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ABSTRACT 

Within the bends region of the Alpine Fault two 

structural trends have been identified. These are a D1-D 2 
"R a n g ita t E. II t r end and a D 3 " K a i k 0 u r a tI t r end. The D 1 - D 2 

trend maintains a northeasterly strike of both bedding and 

S2 schistosity which is independent of the Alpine Fault, 

intersecting in such a way as to verge into the Fault from 

the south at an acute angle. lHthin the Glenroy section, 

the relative angle changes such that this trend approaches 

obliquely from the north. The D3 trend overprints D2 close 

to the Alpine Fault and is subparallel to the fault. 

Two metamorphisms (M 2 and M3 ) are identified, M2 

being associated with D2 and M3 with D3 • S3 schistosity, L3 

lineations and F3 folds are associated with strain in, and 

adjacent to the Alpine Fault Zone. 

There is no direct evidence that the Haast Schists 

slip around and past a fixed bend in the Alpine Fault Zone. 

The doubll~ bend of the Alpine Faul t is thus fixed wi th 

respect to the "Wairau Block" (that area between the 

Alpine/Wairau and Awatere Faul ts), and forms the leading 

edge of a wedge shaped body of Haast Schist and Torlesse 

Zone metasediments. 

L3 lineations including quartz rodding, trend and 

plunge at approximately 060/50 0 northeast. and are assumed 

to reflect the transport direction in non-coaxial 'plane 

strain within the Alpine Fault Zone. The Haast Schists are 

being thrust over the Western Province with the vector 

direction and rate of movement of the rock mass 'remaining 

relatively constant at all points around the curve of the 

Alpine Fault. 

Likely orientations of the XY plane of strain in the 

Alpine Fault Zone are discussed. It is concluded that a 

distinctly separate schistosity will not form unless 
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pre-existing metamorphic layering is suitably oriented with 

respect to the shear zone. Consequently, transition from M2 

(Rangitata Phase) schists to M3 (Alpine Fault generated) 

schists may be subtle and difficult to determine either in 

the field or in thin section. 

Rotation of the D2 structural trend by ductile drag 

on a macroscopic scale within the Alpine Fault Zone appears 

to be counterclockwise. This is to be expected if (as is 

the case :Ln the bends region) the early anisotropy has a 

more northerly strike than the convergence vector. 

Equal area projection plots of post-metamorphic 

brittle shear surfaces cluster strongly, defining dominant 

shear sets oriented west-northwest to northwest and 

east-northeast respectively. Those shears which strike 

northwest exhibit minor movement of sinistral sense, whereas 

those striking northeast show a dextral movement. No large 

brittle offsets have been demonstrated, and cumulative 

offset on these shear systems has not altered the gross 

structural trends. 

2 



CHAPTER ONE 

THE ALPINE FAULT PROBLEM 

1.1 THE ALPINE FAULT 

1.1.1 Introduction 

Although some matters concerning the Alpine Fault are 

s till qui te con ten t ious, a certain degree of con sensus has 

been reached as to the nature and history of this major 

tectonic feature. Unfortunately there have been no recent 

review papers. However, Cutten (1976) and Suggate (1963) 

provide access to most of the early literature. Naturally 

research on various aspects of the Indo-Pacific plate 

boundary has continued since 1976. The following is a list 

of the main problematical themes: 

(1) The history of lateral offset by the Alpine 

Fault and uspl ay " faults. 

(2) The importance of the Alpine Fault in the uplift 

history of the Haast Schists and Southern Alps. 

(3) The nature of the Fault Zone, 

attitude, movement mechanisms, 

orientation of the slip vector. 

it's width, 

and the 

(4) The contribution of the Alpine Fault to the 

Indo-Pacific plate boundary. 

Cutten (1976) defined five lines of enquiry into the 

movement history of the fault. These as well as several 

additional categories are outline here: 

3 



(a) Extrapolation into the past, of modern rates of 

movement on the Alpine Fault. 

(b) Displacement 

features 

mylonites. 

such 

by the 

as 

Fault system of 

lamprophyre dykes, 

older 

and 

(c) The ages of deformation structures associated 

with the Alpine Fault. 

(d) Potassium-Argon dating of the uplifted schists. 

(e) (i) The thermal regime of the Southern Alps. 

(ii) General theoretical work on shear heating. 

(f) Plate tectonics 

(i) Seafloor spreading and 

magnetic anomalies. 

(ii) General crustal stress and 

strain. 

(g) Geophysical profiling. 

(h) Contemporaneous sedimentation patterns. 

A selective history of the literature on the Alpine 

Fault is included prior to outlining several of the above 

categories. Potassium-Argon dating of the schists and shear 

heating are discussed in Section 4.6.2. Stress patterns and 

their significance are discussed briefly in Section 5.2. 

1.1.2 Early Recognition and the Question of the 

Attitude ~ the Alpine Fault 

Although credit for naming the Alpine Fault may go to 

Henderson (1937), itts earliest recognition as a major 

feature must date back at least to Morgan (1908) in the 

Mikonui subdivision. He termed it a "Great Fault", the 

geomorphic expression of which is termed the Gregory Valley. 

As to the nature of the Fault, Morgan wrote ••• "It may be 
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concluded that the uplift of the Southern Alps was largely a 

product of bodily forward movement of the folds up the 

incline plains of an overthrust fault." His cross section 

clearly shows this fault as a wide zone of intense shear. 

A structural break between the Arahura Series (Haast 

Schists) and the granites to the west was also suggested by 

Bell and Fraser (1906). This was recorded as a "Sinuous 

boundary line" ••• "constituting one of the most striking 

physical features of the region." 

Cox (1883) and McKay (1895) both noted that schists 

overlie marbles and slates in the Alfred River area, 

although no fault was recognised. 

It is rather curious that although the early workers 

recognised that schists lay above the rocks of the Western 

Foreland, this seems to have been either ignored or 

discredited by the next generation. One notable exception 

was J.T. Kingma (1959, 1974). 

It was not until 1942 that Wellman and Willet 

recognised the Alpine Fault as a continuous feature from 

Milford Sound as far north as Lake Rotoroa, and 1949 when 

Wellman, in an address to the Pacific Science Congress, 

postulated 480 kilometres of dextral strike slip movement 

along the fault. 

Over the ensuing years the Alpine Fault and related 

topics have been the source of considerable debate. The 

literatur'e to 1963 is reviewed by Suggate (1963). This 

summary produced no consensus and debate continued to rage. 

Ku pfer (1964) re-emphasized Morgan's view tha t the 

fault was a wide and complex zone of deformation, and also 

noted that very little information detailing this zone had 

so far been forthcoming. 

The first recognition of the Alpine Fault as a plate 

boundary is usually attributed to Le Pichon (1968). 
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However, this could also be awarded to Wilson (1963) who 

produced plate tectonics, all but in name, and mentioned the 

Alpine Fault-Macquarie Ridge system in this context. 

In 1953 Wellman catalogued all available data on 

fault attitudes and recent offsets for the South Island. At 

this time it was still thought that the Alpine Fault was a 

structure which dipped at a moderate angle to the southeast. 

However, by 1955 Wellman had altered his views and published 

a cross section showing the Alpine Fault to be vertical, a 

view which remained entrenched in the literature for many 

years. Sibson et al (1979) discuss the attitude of the 

fault and modify Wellman's cross section, significantly, 

returning to the view of a dipping fault of earlier years. 

1.1.3 The ~ of the Alpine Fault 

(a) Introduction 

In an historical context, the most vigorously 

contested aspect of the Alpine Fault is it's age. Debate 

has quietened somewhat of recent times as it is now 

generally accepted that the entire dextral strike slip 

displacement can be accommodated by Cenozoic tectonics. 

Most wor~ers now assign the maximum age at late Oligocene to 

early Miocene, although the process of initiation of the 

plate boundary through New Zealand may date back slightly 

further. 

6 

The age of the Alpine Fault is crucial to any 

tectonic model of the bends area, therefore it is useful to 

here outline some of the arguments present in the literature 

on the Fault. 

(b) Displacement h the Alpine Fault of Older 

Features 

On the basis of a 180-210 km separation of 

Mid-Cretaceous lamprophyre dyke swarms across the Alpine 

Fault in Westland, Wellman (1956), Grindley (1963) and 



Wellman 

maximum 

Alpine 

1964). 

and Cooper (1971) suggested this 

possible post Cretaceous dextral 

Fault (a hypothesis which Wellman 

recorded 

offset on 

had rejected 

the 

the 

by 

After examining the distribution of lamprophyre dykes 

in the South Island, Hunt and Nathan (1976) concluded " ••• 

Rather than a single belt of lamprophyre dykes, there 

appears to be a number of geographically distinct dyke 

swarms around source bodies inferred from magnetic 

evidence". Hunt and Nathan suggested" roughly 

synchronous emplacement of lamprophyre magma at widely 

separated localities" and saw no reason to conclude that the 

dykes can be used as structural markers for recording Alpine 

Fault movement. 

(c) Deformation Structures Associated with the 

Alpine Fault 

Grindley (1963) suggested that mylonites offset by 

the Alpine Faul t in Westland could be used as structural 

markers similar to the lamprophyre dykes. As the mylonites 

were thought to be Cretaceous is age, a maximum of 161 km of 

post Cretaceous offset was implied. 

Young (1968) considered the Fraser Formation of 

central Kestland to be part of the Alpine Fault Zone. Mid 

Cretaceous lamprophyre dykes which were seen to cut the 

Fraser Formation gave a minimum age of mylonitization. 

The significance of the Fraser Formation is still a 

matter of some contention. It has been shown by Rattenbury 

(1985) that Cretaceous dykes in the Fraser Formation cut 

gneisses rather than mylonites, and are themselves 

mylonitized, thus providing a maximum age of mylonitization. 

K-Ar dating indicates these mylonites are post Mi9-Eocene in 

age. Mylonites of the Fraser Formation could be either 

unrelated to the Alpine Fault, or represent a proto-Alpine 

Fault. There is no proof at this stage that mylonites of 

the Fraser Formation are part of the Alpine Fault Zone. 
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Kupfer (1964) and Sibson et al. (1979, 1981) show 

that the Alpine Fault is a narrow but complicated zone 1-1.5 

km wide. Reed (1964) identified three types of fault rock: 

(a) incoherent fault pug, fault breccia and shattered rocks; 

(b) coherent cataclasite, mortared and brecciated rocks; and 

(c) mylonite, augen mylonite, ultramylonite and 

blastomylonite. He associated groups (a) and (b) with 

Quaternary and late Tertiary movement phases, and group (c) 

with Jurassic to early Cretaceous movement. However Sibson 

et al. (1979) have shown that all three rock types have been 

generated since the beginning of the Kaikoura Orogeny, with 

mylonitic lineations subparallel to the present day 

Indo-Pacific plate boundary. 

8 

1.1.4 Total Offset and Movement Rates on the Alpine 

Fault 

Movement rates including both horizontal and vertical 

componen'ts, are relevant to models of the tectonics of the 

bends region. The Alpine Fault is recognised as an integral 

part of the Indo-Pacific plate boundary zone (Walcott, 1979) 

with crustal strain widespread and not confined to a single 

lineament. The Marlborough Faults are also an integral part 

of this zone although the age and early movement histories 

of these faults is not well understood. 

The most striking feature associated with the Alpine 

Fault is the 480 km strike separation of the Dun Mountain 

OphiolitE! and the Maitai Group. It should not be assumed 

that all rocks adjacent to the Alpine Fault have suffered 

this same displacement. 

M c' v em e n t rat e son the Fa u 1 t m u s t dec rea sen 0 r t h war d 

from the Taramakau River if current models of the plate 

boundary are credible. Alternatively the Alpin~ Fault must 

systematically absorb a large proportion of the strain 

recorded across the Marlborough Fault system. Therefore it 

follows that rates of movement on the north-south "Glenroy" 

or "Bends" section of the Alpine Fault are roughly 



equivalent to that on the Wairau Valley extension further 

northeast. If this is so then an interesting question 

arises: Have the Haast Schists of southeast Nelson suffered 

as large a displacement as the Dun Mountain Ophiolite and 

the Maitai Group. The answer must be, not necessarily. (see 

fig. 1.1). 

A number or factors are involved in the slowing of 

movement on the northern section of the Alpine Fault. These 

include: 

( 1) A bsorp t ion of strain by the Marl borough Faul t 

System (although how far back in time this can 

be projected is unknown). 

(2) Southward displacement of the Marlborough Fault 

system with respect to the Western Foreland. 

(3) Initiation of new Marlborough type faults under 

Canterbury as the Hikurangi Subduction Complex 

migrates southward. 

(If) General slowing of transcurrent movement by an 

increase in compression and reverse movement 

across the Alpine-Marlborough Fault System. 

9 

It. i s not jus t i f i a b let 0 ass u met hat the We s t ern 

Foreland can be regarded as a rigid block uninvolved in the 

plate boundary zone, however convenient it may be to do so. 

There is ample evidence of significant tectonic movements 

west of the Alpine Fault during the Kaikoura Orogeny (see 

Rattenbury, 1985; Campbell and Cutten, 1985; Berryman, 1980, 

as examples). 

Estimates of the actual movement rates at various 

localities on the Alpine-Marlborough Fault System have shown 

a variable but generally increasing trend since the Alpine 

Fault was "discovered" in 1942. An exhaustive review of the 

conflicting estimates is beyond the scope of this 

discussion. Walcott (1978) and Bibby (1976) estimated strain 
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rates across the "axial tectonic belt" (Walcott) at 4.5 x 

10-7/yr and 5!1 x 10- 7/yr respectively, up to 75% of which 

was located at the major faults (Walcott). 

Estimated cumulative horizontal displacement rates 

across the axial tectonic belt vary from 10!5 mm/yr to 35 

mm/yr (Wellman, 1985). Berryman (1979) favoured a 

cumulative rate of 25 mm/yr across the Marlborough Faults, 

3.8 mm/yr on +he Wairau Fault, and between 6.75 and 25 mm/yr 

for the central overthrust section of the Alpine Fault. 

1.1.5 Geophysical Exploration 2£ the Alpine Fault 

There have been a number of geophysical studies aimed 

at outlining the crustal structure of the South Island, and 

in particular the Indo-Pacific plate boundary. These 

include the interpretation of Bouguer anomalies from 

regional gravitational surveys, detailed investigation of 

gravity profiles at selected localities, and the 

interpretation of compilations of earthquake epicentre data. 

The seismic record is significant with respect to the 

Alpine Fault as there is a relative paucity of discrete slip 

even ts wh i ch ar e demons t rabl y associated wi th the Al pine 

Fault. This situation could either represent cyclical 

seismic activity at the Alpine Fault (and perhaps associated 

with a buildup in elastic strain) or it could reflect 

asiesmic strain in the Alpine Fault Zone and the Southern 

Alps. There is abundant evidence indicating that seismic 

slip postdating the last glacial period has caused the 

offset of glacial and post glacial geomorphic features. 

11 

Seismicity in the South Island is described by Smith 

(1971). Evison (1971), Scholz et a1. (1973), Davey and 

Broadbent (1980), Arabasz and Robinson (1976), Haines et al. 

(1979) and Hatherton (1980). 

Gravity investigations include those of Malahoff 

(1965), Hatherton and Hunt (1968), Woodward (1972, 1979) and 

Allis (1981). Hatherton and Hunt (1968) found that due to a 
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lack of density contrast across the Alpine Fault Zone it was 

not possible to determine the attitude of the fault zone at 

depth. Malahoff (1965) 

Ophiolite terminates 

found that where the 

against the Alpine 

Dun Mountain 

Fault (near 

Tophouse) there was sufficient density contrast to allow 

es tima tit)n of the at tit ude of the fa ul t plane. The figure 

obtained was 67 0 southeast. Both Woodward (1979) and Allis 

(1981) illustrated the Alpine Fault plane with dips of 

around 600 and 30 0 respectively. These two models were 

based on the regional Bouguer anomalies. Allis (1981) 

suggests substantial crustal underthrusting of the Indian 

Plate under the Pacific Plate along the Alpine Fault. 

particularly south of Mt Cook. 

In the southeast 

marked influence on the 

Nelson 

strike 

area topography exerts a 

of the Al pine Faul t which 

"V's" from ridge to valley indicating an easterly to 

southeasterly dip. 

1.2 OBJECTIVES OF THIS STUDY 

One of the most striking features on any topographic 

or geo 10 gic map of the South Is land is the Al pine Faul t. 

This lineament extends on land from Milford Sound in the 

south to Blenheim in the north and is essentially straight 

for most of it's length. However, in the present study area 

the strike swings through an angle of approximately 500 in a 

marked double be'nd. 

known. 

To the west of the bends the geology is now well 

East of the faul t however there has been little 

detailed mapping. Several authors have attempted to explain 

why there should be a bend in the Alpine Fault. None have 

been entirely convincing, partly due to a lack of in depth 

knowledge of the structure east of the fault. 

The aim of this thesis is to examine, in some detail, 

the structure of the basement rocks within that area 

immedia tE!l yeast of t he II Al pine Faul t bends". From thi s 



13 

THESIS AREA LOCATION DIAGRAM -
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basic data an attempt is made to describe the way in which 

these be~ds have affected the structure of the surrounding 

rocks, to model likely movement mechanisms on the fault 

itself, and to further discuss possible causes of the 

formation of the bends. 

The area mapped in this study lies some 25 kilometres 

sout heas t of Murc hi son, 15 ki lometres northeast of Springs 

Junction, and 140 kilometres north of Christchurch. 

Boundaries of the area coincide with the Alpine Fault in the 

west and north, the Spencer Mountains in the south and 

southeast, the Mahaunga range in the east, and the Sabine 

River in the northeast. This constitutes roughly the 

southwestern half of Nelson Lakes National Park. The 

approximate extent of the area is outlined on the location 

map (fig. 1.2). 

1.4 PHYSIOGRAPHY AND VEGETATION 

Topographic relief in the area is considerable. 

a minimum valley elevation of 1400 ft above sea level, 

mountains rise to a maximum of 7400 ft (Mt Ella). 

From 

the 

The 

region contains portions of the catchments of a number of 

rivers including: the Glenroy, Matakitaki, DtUrville and 

Sabine Rtvers draining to the north; the Alfred and Maruia 

Ri vers draining sou thwest; and Sheriff Ri ver, which drains 

towards the west. The landscape is quite clearly glacially 

moulded. On shaded slopes of the higher peaks snow may still 

lie all the year round. 

Ve geta tion cover is 0 f three main types. In low 

lying valleys, open grasslands are utilised by local 

farmers. Mountain Beech forest covers the remaining valley 

bottom a reas and the valley sides up to the bush 1 ine. 

Above the bushline, tussock grassland, unvegetated scree and 

bare outcrop dominates. 
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1.5 PREVIOUS WORK 

The first geological investigation of this part of 

the Nelson province was carried out by Julius von Haast in 

1861. With respect to the present study area Haast noted 

that the Spenser Mountains were composed of sedimentary 

strata which became more crystalline towards the core of the 

range. It shou ld be no ted tha t this su rve y was carr ied ou t 

under extreme physical hardship. No maps were previously 

available, these being drawn as the trip progressed, from 

high vant.age points, by Haast and his assistant Charles 

Burnett. 

T h ,e n ext ex p lor a t ion s 0 f not ewe r e car r i e d 0 u t by 

Herbert S. Cox in 1883. Rocks encountered in the present 

area include "foliated quartz schists resembling those of 

Otago". These were seen to extend little further north than 

the Matakitaki 

schists overlie 

river. Cox 

fossiliferous 

noted that the 

strata (Sheriff 

metamorphic 

and Alfred 

Rivers), and that greywackes at the head of the Tiraumea 

River overlie metamorphic crystalline rocks (Rotoroa Igneous 

Complex of Fyfe). He did not recognise the Alpine Fault, 

but did note a zone of soft mica and chlorite schists in the 

Alfred and Sheriff Rivers. These relationships are clear in 

two cross sections through this region. 

In 1895 Alexander McKay followed Cox in assuming the 

Paleozoic rocks of Springs Junction formed a continuous 

sequence with the mica schists east of the Alpine Fault. 

Although the fault is not recognised, it's trend can be 

recognised on McKay's map. 

FyEe (1929, 1930, 1968) described the geology of the 

Murchison Subdivision. The Wairau Fault is extended as far 

south as the Matakitaki river. Rocks equivalent to the 

Haast Schist and Torlesse Zones (of the Alpine Assemblage, 

Carter et al 1974) are assigned the local names Glenroy and 

Mt Robert Series respectively. Following Cox (1883), the Mt 
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Robert SE!ries is seen as unconformable upon the G1enroy 

Series. That section of Fyfe (1968) dealing with the 

petrology of the Mt Robert Series and G1enroy Series, was 

wr it ten by J. J. Reed, who eq ua ted these rocks wi th the 

Alpine Fe1dspathic Association of Wellman (1952). The 

mapping for Fyfe (1968) was completed by 1936. Reed (1958) 

recognised no unconformity between Mt Robert and G1enroy 

Series rocks. He identified a "thick succession of 

alternating greywackes, argillites, and rare conglomerates 

extending from Lewis Pass to Lake Rotoi ti" which "grade 

westward with increasing metamorphism into fully 

reconstituted quartzofe1dspathic schists, chlorite schists, 

and actinolite schists". Within· the schists he mapped 

chlorite, biotite, and garnet zones (garnets were also noted 

by Cox 1883), the chlorite zone being subdivided into Ch11, 

Ch12, and Ch13 subzones of Hutton and Turner (1936). 

Bowen (1964) compiled the New Zealand Geological 

Survey meip at 1: 250 t 000 Sheet 15, Buller from previously 

published and unpublished surveys. Additional surveys were 

also carried out. He incorporated structural data not seen 

in either Fyfe (1968) or Reed (1958), and also modified the 

position ~f Reed's isograds. 

Adamson (1966) mapped the area roughly bounded by the 

Alpine Fault, and the G1enroy and Matakitaki Rivers. Some 

structural data from the schists were recorded for the area 

about the junction of Nardoo Creek and the Matakitaki River. 

Sh,!'!ppard, Adams, and Bird (1975) dated schists from 

the Upper G1enroy Valley and Branch Creek, Matakitaki River 

at the Alpine Fault, and the D'Urville River. From the 

distribution of K-Ar ages obtained, Sheppard et a1. 

concluded that an uplift phase commenced 4t2 m.y. ago, with 

argon outgassing at this time, possibly due to shear heating 

on the Alpine Fault. 

Turnbull and Forsyth (in press) mapped the area 

between the Alpine Fault, the Maruia River, and the Traverse 

Range during the 1982/83 field season. This work was aimed 
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towards elucidation of the structure of the region. One of 

the main findings was the identification of two metamorphic 

events, one of which they relate to movement on the Alpine 

Fault. Various aspects of the work of Turnbull and Forsyth 

are discussed in the main text of this thesis. 
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CHAPTER TWO 

LITHOLOGY 

2.1 MAP UNITS BASED ON THE DEVELOPMENT OF METAMORPHIC 

FABRIC 

2.1.1 Introduction 

There is still some dispute as to the nomenclature 

which should be used in high level classification of the 

main units of the "New Zealand Geosyncline". For the 

purposes of this thesis the terminology of Carter et ale 

(1974) has been adopted. The Torlesse (greywacke) Zone and 

Haast Schist Zone of the Alpine Assemblage are here 

separated by the Textural Zone I/IIA isotect. Division 

along this line is purely arbitrary, many sedimentary 

structures still being visible inside the Haast Schist Zone. 

Ir.. the field the rocks were descri bed in terms of 

their metamorphic textural development, the attitude of one 

or more schistosi ty planes, the presence or absence of key 

metamorphic minerals, their primary lithological character, 

and wher.:~ possible, the facing direction and attitude of 

bedding. 

2.1.2 Textural Zonation Scheme (after Bishop 1972) 

This scheme was adopted as the means by which general 

development of metamorphic foliation was identified. It is 

based on the degree to which medium grained sandstone has 

developed a metamorphic fabric. 

Textural Zone I Indurated sandstone with no 

metamorphic fabric. Hand specimens show no tendency 

to split in any preferred direction. 
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Textural Zone IIA - Metasandstones bear a spaced or 

we·ak moderately developed slaty cleavage and have a 

t e~ n den c y t 0 s p lit par a 11 e Ito it. 0 rig ina I g r a i n 

boundaries are indistinct. 

Textural Zone lIB - Slaty cleavage is penetrative and 

tte rocks usually split parallel to it. Segregation 

laminae are not developed. 

Textural Zone IlIA Metasandstone is strongly 

schistose and fine grained with incipient leucocratic 

segregation laminae 1 to 10 mm long. 

Textural Zone IIIB - Strongly schistose rocks with 

thin segregation laminae less than 2 mm thick and 10 

mOl or more in length. 

2.2 PRIHARY LITHOLOGIC CHARACTER OF THE HAAST SCHIST 

AND TORLESSE ZONES 

The immediate appearance of the rocks of this area is 

that of fairly typical metasediments of the Haast Schist and 

Torlesse Zones. In the southwest portion of Nelson Lakes 

National Park, there is an unusually large proportion of 

pelitic :::,ocks. Overall, the ratio of pelitic to psammitic 

rocks is around 1:3 but, in the west particularly (Textural 

Zones lIB to IlIA), the ratio is somewhat higher. 

In general, strata strike consistently northwest and 

dip e i t h I:! r s tee ply sou the a s tor nor t h we st. Tho s epa c k age s 

which are rich in metapelite tend to exhibit a more subdued 

topographic expression than those rich in metapsammite~ the 

latter being more resistant to weathering and erosion. 

Compositionally these rocks are similar to those of 

the Alpine Assemblage elsewhere in the Southern Alps. Reed 

(1958) analysed weight percentages of the various oxides in 

nine quartzofeldspathic samples from southeast Nelson. These 
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were shown to be very similar to samples previously analysed 

from other parts of the Alpine Assemblage 

Even in the lower textural grades 

recrysta11isation, and deformation of 

monocrY9ta11ine feldspar grains, and 

crystallisation, 

the 

the 

matrix, of 

fe1dspathic 

component of the lithic grains, 

boundaries difficult to distinguish. 

make original grain 

Distortion of the 

quartzose component by recrysta11isation and pressure 

solution also presents problems. Therefore it was deemed 

unrealistic to attempt precise arenite classification. 

During mapping a loose subdivision of these 

metasediments into sedimentary associations was useful. The 

associations are: (1) massi ve/very thick bedded sandstone; 

(2) Thin bedded association; (3) mudstone siltstone 

association; (4) conglomerates. 

A second subdivision was made on the basis of overall 

composition into: (1) Grey quartzofe1dspathic metasediments 

and (2) Grey-green to green clastic metasediments. This 

subdivision will be discussed under metamorphism. 

In the higher textural grades pe1ite and psammite are 

distinguished by difference in grain size (although the 

original grainsize 

contrast due to 

can only be estimated) and by colour 

the presence or absence of relict 

carbonaceous material. 

2.3. SEDIMENTARY ASSOCIATIONS 

2.3.1 Massive and Very Thick Bedded Sandstone 

Association 

Included within the massive sandstone association are 

those strata in which pelite is either absent, or forms only 

a minor proportion of the total thickness. With few 

excepticns, bedding planes are not visible unless pelitic 

horizons are present. In rocks of low textural grade, the 
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massive sandstone association is dominated by medium to 

coarse grained sandstones. As a mapping unit at 1:25,000, 

areas shown as massive sandstone may include horizons 

composed of mudstone-siltstone association, and of thin 

bedded association. 

By comparison with other regions, it is inferred that 

this association was deposited by mass flow mechanisms under 

the influence of gravity, and represents deposits proximal 

to the mass flow source. 

2.3.2 Thin Bedded Association 

The thin bedded association (see fig. 2.2) is 

characterised by interbedded sandstones, siltstones, and 

mudstone. In general, the psammite to pelite ratio is 

between 3:1 and 1:3. The attitude of bedding can be reliably 

measured at most localities outside the TZ-IIIA isotect. Bed 

thickness is variable from around 2-3 cm to 1 m. The most 

common grainsize for sandstone is fine, coarse sands being 

rare in this association. Fining and coarsening sequences 

are common, as this association is often transitional into 

either the mudstone-siltstone association, or the massive 

sandstone association. Thin bedded association can also 

grade laterally into either mudstone-siltstone, or massive 

sandstone associa tion. FI ysch like sequences are not 

uncommon, and at some localities Bouma B to E sequences are 

still preserved. The mapped association contains occasional 

thicker sandstones and mudstones, which owing to scale, 

cannot be separated out. Depositional mechanisms are assumed 

to be similar to those of the massive sandstone association, 

only more distal, and with significant fine-grained 

background sedimentation. 

2.3.3 Mudstone/Siltstone Association 

This association is characterised by massive and thin 

bedded mudstone and siltstone with layer spacing from less 

than 1 mm to 5 cm. Interspersed within this association 

there may occur occasional packages of the massive 



FIG. 2. 1 
Deformed clast-sup
ported conglomerate 
from the Ella Range 
2 km north of Mt 
Watson (M30 4750 
9120). Flattening 
is grainsize sensitive 
Coarse grained plutonic 
cobbles are the least 
deformed and are often 
offset by brittle shear 
planes which do not-ex
tend through the sur
rounding pebbles. 

FIG.2.2 Typical thin bedded association of TZ lIB in the 
Upper Glenroy Valley. Metric grid reference M31 4595 8820. 
Note the small sinistral fault with an offset of approximately 
20 cm. 
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FIG. 2.3 Thin section (UC10657), TZ IIA chipwacke. Components 
include mudstone, siltstone and very fine sandstone fragments, 
chert, strained and unstrained quartz, polycrystalline quartz 
and feldspar grains. Metric grid reference M30 4732 9001. 

FIG. 2.4 Mudstone rip-up breccia, TZ IIA semischist. Mudstone 
clasts are aligned with their lGng and intermediate axes within 
the plane of bedding (and schis1~osity). The clasts are embedded 
in a matrix of coarse to granulclr sandstone. Metric grid reference 
M30 4735 9001. 

24 
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sandstone, or thin bedded associations. Mudstone-sandstone 

associations can pass gradationally into the thin bedded 

association both laterally, and stratigraphically up or down 

sequence. 

This association exhibits a rather dark grey to black 

colour due to the large component of unabsorbed carbonaceous 

material, and fine iron rich opaques. Some outcrops have a 

reddish colouration due to the oxidation of iron rich 

minerals. 

To the west of David Saddle, and through David Saddle 

(Turnbull and Forsyth, in press), Torlesse metasediments and 

mudstone-siltstone association in particular, often have a 

rather green colouration. A significant change in the type 

of sediment supplied for an unknown length of time, may be 

the cause. The mineralogy of these green rocks suggests a 

contrast in chemical composition between these green 

phyllites and the more widespread grey metasediments. 

Individual examples of the mudstone-siltstone 

association are up to 700 m in thickness, as seen in the 

upper reaches of Burn and Junction Creeks. Several examples 

are laterally continuous over distances as large as ten 

kilometres. This association covers no less than one fifth 

of the total area mapped. 

Depositional mechanisms are not known, but may 

include sedimentary gravity mass flow, working by traction 

currents, and background pelagic sedimentation. 

2.3.4 Conglomerate 

The most distinctive marker horizons of this region 

are those in which conglomerate is a significant component. 

Conglomerate only occurs in sequences rich in coarse 

granular sandstone, al though mudstone can be a subsidiary 

component. 
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No premetamorphic internal structure has been 

recognised within conglomerate horizons. Cobbles and 

pebbles are invariably flattened and elongated in the plane 

of schistosity. 

Several varieties 

within the field area. 

mudstone ripup breccia; 

supported conglomerate; 

and (d) pebbly mudstone. 

of conglomerate are recognised 

These are: (a) chipwacke and 

(b) pebbly sandstone and matrix 

(c) clast supported conglomerate; 

(a) Chipwacke (fig. 2.3) and ripup breccia (fig. 

2.4). - The matrix is always medium to coarse 

sand enclosing large penecontemporaneous 

mudstone clasts. The coarse sand fraction is 

well rounded where it can be seen in rocks of 

low textural grade. Mudstone clasts are 

invariably angular, and generally matrix 

supported. They are elongate parallel to bedding 

with internal layering parallel to external 

bedding and the long axes of the clasts. 

Occasional folds within individual clasts have 

been observed. The matrix itself appears to be 

transitional into pebbly sandstone in some 

instances. These features indicate high energy 

processes were involved in the origin of the 

mudstone clasts, probably including scouring 

during mass flow of coarse sandy material. 

(b) and (c) Pebbly sandstones, matrix supported 

conglomerate, and clast supported conglomerate. 

These lithologies occur in association and 

appear to be transitional, each into the others, 

and into coarse to granular sandstone. Cobbles 

and pebbles in conglomerate of this type are 

always well, to very well rounded. Pebble . -
lithologies include both acid and basic 

pI u tonics, pro ba b Ie basic vo lcanics altered to 

greenschists, vein ,quartz, as well as the more 

numerous grey sandstone, siltstone, and mudstone 
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lithologies. Clast supported conglomerate is 

illustrated in figs. 2.1, 3.6 and 3.7. 

(d) Pebbly mudstones - This 1i tho1ogy consists of 

dark masssive mudstone with scattered flattened 

pebbles, and was noted at one locality only. 

Here it was associated with clast supported 

conglomerates (fig. 3.7). 

The dominant conglomerate lithology encountered was 

the clast supported variety. Proportions of each type are 

difficult to estimate as conglomerates were found in situ 

only at a small number of localities. Average diameters of 

cobbles in the clast supported conglomerates are 3-5 cm. The 

largest individual clast observed was approximately 20 x 15 

cm in the plane of observation. 

In all cases the conglomerates appear to have been 

deposi ted by mass flow mechanisms. No channel scours have 

bee nob s E! r v e d • A con g 10m era t e b ear in gun i tis con tin u 0 us 

along strike for at least five kilometres on the range 

separating Burn and Branch Creeks. This conglomerate almost 

certainly extends into Junction Creek as float was noted in 

the lower reaches. Lateral persistance on this scale may 

indicate sheet flow conditions. 

Conglomerate appears to grade laterally into massive 

medium and coarse sandstone between Mt Watson and the Mole 

Tops. 

2.4 AGE AND DEPOSITIONAL ENVIRONMENT 

Processes associated with metamorphism have obscured 

much of the small scale sedimentary structure, therefore 

environmental interpretation is necessarily limited. 

However, some inferences can be made. 

The nature of the sedimentary associations, the 

intimate relationships between individual packages of each, 
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and the probable dominance of sedimentary mass flow 

mechanisms under the influence of gravity indicate a 

subaqueous environment of deposition. Such features as 

already clutlined are all common to a deep sea fan setting 

similar to that outlined by Walker (1979). Several workers 

concerned with the origin of the Torlesse have suggested a 

similar setting. These include MacKinnon (1980, 1983), 

Carter et al. (1978), Howell (1981), Webby (1959) and Hicks 

( 1981) • Other s have shown that not a 11 of the Torlesse 

sediments were deposited in deep water. including Andrews 

(1974), Andrews et al. (1976), Beggs (1980), Bradshaw 

(1972), s.nd Brodie (1953). The problems of provenance and 

environment of deposition of the Torlesse are outside the 

scope of this project. However composition of conglomerates 

does indicate that a significant component of the sediments 

was of sialic continental derivation. 

No fossils have been identified within this study 

area, nor any evidence of bioturbation. Torlessia has been 

identified from immediately south and east by G. McLean 

(pers. comm.) and to the northeast by J.K. Campbell (pers. 

comm.). This suggests an Upper Triassic age for these 

rocks. 

2.5 THE HAAST SCHIST ZONE 

By definition the Haast Schist Torlesse zonal 

boundary is' the TZ-I/IIA isotect. This position is 

arbi trary as there is nei ther a struc tural break, nor a 

fundamental change in rock composition, nor geological 

history across the boundary. An east to west traverse of 

the TorlE!sse and Haast Schist Zones is a prograde section 

t h r 0 ugh me t a sed i men tan d r are me t ab a sit e s 0 f 

pumpellyite-actinolite, greenschist and amphibolite facies. 

The main changes associated with increasing textural 

grade are! the attenuation and progressive transposition of 

bedding into schistosity, the loss of delicate sedimentary 

structures, and thus of younging, progressive increase in 
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the development of mineralogic segregation and increasingly 

common mesoscopic folding. Also loosely associated with 

increasing textural grade are changes in the dominant 

mineral assemblages (Section 3.1.2). As metamorphic grade 

inc rea s e3 new minerals crystallize , including actinolite, 

biotite, garnet, hornblende and oligoclase. Crystallization 

of new phases is accompanied by the replacement of others 

ego pumpellyite, actinolite, stilpnomelane and detrital 

plagiocL~se • 

2.5.1 Lithologies 

During fieldwork the Haast Schists were subdivided 

informally, into grey schist and greenschist. Unlike the 

division between the Haast Schist and Torlesse Zones, this 

classification is based on fundamental compositional 

differences. Classification into greyschist and greenschist 

also transcends the sedimentary associations, as no 

difference in either mechanisms or environment of deposition 

is imp 1 i .~ d • 

(a) Greyschist 

By volume grey schist constitutes the bulk of the 

Haast Schist Zone in this region. Greyschist includes rocks 

of all four sedimentary associations previously described. 

In this region, lateral stratigraphic continuity is most 

clearly demonstrated in grey schist of TZ-IIB between Mt 

Maling and Junction Creek. Here exposure is good due to 

high el,evation, steep relief and a relatively small 

proportion of bush cover. 

Compositionally the grey schists are broadly quartzo

feldspathic. Analyses of the weight percentage of the 

various I)xides by Reed (1958) shows Si0 2 in the range 64-78 

%, A1 20 3 11.4-18.03 %, FeO 2.34-5.04 %, Na20 1.10-5.7 %, K20 

0.3-4.93'~ and variable proportions of the other main oxides, 

although never greater than 4 %. Molecular norms are in the 

range qtz 24.3-36.0 %, or 1.5-31.0 %, ab 10.5-40.5 %, an 

2.5-10.0 %, c (corundum) 1.0-10.9 %, en 4.0-6.4 %, fs 
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1.4-6.2 %, with variable proportions of the remaining 

normative minerals, but all less than 2 %. 

(b) Greenschist 

Greenschist is limited in distribution and forms a 

much smaller proportion of the total rock volume than does 

greyschist. As with the greyschists attenuated bedding can 

be seen, indicating a sedimentary origin. Overall 

composi ti.on suggests these metasediments are of andesitic 

volcanoclastic derivation. Contacts between greyschist and 

greenschist are not obviously tectonic. In several 

instances segregation laminae and schistosity were observed 

to run parallel to the contact for distances of several 

metres (the limit of exposure). Here any tectonic 

juxtaposition must be pre-metamorphic. In that area between 

Mt Dorothy, Downie Creek, and David Saddle, green 

quartz-poor metasediments are in conformable sedimentary 

contact with grey quartz-rich metasediments. 

Generally the greenschists are characterised by much 

lower quartz content and higher albite, epidote and chlorite 

contents when contrasted with the greyschists. Reed (1958) 

performed analyses of the major oxides and normative 

analysis on three "chlorite" schists from the Haast Schists 

of southeast Nelson. Weight percentages of the major oxides 

are: Si02 52.5-58.4 %, A1 20 3 12.1-18.5 %, Fe203 2.94-8.7 %, 
FeO 4.48-8.80 %, MgO 1.69-7.0 %, CaO 2.5-6.26 %, with 

variable proportions of the other oxides, all less than 5 %. 

Molecular norms are in the range qtz 12.9-20.6 %, or 

2.0-12.0 %, ab 19. -39.5 %, an 12.5-29.5 %, fs 2.0-8.2 %, mt 

3.3-9. 8 ~~. 



CHAPTER THREE 

Dl AND Q2 DEFORMATION 

3.1 METAMORPHISM 

3.1.1 Introduction 

T~o metamorphic events have contributed to the 

formation of pumpellyite-actinolite and greenschist facies 

schist of the Haast Schists in this region. Turnbull and 

Forsyth (in press) were first to recognise the existence of 

two schistosities, and related the second of these to the 

Alpine Fault metamorphism. Sheppard et al. (1975) suggested 

that shear heating on the Alpine Fault was responsible for 

outgassing of radiogenic argon and the observed K/ Ar age 

pattern. There is a general pattern of increasing age with 

distance from the Alpine Fault. 

o Y' i gin all y R e e d (1 9 5 8 ) r e cog n i sed 0 n 1 yon e ph a s e 0 f 

metamorphism (Triassic-Jurassic). However, Reed's work was 

petrographic rather than structural and his sample density 

in the Glenroy Valley, where the obliquely intersecting 

surfaces are most obvious, was sparse. 

The early (M 2 ) event was a regional metamorphism 

associatE!d with compressive tectonics probably during latest 

Triassic and early Jurassic times. M3 was dynamothermal in 

nature, and was associated with deformation in the Alpine 

Fault Zone. Two isograds (biotite and garnet) and three 

isotects (TZ-I/IIA, IIA/IIB, and IIB/IIA) were mapped. 

These surfaces represent a combination of the influence of 

both metamorphisms. The isograds are significantly modified 

with respect to those of Reed (1958), Bowen (1964) and 

Turnbull and Forsyth (in press). 
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It should be noted that the chlorite zone includes 

rocks of both pumpellyite-actinolite and greenschist facies. 

The Facies boundary is not defined in terms of mineral 

isograds or isotects used in this study. 

3.1.2 Petrography 

The results of petrographic work undertaken in this 

study are in broad agreement with those of Reed (1958). In 

the field, the metasediments of this region were subdivided 

into quartz rich grey schist and quartz poor greenschist. On 

the basis of thin section petrography the dominant mineral 

assemblages within the chlorite, biotite and garnet sones 

were identified. In the chlorite zone the dominant 

assemblage is quartz-albite-sericite-and the epidote family. 

Minor minerals include chlorite, pumpellyite (Reed, 1958), 

allanite. piemontite, sphene, zircon, tourmaline, 

actinolite, haematite, apatite, magnetite, illmenite, 

stilpnomelane, calcite and carbonaceous material. 

In the biotite zone the dominant assemblage is 
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quartz-albite-muscovite-chlorite 

biotite. Minor minerals include 

or 

all 

the epidote 

those of the 

family,:!;: 

chlorite 

zone except pumpellyite, as well as occasional apatite. 

In the garnet zone the dominant assemblage is 

epidote- albite-Quartz-chlorite or biotite, ! garnet and/or 

hornblende. Minor minerals include oligoclase, sphene, 

zircon, tourmaline, calcite, apatite, magnetite, illmenite, 

haematite, and carbonaceous material. Most of the 

greenschists sampled also lie within the garnet zone. The 

dominant assemblage in the greenschists is 

epidote-chlorite-albite-quartz-muscovite, t hornblende 

and/or garnet. Minor minerals include calcite, magnetite, 

illmenite, haematite, sphene and biotite. 



3.2 NOMENCLATURE OF DEFORMATION 

The Haast Schists of southeast Nelson have been 

subjected to 

Correlation of 

a 

the 

multiphase deformational 

timing of structural events 

history. 

wi th the 

schists of Marlborough and Otago and the Southern Alps is 

no tat tempted. However. the termi no 10 g Y ad opted f or this 

study is similar to that used by McLean (1986) for the 

adjacent Lewis Pass area. 

Deformational 

Period 

TERMINOLOGY 

Metamorphism Schistosity 

S2 

S3 1 brittle 

shear fabric 

Folds 
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In this scheme there is no Ml event. M2 being the 

first recognised metamorphism. Therefore there is no SI 

schistosity. S2 being the first recognised. For the 

purposes of discussion in this thesis the D4 deformation of 

McLean (1986) is included in D3 • Therefore D3 here includes 

F 3 • F4 • S3 and S4 of McLean. S4 is equivalent to the late 

brittle shear fabric described in this study. These four 

features appear to be forming synchronously but at different 

structural levels within the Alpine Fault Zone. therefore F4 

and the brittle shear fabric overprint F3 and S3 (as .uplift 

and unroofing cause the downward migration of the brittle 

fie 1 d t h l' 0 ugh the roc k mas s ) • 



} 
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3.3 DEFORHATION ASSOCIATED \HTH THE Q1 AND D2 EVENTS 

3.3.1 The Ql-2 Structural Grain 

The D2 structural grain (see fig. 3.2) runs 

northeast-southwest and is largely unaffected by the Alpine 

Fault on a regional scale. In the south across Trig FZ Ridge 

D2 structures parallel the Alpine Fault, trending at 

approximately 030 0 • Northward across the upper Glenroy 

River D2 structures swing clockwise through an angle of 

10-15 0 to a northeasterly trend which is maintained 

throughout the remainder of the region outside of the Alpine 

Fault Zone. Thus the D2 trend approaches the north-south 

Glenroy section of the Alpine Fault obliquely from the 

northeast. D2 structures include S2 schistosity, the 

attitude of bedding, F2 folds in bedding, and the TZ-I/IIA 

and TZ-IIA/IIB isotects. 

The attitude of S2 is only casually related to the 

trend of M2 isotects. Where the isotects swing from 

northeast to east-northeast in S2 schistosity does not, 

crossing these at an acute angle. Strain in metamorphism 

has not )roduced large rotation of the stratigraphy in the 

horizontal profile. Stratigraphy runs uninterrupted along 

strike through the TZ-IIA and TZ-IIB isotects. It appears 

likely that bedding had suffered sufficient rotation prior 

to metamorphism such that it lay dominantly within the 

extensional field of M2 strain. Bedding is oriented 

subparallel ·to schistosity generally, therefore its early 

rotation occurred about an axis which lies within the S2 

plane. M.;iC roscopi c reversa Is of young i ng are present. The 

possibility of macroscopic F2 folding and/or pre F2 folding 

is discussed in Sections 3.5.1 and 3.5.4. Structural 

stacking by tectonic sliding may have been important in 

deformat:Lon prior to metamorphism, although no slides have 

been identified in this study. Turnbull and Forsyth (in 

press) describe a tectonic slide in the Spenser Mountains, 

just outside this study area. 
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FIG. 3.2 Panorama illustrating the structural trend (D ) in the upper reaches of Burn 
Creek. The view is from Emily Peaks, looking southwest towar~s the Matakitaki-Glenroy 
Divide. Strike ridges which reflect a combination of S2 schistosity, sedimentary strati
graphy and late brittle shear surfaces are prominent in this and other parts of the study 
area. Ridges and depressions are cored by metapsammite and metapelite respectively. 
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In adjacent 

folding and early 

areas macroscopic 

faulting/tectonic 

tight to isoclinal 

sliding have been 

identified (see Johnston, in press; Turnbull and Forsyth, in 

press; Campbell and McLean, 1985). Axial planes of these 

folds and axial planar cleavage are roughly on strike with 

the S2 surface in this study area. 

So~e water polished stream exposures in Sunset Valley 

and Burn Creek exhibit structures which appear to predate S2 

schistostty 

association. 

particularly 

Small rootless 

in the 

meso scopic 

mudstone-siltstone 

folds, brittle and 

brittle-ductile shears appear to be related to 

syn-sedimentary deformation and are included within D1 • 

3.4 M2 METAMORPHISM 

3.4.1 Introduction 

M2 metamorphism is responsible for development of the 

bulk of the pumpellyite-actinolite and greenschist facies 

Haast Schist of this region. Those rocks deformed in M3 

metamorphism were crystalline M2 schists of TZ-IIB and 

higher prior to M3 • 

Structural relationships suggest that M2 is 

to deformation during the Rangitata I Orogeny (of 

et a1., 1980). This is supported by K/Ar dating by 

et a1. (1975) in this region. Ages range from 6 

related 

Bradshaw 

Sheppard 

to 143 

m.y., and increase with distance away from the Alpine Fault 

and the zone of M3 metamorphism. 

S2 schistosity is the dominant surface east of a line 

defining the eastern limit of F3 folding (fig. 3.1) first 

described by Turnbull and Forsyth (in press). Schists in 

which S2 is the only penetrative schistosity reach biotite 

grade in mineralogy. In a few samples biotite is being 

replaced by chlorite, although only in a small percentage of 

grains. Retrograde metamorphism in M2 schists is .rare and 

may relate to M3 overprint. 
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3.4.2 Development £i ~2 Schistosity 

One of the major effects of M2 metamorphism was the 

formation of S2 schistosity. Development of this 

penetrative surface is closely associated with finite strain 

in M2 • The textural zonation scheme is a system whereby 

schists may be subdivided into mappable units, and is based 

on the progressive development of schistosity. Thus 

increasing textural grade reflects increasing finite strain 

(see Section 3.5), cf. Norris and Bishop (1985). 

Precesses involved in the development of 

schistosity include crystallization, recrystallization, 

pressure solution and possibly grain boundary sliding. S2 

is first seen in mudstones of Textural Zone I, as a weak 

slaty cleavage. Sandstones may display a weak fracture 

cleavage. Across the TZ-I/IIA isotect S2 becomes a more or 

less penetrative slaty cleavage. In TZ-IIA individual sand 

grains have suffered little strain or pressure solution. 

Unstable grains such as plagioclase are often replaced by 

sericite, chlorite and epidote. Similarly the fine grained 

matrix in sandstone is totally reconstituted into sericite, 

chlorite and epidote in TZ-IIA. Schistosity is defined by 

pressure solution lamellae, and preferred orientation of 

sericite. Pressure solution lamellae are surfaces of 

concentration of residual carbonaceous material and other 

opaques such as haematite, magnetite and illmenite. Quartz 

grains are not generally recrystallized (other than that 

inherited from metamorphic rock fragments). Pressure 

solution along S2 cleavage planes and the development of 

pressure shadows tends to give quartz grains a slightly 

elongate shape parallel to S2' Schistosity planes wrap 

around and anastomose between sand grains, as does the 

preferred orientation of sericite grains. Sericite in 

pressure shadows and replacing unstable grains tends to show 

little dimensional preferred orientation. 

Although development of 52 is more rapid in mudstone 

than sandstone, the same processes operate. Finer grainsize 
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and more carbonaceous-micaceous composition make the above 

processes more effective in mudstone. 

Deformation is more intense with increasing textural 

grade. In TZ-IIB individual sand grains are less distinct. 

The S2 surface is still best defined as slaty cleavage. 

Pressure solution of quartz grains is more advanced and 

pressure shadows more pronounced, often linking sand grains. 

Quartz veins are strongly deformed (see Section 3.5.2). 

Small folds of bedding are tight to isoclinal with 

attenuated limbs (e.g. UC10647, UC10653, UC10665). Rotation 

of quartz veins, deformation of conglomerate cobbles, and 

microfabric, together indicate that S2 schistosity formed 

parallel to the XY plane of finite strain during coaxial 

deformatton. 

Processes in TZ-IIA and lIB are dominated by 

grainsize reduction, grains being restricted to the 

dimensions of spacing of S2 schistosity planes. In TZ-IIIA 

compositional layering has developed, usually as attenuated 

and boudinaged quartz veining, or as grain aggregates linked 

by pressure 

difficult: to 

shadows. Metapsammite and metapelite are 

distinguish, although the higher carbonaceous 

content of metapelite tends to give it a darker colour. 

There is evidence of strongly non-coaxial deformation 

in the M~ microfabric. In particular quartz aggregates show .. 
little tendency to develop any marked degree of 

crystallographic preferred orientation. 

The progressive development of S2 schistosity in this 

study area is similar to that reported from the Martinsburg 

formation in Eastern Pennsylvania by Woodland (1982). 

3.4.3 Biotite "Cross Mica" Fabric 

The biotite isograd is located approximately in the 

centre of Textural Zone lIB. In the area between the 

biotite isograd and the eastern limit of F3 folding, biotite 

crystals in metapsammite show a remarkable lack of 
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dimensional preferred orientation. This "cross mica" fabric 

is the result of a single period of nucleation and growth, 

and is defined by long axes and basal planes of biotite 

oblique to Sl schistosity. Features which recur in all 

samples exhibiting this fabric include: 

(a) Well developed dimensional and crystallographic 

preferred orientation (parallel schistosity) 

where S2 is closely spaced, especially in fine 

grained samples. 

(b) Poor dimensional and crystallographic preferred 

orientation in coarse grained samples, and in 

particular within quartzose domains between 

schistosity planes. Basal sections of biotite, 

giving good optic axis figures, are common in 

thin sections perpendicular to schistosity. 

(e) There is no preferred sense of vergence between 

basal planes of biotite and Sl schistosity. 

(d) There is evidence of basal slip in some biotite 

crystals with basal planes oblique to S2. 

(f~) Biotite is most common close to the edges of 

quartzose domains, and close to well developed 

schistosity planes which anastomose about the 

quartzose domains (fig. 3.3). 

(f) Where the basal planes of biotite are oblique to 

schistosity these terminate against schistosity 

without crossing it. This is part of the 

evidence for pressure solution on schistosity 

planes. 

The S2 surface was active during nucleation and 

growth of biotite in these schists. There is no clear 

evidence of simple shear 

Crystallographic orientations 

parallel to 

displayed 

schistosity. 

biotite could 

indicate slightly mimetic growth during a low strain thermal 
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FIG. 3.3 Thin section (UC 10664). Biotite "cross mica" 
fabric in metapsammite of TZ lIB. UCI0664 was collected from 
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the ridge separating the catchments of Burn Creek and the Glenroy 
River (metric grid reference M30 4621 8943). Plane polarized light. 
Field of view 2.5 x L 7mm. 



FIG. 3.4 
F folds in TZ IIA mud
sfone-siltstone associa
tion between the Mataki
taki River and its 
stern branch. The pencil 
is aligned vertically 
parallel to the F2 axial 
plane and approximately 
normal to the fold axis. 
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FIG. 3.5 F folds in Burn Creek. Vertical S3 schistosity is 
axial planar fo the folds with fold axes sub-horizontal and parallel 
to the direction of view. Note that graded bedding is still pre
served in these TZ lIB semischists. 



M3 overprint. Associated reactivation of the S2 surface (see 

Section 4.4.3) would inhibit the extension of basal planes 

across S2 schistosity. It should be noted that biotite is 

not common in TZ-IIB schists of other regions [exception -

Murray Hawkes, 1980] underlain by Haast Schist. 

A list of samples which display typical "cross mica" 

fabric is included on Table 1. Cross micas can be seen in 

figs. 3.3 (UCI0664). 

3.5.1 F2 Folding In Bedding 

Strain in D2 is recorded primarily by 52 schistosity. 

The S2 surface is axial planar to F2 folds (see figs. 3.4 

and 3.5), although it is not restricted to those localities 

with mesascopic folding. Folding is poorly developed for the 

most part, although F2 folds occur throughout the study 

area. F2 folds are most common in the west where the 

textural 

common 

grade of 

in the 

associations. 

the schists is higher, and 

mudstone-siltstone, and 

particularly 

thin bedded 

M -9 so S cop i c F 2 f old sin T Z - I I A h a v e r 0 u n d e d pro f i 1 e s 

and closure is tight to isoclinal. Flexure slip appears to 

have been the dominant mechanism here. In TZ-IIB and IlIA 

fold hinges are more angular, and show the effects of flow 

by cleavage slip. In most cases these folds probably 

developed initially by flexure slip. 

Mesoscopic F2 folds exhibit reversal of So-5 2 
vergence across the hinge. The folds are asymmetric with 

fold vergence reflecting the macroscopic vergence of 52 and 

So in any particular area. In this context it is notable 

that bedding rarely shows a greater dip than schistosity. 

At the macroscopic scale any reversal in dip direction of 

bedding is also accompanied by a reversal in dip direction 

of S2' a reversal of SO-S2 vergence, of mesoscopic F2 fold 
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vergence and a reversal a younging direction in several 

instances (unequivocal indications of younging direction are 

not common). The bedding-schistosity intersection lineation 

(LSI/So) generally plunges at a shallow angle to the 

southwest. Bedding- schistosity vergence reversals usually 

result in schistosity-lineation vergence reversals (as seen 

in the horizontal profile). Reversals of younging and the 

various vergence relationships indicate the likely presence 

of macroscopic folds, either F 2 , or from an earlier phase 

now obscured by M2 metamorphism. If macroscopic folds are 

present then the lack of turn arounds (in hinge zones) of 

stratigraphy indicates these folds have axes with shallow 

plunges. 

Stereographic projection of schistosity, bedding and 

their intersection lineation (figs. 3.8, 3.9, 3.10, 3.11) 

demonstrates that the lineation clusters about the F2 fold 

axis. Axes of mesoscopic F2 folds have a low plunge towards 

the southwest in general, the only notable exception being 

that area about Burn Creek Bivy, where the axes plunge 

gently towards the northeast (fig. 3.8(b)). Lineations 

cluster less strongly in Textural Zone IIA than in Textural 

Zones lIB and IlIA. In TZ-IIA rocks have suffered less 

finite strain. The angle between bedding and schistosity is 

wider on average in TZ-IIA as a result. 

Stretching lineations defined by deformed 

conglomerate pebbles are coincident with the F2 fold axis 

and the bedding-schistosity lineation. It is assumed that 

the X axis of the strain ellipsoid of D2 deformation is 

parallel to the F2 fold axis throughout the region. 

3.5.2 Deformed Quartz Veins 

M€tamorphism of greenschist and pumpellyite-

actinolite facies occurs under a temperture and 

range su:::ficient to allow ductile deformation in 

pressure 

rocks of 

quartzo-feldspathic composition. Although mesoscopic folding 

of bedding is curiously poorly developed, folds as strain 

indicators are common. Quartz veins are particularly common 
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in the greyschists, either randomly oriented, and/or as 

spaced (often conjugate) sets. No regionally consistent 

dominant sets have been recognised. The initial orientation 

of veins is usually oblique to schistosity, which is 

invariably axial planar to F2 folds of veins. Axes of these 

folds have no preferred rake angle on the S2 surface. 

Folding is a response to compression perpendicular to S2' 

The operative mechanisms are folding by cleavage slip. 

pressure solution on cleavage planes and single layer 

buckling of veins where there is a viscosity contrast 

between veins and the bulk rock. 

Folding is best developed in veins at high angles to 

S2' These buckles are assumed to be geniune folds. The 

degree of flattening observed in folded veins is consistent 

with that of deformed conglomerates in nearby localities. 

Quartz veins are not perfectly planar when they are 

i n t rod u c E~ d • Many irregularities amplify during progressive 

deformation to become folds, or become indistinguishable 

from folds (cf. Shelley, 1968). 

Those veins which 

incidencE! on S2 generally 

have a low initial 

do not develop folds, 

angle of 

but often 

exhibit ~ttenuation and boudinage. 

Quartz veins appear to be of variable age, as there 

is considerable variance in the degree to which veins of the 

same orientation are deformed at anyone locality. Thus F2 

folds must also be of variable age. Vein introduction was 

probably by hydraulic fracture, and fracture infilling. a 

process which may have been active throughout M2 

metamorphism. 

On passing from psammite to pelite single quartz 

veins often show abrupt changes in attitude and thickness. 

The veins are rotated towards bedding in the pelite nnd are 

reduced in thickness. reflecting a greater degree of 

flattening in the pelite. Rapid rotation of veins in pelite 

gives these rocks a 

particularly in TZ-IIIA. 

better segregated appearance 
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FIG. 3.6 
Deformed, clast-supported 
conglomerate of TZ lIB, 
1 km northwest of Burn 
Creek Bivy. Cobbles and 
pebbles are flattened in 
the plane of S schistosity. 
Note the stret8hing lineation 
which plunges gently north
east(left). Figs 
and 3.7 show a sharp 
contrast in the degree to 
which cobbles are flattened 
over the zone between the 
handle and head of the 
hammer. Metric grid ref
eremce, M30 4623 8936 

FIG. 3.7 Deformed, clast-supported conglomerate (top) and pebbly 
mudstone (bottom) of TZ lIB. Length to width ratios of cobbles 
(centre) are as high as 20:1. Pebbles within the mudstone are less 
deformed than those in the adjacent clast-supported conglomerate. 
Same locality as above. 
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3.5.3 Deformed Conglomerates 

Deformed conglomerates (see figs. 2.1, 3.6, 3.7), 

which are present at a number of localities in the study 

area, provide a reasonable estimate of strain during D2 • 

Conglomerates are progressively flattened and stretched with 

increasing textural grade. The textural grade in all 

lithologies is closely related to the imposed finite strain. 

Flattening is invariably within the plane of S2 schistosity, 

and the stretching lineation is parallel both F2 bedding 

fold axes and the Si-So intersection lineation. 

In TZ-IIA a,b,c ratios of deformed cobbles are low. 

On the Hahanga Range, Mt Ella and at the head of the 

Matakitaki River East Branch, ratios are approximately 4:3:2 

or lower. In TZ-IIB ratios are somewhat higher. At Mt 

\vatson average ratios vary from 3:2:1 to 8:3:1 between 

different outcrops. Conglomerate float in Peak Stream 

exhibit ratios which are again variable and reach 8:3:1. At 

the three wire walkway across the Matakitaki River near its 

junction with Burn Creek ratios are as high as 10:5:1. West 

of Burn Creek Bivy (close to the TZ-IIB/IIIA isotect) 

average ratios range from approximately 12:5:1 to 20:10:1. 

In TZ-II8 deformation in D2 has produced ellipsoidal pebbles 

by general strain which was probably coaxial in nature. 

3.5.4 D2 Strain - An Overview 

The deformation which produced S2 schistosity, F2 

f old i n g c, f v e in i n g and bed din g and s t r a i ned con g 1 0 mer ate s 

was penet.rative, but also inhomogeneous. Deformation was 

coaxial with S2 schistosity parallel to the XY plane of the 

finite strain ellipsoid. 

Textural grade is closely related to the average 

finite strain of any area in question. The regular pattern 

of isotects indicates increasing finite strain towards the 

west, and has been produced, at least in part, by 

differential uplift, probably in at least two phases. 
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Schistosity is not parallel the isotects in plan 

view, nor is there any reason to assume parallelism in cross 

section. Isograds and isotects probably dip at moderate 

angles towards the east and southeast, although control in 

mapping is not sufficient for precise determination. 

The schistose sequence of southeast Nelson is 20 km 

in a ffiaximum width across strike. This is probably 

indicative of the true thickness of schists, however it is 

unlikely that the true stratigraphic thickness is this 

large. ?rocesses such as isoclinal folding and tectonic 

sliding were almost certainly important in assembling the 

thick pile of sediments, which must have totalled more than 

20 km before ductile strain in M2 • Bedding had been rotated 

prior to M2 metamorphism such that it generally lay within 

the extensional field of the M2 strain ellipsoid. \vhether 

this rotation occurred in D2 or an earlier Dl deformation is 

difficult to determine from the evidence within this study 

area. ~'[apping to the northeast (see Campbell and McLean, 

1985) suggests steeply plunging isoclinal folds were 

generated d~ring the early stages of D2 deformation. 
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a. Mt Burn and Lower Burn Creek 
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CHAPTER FOUR 

D3 DEFORNATION 

4.1 M3 METAMORPHISM 

Textural evidence of M3 metamorphism in thin section 

is restricted to an elongate zone adjacent, and subparallel 

to the Alpine Fault. This zone extends from Trig FZ Ridge 

at the southern extent of mapping, to the Mole Tops in the 

north, and is coincident with the zone of F3 folding. 

Tl:e mineral assemblage at the eastern limit of S3 

cleavage is dominated by those phases crystallized during 

M20 Biotite in these rocks may be of M3 origin (see Sections 

3.4.3,4.4.3). There is little evidence of 10\-1 grade M3 

retrogression in M2 schists outside that zone where S3 

cleavage/schistosity is present. Retrogression in M3 

appears to be late stage, and restricted to the zone in 

which S3 is present. Several samples show retrogressive 

chlorite replacing biotite. 

ME!tamorphism in M3 reached garnet grade greenschist 

facies and possibly amphibolite facies, as sample UC10689 

contains oligoclase feldspar (N.B. Reed, 1958 considered 

alb i t e "r i t h i nth ega r net Z 0 n e 0 f sou t h N e 1 son t 0 be 

retrogreBsive from oligoclase). Those samples containing 

garnet in thin section are listed in Table 1. Chemical 

analyses of garnets from quartzo-feldspathic schists of Trig 

FZ Ridge by Reed (1958) indicates these are almandine. 

Samples eontaining hornblende-actinolite are also listed in 

Table 1. 

M3 metamorphism and F3 folding are associated with 

elevated temperature and enhanced ductility produced in 

strain/shear heating in the Alpine Fault Zone (Section 
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4.6.2) Potassium-Argon dating by Sheppard et al. (1975) 

suggests these schists were at the Argon retention limit 

some 6 mys ago. Unroofing of M3 schists has occurred as a 

result of uplift on the Alpine Fault. 

Although the ages of schists in southeast Nelson 

reach a minimum of 6 

metamorphism at depth 

reached its climax. The 

mys this does 

has necessarily 

Alpine Fault is 

not imply that 

halted, or even 

still active and 

metamorphism is an ongoing event associated with the Alpine 

Fault. 

4.2 DEFORMATION ASSOCIATED WITH THE tl1LE3 EVENT 1Q31 

4.2.1 Introduction 

D3 deformation is intimately associated with the 

Alpine Fault and thus the Indo-Pacific plate boundary. This 

involves metamorphism, ductile deformation including 

folding, and brittle shear. There is ample evidence 

suggesting strong vertical tectonics during the ongoing 

Kaikoura Orogeny especially over the last 6 mys (Sections 

4.6.1, 4.7.3(b)). The Alpine Fault is the most significant 

single feature within the plate boundary zone. A large 

proportion of deformation within this zone occurs at the 

Alpine Fault. The following Sections are a discussion of D3 

deformation, deformational mechanisms, and structural trends 

which are related to processes within the Alpine Fault Zone. 

4.2.2 General D3 Structural Trends 

As structures formed in D2 are regionally consistent 

in trend, D3 can be appraised in terms of its impact upon D2 

structures. 

South of the study 

050-055 0
• Just north of 

area the Alpine Fault strikes at 

Lake Daniels the strike swings 

towards the north, finally running north-south in the 

Glenroy Valley. At Branch Creek the strike begins to swing 
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back towards the dominant northeast direction. this being 

completed at the head of the Glenroy River's East Branch. 

The trendE of the garnet isograd, the TZ-IIB/IIIA isotect 

and the eastern margin of the F3 fold belt are subparallel 

to the Alpine Fault. the fold belt attaining its maximum 

width at the head of Nardoo Creek. F3 axial planes and S3 

schistosity diverge from the Alpine Fault, but in the 

opposite sense to that expected for a dextral shear zone. 

This divergence is discussed in Section 4.4. 

deviates from the strike of the Alpine Fault 

25 0 (north- northeast). The dip of S3 close 

Fault is assumed to reflect the attitude 

S3 

by 

to 

of 

schistosity 

as much as 

the Alpine 

the fault 

itself. The relation of S3 to the finite strain ellipsoid 

is discussed in Sections 4.3.1, 4.3, 4.4. 

Brittle shear in D3 is widespread and regionally 

penetrative on the macroscopic scale. Brittle shear can be 

subdivided into shear within the Alpine Fault Zone (Section 

4.7.3), and shear to the west of the Alpine Fault Zone 

(Section l..7.4). 

The combined effects of brittle and ductile strain 

across th':! Alpine Fault Zone are thought to cause drag of 

the D2 structural trend. 

Section 4,,6.3. 

The drag pattern is outlined in 

4.2.3 Development of ~3 Schistosity 

The S3 schistosity is intimately associated with 

deformation in, and adjacent to the Alpine Fault Zone. 

Bedding and S2 schistosity are essentially parallel, and are 

rotated on the limbs of F3 folds. These folds have axial 

planes which strike between 3500 and 025 0 • Fold vergence is 

almost invariably dextral. 

folds. Hinge zones 

S3 schistosity is 

rapidly develop 

axial planar 

crenulation 

cleavage westward towards the Alpine Fault. With rotation of 

the limbs and reconstitution in hinge zones of F3 folds 

attenuated bedding and S2 schistosity become difficult to 

distinguish from S3' Primary sedimentary layering is still 

recognised at some localities within 1 km of the Alpine 
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Fault in the Glenroy Valley as extremely attenuated layers 

defined by relict carbonaceous material. Figs. 4.5, 4.9, 

4.13 show F3 folds with 53 axial planar cleavage and a form 

surface defined by SI' So and veins. 

Development of S3 crenulation cleavage follows a 

pattern similar to that described by Cosgrove (1976). In 

the Glenroy Valley the early 5 2-S o anisotropy is obliquely 

inclined to the direction of maximum compression (cf. a 

mirror image of figs 14 and 17, Cobbold et al., 1971; Plate 

2 a,b,c, Cosgrove, 1976; fig. 11, Patterson and Weiss, 1966) 

in the ho~izontal profile (see also Section 4.4). The S2-So 

anisotropy is also oblique to the likely vector of 

convergence across the Alpine Fault Zone (the horizontal 

pro j e c t i 01 of the transport direction). VI her e S 2 has been 

rotated quickly in folding, crenulation is 1.ess well 

developed, with S2 now in the extensional field (on limbs of 

F3 folds). 

In the south of the study area along Trig FZ Ridge F3 

f 0 Ids a r E~ r are and S 3 c r e nul at ion c 1 e a vag e i s 1 e ssw ell 

developed than further north in the Glenroy Valley. Here S2 

is apparently rotated towards S3 without suffering intense 

F3 folding and crenulation. Variations in the style of D3 

deformation are discussed in Section 4.4. 

4.2.4 M3 Microfabric and Microstructure 

Close to the Alpine Fault in the Glenroy Valley the 

Haast Schists display a selection of features commonly 

associated with high finite strain. These include: 

(a) asymmetric pressure shadows (of Simpson and 

Schmid, 1983) about resistant grains. 

(b) deformed and recrystallized quartz aggregates 

with moderate to strong crystallographic 

preferred orientation. 

(c) quartz rod ding and other mineral lineations. 
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COMMON MICROFABRICS UC SAMPLE NUMBERS 

Ribbon Quartz 
10667, 10671, 10674, 10686, 10687, 10689, 10690, 10691, 10708, 10709, 10712, 10720 
10721, 10722. 

Ctrong ~~artz Cr~lstallogrNphi.c 10632, 10633, 10635, 10668, 10683, 10686, 10687, 10689, 10691, 10696, 10699, 10700 
Preferred Orientation 10704, 10705, 10707, 10708, 10709, 10710, 10711, 1U120, 10721. 

Subgrained Quartz with Grain-Boundary 
Preferred Orientation Oblique to 10631, 10633, 10667, 10668, 10686, 10687, 10690, 10691, 10708. 
Schistosity 

Shear Bands causing Grainsize Reduction 10641, 10699, 10702, 10705, 10706, 10710, 10712, 10719, 10721. 

Deformed Calcite 10636, 10666, 10672, 10673, 10676, 10684, 10701, 10702, 10708, 10709. 

Mica uFishu 10667, 10687, 10704, 10705, 10706, 10707. 

Feldspar Porphyrob1asts 10631, 10633, 10686, 10689, 10691, 10708, 10709, 10712, 10719. 

Epidote Porphyrob1asts 10635, 10666, 10678, 10688, 10708, 10709, 10710, 10711, 10719, 10720. 

Garnet Porphyrob1asts 10667, 10668, 10676, 10683, 10690, 10691, 10694, 10705, 10706, 10707, 10721, 10722. 

83 Crenulation Cleavage 
10634, 10637, 10642, 10645, 10669, 10671, 10677, 10678, 10679, 10680, 10692, 10695 
10696, 10698, 10699, 10700, 10703, 10706, 10707, 10715. 

Deformed Veins (Including Folding 
10638, 10639, 10640, 10647, 10648, 10653, 10654, 10659, 10665, 10669, 10670, 

and Boudinage) 
10671, 10675, 10677, 10678, 10679, 10680, 10682, 10690, 10692, 10693, 10695, 
10714, 10715, 10716. 

Linking of Quartz Grains through 10644, 10649, 10650, 10651, 10652, 10655, 10656, 10658, 10660, 10661, 10716, 
Amalgamation of Pressure Shadows 10717, 10718. 

Typical Biotite "Cross-Mica" Fabric 10643, 10644, 10647, 10655, 10660, 10662, 10663, 10664, 10697, 10713. 

'" TABLE 1 0 



;FIG. 4.4 
Coarse layering parallels 
S3 schistosity in quartz 
poor greenschist within 
the Alpine Fault Zone, 
Branch Creek. 

FIG. 4.5 
Tight S folds in bedding, 
S2 schi~tosity and early 
veining. S3 schistosity/ 
crenulation cleavage is 
axial planar to these 
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folds. F 3 folds of similar 
amplitude and wavelength are 
common, adjacent to the 
mylonitic zone between the 
points at which the Glenroy 
and Matakitaki Rivers cross 
the Alpine Fault trace. 



garnets in a 
of amphibolitic 

schist, Branch Creek. 

FIG.4.7 
S3 crenulation cleavage 
approximately 2.5 km 
east of the mid point of 
the north-south striking 
section of the Alpine 
Fault. 
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FIG. 4.8 Thin section (UC10669). S3 crenulation cleavage in 
quartz-albite-biotite-muscovite schist. The section is cut 
parallel to the crenulation axes, perpendicular to S (XZ plane 
of the strain ellipsoid). Micas exhibit a well defi~ed dimensional 
pre,ferred orientation with long axes parallel to S. Quartz has 
a well defined crystallographic preferred orientatron (see Fig. 
in this sample. Plane polarized light. Field of view 2.5 x 
1.7 mm. 

FIG. 4.6 Thin section (UC10669). S3 crenulation cleavage. This 
section is cut perpendicular to the crenulation axes and to S3 (hori
zontal). The surface being folded is S schistosity. Lines of 
intersection between S and the basal pfanes of biotite crystals 
are statistically paratlel to the crenulation axes. Plane polarized 
light. Field of view 2.5 x 1.7 mm. 
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FIG. 4.10 Tnin section (UC 10667). Augen mylonite from the Alpine 
Fault Zone on "Trig. FZ Ridge". Minerals present include garnet, 
hornblende, biotite, albite, quartz, calcite and retrogressive 
chlorite replacing biotite. High strain features include riQbon 
quartz, rotated garnets, biotite and hornblende "fish". Plane 
polarized light. Field of view 2.5 x 1 r 7 mm. 

FIG. 4.11 Thin section (UC10707). Garnet-biotite-quartz-albite 
schist cut parallel to F3 crenulation axes and perpendicular to S3 
schistosity. A mylonitic fabric is developed in this orientation. 
Sections cut normal to both S3 schistosity and crenulation axes 
display ~ightly.folded S2.schlStosity (grainsize reduction is 
obvious ln sectlons of tnls orientation also). Cross-polarized 
light. Field of view 2.5 x 1.7 mm. 
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FIG 4.12 Thin section (UC 10704). A shear band cuts S schist
osity causing extreme grainsize reduction. This is superimposed 
on more general grainsize reduction associated with intense F3 

, crenulation of S2 schistosity. This thin section is oriented 
parallel to the F3 axes and perpendicular to the S3 schistosity. 
Cross polarized llght. Field of view 2.5 x 1. 7 mm. 

FIG. 4.13 Thin section (UC 10642). F3 folds and S3 crenulation 
cleavage. This section in perpendicular to S3' and the F3 fold 
axes. Plane polarized light. Field of view 2.5 x 1.7 mm. 
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FIG. 4.14 Thin section (UC 10722). Garnet trails, mica "fish", 
ribbon quartz and recrystallized polygonal quartz in a mylonitic 
schist from the Alpine Fault Zone, Branch Creek. Cross polarized 
light. Field of view 2.5 x 1.7 mm. 

FIG. 4. 15 Thin section (UC 10690). Garnet-hornblende schist 
from the Alpine Fault Zone. Hornblende, quartz and ilmenite are 
deformed and wrap around resistant garnet porphyroblasts. Cross 
polarized light. Field of view 2.5 x 1.7mm. 
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FIG. 4.16 Thin section (UC10711). Chlorite-epidote-quartz-albite 
greenschist from the Nardoo Tops at the head of Cascade Creek. 
Cross polarized light. Field of view 2.5 x 1.7 mm. 
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(d) ribbon quartz. 

(e) twinned elongate calcite grains and grain 

aggregates. 

(f) mica and hornblende-actinolite "fish" (of Lister 

and Snoke, 1984), see figs. 4.10, 4.11, 4.14. 

(g) shear bands, see fig. 4.12. 

(h) extensional crenulation cleavage (Platt and 

Vissers, 1979; Platt, 1984; Harris and Cobbold, 

1985). 

(i) F3 microfolds and mesoscopic folding, see figs. 

4.9, 4.13. 

(j) rotated garnets, see fig. 4.6. 

These features are consistently developed in similar 

orientations both with respect to each other, and to a fixed 

external coordinate system. Lineations and F3 micro and 

mesoscopic fold axes lie within the S3 plane. F3 folds are 

mos t easl y observed in the YZ sec t ion (a s the f 01 d axes 

parallel X). The remaining features are most easily 

recognised in the XZ section. 

4.2.5 Quartz Microfabric and Crystallographic 

Preferred Orientation in the Glenroy Valley 

Crystallographic preferred orientation of quartz is 

well developed in many of the M3 schists sampled (see Table 

1). There is a notable correlation between the strength of 

crystallographic preferred orientation and the extent to 

which quartz rodding and other mineral lineations are 

developed. In those samples with high proportions of fine 

grained phyllosilicate, well defined quartz crystallographic 

preferred orientation is developed only in phyllosilicate 

poor regions. These generally represent reoriented and 
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boudinag£!d quartz veins, and hinges of folds in veins. A 

high concentration of fine grained micas tends to inhibit 

development of strong quartz crystallographic preferred 

orientation, even though finite strain in phyllosilicate 

rich domains must 

pressure solution 

be large. 

of quartz, 

Grain boundary sliding, 

pinning of quartz grain 

boundaries by micas and basal slip in the micas are likely 

contrib~tory factors in suppression of quartz 

crystallographic preferred orientation in these domains. 

~Jhere there is a large grainsize variation of quartz 

the finer grained 

crystallographic 

UCI0637). This is 

zones tend to show considerably weakened 

preferred orientation ( e • g • sample 

a characteristic property of shear bands 

and crenulation cleavage zones. Shear 

Vissers, 1980; Platt. 1979; Harris and 

bands 

Cobhold, 

(Platt 

1984) 

and 

are 

narrow zones of very high strain, and in polyphase 

aggregat~s they are commonly zones of mixing. Several 

samples from the Alpine Fault Zone show mixing of quartz, 

chlorite, muscovite and biotite, and grainsize reduction in 

shear bands. Shear bands may take on a cherty, almost 

pseudotachylitic appearance. Here grain boundary sliding, 

and perhaps super plastic flow may be important (cf. Boullier 

and Gueguen, 1975). Those samples in which shear bands are 

developed are listed in Table 1. 

Quartz crystallographic preferred orientation, and 

subgrain-grain boundary preferred orientation are useful in 

determining the sense of shear in a number of samples (in 

similar fashion to the Type II C and S surfaces of Lister 

and Snoke, 1984). All samples which show well defined 

subgrain-boundary preferred orientation also have strong 

crystallographic preferred orientation. The shear sense 

from the subgrain-boundary preferred orientation is 

invariably dextral reverse parallel to the quartz rodding 

and F3 crenulation axes. Preferred orientation of subgrain 

b 0 u n dar i e sis 0 b I i que t 0 s c h_i s t 0 sit Y wit h va ria b I e an g 1 e but 

consistent vergence. 
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Mest of the samples collected from the Glenroy area 

are not true mylonites, although some could he labelled 

protomylcnite. High strain schist is perhaps 

description. \4ell defined C and S surfaces are 

a better 

generally 

absent. Extensional shear hands are common as is foliation 

boudinage. Curly schists (Wellman, 1955) occur close to the 

Alpine Fault from Trig FZ Ridge to Nardoo Trig. Shear bands, 

extensional crenulation cleavage and foliation houdinage 

contribut.e to the undulatory nature of S3 planes in the 

curly schists. 

4 ,. 3 • 1 ~3 and the S t r a i n 

S3 appears to represent the approximate position of 

the XY plane of finite strain, and as such shows a 

systematic variation across the Alpine Fault Zone. The 

attitudeB of F3 axial planes swing with increasing finite 

strain toward the strike of the Alpine Fault. Figs 4.2 and 

4.25 are an interpretation of this process and of the 

structure of the Alpine Fault Zone. 

In thin section, microfabrics related to various 

states of strain are observed. Although S3 is assumed to 

approximate the principle plane of the finite strain 

ellipsoid, quartz ribbon grains, and subgrain boundaries 

tend to show varying degrees of preferred orientation, 

usually oblique to S3' Some of these may indicate 

intermed:i.ate states of strain on the grain or small grain 

aggregate scale, especially 

rec ry stall i zed or are under go in.g 

where minerals 

recrystallization 

have 

during 

rotational deformation. In some cases there is evidence of 

shearing on S3 indicating that S3 may not be strictly 

parallel to the XY plane (cf. Ghosh. 1982), and could 

represent rotated and attenuated S2 surfaces. 

T'J war d s the A I pin e Fa u ItS 3 be com e s bet t e r d e fin e d 

with good mineral lineation, particularly where the schists 
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are of highest grade. 

amphibolitic appearance. 

Some of these rocks take on an 

In thin section schistosity is 

best defined in fine grained rocks. 

F-: fold and 
-' 

S3 cleavage forming processes are 

important. for any model of the tectonics of this region. 

These processes involve strain, which is observed on all 

scales of observation. The roles of F3 and S3 in the Alpine 

Fault Zone are further discussed in Sections 4.4, 4.6. 

M3 overprint of the S2 surface is progressively more 

intense towards the Alpine Fault on any east-west traverse. 

In the east S2 is dominant, but in the west D3 strain is 

such that S2 is transposed and finally lost in 

myloniti:1:ation at the Alpine Fault. The microfabrics 

previously described evolve progressively as M3 intensifies 

towards the Alpine Fault. 

T~e following Section (4.3.2) is an outline of theory 

on the development of quarts c-axis fabrics during strain, 

the uses of quartz fabric diagrams. and conclusions drawn 

from analysis of such patterns in samples from the Glenroy 

Valley. 

4.3.2 Quartz c-axis Fabrics and Development of 

Crystallographic Preferred Orientation 

(a) Introduction 

Quartz is a relatively ductile mineral and is highly 

deformed in many natural shear zones. In order to better 

understand strain histories of such areas, considerable 

research has been directed towards gaining an understanding 

of the rreans by which quartz deforms. 

(b) Theory 

There are several theories, based on different 

criteria, which can account for the development of 

crystallographic preferred orientation in quartz aggregates. 
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One of the most widely quoted is that of Lister, Patterson 

and Hobbs (1978). This particular example uses the 

Taylor-Bishop-Hill analysis as a basis for computer 

modelling of the development of c-axis fabrics in model 

quartzites, and has frequently been applied to the study of 

quartz fabrics developed in shear zones. 

The Taylor-Bishop-Hill analysis is based on Von Mises 

criterion which requires a minimum of five active, and 

linearly in dependant slip systems at the intragranular 

scale, before ductile deformation can proceed in a single 

phase polycrystalline aggregate. Grain boundary sliding and 

recrystallization are assumed to be insignificant. Each 

slip system constitutes a uniformly penetrative planar 

surface on the lattice scale, which can accommodate simple 

shear in two mutually opposing directions. Slip occurs by 

inc rem e 1':. t S ( Bur g e r s Vee tor) con t roll e d b y 1 a t tic e spa c i n g • 

Single slip events are termed dislocations, and occur 

parallel to the Burgers Vector. Dislocations may climb 

between two discrete slip planes (dislocation climb). Slip 

is assumed to be homogeneous on a grain scale. 

Lister, Patterson and Hobbs (1978) tested several 

combinations of slip systems on several model quartzites 

under a number of strain conditions. They found remarkable 

similartty between 

those generated 

deformations. 

computer 

in both 

generated fabrics and 

experimental and 

many of 

natural 

Under conditions of plane strain, quartz aggregate,s 

deforming plastically suffer general rotation of c axes 

towards Z and away from X. c-axis girdles can be either 

symmetrically or asymmetrically disposed about the XY plane 

depending on whether strain is coaxial or non-coxia1 (Lister 

and \Hlliams, 1979). The sense of asymmetry defines the 

sense of shear in non-coaxial deformation (Lister and 

Williams, 1979; Lister and Hobbs, 1978; Behrmann and Platt, 

1982; Simpson and Schmid, 1983; Lister and Snoke, 1984). 
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Quartz responds quickly to imposed deformation and 

c-axis fabrics reorient with moderate strain under a new or 

rotated stress field. Coaxial overprint of a non-coxial 

fabric does not necessarily eliminate evidence of the early 

phase anc, a 

(Lister and 

new symmetrical girdle or "skeletal" 

Williams, 1979, fig. 13) often 

outline 

retains 

asymmetrically disposed maxima as a relict. Lister and 

\oJi 11 i am s s howe d t hat the f a b ric II s k e let 0 n " i sus e f u 1 i n 

defining girdle type c-axis distributions, and shear sense 

in non-coaxial deformation. Fabric skeletons are defined by 

lines connecting the c-axis maxima, and points of maximum 

curvature of contours on the fabric diagrams. 

(c) Quartz c-axis Fabrics and D3 Strain in the 

Glenroy Valley 

As mentioned in Section 3.4.2 M2 schists exhibit no 

strong c~ystallographic preferred orientation of quartz. 

Strain in M2 is moderate to high as seen in albic ratios of 

deformed conglomerate pebbles (Section 3.5.3). The line 

delineating the easternmost extent of F3 folding also marks 

a westward transition into schists in which crystallographic 

preferred orientation of quartz is common (but not 

ubiquitous). Quartz crystallographic preferred orientation 

becomes better developed towards the Alpine Fault, 

paralleling the development of F3 folding, S3 schistosity 

and ultimately mylonitization (very close to the Fault). 

Finite strain in D3 increases towards the Alpine Fault, and 

involves ductile deformation (Section 4.3.1). 

Quartz c-axis fabrics were analysed using a Leitz 

Universal Stage on a Swift 

Shelley (1975, pp 57-63). 

micro sco pe, and the met hod 0 f 

Each sample was oriented so that 

the spatial orientation of c-axis fabrics can be compared 

with orientations of other microfabric data. 

The strength of c-axis fabric clearly parallels 

development of mineral lineation, particularly quartz 

rodding. \.Jhere the fabric is , ... ell developed (e.g. samples 

UC10668, UC10633, UC10687) non-coaxial plane strain 

73 



(probably including a component of flattening) is indicated. 

Type I cross girdle fabrics and fabric skeletons (figs. 

4.17, 4.18) are asymmetrically oriented about the lineation 

(approx. 060/50 0 northeast) and schistosity plane, 

indicating dextral reverse shear. Lineations appear to 

represent 

1981) in 

the transport direction (cf. Sibson et a1. 

a simple shear dominated environment. 

1979, 

Other 

microfabric evidence (Section 4.2.4) also suggests the 

lineation is close to the axis of maximum extension. 

\VeIl defined girdles illustrating plane strain were 

obtained from UC10668, UC10633, UC10687, UC10669, UC10634, 

figs 4.17, 4.18, 4.20. More diffuse girdles, probably also 

produced in plane strain include UC10675, UC10678, UC10676, 

figs. 4.18(b), 4.19. In each case c-axes cluster about the 

YZ plane, with c-axis free areas about the X axis. 

In order to test the assumption that quartz rod ding 

lineations are equivalent to the X direction, quartz fabrics 

\.,.ere analysed from 3 sections taken perpendicular to the 

lineation, F3 crenulation axes, and S3 schistosity. These 

showed plane strain c-axis distributions (see fig. 4.20). 

In the case of UC10669 the section parallel lineation and 

perpendicular 

pattern. 

schistosity also showed a plane strain 

Sample UC10687 yielded a type 1 cross girdle fabric 

indicating non-coaxial plane strain with the opposite sense 

of asymmetry to that expected in dextral reverse shear. The 

most likely explanation for this discrepancy is that the 

sample was incorrectly oriented in the field, or during thin 

section preparation. 

With respect to sampling it should be noted that no 

attempt was made to select quartzites for the purpose of 

measurement of c-axis fabrics. A number of oriented samples 

collected are too fine grained to allow reliable optical 

determination of quartz c-axis fabrics, but nevertheless are 

clearly highly strained (e.g. UC10698, UC10706). Others are 

of unsuitable composition. A number of samples which were 
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not oriented show well developed crystallographic preferred 

orientation of quartz (see Table 1) and strong mineral 

lineation. In each case crystallographic preferred 

orientation is most easily seen, using the sensitive tint 

plate, in sections parallel lineation and perpendicular 

schistosity. 

Quartz rodding lineations tend to be most obvious in 

the coarser grained and layered amphibolitic schists. No 

attempt was made to bias sampling towards schists with 

strong mineral lineations (infact sampling was biased 

towards quartz poor greenschist). 

In the Alpine Fault Zone there is a considerable 

variation in the degree to which quartz rodding is developed 

in any cross strike traverse. This may indicate either 

variation in shear strain, original grainsize or composition 

(e.g. metapelite vs metapsammite). Due to the problems 

outlined in Section 4.2.5 (on S3 microfabrics) it is not 

possible to state categorically that rocks with well 

developed lineations and quartz fabrics are the more highly 

strained. 

Sibson et al. (1979, 1981) argue that shear strain in 

mylonites of the Alpine Fault Zone can be related to 

post-Pliocene ductile deformation. They do not comment on 

whether related strain and general metamorphism, during this 

period, has affected the lIaast Schists further east. For 

the Glenroy area my structural and fabric analysis shows 

that ductile strain related to Alpine Fault deformation is 

not restricted to the zone of mylonites. but extends as far 

east as the limit of F3 folding and 53 schistosity (fig. 

3.1) • 
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4.4 TIlE ATTITUDE OF S3 AND AREAL EXTENT OF D3 

4.4.1 Introduction 

I~ Section 4.2.2 the D3 structural trend was outlined 

briefly. Here the attitude of S3 schistosity is discussed in 

more detail. Close to the Alpine Fault S3 strikes between 

north-northwest and the more common north-south orientation. 

II 0 w eve r .: 0 war d s the e a s t ern mar gin 0 f the F 3 f 0 I d bel t S 3 

swings toward the northeast, which is a sinistral sense of 

vergence with respect to the Alpine Fault, if S3 formed by 

strain in simple shear. The Alpine Fault is a dextral 

reverse ~ault everywhere along its length outside the bends 

reg ion ,3 n d t h u sit i s a log i c a I nee e s sit Y t hat i t b e s 0 

between the bends also. Consequently the sinistral vergence 

of S3 in the north-south oriented portion of the Alpine 

Fault Zone demands some discussion. 

The reaction of an anisotropic medium to imposed 

coaxial and non-coaxial strain is discussed in Section 

4.4.2. Then in Section 4.4.3 the case of simultaneous 

sup e r po s :L t ion 0 f pure and simple 

the problem 

shear 

of a 

strain is considered 

and applied to sinistrally verging 

s chi s t 0 s :L t y d eve lop e din a d ext r a Ish ear Z 0 n e • 

4.4.2 The Reaction of Anisotropic Rock to Superimposed 

Coaxial and Non-Coaxial Strain 

In defining the extent of the D3 deformation some 

problems arise from the presence and attitude of the earlier 

D2 fabric. If the schistosities of two deformations are 

coplanar or close to coplanar there can be some difficulty 

in mapping a line or surface representing the first 

appearance of the latter event. Such is the case of Trig FZ 

Ridge in the south of this study area. 

I~ fig. 4.21 S3 overprints S2. The line delineating 

the first appearance of S3 probably represents a particu~ar 

finite strain in M3 • In most previously undeformed rocks 

considera.ble shortening must take place before folding or 
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cleavage formation will occur. Thus a line delineating the 

first appearance of S3 cleavage will not necessarily 

coincide with a line indicating the first D3 strain 

increment. Where the D2 and D3 schistosities are 

subparallel, the first D3 strain increment may be 

accommodated, largely by reactivation of D2 schistosity. 

Furthermore D2 schistosity can be rotated \vith progressive 

strain towards a D3 orientation with no clear cross cutting 

relationship. Where D2 and D3 schistosities are not 

coplanar ])2 schistosity may still influence the orientation 

of D3 schistosity. This means that a strong S2 anisotropy 

could effectively mask low finite strain S3 overprint, 

particularly if the angle of obliquity is small. 

If strain in D3 is non-coaxial and one assumes that 

schistosicy forms parallel the XY plane of the strain 

ellipsoic S3 will then be variable in orientation, 

depending on the value of strain at any given position. An 

example of this would be strain in simple shear within the 

Alpine Fault Zone. Here S2 and S3 strike subparallel for 

the most part, but differ in dip and dip direction (cf. fig. 

4.22). Non-coaxial D3 deformation can produce low strain S3 

coplanar with S2' even though the transport direction in D3 

is at a high angle to S2. 

In an initially homogeneous medium the angle ~ will 

reflect the shear sense in the fault zone, and will be at a 

m a x i mum :L n sec t ion spa raIl e 1 the t ran s po r t d ire c t ion and 

perpendicular to the shear zone. Any other section (e.g. 

the h 0 r i :~ 0 n tal pro £ i let h r 0 ugh an 0 b I i que rever s e £ a u 1 t ) 

will give an apparent angle for ~. 

Where the medium is cut by a penetrative anisotropy 

(in this case S2) development of the S3 shear strain related' 

schistosity will be influenced by the pre-existing weakness. 

Providing strain occurs by ductile means (e.g. 

crystallization-recrystallization, grain boundary sliding, 

translation glide etc.) then I would suggest several likely 

consequences: 
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(a) Sections with S2 parallel to the shear plane 

will develop S3 parallel to S2 regardless of the 

attitude of the slip vector with respect to that 

section. 

(b) In sections with S2 parallel the shear plane 

incremental strain in D3 at the boundaries of 

the shear 

microscopic 

zone will be represented 

fabrics oblique to, but 

by 

not 

necessarily cross' cutting S2 (e.g. new subgrain 

preferred orientations in quartz). Strain in 

this section will act to enhance the S2 

anisotropy. The S2 strain ellipse is in the 

same orientation as that of a future S3 ellipse 

should deformation continue (cf. fig. 4.23). 

(c) In a closed anhydrous system there need be no 

change in mineralogy even where S2 and S3 have 

evolved under different pressure/temperature 

conditions. 

(d) Different shear zones will each have special 

characteristics depending on variables such as 

pressure, temperature, strain rate, bulk 

chemistry of the surrounding rocks (including 

the presence or absence of water), the attitudes 

of pre-existing layering with respect (i) to the 

shear plane, (ii) the principal stress and (iii) 

the slip vector, and the mechanical properties 

of the pre-existing layering. These last two 

points have particular relevance to the Glenroy 

Valley where S2 and S3 are oblique to each 

other, to the Alpine Faul t plane and to the 

direction of principal horizontal stress. 

Problems in identifying the schistosities of two 

s epa rat e d e fo r mat ion a 1 even t s are compound e d when one or 

both are the result of combined non-coaxial and coaxial 

deformation. This is a potential problem with respect to 

the Alpine Fault Zone and is discussed in Section 4.4.3. 
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FIG. 4.21 

Two schistosities (S2 and S3) intersect obliquely. S3 

was formed during the D3 deformation and becomes more 

penetrative towards the left. Initial strain in D3 is 

accomodated, at least in part, by reactivation of S2' 

FIG. 4.22 

Diagrammatic cross-section through a reverse faul": which 

post-dates S2 schistosity. The presence or absence of 

a cross-cutting relationship:'between,s
3 

(shear related)· 

and S2 schistosities depends on the orientation of S2 

with respect to the kinematic framework of simple shear. 

Here S2 has a sinistral vergence sense with respect to 

the shear zone and a cross-cutting relationship does 

not necessarily develop. 

FIG. 4.23 

Plan view of a dextral shear zone which post-dates S2 

schistosity. If S2 is oriented parallel to, or with 

a dextral sense of vergence with respect to the shear 

zone, then a cross-cutting relationship between S3 

(shear related) and S2 schistosities will be inhibited. 



FIG 4.22 

FIG 4.23 

c.
o 

.f.::: 

.£ 
-" 

83 

FIG4.21 



a. 
Shear 

FIG 4.24 
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FIG 4.25 

~lip'_. 
~ctor 

Development of ~ folds and 53 schistosity 

In non - coaxial plane strain. 

cf. Cosgrove (1976), plate 2 a,b,c ) 

Cobbold et aL (19711, fig 7 ) 

Patterson and Weiss (1966) ,fig11) 

b. c. 

plan view 

J 
Development of fi folds and 5'1 schistos ity 

In pure shear. 

cf. Manz and Wickham (1978), figs 2 and 3, 

Gosh (1966), figs 9,10 and 12 
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4.4.3 Simultaneous Superposition Qf Pure and Simple 

Shear in ~ Anisotropic Medium 

(a) Introduction 

In Section 4.4.2 some ideas on the development of a 

new schistosity in an anisotropic medium were outlined. If 

D3 deformation is due solely to non-coaxial plane strain 

then it may be possible to explain the attitude of S3 

schistosity via the arguments of Section 4.4.2. Analysis of 

quartz fabric diagrams and microtextures from within 11/2 km 

of the Alpine Fault suggests non-coaxial plane strain was 

important, at least in the latter stages of D3 • However 

further east where D3 is less intense the evidence for 

non-coayial plane strain diminishes. Thus it is potentially 

useful to consider the effects of a systematically variable 

combinat,ion of coaxial and non-coaxial components in D3 • 

For the purposes of this discussion the Alpine Fault 

Zone and the adjacent Haast Schists are subdivided into two 

domains, these being the Trig FZ and Glenroy-Nardoo domains 

(see fi~. 4.27). 

(b) Trig FZ Domain 

Throughout the Trig FZ domain S2 and S3 are 

essentially coplanar. Here F3 mesoscopic folds are rare, 

and smaller in amplitude than in the Glenroy-Nardoo domain. 

S3 develops largely through reactivation and subsequent. 

textural enhancement of S2" There is no mapped surfac~ 

separating schists which exhibit only S2 schistosity from 

those also influenced by M3 • Close to the Alpine Fault M3 

schists exhibit features consistent with non-coaxial strain, 

including an 

UCI0633, fig. 

Fault there is 

asymmetric quartz c-axis 

4.l7(b». Four kilometres 

no evidence of non-coaxial 

girdle (sample 

from the Alpine 

strain (in hand 

specimen or thin section). Here the schists are still 

biotite grade, and display a well developed !lcross mica" 

fabric (see Section 3.4.3). Also at approximately 4 km from 
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the Alpine Fault there is a reversal or fanning in the dip 

directi.)n of schistosity. The schists steepen in dip on both 

sides of the fan axis and pass through vertical at this 

axis. Just what causes the fanning is not known but 

rotation of S2 in low strain M3 overprint is a possibility. 

A cross cutting schistosity is not developed due to the low 

angle between the principal axes of S2 and S3 strain. 

In a large shear zone such as the Alpine Fault, 

strain is unlikely to occur solely through simple shear. 

Rather, strain in D3 is more likely to be a combination of 

pure and simple shear components. The relative proportions 

of each will vary within the shear zone but quantification 

of these components may not be possible in many cases. 

Ramberg (1975) outlined the likely particle paths for 

various combinations of pure and simple shear. Figs. 4.26, 

4.28 are an adapt ion of the particle paths of Ramberg. In 

fig. 4.26 the principal axes of pure shear are equivalent to 

the regional principal axes of horizontal stress. The 

orientation of simple shear is that of the horizontal 

dextral component of the slip vector. Superposition of pure 

and simple shear is simultaneous. If the proportions of pure 

and simple shear are varied, the directions of combined 

compression and extension will rotate toward the principal 

axes of the dominant component of strain. In fig. 4.26(a) 

the combined extension direction is approximately parallel 

the strike of S2 schistosity. Strain ellipses representing 

various states of D3 strain are slightly oblique to S2 but 

as outlined in Section 4.4.2, are unlikely to cause a new 

cross cutting cleavage. 

The effect of a component of pure shear is to reduce 

the angle between the principal axes of D3 incremental and 

finite strain as compared to the case of simple shear alone. 

As the horizontal profile is oblique to the east-northeast 

plunging axis of the non-coaxial strain ellipsoid this angle 

q:D will be even further reduced. If the above discussion 

is valid then S2 must lie within the extensional field of D3 

strain, and so F3 folding of S2 will be inhibited. 
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a. 

1 

FIG 4. 27 Refer to te)(t - section 4.4.3 

CompressionaL 

I axes \ 

<if-- Extensional --+. b. Particle paths J for pure shear axes 

J Canbil)ed pure and 
simple shear 

Rotation of extensional axes 
~ 

c. a e. 

d. a. 

c. Particle paths for 
~;imple shear 

b. 
no ta t ion of com pres s i on a l 

axes 

FIG 4.28 progressiv~ rotation of compressional and 
extensional axes In deformation with systematicaLLy 
variable proportions of simple and pure shear 
positions of a b. and c. are marked on fig 
N.B. these positions are speculative. 
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(c) Glenroy-Nardoo Domain 

In the Glenroy-Nardoo domain, structural 

relationships are such that the strike of S2 is oblique to 

that of S3' the Alpine Fault, the isograds and isotects, the 

D3 slip vector, and the principal horizontal stress 

(principal stress directions are discussed in Section 5.2). 

The attitude of S3 is variable, striking subparallel the 

Alpine Fault close to the active trace, but fanning 

clockwise through an angle of approximately 25 0 towards the 

eastern limit of detection. 

Figs. 4.24 and 4.25 represent the extremes in , ... hich 

strain ~s either entirely coaxial or non-coaxial. Such 

extremes are unlikely in the case of Alpine Fault 

metamorphism and strain. Deformation is more likely to 

result from combined coaxial and non-coaxial deformation. 

Whatever the strain path followed, the S2 anisotropy will 

influence the attitude of 33 schistosity and F3 folds. In 

order to access the consequences of superimposed pure and 

simple shear in the Glenroy-Nardoo domain particle path 

diagrams are analysed (figs. 4.26(b), 4.28). 

Figs 4.26(b) and 4.28 represent strain in the 

horizontal profile only. The attitude of the combined 

shortening and elongation directions depends on the 

d iff ere n .: e ina t tit u deb e t wee nth e p r inc i pal a xes 0 f pur e 

and simple shear, and the ratio of pure to simple shear. In 

fig.4.26(b) the combined shortening direction is 

approximately 070 0 and thus crosses S2 at an acute angle if 

applied to the Glenroy-Nardoo domain, put ting S2 in the· 

compressi.onal field. The combined elongation direction is 

010 0 sub-parallel the Alpine Fault and the high strain S3 

surface. 

If the ratio of pure to simple shear is increased the 

combined extensional and compressional directions will 

rotate counterc locklvise. This rotation is illustrated in 

fig. 4.28, and is sufficient to explain the sinistral 

vergence of S3 with respect to the Alpine Fault for a 
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mechanically isotropic medium. In the Glenroy-Nardoo domain 

the presence of a penetrative S2 anisotropy is likely to 

mask the effects of a 10\" strain pure shear deformation. 

The p r inc i pal a xes 0 f fin i t est r a i n i n pur e she a r \d 11 be 

close to those of the S2 strain ellipse in the horizontal 

profile. Therefore by the arguments of Section 4.4.2 a new 

cross-cutting cleavage will not necessarily result, strain 

being accommodated by reactivation of S2' Such a situation 

is relevant with respect to the biotite "cross mica" fabric 

described in Section 3.4.3. This fabric may have been 

generated during M3 overprint of M2 schists. 

Northeast of Branch Creek S3 schistosity no longer 

parallels the Alpine Fault, even close to the Fault. Here 

the sense of vergence is dextral as the strike of the Alpine 

Fault has rotated to the northeast. It should be noted that 

northward along the Alpine Fault the horizontal profile 

probably represents a progressively shallower cross section 

through the ductile zone. Secondly the S2 schistosity 

strikes subparallel the Alpine Fault north of Nardoo Basin. 

If simple shear dominated then S3 would parallel S2 (by the 

argument of Section 4.4.2). However if pure shear dominated 

then S3 would be oblique to S2 and to the Alpine Fault. A 

northward increase in the ratio of pure to simple shear is 

consistent with northward decrease in D3 finite strain, in 

the width of the F3 fold belt, and the decrease in 

metamorphic grade. 

strike 

(d) Conclusion 

The swing 

of S 2 

in strike of S3 and its divergence from the

around the curve of the Alpine Fault 

(particularly the southern bend) can be explained by 

rotation of the principal horizontal axis of non-coaxial 

strain. Sinistrally verging S3 schistosity can be explained 

by variation in the ratio of pure to simple shear across the 

Alpine Fault Zone and/or the influence of S2 schistosity on 

the developing S3 surface. 
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Variation in the proportions of pure and simple shear 

is not unrealistic. Ramberg (1975) described several cases 

where such variations were likely. These include spreading 

ice shE! e t s, t e c ton i c nap pes and f old i n g • San d e r son eta 1 • 

(1980) present several case studies from the Irish 

Caledonoides where superposition of coaxial and non-coaxial 

strain is invoked to explain observed strain and strain 

variation. 

Although the application of particle paths to the 

problem of S2' S3 and F3 orientations is somewhat 

speculative, the results do not conflict with field data for 

the areas in question. 

4.5 LINEAR FABRIC WITHIN THE ALPINE FAULT ZONE ---

L3 linear features within the Alpine Fault Zone 

include F3 fold axes, the LS 3 /S 2 intersection lineation, 

quartz rodding lineations and preferred elongation 

directions of biotite, epidote and hornblende. Although 

these were not measured with the same frequency, they appear 

to be parallel, and to have been generated by the same 

strain. The trend and plunge of L3 lineations is 

east-northeast at moderate to steep angles depending on the 

dip of S3 schistosity (L3 lineations lie within the plane of 

S 3 s c h :L s t 0 sit Y ) • The s win gin s t r ike 0 f S 3 ( see Sec t ion 

4.4.1) is not accompanied by a demonstrable swing in the 

trend cf L3 lineations (see fig. 4.29). If the fanning of 

S3 is due to an external rotation then the L3 lineations 

must be parallel or subparallel to the axis rotation~ 

However the changing attitude of S3 can be explained by 

other means (see Sections 4.4.2, 4.4.3). It is most likely 

that the L3 lineations form parallel to the long axis of D3 

finite strain ellipsoid, which is more or less constant in 

attitude across the Alpine Fault Zone. 

This broad consistancy in attitude of L3 lineations, 

and the systematically variable strike and dip of S3 

schistosity indicates that large scale outward collapse of 
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FIG 4.29 Quartz rodding liniations from the zone of .M3 
metamorphism in" the Glenroy Valley 
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FIG. 4.30 slope instability on the northeast flank of "Trig 
FZ Ridge". The upper 15m of garnet grade schistose mylonite is 
unstable at this locality and is collapsing under the influence 
of gravity. Mylonitic schistosity strikes subparallel to the 
oversteepened face of an actively eroding gully which drains to
wards the northeast (left). Me~ric grid reference M31 4570 8846. 

FIG. 4.31 Slope instability. An over steepened slope, lack of 
lateral support across schistosity ahd active erosion by the stream 
(a tributary of the Glenroy River) contribute to slope collapse. 
Note the in situ outcrop in the foreground in which bedding and 
schistosity are subvertical. Me~ric grid reference M3l 4595 8843. 
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schists across the Alpine Fault (cf. ~Jellman, 1955) is 

unlikely in the Glenroy Valley. Therefore generation of the 

M3 schists and the attitude of M3 structures is best 

explained by a model similar to that of Sibson et al. (1979, 

1981). 

Some variation in the attitude of L3 lineations is 

inherent since the S2-So anisotropy which is overprinted by 

S3 exhjbits some variability in attitude as does S3 

schistosity at the mesoscopic scale. Small rotations across 

brittle shear surfaces in the Alpine Fault Zone also 

contribute to the variation in L3 attitudes. 

In combination S3/L3 and S2/L2 attitudes from 

outcrop3 representing deep seated structure indicate 

stability within the schistose massif. However many slopes, 

particularly those lacking lateral support across 

schistosity and bedding, have an outwardly collapsing 

surficial "skin" of weathered and shattered schist. The 

collapsing schist retains its layered appearance but is 

internally broken, often with a block and matrix type 

texture. Examples of collapse under gravity are shown in 

figs. 4.30 and 4.31. The thickness of collapsed schist 

varies from zero to perhaps fifty metres. Ridge rents (small 

gravitational collapse faults with apparent upthrow on the 

downhill side) are common in areas where there is a collapse 

skin, run parallel the ridge crests. and contribute to 

downslope wasting under the influence of gravity. 

4.6 THE ALPINE FAULT DUCTILE ZONE 
I 

4.6.1 Introduction 

The Alpine Fault Ductile Zone is defined as that body 

of rock which has suffered strain associated with shear on 

the Alpine Fault, by processes other than brittle fracture. 

Discussion here is limited to processes occurring at and 

below the brittle-ductile transition zone of Johnston and 

\.Jhite (1983). 
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In areal extent the Alpine Fault Ductile Zone is at 

least as wide as the zone of F3 folding, although intense 

transpositlon takes place only within 3 km of the fault. 

Exposure o~ the Alpine Fault Ductile Zone is controlled by 

uplift, which decreases northeastward along the Wairau 

section of the Alpine Fault. This is assumed to be the 

reason for the termination of the Alpine Fault Ductile Zone 

in the vicinity of the D'Urville River. 

Duc ti 1 e processes cause s t ra i n in M3 metamor ph ism, 

with S3 schistosity being approximately parallel the XY 

plane of the finite strain ellipsoid. Mylonitic schistosity 

in those rocks immediately adjacent to the Alpine Fault 

trace is assumed to reflect the attitude of the Alpine Fault 

Ductile Zo~e at depth (cf. Sibson et al., 1979). The fault 

zone is curvi planar on a reg iona 1 sca Ie. Li nea r and planar 

features such as F3 fold axes, mineral lineations, and S3 

schistosity indicate that shear is dextral reverse with 

convergence from approximately 060 0 • In the Glenroy Valley 

the Alpi~e Fault strikes riorth-south and dips at 

approximately 50-600 to the east. North of Branch Creek the 

fault swings to a northeast strike and probably steepens to 

a dip of Eround 70 0 beyond Nardoo Trig. The Haast Schists 

are being thrust over the Western Province with the vector 

direction and rate of movement remaining relatively constant 

at all points around the curve of the Alpine Fault Ductile 

Zone. The relative proportions pf displacement expressed as 

components of horizontal strike slip parallel to the Alpine 

Fault and horizontal movement normal to the fault are a 

function oE the convergence vector, and the attitude of- the 

fault plane. The convergence vector between the bends is 

not equivalent to the regional principal horizontal stress. 
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4.6.2 Shear Heating and Metamorphism in the Alpine 

Fault Zone 

(a) Introduction 

Although a number of 

possibility of shear heating 

authors have suggested the 

in the Alpine Fault Ductile 

Zone the ~xtent to which this process has been active is as 

yet uncer~ain. Therefore it is pertinent to background 

current theoretical models of shear heating in major fault 

zones as a prelude to discussion of this effect in the 

Alpine Fault Ductile Zone. 

(b) Theoretical Aspects 

She~r or strain heating is caused by the conversion 

of mechanical energy into heat during deformation. If the 

rate of energy dissipated exceeds the rate of heat loss by 

conduction then the temperature will rise. causing a thermal 

anomaly. Fleitout and Froidevaux (1980) present 

mathematically derived thermal profiles across shear zones 

in a variety of litholigies and of variable initial width. 

background temperature. strain rate and stress level. They 

came to several conclusions concerning the deep ductile 

portion of large fault zones including the following: 

(1) Initiation of a ductile shear zone proceeds by 

the rapid buildup of a thermal peak and by 

concentration of strain. 

(2) The maximum temperature does not vary much with 

time once the shear zone is established. but is 

dependent upon lithology. Temperature is at a 

maximum in the centre of the zone. 

(3) The hot zone (and consequently the shear zone 

also) widens due to thermal conduction. 

\Videning is proportional to the square root of 

time. 
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(4) In homogeneous rocks softening, but not melting, 

will result from the shear heating process. 

(5) Since the lithosphere has an isothermal upper 

boundary, widening of the thermal anomaly will 

be ultimately inhibited. Three of the profiles 

shown by Fleitout and Froidevaux are across 

hypothetical transcurrent shear zones comparable 

with the Alpine Fault in width and strain rate. 

These examples have not reached thermal 

equilibrium (where heat generation balances heat 

loss) 10 Ma after initiation. 

(6) The sheared region is much narrower than the 

thermal anomaly. 

Bnln and Cobbold (1980) reviewed the literature on 

the subject of shear heating and came to several conclusions 

including: 

(1) That temperature rises of several hundred 

degrees can be expected in major shear zones and 

that such temperatures must be significant in 

localizing deformation. 

(2) A rise in temperature of lOOK is sufficient 

to localize 90% of the deformation in the hotter 

zone. 

Assuming the above theory to be valid, then there are· 

several likely consequences of the slow rate of heat 

conduction in crustal rocks. During the initiation of a 

shear zone, and for some time afterward, the thermal anomaly 

is restricted to an area close to the heat source. If there 

is no relative uplift then the rocks more distant from the 

shea r zone wi 11 u nd er go a pro Ion ged grad ual wa rmi ng pha se 

until thermal equilibrium is reached. If heat generation 

were to ~)top, cooling ,,,,auld be initiated in the centre of 

the zone. However if thermal equilibrium had not been 

reached, the stored heat could be sufficient to continue the 
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warming trend at points more distant from the shear zone 

(equivalent to post-deformational thermal metamorphism). 

When differential uplift begins across a shear zone in which 

thermal equilibrium has been achieved, then low conductivity 

is likely to result in pronounced disequilibrium, and 

unusually high geothermal gradients above the thermal 

anomaly (and beyond if the uplift is widespread). 

Where the shear zone is inclined. with uplift on the 

hanging wall, an asymmetric thermal anomaly is likely to be 

created (a situation which is relevant to the Alpine Fault 

Ductile Zone). The consequences of an asymmetric thermal 

anomaly (see fig. 4.32) include: 

(:.) A maximum geothermal gradient some distance from 

the surface expression of the fault (on the down 

dip side). 

(2) Maximum uplift rates need not coincide with the 

area of highest geothermal gradient. N.B. 

uplift occurs along a significantly non-vertical 

path. 

Across any horizontal profile the highest 

temperatures will have been suffered by rocks at 

the zone of maximum shear strain (rather than at 

the point with the highest geothermal gradient). 

(q) The youngest cooling ages will occur above the 

area of highest geothermal gradient. rather than 

in the area of maximum uplift rate. 

(5) Uplift in the hanging wall will result in a 

contraction of the isotherms i.e. the isotherms 

will move relative to the rock mass, inward 

towards the area of maximum geothermal gradient. 

Such a contraction would cause a pattern of 

decreasing cooling ages towards the area of 

maximum geothermal gradient. 
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minimum at A and Increase towards 8 and C. 

THE' ! i8RARY 
UNIVFQ< i r, '-ANTERBURY 

CHRIS P';HURCH, N.~ 



100 

(6) In a steady state situation with constant heat 

generation and uplift which is in balance with 

erosion, the cooling age pattern (e.g. K-Ar 

isotopic ages) across the ground surface profile 

will be constant in time. Again the youngest 

ages occur above the area of highest geothermal 

gradient, but do not vary with time. Therefore 

a K-Ar age pattern with a concentration of young 

dates does not necessarily reflect a heating 

event of short duration (cL Adams, 1981). In 

the case of a shear zone which cuts across an 

older metamorphic terrane is of interest. The 

increase of K-Ar ages outward from a linear zone 

separate from but parallel to the fault may 

indicate genuine cooling ages for some distance 

perpendicular to the fault, rather than simply 

partial degassing of the rocks of the older 

terrane. 

(c) Application to the Alpine Fault Ductile Zone 

The above discussion is relevant to the Alpine Fault 

and the adjacent Haast Schists as a number of authors have 

suggested shear heating occurs in association with strain in 

the Alpine Fault Ductile Zone. These include Sheppard et 

a1. (1975), Sibs on et a1. (1979), Adams (1981) and Johnston 

and White (1983). The evidence which supports this 

reasoning includes high finite strain and high strain rates 

associated with the zone of mylonites. Secondly Fe-Mg 

partitioning between garnet and biotite pairs indicates a· 

period of elevated temperature (Johnston and Hhite, 1983). 

Thirdly the K-Ar isotopic age pattern observed by Mason 

(1961), Hurley et a1. (1962), Sheppard et a1. (1975), Adams 

(1981) and Adams and Gabites (1985) has been attributed to 

limited shear heating, and partial degassing of older 

Rangitata phase schists. 

The current view appears to be that a shear heating 

event occurred during a change in slip direction within the 

Alpine Fault Zone about 5 million years ago (Sibson et a1., 



1979, 1981; Adams, 1981; Adams and Gabites, 1985; Johnston 

and White, 1983). Sibson et al. (1979) suggest that 

mylonitic lineations from within the ductile zone reflect 

slip which has occurred since the onset of strong uplift. 

As no earlier mylonitic structures were observed these 

lineations are regarded as dating a period of shear heating. 

This peTiod was seen to be short and to have occurred during 

rapid reorientation of the slip direction coincident with a 

migration of the pole of rotation in the Pacific Plate. In 

view of the theory outlined in Section 4.6.2(b) it is likely 

that the zone of intense shear (inlcuding mylonitization) 

progressively widened to encompass schists which were 

previously unaffected. Therefore at the extremities of the 

zone of transposed schist, only the most recent kinematic 

f ram e w 0 r k \<Ii 11 be rep res e n ted • Tow a r d s the c e n t reo f the 

shear zone deformation is sufficiently rapid to reorient 

older fabrics. Most plate tectonic reconstructions 

illustrate a progressive but gradual migration of the pole 

of rotation in the Pacific Plate (e.g. Molnar et a1., 1975) 

rather than the sudden change Sibson et al. (1979) suggest. 
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:ohnston and White (1983) suggest a base temperature 

of 400-450 0 C for amphibolite facies schists close to the 

Alpine Fault prior to mylonitization. More importantly 

Johnston and \-1hi te suggest the mineral assemblage of the 

schistose mylonites formed coeval with amphibolite facies 

schists. Assuming a geothermal gradient of 20 0 C/km they 

favour a depth of formation for the schistose mylonites of 

25-30 kn. By similar reasoning transition zone and green 

mylonites are thought to originate at 12-15 km depth in the 

Alpine Fault Zone. Uplift rates in the Southern Alps are' 

thought to be at a maximum some distance southeast of the 

Alpine Fault (Wellman, 1979; Walcott, 1979). Sibson et al. 

(1979) show that the maximum strain rates occur within the 

Alpine Fault Zone. If, as is suggested by Johnston and 

\-Ihite (1983), the amphibolite facies schists at the Alpine 

Fault have suffered 25 km of uplift then it would follow by 

the reasoning of Wellman (1979) that the schists some 

distance southeast of the Alpine Fault have suffered even 

greater uplift. Adams (1981) estimated a maximum uplift of 
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only 10 km for the Haast Schists since the early Pliocene, 

based on the distribution of K-Ar ages. This is a more 

realistic figure than that of Johnston and White (1983) and 

is based on a geothermal gradient of 50 0 /km. Allis (1981) 

estimated the geothermal gradient in the central Southern 

Alps at 60 0 /km. 

~ohnston and White (1983) estimated a rise in 

temperature of approximately 1000 C within the Haast Schists 

adjacent to the Alpine Fault Zone based on garnet-biotite 

geotherrrometry, and attribute this to shear heating. Adams 

(1981) suggests this thermal aureol may have extended as far 

hack as 15 km into the Haast Schists causing outfassing of 

argon and the observed distribution of K-Ar ages. If the 

arguments of Section 4.6.2(b) are valid then the 

distribution of K-Ar ages may reflect a period of heating 

more prolonged and more intense than that envisaged by Adams 

(1981). 

still 

times 

The mineralogy of 

to be explained if 

is as low as 10 km. 

the schist derived mylonites is 

the total uplift during Cenozoic 

Mylonitization at shallow depths 

and retrogressive temperatures will 

change in the mineralogy of a 

not necessarily cause a 

metastable assemblage. 

Secondly, if the rocks were buried at a depth of 10 km prior 

to mylonitization they may have been close to the argon 

retention limit. Shear heating producing a 100 0 rise in 

temperature (conservative estimate) would then subject these 

rocks to greenschist facies conditions at the very least. I 

argue on the basis of structure and petrology, that 

amphibolite and greenschist facies conditions have 

in flu e n c ,= d the H a a s t S chi s t s 0 f the G 1 e n roy Vall e y d uri n g 

late Cenozoic times. This does not conflict with the 

observed K-Ar age profiles of Sheppard et al. (1975) or the 

garnet-biotite geothermometry of Johnston and White (1983). 

In the Glenroy Valley M3 metamorphism is related to strain 

associated with movement on the Alpine Fault. Mapping by 

McLean (1986) indicates that this zone of deformation 

extends at least as far south as the Maruia River. 
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The observations that M3 schists have suffered an 

extended period of elevated temperature and high strain 

rates are compatible with a prolonged shear heating event. 

This event is likely to be in progress still, and will 

continu(~ so long as the shear strain rates at the Alpine 

Fault are maintained at the current level. 

t~ • 6 • 3 Dr ago nth e Alp i n e Fa u 1 t 

(a) Introduction 

Ductile shear in the Alpine Fault Zone is responsible 

for a large proportion of the total offset recorded at those 

localities where mylonitic rocks are exposed. In Section 

4.6.2(c) it is proposed that Alpine Fault related ductile 

shear may occur throughout the zone of M3 metamorphism in 

this study area. Assuming this to be true then structures 

which pre-date ductile shear should show evidence of 

rotational strain, particularly those which were once 

continue us across this zone. The So-S2 structural trend is 

such a feature. As this trend is continuous on a regional 

scale, and not deflected with the changing orientation of 

the Alpine Fault, it provides a unique opportunity to 

examine drag on the Alpine Fault. The effects of ductile 

shear on individual passive markers 

discussed with repect to angular 

surfaces in the Glenroy area. 

is considered, then 

relationships between 

(b) Ductile Shear in Two Dimensions 

A two dimensional model is discussed here to aid 

conceptualization of the three dimensional case. Motion in 

the duct.ile shear zone (fig. 4.33) is traced by defining 

displacement vectors relative to a line normal to the zone. 

The maximum displacement vectors are equal in magnitude and 

symmetrically opposed on the margins of the zone. Vectors 

of opposing direction are separated by a "stationary line" 

relative to which both margins have been displaced by the 

shearing process. This line need not be centrally located 

in real shear zones, as strain will not necessarily vary 
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FIG 4.34 Orientation of the strain ellipsoid in dextral 
oblique reverse slip within an inclined shear zone. 



linearly across the zone. 

The relative 

two bounding points 

4.33) is the sum 

increments between 

displacement (or velocity) between any 

on a deforming passive marker (fig. 

of 

the 

relative movement (infinetesimal 

continuum of points) between 

"subpoints" representing finer divisions on the marker. All 

displacements are given a positive value. In the limit the 

relative motion between bounding points tends towards zero 

as the distance (perpendicular the shear zone margins) 

between these points tends towards zero. Likewise the 

relative motion between bounding points tends towards zero 

as the time interval approaches zero. 

(c) Ductile Shear in Three Dimensions 

In this section ductile shear is 

respect to the general three dimensional 

illustrative technique for prediciton of 

discussed with 

situation. An 

the rotation of 

planar surfaces is outlined. This method is similar to that 

of Skjernaa (1980), which allows quantitative prediction of 

the rotation of lines and planes in simple shear. 

Here passive marker planes are deformed in shear 

zones of known width and slip direction. For each of the 

examples outlined the time interval (t n ) during which shear 

takes place, and the cumulative movement rate across the 

shear zone as a whole are unspecified. Flow rates are 

heterogeneous across the shear zone but symmetrically 

arranged '-lith respect to the "stationary plane" (equivalent 

of the stationary line in fig. 4.33). Any line within the 

"stationary plane" is a stationary line. For example the 

line of intersection between the passive marker and the 

"stationary plane". In order that this discussion might be 

applied directly to the Alpine Fault, each of the diagrams 

(figs. 4.34, 4.35, 4.36, 4.37) represents a oblique

dextral-reverse shear zone. 

At low to moderate finite strain (see fig. 4.34) the 

long axis (AI) of the strain ellipsoid is oblique to the 
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plane of shear, 

strain does Al 

and the slip vector. Only at high finite 

rotate into near parallelism with the plane 

of shear. Schistosity formed in simple shear deformation is 

assumed to parallel the AIA2 or XY plane of finite strain, 

rather than the plane of shear. 

Fig. 4.35 shows the effect of oblique-dextral-reverse 

ductile shear on a passive marker which strikes parallel the 

margins of the shear zone. During shear the strike of this 

marker renains the same, irrespective of the attitude of the 

slip vector. 

Figs. 4.35, 4.36, 4.37 show that in oblique

dextral-reverse shear passive markers with strike oblique to 

that of the slip vector and the shear zone will rotate in 

map view. The sense of rotation depends on the vergence of 

the slip vector with respect to the line of intersection 

between the passive marker and the shear plane. 

be demonstrated that counterclockwise rotation 

Thus it can 

markers 

shear. 

geometry 

for the 

section. 

:L s p 0 s sib 1 e 

Applying the 

of fig. 4.36 

passive marker 

of 

in oblique-dextral-reverse 

method of Skjernaa (1980) 

produces the same sense of 

in both the horizontal and 

passive 

ductile 

to the 

rotation 

vertical 

Fig. 4.37 illustrates the sense of rotation seen in 

the horizcntal profile, as determined from figs. 4.34, 4.35, 

4.36, and applied to the Alpine Fault. The orientation of 

the Alpine Fault in fig. 4.38 a,b,c is similar to that seen 

near Trig FZ at the southern end of the thesis area •. Fig. 

4.38b shows a passive marker which can be equated with the 

S2-So anjsotropy on Trig FZ Ridge (see also Section 

4.4.3(b»). Fig. 4.38d can be compared directly with the 

oblique angle of intersection between the S2--So anisotropy 

and the nJrth-south (Glenroy) section of the Alpine Fault 

(see also Section 4.4.3(c»). 

Discussion of shear in three dimensions has so far 

been simplified by the initial assumption that the shear 

zones should be symmetrical. A note of caution must be 
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sounded though. The full width of the Alpine Fault Ductile 

Zone is not necessarily represented in horizontal profile at 

the ground surface. Relative uplift across the Alpine Fault 

tends to expose the eastern half of the ductile zone in 

preference to the western half. 

Deformation within the Alpine Fault Zone is not 

nee e s s a r i 1 y spa t i all y s y mm e t ric a 1 at de p t h • Con t r as tin 

lithology across the shear zone may produce strain 

localization close to the western margin. Velocity profiles 

(with respect to the stationary plane) are almost certainly 

asymmetric both at the surface and at depth. This is likely 

to be true of ductile, brittle-ductile, and brittle shear. 

It cannot be assumed that the "stationary plane" coincides 

with the lithologic boundary. The "instantaneous" 

stationar} plane need not coincide with the "finite" 

stationary plane. Here the terms instantaneous and finite 

are analogous to their usage in general strain theory. 

Passive marker planes rotate in the manner outlined 

here regardless of the symmetry of the shear zone, so long 

a s the I:; lip vee tor and she a r z 0 n ear e con s tan tin 

orientation. 

Rotation of passive markers in simple shear within 

the bends region is limited to the zone of M3 metamorphism. 

The maximum width of the rotational zone within the Haast 

Schists is approximately 5-6 km and intense transposition 

occurs only within 3 km of the active fault trace. Further 

east within the main mass of the Haast Schists ductile 

rotation in Alpine Fault related deformation is relatively 

insignific:ant. In this context ductile shear also includes 

the penetrative brittle shear fabric outlined in Sections 

4.7.3 and 4.7.4. 
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FIG 4.35 Ductile druE of a vertical passive marker 
which is initially parallel to the strike of an 
inclined dextral oblique reverse shear zone. The 
passive marker is also oblique to the slip vector 
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FIG 4.26 Ductile draE of a vertical passive marker 
initi ly oriented such that it approximatly 
bisects the angle b~tween the slip vector and the 
strike of the inclined oblique dextral reverse 
shear zone 
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FIG 4 •. 37 Ductile drag of a passive marker initially 
oriented perpendicular to the stationary plane 
(see text) and at a high angle to the slip vector 
of a dextral oblique reverse fault. 
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Slip Vector 

c. 

4 3~ a.,b. and c. are plan profiles of figs 4.6.6, 
. '4.6.5, and 4.6.4 and show the sense of rotation 

for the passive marker of each. The geometry of 
d. is essentially the same as that of c. but can 
more readily be compared with the H-S section of 
the Alpine Fault. A different passive marker is 
illustrated for each time period (tn). 

t4·>t3>t2>t1 



4.7 BRITTLE SHEAR IN THE HAAST SCHISTS OF THE BENDS REGION 

4.7.1 Introduction 

When dealing with a large feature such as the Alpine 

Fault it is unrealistic to dissociate brittle and ductile 

shear processes. Often the distinction is a matter of scale 

only. For the purposes of this discussion ductility 

includes: folding, brittle and brittle-ductile microshears 

and metamorphic processes operating on the scale of a few 

grains. 3rittle shear includes planar or anastomosing shear 

systems operating at outcrop ( >1 m ) or larger scales. 

Therefore this discussion is concerned with joints and 

faults. Jistinction between these is arbitrary as they form 

by brittle fracture in the same stress field, and many 

jOints show small offsets as a consequence of reactivation. 

4.7.2 Collection of Data 

Co~lection of data involved the measurement of planar 

fracture !Iurfaces (excluding schistosity and bedding) from a 

selection of localities. Selection of localities was rather 

random (iE~. there was no predetermined pattern of sampling). 

Data collated from any single locality included at least one 

fracture orientation for each of the major sets seen in that 

outcrop, as well as a selection of the least common 

orientations. It was hoped that when collated only the 

major regional sets would show as clusters in equal area 

projection plots. The thesis area is divided into domains 

within which data was collected and then collated. for 

compariso~. Where possible the shear sense was n6ted. 

Slickensides on joints are uncommon. 

Shear sets as defined by stereographic projection of 

poles to joints, are anastomosing planes which vary in 

attitude about an average value. 

The domains in which fracture data were collated are 

divided into two groupings. Firstly those which lie within 

the Alpine Fault Zone, and secondly those which lie east of 
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the Alpine Fault Zone. 

4.7.3 Brittle Shear n the Alpine Fault Zone 

(a) Introduction 

The term Alpine Fault Zone was coined by Kupfer 

(1964) and refers to the ",,,ide zone of intense faulting, 

slicing, and brecciation" in a zone with arbitrary 

boundaries. Brittle and brittle-ductile processes are 

related to structural level within the Alpine Fault Zone. 

Discussion here is essentially limited to those processes 

occurring at or above the brittle-ductile transition zone of 

White and ~hite (1983). 

Wittin the zone influenced by ductile processes 

(which include M3 metamorphism, mylonitization and F3 

folding) brittle shear postdates ductile shear. Uplift in 

the Alpine Fault Zone causes unroofing and cooling in the 

ductile zone. Subsequent to this shear takes place by 

brittle fracture mechanisms. Brittle offset within the 

Alpine Fault Zone is largely concentrated about the upward 

projection of the zone of most rapid ductile shear. 

Shear in the 

scale, 

Alpine Fault Zone is penetrative 

and in a regional context brittle 

on a 

shear macroscoptc 

planes are 

by ductile 

most numerous in the broad zone also influenced 

shear. M3 structure within this zone is still 

largely intact in its original spatial orientation. Intense 

crushing is limited to a zone as narrow as 20 m south of the 

Matakitaki River. However in Mole Stream and Bull Creek the 

crush zone is up to 300 m wide with no well defined 

boundaries. Here the original hard rock structure is largely 

obliterated. 

(b) Recent Traces of the Alpine Fault 

Several relatively fresh fault scarps cross the Trig 

FZ Ridge at its junction with the Mt Cann Range. These show 

d ext r a Ire " e r s e m 0 v e men t sen s e • The dis P I ace men t 0 f two 
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such traces (the largest ones) were paced out. Approximate 

horizontal displacements were 50 m and 10 m and vertical 

displacenents were 12 m and 4 m respectively. These give 

horizontal:vertical ratios of 4.2 and 2.5. The scarps 

strike a~ approximately 060 0 across a glaciated face with a 

dip of approximately 20 0 and dip direction 060 0 • As the two 

traces run parallel to and above an over steeped north\.,rest 

facing slope there could be some associated gravity 

collapse. 

(c) Orientation of Shear Planes in the Alpine 

Fault Zone 

The dominant shear patterns in the north-south 

(Glenroy~ section of the Alpine Fault Zone are illustrated 

i n fig. ,~, 39 ( a ), pat t ern sat the nor the r n ben d ( N a r d 00 ) i n 

fig. 4.39(b) and further northeast at Natakitaki Base Hut 

fig. 4.41(a), the Mole Tops fig. 4.40(a) and Mt Misery fig. 

4.40(b). In each case data were gathered immediately east of 

the zone of intense crushing. These five stereoplots have 

two main features in common. Each shows a domain defining a 

northeast. striking shear set, although the dip and dip 

directior. is variable. Offset on this set is invariably 

sinistral. Secondly there is a north-south striking shear 

set common to each, although the dip and dip direction is 

again variable. In the Glenroy Valley the northeast 

striking set swings to east-northeast. 

Fig. 4.39(a) showing shear sets in the Glenroy Valley 

is of particular interest. Here the north-south westward 

dipping shear set is better developed than elsewhere in the 

study area. Crenulation of S3 schistosity by this shear set 

reveals a dominantly reverse movement sense. These 

fractures are therefore considered to be antithetic to the 

Alpine Fault. Sampling was biased such that fractures 

parallel east dipping S3 schistosity were not generally 

measured. However there are numerous planes subparallel S2 

on \.,rhich brittle failure has occurred. These shears are 

assumed t.o be reverse and constitute a set sympathetic with 

the Alpine Fault. The sympathetic and antithetic sets form 
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via stress relief in the body of coherent schist which is 

overiding the Alpine Fault crush zone. Figs. 4.39(a), 4.44, 

4.45, and 4.46 illustrate this interpretation. 

Although many shear planes have a breccia or gouge 

infilling there is little evidence of large displacement on 

any single surface. In some cases, particularly shear 

planes which strike northeast (e.g. fig. 4.47), and those of 

the antithetic set, considerable brecciation and gouge zones 

up to 10 em thick lead to displacement of individual marker 

layers by only a few metres. Some such shear planes are 

continuous for hundreds of metres along strike. 

angle 

Nardoo 

A post 

formed 

Creek 

glacial river terrace 

by the junction of the 

is offset by a recent 

located in the acute 

Matakitaki River and 

fault trace. This 

locality was examined by Berryman (1975). The single 

dextral offset of 9.0 m horizontal and 2.2 m vertical is not 

preserved on the northeast bank of the Matakitaki River. 

However, directly southwest along strike and beyond Nardoo 

Creek a nore substantial trace runs obliquely across the 

northern extension of Nardoo Trig Ridge. On this slope, 

which is inclined at approximately 30 0 east the fault has a 

vertical offset of 5-8 m. Here the scarp appears to be a 

composite of at least two discreet movements and strikes at 

045 0 • 

A10ng the north-south section of the Alpine Fault the 

active trace is constrained to run under a series of large 

fans supplied by streams running from the mountain front to 

the east of the fault trace. High rates of sediment supply 

from the Alpine Fault Zone (across which these streams flow) 

has caused burial of any evidence of recent displacement in 

the Glenroy Valley floor. 

A large landslide from the Ht Cann Range 1,000 yds 

north of Sub A covers the area where the Alpine Fault is 

projected to cross the Glenroy River. This landslide 

appears to have dammed the river for a time, allowing 

accumulation of an undetermined thickness of sediment on the 
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a. Middle Glenroy Valley 294 poles 

Contours 1,2,3,5,7 % per 1 % area 

N 

b. Nardoo Tops 200 poLes 

ContoL1 rs 1,2,3,4 % per 1 % area 

FIG 4 .. 39 Poles to Jo i nts EquaL area lX"ojection 
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a. Mole Tops 200 poles 

Contours 1.2.3.4.5 °1. per 1°10 area 

N 

o 

b. i"1t Misery 150 poles 

Contours 1,2,3,4,5 °10 per 1 % area 

FIG L,. 40 Poles to Joints Equal area project ion 
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a, Matal<ital< i Base Hut 175 poles 

Coo tours 1,2,3,4,5. G % per 1 % area 

N 

o 

b. Burn Creei{ and Sunset Valley 196 poles 

Contours 1,2,3,4,6 % per 1 % area 

FIG 4.41 Poles to Joints Equal area projection 



117 

N 

a Upper GLenroy VaLley I Spenser Mts west of 430 poLes 

Gloriana Peak,and Trig FZ Ridge. 

Contour intervals '.2.3,5,and 7 [):!rcent per 1 percent area 

b. Bobs Hut (Up~r Mataki1aki 200 poles 

Contours ',2,3,L.,5 % per 1% area 

FIG 4.42 Poes to Joints Eq ual area proj ect i on 
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FIG 4.43 Poles to Joints Equal area pro j ec t io n 



Ground Surface 

Depth 201m 

B. 

Stre5s difference and secondary hulling inferred from phot~lastic model. (a) Contoun 01 

equal difference between tne least and tne most compressiv<' principal stresses in MPa (equal to 
1wice the maximum shear stress). The magnilude 01 the stress difference at a given point is I 

constant function of the horiwntal stress applied at the ends of tne model. For this model. Ih. 
applied stress is 0.5 MPa. (b) Potential t30· shear fracture trajectories. 

FIG. 4.44 Figure 6 of Rogers and Rizer. (1981) . 

FIG. 4.45 Eastern slopes of the Glenroy Valley. The Alpine Fault 
runs north to south through the valley (middle distance) and dips 
towards the east (left). Note the synthetic-antithetic shear 
pattern in the foreground. 
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FIG. 4.46 Alpine Fault Zone, Mole Tops. The scree slopes face 
northwest towards Mole stream, through which the Alpine Fault 
runs. Bedrock structure is progressively disruped towards the 
Fault by brittle shear processes. Surficial gravitational col
lapse and freeze and thaw action accentuates the brecciated appear
ance of the outcrops in the foregraound. 
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FIG. 4.47 A brittle shear zone oriented subparallel to bedding and 
S2 sc~istosity in ~udstone-s~ltstone association: The.d~r~ction of 
v~ew ~s northeast ~nto ~unct~on C~eek from the r~dge d~v~d~ng Burn 
and Junction Creeks. Metric gri~ reference M30 4657 8955. 
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upstream side where the fault is also projected. A stream 

flowing from the eastern side of the valley appears to be 

deflected by the landslide debris. The landslide could 

concievable have been triggered by a seismic event, although 

such an event would not necessarily be associated with the 

Alpine Fault. Forest cover over the landslide surface gives 

a minimum age although this was not estimated. 

4.7.4 Brittle Shear East of the Alpine Fault Zone 

In the area between the Glenroy and Matakitaki 

Rivers, excluding the Alpine Fault Zone, there is 

extraordinary consistancy in orientation of the major 

joint/shear set. This set (see figs. 4.41(b), 4.42, 4.43) 

strikes at 125-135 0 on average, and dips steeply northeast 

or sou t h\-,'es t ,of ten a s a con juga te set. Topogr a ph ica 11 y 

shear in this orientation has had a strong impact, \vith 

numerous ice scoured valleys running northwest-southeast. 

Valley and joint orientations swing in attitude within the 

Alpine Fault Zone toward east-west. This is probably due, 

at least 

Brittle 

bedding 

in part to the s\ving in strike of schistosity. 

offsets and F4 crenulations of schistosity and 

are invariably sinistral on this shear set. The 

cumulative regional offset is not known. Structural markers 

such as the large northeast striking metapelites are not 

noticably offset, and have the same regional trend as 

bedding in outcrop. 

A second shear set which is not represented in figs. 

4 • 4 1 ( b ), I~. 4 2 , 4 • 4 3 , s t r ike s sub par a 11 e 1 t 0 bed din g and S 2 

schistosity. Shear planes are much more widely spaced than 

those of the northwest-southeast set and are most common in 

thick mudstone-siltstone association metasediments. Several 

gouge zones of up to 20 cm thichness with associated breccia 

are continuous for over 300 m in both horizontal and 

vertical profile. The combination of bedding, schistosity 

and shear plane anisotropies has a strong topographic 

expression with many ice scoured valleys (e.g. Hardoo and 

Junction Creeks) trending northeast-southwest. Total 

cumulative offset on this shear set is unknown as no marker 
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horizons are displaced. 

Shear planes \vhich 

dip and dip direction are 

bedding by up to 3 m 

strike at 070-080 0 with variable 

common. Such planes often offset 

in a dextral sense. Again the 

cumulative regional offset is not known. One such fault may 

significantly offset the isotects in the Upper Glenroy 

Valley. Several tributories of the Upper Glenroy River, Mt 

Maling Creek and two sections of the Matakitaki Riverts West 

Branch follow this trend. Shear planes in this orientation 

parallel the Awatere Fault. 

In the lower textural grade schists east of the 

Hatakitaki River the topographic expression of the above 

she a r s ,= t sis 1 e ssp ron 0 u n c e d • F i P, • 4 . 4 3 w h i c h d e fin e s 

shear sets on the Ella Range also shows a breakdown of the 

regular pattern. 

4.7.5 F4 Folds 

F4 folds include open mesoscopic folds and small 

crenulations of schistosity (see figs. 4.48, 4.49). The 

axial planes of F4 folds are invariably parallel to one or 

other of the major regional shear sets. Such folds are most 

commonly associated with the sinistral north\vest-southeast 

striking shear set, and are often cored by brittle shear 

planes. Morphologically F4 folds, particularly the small 

crenulations, 

bands. Fold 

are 

axes 

angular asymmetric 

are parallel to the 

or monoclinal kink 

intersection of the 

Offs~t of axial plane and general attitude of schistosity. 

schistosity and bedding is always the same as th~t of 

discrete brittle shear on the corresponding shear sets. 

Joints with brittle offset often pass directly along strike 

into F4 crenulations with axial planes 

orientation. F4 crenulation axes from the 

in the same 

Glenroy Valley 

are plotted on fig. 4.3.9. These fall into two domains, one 

representing the sinistral northeast-southwest shear set, 

and one representing the antithetic north-south shear set. 

4.7.6 Pseudotachylyte 
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Pseudotachylyte (glassy frictional melt rock) was 

observec, at one locality within the Alpine Fault Zone. A 

large boulder in a tributary stream of the Glenroy River at 

metric grid ref 4590 8891 (see fig. 4.50) contained numerous 

pseudotc,chylyte "veins". These "veins" are axial planar to 

F4 crenulations which have associated brittle shear offset. 

Ftg. 4.50 shows two such shear planes which have a thin 

1 aye r 0 .~ p s e u dot a c h y 1 y t e. Sma 11 e r sub sid i a r y p] a n e sap pea r 

to be "blind" thrusts and not directly connected with the . 
main shear planes. Discrete pseudotachylyte cored shear 

pIa n e s rna y pas sin to, and 0 u t 0 f F 4 ere nul a t ion salon g 

strike (ftg. 4.51). 
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FIG. 4.48 Joints and F4 crenul~tions in metapelite on Mt Burn. 
schistosity is subvertical and strikes normal to the dir8ction of 
view. Axial planes of the crenulations are parallel to the orien
tation of the joint set and the direction of view. 

FIG. 4.49 Thin section (UCl0650). F4 crenulations of schistosity 
in quartzofeldspathic metapsammites of TZ IIA. Within any single 
specimen crenulations with the same axial plane invariably exhibit 
the same sense of shear. Cross polarized light. Field of view 
2.5 x 1.7 mm. 
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FIG 4.50 Pseud otachylyles and F4 crenulat ions III a large 

boulder (metr ic gri d ref. 4590 8891 ) 
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CHAPTER FIVE 

SYNTHESIS 

5.1 INTRODUCTION 

In Chapters two, three and four the geology of the 

bends region is outlined in some detail. Section 5.2 covers 

origins for the Alpine Fault Bends and draws in part on the 

informatton presented in the preceeding Chapters. General 

theory from the geological literature is also utilized in 

this discussion. 

In Section 5.3 the current tectonics and the 

geological history of the bends region and the Haast Schists 

in particular are outlined. The findings of this study have 

some implications for the broader history of the South 

Island and these are also outlined briefly. 

5.2 THE ORIGIN OF THE ALPINE FAULT BENDS 

One of the most interesting problems associated with 

the Alpine Fault is the question as to the origin of the 

Alpine Fault bends. A number of hypotheses have been 

a d van c ed" not a b I y \\1 a 1 cot t ( 1 978 ) , and S u g gat e (1 9 7 9 ) • 

Neither of these was based on a detailed knowledge of' the 

geological structure immediately adjacent to the Alpine 

Fault in the bends area. Both hypotheses require that the 

Daast Schists have flexured on a regional scale in order to 

form the bends (Suggate 1979, fig. 7) and allow the schists 

to "flo,,'" a round the bend s. D2 st ruc tures and the D2 

structural trend have not been deformed in this manner. 

Curvature of the isograds and isotects in this region is a 

composite effect of the regional uplift pattern, and of the 

M3 metamorphic overprint. 
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Suggate suggests four possible origins for the bends 

(illustrated in fig. 4, pp 69, Suggate, 1979). These are: 

"(a) the Alpine Fault was bent from the start; 

( b ) it has been offset by a north-trending 

transcurrent fault; 

(c) the north trending section is part of a 

pre-existing fault that was, as it were, 

"adopted" as part of the Alpine Fault; or 

(d) that the Alpine Fault was substantially straight 

after the Permian belts were situated on opposite 

sides of the bends, and it has indeed since been 

bent." 

Origin (c) is adopted by Suggate and discussed in 

some de tai I. However thi s mode lis in conf lic t wi th the 

geological structure mapped by Cutten (1976, 1979) and 

Campbell, Cutten and Tulloch (in prep). Suggate's model 

requires the north-south "Glenroy" section of the Alpine 

Fault to have been generated as part of a pre-existing Fault 

(probably the Waimea Fault), the northern extension of which 

has subsequently been offset to the north-east. Thus the 

basement block immediately west of the Glenroy River must be 

Rotoroa Complex (Suggate, 1979, figs. 5 and 6). Campbell, 

Cutten, and Tulloch show this is not the case. These rocks 

are almost certainly correlatives of the Mt Arthur Suit~ of 

rocks, which run in a discontinuous belt from Springs 

Junction ":0 Collingwood. 

An assumption implicit in Suggate's model is that the 

bends are now fixed with respect to the Western Province (or 

Indian Plate). Structure in the Baast Schists demands that 

the bend is fixed, with respect to, and at the leading edge 

of, the \\airau Block (that area between the Alpine-Wairau 

and Awatere Faults). Furthermore the Wairau Block must act 

as a more or less rigid wedge (c.L Mackie, 1968). If the 
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bend is fixed in this manner then the question as to its 

age is still open. I would suggest, on the grounds of 

struct~re within the Alpine Fault Zone, that the north-south 

section of the Alpine Fault is at least as old as earliest 

Pliocene (ie. as old, or older than M3 metamorphism). If 

offset during subsequent millenia is restored this places 

the bends in a region where the rocks on both sides of the 

Alpine Fault are either Torlesse or Haast Schist 

lithologies. Therefore the origin of the bends would not 

have involved the Western Foreland of the Nelson Province. 

A number of authors have illustrated means by which 

faults may be generated with non-linear traces. These 

include: Chinnery (1966a, 1966b). tHlcox et a1. (1973)., 

Tchalenko (1970), Ramsay (1980), and Bahat (1983). My 

proposal regarding the mechanics of evolution of the Alpine 

Fault bends is based on the ideas of Ramsey (1980) and 

Chinnery (1966a, 1966b). Two possibilities are considered. 

Firstly that illustrated in fig. 5.2 (after fig. 18, Ramsay, 

1980). Two faults of the same shear sense which propagate 

towards each other share a mutual dipole-dipole like 

attraction. As the faults propagate the independant stress 

fields at each fault tip are 

pattern of stress trajectories 

their propagation directions. 

superimposed producing a 

resulting in refraction of 

Thus the merging of faults 

can procuce a single curved trace. 

The second possibility is illustrated in figs. 5.1, 

5.3 (after Chinnery, 1966b, fig. 5). Individual faults have 

a tendency to alter their direction of propagation in 

regional pure or uniaxial compressive stress. Here stress 

trajectories are based on the residual stress remaining 

after large magnitude seismic relief on the main linear 

section of the fault. Chinnery (1966, pp183) states: !fonce 

a secondary fault has occurred the stress distri.bution in 

its vici.nity will be changed into a rather complex form. A 

large secondary fault may well give rise to new subsidiary 

faults, although there are few cases where these are clear. 

Usually it seems that when a secondary fault prop agates out 

of the region of influence of the master fault it is 
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controlled by the initial stress distribution and curves 

around until it is parallel to the approximate complementary 

shear direction." In this 'vay, a major fault propagates 

along a secondary orientation before returning to its 

original trend. 

The model of Chinnery (1966a, 1966b) assumes a 

mechanically isotropic medium through 'vhich a single fault 

propagates. The angle between the fault and the principal 

stress is 30 0 (an average value for most experimental and 

natural transcurrent systems). Chinnery (1966a) and Hafner 

(1951) both state that stress must be regarded as a tensor 

rather ~han a vector quantity. Only the shear stress 

compone~ts are relieved in discrete slip events. 

Con seq u e:1 t 1 y the d ire c t ion and mag nit u d e 0 f the p r inc i pal 

stresses relate to the seismic release of shear stress. If 

stress is treated in this fashion then the model of wrench 

fault tectonics proposed by Moody and Hill (1956)is invalid, 

as is the method of determination of principal horizontal 

stress proposed by Lensen (1958). The method of Lensen has 

been 

also 

used more recently by Berryman 

dismisses Moody and Hill (1956) 

(1979). Mean s (1963) 

and Lensen (1958) on 

the basis of their assumptions which include: (1) that the 

Earth's crust can be considered mechanically isotropic; (2) 

that transcurrent faults are necessarily steeply dipping; 

(3) that transcurrent faults are generated at 45 0 to the 

principal horizontal stress; and (4) that the maximum 

principal stress is necessarily horizontal. 
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The propagation direction of a fault is likely to be 

influenced by pre-existing mechanical anisotropies '(ego 

schistosity and bedding in the Haast Schist and Torlesse 

Zones) and by an inherent tendency for faults to change 

direction during propagation, even where the medium is 

mechanically isotropic (see Chinnery, 1966). Thus it is my 

contenticn that the Alpine Fault bends were created during 

propagation of the Alpine Fault. This is not contradictory 

to any k~own structural features within the Haast Schists 

of southeast Nelson. 
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The D2 structural trend swings in sympathy with the 

southern bend between Pell Stream and the Glenroy River but 

diverges from this trend and that of the Alpine Fault Zone 

north of the Glenroy River. This swing is illustrated in 

figs. 3.1, 4.2, 4.27, 5.4. Although the swing could reflect 

rotational strain there is no reason why it should 

regarded as a primary feature of the "aast Schists. 

not be 

In this 

context a "Chinnery" or "Ramsay" type model of the origin of 

the bends becomes more likely. Such a swing in the 

orientation of the D2 mechanical anisotropy could cause a 

sympathetic swing in the propagation direction. Having 

diverged from its original direction of propagation the 

fault is then more likely to diverge further along a 

direction of secondary faulting. 

Once a transcurrent fault has formed, the relative 

mot ion bE~ tween the rocks to each s ide wi 11 be compl ica ted 

if the trace is curved. It is proposed that the Alpine Fault 

ben d s a r E~ a b 1 e tom 0 v e wit h res pee t tot h e I n d ian PIa t e • 

This is achieved largely through stress relief by plastic 

and brittle deformation west of the Alpine Fault, as 

proposed by Mackie (1968), as well as uplift and genuine 

westwardly directed thrusting along the Alpine Fault. 

Mackie's proposal is stated thus: "Suppose, for the 

sake of argument, that the rocks on the north-west side of 

the fault were stationary and those on the south-east side, 

within a western protuberance formed by the bends in 

question, were moving to the south-west, the protuberance 

m 0 v i n g w:l t h the m • The com pre s s ion 0 f the roc k son the 

north-west side of the fault caused by the passage or the 

protuberance would be manifested in the form of shortening 

with possible fracturing along roughly north-south lines; 

plastic yielding would accommodate some of the strain, but 

not all. This fracturing would extend progressively towards 

the south-west as the protuberance moved in that direction." 

This proposal leads directly into the examination of the 

structure and tectonics of the bends region. 



FIG 5. 1 After Chinnery (1966a), Figures 4, 5 and 6. 

a and d Contours of equal shear stress at the ground 

surface after faulting has occurred: 

a) for faulting under pure shear and 

d) for faulting under uniaxial compression. 

Contour values are in units of 105 dynes/cm2 . 

band e Trajectories showing the direction of maximum 

shear stress at each point on the grow1d surface 

after faulting has occurred: 

b) for faulting under pure shear and 

e) for faulting under a uniaxial compl:ession. 

c and f Typical likely directions for secondary fault

ing: 

c) for faulting under pure shear and 

f) faulting under a uniaxial compression. 

Solid lines show most likely locations, broken 

lines show less likely locations. 
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a. Approach b. Curving tips c. Intersect ion d. Merg ing 

1 ~ 

FIG 5.2 

1L 

N ~u 

~d 
1 ~ H 

e. f. 9. 

Curving and merging of faults during 
propagation (after Ramsay,1980,fie 18) 

FIG 5.3 (after Chinnery 1966b,fi~ 5.) A fault that 
once ended at the point marked by a cross will 
tend to extend itself along a curve as shown. 
( for the case of uniaxial compression ). 
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5.3 TECTONICS OF THE BENDS REGION 

5.3.1 An Overview 

Any model which is designed to explain the tectonics 

of a particular area must be in accord with the geological 

field rE!lationships. The following is a summary of 

improtant features within the bends region with which a 

tectonic model should be compatible. 

(1) The Alpine Fault is the major tectonic lineament 

in this region. This zone dips at around 50-600 towards the 

east in the Glenroy Valley, and 70 0 southeast between the 

Matakitaki River and Lake Rotoroa. Uplift rates increase 

dramatically from west to east across the Alpine Fault Zone. 

Consequently mylonites, and M2 schists of amphibolite and 

greenschist faceies have been exposed immediately east of 

the Alpi:1e Fault trace. Lineations (L 3 ), which probably 

reflect the slip vector during strain in mylonitization and 

M3 metamrphism, plunge at moderate angles to the east and 

northeast (see Sections 4.2.5, 4.5). Microtexture, 

microfabric and mesoscopic structures suggest that ductile 

shear was: oblique-dextral-reverse in nature. Mechanisms of 

ductile and brittle shear within the Alpine Fault Zone are 

significant in terms of the regional history. These include 

crystallization-recrystallization processes, intergranular 

slip (grain boundary sliding, shear banding), intragranular 

slip (twinning, dislocation glide), and pressure solution 

(see Sections 4.2.5, 4.5). 

(2) Within the zone of M3 metamorphism variati~n in 

the attitude of S3 schistosity can be related to strain in 

oblique-dextral-reverse shear (Section 4.4). The 

distribution of F3 folds is related to the angle between S2 

and S3 schistosities, and thus is a consequence of curvature 

of the Alpine Fault. 

(3) A tectonic model should account for the types of 

drag seen in the Alpine Fault Zone. The D2 structural trend 

provides a penetrative marker fabric which can be used to 
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identify the sense of rotation in ductile shear. It is 

suggested (Section 4.4.3) that the strike of S2 schistosity 

will either remain the same or rotate counterclockwise 

depending on the sense of vergence with the Alpine Fault 

Zone. In cross section S2 will also rotate counterclockwise 

towards parallelism with 53' and ultimately the Alpine 

Fault. 

(4) Early structures such as bedding, S2 schistosity, 

L2 lineations, and F2 fold axis (Section 3.3.1) are 

remarkably consistent in attitude over the region as a 

whole. This indicates that the main mass of Haast Schist 

has not suffered internal rotation. Furthermore these 

structures have much the same orientation for at least 20 km 

southeas 1: of the bends (McLean, 1986). Therefore the bend 

in the Alpine Fault cannot have formed through an external 

rotation of the Haast Schists. Nor can the Haast Schsts be 

"flowing" around a fixed bend in any simple fashion. Brittle 

shear on closely spaced fractures will not allow flow 

without rotation of the major structural markers (Section 

4.7.4). The oblique angle of the Alpine Fault is unlikely 

to be coincidental, and probably dates from the origin of 

the bends (Section 5.2). 

(5) Stress levels are (on average through time) 

likely to be higher outside the Alpine Fault Zone than 

within. Relief of stress in seismic slip tends to be limited 

to the immediate neighbourhood of a fault (Hafner, 1951, 

pp383). Therefore active deformation can be expected to the 

west of the Alpine Fault. The s\..tng in attitude of the 

Alpine Fault Zone probably results in increased resi~tance 

to dextral shear in this part of the plate boundary zone, 

and to an anomalously large principal stress. Deformation 

i m m e d i a t I~ 1 Y we s t 0 f the ben d sin c Iud e s we s twa r d d ire c ted 

i m b ric a t I~ t h r u s tin g and ass 0 cia ted f 0 1 din g (s e e fig. 4. 1 0 , 

5.4), producing signigicant crustal shortening (cf. Murata 

and Weber, 1983). Anticlines have steep to overturned 

western limbs, and axial planes which dip towards the east. 

Thrusting and folding affect both the crystalline basement 

(including amphibolites, granulites, granites and slates) 
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and the overlying sedimentary strata (mainly Miocene to 

Pleistocene) (see Cutten, 1976; Campbell and Cutten, 1985; 

Campbell, Cutten and Tulloch, in prep.). Further west 

folding is more open (Cutten, 1976), faulting is reverse 

with uplift to the east, and a sinistral horizontal 

component on north to north-northeast striking planes 

(Walcott, 1978). 

(6) That area bounded by the Alpine Fault, the 

Glenroy ~iver and the Matakitaki River 

by an allochthonous slice of the 

is occupied in part 

East Nelson Permian 

sequence. The allochthon is internally telescoped such 

that, although many of the distinctive East Nelson units are 

present, the sequence is drastically reduced in thickness. 

Lit hoI 0 g :L e sin c Iud e a n u m b e r 0 f for mat ion s fro m the H a ita i 

Group, the Dun Mountain Ophiolite, the Rai Sandstone, 

granite (probably Separation Point), marine Whaingaroan 

Maitai derived sediments and possibly some Pelorous Group 

sandstones. Surrounding and underlying the allochthon on 

three o~ four sides are a selection of amphibolitic 

gneisses, granulites and Miocene sedimentary strata 

(Campbel: and Cutten, 1985; Campbell, Cutten and Tulloch, in 

prep.). Along the fourth side (Alpine Fault) the allochthon 

is bounded by greenschist facies Haast Schists. 

There are a number of possible mechanisms whereby the 

allochthon could have been emplaced. Firstly that of 

Suggate (1979) in which the origin is as a fault sliver from 

the Tophouse t ermi na tion 0 f the N e I son Permian sequence. 

This is in conflict with mapping by Campbell, Cutten and 

Tulloch (in prep.). Secondly the allochthon could be a 

transcurrent sliver from the South Westland termination of 

the Permian sequence. Thirdly (and my preferred mechanism) 

the allochthon could have been thrust west to southwest in 

bulldozer-like fashion by an advancing Wairau block, from an 

original position probably now beneath the Wairau block. 

(7) The curvature of metamorphic isograds and 

isotects within the Haast Schists is in contrast with the 

linear trends of schistosity and bedding. An anomalollsly 



high uplift 

oriented axis 

rate (cf. \·lellman, 1979) 

of tilting (in sympathy 

and 

with 

a 

138 
north-south 

the 

strike of the Alpine Fault) could produce curved 

swing in 

isograds 

and isotects without rotating the strike of schistosity 

appreciably. Secondly the Alpine Fault generated M3 

metamorphic overprint does parallel the Fault and causes the 

garnet isograd and the TZ-IIB/IIIA isotect to swing rather 

sharply, particularly about the southern bend. 

5.3.2 Summary and Conclusions 

Together the various features outlined above suggest 

that the bends are unlikely to be fixed with respect to the 

Indian Plate. It is envisaged that the Haast Schists are 

being thrust obliquely across the eastern edge of the Indian 

Plate, with the vector direction and rate of movement 

remaining relatively constant at all points around the 

curve. In effect this is the same model as that proposed by 

Mackie (1968) (see Section 5.2). The bend in the Alpine 

Fault is fixed to the leading edge of the Wairau block. This 

model is viable proviede crustal shortening west of the 

Alpine Fault has been sufficient to allow the bends to move 

southwest with respect to the Indian Plate. 

Geological structure within the Haast Schist is 

consistent with an origin for the bends during the formation 

of the Alpine Fault itself. Currently slip vectors in the 

fault zone are oblique. However several authors (e.g. 

Sibson e:t aI., 1979; Walcott, 1979; Molnar et aI., 1975) 

suggest that convergence and uplift were much less 

pronounced during the early movement history of the Alpine 

Fault. Thus southwest displacement of the Wairau block 

would have been more easily achieved at this time. 

Faults which follow the trend of D2 structures are 

oriented such that dextral shear along them can potentially 

eliminat:~ the bends. Hhen extended downward these planes 

must intersect the Alpine Fault Zone (cf. v/ellman, 1979, 

fig. l.) but are unlikely to penetrate through this zone. 

Brittle shear within the Haast Schist of the bends region is 
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- scale 10 km 

FIG 5.4 The Haast Schists are being thrust obliquely 
across the Western Foreland with the ve~tor 
direction and rate of movement of the rock 
mass remaining relatively constant at all 
points around the curve of the Alpine Fault. 
West of the Alpine Fault the zone of crustal 
shortening migrates relative to the rocks of 
the Vlestern Foreland. 
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probably subsidiary to the dominant zone of ductile shear at 

the base of the schists, and may be related to internal 

adjustments within the Wairau block. Therefore faults which 

run parallel to D2 structures are not assumed to contribute 

a large cumulative dextral offset. 

5.4 GEOLOGICAL HISTORY OF THE HAAST SCHIST AND TORLESSE ---
ZONES OF THE BENDS REGION ------

The Haast Schist and Torlesse Zone metasediments were 

derived from a continental granite bearing source, probably 

to the e3st of the present New Zealand continental landmass 

(cf. Andrews et al., 1976). Deposition probably occurred in 

a submarine fan setting with mass flow as an important 

transport mechanism. Paleontologic evidence from the 

Torlesse Zone in adjacent areas suggests that local 

deposition occurred during the late Triassic. 

Metamorphism (M 2 ) responsible for development of the 

Haast Schists occurred subsequent to shortening and 

structural stacking of the Torlesse stratigraphy (Rangitata 

I orogeny of Bradshaw et al., 1980) during lower Jurassic 

times. The reason for the timing of M2 in D2 deformation 

appears to be that the thermal effects of D2 reached a peak 

subsequent to the main phase of structural stacking. 

The M2 schists of southeast Nelson are unlike those 

of Marlborough and Otago in a number of aspects. Firstly 

the structural histories are markedly different. The Otago 

Schists are part of an Orogenic belt which had been mul~iply 

deformed and unroofed by the mid-Cretaceous. In contrast 

the M2 schists of southeast Nelson appear to have suffered 

only one main phase of deformation, and although uplifted by 

as much us 10 km (Sheppard et al., 1975) and cooled through 

the argon retention level by the mid-Cretaceous they were 

not exposed. Reed (1958) noted on petrographic grounds that 

the schists of Otago and Marlborough were unlike those of 

southeast Nelson. At equivalent mineralogic grade and 

degree of chemical reconstitution the schists of southeast 
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Nelson have less well developed schistosity and mineralogic 

segregation. As a consequence primary sedimentary 

structures are better preserved at equivalent mineralogic 

grade in southeast Nelson. The regionally consistent 

northeast strike of S2 schistosity,and the lack of evidence 

for rotation of D2 structure in simple shear strain within 

this region are arguments in favour of a primary difference 

in orientation of structures in Otago and southeast Nelson. 

During early Miocene times the Alpine Fault 

pro p a gat l:l d t h r 0 ugh the Tor I e sse and H a a s t S chi s t Z 0 n e s 0 f 

the bends region. The bends may have formed at this time. 

Rapid strain in the Alpine Fault Zone generated a 

curvilinear thermal anomaly by shear heating and resulted in 

M3 metamorphism in and adjacent to the fault zone. In 

combination structural, strain and thermal softening allowed 

continued strain localization and contributed to 

preserva ':' ion of c urva t ure in the Al pine Fault Zone (the 

bends). 

The establishment of M3 as an Alpine Fault related 

event may be important outside this region. If M3 extends 

southward towards Haast and if the M2 schists are 

fundamentally different from the Otago Schists then it may 

be incorrect to show them as a continuation of the Otago 

Schist belt. In this context it becomes unrealistic to 

regard the Haast Schists of southeast Nelson as having been 

attenuated in extreme drag and shear rotation as is implicit 

in many traditional tectonic interpretations e.g. Kingma 

(1974), Walcott (1978), Norris (1979). 

A migrating rotational pole in the Pacific plate 

( Mol n a r ':l t a I ., 1 9 7 5 ) c au sed ani ncr e a sin g I Y com pre s s ion a I 

component across the Alpine Fault resulting in uplift and 

unroofing of both M2 and M3 schists during Miocene to Recent 

times. In the bends region the north-south section of the 

Alpine Fault is oriented such that the thrust and uplift 

components of displacement have been substantially higher 

than elsewhere. Several authors including Sheppard et al. 

(1975), Adams (1981) and Johnston and White (1983) suggest 



restricted shear heating occurred at the Alpine Fault 

raising temperatures by as much as lOOoe. These authors 

consider shear heating occurred over a relatively short 

period of time. However if the reorientation of convergence 

was gradual then shear heating was probably a longer lived 

event, as is necessary for the development of D3 structures 

between the bends. 

Repeated glaciation during Pleistocene to Recent 

times has moulded the topography, valleys being excavated 

along penetrative anisotropies within the Haast Schists. 
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