western-most dike shows some curvature . I 
towards the south. The dikes range from 3-15m wide and individual dikes are 

continuously exposed for up to 500m. 

The best exposed dike occurs near Ribbonwood Stream. Intruded into 

Barrosa Andesite from K36/760329 to K361763327, the dike has well exposed 

vertical margins, vertical flow-layering, and abundant andesitic (wallrock) lithic 

inclusions especially near the margins. 

Two of the dikes in the Woolshed Creek area are intruded into a contact 

between lava flows of the Somers Rhyolite to the south and Barrosa Andesite 

to the north. These dikes and therefore the contacts are subvertical and were 

probably Cretaceous-active faults along which the rhyolite was intruded 

(Section 4.2). 
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fog. 2.4 Sharp compositional contact between andesite dike (a) and thermally 
altered M1 ignimbrite (i). Note similar joint-set indicating common cooling 
history; north face Mt Somers (K36/763323) , 

fig. 2.5 Complexly deformed light-coloured rhyolitic selvages within andesitic 
dike; north face Mt Somers (K361763323). 
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Post-Somers Ignimbrite volcanics 

2.2.1 Andesite dikes 

Six andesite dikes intrude and therefore post-date Barrosa Andesite, 

Somers Rhyolite and Somers Ignimbrite on the north face of Mt Somers (Map 

1; back pocket). The dikes are geochemically related to Barrosa Andesite 

(Chapter 6), but are treated separately as they are obviously significantly 

younger than the Barrosa Andesite (proper). 

The dikes range from <1 m to 12m wide, and individual dikes can be 

traced for up to SOOm. Generally the dikes trend approximately NW-SE, with 

the exception of one dike at K361763323, which trends NE-SW. This dike 

intrudes along the contact between Somers Ignimbrite and Barrosa Andesite, 

and therefore should perhaps more correctly be termed a 'sill'. 

Locally adjacent to individual andesite dikes the Somers Ignimbrite has 

been thermally altered by intrusion of the andesite. The ignimbrite has a fine 

sugary recrystallisation texture that merges into unaltered ignimbrite away from 

the dike, and is accompanied by an increase in induration and a polygonal 

joint-set perpendicular to the dike margins. Thus the ignimbrite country-rock 

has been more than merely 'baked' by the intrusion of hot andesite. The 

contact between the andesite and altered ignimbrite is compositionally sharp 

(Fig. 2.4), but both lithologies exhibit essentially the same joint structure. The 

ignimbrite sometimes also shows layering parallel to the dike margins 

suggesting local melting remobilisation and formation of flow-layering during 

intrusion of the andesite. 

Generally the andesite dikes are texturally homogeneous, but some 

dikes exhibit weak flow-layering consistent with vertical emplacement. 
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Occasionally a more marked type of flow-layering occurs, comprising elongate 

drawn-out 'selvages' of rhyolitic material (Fig. 2.5). These selvages are 

concentrated at the dike margins where they are generally laminar and parallel 

to the margins, but also show complex folding and convoluting. Thin section 

analysis indicates that the compositions are 'mingled' (Section 5.3.1); no 

'mixing' to produce a hybrid melt has occurred. 

The preferred model to account for the origin of the rhyolitic selvages is 

mingling due to the incorporation and deformation of rhyolitic composition 

(ignimbrite) wallrock xenoliths. 

An alternative process that might be suggested is mingling due to the 

simultaneous eruption of rhyolite and andesite. The simultaneous eruption of 

mingled intermediate (or even mafic) and felsic magma is well documented in 

the literature (eg. Blake et al,1992). Mingling normally takes place during 

eruption within the magma chamber or vent, and Kouchi and Sunagawa (1985) 

have experimentally modelled the streaking out of melts to produce flow

layering. 

The selvages are interpreted however to be locally sourced, thermally 

altered and deformed wallrock xenoliths. This is favoured for two main reasons: 

(1) the rhyolitic selvages appear to be texturally identical to the thermally 

altered ignimbritic wallrock; and (2) they are significantly concentrated towards 

the dike margins supporting a wallrock source. Heating by incorporation into 

the high temperature andesite melt resulted in softening, and laminar flow 

within the dike produced extreme deformation of the ignimbritic inclusions, 

including stretching that produced highly lenticular forms and folding due to 

differential shearing of the flow. 



/Fig. 2.S Dike of Hinds River Dacite (d) intruding Somers Ignimbrite (i) . Brown
coloured dacite dike is approximately 20m thick. Thermally altered (baked) 
ignimbrite to right of dike has taken on the same jointing pattern as the dike; 
north-east face Mt Somers (K36/778317). 
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Andesite magma typically has an eruption temperature of 9S0-1200oC, 

whereas rhyolite has an equivalent temperature of 700-900oC (Cas and Wright, 

1988). Therefore it is thought that the rhyolitic xenoliths, having a lower melting 

temperature, were able to be softened and deformed by heating from the 

andesitic magma. This also helps explain the significant thermal alteration of 

the Somers Ignimbrite wallrock. 

2.2.2 Hinds River Dacite 

A dacite dike intrudes Somers Ignimbrite on the north-east face of Mt 

Somers (K36/778316 to 779323), outcropping up to 20m wide and laterally for 

>300m (Map 1 ;back pocket). Oliver and Keene (1989) mapped the dike as part 

of the Hinds River Dacite. At the top of the north-east face the dike bifurcates 

into two parts each less than Sm thick which thin and terminate just below the 

top ridge. Non-in situ dacite boulders in the summit region of Mt Somers at 

K36/777307 indicate further lateral continuation of the dike. 

The dike intrudes densely welded Somers Ignimbrite with which it has a 

sharp compositional boundary. The dacite is locally vesicular, the vesicles 

often having stretched forms and are infilled by secondary cryptocrystalline 

quartz. Equant rhyolitic (ignimbrite and rhyolite) wallrock xenoliths occur from 

2cm to 1 m in diameter. 

Oliver (1977) described the dike as being a composite rhyolite-dacite 

dike, with rhyolite occurring marginal to the dacite. However no evidence has 

been found to support the intrusion of rhyolite. Somers Ignimbrite adjacent to 

the dacite dike has merely been thermally altered resulting in an increase in 

induration and development of a joint-set perpendicular to the dike (Fig. 2.6). 
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Fig. 2.7 Stratigraphic column of part of the succession of volcanic conglomerates 
(lahars) and tuffs near the Burma Road (K36/741325). 
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2.2.3 Volcanic conglomerates and tuffs 

Volcanic conglomerates and tuff occur over an area of approximately 

<1 km2 in the north-west region of the study area (Map A;back pocket). Oliver 

(1977) mapped out their distribution as 'agglomerates', but they were not 

included in the map published by Oliver and Keene (1989). Use of the term 

'agglomerate' is incorrect, as properly defined an agglomerate is a coarse 

pyroclastic deposit containing a large proportion of volcanic 'bombs' (Cas and 

Wright,1988). 

The conglomerates and tuffs are best exposed in a west facing ridge 

near Mine Road at K36/742325 where they comprise a 40m thick sequence of 

westward dipping beds (Fig. 2.7 shows part of this sequence). The sequence 

consists of inter-bedded laharic conglomerates and tuffaceous units (Fig. 2.8) 

and presumably overlies Somers Ignimbrite although no contact is exposed. 

The volcanic conglomerates (Fig. 2.9) comprise 1-5m thick beds that 

pinch and swell, and often cut down into underlying tuffaceous beds. The 

conglomerates are moderately indurated to friable, both matrix and clast 

supported, and poorly sorted with pebble to boulder sized clasts up to 2 metres 

in diameter. Clasts are rounded to subangular indicating transport as a 

fluidised medium, and clast sizes grade down to a poorly sorted granule to 

coarse sand matrix of angular grains. Clasts are approximately 95% weathered 

white rhyolite, and 5% weathered light-grey andesite. The matrix is composed 

of a similar proportion of rhyolite to andesite clasts but also with free quartz 

grains derived from weathering of the rhyolite. Rhyolitic clasts probably 

comprise both rhyolite lava and welded ignimbrite. No juvenile volcanic material 

is present. 



Fig. 2.8 Succession of volcanic conglomerates 
(lahars) , and Type A and B tuff; near the Burma 
Road (K36/741 32S). 
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Fig. 2.9 Rounded rhyolitic and weathered 
andesitic clasts in volcanic conglomerate 
(lahar) overlain by Type A tuff near the 
Burma Road (K36/74132S). 
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The volcanic conglomerates are interpreted to be eruption related (hot) 

lahars, as opposed to epiclastic fluvial deposits, based on oxidisation (baking) 

of underlying tuffaceous beds. 

Two types of rhyolitic tuff occur (Fig.'s 2.7 and 2.8), each comprising fine 

grained, well sorted tephra that drapes underlying deposits. Type A is a yellow

grey coloured tuff that forms thick beds from 0.5 to 3m. It is moderately welded, 

forming resistant beds that overhang the underlying lahars and Type B tuffs, 

and displays normal and reverse grading of well sorted lapilli and ash fractions. 

Type B occurs as 10-80cm beds of brownish-red to white, medium to very fine 

grained ash. It is moderately welded to friable and is less resistant to 

weathering than the lahars and Type A tuffs, subsequently forming concave 

beds. 

Away from the Mine Road area volcanic conglomerates and tuffs are 

less well exposed. Tuffaceous deposits at K3617 46327 and K36/744328 occur 

up to 30m thick. They are similar to Type B tuffs, comprising moderately 

welded, red-brown, medium to fine ash with a closely spaced fracture. At the 

base of these thick tuffs are poorly exposed volcanic conglomerates. The 

conglomerates are massive and structureless without the bedding 

characteristics and imbrication of the lahars. Genera"y the clasts are more 

angular suggesting less transport prior to deposition, and may be epiclastic 

slope deposits or mass movement debris-flow deposits rather than hot volcanic 

or eruption triggered lahars. Conglomerates in the region of the Woolshed 

Creek Hut (K3617 48327) comprise a mix of volcanic and Torlesse clasts 

supported in a sandy-mud matrix and are most likely to be recent slope and 

river bed deposits. 
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h 3 

I 
III 

I brite 

The Somers Ignimbrite (new name) forms the summit area of Mt Somers, 

where it occurs as a series of prominent 'sheets'. It ranges from highly to 

extremely welded and can be considered as a 'high-grade' ignimbrite using the 

terminology of Walker (1983) and Branney and Kokelaar (1992). This chapter 

describes the structural and textural outcrop characteristics of the Somers 

Ignimbrite, but discussion of it's origin and the processes which produced some 

of it's structures is left until Chapter 7 following incorporation of petrographic 

and geochemical data. 

3.1 Relationship to underlying geology 

The majority of the Somers Ignimbrite overlies lava domes and flows of 

the Somers Rhyolite and to a lesser extent Barrosa Andesite. A problem exists 

in that there is no well exposed outcrop of the contact between the underlying 

lithologies and the Somers Ignimbrite. The contact is either not exposed or not 

accessible, and subsequently relationships between the lithologies must be 

inferred from their spatial and temporal distributions. 



Fig. 3.1 Contact between Somers Rhyolite and overlying Somers Ignmbrite 
exposed in upper Woolshed Creek gorge (K36/748323). 

Fig. 3.2 Cliff-forming ignimbrite sheets exposed on the western slopes of Mt 
Somers and in the Trifalls Stream Canyon. 
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At the northern end of Wool shed Creek gorge (K36/748323), a possible 

contact between Somers Rhyolite and overlying Somers Ignimbrite exists (Fig. 

3.1). Above the contact approximately six columnar jointed ignimbrite sheets 

can be identified, and below it is massive jointed rhyolite. Outcrop in the gorge 

is almost totally inaccessible, and where it can be visited safely the contact is 

obscured by soil and vegetation. Thus the position of the contact can be 

accurately mapped, but it's character cannot be studied. 

Elsewhere on the north-east and south faces of Mt Somers the contact is 

very difficult to identify. It's position at these locations is inferred by (often) 

subtle differences in structure and texture. Ignimbrite is identified by it's sheet

like structure; blocky columnar jointing perpendicular to the sheets; layering 

parallel to the top and bottom of the sheets; and relatively high abundance of 

lithic inclusions. In contrast, dome and flow rhyolite comprises complex, curved, 

well-formed polygonal jointing; a general lack of flow layering but complex 

attitudes where it does occur; and a general absence of lithic inclusions. 

The base of the Somers Ignimbrite on the north face of Mt Somers is not 

exposed as it is truncated by the Mt Somers Fault. At the western end of the 

north face, Somers Ignimbrite unconformably overlies an area of westward 

dipping volcanic conglomerates and lavas of the Barrosa Andesite and Somers 

Rhyolite that is interpreted to have been an area of high relief upon which the 

ignimbrite was emplaced. Areas of rheomorphism in the ignimbrite above 

Morgan and Ribbonwood Streams are evidence of this (Section 3.6). 
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3.2 Distribution, thickness volume 

The Somers Ignimbrite outcrops over an area of -11 km2 (Map 1 ;back 

pocket). This is less than the 17.5km2 shown by Oliver and Keene (1989). At 

it's thickest part on the north face of Mt Somers, the Somers Ignimbrite is 

continuously exposed from an elevation of 880m to 1565m. The true thickness 

at this section is conservatively estimated to be about 550m, but as the base of 

the section is truncated by the Mt Somers Fault the full thickness may be 

significantly greater. 

Thickness varies considerably across Mt Somers, and significant 

changes occur over relatively short distances, although it is not known how 

much of this variation is due to erosion of the Somers Ignimbrite. At the summit 

the ignimbrite is only -60-80m thick,indicating the Somers Ignimbrite 

decreases in thickness by -470m just 2.5km from the north face. Similarly a 

line taken directly south from tl1e top of the north face to the top of the south 

face, a distance of -3.5km, indicates a change in thickness from -550m to 

-100m. Thickness decreases westwards also, the ignimbrite forming an 

estimated maximum of -120m thickness in the upper Woolshed Creek gorge 

(K36/748324), which is -3.5km from the north face. The overall pattern suggest 

that the Somers Ignimbrite becomes thinner radially away from the north face. 

The variation in thickness makes estimation of the volume of ignimbrite 

difficult. Volume was calculated by making an interpretive 'isopach' map of the 

currently preserved ignimbrite, giving an estimated volume of 6.8km3. It is 

impossible to calculate a precise eruptive volume, however a conservative 

estimate of the original volume is suggested to be 15-20km3. 



Fig. 3.3 Somers Ignimbrite exposed 
as a series of gently eastwards 
dipping sheets on the north face of 
Mt Somers. Member sub-divisions are 
based on major cliff-forming sheets. 

~ 
-'" 



Fig. 3.4 Somers Ignimbrite exposed on the western slopes of Mt Somers. 
Member sub-divisions based on major cliff-forming sheets are correlated from 
the north face. 
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3.3 Form and lithology 

The Somers Ignimbrite can be broadly described as a multiple flow

uniUcompound cooling-unit ignimbrite. Ignimbrite is exposed as a succession of 

prominent, often spectacular cliff-forming 'sheets', forming a 'scarp and terrace 

topography' (Fig. 3.2). 'Sheets' are individual, laterally continuous outcrops of 

near constant thickness. Individual sheets range from 10m to 165m thick and 

can be traced for up to 2km (limited by exposure), giving aspect ratios of up to 

1/200. 

Individual sheets often exhibit a unique and characteristic structure and 

texture,and can frequently be designated as 'members'. The term 'sheet' is 

used only in a descriptive sense, whilst 'member' refers to a sheet when it's 

relative stratigraphic position is known. The best exposure of the Somers 

Ignimbrite occurs on the north face of Mt Somers where the ignimbrite has 

been sub-divided into 12 distinct members (Fig. 3.3). These members can be 

traced southwards onto the western slopes of Mt Somers (Fig. 3.4), although 

subdivision of the Somers Ignimbrite into members is not possible over the 

entire outcrop area due to poor exposure or because the ignimbrite is 

undifferentiated. 

Individual ignimbrite sheets commonly comprise a number of smaller 

scale sheet-like bodies termed here as 'sub-units'. The sub-units are generally 

exposed as thin sheets of alternating higher and lower resistance to erosion 

(Fig. 3.5) and range from 10cm to a few metres thick. The contrasting 

resistance to weathering is mainly due to different jOint patterns, in that the 

highly resistant sub-units have widely spaced columnar jointing, and the 

moderately resistant sub-units have closely spaced sheet jointing which allows 

more rapid weathering. 



Fi . 3. Sub-units defined by thin intercalated sheets of more - and less-
reslstanUwelded ignimbrite; Member 2, north face of IVIt Somers (K36/765323) . 

Fig. 3.6 Well-formed 
polygonal columnar 
jointing in Somers 
Ignimbrite; Woolshed 
Creek near confluence 
with Morgan Stream 
(K36/749324). 
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The difference in resistance between the two types of sub-unit may also 

be due in part to contrasting induration, which probably reflects 'welding'. It 

may also reflect a textural difference, in that the highly resistant sub-units are 

typically massive, and the less resistant sub-units generally comprise strongly 

'layered' rock. 

Contacts between the sub-units are relatively sharp and therefore the 

sub-units probably reflect temporally discreet flow-deposits (see Section 7.2.2). 

Sub-units within Member 1 (Section 3.9.1) contain upper co-ignimbrite ash 

deposits indicating they are 'flow-units'. However elsewhere the sub-units lack 

structures and textures that might be useful in the elucidation of their origin. 

This is regarded as a function of their high grade character. 

Columnar jointing perpendicular to the top and bottom surface of sheets 

is common in the Somers Ignimbrite. Generally the columns comprise irregular 

blocky forms, but sometimes they are well-formed polygonal columns (Fig 3.6). 

Individual ignimbrite sheets sometimes exhibit a through-going columnar jOint 

set indicating they are discrete deposits that have cooled as 'simple cooling 

units' (after Fisher and Schmincke, 1984). 

Generally the amount of welding in the Somers Ignimbrite is such that it 

has lost all trace of it's pyroclastic origin. Where fresh the ignimbrite is a dense, 

black, porphyritic rock with a fine sugary textured micro-crystalline groundmass 

(Fig. 3.7), The Somers Ignimbrite contains no unwelded parts laterally or 

vertically, and subsequently it can be considered to be 'extremely high-grade' 

after Branney and Kokelaar (1992). 



Fig. 3.1 Hand specimen of fresh , densely welded Somers Ignimbrite. 
Phenocrysts of quartz and feldspar are set in a black, sugary textured 
groundmass. 

lOc.m 

Fig. 3.8 Cut hand specimen of strongly layered Somers Ignimbrite. Note 
lenticularity of some dark coloured pumiceous layers. 
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3.4 Layering and di fabrics 

Layering is ubiquitous in the Somers Ignimbrite although it is best 

exposed in the less resistant sub-units. Even dense black rock with no 

apparent layering in hand specimen often exhibits layering in thin section. With 

the exception of areas that have undergone rheomorphism, layering is 

generally parallel to the top and bottom surfaces of sub-units and sheets. 

Layering consists of intercalated, lighter and darker coloured material 

(Fig. 3.8). Lighter-coloured layers range from 1 mm to 2-3cm thick, and are 

typically more porphyritic than the darker-coloured layers which are black in 

fresh rock, range from less than 1 mm to 10mm, and have a fine sugary texture. 

Overall the layering is laminar, but at close inspection the black layers are 

often ribbon-like with significant changes in thickness and are deformed around 

rigid phenocrysts and lithic inclusions. The black layers have variable length 

ranging from lenticular layers 1-2cm in length to laterally continuous layers that 

can be traced for tens of centimetres to the limit of exposure. 

Several factors suggest the layering may be an extremely attenuated 

form of eutaxitic texture in which the dark layers are collapsed and devitrified 

pumice 'fiamme' set in a welded tuff matrix: (1) the dark layers often appear to 

be subordinate in volume to the light coloured material and sometimes appear 

to exist as clasts within it; (2) they are less porphyritic than the light coloured 

material suggesting they were coherent 'lava pyroclast' whereas the matrix was 

fragmental crystal and vitric material; (3) they are lenticular over various scales 

and are bent around rigid particles suggesting compaction; and (4) they have a 

sugary texture which suggests recrystallisation due to devitrification from 

an originally glassy composition. 



----

Fig. 3.9 Zone of moderately north-eastward dipping imbricate layering 
truncated by over- and under-lying shallow south-east dipping layering; 
Member 2, north face of Mt Somers (K36/765323) . 
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Layering is not always oriented parallel to the top and bottom of sub

units. A sub-unit in Member 2 (K36/765323) exhibits 'inclined' layering that is 

apparently truncated by over- and under-lying sub-units (Fig. 3.9), The layering 

is inclined at approximately 300 to the north-east, and may be similar to 

'imbrication' of attenuated pumice fiamme in some other high grade ignimbrites: 

e.g. ignimbrites on Gran Canaria (Schmincke and Swanson,1967; Wolff and 

Wright, 1981); 'and the Crinkle Tuffs in the English Lake District (Branney et 

a/,1992). The imbrication in these examples dips up-flow and therefore a 

source to the north-east for the Somers Ignimbrite is suggested by the 

imbrication in Member 2. 

A lineation occurs on the top surfaces of some resistant units in the 

Somers Ignimbrite and is especially well developed in Member 2 in the vicinity 

of K36/764323. It appears as a type of 'striation' or 'grain' to the rock on 

incipiently weathered surfaces parallel to layering. Measurements show 

uniformity of orientation at this locality trending from 0580 to 0800 . 

'Lineations' in welded ignimbrites may be produced by prolate stretching 

of pumice fiamme during laminar rheomorphic flow undergoing extension, as in 

the Green Tuff, Pantelleria (Wolff and Wright, 1981); or during primary 

pyroclastic flow {Branney and Kokelaar, 1992}. The consistency of orientation of 

the lineation in the Somers Ignimbrite suggests it may be 'primary' rather than a 

secondary rheomorphism responding to local slope influences. Orientation of 

the lineation is also consistent with a local flow direction of north-east to south

west indicated by imbrication of layering in the same area. 



(a) 

Fog. 3. ~ 0 Rhyolitic fine grained well-sorted tuffaceous lithic inclusions: (a) lithic 
in Member 3 showing laminar bedding, north face of Mt Somers (K36/764322) ; 
(b) large lithic with blocking effect indicating flow direction west to east (right to 
left), Member 1, north face of Mt Somers (K36/765324) . 
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lithic inclusions 

Lithic inclusions are generally not common in the Somers Ignimbrite. 

They generally form <1 % of the composition, and predominantly comprise just 

one litho-type - a well sorted, medium to fine grained, rhyolitic crystal tuff. 

Generally they are cream or grey coloured, and some exhibit laminar bedding 

(Fig. 3.10a). Very rare dark grey to black altered andesite lithics also occur. 

The average lithic size is approximately 1-2cm diameter, but lithics occur 

up to 40cm. Fig. 3.10b shows a large (37x42cm) lithic near the base of Member 

1 (K361765324) which exhibits a 'blocking-effect' (after Elston and Smith,1970). 

This occurs when smaller lithic particles accumulate on the 'up-flow' side of 

larger lithics, indicating a west to east flow direction at this site. Generally 

lithics are equant and sub angular, but irregular rheomorphosed shapes also 

occur (Section 3.6.1). The rhyolitic lithics are generally difficult to recognise in 

outcrop because of their similar composition to the host ignimbrite; often they 

can only be distinguished by a subtle difference in weathering. 

The tuffaceous lithics are texturally and compositionally similar to the 

Surrey Hills Tuff and are likely to have been derived from it as accidentallithics 

plucked from the vent or ground during eruption and passage of the 

pyroclastic flows. Similarly the andesite lithics are most probably derived from 

the Barrosa Andesite. An alternative origin for the tuffaceous lithics is 

derivation from co-ignimbrite ash deposits which occur in some places in the 

Somers Ignimbrite (Section 3.8). Schmincke and Swanson (1967) describe a 

similar occurrence on Gran Canaria where tuffaceous lithics were derived from 

the top of underlying ignimbrite sheets and distributed throughout the over

riding flow. 



(a) 

(b) 

SiIIi1 

Fog. 3.11 Ductile extensional rheomorphism in the Somers Ignimbrite: (a) 
necking on ridge above Morgan Stream (K36/755323) ; (b) boudinaging of 
layering on ridge between Trifalls and Hydroslide Streams (K361760314). 
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3.6 Rheomorphism 

'Rheomorphism' of welded ignimbrites is deformation of the hot, mobile 

deposit prior to cooling, and is interpreted by different authors to occur both 

during and following primary pyroclastic flow. Rheomorphism occurs under both 

ductile and brittle conditions depending on the viscosity of the material, which 

in turn reflects the cooling history. Thus brittle rheomorphic structures post-date 

ductile structures which are formed at higher temperature. Rheomorphism 

occurs in response to both compressional and tensional stress, and 

deformation includes both simple and pure shear mechanisms. 

3.6.1 Ductile extension 

Necking and boudinaging of zones of layered rock occasionally occurs 

in the Somers Ignimbrite, indicating localised mass tensional stress on the 

cooling ignimbrite. 'Necking' (or 'pinch-and-swell') reflects ductile extension of a 

plastic material, occurring where layering is 'pulled-apart' forming a 'bow-tie'

like structure. Fig. 3.11 a shows necking on a ridge above Morgan Stream 

(K36/755323). 

Boudinaging is in part more brittle in that it involves breakage and 

separation of more rigid (competent) material. Boudinaging usually occurs at 

the layering-scale in the Somers Ignimbrite (Fig. 3.11 b). Dark-coloured layers 

have ruptured and been pulled apart in response to tension, and the lighter 

material has flowed into the opening gaps suggesting it is synonymous with soft 

sediment deformation. 



(a) (b) 

(d) (c) 

Fig. 3.12 Folding due to ductile compression in the Somers Ignimbrite: (a) simple upright folds, Member 2, north face 
of Mt Somers (K36/764322 ); (b) overturned fold, Member 2, north face of Mt Somers (K36/765322); (c) isoclinal folds, 
near Morgan Stream (K36/753326); (d) complex convoluting at top of south face of Mt Somers (K36/758299). (Jl 
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Tuffaceous rhyolite lithics sometimes occur as highly lenticular shapes 

up to 25-30cm long. Widths of 1-2cm give corresponding length:width ratios of 

up to 30:1. They always lie parallel to layering in the ignimbrite (except where 

they are folded - Section 3.6.2; Fig. 3.13) giving the appearance they are lithics 

that have been stretched by attenuation and/or compressed during 

development of the layering. 

Ductile compression 

Folded layering is common in high-grade ignimbrites (eg. Schmincke 

and Swansonl 1967; Branney et a/I 1992) reflecting plastic deformation of the 

ignimbrite under compressional stress. Heterogeneous simple shear is the 

dominant folding mechanism (Wolff and Wright, 1981). Folding in the Somers 

Ignimbrite varies in scale and intensity, which reflects plasticity (related to 

viscosity) and the amount of shear. 

The largest folds have a simple form and amplitudes of up to several 

metres although folds at this scale are rare. Smaller folds with amplitudes and 

wave-lengths of less than 1 m are more common, ranging from simple upright 

(Fig. 3.12a), to open overturned (Fig. 3.12b), and tight complex isoclinal folds 

(Fig. 3.12c). Smaller scale ductile compression generally involves complex 

'convoluting' of the layering from outcrop scale (Fig. 3.12d) to microscopic 

scale. 

Elongate stretched lithics occasionally also exhibit rheomorphic folding 

and convoluting. Fig. 3.13a shows an isoclinally folded lithic in Member 10 at 

K36/774319. Matrix ignimbrite material occurs in the hinge zone supporting the 

contention that folding was due to rheomorphism and was not a pre-existing 



(a) 

(b) 

Fig. 3.13 Stretched and folded lithics in the Somers Ignimbrite: (a) lithic folded 
isoclinally, Member 11 north face of Mt Somers (K36/774319); (b) complex 
stretching and folding of lithics in cut hand-specimen from summit Mt Somers. 
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structure in the lithic. Fig. 3.13b shows a hand specimen from the sumrnit 

region of Mt Somers (K36/789307) exhibiting complex tight folding and 

convoluting of lenticular lithics. 

3.6.3 Brittle compression 

Brittle compressional stress may lead to 'buckling' and thrusting of more 

plastic material upwards, through, and over more brittle material. producing a 

'ramp structure' (eg. Schmincke and Swanson,1967). Ramp structures are so

named because of their similarity in appearance and origin to ramping in lava 

flows. Ramping occurs in Member 2 at K36/765323 (Fig. 3.14) where it is 

exposed as a complex mass of vertically layered material forced upwards and 

juxtaposed against horizontally layered ignimbrite. 

3.6.4 Autobrecciation 

Brittle deformation leading to fracture and fragmentation of the cooling 

ignimbrite is not uncommon in high-grade ignimbrites (eg. Branney et al,1992). 

Autobrecciation occurs in Member 1 adjacent to the contact with underlying 

Barrosa Andesite at K36/765324. The breccia is poorly exposed but appears to 

have a distribution parallel to the steeply dipping contact. Sub-angular clasts of 

layered ignimbrite from 2mm to 20cm, plus occasional tuffaceous lithic clasts, 

occur in a comminuted welded rhyolitic matrix. 

No shearing or pug is observed to suggest it is fault breccia. Another 

alternative is that the breccia is a 'mesobreccia' (after Lipman,1976) produced 

by collapse of caldera walls penecontemporaneous with eruption of the Somers 



Fig. 3.14 Ramping in Member 2 due to brittle compression, north face of Mt 
Somers (K36/765323) . 
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Ignimbrite. This might be consistent with the steep contact between Somers 

Ignimbrite and Barrosa Andesite, however the breccia contains no andesitic 

clasts suggestive of caldera wall collapse. The majority of clasts are layered 

ignimbrite, thus the ignimbrite underwent brittle fragmentation in the latter 

stages of cooling, postdating development of layering. The clasts are not then . 

'exotic', which also precludes the possibility the breccia is a 'lithic lag breccia' 

(after Walker,1985). 

Autobrecciation is interpreted to have occurred during extension of the 

ignimbrite by en masse flowage from a paleotopographically high area 

comprising andesite lava flows and epiclastic breccias upon which the 

ignimbrite was deposited (Section 3.6.6). Brecciation occurred at the chilled 

basal contact with the underlying Barrosa Andesite as Member 1 collapsed due 

to weight of the overlying members. 

3.6.5 Pure shear 

During rheomorphism laminar 'flow may Ilave different velocities at 

different levels in the deposit leading to differential shear of the ignimbrite. 

Rotation of lithics may occur under these conditions (eg.Schminke and 

Swanson, 1967). On the lower north face at the base of Member 1 

(K36/766324) , rheomorphism includes rotation of lithics, many of which are 

elongate with their long axes at angles to the horizontal ranging from 370 to 740 

and uniformally leaning towards the east. This suggests counter-clockwise 

rotation of the lithics with top to the east motion under ductile conditions. 

Disturbance of adjacent layering due to rotation indicates the tilt of the lithics is 

not an imbrication due to primary flow. 
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3.6.6 Relationship of rheomorphism to paleotopography 

Secondary rheomorphism in high-grade ignimbrites may occur due to 

deposition on a slope, differential compaction, or due to the ignimbrite simply 

spreading under it's own weight. The mainly westward dipping Somers 

Ignimbrite, when corrected for tectonic tilt (Section 4.3), is interpreted to have 

been deposited on topography sloping at 200 to 400 towards the north-west, 

thereby providing an adequate mechanism to explain rheomorphism throughout 

much of the ignimbrite. 

A more local rheomorphic response to paleotopography occurs in an 

area centred on a hill at K361761322. The hill comprises older andesite and 

rhyolite lava that is interpreted to have been an area of high paleo-relief upon 

which the ignimbrite was deposited. Rheomorphism occurs on at least two 

sides of the hill with a consistent direction of movement away from it. To the 

east of the hill in Members 1 and 2 on the north face, rheomorphism includes 

brecciation adjacent to the contact, folding, and rotation of lithics which 

suggests an eastwards direction of motion away from the hill. Above Morgan 

Stream on the western slopes of the hill, necking occurs at a higher elevation, 

and intense isoclinal folding at lower elevations, which is consistent with 

extension in the ignimbrite high on the slope as it moved downhill, and 

compression lower on the slope. 

Clastic dikes 

Well sorted, partially silicified clastic material, ranging from fine ash to 

very fine grained porcellanite, infills fractures as 'clastic injection dikes' in 

Member 1 and (rarely) Members 2 and 3 on the north face of IVIt Somers. The 
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Fig. 3.15 Clastic dike in Member 1, north face of Mt Somers (K36f765324). 
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dikes most commonly occur as simple vertical injections 1-50cm thick (Fig. 

3.15), but also as more complex branching systems with numerous limbs 

ranging from horizontal to vertical attitudes. The dikes have sharp boundaries 

suggesting the tuffaceous material was emplaced into joints and fractures· 

which were mainly vertical but ranging to horizontal. Lithologically they are 

similar to co-ignimbrite tuff deposits that occur within the ignimbrite (Section 

3.8) and may have been derived from them (see Section 5.3.4). 

3.8 Co-ignimbrite h deposits 

Moderately indurated, fine to very fine grained, well sorted tuffaceous 

material occurs within Members 1 and 2 on the north face as poorly exposed, 

1-10cm thick layers parallel to the top and bottom of sub-units. The upper and 

lower contacts are gradational into coarse, poorly sorted porphyritic ignimbrite 

(in contrast to the clastic dikes). Individual layers can be traced laterally for up 

to a few metres before exposure ends or they apparently wedge out. Their 

presence suggests co-ignimbrite ash-fall deposition following the passage of 

ignimbrite flow units. Their poor exposure and apparent lenticularity may reflect 

erosion by over-riding pyroclastic flows. 

Eruptive sequence 

3.9.1 Member 1 

Member 1, the oldest of the members, is >165m thick and is the least 

welded, subsequently showing the best evidence of a pyroclastic origin. Fig. 

3.16 shows an interpretive geological column for Member 1, which forms small, 
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scattered outcrops of weathered, grey to cream coloured ignimbrite, and 

passes gradationally up into densely welded Member 2. Sub-units are 

generally 10-1 OOcm thick, and even where best exposed can only be traced 

laterally for 10-30m. Some sub-units have a lenticular or 'pinch and swell' form. 

Member 1 contains the greatest abundance of lithics in the Somers 

Ignimbrite, averaging 2-3%. A lithic count at one basal outcrop (K36/767324) , 

where lithic abundances were up to 4-5%, indicated an average size of 7cm. 

Throughout the lower half of Member 1, lithic abundance decreases but 

. maximum size. does not, suggesting decreasing supply of lithics rather than 

decreasing eruption intensity, perhaps due to decreasing wall-rock erosion in 

the eruption conduit and the progressive burial of the sub-stratum by depositing 

ignimbrite. In the upper half, both size and abundance of lithics decreases, 

whilst a corresponding increase in the amount of co-ignimbrite ash material 

occurs. This suggests an overall waning in eruption intensity with less frequent 

and sucessively thinner flow-units being deposited. 

3.9.2 Member 2 

Member 2 (Fig. 3.17) is approximately 80m thick and has a uniform 

stratigraphy along it's entire outcrop length consisting of three main zones. 

Zone A is approximately 60m thick, comprising exceptional exposure of 

intercalated sub-units from 0.5 to 10m thick. They can be traced laterally for up 

to SOm, often having remarkable consistency in thickness throughout their 

length. Some sub-units however can be seen to pinch and swell over a few 

tens of metres, and some pinch out completely where they are apparently 

truncated by an overlying sub-unit. 



66 

Zone B of Member 2 is a 12m thick zone of subdued outcrop. which 

includes well sorted tuffaceous deposits. It is generally poorly exposed, 

consisting of massive lithic-bearing, moderately indurated, layered ignimbrite 

with occasional well sorted co-ignimbrite ash deposits. Zone C is an 8m thick, 

resistant, massive unit capping Member 2. 

3.9.3 Member 3 

Member 3 (Fig. 3.17) is approximately 70m thick and comprises massive 

. densely welded ignimbrite with well formed columnar jointing. The joints 

comprise irregular polygonal forms with joint faces from 0.S-1.5m and lengths 

up to 35-40m, indicating length:width ratios of up to 80: 1. Member 3 is 

dominated by a -SOm thick massive central section that has a relatively higher 

abundance of lithics at it's base but is otherwise sparse in lithics. The base of 

Member 3 is generally obscured by talus, but where exposed it is a 15m thick 

succession of intercalated sub-units. Similarly the top 20m shows a gradation 

from massive rock into intercalated sub-units. The thick massive interior of 

Member 3 may reflect deposition as an individual thick flow-unit and cooling as 

a simple cooling unit. 

3.9.4 Members 4-12 

Member 4 is -40m thick and consists of a succession of four distinctive 

resistant units from S-12m thick, with intercalated less resistant units from 1-3m 

thick. It grades into Member 5 which is .... 80m thick and is characterised by 

intercalated units as thin as 10cm. 
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Members 6 to 12 are poorly exposed relative to the lower members, 

outcropping as cliff-forming sheets separated by accumulations of talus. 

Cumulatively they make up slightly less than half of the total thickness on the 

north face, having individual thicknesses of approximately 15 to 30m thick. This 

probably reflects an overall waning in the magnitude of the sheet-forming 

eruptions throughout the latter half of emplacement of the Somers Ignimbrite. 
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h pter 

tructure 

This chapter comprises a brief account of the structure and tectonic 

deformation of Mt Somers. Deformation of the Paleocene to Oligocene 

sedimentary deposits (Gair,1967) in the Mt Somers area indicates tectonic 

deformation must be at least post-Oligocene in age, and equates with the 

beginning of the Kaikoura Orogeny. Similarly, all the major valleys and ranges 

in the Mt Somers area appear to be bounded by faults related to the Kaikoura 

Orogeny (Oliver, 1979). 

4.1 Faulting 

The Mt Somers Volcanics crop out within the foothills to the Southern 

Alps from the Rangitata Gorge northwards to the Malvern Hills. Rising above 

the Canterbury Plains, the foothills mark the start of topographic response to 

progressive uplift towards the axis of the Alps. 

Mt Somers is a triangular shaped mountain, it's form being controlled by 

two major eastwards converging faults along the north and south margins - the 

Mt Somers and Staveley Faults (respectively). These, and a number of smaller 

faults to the south-east of Mt Somers, uplift the Mt Somers block progressively 

towards the north-west. Fig. 3.1 'demonstrates the envisaged style of faulting. 



Mt ·Winterslo 

t Somers 

Torlesse 

Fig. 4.1 Simplified block diagram of Mt Somers showing block-faulting along 
successive normal faults down-throwing to the south (after Oliver,1977). 
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Mt Somers Fault 

The Mt Somers Fault trends approximately 110° and can be traced for 

up to 20km along the northern margin of Mt Somers. It is intermittently exposed 

in creek-beds as a co-linear series of pugs and crush breccias. Rock adjacent 

to the fault is typically sheared and highly weathered, and the fault has a 

distinctive topographic trace often marked by mass movement in the sheared 

rock. 

The steep north-east face of Mt Somers is controlled by the Mt Somers 

Fault. Previous workers have referred to it as a fault scarp produced by 

movement on the Mt Somers Fault. However the sense of movement is 

opposite to that indicated by topography. Topography is primarily influenced by 

a significant difference in resistance to weathering between Torlesse 

greywacke to the north and downthrown Cretaceous volcanics to the south. 

Where exposed, fault planes appear to be vertical although wide shear zones 

and subparallel crush breccias indicate movement was not along a simple 

single plane. 

Movement on the Mt Somers Fault is problematic in the northwest of the 

study area. To the east, Torlesse is offset against Cretaceous volcanics 

indicating uplift of the northern side (Torlesse). To the west however, younger 

rhyolites and pitchstone outcrop on the northern side of the fault against older 

andesites on the south side. This would indicate the opposite sense of 

movement to the eastern end of the fault, and suggests a 'scissor'-like 

movement. However, in the extreme north-west of the study area, older 

andesites, rhyolites and pitchstone occur on the north side, and younger 

volcanic conglomerates and tuffs on the south side. This strongly suggests the 

'apparent' displacement of the middle section may be a function of paleo-relief 

and that downthrow is still to the north. 
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The amount of throw on the Mt Somers Fault is difficult to determine. 

Oliver (1977) suggests a downthrow of up to 300m for the Mt Somers block 

based on the difference in elevation between basal tuff in the lower Woolshed 

Creek gorge (K36/733301) and the base of the Barrosa Andesite north of the 

fault. However, mapping has established that basal Surrey Hills Tuff occurs at 

an elevation of 600m in the lower Woolshed Creek Gorge (south of the fault) 

and at 700m in Annabel Creek (K361739336) (north of the fault). This suggests 

-100m throw for the Mt Somers Fault in the west of the field area. It is not 

possible to measure displacement in the eastern part of Mt Somers. 

Oliver (1979) also suggested that dextral movement of 250m is indicated 

by displacement of contacts between andesite and ignimbrite in the north-west 

of the study area. However mapping has established that no similar-contacts 

occur on either side of the fault to indicate any strike-slip component. 

Staveley Fault 

The south face of Mt Somers is essentially the eroded fault scarp of the 

Staveley Fault. Trending approximately 0800 the Staveley fault can be traced 

for up to1 Okm. The fault trace is visible on aerial photographs and is marked by 

a crush breccia in Tinstone Creek. Cretaceous volcanics are upthrown on the 

northern side, thus unlike the north face, the south face is a true fault scarp. 

Oliver (1977) suggested up to 700m throw to the north on the Staveley 

Fault based on the difference in elevation between the top of Staveley Hill and 

the top of Mt Somers. However the rocks at these two locations are of different 

age and cannot be used to indicate throw. On the south face the contact 

between Somers Rhyolite and Somers Ignimbrite is approximately 500m above 
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the top of Staveley Hill, giving a possible maximum amount of downthrow for 

the Staveley Hill block. 

Other faults 

In the south-west of the study area a smaller fault occurs trending 110°. 

It's 'trace' is recognised on aerial photos as a distinctive linear feature, and by 

the presence of crushed rock in a large landslide in Chapmans Creek 

(K36/743293). Based on topographic evidence it appears to downthrow rhyolite 

on the northern side. 

To the south-east of the study area within the region of the Cox Hills, at 

least five north-east trending faults successively downthrow rhyolite to the 

south-east (Oliver1977,1979). The lower blocks are capped by the eroded 

remnants of Tertiary sediments and glacial outwash gravels. Block faulting is 

thought to continue beneath the gravels of the Canterbury Plains. The faults 

have a combined topographic throw of about 700m to the south-east on near 

vertical fault planes (Oliver,1979). 

4.2 Cretaceous .. age faults 

Oliver and Keene (1989) mapped a north-south trending fault across the 

summit area of Mt Somers adjacent to the (Hinds River) dacite dike. They 

considered Somers Rhyolite to be upthrown on the eastern side against 

Somers Ignimbrite. The present study has found no evidence to support the 

existence of this fault. 
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Oliver (1977) cited rather weak evidence for the existence of the fault: 

(1) a break in slope across the summit region of Mt Somers; (2) the apparent 

inward dip of ignimbrites towards the fault on the north face; and (3) the 

presence of dacite intruded along it which was regarded as indicating the fault 

was active during the Cretaceous, and possibly formed as the result of collapse 

following the eruption of the rhyolites. 

However, the break in slope is very minor and appears to be no different 

to other breaks in slope caused by terrace and scarp topography produced by 

ignimbrite • sheets' outcropping everywhere across the summit region and 

western slopes of Mt Somers (Chapter 3). Also, on the north face the 

ignimbrites can be seen to change dip direction well to the west of the dacite 

dike, not at it. Finally, mapping across the north and south faces of Mt Somers 

has found no evidence of ignimbrite offset against rhyolite, nor existence of 

sheared or brecciated rock. 

A dike of Somers Rhyolite exposed in Woolshed Creek at K36/750332 

intrudes a contact between Barrosa Andesite to the north, and rhyolite lava 

flows to the south. The northern margin is well exposed in the creek-bed where 

it is glassy and rich in andesitic (wallrock) lithic inclusions, and can be traced 

as a high sub-vertical wall for approximately 800m westwards. A possible co

linear extension of the dike occurs on a saddle between Woolshed Creek and 

Morgan Stream (K361754332); it occupies the same contact between Barrosa 

Andesite and rhyolite lava flows and the northern margin against andesite also 

occurs as a high vertical wall. 

The most plausible explanation for the geometry of the rhyolite dike and 

it·s apparent bounding relationship with the rhyolite. is that the dike intruded 

along a Cretaceous-age normal fault that had downthrown rhyolite relative to 

andesite. 
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Overall the dike dips steeply to the north, and therefore recalculation of 

tectonic tilt (see below) suggests the fault dipped moderately towards the 

south. 

4.3 Tilting 

Mt Somers is apparently a large block bounded on two sides by major 

fault zones. Apart from these faults there is no other evidence in the study area 

of significant tectonic deformation of the Cretaceous volcanics. Thus the mass 

of Mt Somers is probably acting as a relatively rigid block, surrounded by more 

tectonically mobile crust 

There is evidence to suggest however, that the Mt Somers block has 

been tilted since the Cretaceous. Tertiary sediments overlying the volcanics as 

small outliers in the Mt Somers area average 10-20° dip towards the south or 

south-east. The attitude of these originally flat-lying sediments may be 

considered as a reliable indicator of tectonic tilt. 

It is generally considered that ignimbrites, emplaced as gravity driven 

pyroclastic flows, are deposited as flat lying horizontal sheets. Therefore, 

minus the local effects of paleotopography and rheomorphic flow, the average 

dip and dip direction of the ignimbrites at the present time might also be 

considered to give an indication of tectonic tilt since the Cretaceous. 

The succession of flat, parallel sheets, that make up the Somers 

Ignimbrite always exhibit a gently dipping attitude. On the north face ignimbrite 

dips at 0-20° towards the east but the majority of the ignimbrite sheets dip at 5-

200 towards the west. This gentle westward dip has had a significant control on 
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the topography of the upper surface of Mt Somers and to the west of Wool shed 

Creek, where the upper surfaces of the sheets commonly form dip-slopes. 

Rotation of the Tertiary sediments back to the horizontal indicates that the 

ignimbrite sheets would have dipped towards the north or north-east at 20-40° 

at the time of deposition of the sediments. Subsequently, tilting towards that 

direction prior to deposition of the Tertiary sediments is suggested by the 

attitude of the ignimbrite sheets. 

Oliver (1977) used an independent method of measuring tectonic tilt. 

The andesites contain fine parallel-banded agates, in which the banding is 

. thought to have been horizontal when deposited, regardless of the attitude of 

the host lava flows. Therefore measurement of the attitude of the banded 

agates can be used to calculate post-Cretaceous tectonic tilt of the volcanics. 

Measurements showed that the andesites to the north of the Mt Somers Fault 

in the north-west of the study area, have undergone only minor net tilting, 

usually less than 10° but locally up to 35°. Tilt direction is approximately 

towards the south which is consistent with tectonic tilting indicated by the 

Tertiary sediments. 

Subsequently this precludes the possibility of tilting of the volcanics prior 

to deposition of the Tertiary sediments as suggested by the dipping ignimbrite 

sheets. The attitude of the ignimbrites, when corrected for tectonic tilt, is 

therefore more likely to reflect emplacement over sloping topography, and this 

is consistent with their rheomorphic nature. 
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Somers Rhyolite 
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Fig. 4.2 View from near saddle to north of Mt Somers looking east along the Mt 
Somers Fault trace and co-linear outcrop of the 'Pinnacles' to south of it (photo 
taken at K36/785322). 
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4.4 The Pinnacles 

The 'Pinnacles' comprise a co-linear series of outcrops on the southern 

side of the Mt Somers Fault at the base of the north-east face of Mt Somers 

(Fig. 4.2 and Map 1 ; back pocket). The Pinnacles are large, rounded and 

upright 'obelisk-like' masses with no dominant joint set. The rock ranges from 

weathered rhyolite to mono-lithic silicified breccias, and can be seen to grade 

into massive jointed rhyolite up-slope (southwards) and away from the fault. 

SUb-vertical breccias and iron-stained zones are common (Fig. 4.3). The 

breccias comprise angular clasts of rhyolite from 15cm down to a few 

millimetres in a yellow-brown or red-brown matrix of finely comminuted silicified 

rhyolite. The equant shape of clasts and clast-supported character suggests 

'jostle' rather than shear brecciation. 

The Pinnacles were mapped and by Oliver and Keene (1989) and 

interpreted to be dike-feeders to fissure eruption vents for the Somers 

Ignimbrite. However the present study has found no evidence to support this. 

Where fresh and unaltered the rock is rhyolite and there is no suggestion that it 

is a volcanic breccia or that it has a pyroclastic character. Rather, the 

alignment of the Pinnacles along the Mt Somers Fault indicates there must be a 

close relationship with it. 

The Pinnacles are interpreted to comprise partially silicified, fractured 

rhyolite and jostle breccias probably produced by the upward movement of 

fluids through the rhyolite adjacent to the Mt Somers Fault. The fault acted as a 

pathway for ascending groundwater, and as alteration and fracturing of the 

rhyolite took place, wider fluid pathways would have formed increasing the 

volume and velocity of fluid movement and resulting in brecciation of the 

rhyolite. 



Fig. 4.3 Sheared rock forming the 'Pinnacles'. Anastomosing sUb-vertical 
shear and breccia zones are highlighted by red-oxidation. North face of Mt 
Somers near Pinnacles Hut (K36179531 6). 
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Chapte 5 

etrography 

This chapter describes the mineralogical composition and microtextural 

characteristics of the Mt Somers Volcanics within the study area. Emphasis is 

on pyroclastic lithologies, especially the Somers Ignimbrite. Description of the 

Barrosa Andesite is brief; as is' that of the Somers Rhyolite which is described 

only to provide a contrast with the Somers Ignimbrite. 

1 Pre .. Somers Ignimbrite 

5.1.1 Surrey Hills Tuff 

Four thin sections were made of the Surrey Hills Tuff, three from the 

lower Woolshed Creek gorge (K36fi30299) and one from the northwest of the 

study area (K36/739336). Tuffs from the lower Woolshed Creek gorge 

comprise vitric ash containing 72-80% glass shards, 20-23% angular crystal 

grains, and 5% lithics (Fig. 5.1). The phenocryst assemblage is: 15-18% 

quartz, 3-4% sanidine, and <1% plagioclase, biotite and garnet. Lithics in both 

massive and bedded tuff are rhyolitic ignimbrite similar in' texture to the 

massive tuff. 

Bedded tuff is a moderately-well sorted fine vitric ash with an average 

grain size of approximately 0.05mm diameter, although lithics up to 12mm and 
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5.1 Classification of pyroclastic lithologies in Mt Somers area (after 
Schmid, 1981). 
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free crystal grains up to 2mm occur. Bedding is defined by crude normal and 

reverse grading. The discrete glass grains are partially devitrified and form an 

undeformed 'vitroclastic' texture' in which the angular grain boundaries are 

preserved but the individual grains sometimes show poorly developed 

spherulitic and felsitic devitrification. The glass shards comprise mainly 

undeformed 'platy' and less commonly 'cuspate' and 'pumiceous' varieties (after 

Fisher and Schmincke,1984). Sorting and grading suggests either a primary 

ash-fall origin or epiclastic deposition in water by reworking of unconsolidated 

tuffs. The lack of fusing between grains suggests the latter. 

Massive tuff is poorly sorted, with an average phenocryst size of 

approximately 0.5mm. Phenocrysts are euhedral to anhedral with a moderate 

abundance of broken phenocrysts. Some phenocrysts, especially quartz and 

sanidine, appear to have fractured in situ which is suggestive of secondary 

rheomorphism. Breakage has occurred along conchoidal fractures and 

cleavage planes and the 'fragments have then rotated slightly. Deformed 

cuspate shards are dominant over platy and pumiceous shards, and are 

welded (fused) along grain boundaries forming a partially devitrified vitroclastic 

groundmass (Fig. 5.2). Poor sorting, broken phenocrysts and lithic abundance 

is consistent with an ignimbrite origin for the massive tuff. Deformation of the 

shards is the result of post-ern placement compaction during welding. 

Massive tlJff in the north-west of the study area is a coarse to fine crystal 

tuff (Fig. 5.1) compriSing apprOXimately 90% moderately-well sorted angular 

grains from 0.75mm to <0.01 mm across, set in a dark, unidentifiable matrix. 

The crystal grains are predominantly quartz and sanidine, with minor 

plagioclase. 



Fig. 5.2 Vitroclastic texture wit;h platy and cuspate shards in massive Surrey 
Hills Tuff. Phenocrysts are sanidine (s) and garnet (g). P.P.L.; field of view -
3.0mm. TS255 -lower Woolshed Creek gorge (K36730299). 

Fig. 5.3 Eutaxitic texture in Somers Pitchstone: pumice fiamme with frayed 
termination is compacted around angular broken sanidine grain (s). Other 
phenocrysts are biotite (b) and quartz (q). P.P.L.; field of view -3.5mm. TS050 -
upper Woolshed Creek (K36/750331). 
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5.1.2 Barrosa Andesite 

The Barrosa Andesite comprises porphyritic pyroxene-phyric andesites 

with 10-25% phenocrysts set in a pilotaxitic groundmass. Phenocryst phases 

are plagioclase (8-22%) and orthopyroxene (1-2%), with minor pigeonite «1%). 

Plagioclase (andesine) occurs as euhedral individual laths up to 3mm long or 

as smaller glomerocrysts. Albite twinning is ubiquitous, and oscillatory zoning is 

common. Sieve texture occurs in some plagioclase consisting of an anhedral 

corroded core surrounded by a euhedral zoned rim. Some plagioclase contains 

orthopyroxene inclusions. Orthopyroxene occurs as small euhedral prisms 

<0.5mm; pigeonite is <0.2mm. 

Clusters of euhedral plagioclase crystals up to 3.5mm diameter were 

interpreted by Oliver (1977) as recrystallised quartzo-feldspathic sedimentary 

xenoliths. However the clusters are clearly monomineralic and are more 

probably glomeroporphyritic clusters or cognate magmatic xenoliths. 

Plagioclase glomerocrysts comprise two to four crystals up to 1 mm long each, 

whereas the clusters comprise numerous small subhedral grains <0.5mm, 

suggesting they may be cognate xenoliths. 
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5.1.3 Somers Pitchstone 

Six thin sections were made of Somers Pitchstone; one from the lower 

Woolshed Creek gorge (K36/730299), the rest from outcrops in the north-west 

of the study area (Map A; back pocket). The pitchstones exhibit a variety of 

textures though all have 18-35% phenocrysts and 1-17% lithics set in a glassy 

groundmass. Phenocrysts are quartz (8-25%), sanidine (6-14%), and 

plagioclase (0.5-3%), plus minor biotite, garnet and opaques (magnetite and 

ilmenite). The pitchstones exhibit a variety of textures which generally support 

the contention that the pitchstone is ignimbritic (Section 2.1.3). 

Pitchstone in the lower Woolshed Creek gorge comprises a moderately 

sorted phenocryst population ranging in size from 3.25mm to <0.1 mm, and from 

euhedral to angular anhedral broken grains. The groundmass is a colourless 

homogeneous glass with perlitic fractures and sub-parallel alignment of tiny 

opaque microlites. Lithics are a moderately-well sorted rhyolitic tuff similar in 

texture to the underlying Surrey Hills Tuff. The presence of lithics and broken 

phenocrysts, give the only indication of a pyroclastic origin at this locality. 

In the north-west of the study area the pitchstone generally has a more 

pyroclastic appearance with a greater abundance of broken phenocrysts and 

lithics. In Morgan Stream (K36/757330) the groundmass is similar to that in the 

lower Woolshed Creek gorge with sub-parallel alignment of feldspar microlites 

in perlitic fractured homogeneous glass, but contains a greater abundance of 

broken angular phenocrysts. Less than 200m away in Ribbonwood Stream 

(K36/759328), the pitchstone contains up to 17% andesite lava and rare 

rhyolitic tuffaceous lithics, and a high abundance of broken phenocrysts in 

mainly homo-geneous perlitic fractured glass. In places the glass has a fibrous 

pumiceous structure imparted by abundant stretched or collapsed vesicles. 
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In Woolshed Creek (K36/750331) the pitchstone contains lenticular 

clasts of collapsed pumice in thin section. The fiamme are characterised by 

frayed terminations and compaction of fibrous vesicles around rigid 

phenocrysts and lithics (Fig. 5.3). and have length:width ratios ranging from 2:1 

to >16:1. Some of the fiamme have tiny plagioclase microlites suggesting a 

slight compositional heterogeneity between the pumice clasts. Both andesite 

lava and rhyolitic tuffaceous lithics occur. 

In the region of Angela Stream (K36/742333) the pitchstone contains 

abundant broken phenocrysts, and both non- or partially-fibrous pumice 

. fiamme, and. highly 'fibrous pumiceous fiamme, in a ground mass of 

homogeneous glass. Fiamme are less lenticular than in Woolshed Creek. but 

have a wider range in size from 2-3cm to <O.25mm. 

Pitchstone in Annabel Stream contains the greatest abundance of 

angular broken phenocrysts set in a brown partially pumiceous glass. Clasts of 

spherulitic rhyolite are similar in structure to non-fibrous pumice clasts in the 

pitchstone near Angela Stream. Lithics are abundant, ranging in size from 2mm 

to O.25mm, and comprise andesite lava, rhyolitic tuff. and a fine-grained. well 

sorted, quartzo-feldspathic meta-sedimentary lithotype (probably Torlesse 

grey-wacke ). 

Some of the thin section samples from both the lower Woolshed Creek 

gorge and the north-west of the study area exhibit in situ breakage of 

phenocrysts suggesting rheomorphism of the ignimbrite following 

emplacement. As in the massive Surrey Hills Tuff, the fragments have been 

slightly rotated and spread apart so that they have variable extinction in cross 

polarised light. 
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Several petrographic features support a pyroclastic flow origin for the 

pitchstones: (1) the presence of abundant broken phenocrysts in some 

samples indicating fragmentation during eruption; (2) the presence of pumice 

fiamme indicating post-emplacement compaction of hot, soft, juvenile 

pumiceous pyroclasts; (3) the abundance of lithics at all localities which 

correspond to the local underlying geology and indicate they are accidental 

lithics incorporated during pyroclastic flow. Variations in the phenocryst 

population, abundance of broken phenocrysts, and other textural features 

between different localities may reflect the local deposition conditions, 

sampling from different stratigraphic levels in the pitchstone, and possibly 

proximity to source. 

5.1.4 Somers Rhyolite 

Twelve thin sections were made of Somers Rhyolite from various 

localities around the field area; four from rhyolite dikes and eight from lava 

domes and flows which are texturally indistinguishable in thin section. Extrusive 

rhyolite at Mt Somers typically comprises 17-23% phenocrysts of sanidine (9-

12%), quartz (3-10%), plagioclase (0.5-5%), and minor biotite, garnet, and 

opaques set in a devitrified groundmass (77-83%). 

Rhyolite lava often contains a distinctive phenocryst population 

comprising mainly large euhedral-anhedral crystals and a lack of small broken 

grains, which is consistent with an effusive, as opposed to pyroclastic, origin. 

Also, glomerocrysts of plagioclase and sanidine are common; as are large 

euhedral biotite laths (up to 1.5mm) and ilmenite needles (up to 1 mm). 

Phenocrysts in a sample from Angela Stream (K36/747330) have an average 

size of approximately 2-3mm with a range from 0.25mm to over 6mm. 
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The groundmass in the rhyolite lavas is always fully devitrified. Specks 

of iron oxides and unidentifiable mafic mineral(s) also occur, comprising up to 

10% of the devitrified groundmass. Devitrification textures in the rhyolite 

include 'microfelsitic', 'poikilomosaic" and 'spherulitic' essentially similar to that 

seen in the Somers Ignimbrite (see Section 5.2.3). 

Spherulitic devitrification is rare and has been found in only one sample 

from a rhyolite lava flow in the north-west of the study area 

(K36/753331 ;TS234). The spherulites are up to 0.1 mm in diameter and form 

mosaics. This sample is also the only one to contain lithic inclusions and the 

mosaics often occur in layers adjacent to them. 

Lithics at this locality are fine grained, moderately sorted, rhyolitic tuffs 

texturally indistinguishable from underlying Surrey Hills Tuff. The inclusions 

have been heated, softened and subsequently greatly stretched by laminar flow 

in the lava, giving them a distinctive lenticular shape. In addition most lithics 

are complexly folded and convoluted. 

Rhyolite dikes in the north-west of the study area have an essentially 

similar texture to the lavas. A dike that crosses Woolshed Creek at K361750332 

shows in addition a significant amount of in situ brittle fracture of quartz and 

sanidine phenocrysts (TS111). This deformation probably occurred throughout 

viscous flow of the magma during dike emplacement. The resulting angular 

fragments range from being still partly intact as a phenocryst, to being spread 

out throughout the groundmass for a few millimetres. Abundant fractures in the 

dike are infilled with secondary calcite. 

Near Ribbonwood Stream (K361760329) samples taken from the margin 

and centre of a rhyolite dike exhibit different textures. At the margin (TS118) 

the rhyolite contains a large proportion of small broken phenocrysts spread 
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through-out the groundmass, and in places the whole-rock is brecciated. This 

suggests stress was imparted on the cooling margins of the dike by the 

continuing flow of lava in the centre. In the centre of the dike a poorly 

developed vertical layering is manifested in thin section (TS 119) as an 

alignment of elongate phenocrysts and 'trails' of polyhedral recrystallised 

quartz grains. Both samples contain small, generally rounded, lithic inclusions 

consisting of andesite and well sorted rhyolitic crystal tuffs. 

5.2 Somers Ignimbrite 

Thin sections from the Somers Ignimbrite were examined principally to 

search for definitive pyroclastic textures and any systematic petrographical 

variation between and within the ignimbrite sheets/members. Pyroclastic 

textures that were searched for included glass shards, pumice fiamme, broken 

phenocrysts, and lithic inclusions. The samples included: massive fresh black 

ignimbrite; layered ignimbrite; lithics and the matrix adjacent to them; oriented 

sections cut parallel and perpendicular to lineation; co-ignimbrite ash deposits; 

and clastic injection dikes. 

The Somers Ignimbrite is porphyritic with an average phenocryst 

abundance of approximately 24% and a range 'from 19-30%. Lithic inclusions 

range from 0-12% with an average of 0.8%. Visual estimation of the proportion 

of broken phenocrysts relative to intact crystals ranges from 10-50%. 

Phenocrysts range in size from <0.03mm to 5-6mm with broken phenocrysts 

generally occupying the lower end of the size range. 



89 

5.2.1 Mineralogy 

The essential phenocryst phases within the Somers Ignimbrite and their 

average proportions are: sanidine 13% (range 7-18%); quartz 5.5% (range 4-

8%); and plagioclase 3.5% (range 1-8%). 

Alkali feldspar 

Alkali feldspar (high sanidine) occurs up to 6mm in diameter but 

averages 1-2mm. Crystals range from abundant anhedral tablets to subhedral 

laths, but also commonly occur as broken anhedral grains. Many of the 

anhedral forms are corroded by dissolution which has produced rounded and 

embayed forms. Sanidine is distinguished from quartz by the presence of 

cleavage, lower birefringence and planar rather than conchoidal fractures. 

Crystals are occasionally glomeroporphyritic with quartz and plagioclase. 

Simple zoning (two zones) and simple Carlsbad twins occur in some crystals. 

Quartz 

Bipyramidal quartz phenocrysts are euhedral to subhedral and are up to 

2-3mm with an average size of about 1 mm. Subhedral grains are generally 

rounded by corrosion and sometimes embayed. Smaller grains typically show a 

greater amount of rounding and only the largest grains are euhedral. 



Fig. 5.4 Broken plagioclase grain with oscillatory zoning set in patchy 
poikilomosaic groundmass in Somers Ignimbrite. C.P.L.; field of view -2.5mm. 
TS076 - Member 11 north face Mt Somers (K36/773318). 

Fig. 5.5 Altered lenticular pumice fiamme (p) in Somers Ignmbrite. Phenocrysts 
are quartz (q) and biotite (b). P.P.L.; field of view-3.5mm. TS045 - Member 5 
north face Mt Somers (K36/767321). 
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Plagioclase 

Andesine (An30_40) generally occurs as euhedral stubby prisms and laths 

up to 5-6mm in length or as glomerocrysts. Lamellar albite and Carlsbad 

twinning is ubiquitous and oscillatory zoning is common (Fig. 5.4). 

Non-essential minerals 

Biotite, garnet, and iron oxide opaques occur as non-essential minerals 

each comprising <1 %. Zircon and apatite are rare accessory minerals. 

Monazite and allanite have been reported by Wood (1974) and Barley (1987) 

to occur in rhyolites in the Mt Somers Volcanics but have not been identified in 

the Somers Ignimbrite. 

Biotite occurs as small, commonly altered to dark brown, 

equidimensional plates and elongate laths <1 mm in length. 

Garnet occurs as a variety of colourless, yellow, greenish, red-brown or 

red crystals depending on the degree alteration. Fresh crystals range from 

euhedral hexagonal or octahedral crystals up to 3mm in diameter, to altered or 

replaced, sometimes atoll-shaped masses surrounded and infilled by a red

brown alteration material. Opaque iron oxides and less common secondary 

fibrous goethite(?) are the principal replacing phases. Barley (1987) 

established that the garnet from Mt Somers is Fe-rich almandine (76-80%) in 

composition, and has a primary magmatic origin. 

Two opaque iron oxide minerals exist in the Somers Ignimbrite. Ilmenite 

occurs as elongate laths and needles; magnetite occurs as more equant forms. 
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Xenoliths 

Phenocryst clusters that may be large glomerocrysts or cognate 

xenoliths recording early magmatic phases are rare. A xenolith in Member 3 

(TS039;K36/764322) is 2.5mm in diameter and comprises numerous small 

«0.1 mm) subhedral crystals of sanidine and plagioclase. A xenolith from 

Member 1 (TS095;K36/765324) contains a 6mm diameter opaque grain 

surrounded by large euhedral plagioclase, sanidine and quartz crystals. 

Reflected light microscopy and microprobe analysis of the opaque grains 

(made by S. J. A. Brown at the University of Otago) confirmed the presence of 

ilmenite and magnetite as the opaque phases. Magnetite generally surrounds 

and rounds the ilmenite with an irregular lobate contact suggesting it has 

replaced the ilmenite. 

5.2.2 Groundmass textures 

The groundmass in the Somers Ignimbrite is everywhere devitrified. No 

homogeneous glass, shards, vitroclastic texture, or glassy pumice is preserved. 

Devitrification in the Somers Ignimbrite has produced mainly microfelsitic and 

poikilomosaic (snowflake) textures, and only very rarely spherulitic textures. 

Specks of iron oxides and an unidentifiable mineral also occur, comprising 

approximately 5% of the devitrified groundmass. 

Fe/sitic texture 

'Microfelsitic' texture comprises a very fine-grained mosaic of patchy, low 

birefringent material with irregular anastomosing grain boundaries. Individual 

grains are <0.03mm in diameter and are composed of quartz (or polymorph) 

and alkali feldspar in approximately sub-equal amounts. 
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Spherulitic texture 

Spherulitic texture has been observed in only one specimen from the 

south face of Mt Somers (TS253;K36/782304). The spherulites comprise up to 

10% of the devitrified groundmass. Small «O.1mm), fibrous, individual 

spherical bodies and polyhedral mosaics are distributed sporadically 

throughout the groundmass, but generally they occur in layers. The layers 

comprise clusters of fibrous spherulites that have grown inwards from the 

margins of the layers towards the centre, where coarser grained quartz, 

feldspar, and small biotite laths form polyhedral mosaics. 

Poikilomosaic (snowflake) texture 

A third type of devitrification texture is intermediate between felsitic and 

spherr.llitic texture, and is similar to 'snowflake' texture described by Anderson 

(1969) in welded ash-flow tuff from the Wild Cherrey-Barrel Springs Formation, 

Texas. Anderson (1969) described snowflake texture as comprising ill-defined 

patches of poorly birefringent material that resemble snowrlakes in outline and 

texture. Individual patches are composed of optically continuous silica, 

pokilitically enclosing tiny feldspar laths that mayor may not show a preferred 

orientation. This description can essentially be transposed to describe 

devitrification commonly found in the Somers Ignimbrite. Individual snowflakes 

have an average size of approximately 0.1 mm and range from individual 

spherical shapes surrounded by felsitic texture, to irregular polyhedral mosaics 

(Fig. 5.4) for which the term 'poikilomosaic' is used (after ShelleY,1992). Some 

snowflakes approach spherulites in appearance but lack radiating crystals. Tiny 

opaque grains are commonly concentrated at the snowflake boundaries, an 

observation also made by Anderson (1969). Needles of alkali feldspar(?), up to 



Fig. 5.6 Somers Ignimbrite - lenticular poikilomosaic texture (top); second 
phase biotite crystallised around altered garnet (g); quartz phenocrysts (q) and 
plagioclase glomerocryst (p). C.P.L.; field of view -3.0mm. TS031 - Member 2, 
north face Mt Somers (K361764323). 

Fig. 5.7 Recrystallised quartz mosaic in extensional zone between separated 
broken plagioclase grains in Somers Ignimbrite. C:P.L.; field of view -O.6mm. 
TS039 - Member 3, north face Mt Somers (K36/764322). 
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0.1 mm in length have a random, crosscutting orientation within individual 

snowflakes, and individual needles sometimes cross snowflake boundaries 

suggesting they crystallised first. Snowflakes have commonly nucleated on 

phenocrysts, and occasionally individual snowflakes form an optically 

continuous ring around small grains. Poikilomosaic texture exists in 

approximately subequal proportions with felsitic texture in the Somers 

Ignimbrite. 

Layering 

Layers of poikilomosaic texture define layering in the Somers ignimbrite, 

equating with the darker coloured layers in hand specimen (Section 3.4). The 

poikilomosaic layers are generally comprised of altered pumiceous material 

that often exhibits a whispy structure interpreted as collapsed or sheared-out 

vesicles and are interpreted to be extremely attenuated pumice fiamme. 

Individual pumiceous layers commonly show considerable variation in 

thickness along their length in response to deformation around rigid 

phenocrysts and lithics. Generally they appear to have a lower proportion of 

broken phenocryst grains than the felsitic layers. The poikilomosaic layers have 

variable length, the minimum length being rare lenticular 'fiamme' (Fig. 5.5) 

which have width:length ratios as low as 1 :9. 

The poikilomosaic layers often contain elongate or lense-shaped snow

flakes that lie subparallel to the host layer or fiamme (Fig. 5.6). Orientated 

sections cut parallel to lineations exhibit lenticular poikilomosaic texture 

whereas sections cut perpendicular to the lineation tend to show more 

polygonal poikilomosaic textures. This suggests that the structure of the 

nllmir.~nll~ I:::iVAn~ had a control on devitrification. the shaDe of the snowflakes 
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perl1aps being controlled or influenced by the whispy vesicle structure of the 

pumiceous layers which were produced during development of the layering. It 

is interpreted that prolate shearing-out of pumiceous material led to the 

development of elongate snowflakes parallel to the vesicle structure in sheared 

pumice during devitrification. 

Recrystallisation mosaics 

Polyhedral mosaics of quartz and sanidine occur throughout most of the 

Somers Ignimbrite. The mosaics range from a simple coarsening of felsitic 

texture comprising a slight enlargement of the felsitic 'patches' and 

development of clear grain boundaries, to the formation of quartz-alkali 

feldspar polyhedral mosaics in which individual grains occur up to O.2mm 

across. Generally the mosaics have an irregular shape and distribution but 

occasionally occur as vein-like trails that sometimes lie parallel to layering. The 

mosaics do not appear to have been formed with the layering, but are 

secondary, and simply exploit planes of weakness. Commonly mosaics occur 

adjacent to phenocrysts and parallel to layering suggesting they have grown in 

shadow zones protected from compaction or in tensional zones where 

phenocrysts have broken and separated due to viscous flow during 

rheomorphism (Fig. 5.7). 

Biotite 

Biotite comprises approximately 5% of the groundmass in some thin 

sections, occurring as subhedral laths up to O.2mm and distinguished from the 

larger phenocryst phase by lighter colour, size, shape and structure. Biotite 

• ."" ...... 11" ,..,..,.. .... '" "" .. inrli\lirl. u::.1 I~tn~ \Alith ~ r~nrlnm nriAnt~tinn ~nrl rli~trihl !finn 



Fig. 5.8 Small radiating cluster of second phase biotite set in poikilomosaic 
groundmass in Somers Ignimbrite. P.P.L.; field of view - O.3mm. TS031 -
Member 2, north face Mt Somers (K361764323). 

Fig. 5.9 Folded, fine grained, moderately well sorted rhyolitic tuffaceous lithic 
in Somers Ignimbrite. P.P.L.; field of view - 7.0mm. TS237 - summit of Mt 
Somers (K36/789308). 
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and cuts across poikilomosaic boundaries suggesting it crystallised before 

devitrification. Biotite also occurs as small radiating aggregates up to 0.3mm in 

diameter in which the point of nucleation is obscure (Fig. 5.8), or radiating from 

garnet phenocrysts (or the replacing iron oxide) (Fig. 5.6) upon which they 

have nucleated. 

5.2.3 Lithics 

The Somers Ignimbrite contains predominantly tuffaceous rhyolitic 

lithics. The lithics generally comprise moderately to poorly sorted, coarse to 

fine ash containing approximately 20-40% broken angular crystal fragments set 

in a devitrified groundmass which suggests the tuff had an initially vitric 

composition. Phenocrysts range from <0.03mm to 1 mm in diameter, and 

comprise mainly alkali feldspar and quartz, with minor plagioclase and garnet. 

The groundmass normally has a microfelsitic texture but also contains rare 

spherulites. 

Grading and sorting is common within the tuffaceous lithics suggesting 

an ash-fall or bedded epiclastic origin. Massive, poorly sorted lithics may have 

a pyroclastic flow origin. A lithic sample from Member 1 (TS121a;K36/765324) 

contains possible pumice fiamme with average width:length ratios of 1 :8. The 

tuffaceous lithics are generally equant and sub-rounded to angular. Elongate 

lens-shaped tuffaceous lithics sometimes occur within strongly layered 

ignimbrite lying with their long axes parallel to the layering, and these have 

been sometimes been complexly folded by rheomorphism (Fig. 5.9). 

Andesite lithics occur very rarely, containing plagioclase and pyroxene 

phenocrysts set in a hyalopilitic groundmass that comprises randomly 

orientated olaaioclase laths in a brown altered alass. 
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Fig, 5.10 Clastic dikes in Somers Ignimbrite:(a) marked side-wall drag 
recording upward emplacement of fine, moderately sorted clastic dike. P,P.L.; 
field of view - 5.0mm. TS030 - Member 1, north face Mt Somers (K361764325). 
(b) slight side-wall drag of interbedded fine and very-fine tuff emplaced as 
neptunian dike. P.P.L.; field of view - 5.0cm. TS144 - Member 1, north face Mt 
Somers (K361765323). ;HI: ;.; >\<:.'1;',',' 
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5.2.4 Co-ignimbrite ash deposits and clastic injection dikes 

Co-ignimbrite ash deposits comprise well sorted, normal and reverse 

graded, coarse to fine tuff containing 5-15% angular crystal fragments set in a 

felsitic devitrified groundmass suggesting the tuff had an originally vitric 

composition. The tuffs have gradational margins with over- and under-lying 

poorly sorted ignimbrite. 

The co-ignimbrite ash deposits and clastic injection dikes are texturally 

and mineralogically indistinguishable suggesting the dikes may be derived from 

the ash deposits. Two types of clastic dike occur: 

'Type l' are interpreted to be structures produced by forceful injection of 

unconsolidated, fluidised, ashy material possibly derived from co-ignimbrite ash 

deposits. The dikes comprise poorly to moderately well sorted, coarse to fine 

tuff containing approximately 15-20% angular crystal grains from 0.03-2mm 

diameter, and rounded devitrified rock fragments which grade from 1 mm 

diameter into a finely comminuted matrix of devitrified material. The dikes often 

contain a number of different textural zones parallel to the dike margins. These 

zones have sharp contacts between them suggesting multiple emplacements of 

clastic material, and the finest zones often exhibit fluidal structures suggesting 

the material was wet. Dike margins are always sharp against coarser, poorly 

sorted ignimbrite. A sample from Member 1 on the lower north face 

(TS030;K36/764325) exhibits an upside-down U-shaped side-wall drag 

structure (Fig. 5.10a) suggesting upwards injection from a lower level source 

similar to soft-sediment dikes (eg. Boggs, 1987). 

Hon and Lipman (1989) describe similar 'tuff dikes' injected into 

'megabreccias near the caldera-wall in the intracaldera Sunshine Peak Tuff, 

WAdArn ~::1n .lll::1n Volcanic Province. Colorado. Thev interoret the 5-10cm 
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thick dikes as being remobilised Sunshine Peak Tuff that was squirted either 

upwards or downwards into dilatent fractures in or between megabreccia 

blocks during collapse of the Lake City caldera. 

'Type 2' may have been formed by infill of tuffaceous material from 

above. A sample from Member 2 on the north face (TS144;K36767322) exhibits 

an apparent horizontal bedding structure with a minor amount of side-wall drag 

that has produced a shallow U-shaped structure (Fig 5.1 Ob). The tuff consists 

of interbedded lenses of coarse and fine crystals set in a felsitic groundmass. 

Wilson and Walker (1_985) describe clastic dikes within the Taupo 

Ignimbrite that were emplaced into fissures opened during ground-shaking that 

accompanied the eruption. The clastic material is tuffaceous and is interpreted 

to have been derived from 'layer 3' deposits from above. Some of the dikes 

have sub-horizontal bedding preserved reflecting an ash-fall origin (J. W. Cole, 

pers. com.,1994). 

5.3 Post .. Somers Ignimbrite 

5.3.1 Andesite dikes 

Eight thin sections were made of the andesite dikes which intrude 

Somers Ignimbrite on the north face of Mt Somers. The dikes comprise 

porphyritic pyroxene-phyric and biotite-phyric (less common) andesite, with 3-

30% phenocrysts set in a hyalopilitic to pilotaxitic groundmass. Plagioclase 

(andesine) is the dominant phenocryst phase (up to 28%), occurring as 

euhedral laths up to 2mm long and as stubby prisms and g/omerocrysts with 

-- ._-.. _- ... , .. 1-..,,1-. "'n/.,f~IIiC::QrI fird PI::miociase is alwavs twinned and commonly 
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Fig. 5.1 1 Mingling of rhyolitic ignimbrite selvages in andesite dike; selvages 
have sharp lobate margins and are elongate in direction of flow in dike. (a) 
P. P.L.; (b) C.P.L. nb. poikilomosaic texture in rhyolitic selvages. Field of view -
7.0mm. TS097 - adjacent to Member 1, north face Mt Somers (K36/762224) . 
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exhibits oscillatory zoning and more rarely sieve texture. Pigeonite is generally 

dominant over orthopyroxene, and both are <0.5mm diameter and comprise <2-

3% of the composition. Biotite is the dominant mafic phenocryst in one sample 

(TS079; K36/767325). 

The pilotaxitic groundmass consists of small, weakly aligned plagioclase 

laths (defining flow-layering) and iron oxide specks, with interstitial weakly 

birefringent cryptocrystalline material. Hyalopilitic groundmass comprises 30-

90% small plagioclase laths and pigeonite grains set in a brown glass. Rare 

amygdules with secondary calcite occur. 

Rhyolitic (ignimbrite) wall-rock xenoliths are common within the andesite 

dikes, especially in samples from near the dike margins (eg. 

TS096;K361762322). Generally the two compositions are discrete (Fig. 5.11), 

the xenoliths having sharp lobate margins suggesting mingling rather than 

thorough hybridisation (ShelleY,1993). The rhyolitic xenoliths consist of 

sanidine, quartz, and plagioclase phenocrysts set in a poikilomosaic 

groundmass. Sanidine occasionally exhibits a sieve texture (Fig. 5.12), 

indicating solution followed by crystallisation of a euhedral rim. The xenoliths 

are uniformally deformed parallel to the flow of the host andesite. The 

occurrence of sieve textured sanidine suggests the xenoliths may have been 

partially liquid due to partial melting by incorporation into the higher 

temperature andesite. 



Fig. 5.12 Sieve textured sanidine phenocryst in rhyolitic selvage within 
andesite dike due to dissolution, corrosion, and recrystallisation at rim. 
C.P.L.;field of view - 2.0mm. TS173 - north face Mt Somers (K361763321). 
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5.3.2 Hinds River Dacite 

Two thin sections were made of the dacite dike that intrudes Somers 

Ignimbrite across the summit region of Mt Somers. The dacite is porphyritic with 

approximately 20% phenocrysts in a hyalopilitic groundmass. Plagioclase 

(labradorite) comprises up to 18% of the composition and occurs up to 6mm in 

length as euhedral laths and glomerocrysts. Plagioclase exhibits albite 

twinning, commonly oscillatory zoning, and more rarely sieve texture. Other 

phenocryst phases are sanidine «2mm), quartz «1 mm), and olivine «0.5mm), 

each comprising <2%. The groundmass consists of tiny plagioclase microlites 

and mafic specks set in a colourless glass. Clusters (up to 2mm diameter) of 

small euhedral plagioclase and orthopyroxene crystals are probably cognate 

magmatic xenoliths. Amygdules of a sub-opaque iron oxide mineral are 

common. 

Rhyolitic lithic inclusions derived from the wall rock are common on the 

upper north face of Mt Somers. They contain large, sparse phenocrysts set in a 

felsitic groundmass suggesting they are from the Somers Rhyolite rather than 

Somers Ignimbrite. 

5.3.3 Rhyolitic tuffs 

One thin section of oxidised Type B tuff from K36/742325 was examined. 

The tuff is rhyolitic, normal and reverse graded, moderately sorted coarse to 

fine tuff. Generally it contains approximately 40-50% angular crystal fragments 

in a devitrified groundmass suggesting a predominantly vitric composition (Fig. 

5.1) although some beds have up to 80-90% crystals. 
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hapter 6 

he ist 

6.1 Introduction 

The Mt Somers Volcanics have been sampled comprehensively by 

Oliver (1977) and Barley (1987). These workers have established that the Mt 

Somers Volcanics represent a calcalkaline suite of peraluminous rhyolites and 

dacites, and medium- to high-K andesites. Barley (1987) interpreted volcanism 

as being the result of magma flux from the mantle, in which the andesites 

evolved from mantle-derived tholeiitic magmas by 'fractional crystallisation and 

assimilation of lower crustal material, and the dacites and rhyolites were 

derived by partial-melting of dominantly quartzo-feldspathic Torlesse 

sediments. 

There has been, however, no systematic geochemical description of the 

Somers Ignimbrite. Sampling by previous workers has been random and data 

have been indiscriminately included with the Somers Rhyolite. The present 

study has therefore concentrated on geochemical variation within the Somers 

Ignimbrite. 

A comparative study has also been made to describe variation between 

the temporally distinct Barrosa Andesite and younger andesite dikes. 
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A total of 36 samples was selected for geochemical analysis, including 

28 from the Somers Ignimbrite, 6 andesite dike samples, and 2 samples of 

Somers Rhyolite (Appendix 1 ). Major element oxide and trace element 

analyses are presented in Appendix 2. The alkali-silica diagram - Fig. 6.1 -

illustrates the initial nomenclature recommended by the lUGS Subcommision 

on the systematics of igneous rocks as outlined by Le Maitre (1989). 

6.2 Somers Ignimbrite 

Eighteen samples of the Somers Ignimbrite were collected in 

stratigraphic succession on the north face of Mt Somers from members 1-12. 

Ten further samples were selected from various locations elsewhere in the 

Somers Ignimbrite to study lateral geochemical variation. For comparison two 

samples from Somers Rhyolite were analysed: one sample was taken from 

cumulo-dome rhyolite in the Woolshed Creek gorge, and one from a lava flow 

in the north-west of the study area. 

6.2.1 Elemental variation 

Major element oxides 

The Somers Ignimbrite is rhyolitic in composition with Si02 ranging from 

70.2-77.0% (Fig. 6.2a). In contrast, the Somers Rhyolite has higher Si02 

ranging from 75.7-78.9% (Fig. 6.2b). Although a small amount of overlap exists 

the two suites are essentially discrete with regards to Si02 such that the 

geochemistry may help to elucidate the field geology. 
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Harker variation diagrams for the major element oxides, using Si02 as 

an axis of differentiation, are shown in Fig. 6.3. The elements shown exhibit 

coherent trends, although others (not shown in Fig. 6.3) exhibit some scatter 

(eg. Na20 and K20), possibly because they are susceptible to deuteric 

alteration during cooling of the ignimbrite. The Somers Rhyolite lies on a 

fractionation trend with Somers Ignimbrite indicating it is more evolved and 

both magmas were derived from the same source. 

Ti02 (0.1-0.3%), AI203 (12.7-14.2%), Fe20 3T (1.0-2.9%), and CaO (0.8-

1.5%) all show negative correlation with increasing differentiation (increasing 

Si02%). Na20 (1.0-3.3%), K20 (5.1-5.9%), and MgO (0.1-0.16%) are constant 

or show little change. 

The Alumina Saturation Index (ASI) is in the range 1.03-1.14, and 

normative corundum averages 0.58wt%. These indicate a peraluminous 

composition. In addition, the characteristic K>Na, and initial Sr-isotope >0.708 

(BarleY,1987), indicates that the ignimbrites are of S-type composition. 

Trace elements 

Despite some scatter, trace elements vs Si02 plots show readily 

discernible trends. Fig. 6.3 shows selected trace element variation in the 

Somers Ignimbrite. 

The element Rb (204-258ppm) forms a marked positive correlation 

consistent with its incompatible nature. 
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Sr (71-129ppm), Sa (482-1243ppm), Y (41-80ppm), and Zr (140-317) all 

show marked negative correlations with Si02 indicating they are compatible. 

Variation of the compatible trace elements is due to partitioning into 

crystallising phases. Sr decreases due to substitution for Ca in plagioclase and 

K in K-feldspar, and Sa substitutes for K in K-feldspar and biotite 

(Wilson,1989). Zr normally behaves as a classic incompatible element in mafic 

magmas, however Zr is a major component in the crystallisation of zircon. Y 

normally behaves incompatibly also, resembling the heavy REE, but may have 

been accomodated into garnet, apatite or monazite (Green,1980). 

Cr, Ni and V contents ?re low, generally <10ppm, corresponding to low 

MgO contents and reflecting earlier depletion due to compatibility in mafic 

phases. La (70-90ppm), Ce (137-176ppm), Nd (64-95ppm), Ga(15-28ppm), Pb 

(31-49ppm), Nb (14-18ppm) Zn (39-40ppm), and Th (24-31 ppm), show no 

marked correlation and have a wide scatter. 

Spidergraph patterns for selected analyses of the Somers Ignimbrite 

several distinct 'spikes' or anomalies (Fig, 6.4). A negative spike for Ti is the 

result of crystallisation of ilmenite and biotite (Green,1980). Negative 

anomalies for for Sr and Sa reflect fractionation of plagioclase and alkali 

feldspar respectively. 

The overall slope of the spidergraphs and a negative spike for Nb 

indicates a sLlbduction related source (Gill, 1981). The Mt Somers Volcanics 

are the product of post-subduction extension, thus the subduction trait is most 

probably inherited from the Torlesse metasedimentary source of the silicic 

magmas. 
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6.2.2 Stratigraphic variation 

The Somers Ignimbrite was sampled to test variation up through -560m 

of ignimbrite from Member 1 to Member 12 on the north face of Mt Somers (Fig. 

6.5). Fig. 6.6 shows stratigraphic variation for selected major element oxides 

and trace elements which exhibit wide stratigraphic variations in elemental 

concentrations reflecting a fractionation trend from more to less differentiated 

compositions upward through the eruption sequence. 

Si02 decreases from 75.2% (lowest stratigraphic outcrop in Member 1) 

to 70.2% (Member 11) upward through the sequence, and conversely AI20 3 

and Fe20 3 show minor increases (1-2%). 

Sr, Zr, Sa, V, and Zn all show marked positive correlations with height in 

the ignimbrite sequence which is consistent with their behaviour as compatible 

phases. The variations in trace element concentration range from 50ppm in V, 

to 900ppm in Sa. Rb (variation in concentration of 60ppm) exhibits a negative 

correlation with height in the stratigraphic sequence due to it's incompatible 

behaviour. 

Overall, the pattern of major element oxides and trace element 

concentration strongly suggests that the Somers Ignimbrite is compositionally 

zoned. The variation is consistent with decreasing magmatic differentiation 

upwards through the sequence and is interpreted to reflect extraction from a 

compositionally zoned magma chamber. 
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Fig. 6.6 Stratigraphic geochemical variation in selected major element oxides 
and trace elements in the Somers Ignimbrite demonstrates zonation of less
differentiated ignimbrite overlying more-differentiated ignimbrite, Samples are 
taken from the north face of Mt Somers (Fig, 6.5). Some members show within
sheet vertical zonation (a). 
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Table 6.1 Examples of compositionally zoned pyroclastic flow deposits. 

Deposit! Location Physical Type of zonation in source Origin of 
references volcanology/age magma chamber zonation 

I \ 
! : 

Bishop Tuff California, USA. > 1703kn\ ignimbrite Si02 ranges from >77 to 75%. Thermo-
I , 

Hildreth 1979, eruption' and formation Concentrated upwards: Na20, MnO, gravitational 
1981; Michael Long Valley Caldera; Nb, Cs, Rb, Sb, Sn, W, HREE, fractionation 
1983. 0.7Ma. 87Srf86Sr, allanite, volatiles. (Hildreth, 1981). 

Concentrated downwards: K20, CaO Fractional 
MgO, Ti02, P20 5, Fe203T, Sr, Ba, crystallisation 
Eu, Mg, LREE, pyrrhotite, hypersthene (Michael, 1983). 
augite, total crystals. 

Laacher See Laacher See Eruption of pumiceous Zoned from cap of evolved phonolite Convective 
Tephra Volcano, East tephra with crystal-rich down into more mafic crystal-rich! fractionation. 
Worner and District, Germany. nodules record material volatile-poor phonolite at base. 
Schmincke 1984; crystallised at chamber 
Tait at a11989. margins; 11000 years B.P. 

Los Humeros Mexican O.46my evolution of of silicic Zoned from rhyolite to andesite to Fractional 
Volcanic Centre Neovolcanic volcanism; several basalt in lower levels with compo- crystallisation! 
Ferriz and Belt. ignimbrites from 0.1-1153km. sitional gaps from 63-67% and assimilation 
Mahood, 1987. 72-75% Si02. replen ishment. 

Waimahia fall Taupo Volcanic Pumiceous t:~~ra fall and Zoned downwards from rhyolite Replenishment 
deposit Zone, New ignimbrite; 7,:53km; 3.3ka. (75%Si02) to rhyodacite (71 %Si02) leading to over-
Blake at aI, 1992. Zealand. 

; ; 

to andesite (59%Si02); temperature turn and mixing. 
and O-fugacity increase and H2O 
decreases downwards. 

Mayor Island Bay of Plenty Three cycles since 130ka; Inverse zonation of less evolvedlless 
Houghton at aI, New Zealand caldera forming eruptions dense pantellerite overlying more 
1992. of less evolved pantellerite evolved!Fe-rich!more dense 

followed by more evolved pantellerite. 
pantellerite. 

Tajao Ignimbrite Tenerife, Canary Ignimbrite erupted from Las Zoned from cap of evolved phonolite Convective 
Wolff, 1985. Islands Canadas calderas in late down into main volume of mixed fractionation 

Quaternary. basalUintermediate magma Which and replenish-
overlay basalt. menUmixing. 

Mount Mazama Cascade Range, Climactic ash-fall and Rhyodacite (70.4%Si02) overlying Fractional 
Bacon, 1983; Oregon, USA. ignimbrite erupted during andesite (48-61 %Si02). crystallisation. 
Bacon and Druitt, collapse of Crater Lake and replenish-
1988. caldera; 6845years B.P. ment. 
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6.2.3 Discussion 

Compositionally zoned pyroclastic flow deposits are well documented in 

the literature, and Table 6.1 lists some well known examples. Generally these 

deposits are interpreted to reflect the inverse of chemical zonation that exists 

within the source magma chamber immediately prior to eruption. In most 

examples fractionation in the erupted products decreases upwards, reflecting 

the tapping of successively deeper, less 'fractionated magma during the 

eruption. 

Zonation of magma chambers may reflect systematic variation of various 

parameters :. 

- Geochemistry, including major element oxides, trace elements, and 

isotopes (eg. 87Sr/86Sr; 180/160). 

- Temperature, indicated by mineral geothermometers (eg. co-existing 

Fe-Ti oxides). 

- Oxygen fugacity. 

- Phenocryst species, reflecting equilibria in different parts of the magma 

chamber. As an eruption taps deeper, higher-T parts of the chamber, quartz, 

alkali feldspar and hydrous phases give way to plagioclase, and ferro

magnesium silicates and oxides in the resulting deposit (Hildreth,1981). 

- Total crystal content usually decreases markedly with depth in the 

chamber due to increasing pressure which raises the liquidus (Hildreth,1981). 

- Volatiles, such as H20, F, and CI are often enriched towards the top of 

the chamber (Hildreth, 1979). 

Zonation of these physical and chemical parameters other than major

and trace-element geochemistry was either not found or was beyond the scope 

of this study. Petrographic study of samples from the north face failed to 

establish variation in total crystal content or decrease upwards in quartz and 

sanidine and a corresponding increase in plagioclase. 
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Fig. 6.7 Model of convective fractionation (after Phil potts, 1990): magma 
crystallising dense minerals at the chamber margin and assimilating H20 from 
the wallrock fractionates a low density boundary layer residual liquid that rises 
and accumulates in the upper part of the chamber thereby producing 
compositional zonation of more-differentiated overlying less-differentiated 
magma. 
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The processes responsible for magma chamber zonation are relatively 

poorly understood and have been the subject of controversy. 'Fractional 

crystallisation' is the most widely invoked process, although when considered 

alone, the process by which liquid separates from crystals is problematic. 

'Crystal settling' is discounted because it is considered that convection in the 

magma chamber would overwhelm settling velocities (Hildreth,1979;1981). 

'Thermogravitational fractionation' (Hildreth, 1979; 1981) involving a combination 

of 'Soret' diffusion and convection is also considered to be unlikely because 

experimental work has failed to reproduce similar patterns of variation to those 

observed in pyroclastic deposits (Lesher et aI, 1982). 

'Convective fractionation' (Fig. 6.7) is the preferred mechanism, 

overcoming the problem of extracting liquid from crystallising phases (Huppert 

and Sparks,1984). Residual liquid produced by crystallisation at the magma 

chamber sidewall is displaced and drawn off by convection as a chemically 

evolved boundary layer, rising (because of it's low density) and accumulating at 

the top of the chamber. 

Tait et al (1989) describe compositional zonation in the Laacher See 

tephra deposit, East Eifel Volcanic Field, Germany, where perhaps the best 

geological evidence of convective fractionation occurs. As well as been zoned 

from an evolved phonolite up into a mafic phonolite, the tephra contains 

crystal-rich nodules interpreted as recording a 'snapshot' of the materials 

crystallising at the magma chamber margins. These nodules are parental in 

composition to residual boundary layer liquids which were quenched to glass 

during the eruption. 

Open system processes may also be important. The gradual accretion of 

successive increments of partial melt from a progressively depleted source 

(Hildreth. 1981), is discounted as a process capable of producing a zoned 
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magma chamber because the viscosity of early silicic melts is thought to 

prevent them from separating from the source even if filter pressing occurs 

(Trial and Spera,1990). 'Replenishment' (or 'recharge') of hot primitive magma 

at the base of the chamber (eg. Wolff, 1985; Blake et a', 1992), and 

'assimilation' of wall rock (eg. Turner and Campbell,1986; Ferriz and 

Mahood,1987) may also result in magma chamber zonation, but generally 

occur in conjunction with fractional crystallisation. 

Barley (1987) suggests that fractional crystallisation of the observed 

phenocryst phases adequately accounts for the chemical variation in the 

rhyolitic composition magmas. Thus a model of convective fractionation may be 

applicable to the Somers Ignimbrite source magma chamber. 

6.3 Andesite dikes 

One sample was analysed from each of the six andesite dikes that 

intrude Somers Ignimbrite on the north face of Mt Somers. Samples were taken 

from the centres of the dikes distant from any apparent andesite/rhyolite 

mingling. 

6.3.1 Elemental variation 

The dikes range from 58.8% to 63.0.% Si02 with two distinct groups 

(each of three samples) separated by a small silica-gap (Fig. 6.1). The low 

silica group has 58.8-60.0% Si02, and the high silica group has 62.9-63.0% 

Si02 and plots on the margin of the dacite field on the alkalis vs silica diagram. 
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The dikes are both hypersthene- and diopside-normative (Hy>Di) with 

the low silica group having higher Hy and Di (average 5.09% and 3.45%) than 

the high silica group (average 2.89% and 2.03%). None of the high silica group 

is corundum normative. 

The high-silica group of andesite dikes may represent dikes with a small 

amount of mingled rhyolite. However, Barley (1987) found that trends for most 

elements show breaks or marked inflections (against 8i02) between 

intermediate (andesite-dacite) and rhyolite (lava and ignimbrite) compositions, 

indicating that the two suites did not evolve by a single simple process. Most 

variation diagrams for the andesite dikes show a smooth fractionation trend 

between the rligh and low silica groups suggesting that the high-silica group is 

simply more evolved than the low-silica group. 

Variations in selected major element oxides and trace element 

concentration with 8i02 illustrate this fractionation trend (Fig. 6.8). AI20 3 (15.3-

16.6%), Fe20 3Totai (5.5-8.3%), MnO (0.1-0.2%), MgO (1.3-2.9%), CaO (4.3-

5.6%), V (51-70ppm), Cr (14-42ppm), 8r (232-256ppm), and Ga (19-27ppm) 

show a non-linear negative correlation. Rb (101-135ppm), Ba (507-655ppm), 

Nb (13-17ppm), Zr (275-388ppm), Th (10-17ppm), La (36-43ppm), Ce (74-

99ppm), and Nd (39-51 ppm) show non-linear positive correlations with 8i02 

due to their incompatible behaviour. 
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Fig. 6.9 Andesite discrimination diagram after Gill (1981) confirms 
that younger andesite dikes are high-K and Barrosa Andesite is 
medium-K. Oliver (1977) also sampled younger dikes but failed 
to distinguish them on the basis of age relations. 
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6.3.2 Discrimination between dikes and Barrosa Andesite 

Previous workers {Oliver,1977; BarleY,1987} have not discriminated 

between data from the Barrosa Andesite and significantly younger andesite 

dikes. This may be because they have failed to recognise the field relationships 

(unlikely) or have concluded that the two suites are geochernically 

indistinguish-able. The present study has found that for most major element 

oxides and trace elements the two suites are indistinguishable, and this 

suggests the two suites were derived from the same source. 

K20 (2.5-3.2%) vs Si02 (Fig. 6.8d) shows two distinct trends: both 

andesite dike and Barrosa Andesite analyses have a positive trend, however 

the dikes have significantly higher K20 (-2.4-3.2%) than the lavas (-1.3-2.0%). 

The andesite discrimination diagram of Le Maitre (1989) confirms the presence 

of two distinct suites of andesite. The dikes have a high-K composition whereas 

the Barrosa Andesite is medium-K (Fig. 6.9). (Fig. 6.8f) is also more highly 

concentrated in the dikes (-300-400ppm) than in the Barrosa Andesite (-225-

300ppm). 

Thus it is thought that whilst overall the geochemistry indicates the 

younger andesite dikes are related to the Barrosa Andesite and both are 

derived from the same source, the dikes represent a more highly evolved suite 

consistent with their intrusion after a significant period of time had elapsed. 
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7.1 Origin of the Somers Ignimbrite 

The Somers Ignimbrite, because of it's densely welded and rheomorphic 

nature, has many structural and textural characteristics similar to rhyolite lava 

flows. Extensive silicic sheets such as the Somers Ignimbrite have received 

much attention in recent years, and a number of deposits which were 

interpreted as high-grade ignimbrites in the past have now been reinterpreted 

as extensive silicic lavas and vice versa (Table 7.1). 

Two relatively recent concepts are important to the argument: (1) some 

large volume, high-temperature silicic lavas have the ability to flow for 

considerable distances rather than form domes or short thick lava flows, and 

thus may have aspect ratios more normally associated with ignimbrite sheets; 

and (2) high temperature ignimbrites undergo welding processes and post

emplacement lava-like viscous flow that can completely obliterate all traces of 

pyroclastic origin. 

Furthermore, the study of these rocks has led to a rethinking of the 

volcanic processes involved. It is now widely established that there is a 

continuum between lavas and ignimbrites in terms of both processes and 

deposits (see Table 1.1). This includes the recognition of spatter fed silicic 

lavas and 'lava-like ignimbrites' to denote deposits intermediate between 

pyroclastic flows and effusive lava flows. 
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Table 7.1 Examples of extensive silicic volcanics of questionable origin. 

Region FonnaUonlagel Reference UnllslDescrlpllon Inlerpretation 
tectonic seiling 

USA: 
Trans-Pecos, Davis Mountains Votcanlc Franklin al BI, star Mountain Formation: qz-trachyte, Lava-like tull. 
Texas Field. Mid-Tertiary. 19B7. both lava-like & Ignimbrite characteristics: 

tabulate form, large areal & lateral extent 
and volume, aspect ratio: 1 to 3xl0~3; but 
lack of shard matrix, eutaxillc texture, and 
IIthics; presence 01 breccIas. 

Franklin et ai, Star Mountain Formation Reinterpreted as a lava flow. 
19B9. 
Henry at B/, Bracks Rhyolite: Lava flow. 
19BB. Gomez Tuff & Barrel Springs Tuff: Ignimbrites. 

Crossen Trachyte & Star Mountain Fm: Not conclusive. 

Southwest Bruneau-Jarbrldge and Ekren sf a/, Lillie Jacks Tu"- broad areal extent, tabular Lava-like tull. 
Idaho Jacks Creek area, Owyhee 19B4. nature, local preservation of pyroclastic tex-

County. Miocene. tures. 
Bonnichsen & 
Kauffman, 19B7. Re-evaluated parts of (so-called) Lillie Jacks Lava nows- high effusion rates, 

Tuff: 1 00-l50m thick flows: massive devltrl- high temperature, low bulk 
lied Interior zones overlying basal vltrophyre; viscosities. 
bulbous tobes at now margins; lack 01 pyro-
ctastic textures. 

Minnesota Keweenawan Midcontinent Green & Thomas, Extensive felsic sheets - Palisade, Kymball Rheomorphlc Ignimbrites. 
Rift Plateau Volcanics; North 1993. Creek, Congden Peak, and 42nd Avenue 
Shore Volcanic Group. East rhyolites. Indiv. volumes up to 6OOkm3; 

1.1 Ga. Some bases & tops have glass shards & 
collapsed pumice Iragments; Temp: 1000-

11oooc; low water content. 

Southern 
Africa: 
Namibia: Etendeka F ormatlon; Karoo Milner,19BB; Qz lame-Individual unit volumes up to High-temperature rheomorphic 

Igneous Province. Miner al ai, 2600km3, 4O-3OOm thick. Texturally Ignimbrites. 
130-135Ma. 1992. featureless, devitrllied main zone; basal 

& upper zones have flow banding, pitch-
stone lenses, breccia, rare occurrences 

9,3 
01 pyroclastic textures. Temp: 1 000-1 ooooc. 

South Africa: Rooiberg FelSite; Bushveld Twistand0 Roolberg Felsite: 5 km thIck; total eruptive Lava flows and only minor 
Complex. French,11993) volume 300 oookm3 dominated by rhyolite pyroclastics. 
2.1 Ga. \ ,/ to dacite sheets. 

Twist and Extensive lelslc sheets have rare lithlcs & Extremely hot particulate ash-
Elston,1989. fiamme-like structures; often flow-banded; nows; particles composed of 

low phenocryst abundance; matrices weakly liquid. 
devitrined. 

Britain: 
English Lake Crinkle Tufts; In AIry's Branney al aI, Bad Step Tuff: calckaline; assOQ. with Lava-like rheomorphlc 
District Bridge Formallon. 1992. caldera collapse; 4O-400m Ihlckness; ignimbrite 

Ordovician. vIIroclastlc matrix In basal breccia grades 
up Into central-now laminated Interior; 
textural similarities with less guestionable 
associated tulls. 

South America: 
Brazil: Parana Basin flood Whittingham, Sera Geral Volcanic Formation: acidic units High T rheomorphic 

volcanics. 19B9. Interbedded with basalt nows; widespread ash-now tuffs. 
125Ma. sheets but outcrop & thin section character-

Isllcs 01 lavas. 
PeUrlnl alai, Rhyolite sheets: 10-70m thick; areal extent High temperaturellow 
19B9. up to 30km; thIn basal glassy zone overlain viscosity lava flows. 

by massive crystalline zone 8. upper brecciated 
8./or vesiculated zone. 

Australia: 
Yardea Dacite; Gawler Creaser & Yardea Dacite: large areat extent; up to inconclusive:bolh types may 
Range VolcanIcs, White,1991. 250m thick; total volume 3OOOkm3. Some exist as numerous now 
South Australia. samples clearly pyroclastic (lIlhlcs, broken units rather Ihan a single 
Mid-Proterozoic. phenocrysts, vitroclasllc textures In base). eruption episode 

Others have no petrographic evidence of 
pyroclastic origin. 
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Fig. 7.1 shows a cross-section through both a hypothetical rheomorphic 

high-grade ignimbrite and a silicic lava flow. 

7.1.1 Field criteria 

Aspect ratio 

Ignimbrites and silicic lava flows are traditionally considered to have 

vastly different distribution patterns. Ignimbrites have large areal extents and 

small thicknesses, and so have low aspect ratios. In contrast silicic lavas 

normally form domes and coulees. However, in recent years extensive silicic 

lavas with aspect ratios similar to ignimbrites have been recognised (Table 7.1; 

ego Bonnichsen and Kauffman, 1987; Henry et ai, 1990). Thus the concept of 

aspect ratio may be of limited use as a criteria in recognising the origin of silicic 

sheets. 

Areal extent, average thickness and therefore aspect ratio is impossible 

to determine for the Somers Ignimbrite because the amount of removal by 

tectonic processes and erosion is unknown. 

Thickness variations 

Ignimbrites are deposited from gravity-driven pyroclastic flows and tend 

to pond in low lying areas, but may rise over topographic barriers if velocity is 

high enough, depositing thin veneers . Lavas, acting as a viscous liquid, will 

also flow into topographically low areas, but only topographic barriers lower 

than the thickness of the lava 1:low will be surmounted (Henry and Wolff, 1992). 

ThlJ~ thickness variations mav be a useful indicator of orioin. lonimbrites 
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should exhibit rapid changes in thickness and where the full lateral extent is 

exposed will tend to thin distally. Lava flows tend to remain thick and massive 

throughout their length, terminating in steep, lobate flow fronts (Bonnichsen 

and Kauffman,1987). 

The Somers Ignimbrite exhibits considerable variations in thickness over 

short distances. This is consistent with emplacement of gravity driven 

pyroclastic flows in a region of considerable paleotopography. 

Source 

Ignimbrites are commonly associated with calderas which are inferred to 

con,tain the source vent. However it may be difficult to identify the source in 

ancient, heavily dissected deposits, and there is the possibility that lavas may 

be erupted within, and pond in, calderas. Source vents for lavas are often 

buried by the overlying flow; however some lavas appear to have erupted from 

fissures (eg. Bonnichsen and Kauffman,1987). The source of the Somers 

Ignimbrite is unknown. Limited evidence suggesting the presence of a caldera 

in the region of the north-face of Mt Somers is discounted in favour of ponding 

in a paleotopographic depression (Section 7.3.2). 

Field relationships 

Field relationships may provide a guide to an extensive silicic sheet's 

origin when it can be compared with other related sheets of unequivocal origin. 

Branney et al (1992) suggest a pyroclastic origin for the Bad Step Tuff based 

partly on it's close textural similarity with localised rheomorphosed parts of 

associated ignimbrites that elsewhere show unequivocal vitroclastic texture. 
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Field relationships help argue for a pyroclastic origin for the Somers 

Ignimbrite in that whilst none of the members exhibit unequivocal ignimbritic 

textures, some appear 'more' ignimbritic than others. For example, on the north 

face of Mt Somers, Member 1 has the greatest pyroclastic appearance of the 

ignimbrite sheets and yet grades laterally into densely welded rock that has 

almost no preserved pyroclastic features. This densely welded rock is similar in 

structure and texture to many of the overlying members and serves to indicate 

that the sheets have a common origin. 

Basal deposits 

Basal deposits are often considered to provide the best evidence of an 

extensive silicic sheet's origin. Because basal deposits are usually quenched 

against the ground, and are immediately buried by the over-riding flow, there is 

good preservation potential. Rheomorphic ignimbrites may have pyroclastic 

textures preserved in the basal chilled zone, grading up into massive devitrified 

ignimbrite. However the presence of pyroclastic material at the base of a 

deposit does not provide unequivocal proof of it's origin because explosive 

eruptions of volatile-rich magma commonly precede effusive eruptions. Also, 

collapse of a flow front may produce a pyroclastic 'flow which may in turn be 

over-ridden by the advancing flow. Subsequent welding of the pyroclastic 

material may then produce an apparent welding zonation 'from a basal 

pyroclastic rock up into massive rhyolite. 

Equally the absence of pyroclastic textures at the base of a deposit does 

not necessarily indicate a lava origin. Basal ash-fall deposits produced by an 

initial plinian phase may not occur in the low explosivity eruptions responsible 

for high grade ignimbrites. Also, dense welding may destroy pyroclastic 

textures to the very base, and rheomorphism may lead to basal brecciation 
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although the resultant breccia would lack the wide mix of textural types found in 

brecciated lava flows {Henry and Wolff,1992}. 

The base of the Somers Ignimbrite lacks chilled vitrophyres and 

unwelded deposits which might contain unequivocal pyroclastic textures. 

Instead the position of the basal contact between Somers Ignimbrite and 

Somers Rhyolite can only be inferred around much of Mt Somers (Section 3.2), 

and this is essentially considered to be the result of extreme welding to the 

base of the ignimbrite such that it has fused with the top of the Somers 

Rhyolite. 

Interiors of sheets and upper deposits 

The interior and upper parts of sheets usually provided the least useful 

evidence of origin. Welding and devitri'fication is most intense in the interior of 

a high-grade ignimbrite sheet, effectively disguising primary textures. 

Secondary rheomorphism is most intense in the interior producing folding, 

necking, elongate vesicles, and ramp structures - features that are common, if 

not ubiquitous, in lava flows. A pyroclastic origin is indicated if it can be 

demonstrated that layering comprises highly attenuated pumice fiamme. 

However pumiceous layers produced in this way may have lengths up to 30m 

(G. Heiken, pers. comm. 1993). Thus in the absence of exceptional exposure in 

which these pumiceous layers may be traced over their full extent, the layering 

is essentially indistinguishable from flow-layering produced in a lava flow. 

Unequivocal eutaxitic texture is not preserved in the Somers Ignimbrite. 

However dark-coloured pumiceous layers are often lenticular with lengths of up 

to tens of centimetres and provide evidence of attenutation of pumice fiamme. 

Commonly individual layers can be traced for up to -1 m to the limit of exposure 
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and thus the maximum attenuation is unknown. 

Welding zonation, particularly cooling breaks between units, provides 

the best evidence of a pyroclastic flow origin in the interior of a sheet {Henry 

and Wolff,1992}. The Somers Ignimbrite is sub-divided into twelve members 

which are interpreted to be major depositional sheets (units) separated by 

slightly less welded ignimbrite. Contacts between the sheets are always planar 

and most sheets contain multiple sub-units which exhibit slight cooling breaks 

and planar contacts. 

A single thick lava flow is most unlikely to develop this kind of regular 

planar stratification, nor is it likely that the sheets could represent individual 

lava flows. Some of the sheets are less than 20m thick and it is not possible 

that such thin lava flows could flow up to 2km without developing extensive 

lower and upper breccias. 

The presence of imbricate layering and lineations produced by 

deformation of hot pyroclasts during primary pyroclastic flow (Section 7.2.2) are 

obviously diagnostic of high-grade ignimbrites and occasionally occur within 

the Somers Ignimbrite. Secondary gas escape structures are also diagnostic of 

an ignimbrite, but are less common in densely welded, low-porosity deposits, 

and do not occur within the Somers Ignimbrite. 

Poorly welded to non-welded ignimbrite at the top of a sheet would 

provide good evidence of a pyroclastic origin, however preservation potential 

may be low, especially in ancient deposits. Upper autobreccias are likely to be 

significantly less common in high-grade ignimbrites than lava flows, although 

some extremely high-grade ignimbrites have upper breccias up to tens of 

metres thick (eg. Barrel Springs Formation (Henry et al,1989); Bad Step Tuff 

(Branney et ai, 1992)). The Somers Ignimbrite is everywhere densely welded to 
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the very top, and autobreccias are absent. 

.2 Petrographic criteria 

Petrographic criteria traditionally interpreted as unequivocal evidence of 

a pyroclastic origin, such as the presence of glass shards, pumice fiamme, 

broken phenocrysts and lithic fragments, may have only limited value as 

diagnostic criteria in high-grade ignimbrites. They are poorly developed in high

temperature eruptions due to low volatile content (lower viscosity) and low 

explosivity which minimises the amount of vesiculation (pumice), breakage 

(shards and phenocrysts) and incorporation of vent-derived lithics (Section 

7.2.1). 

Shards and pumice 

Shards and pumice may be poorly preserved or even completely lacking 

in high-grade ignimbrites due to primary agglutination, dense welding, 

recrystallisation (devitrification), secondary flowage, and erosion of less welded 

ignimbrite (particularly in ancient ignimbrites). In addition, lavas may develop 

'pyroclastic-like' textures (Henry and Wolff,1992) with vesiculation essentially 

forming pumice, and brecciation at the base or top of a flow forming apparent 

pumice clasts. In particular, 'lenticuJite breccias', comprising elongate glassy 

fragments in a devitrified matrix, may resemble flattened pumice (eg. 

Dadd,1992), producing a 'psuedo-eutaxitic' texture. Furthermore, comminution 

of pumice breccia can yield a matrix composed of glass shards. However an 

ignimbrite origin is indicated if strain measurements of pumice clasts exhibit a 

uniform decrease in strain due to compaction upward through a sheet (eg. Le 

Penriec and Fernandez. 1992), Shard-like textures and apparent pumice 
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fiamme may also be produced in lava by the combined effect of devitrification, 

perlitic fracture and hydrothermal alteration (Allen,1988). 

Glass shards and unequivocal pumice pyroclasts are absent within the 

Somers Ignimbrite, a factor which traditionally argues against a pyroclastic 

origin. However shards are likely to have been totally homogenised by welding 

and devitrification. Layering, comprising thin pumiceous/poikilomosaic layers 

intercalated with thicker felsitic layers, suggests the presence of a juvenile 

pumice fraction. 

Groundmass textures· 

'Globule texture' is rare but if present may indicate an ignimbrite origin, 

as globules are thought to be partially flattened, deflated, pumiceous pyroclasts 

(eg. Milner et al,1992). Globules are not found within the Somers Ignimbrite. 

Anderson (1969) has suggested snowflake devitrification texture occurs 

only in ignimbrites, and snowflake (poikilomosaic) texture is common within the 

Somers Ignimbrite. However the degree of undercooling is probably the most 

important factor in determining the devitrification texture produced 

(Shelley,1993), and the present study has also identified snowflake texture in 

the Somers Rhyolite. 

Dendritic or swallowtail crystallites which indicate rapid crystallisation 

from a liquid would seem to be more indicative of a lava origin (Henry and 

Wolff,1992). However Twist and Elston (1989) describe these textures in 

pyroclastic flows in the Rooiberg Felsite (Table 7.1), ascribing them to a hot 

pyroclastic flow in which the particles themselves were essentially composed of 

liquid. Such crystallites are not found within the Somers Ignimbrite. 
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Heiken et a/ (1989) describe a method using processed scanning 

electron microscope (SEM) data to identify individual shard boundaries of 

annealed pyroclasts and areas of welded fine ash in rheomorphic ignimbrites. 

However such techniques are beyond the scope of this thesis. 

Phenocrysts 

The presence of large euhedral phenocrysts and glomerocrysts is 

generally regarded as being diagnostic of a lava flow origin while an 

abundance and wide size range of broken crystal fragments is generally 

considered to be evidence 'of magma fragmentation during an explosive 

eruption. However, broken phenocrysts may result from in-situ breakage during 

viscous flow of a lava, or in ancient lavas by tectonic dismemberment 

(Allen, 1988). 

Broken phenocrysts are relatively abundant and exhibit a wide range in 

sizes in the Somers Ignimbrite, especially in comparison with the Somers 

Rhyolite. It is feasible that phenocrysts in a lava might be broken by viscous 

flow of the host groundmass and the pieces then spread by continued shearing, 

however broken phenocrysts in the Somers Ignimbrite often appear to be 

concentrated within the felsitic layers. This seems more consistent with a 

pyroclastic origin in which the erupted material comprised fragmental material 

(felsitic layers) including shards and broken phenocrysts, and relatively intact 

pumiceous pyroclasts (poikilomosaic material). 
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Lithics 

The presence of lithic inclusions is not diagnostic of origin, but their 

abundance, distribution and type may be. Lithics tend to be concentrated 

towards the base of ignimbrite flow units, and are likely to be dispersed 

randomly throughout a lava. Lithics showing a significant amount of dissolution 

are more likely to have been transported in a lava (Henry and Wolff,1992). 

The average lithic abundance in the Somers Ignimbrite is low, however 

the distribution supports an ignimbritic origin. Member 1, the most basal 

ignimbrite sheet, has the highest lithic abundance and a gradual decrease in 

lithic size and abundance upwards. Members 2 and 3 also have higher basal 

concentrations of lithics. This is consistent with vent erosion in the early stages 

of the eruption declining, the progressive burial of potential ground-derived 

lithics by pyroclastic flow deposits, and density sorting within the pyroclastic 

flows. 

Geochemistry 

Vertical and lateral zonation of many ignimbrite deposits is well 

established (Section 6.2.3) and the presence of it may therefore argue for a 

pyroclastic origin. Although the absence of chemical heterogeneity does not 

necessarily indicate a lava origin, lava flows are generally regarded as being 

compositionally homogeneous. Vertical geochemical zonation in the Somers 

Ignimbrite supports a pyroclastic flow origin for the Somers Ignimbrite. If the 

sheets were lavas it could be feasible that each flow represents a slightly less 

evolved composition upward through the stratigraphy. However some members 

show within-sheet vertical zonation (Section 6.2.2) which is conclusive of a 

pyroclastic flow origin. 
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Table 7.2 Criteria for distinguishing high grade ignimbrites and extensive silicic lavas (principally after Henry and 
Wolrf.1992; other references as shown), and criteria that occur in the Somers Ignimbrite. 

Characteristic 

Wide areal exten!. 

Thickness. 

large aspect raUo. 

Response to topography. 

Flow margins. 

Basal breccia. 

Upper breccia. 

Welding zonation. 

Unit contacts 
(Milner af ai, 1992). 

Basal vllrophyres 
(Ekren af ai, 1984). 

Eutaxitlc texture. 

layering. 

Deformation of layering 
(folding,necklng etc). 

Uneallon 
(eg. Branney of ai, 1992). 

Imbricate layering 
(eg. Branney a/ ai, 1992). 

Ramp strucfures. 

Elongate vesicles. 

Gas escape structures. 

PUmice. 

Shards. 

Globule texture 
(eg. Milner sf aI, 1992). 

Broken phenocrysts 
with wide size range. 

lithic fragments. 

Geochemical compesUlon. 

Source. 

Feld relatlons. 
(Branney sf ai, 1992) 

High grade ignimbrite 

Yes. 

Varlabte due to pending and thinning. 

Yes. 

Can climb over barriers depending 
on exploslvity. 

Distal thinning to poorly welded 
deposits but depending on 
topography. 

No but basal lithic concentratlon 
could appear similar. 

Yes -In rare cases. 

Yes - but can be obscured by 
rheomorphism or can be densely 
welded throughout. 

Planar. 

Yes. 

Yes - but may be obscured by 
welding or be extremely attenuated 
as layering. 

Yes - atlenuated eutaxilic texture. 

Yes - rheomorphism 

Yes. 

Yes. 

Yes. 

Yes. 

Yes. 

Yes - diagnostic only If throughout 
now; commonly obscured by welding. 

Yes - as above. 

Yes. 

Yes - breakage may be low In low 
exploslvitylhlgh-T Ignimbrites. 

Yes - but may be sparse In low 
exploslvltylhlgh-T Ignimbrites. 

Commonly vertically and/or laterally 
zoned. 

Commonly caldera In which Ignimbrite 
may pend; but may not be associated 
(eg. Ekren at al,1984). 

Close textural similarity with 
localised, intensely rheomorphic 
parts of associated Ignimbrites that 
display unequivocal pyroclastic 
textures In less rheomorphlc parts. 

Extensive silicic lava 

Yes. 

Maintains uniform thickness. 

Yes. 

Slopped by most barriers higher than 
thickness or now, 

Remains thick and massive or 
brecciated to now margin. 

Yes - mixed textural clast types. 

Yes. 

No. 

Irregular. 

Yes. 

No. 

Yes- shearing of vesiculating lava. 

Yes. 

No. 

No. 

Yes, 

Yes. 

No. 

Yes - In basat breccias, may be 
as lentlculites (Dadd,1992). 

Yes· as matrix to pumice breccias, 

No. 

No - but could develop in viscous 
now, breccia or tectonically. 

Yes -lithic Inclusions pesslble, 

Generally homogeneous. 

Commonly fed by dike/fissure 
eruptions. 

Similarities with associated 
unambiguous lava nows. 

Somers Ignimbrite 

Probably, but sign Incant erosion. 

Variable due to pondlng and tt,lnnlng. 

As above. 

Thins over paleolopographlc high areas. 

Distal depesits not preserved but does 
thin radially away from Inferred source. 

No. 

No. 

Yes -Intercalations of more- and less
resistant (welded) sub-units In most 
members. 

Planar. 

No. 

Not unequivocal - layering thought to 
be extremely attenuated layering. 

Yes attenuated eulaxitic texture. 

Yes - rheomorphism. 

Yes. 

Yes. 

Yes. 

No. 

No. 

Yes - rarely and altered. 

No. 

No. 

Yes- up to 50% of phenocryst 
populatIon; but also in situ breakage 
due to rheomorphism. 

Yes - sometimes concentrated at base 
members and shows decrease In size 
upwards. 

Vertically zoned. 

Unknown; no unequivocal evidence 
of a caldera source. 

Textural similarities between ambiguous 
parts of some members, with densely 
welded parts of other members that 
that are less ambiguous. 
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7.1.3 Summary 

It is apparent that the principal problem in recognising the origin of 

widespread silicic sheets is the lack of unambiguous criteria. Table 7.2 is a 

summary of widely used criteria for distinguishing between high-grade 

ignimbrites and extensive silicic lavas, and includes those criteria which are 

found within the Somers Ignimbrite. 

A pyroclastic flow origin for the Somers Ignimbrite is proposed on the 

basis of: 

(1) The sheet-like form and multiple sub-units within most sheets defined 

by vertical variations in welding. The sheets are interpreted to comprise major, 

temporally discrete flow-units such that the Somers Ignimbrite can be loosely 

termed a multiple flow-uniUcompound cooling-unit ignimbrite. 

(2) Rapid change in thickness suggestive of ponding in 

paleotopographic depressions and thinning over high regions. 

(3) Interlayering of pumiceous and fragmental material and elongate! 

lenticular nature of the pumiceous layers which suggests the layering is the 

result of extreme attenuation of eutaxitic texture. 

(4) Greater abundance and size of lithic inclusions at the base of sheets 

consistent with density sorting, waning eruption and progressive burial of 

potential ground-derived lithics during eruption and pyroclastic flow. 

(5) Moderate abundance, wide size range, and widespread distribution 

of broken phenocryst grains consistent with magma fragmentation during the 

eruption. 

(6) The presence of co-ignimbrite ash-deposits in some parts of the 

ignimbrite suggestive of emplacement as temporally discrete flow-units. 

(7) Vertical geochemical zonation, and in particular within-member 

zonation, consistent with laminar pyroclastic flow. 



Fig 7.2 The approximate time sequence in which the principal features the Somers Ignimbrite formed. 
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7.2 Emplacement of the Somers Ignimbrite 

The following section discusses the conditions and mechanisms 

responsible for the structural and textural characteristics of the Somers 

Ignimbrite. Fig. 7.2 shows the relative timing of the formation of important 

features during and after the emplacement of the Somers Ignimbrite. 

7.2.1 Eruption conditions and style 

Magma conditions 

Magmas that erupt as extensive silicic sheets are usually different 

chemically, undersaturated in H20, and have higher eruptive temperatures, 

than magmas that produce regular ignimbrites or lava domes and flows. High 

grade ignimbrites are typically peralkaline or trachytic, and less commonly calc

alkaline, and may be associated with flood basalts, rifts, or hot-spot volcanic 

provinces (Self,1993). Estimated eruption temperatures for well-documented 

extensive silicic sheets (Table 7.1) range from 850-1150oC, in contrast to 

typical rhyolitic eruption temperatures of 700-900oC (Cas and Wright, 1988). 

The high temperatures combined with the anhydrous nature, significantly 

lowers the viscosity of the magma. 

Equilibrium temperatures of the Mt Somers Volcanic Group have been 

calculated to be 900-1050oC at -10-15kb (Wood,1974), and >850oC at .... 7kb 

(20-25km depth) with a H20 content of <3.5% (Barley, 1987). Thus the magmas 

have a low water content but are not anhydrous. Combined with their calc

alkaline and peraluminous nature, the Mt Somers Volcanics do not compare 

well with magmas associated with extensive silicic sheets. However the 

proposed depth of crystallisation, extensional tectonic regime and bimodal 

basalt-rhyolite volcanic setting (tholeiitic basalts evolved by AFC to produce 
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andesites) is a feature in common with many other extensive silicic sheets (eg. 

Ekren et al,1984; Green and Fitz,1993). 

Eruption style and processes 

In addition to a high eruption temperature, high-grade ignimbrite-forming 

eruptions are generally inferred to have low explosivity. This is consistent with 

low viscosity and low water contents, and accounts for many characteristics 

found in high grade ignimbrites. 

Low levels of explosivity result in low eruption columns that may be 'boil

overs' or 'low fire fountains' (eg. Ekren et al,1984; Branney et al,1992). These 

types of eruption lose less heat through mixing with the atmosphere than 

plinian columns and temperatures remain high within the resultant pyroclastic 

flows which essentally come directly out of the vent. Combined with inferred 

high eruption rates, this provides little opportunity for cooling and quenching of 

the pyroclasts and leads to higher grade deposits. This style of eruption 

accounts for the lack of plinian fall deposits at the base of high-grade 

ignimbrites (Branney et al,1992), and may account for the presence of both 

welded ash-fall tuff and pyroclastic flow deposits from the same eruption 

column (Self,1993). 

Low viscosity and explosivity accounts for low phenocryst breakage and 

limited incorporation of lithics, as fluidal magma will tend to flow around crystals 

in 'boil-over' eruptions rather than break them (Branney et al,1992). There is 

less vent-erosion, and accretion along the conduit walls will stop vent-wall 

erosion and subsequent incorporation of lithics into the magma. VeSiculation 

and fragmentation of high-temperature fluidal magma may produce 'foam 

fragments' (fluidal pumice pyroclasts - Branney et al,1992); denser Pumiceous 
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pyroclasts termed 'globules' (eg. Milner et a/,1992); and liquid 'droplets' (Ekren 

et aI, 1984), rather than rigid, angular glass shards. 

7.2.2 Emplacement processes 

Origin of welding 

Traditional models of an ignimbrite-forming pyroclastic flow produced by 

collapse of a plinian column suggest a gravity driven, highly concentrated, 

poorly expanded and partially fluidised flow which suddenly deflates and stops 

en masse (eg. Sparks,1976).· If enough heat is retained during emplacement 

then (secondary) welding may occur (eg. Wilson,1986) as glassy fragments 

tack together and deform as a viscous mass under the compactional load of the 

overlying material. This model predicts that welded ignimbrites will grade up 

into less welded material where compactional stress is less, and that thick 

deposits should be more densely welded. 

Some workers have suggested that welding of high-grade ignimbrites 

occurs as a primary process within the parent pyroclastic flow. Schmincke and 

Swanson (1967), reporting on ignimbrites from Gran Canaria, Canary Islands, 

suggest that compaction welding began in the final stages of pyroclastic flow as 

degassing occurred and density increased. Chapin and lowell (1979), 

describing the Wall Mountain Tuff, Colorado, first proposed that collapse and 

'within-flow agglutination' would occur if the temperature within the flow was 

above the 'softening point' of glass. 
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'Within-flow agglutination' accounts for a number of features within high

grade ignimbrites (Branney and Kokelaar,1992) and in the Somers Ignimbrite 

that cannot be explained by the usual model of welding compaction in 

ignimbrites: (1) dense welding throughout a deposit from the basal chilled zone 

to the upper surface; (2) dense welding of thin deposits; (3) slope-parallel 

rather than horizontal (compactional) welding fabrics; (4) rapid and complex 

vertical welding variations. 

Origin of sub-units 

The Somers Ignirnbrite comprises twelve members defined by major cliff

forming sheets. Each member is separated by a gradational zone of slightly 

less welded ignimbrite. The sheets are considered to represent a rapid 

succession of separate phases or pulses in the eruption, and may be loosely 

termed 'flow-units'. In addition, most of the members contain multiple sub-units, 

the origin of which is debatable. 

Member 1 comprises a thick sequence of sub-units which are generally 

defined by rapid but subtle vertical changes in welding (Fig. 3.16). Occasionally 

the sub-units are separated by upper co-ignimbrite ash deposits which occupy 

the less welded zones. It is interpreted that these ash deposits mark the top of 

the sub-units as 'Layer 3' deposits (after Sparks et a/,1973) and indicate short 

breaks between successive flows. The main sub-units comprise poorly sorted 

ignimbrite and probably represents 'Layer 2' deposits. The sub-units in Member 

1 can therefore be termed 'flow-units', reflecting the passage of temporally 

discreet pyroclastic flows. 
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Fig. 7.3 Models of high-grade ignimbrite emplacement after Branney and 
Kokelaar (1992): (a) during passage of a single pyroclastic flow, within-flow 
agglutination in the depositional boundary layer leads to aggradation of a non
particulate flow component that becomes stationary at X. (b) sub-unit welding 
stratigraphy in the Somers Ignimbrite may be due to step-wise aggradation 
produced by successive en masse freezing of traction carpets or plugs at the 
base of the particulate flow component. 
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Members 2-12 are more densely welded than Member 1, and sub-units 

are defined by sharper changes in welding which alternate to form a 'welding 

stratification' (see Fig.'s 3.5 and 3.17). Co-ignimbrite ash deposits associated 

with these sub-units are either not present or extremely rare, thus it is difficult 

to reconcile the sub-units with a simple 'flow-unit' model. 

However the sub-units are separated by relatively sharp cooling breaks 

which does indicate that emplacement of individual sub-units was temporally 

discreet. Because of the densely welded nature of the deposit there is little 

textural evidence to indicate the process responsible for the formation of the 

sub-units. In addition the process of ignimbrite deposition from pyroclastic flow 

is controversial. 

It is possible that the sub-units may have been emplaced as simple 

(classic) 'flow-units', one rapidly following the next such that co-ignimbrite ash

deposits did not form. Alternatively a model of 'stepwise aggradation' (Fig. 7.3) 

after Branney and Kokelaar (1992) might be applicable. Within-flow 

agglutination during the passage of a single pyroclastic flow led to aggradation 

of successive non-particulate flow components which moved as 'traction 

carpets or plugs' and froze en masse. The often cyclic intercalation of less 

weldedllayered and more weldedlmassive sub-units also suggests changes in 

the material supplied at source. 

Origin of layering and directional fabrics 

Layering may be formed at three stages during the emplacement of a 

high-grade ignimbrite: (1) during pyroclastic flow in which hot fluidal particles 

agglutinate and are sheared out by laminar flow; (2) during welding compaction 

after primary pyroclastic flow has ceased; and (3) during rheomorphic creep. 
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Schmincke and Swanson (1967) were the first to propose that "primary 

laminar flowage" in the last stages of pyroclastic flow was responsible for the 

'stretching' of pumice fragments in ash-flow tuffs from Gran Canaria. Chapin 

and Lowell (1979) also suggested that laminar shearing of a compacting and 

welding mass would form a primary layering analogous to flow-layering in 

lavas. 

Branney and Kokelaar (1992) suggest that laminar shear between 

particles gives way to pure shear within particles as within-flow agglutination 

occurs. This provides an effective mechanism for producing extreme 

attenuation of pyroclasts. The resulting fabric will be an oblate (layered) and/or 

prolate (Iineated) fabric; 

Schmincke and Swanson (1967) and Chapin and Lowell (1979) 

developed the concept of 'primary' layering as a necessary way of explaining 

directional fabrics that formed in response to pyroclastic flow rather than in 

response to underlying topography during post-emplacement compaction or 

creep. The Somers Ignimbrite exhibits a lineation which has a relatively uniform 

direction strongly suggestive of formation during pyroclastic flow rather than 

secondary response to local topography, The lineation and layering are 

temporally indistinct (Section 5.2.2) suggesting layering in the Somers 

Ignimbrite formed during primary pyroclastic flow. 

The layering in the Somers Ignimbrite probably comprised interlayered 

pumice fiamme and fragmental material (glass shards and broken 

phenocrysts). Layering was produced by shearing of a poorly sorted mass of 

hot, viscous pumice pyroclasts and agglutinating glass shards undergoing 

laminar flow. 
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Imbrication of attenuated pumice fiamme is formed by syn-depositional 

shear deformation of viscous ellipsoidal particles whose long-axes rotate 

towards the shearing direction (Branney and Kokelaar,1992). It is relatively 

common in high-grade ignimbrites: e.g. ignimbrites on Gran Canaria 

(Schmincke and Swanson,1967; Wolff and Wright,1981) and the Crinkle Tuffs 

in the English Lake District (Branney et a',1992), and is found within Member 2 

of the Somers Ignimbrite. Imbrications dip 'up-flow', so in Member 2 the flow 

direction is inferred to be approximately NE to SE, which is consistent with the 

direction of flow indicated by lineations. 

Post-emplacement compaction and rheomorphic creep are unlikely to 

produce .the extremely attenuated layering seen in high-grade ignimbrites such 

as the Somers Ignimbrite but may both occur in addition to primary flow 

attenuation. Compaction is best seen in the Somers Ignimbrite by deformation 

of layering around rigid phenocrysts and lithic fragments. However it may not 

have been an important process given the preservation of imbricate fabrics, as 

loading compaction tends to lower the angle of imbrication until it becomes 

sub-horizontal (Branney and Kokelaar,1992). 

Rheomorphic creep is more difficult to distinguish, but may account for 

in-situ breakage of phenocrysts in the Somers Ignimbrite. Breakage can only 

have formed in the very latest stages of viscous deformation because the 

fragments are never observed to be significantly spread out. 

Origin of rheomorphism 

Rheomorphism in ignimbrites is most commonly defined as secondary 

mass flowage (Cas&Wright,1988). This is generally considered to comprise 

deformation of still-plastic material down depositional slopes, although it may 
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also occur in the absence of slope due to differential compaction or the deposit 

simply spreading under it's own weight. 

Some workers {e.g. Schmincke and Swanson,1967; Branney et a',1992} 

have suggested that rheomorphism also occurs as a primary process during 

emplacement of the pyroclastic flow. In the Wall Mountain Tuff, Colorado, 

Chapin and Lowell {1979} were able to separate 'primary' and 'secondary' 

rheomorphic structures based on relationships exposed in a paleo-valley. 

Primary structures were parallel to the valley margins, whereas secondary 

deformation occurred in response to flowage down the steep valley walls. 

'Secondary' rheomorphism is evident in the Somers Ignimbrite, where 

folding, necking, autobrecciation and rotation of lithics have been controlled by 

paleotopography in the north-west of the study area (Section 3.6.6). Elsewhere 

ramping and boudinaging, both due to brittle deformation, are most likely to 

record late stage secondary deformation. Unequivocal 'primary' rheomorphism 

in the Somers Ignimbrite is difficult to distinguish, although elongate lithics 

parallel to layering may have formed by softening and attenuation due to 

laminar shearing during pyroclastic flow. 
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Fig. 7.4 Simplified block-diagrams showing the geological history of Mt Somers. North-south 
cross-section is approximately parallel to Woolshed Creek. Units are: Torlesse greywacke 
basement (g); Surrey Hills Tuff (t); Barrosa Andesite (a); Somers Pitchstone (p); Somers 
Rhyolite (r); Somers Ignimbrite (i); and lahars (I). Not to scale. 
(a): present day - structure controlled by block-faulting; ignimbrite dips gently to west. 
(b): post-Somers Ignimbrite (eret.) - ignimbrite derived from source to north and drapes 
underlying units; ignimbrite overlying rhyolite domes dips moderately to north and is thickest 
to north of rhyolite; lahars deposited in E-W trending valley. 
(c): pre-Somers Ignimbrite (eret.) - andesite derived from cone to north; rhyolite dike intrudes 
along normal fault; topographic depression exists to north of rhyolite cumulo-domes. 



7.3 ummary of the Cretaceous volcanic history of 
MtSomers 

151 

In the absence of dating only relative timing on the basis of field 

relations is known at Mt Somers (Fig. 7.4). The time scale of volcanism may 

have been anything from tens of thousands of years to several million years. 

7.3.1 Pre-Somers Ignimbrite volcanism 

Surrey Hills Tuff, the basal and most widespread unit within the Mt 

Somers Volcanic Group, records the first phase of voluminous explosive silicic 

volcanism. The tuff is interpreted to have been deposited onto a sub-aerial 

erosion surface of Torlesse Supergroup sediments. Some relief is inferred by 

epiclastic laminar bedded tuffs which are interpreted to have been transported 

as slope-wash and deposited in a laucustrine environment. Thus the present 

lenticular nature of the tuffs may be controlled by topography prior to 

deposition. 

The Barrosa Andesite was erupted from an unknown source close to or 

within the north-west of the study area. Andesitic volcanism is likely to have 

occurred over a considerable period of time, producing mainly lava flows with 

associated autobreccias, dikes, epiclastic breccias and lahars. Epiclastic 

breccias suggest deposition on steep slopes, possibly on the sides of a strato

cone(s). Secondary quartz mineralisation within the andesites suggests a 

hydrothermal system may have developed during the latter stages of 

volcanism. 

The Somers Pitchstone overlies Barrosa Andesite in the north-west of 

the study area but directly overlies Surrey Hills Tuff in the south-west, 

suggesting that andesite was not erupted to the south-west. The pitchstone 

represents the basal chilled portion of a second phase of voluminous explosive 
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silicic volcanism which may have been precursory to the effusive silicic 

eruptions that produced the Somers Rhyolite. The thickness of the pitchstone 

in the north-west of the study area varies and was either not emplaced or was 

removed by erosion in areas of high relief where Somers Rhyolite directly 

overlies Barrosa Andesite. 

The Somers Rhyolite is the most voluminous of the volcanic units, 

forming up to 1000m thickness of coalesced rhyolite domes, lava flows and 

dikes, and probably formed an area of high relief upon which the Somers 

Ignimbrite was deposited. It is likely that the Somers Rhyolite was erupted over 

a significant period of time from multiple vents. 

The Somers Rhyolite and Somers Ignimbrite are geochemically related, 

the rhyolite being more highly evolved than the ignimbrite and indicating both 

magmas were derived from the same deep-crustal source. It seems strange 

that the more highly evolved magma should be erupted extrusively and the less 

evolved magma explosively. It is possible that the Somers Pitchstone records 

an early pyroclastic phase to the eruption of the Somers Rhyolite, effectively 

draining volatile-rich magma from the top of the chamber. 

7.3.2 The Somers Ignimbrite 

Regional distribution 

The Somers Ignimbrite represents the most voluminous phase of 

explosive silicic volcanism within the Mt Somers Volcanic Group and yet may 

represent only a fraction of the original deposit. Because of tectonism and 

erosion the area has been strongly dissected and the original extent of the 

Somers Ignimbrite is unknown. There is no outcrop in up-faulted regions to the 
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north and west of Mt Somers, but it is possible that down-faulted ignimbrite 

exists to the south and west beneath the gravels of the Canterbury Plains. 

Oliver (1977) reported the existence of ignimbrite to the north-east of Mt 

Somers at Mt Alford (-9km from Mt Somers). However Kinney (1993) 

concluded that ignimbrite is absent from Mt Alford. Unequivocal high-grade 

ignimbrite in the Rakaia River Gorge (-25km from Mt Somers) is lithic-rich and 

most probably distinct from the Somers Ignimbrite with a more local source to 

the north or south (Bruce,1994). 

Paleotopography 

Significant paleotopography is proven in the north-west of the study area 

where rheomorphism is associated with deposition of the ignimbrite on a 

topographic-high (Section 3.6.6). 'Ponding' of ignimbrite in the region of the 

north face and corresponding rapid thinning radially away due to 

paleotopography is supported by stratigraphic evidence - only Members 5-11 

can be traced from the north face across the summit region of Mt Somers to the 

south face where they directly overlie Somers Rhyolite. This indicates that the 

lower sheets were not deposited towards the south but instead filled a 

topographic depression in the region of the north face. 

Source 

Three lines of evidence suggest the Somers Ignimbrite was erupted from 

a source close to the (present) north face of Mt Somers: (1) rare indicators of 

pyroclastic flow direction such as imbricate layering structure and lineations 

on the north face suggest a flow direction from approximately north-east to 
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south-west; (2) the Somers Ignimbrite thins radially from the region of the north 

face; (3) members on the north face (particularly Member 1) show a 

significantly greater maximum size and abundance of lithics. 

There is a possibility that the thickness of the Somers Ignimbrite on the 

north face of Mt Somers may be due to ponding within a caldera. This is 

supported by the radial thinning of ignimbrite away from the north face which 

suggests a circular distribution to the thick (ponded) ignimbrite. Also the 

contact between Member 1 and underlying Barrosa Andesite on the north face 

could be part of the topographic caldera wall. The westward dipping Barrosa 

Andesite is truncated by the steeply eastward dipping contact; however the 

contact curves westwards away from thick ignimbrite on the north face, 

whereas we would expect to see it curve eastwards. Breccia in Member 1 

adjacent to the contact comprises monolithological ignimbrite and is interpreted 

to be an autobreccia produced by rheomorphism - not the mixed lithology 

(andesite/rhyolite) breccia that would be likely if it were a caldera-collapse 

'meso-breccia' (after Upman,1976;1984). There remains the possibility that the 

breccia formed in response to slumping of the ignimbrite during caldera

collapse, but it seems most likely that the contact is simply the result of 

paleotopography. 

Emp/acement 

Cliff-forming sheets within the Somers Ignimbrite are interpreted to 

represent major flow-units. Contacts between the sheets are gradational 

suggesting that deposition of successive sheets followed rapidly. However 

each sheet represents an individual cooling-unit indicating that they are 

temporally discreet and that some time must have elapsed between the 

deposition of successive sheets. Thus the ignimbrite may have been deposited 
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over a period of days-to-weeks rather than hours-to-days. 

Member 1 is the least welded member, contains numerous flow-units 

with cO-ignimbrite ash deposits, a high abundance of lithics, and less well 

developed layering than the overlying members. Flow-units may have been 

produced by collapse from a low plinian column which retained less heat and 

produced more ash-fall material. As the eruption progressed the column height 

decreased to a 'boil-over' style of eruption, perhaps due to widening of the vent 

rather than a decrease in the rate of material being erupted. Subsequent 

pyroclastic flows were hotter and within-flow agglutination more intense. Thus 

the gradation from Member 1 up into overlying members reflects a decrease in 

explosivity but without a concurrent decrease in the rate of eruption. 

Successive tapping of deeper and hotter magma from the magma chamber may 

also have played a role in this upward increase in welding. 

Original areal extent 

Given that the source vent was likely to have been situated to the north 

of Mt Somers, and assuming a concentric distribution outward from the source, 

it is likely that at least half of the Somers Ignimbrite was deposited to the north 

of Mt Somers and has since been uplifted and eroded. It follows that both 

original areal extent and volume may have been at least dOl.Jble that presently 

exposed at Mt Somers. The present maximum areal extent (on a line NW-SE) 

is -6km. Present day outcrop of the Somers Ignimbrite lacks thin distal 

deposits, so that the original areal extent was probably much greater and may 

have covered an area of up to 100km2. 
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7.3.3 Post-Somers Ignimbrite volcanism 

Two compositionally distinct phases of dike intrusion followed 

emplacement of the Somers Ignimbrite. Intrusion of andesite dikes 

geochemically related to the Barrosa Andesite occurred in the region of the 

north face of Mt Somers; and dacite geochemically indistinguishable to Hinds 

River Dacite was intruded further to the east. One of the andesite dikes 

intrudes along the contact between Somers Ignimbrite and Barrosa Andesite, 

but otherwise the orientation of the dikes is I'!W-SE and may relate to stress 

patterns at the time of volcanism and to a magma source to the north-west 

beneath the Barrosa Andesite. The dacite dike is linear with a I\!-S orientation 

seemingly unrelated to any other structural patterns in the Mt Somers area. 

The final stages of volcanism in the Mt Somers area were minor, 

comprising deposition of hot lahars and silicic ash-fall eruptions from an 

unknown source. The lahars contain rhyolitic (ignimbrite and rhyolite) and 

andesitic clasts recording a period of erosion down through the older volcanics 

in the north-west of the field area, possibly along an east-west orientated 

paleo-valley. Given that the lahars were the product of volcanic eruptions 

(Section 2.2.3), it is possible both the lahars and tuffs may be from a single 

eruption, with the water perhaps being derived from a crater lake or melting of 

snow and ice. 
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C apte 8 

nclu 
III 

10 

1. Mt Somers comprises eight temporally distinct Cretaceous volcanic 

lithologies. It is recommended here that the Somers Rhyolite Formation (Oliver 

and Keene, 1989) should be subdivided into three temporally and lithologically 

distinct formations: the Somers Pitchstone, Somers Rhyolite, and Somers 

Ignimbrite Formations. 

2. The Somers Ignimbrite is a densely welded high-grade rheomorphic 

ignimbrite. Shards and unequivocal pumice pyroclasts are absent due to 

pervasive devitrification. However a pyroclastic flow origin is proposed on the 

basis of: (i) sheet-like form; (ii) multiple sub-units within sheets; (iii) extremely 

attenuated eutaxitic texture; (iv) abundance and sorting of lithics; (v) 

abundance of broken phenocrysts; (vi) co-ignimbrite ash-deposits at the top of 

sub-units; (vii) vertical geochemical zonation. 

3. The Somers Ignimbrite was erupted 'from a source to the north of Mt 

Somers onto a surface of irregular paleotopography comprising the erosional 

remnants of andesitic strato-cones and coalesced rhyolite domes. 

4. Individual ignimbrite sheets represent temporally discreet, major flow

units; the emplacement of successive sheets followed rapidly. Eruption of the 

Somers Ignimbrite probably occurred over days-to-weeks. 
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5. Most sheets contain numerous sub-units which represent temporally 

discreet flow-deposits. Flow-units within Member 1 have upper layer 3 

deposits, but mainly the sub-units lack layer 3 deposits and may reflect 

stepwise aggradation during passage of a continuous pyroclastic flow. 

6. Welding within the Somers Ignimbrite occurred during primary 

pyroclastic flow due to within-flow agglutination of hot, soft, pumiceous and 

glassy pyroclasts. 

7. Layering comprises extremely attenuated (devitrified) pumice fiamme 

produced by laminar shearing of the pumice pyroclasts during primary 

pyroclastic flow. Layering reflects oblate shearing whereas lineations reflect 

prolate shearing. 

8. Rheomorphic structures are principally secondary, occurring after 

emplacement in response to underlying paleo-topography. 

9. Pervasive devitrification occurred during slow cooling to ambient 

temperatures, producing felsitic, poikilomosaic and spherulitic textures. 

10. Clastic dikes comprise co-ignimbrite ash material remobilised into 

cooling joints and fractures during ground shaking accompanying eruption of 

the ignimbrite. Some may have been emplaced downwards as neptunian dikes, 

and others upwards as fluidised material. 

11. The Somers Ignimbrite and Somers Rhyolite are geochemically related and 

were both derived from the deep crustal source. 
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12. Geochemical zonation reflects extraction from a compositionally zoned 

magma chamber comprising more differentiated magma overlying less 

differentiated magma. Convective fractionation may have been the primary 

magma chamber process responsible for zonation. 

13. The Somers Pitchstone is a rheomorphic ignimbrite that may represent 

an early pyroclastic phase to Somers Rhyolite effusive volcanism. 

14. Rhyolite/andesite mingling at the margin of the young andesite dikes is 

due to incorporation and deformation of Somers Ignimbrite wallrock. 

15. The young andesite dikes are geochemically related to the older Barrosa 

Andesite but have a distinctive high-K composition. 
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Append 1 

List of thin section nd geochem samples 

Samples are referred to in the text by their field numbers. Thin section and 
geochemistry numbers are from the sample catalogue and XRF laboratory 
(respectively) at the Department of Geology, University of Canterbury. Thin 
sections and powdered geochem samples are housed in the rock store there 
also. Localities refer to sheet K36-Methven, NZMS 260, 1 :50000 series. 
Descriptions: undiff. :: undifferentiated; S. :: Somers; Ig. (or Ignim.) :: Ignimbrite; 
Rhy. :: rhyolite; M :: Member; Co-ig. :: co-ignimbrite; Ming. an. :: mingled 
andesite/rhyolite; S.H. :: Surrey Hills; H.R. Dac. :: Hinds River Dacite. 

Field # 

TS001 
TS002 
TS003 
TS004 
TS015 
TS017 
TS018 
TS019 
TS024 
TS028 
TS029 
TS030 
TS031 
TS032 
TS033 
TS036 
TS037 
TS038 
TS039 
TS040 
TS041 
TS042 
TS044 
TS045 
TS046 
TS048 
TS049 
TS050 
TS051 
TS053 

Ibin. Geochem # 
Section # 

14373 
14374 
14375 
14376 
14377 25931 
14378 
14379 25932 
14380 25933 
14381 
14382 
14383 
14384 
14385 
14386 
14387 25934 
14388 
14389 
14390 25935 
14391 
14392 
14393 
14394 
14395 
14396 
14397 
14398 
14399 
14400 
14401 
14402 

Locality 
(grid ref.) 

K36!747323 
748325 
748326 
739313 
748325 
749326 
748325 
747324 
743324 
764325 
764325 
764325 
764323 
767324 
767324 
765324 
764322 
763323 
764322 
765322 
765322 
766322 
767321 
767321 
767321 
759328 
759328 
750332 
767321 
768321 

Description 

Undiff. S. Ig. 
II 

II 

" 
" 
II 

" 
II 

Rhy. tuff 
M1 S. Ignim. 
Lithic M1 S. Ig 
M1 clasticdike 
M2 S.lgnim. 
M1 S. Ignim. 
M1 S. Ignim. 
M3 S. Ignim. 
M3 S.lgnim. 
M2 S. Ignim. 
M3 S.lgnim. 
M4 S.lgnim. 
M4 S. Ignim. 
M4 S.lgnim. 
M5 S. Ignim. 
M5 S.lgnim. 
M6 S.lgnim. 
S. Pitchstone 
S. Rhyolite 
S. Pitchstone 
M6 S.lgnim. 
M7 S. Ignim. 
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TS054 14403 768321 M7 S.lgnim. 
TS056 14404 768321 M7 S. Ignim. 
TS058 14405 25936 768320 M8 S. Ignim. 
TS060 14406 25937 767323 M3 S. Ignim. 
TS062 14407 768322 M5 S. Ignim. 
TS066 14408 770322 M8 S. Ignim. 
TS067 14409 25938 769319 M9 S. Ignim. 
TS068 14410 769319 M9 S. Ignim. 
TS069 14411 766324 M1 S. Ignim. 
TS070 14412 25939 773322 M8 S.lgnim. 
TS071 14413 25940 773321 M9S.lgnim. 
TS072 14414 774318 M10 S. Ignim. 
TS073 14415 774318 M10 S. Ignim. 
TS074 14416 25941 775316 M12 S. Ignim. 
TS075 14417 774316 M11 S. Ignim. 
TS076 14418 25942 773318 M11 S. Ignim. 
TS077 14419 774318 M11 lithic S Ig 
TS079 14420 774325 Andesite dike 
TS080 14421 774325 M1 S.lgnim. 
TS082 14422 774325 M1 S. Ignim. 
TS083 14423 764325 M1 lithic S.lg. 
TS084 14424 763323 M1 S.lgnim. 
TS089 14425 765324 M1 S. Ignim. 
TS093 14426 765322 M1 Co-ig ash. 
TS095 14427 765324 M1 lithic S. Ig. 
TS096 14428 765322 M1 Co-ig ash. 
TS097 14429 762322 Ming. an. dike 
TS111 14430 750322 S. Rhy. dike 
TS113 14431 764325 M1 S. Ignim. 
TS116 14432 764325 M1 S. Ignim. 
TS117 14433 25963 764325 Andesite dike 
TS118 14434 25943 764325 M1 S.lgnim. 
TS119 14435 763325 Andesite dike 
TS121a 14436 765325 M1 breccia 
TS121b 14437 765325 M1 lithic 
TS122a 14438 764324 M1 S. Ignim. 
TS122b 14439 764324 M1 lithic 
TS125 14440 764324 M1 lithic 
TS132 14441 764322 M1 co-ig. ash 
TS133 14442 764322 M1 S. Ignim. 
TS135 14443 25964 763325 Andesite dike 
TS137 14444 765323 Andesite dike 
TS138 14445 765323 M2 S.lgnim. 
TS146 14446 766322 M1/M2 S. Ig. 
TS147 14447 766323 Andesite dike 
TS148 14448 25944 764322 M2 S. Ignim. 
TS149 14449 764322 M2 S. Ignim. 
TS150 14450 764322 M2 S. Ignim. 
TS151 14451 764322 M2 S. Ignim. 
TS154 14452 755320 Un. diff. S. Ig. 
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TS162 14453 764323 M1 S. Ignim. 
TS166 14454 764323 M2 S. Ignim. 
TS167 14455 25945 764321 M2 S.lgnim. 
TS168 14456 764320 M2 co-ig. ash 
TS170 14457 764320 M2 S. Ignim. 
TS171 14458 25946 764320 . M2 S. Ignim. 
TS172 14459 762323 Rhy. clast B. A 
TS173 14460 762323 Andesite dike 
TS179 14461 25947 762323 M1 S. Ignim. 
TS180 14462 25965 762323 Andesite dike 
TS181 14463 25966 762323 Andesite dike 
TS190 14464 25950 765324 M1 S. Ignim. 
TS192 14465 25950 765324 M1 lithic 
TS193 14466 25967 765323 Andesite dike 
TS194 14467 25951 765321 M3 S. Ignim 
TS195 14468 25952 765321 M3 S.lgnim. 
TS196 14469 25953 765321 M3 S.lgnim. 
TS197 14470 25954 766321 M4 S.lgnim. 
TS201 14471 750322 Rhyolite dike 

. TS207 14472 743334 S. Pitchstone 
TS209 14473 748330 S. Rhyolite 
TS212 14474 756330 S. Pitchstone 
TS217 14475 759315 Undiff. S. Ig. 
TS218 14476 759329 Rhyolite dike 
TS219 14477 759329 Rhyolite dike 
TS220 14478 25968 757325 Andesite dike 
TS222 14479 761323 B. A. lava flow 
TS223 14480 778317 H.R. Dac. dike 
TS224 14481 778317 Rhy.lith.H.R.D 
TS226 14482 25955 770307 Undiff. S. Ig. 
TS227 14483 25956 748320 S. Rhyolite 
TS228 14484 25957 755326 Undiff. S. Ig. 
TS229 14485 787320 S. Rhyolite 
TS231 14486 795316 S. Rhyolite 
TS233 14487 25958 789309 Undiff. S. Ig. 
TS234 14488 753332 S. Rhyolite 
TS235 14489 25959 753331 S. Rhyolite 
TS236 14490 789307 Undiff. S. Ig. 
TS237 14491 789308 Undiff. S. Ig. 
TS239 14492 25960 788309 Undiff. S. Ig. 
TS241 14493 25961 777305 Undiff. S. Ig. 
TS242 14494 25962 771301 Undiff. S. Ig. 
TS252 14495 787306 Undiff. S. Ig. 
TS254 14496 791303 Undiff. S. Ig. 
TS255 14497 731300 S. H. tuff 
TS256 14498 731300 S. Pitchstone 
TS257 14499 729299 S.H. tuff 
TS258 14500 729299 S.H. tuff 
TS259 14501 732304 S. Rhyolite 
TS260 14502 739334 S. Pitchstone 
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TS261 14503 739335 S. H. tuff 
TS262 14504 766325 M1 breccia 
TS266 14505 734298 S. Rhyolite 
TS267 14506 747294 S.Rhyolite 
TS268 14507 784307 Undiff. S. Ig. 
TS269 14508 777308 H. R. Dacite 
TS270 14509 759299 Undiff. S. Ig. 



Somers Ignimbrite 

Sample TS015 TS018 TS019 TS033 TS038 TS058 TS060 TS067 TS070 TS071 TS074 TS076 TS118 TS148 

SiOz 74.44 73.25 73.02 74.95 73.82 72.76 73.2 72.31 72.54 72.48 70.91 70.22 75.21 72.28 
TiOz 0.14 0.18 0.19 0.16 0.19 0.18 0.18 0.21 0.18 0.17 0.2 0.23 0.14 0.2 
Alz0 3 13.13 13.92 13.96 13.47 13.71 13.49 13.97 13.63 14.04 13.91 14.06 13.92 12.71 13.57 
Fez03 0.46 0.36 0.45 0.46 0.43 0.52 0.56 0.54 0.59 0.58 0.66 0.63 0.4 0.47 
FeO 1.39 1.09 1.35 1.38 1.29 1.55 1.69 1.61 1.78 1.74 1.99 1.9 1.19 1.41 
MnO 0.03 0.01 0.03 0.02 0.02 0.02 0.04 0.02 0.03 0.03 0.03 0.02 0.01 0.02 
MgO 0.06 0.08 0.1 0.1 0.08 0.1 0.09 0.11 0.13 0.12 0.13 0.12 0.13 0.11 G) 
CaO 1.11 1.26 1.28 1.09 1.2 1.26 1.26 1.3 1.36 1.34 1.48 1.43 0.93 1.2 (1) 
NazO 3.07 3.28 3.24 3.19 3.16 3.12 3.17 3.14 3.21 3.23 3.2 3.14 2.88 3.16 0 
KzO 5.14 5.44 5.48 5.25 5.4 5.25 5.45 5.27 5.39 5.26 5.3 5.29 5.03 5.23 n 
PzOs 0.05 0.06 0.06 0.05 0.05 0.06 0.05 0.06 0.07. 0.06 0.08 0.07 0.03 0.05 :r' » 
Total 99.03 98.93 99.16 1 00.12 99".35 98.31 99.67 98.19 99.32 98.93 98.04 96.97 98.66 97.78 (1) "'C 

0.4 0.23 0.47 0.33 0.59 0.63 0.76 -0.03 0.85 -0.27 0.69 0.63 
3 "'C 

LOI 0.39 -- (1) 

Rb 237 225 225 235 225 224 222 219 219 215 204 207 249 224 
1071 733 941 978 1110 1066 1182 1046 1243 1205 476 942 --Sa 735 1070 ....... 

Sr 85 109 112 81 96 104 110 111 122 112 129 125 62 98 » >< 
Ga 23 21 22 18 20 19 20 20 21 17 18 15 28 22 ::l 

Q) 
Nb 16 17 16 14 16 16 17 16 17 16 17 17 16 15 
Zr 178 236 246 180 225 244 240 269 282 263 317 307 133 219 
Y 49 55 59 53 59 48 57 58 62 65 79 61 34 58 _. 
Th 28 28 30 26 27 25 25 25 26 25 25 24 31 31 en 
La 74 78 86 77 82 70 86 75 78 75 76 72 60 82 
Ce 152 163 176 164 176 159 166 149 153 156 148 150 123 157 
Nd 78 84 89 80 83 70 87 82 86 72 73 75 67 77 

Cr <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 
Ni 4 4 4 4 4 5 5 6 4 4 6 5 4 4 
V 8 6 8 9 5 7 5 7 6 7 7 7 12 7 
Pb 39 43 37 38 36 39 49 45 49 40 37 38 36 38 
Zn 63 52 60 59 71 67 67 89 79 68 98 69 39 65 

..... 
"'-I 
W 



Sample 

Si02 

Ti02 

AI20 3 

Fe203 
FeO 
MnO 
MgO 
CaO 

Na20 

K20 
P20 6 

Total 

LOI 

Rb 
Ba 
Sr 
Ga 

Nb 
Zr 
y 

Th 

La 
Ce 
Nd 

Cr 
Nj 

V 
Pb 
Zn 

TS171 

72.54 
0.16 

13.75 
0.51 
1.52 
0.02 

0.1 
1.22 
3.18 
5.41 
0.06 

98.47 

0.3 

220 
1015 

103 
20 

17 
240 

59 
31 

87 
174 

81 

<3 
4 
6 

32 
69 

TS179 

75.01 
0.12 

13.02 
0.4 
1.2 

0.02 
0.1 

1.09 
3.17 

5.1 
0.04 

99.28 

0.1 

235 
630 

76 
23 

16 
165 
47 
30 

69 
137 
73 

<3 
5 
7 

32 
87 

TS190 TS191 

74.69 76.97 
0.08 0.11 

12.74 12.37 
0.24 0.15 
0.71 0.46 
0.02 0.01 
0.16 0.11 
0.75 0.65 
2.22 2.21 
5.93 5.5 
0.04 0.03 

97.57 98.58 

2.01 1.35 

258 251 
482 462 

17 63 
19 22 

5 15 
140 133 

46 40 
27 26 

73 75 
146 141 
79 75 

<3 <3 
4 3 
9 7 

31 43 
56 44 

TS192 

76.74 
0.08 

10.55 
0.48 
1.43 
0.01 
0.22 
0.67 
1.85 
4.73 
0.03 

96.79 

2.54 

225 
381 

68 
9 

13 
110 

35 
23 

60 
115 

59 

<3 
3 

10 
49 
37 

Somers Ignimbrite (contd) 

TS194 

72.8 
0.18 

14.01 
0.54 
1.61 
0.02 
0.09 
1.27 
3.19 
5.45 
0.06 

99.22 

0.76 

220 
1017 

108 
19 

17 
241 

60 
27 

85 
166 
75 

<3 
4 
6 

48 
68 

TS195 TS196 TS197 TS226 TS228 TS239 

72.1 71.91 72.08 72.58 75.04 71.7 
0.15 0.17 0.2 0.2 0.14 0.25 

14.18 13.87 13.95 13.78 13.19 14.15 
0.6 0.6 0.63 0.57 0.32 0.57 

1.81 1.81 1.88 1.71 0.97 1.72 
0.03 0.03 0.03 0.03 0.02 0.02 

0.1 0.11 0.1 0.08 0.08 0.11 
1.37 1.31 1.32 1.26 1.01 1.42 
3.18 3.18 3.25 3.15 3.16 3.21 
5.46 5.36 5.39 5.37 5.18 5.36 
0.06 0.06 0.06 0.06 0.04 0.07 

99.05 98.41 98.88 98.79 99.15 98.58 

0.8 3.43 1.19 0.17 0.5 0.96 

215 220 216 218 240 208 
1241 1117 1151 1034 631 1196 

123 117 117 104 71 124 
20 21 20 18 20 21 

16 16 16 18 16 16 
262 256 272 246 158 303 

69 62 63 60 41 80 
27 27 28 29 28 26 

81 82 81 90 71 80 
159 165 164 165 137 149 

82 77 81 76 64 77 

<3 <3 <3 <3 <3 <3 
5 7 544 6 
4 7 6 6 8 6 

32 34 31 46 48 35 
86 66 70 66 66 102 

TS241 

72.24 
0.18 

13.78 
0.54 
1.61 
0.03 

0.1 
1.32 
3.18 
5.34 
0.06 

98.37 

1.41 

220 
1090 

110 
9 

17 
266 

67 
25 

78 
164 
78 

<3 
4 
5 

41 
85 

TS242 

73.21 
0.16 

13.38 
0.47 
1.41 
0.02 

0.1 
1.25 
3.21 
5.41 
0.06 

98.67 

0.73 

220 
1047 

106 
18 

16 
235 

74 
27 

86 
172 

84 

<3 
4 
7 

38 
89 

-4 

""-I 
.,J::.. 



Somers Rhyolite Andesite dikes 

Sample TS227 TS235 TS117 TS135 TS180 TS181 TS193 TS220 Sample 

SiOz 76.02 75.92 62.88 58.76 62.63 62.98 58.99 59.97 SiOz 
TiOz 0.11 0.09 1.45 1.37 1.25 1.28 1.47 1.15 TiOz 
AlzOs 12.51 12.64 16.31 15.58 15.43 15.27 16.61 15.69 AlzOs 
FezOs 0.38 0.27 1.27 1.89 1.66 1.66 1.91 1.76 FezOs 
FeO 1.13 0.81 3.81 5.67 4.97 4.98 5.74 5.28 FeO 
MnO 0.02 0.01 0.09 0.12 0.11 0.12 0.1 0.16 MnO 
MgO 0.07 0.07 1.27 2.61 1.68 1.66 2.56 2.88 MgO 
CaO 0.94 0.89 4.58 5.51 4.33 4.5 5.59 5.33 CaO 
NazO 3.03 3.04 3.53 3.21 3.39 3.48 3.42 3.24 Na20 
K20 4.95 4.95 3.17 2.66 3.18 3.18 2.46 2.69 K20 
PzOs 0.03 0.03 0.29 0.29 0.29 0.29 0.31 0.25 PZ0 6 

Total 99.18 98.72 98.66 97.67 98.92 99.41 99.16 98.4 Total 

LOI 0.2 0.66 0.57 0.33 -0.2 -0.89 0.44 0.77 LOI 

Rb 242 246 135 122 134 131 101 130 Rb 
Ba 476 480 607 509 644 655 507 481 Ba 
Sr 61 62 248 251 233 237 256 232 Sr 
Ga 18 19 20 27 19 20 23 20 Ga 

Nb 16 15 17 12 17 16 14 13 Nb 
Zr 126 128 371 309 388 393 321 275 Zr 
y 36 34 36 49 43 43 45 41 Y 
Th 28 30 16 10 17 17 11 15 Th 

La 61 62 41 37 43 43 38 36 La 
Ce 122 110 99 79 97 94 82 74 Ce 
Nd 58 67 48 45 50 51 47 39 Nd 

Cr <3 <3 18 23 14 16 25 42 Cr 
Ni 4 3 9 10 8 10 11 14 Ni 
V 9 7 60 67 51 49 64 70 V 
Pb 44 40 24 17 17 11 19 15 Pb 
Zn 56 57 85 89 93 96 89 85 Zn 

...l>. 

-..J 
(J'j 
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Appendix 3 

Point count data 

Somers Ignimbrite T5028 T5031 T5033 T5036 T5039 T5044 T5058 

Quartz 7.9 5.2 5.5 2.5 4.5 7.1 5.8 
5anldine 14.6 17.6 15.3 16.1 14.3 13.5 11.3 
Plagioclase 1.4 5.7 2.7 2.4 7.9 2.1 1.1 
Biotite 0 0.6 0.8 0 0 0 0.5 
Garnet 0 0.3 0.1 0.4 0.3 0 0.8 
Opaque oxides 0.8 0.7 1 0.2 0.1 0.8 0.6 
Devitrlfied groundmass 69.9 72.8 71.1 75.3 67.8 75.3 77.8 
Recrystalllsed quartz 4.4 2.4 3.5 2.4 5.1 1 2.1 
Tuffaceous IiIhics 1 0 0 0.2 0 0 0 

Points 1000 1000 1000 1000 1000 1000 1000 

Somers Ignimbrite T5122b T5133 T5148 T5151 T5236 T5239 T5241 
(conld) 
Quartz 5.2 5.8 7.2 6.2 5.2 404 4.9 
Sanldine 11.6 13.4 14.2 10.2 15.8 8.6 7.7 
Plagioclase 2.6 0 1 5.2 3.8 5.8 6.5 
Biotite 0 0 1.4 1.1 0.6 0 0.2 
Garnet 0 0 0.4 1.5 1 0.8 1 
Opaque oxides 0.2 0.2 0.8 0.8 0.8 0.2 004 
Devitrified ground mass 65.4 77.8 72.1 73.4 72.B 80.2 70.5 
Recrystallised quartz 2.6 0 2.4 1.1 0 0 4.8 
Tuffaceous lithics 12.4 2.B 0.7 0 0 0 3.7 

Points 1000 1000 1000 1000 1000 1000 1000 

Somers Pitchstone T5260 T5048 T5050 

Quartz 24.8 7.B 16.6 
5anidine 5.8 8 13.8 
Plagioclase 0 1.B 2.8 
Biotite 0 O.B 0.8 
Garnet 0.2 0 0 
Opaque oxides 0 0 0.6 
Glass groundmass 59.2 64.2 64.8 
Andesite lithics 0 1704 0.6 
Torlesse Iilhlcs 0 0 0 
Tuffaceous lithics 7.2 0 0 

Points 1000 1000 1000 

Surrey Hills Tuff T5255 T5257 Somers Rhyolite T5209 TS235 TS226 

Quartz 14.B lB.2 Quartz 2.B 8.2 9.6 
Sanldine 3.4 2.B Sanidine 9.4 12.6 12 
Plagioclase 0.8 0.6 Plagioclase 4.8 1.2 0.4 
Biotite 0.6 1.8 Biotite 0 1 004 
Garnet 004 0 Devitrified ground mass 83 77 77.6 
Glass matrix 69.6 68.6 
Devitrlned glass lOA 3 Points 1000 1000 1000 
Tuffaceous lithlos 0 5 

Points 1000 1000 
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