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ABSTRACT 

In the upper Eglinton area, the Eglinton Volcanics (Permian) are 

intruded by plutonic rocks mapped as the Mackay Intrusives. A sharp fault 

contact separating the Eglinton Volcanics from crystalline rocks of the 

Fiordland Complex, i.e. separating New Zealand's eastern and western 

provinces is no longer recog~ised in this area and rocks mapped as Darran 

Diorite by Wood (1962) are now mapped as Mackay Intrusives. 

X 

The Eglinton Volcanics are mapped as two terranes separated by an 

elongate body of quartz-bearing diorite, the Mistake Diorite. The eastern 

(Plato) terrane , which consists largely or entirely of marine deposits, 

comprises a steeply dipping, east-younging sequence of volcanogenic sediments 

of basaltic to andesitic composition, intruded by abundant basaltic dikes. 

Four formations are defined: the basal (Gonder) formation consists of pre

dominantly massive, course grained pyroclastic detritus and includes un 

Atomodesma limestone member; subsequent formations (Consolation, Divide and 

Fergus) are mainly of sand to silt grade rocks and include turbidites. 

Fossils from two new localities include brachiopods - Ambikella, Sulciplica 

transversa, Aperispirifer (?), Spir{ferellina and bivalves - Atomodesma 

marwicki, Etheripecten and Conocardium (?). They confirm an Early to Middle 

~ Permian age for the Plato terrane. 

Rocks of the western (Largs) terrane are largely of andesitic to dacitic 

composition and predominantly volcaniclastic, although massive andesite 

bodies are mapped at either end of the terrane. Fossils, limestones and 

turbidites are unknown, but strongly hematitic rocks, restricted to minor 

occurrences in the Gonder Formation of the Plato terrane, are common. The 

terrane may be partly of terrestrial origin. Basaltic andesite and andesite 

dikes are fairly common but several distinctive dike lithologies found in the 

Plato terrane, e.g. augite porphyrite, Cr-diopside ankaramite and microdiorite, 

are absent in Largs rocks. The southern part of the terrane appears to be 

folded into a tight syncline, however the structure is not completely 

resolved and formal formations have not been established. Age of the Largs 

terrane and its relation to rocks of the Plato terrane remains unknown. It 

is herein assumed to be of Early to Middle Permian age, though a younger, 

e.g. Mesozoic origin, cannot be discounted. 

Eglinton rocks are shown to be of tholeiitic to calc-alkalic affinity 

and are considered to be the products of Lower Permian island arc volcanism 

which accumulated either as separate arcs (i.e. Plato and Largs), or as 

separate portions of the same arc, approximately 180-190 km above a 

descending lithospheric plate. Low-grade burial metamorphism occurred, mainly 

during Permian time and parts of the Largs terrane have been hornfelsed during 



xi 

subsequent Mackay intrusion. Aspects of regional metamorphism are also recog

nised and this can probably be regarded as a Mesozoic development. Three 

metamorphic zones are mapped: a prehnite-pumpellyite-epidote zone (I) where 

metamorphic grade is prehnite-pumpellyite transitional to pumpellyite

actinolite-schist facies; an actinolite-epidote zone (II) occurring west of 

zone I with assemblages of the chlorite zone of the greenschist facies; a 

biotite-actinolite-epidote zone (III) restricted to the northwestern part of 

the Largs terrane where the terrane is intruded by gabbroic and dioritic 

Mackay rocks. Mineral assemblages in zone III are compatible with those of 

the greenschist facies as well as the albite-epidote and hornblende-hornfels 

facies of contact metamorphism. Textural modification is not widely developed 

in either terrane. 

The Mackay Intrusives are subdivided into six units. The Gunn Dolerite 

comprises two intrusive bodies in the northern Plato terrane, its age is unknown 

but it may be as old as Early Permian. Mistake Diorite is the name given to the 

elongate, relatively homogeneous body of medium to coarse grained quartz-bearing 

diorite which separates the Largs and Plato terranes. K-Ar ages of 208, 208, 

186, 182 and 180 m.y. have been obtained from it and are interpreted as 

indicating a Triassic age of intrusion. The Hut Plutonic Suite, comprising 

mainly white leuco-granite, flanks part of the western margin of the Mistake 

Diorite and is inferred to be of similar age to the Mistake body. 

Hollyford, Nurse and Glade suites are mapping units and are not necessarily 

of genetic significance, i.e. together they comprise a genetically related 

series of granitoid to gabbroic rocks characterised by diverse composition on 

outcrop scale, medium grainsize, zoned plagioclase and lack of widespread 

deuteric alteration. Each suite comprises a mappable rock mass in which one 

lithology or a narrow range of lithologies predominates. Leuco-gabbronorite 

predominates in the Hollyford Gabbroic Suite, a unit mapped in the upper 

Hollyford area. Four K-Ar ages range from 130-136 m.y. (uppermost Jurassic to 

Cretaceous) and a cross-cutting trondhjemite dike gives concordant biotite and 

muscovite ages of 113 m.y. Rocks of the Nurse Plutonic Suite, mapped in the 

Nurse-Brandywine area, are granitoid to dioritic in composition. They are 

undated, but as rocks of identical composition and texture intrude Hollyford 

gabbronorites, a Cretaceous age seems likely. The Glade Plutonic Suite 

comprises texturally and compositionally diverse rocks in which dioritic types 

are dominant. K-Ar ages of 189 and 112 m.y. on a hornfelsed andesitic inclusion 

and recrystallised (?) leuco-granite respectively, suggest, in conjunction with 

field relations, a complex intrusive history. 

Microprobe analyses of rock forming minerals observed in a representative 

selection of plutonic and volcanic rocks are reported and discussed. In 

particular,Mg-Fe distribution coefficients <KD> have been calculated for coexisting 



pyroxenes from a series of gabbronorites across the Hollyford suite. ~ 

changes systematically form east to west across the suite as the Fe:Mg 

xii 

ratio of the pyroxenes increases. This trend, and the concentration of 

olivine-bearing rocks in the eastern part of the suite, suggest that the 

gabbroic rocks may comprise a gravity-differentiated intrusion with its base 

towards the east. 

Several major north-to northeast-trending, high-angle faults are mapped. 

The Hollyford Fault marks the eastern margin of the Eglinton Volcanics and is 

considered to be a fundamental tectonic break. Skelmorlie Fault has offset 

Tertiary sediments of the Annick Group, perhaps by several kilometres in a 

sinistral strike-slip sense and/or by several hundred metres vertically 

(west side up). The Glade Fault, a newly described feature, has produced 

5-6 km of apparent dextral offset in the Hut suite leuco-granite. The 

Eglinton Fault zone, mapped along part of the eastern margin of the Mistake 

Diorite, is characterised by gneissic mylonite containing sparse almandine 

garnet. A newly discovered sliver of Tertiary sediments faulted into the 

Plato terrane in Plato Creek, as well a.s Tertiary strata unconformably 

overlying Mackay and Eglinton rocks west of Mt Eglinton, are described 

briefly. Distinct differences in conglomerate provenance are noted within the 

Tertiary sequence near Mt Eglinton. 

Although a tectonic contact between New Zealand's eastern and western 

provinces is not recognised within the area mapped, it is concluded that the 

two provinces did not lie in their present relative position in the Permian and 

Early Mesozoic. If this conclusion is correct, then the present juxtaposition 

of the two provinces means that their mutual contact is, or was, tectonic. It 

is considered that the contact lies in approx1mately the same position as the 

median tectonic line as proposed by Landis and Coombs (1967) and that it has 

been subsequently obscured for most of its length by Mesozoic plutonism and 

Cenozoic tectonism and sedimentation. It is proposed that the term "median 

tectonic line" be retained for this contact between provinces of contrasted 

pre-Cenozoic geological evolutio~, notwithstanding the likelihood that the 
-

contact probably originated as a zone of tectonised rock rather than as a 

sharp break, as originally mapped. 
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INTRODUCTION 

This thesis is an investigation of the nature of the western 

margin of the New Zealand geosyncline, and in particular of the median 

tectonic line of New Zealand (M.T.L.), in the Eglinton Valley area, 

northwestern Southland (Figure 1) . 

Naumann (1885; see Kobayashi, 1941, pp. 236-238) introduced the 

term "median line" (the· "grosse medianspalte") for the contact betv.'een 

the inner and outer zones as exposed in the present day Japanese arc 

and Brouwer (1947) subsequently applied the term to a similar feature 

in Celebes. Miyashiro (1961) recognised that the median line, or median 

tectonic line in Japan separated belts of contrasting metfu~orphic type, 

i.e. the low pressure, high temperature Ryoke-Abukuma metamorphic belt 

from the low temperature, high pressure Sanbagawa metamorphic belt. The 

median line between the Ryoke and Sanbagawa belts is tectonic, however 

simultaneous metamorphism of contrasting type now appears to be regarded 

as a more critical feature of the paired metamorphic belt concept than 

the presence of a tectonic contact between them. 

The term "median tectonic line.of New Zealand" was introduced by 

Landis and Coombs (1967) to describe the trace of the fault system 

separating the relatively high temperature, low pressure Tasman meta

morphic belt from the relatively low temperature, high pressure 

Wakatipu metamorphic belt. As in Japan and Celebes, the relatively low 

temperature belt occurs on the Pacific side of the median tectonic line. 

Much of the M.T.L. is covered by Cenozoic sediments, i.e. the sections 

from Te Wae Wae Bay to Mt Eglinton and north of the Alpine Fault from 

the vicinity of Lake Rotoiti. It is exposed in northern Stewart Island 

however, where it is mapped as a 2 km -vJide crush zone (Watters, 1964; 

Watters et al., 1968; Waddell, 1971) which trends northwest and dips 

vertically to steeply southwest. Farther north the M.T.L. was identified 
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with the Skelmorlie - Skippers fault system, or "zone of great dis

location more or less parallel to the line of the Hollyford and Eglinton 

Valleys" (Turner, 1938, p. 161), which v1as thought to separate the 

Eglinton Volcanics and Skippers Formation to the east from the Darran 

Diorite to the west, e.g. Wood (1962). 

Several factors make the upper Eglinton Valley an attractive 

area for detailed investigations of the M.T.L. and the relationships 

between the rocks on either side of it. Firstly, it has good exposure 

and relatively easy road access. Secondly, Landis (1969) mapped two 

major northeasterly trending faults cutting Hut Creek. The eastern one 

separated Eglinton Volcanics from intrusive rocks to the west and was 

thus mapped as the M.T.L. and by inference as Skelmorlie Fault. The 

other fault, lying entirely within granitoid and dioritic rocks in the 

head of Hut Creek was named the Hut Creek Fault, although it seemed to 

coincide more closely with the position of the Skelmorlie Fault as 

mapped by Grindley (1958). Thirdly, during the writer's engagement in 

mineral exploration work on the west side of the Eglinton Valley in 

December 1969 it became clear that the Eglinton - Darran contact in this 

area was probably not a simple fault. 

Field mapping was carried out during the summers 1970/71 to 

1973/74. 181 days were spent in the area of which 36 days were lost due 

to bad weather. Approximately 180 km
2 

were mapped in an area extending 

from Marian Valley in the north to the edge of the extensive Tertiary 

cover near Mt Eg1inton in the south (Map 1) • The area is included in 

the eastern side of the Fiordland National Park. The eastern margin of 

the Eglinton Volcanics, i.e. the Hollyford Fault, was taken as the 

eastern limit of the area. No western limit was defined but a suitable 

width of Darr&~ rocks was examined to give some idea of the distribution 

and composition of rock types, as well as their relationship to the 

Eg1inton Volcanics. Typical topography and scenery is shown in Plates 1-4. 
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Most of the field area is drained by the Eglinton River which 

flows south between the Earl Mountains on the west and the Tapara Range 

to the east. Lakes Lochie, Fergus and Gunn lie at the head of the 

Eglinton River at 480 m a. s .1. The ridges west of the river are mostly 

above 1650 m and rise to 2300 m in Mts Flat Top and Pyramid at the head 

of Mistake Creek. The northern part of the area is drained by the Holly

ford River which flows north to the West Coast between the Darran and 

Humboldt Mountains. Glaciation has enlarged the main Eglinton and Holly

ford tributaries draining the Earl Mountains to form ma j or side valleys 

up to 6 km long (Plate 1). Two of these, viz., Mistake Creek and Falls 

Creek, a hanging valley (Plate 3), have small glaciers at their heads. 

In general the topography is both h i gher and steeper in the Earl and 

Darran Mountains than in the Tapara Range, because the crystalline rocks 

occurring therein are more resistant to erosion than the. volcanics and 

metasediments of the Alabaster and Maitai Groups comprising the Tapara 

mountains. 

Access to the area is by the Te Anau - Milford road which follows 

the Eglinton and upper Hollyford valleys. Most of the major side valleys 

have marked national park tracks but no huts. Field work was carried out 

from tent camps in the side valleys and from the Eglinton Valley at 

Cascade Creek. Native beech forest covers the gentler mountain slopes 

up to approximately 1050 m where it gives way through a variable width 

of subalpine scrub to open tussock country. Valley floors are generally 

devoid of forest cover in their upper reaches and beech forest is absent 

over much of the Eglinton Valley floor. 

Previous Work 

Of the early geologists who worked in western Otago and Southland, 

only 

worked farther south between the Waiau and Mataura Rivers while Park 

(1887) mapped north of a line between Lakes Wakatipu and McKerrow. 
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Cox (1878) examined the area between the Takitimu Nountains and 

Lakes Manapouri and Te Anau, extending into the Eglinton Valley to just 

north of Mt Eglinton. He mapped crystalline rocks in the western part 

of the present field area as Manipori formation and all other rocks to 

the east as Maitai formation (Takitimu Series). MaKay (1881), \'lOrking 

in an area from Red Mountain south to the Eglinton - Hollyford divide 

and east to Lake Wakatipu, mapped a strip of crystalline schists over

lain by Te Anau Series rocks along the lower eastern flank of the Darran 

Mountains. Park (1921) compiled a bulletin on the geology and mineral 

resources of Western Southland in which he reported (page 40) finding 

Permian fossils in the vicinity of Key Summit. This locality has not 

been relocated. 

Extensive field and petrological studies on the Otago schists 

and crystalline rocks of southern Westland and Fiordland were carried 

out by Turner (e.g. 1933, 1935, 1937, 1938) who made important con

tributions to the understanding of metamorphic processes as well as to 

regional geology. He recognised the contrasting nature of the rocks now 

referred to a~ the eastern and western provinces of New Zealand and 

coined the term "Fiordland Complex" for the western terrane. 

Grindley (1948) carried out the first detailed work in the area. 

He mapped the lower Eglinton and East Branch valleys as far north as the 

the Murcott Burn for an M.Sc. thesis at Otago University, work which 

was later to form the basis of a New Zealand Geological Survey bulletin 

(Grindley, 1958). He established two of the three major lithological 

units on which subsequent work has been based, i.e. the Eglinton Vol

canics and Mackay Intrusives. The third unit, the Fiordland Complex 

(Turner, 1935) had been recognised and mapped previously, e.g. as t.he 

Manipori foL~ation of Cox, crystalline schists of MaKay and others. 

Grindley (1958) defined the Eglinton Volcanics as the "upper Paleozoic 

volcanics and sediments exposed in the Eglinton, Hollyford and Pyke 
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valleys", and the Mackay Intrusives <'\S the "medium to coarse grained 

igneous rocks which intrude the Eglinton Volcanics in the Eglinton 

Valley". "Fiordland Complex" referred to the metamorphic and plutonic 

rocks west of and not intruding the Eglinton Volcanics. The Hollyford 

Fault separates Eglinton rocks from the Maitai Group to the east while 

the Eglinton - Fiordland Complex contact was mapped as the Skelmorlie 

Fault. Grindley subdivided the Eglinton Volcanics into seven info~nal 

formations designated EE0 to EE6 and mapped five units within the 

Mackay Intrusives, viz., dolerite, microdiorite, quartz diorite, 

gneissic soda-granite and granophyre. 

Mapping and compilation of the Wakatipu Sheet (New Zeala~d 

Geological Survey, 1:250,000 series), which includes the field area, 

was carried out by Wood (1962) who introduced the term "Darran Diorite" 

for the rocks of the northeastern part of the Fiordland Complex. 

Landis (1969), working primarily in Upper Permian rocks of the 

South Island, spent a short time in the field area investigating the 

nature of rocks and structural boundaries lying west of the Upper 

Permian outcrop. He discovered the first fossil occurrence in the 

Eglinton Volcanics, the Permian brachiopod Attenuatella (Landis and 

Waterhouse, 1966) which was found in tuffaceous silty mudstone in the 

East Branch of the Eglinton and confirmed a lower to mid-Permian age 

for these rocks. Landis and Waterhouse considered Grindley's sub

divisions of the Eglinton Volcanics to be worthy of formation status 

and proposed formal names for them. On a reconnaissance trip in Hut 

Creek, Landis discovered two major northeasterly trending faults 

where only one, i.e. the Skelmorlie Fault, had been mapped previously 

(Grindley, 1958; Wood, 1962). Also, from the great diversity of largely 

non-dioritic intrusive rock in the Hut Creek area, he concluded (1.969, 

p. 280) that the less specific term "Darran Complex" was more approp

riate than "Darran Diorite". 
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Corner (1969) mapped the rock~mainly Eglinton Volcanics, between 

Falls Creek and the Eglinton Valley; his work is referred to in greater 

detail in Chapter 2. Previous to the present investigation I mapped the 

Cascade Creek drainage {w~ eastern tributary of the Eglinton River, see 

Map 1) and briefly described Eglinton Volcanics outcropping in Cascade 

Creek (Williams, 1969). 

This section on previous work has been restricted to a brief 

summary of work carried out within the field area. Further historical 

details concerning the main lithological units themselves are given in 

the introductions to Chapters 1 and 2. In Chapter 7 where some regional 

implications of this project are considered, a summary description of 

the nature and mutual relations of the major units of the New Zealand 

geosyncline, including the Mackay and Eglinton rocks, is presented and 

the nature and significance of the median tectonic line is discussed. 

Collection and Presentation of Data 

Field locations were plotted on aerial photographs and with the 

aid of altimeter readings later transferred to an original compilation 

of N.Z.M.S. 1 Map (sheets 8122 and Sl31) at a scale of 1:47,520 and 

contour interval of 100 feet {30.5 m). On the final map (Map 1, back 

pocket) only every fifth contour is drawn and the altitude is shown in 

metres, rounded off to the nearest 5 m, e.g. the 1000 ft (304.8 m) 

contour on N.Z.M.S. 1 becomes 305m on Map 1 and 1500 ft (457.2 m) 

becomes 455 m. Although this gives an odd contour interval which alter

nates between 150 and 155 m, it means that Map 1 is fully metricated. 

Grid references herein are six figure numbers which refer to N.Z.M.S. 1 

and Map 1. 

Initially, mapping in those Mackay rocks here classified as the 

Hollyford, Glade and Nurse suites presented considerable problems due 

to their heterogeneous nature on outcrop scale and the common absence 

of sharp contacts. These problems were largely overcome by collecting 
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large numbers of specimens, commonly one every 5 - 10 m, and at the end 

of a 100 - 200 m traverse selecting several representative samples for 

laboratory study. 

Approximately 480 specimens from the field area were thin 

sectioned (most of them by Mr J. Pillidge) and examined petrographically. 

Specimens, and thin sections cut by previous workers were also utilised. 

Specimens collected during this study are numbered from o.u. 35000 on; 

all those with numbers O.U. 35000 to o.u. 35478 are available from the 

Geology Department museum in thin sections as well as hand specimens. 

One or two of Grindley's rocks, which have four figure o.u. nuniliers, are 

referred to, however the specimens of subsequent workers have five figure 

catalogue numbers and for these the prefix "O.U." has been omitted. 

Analytical procedures employed during microprobe analysis, whole 

rock analysis and mineral separation for radiometric dating are described 

in Appendices A, B and C respectively. Standard X-ray methods >vere used 

to assist in mineral identification. Determination of modal K feldspar 

was aided by staining slabs or uncovered thin sections with sodium 

cobaltinitrite (e.g. Bailey and Stevens, 1960; Sclar and Fahey, 1972). 

Mineral nomenclature generally follows Deer et al. (1966), the 

main exceptions being amphibole nomenclature where Leake's (1972) 

classification is followed, and chlorite, where Albee's (1962) tenni

nology is used. The classification of plutonic rocks follows Streckeisen 

(1967, 1973) and the sandstone terminology is that of Folk (1968). 

Two new geographic names - Aragorn Peak and Mt Gondor, proposed by 

the author to the Fiordland National Park Board, have been accepted 

and appear on N.Z.M.S. 1, 1:63,360; Sheet Sl22 (Gondor is misspelt as 

Condor on Sl22). Two other names appearing on Map 1, "Lake Lorien" 

and "The Brandywine", are informal names which toget.her with Gondor 

and Aragorn are taken from the trilogy "Lord of the Rings" (Tolkien, 

1966) • 



Plate 1 West side of the Eglinton Valley; the area is almost entirely underlain by Mackay Intrusives. 
Mistake Creek is on the right, Hut Creek in the centre and Waterfall Creek on the left. Prominent peaks from 
left to right are: Mt. Triangle (2025 m) between Hut and Mistake Creeks, Mt. Flat Top (2292 m) and Mt. Pyramid 
very close together, Mt. Ngatimamoe (2173 m) and Mt. Christina (2502 m) far right. Taken from peak 1527 m, 
031806; 10.11.72. 
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Plate 2 View looking south and east from the summit of Skelmorlie Peak; 8.45 a.m.,3.12. 72. Largs Peak rises apove 
Birley Pass in the left photo and r-1t. Eglin ton lies in the background of the centre photo across Nurse Creek; 'both 
peaks and the ridge between are comprised of Eglinton Volcanics. Granitoid rocks of the Nurse suite (foreground) 
comprise the east ridge of Skelmorlie Peak. The gently west-dipping strata above Lake Te Anau at the right are 
Tertiary in age. 



Plate 3 Small glacier in the head of Falls Creek, The glaciated 
valley walls are cut in rocks of the Hollyford Gabbroic Suite. 
Photo, K,D,Mason, 

Plate 4 Looking north into the upper Glade Burn towards Glade Pass. 
This valley is cut in Mackay Intrusives and follows the Glade Fault. 
Photo, D.Craw. 
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Background 

CHAPTER 1 
MACKAY INTRUSIVES 
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Crystalline rocks within the field area have been mapped in 

various ways by previous authors e.g. Grindley (1948, 1958), Wood (1962) 

and Landis (1969) . Grindley mapped a belt of volcanic rocks (the Eglin

ton Volcanics) flanking the Eglinton Valley, in fault contact with 

crystalline rocks of the Fiordland "?rovi.nce to the west and intruded by 

plutonic rocks in the lower part of ·the valley. The latter were divided 

(Grindley, 1948) into the West Wall and Mackay Creek Provinces and 

together with the Fiordland and Dunton Mountains Provinces comprised the 

Eglinton Valley Intrusives. Grindley subsequently (1958) renamed the 

Fiordland Province rocks "Fiordland Complex" (a term first used in 1935 

by Turner) and named its eastern fault contact in this area the Skelmorlie 

Fault. The other three provinces of the Eglinton Valley Intrusives were 

collectively named "Nackay Intrusives" and defined as "medium to coa:r-se 

grained igneous rocks which intrude the Eglinton Volcanics in the Eglinton 

Valley." 

Grindley, Harrington and Wood (1959) extended the use of the term 

Mackay Intrusives to cover all "concordant apophyses of granite, grano

diorite and varieties of diorite (which) invade the metamorphic rocks" 

of Fiordland. Wood (1962) mapped a large part of northeastern Fiordland 

(which had been mapped by the N.Z. Geological Survey (1958) as 

Bradshaw Gneiss) , including the crystalline rocks immediately v1est of 

the Skelmorlie Fault, as "Darran Diori·te". In view of its lithological 

variability however, Landis (1969) and Corner (1969) suggested that the 

term "Darran Complex" was more appropriate than Darran Diorite. On the 

basis of work in the Skippers Range, Nauman (1973) redefined the Mackay 



Intrusives "to include all those medium to coarse grained crystalline 

rocks which intrude the Eglinton Sub-Group" of the Alabaster Group. 

The writer's mapping has revealed that the distinction between 

Mackay and Darran rocks is umvorkable for the following reasons: 
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1) The western margin of the ·Eglinton Volcanics is a complex and 

irregular zone characterized by intrusion as well as faulting, rather 

than a single, profound fault zone as envisaged by Turner (1938) and 

subsequent authors. 

2) There is neither a petrographic basis nor a field criterion for 

distinguishing the two groups of rocks. 

3) At least one sizeable body of crystalline rock (tl1e Mistake 

Diorite) occurs both \'lithin and west of the Eglinton Volcanics. Thus 

there is no spatial basis for distinguishing the Mackay Intrusives from 

the Darran Complex. 

All crystalline rocks in the field area are herein mapped as Hackay 

Intrusives and Nauman's (1973) definition is provisionally accepted, 

although his concept of these rocks as a plutonic facies of the Eglinton 

Sub-Group (Nauman, 1971, p. 36) appears to be only partially correct. 

Content 

The Mackay Intrusives are divided into six units as follows 

(Table 1.1): the Mistake Diorite which crops out along the length of the 

field area separating the Eglinton Volcanics into two terranes, is a 

distinctive rock type recognisable as such in scree and float. Likewise 

the Gunn Dolerite is a distinctive rock type in the field area. The 

Mistake Diorite is probably continuous with quartz diorite (EMq) mapped 

by Grindley (1958) in the lower Eglinton Valley and the Gunn Dolerite 

is similar to dolerite (EMd) described by Grindley from the Dunton 

Range. The remaining crystalline rocks however comprise a petrographic 

continuum ranging from leuco-granite to rare occurrences of dunite, in 

which small scale intrusive mixing and a characteristic lack of sharp 
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petrographic breaks renders mapping of individual rock types unworkable 

at a scale of 1:30,000 (as used in Map 1). Regional variations in the 

average composition of these rocks however allows the establishment of 

four mapping units or plutonic suites. A plutonic suite as used herein 

is a continuous or originally continuous mass of crystalline rock in 

which one lithology, or at least a narrow range of lithologies are 

clearly predominant. For instance in the upper Hollyford Valley where 

gabbroic rocks predominate, all rocks of any composition cropping out 

in that area are classified as part of the Hollyford Gabbroic Sui'te. 

Smaller isolated bodies of gabbroic rocks farther south, as in Nurse 

Creek (Map 1), are correlated petrographically with the Hollyford suite. 

Although this system of mapping has certain inherent problems, such as 

the position of transitional contacts and the possibility that the system 

could be unworkable over a much larger area, it does permit a start to 

be made on the detailed description and subdivision of the crystalline 

rock mass formerly known simply as Darran Diorite. 

Table 1.1 Subdivision and Content of the Mackay Intrusives. 

.Unit 

Mistake Diorite 
Gunn Dolerite 
Hollyford Gabbroic Suite 
Glade Plutonic Suite 
Nurse Plutonic Suite 
Hut Plutonic Suite 

1 quartz-bearing 

Classification 

Dominant Lithology 

b 1 d" . q. • J.on.te 
q.b. dolerite 
gabbronorite 
diorite 
granodiorite 
leuco-granite 

2 1" . b . o J.VJ.ne- earJ.ng 

Range 

two-pyroxene diorite - granite 
q.b. dolerite 
dunite - trondhjemite 
o.b. 2 gabbronorite- granitoids 
diorite - leuco-granite 
diorite - leuco-granite 

The classification system used in this thesis is that of Streck-

eisen (1967, 1973). His classification of gabbroic rocks is reproduced 

in Figure 1.1 and the general classification for non-feldspathoidal 

plutonic rocks can be seen in Figure 1.3. Rock names in Streckeisen's 

system are used sensu stricto. "Dioritic" and "gabbroic" are used sensu 
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Plag 

GABBRONORITE 

Pl ag. -bearing websterite 

WE 

OLIVINE WEBSTERITE 

Plag Olivine Plag 

Figure 1.1 Classification of ultramafic and gabbroic rocks (Streckeisen, 
1973) used herein. The general classification of plutonic rocks 
(Streckeisen, 1967) can be seen in Figure 1.3. 

1 . c Anorthosite 

2 Clinopyroxenite 3 Plag.-bearing clinopyroxenite 

4 Olivine clinopyroxenite 5 It It olivine clinopyroxenite 

6 Orthopyroxenite 7 It It orthopyroxenite 

8 Olivine orthopyroxenite 9 It It olivine orthopyroxenite 

10 Dunite 11 It It dunite 

12 Plag.-bearing wehrlite 13 It It harzburgite 

The following rock names - gabbro, norite, troctolite, olivine gabbro, 
olivine norite and gabbronorite are prefixed by "leuco" where plagioclase 
is bet.ween 65 - 90% and "mela" where plagioclase is between 10 - 35%. 



lata and other terms are defined as follows: 

Granitoid: felsic rocks relatively rich in quartz and/or 
alkali feldspar; equivalent to "granitic rocks 
sensu lata". 

Trondhjemite: quartz-diorite with colour index<l5, usually 
3 - 10. 

Tonalite: a biotite-horriblende quartz-diorite. 
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Diorite-gabbro: rocks intermediate between diorites and gabbros. 

Quartz-bearing: rocks with quartz content between 5 and 20% of 

Leuco-: 

the felsic fraction. 

granitoid and dioritic rocks with colour index <5, 
gabbroic rocks with colour index <35. 

Grainsize terms coarse, medium and fine grained are intended for 

rocks of approximate average grainsize >3mm, 1-3 mm, and <1 mm respect-

ively. 

A. MISTAKE DIORITE 

INTRODUCTION 

Mistake Diorite is the name given to the intrusive rocks which 

crop out in most of the area drained by Mistake Creek (Map 1) • This 

same body occurs in the lower reaches of Hut Creek and Waterfall Creek 

and extends south a.s a narrow discontinuous strip along the west side 

of the Eglinton Valley. It is almost certainly a continuation of the 

quartz-diorite (EMq) mapped by Grindley (1958) south of Knobs Flat. I~ 

extends beyond the northern limit of the field area at least to the 

Marian Valley. 

The Mistake Diorite differs from the other crystalline rocks 

mapped in that it maintains a relatively homogeneous appearance over a 

wide area. Fresh specimens contain more or less equigranular white 

plagioclase and quartz, and up to 30% mafic mine:r;als. Most samples are 

altered and in the more altered rocks, the mafics, and to a lesser extent 

the plagioclase, are dull green. Sphene is visible in some hand specimens 
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and the Mistake rocks in upper Melita Creek commonly display pinkish 

brown orthoclase. The apparent average maximum grainsize is 4 - 5 mm. 

Despite minor variations in appearance and a range in composition from 

two-pyroxene biotite diorite to granite, the overall unity in appear

ance and apparent lack of compositional discontinuity are the grounds 

for mapping these rocks as a single plutonic mass. 

At the base of the large waterfall in the mouth of Hut Creek, a 

major fault, herein named the Eglinton Fault, is exposed along the 

eastern contact of the Mistake Diorite where it abuts the Eglinton Vol

canics. This structure was mapped by Landis (1969, p. 29) as the median 

tectonic line. Mistake Diorite near this contact has well developed 

west-dipping gneissosity "Vlhich is thought to be related to movement em 

the Eglinton Fault. The rock contains accessory almandine garnet and 

bright red-brown biotite anomalously rich in iron and alumina. In con

trast, on the Melita Creek - Falls Creek saddle good foliation occurs 

in the Eglinton Volcanics lying adjacent to the contact whereas 

gneissic rocks are not developed in the adjoining Mistake Diorite. 

The eastern contact for most of its length is quite sharp and 

extensively faulted, but evidence for a master fault of regional signi

ficance is lacking. Several dikes and sills of granitoid intrusives 

occur in the Eglinton Volcanics in the vicinity of Melita saddle. One 

of these, a granodiorite sill 5 - 10 m wide (029904), is continuous 

with the main Mistake Diorite mass. Leucocratic intrusion breccia in. 

Eglinton rocks near the contact in upper Melita Creek, but not found 

elsewhere in the Plato terrane, is most likely derived from late stage 

Mistake Diorite differentiates. The western contact with Eglinton 

Volcanics, well exposed in a stream bed south of Waterfall Creek (984805), 

is apparently unfaulted. Thus, although neither a chilled margin nor a 

distinct metamorphic aureole has been recognised, the Mistake Diorite 

is considered to be intrusive into the Eglinton Volcanics. Faulting has 
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subsequently occurred along the contacts, probably as a result of 

differences in competency. 

North of Waterfall Creek the Mistake Diorite is flanked to the 

·west by the Hut suite. No sharp contact has been located between these 

two units; where the contact is well exposed, as near the Glade Fault 

in the south branch of Mistake Creek, it comprises a broad zone of 

rock types intermediate between quartz-bearing diorite and leuco-granite. 

This contact has been offset by the Glade Fault bringing the Mistake 

Diorite and dioritic rocks of the Glade suite into contact in upper 

Mistake Creek (Map 1). 

COMPOSITION 

Sixty seven specimens of the Mistake Diorite were studied petro-

graphically (specimen locations are shown in Figure 1. 2). Modal analyses 

of 52 of these are presented in Table 1.2. The specimens range from 

diorite to granite according to Streckeisen's (1967) classification 

(Figure 1.3), however compositional variation seems better demonstrated 

by subdivision into three groups defined as follows: 

Group A: • "all rocks with clinopyroxene in excess of hornblende". 

Group B: 

Group C: 

Biotite is the most abundant mafic mineral; relatively 
unaltered rocks are common. 

"rocks with hornblende in excess of clinopyroxene, and 
potassium feldspar <10% of total feldspar." Biotite and 
hornblende are of subequal abundance; rocks are 
strongly altered. 

"rocks with hornblende in excess of clinopyroxene, and 
potassium feldspar >10% of total feldspar." Hornblende 
is more abundant than biotite; rocks are strongly 
altered. 

Chemical analyses of four diorites, 35052 and 35072 from group A and 

35032 and 35074 from group B, are presented in Table 4.1, numbers 9 - 12. 

Rocks of group A have an average of 13% biotite, 9% clinopyroxene 

and less than 1% each hornblende and opaques. Sphene is present in only 

trace amounts. Primary hor:nblende is absent in several rocks and in many 

others occurs only as reaction rims to clinopyroxene. Quartz averages 
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0 Mistake Dionte 

e Group A 

0 8 

A C 

Figure 1.2 Main mass of the Mistake Diorite showing specimen locations 
and distribution of the three lithological groups defined in the text. 
Specimens (35000- 35080) are identified by the last two digits of their 
O.U. number. The dashed line separates areas of different chlorite types 
(Table 1.3). Areas of relatively unaltered rocks are stippled. 
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TABLE 1.2 Modal Analyses of the Mistake Diorite 

Specimen - Feldspar - Qtz. Bio. Cpx. Hblende. Opaq. Sph. CI Plag. % Alteration 
Number Plag. Alkali K Comp. Bio. Cpx. 

Grou12 A 

35009 60.4 1.8 15.7 12.2 9.5 0.4 0.3 22.1 90+ 50+ 
3:1048 60.0 2.8 15.3 8.4 8.3 4.5 0.8 0.2 21.9 36 60+ 50-
35012 62.3 2.0 14.8 11.3 9.1 0.5 20.9 90+ 50+ 
35010 62.5 14.7 13.8 8.3 0.7 tr 22.8 u 75+ 20-
35058 59.2 6.1 14.5 11.5 8.0 0.7 20.2 u 0 50+ 
35014 65.7 tr 13.4 12.5 5.5 2.0 0.9 20.9 34 5 15-
35006 56.6 9.2 13.2 12.1 5.5 2.4 0.9 0.1 21.0 34 20 50 
35052 64.2 4.5 13.0 12.4 3.7 1.4 0.8 tr 18.3 26 100 50-
35040 62.2 12.4 15.7 9.0 0.7 25.4 100 50+ 
35070 68.3 12.3 11.6 7.2 0.5 0.1 19.4 30 50+ 
35051 61.8 0.8 12.2 13.6 10.8 0.8 25.2 33 30 50-
35046 61.0 tr 12.0 17.8 8.5 0.7 tr 27.0 a 90+ 50-
35047 64.5 2.3 11.7 16.6 3.6 0.4 0.9 tr 21.5 32 75 50-
35071 58.8 11.5 13.0 15.6 1.1 tr 29.7 38 25 50-
35063 60.6 2.3 10.i' 13.5 12.8 0.1 26.4 75 50+ 
35043 69.1 0.4 10.6 12.6 6.3 0.2 0.7 tr 19.9 15- 50-
35068 56.1 7.4 10.6 12.4 11.5 2.0 25.9 100 50-
35067 62.3 9.5 17.9 9.6 tr 0.7 28.2 36 80+ . 50-
35020 70.0 9.2 13.4 6.5 tr 0.8 20.8 10- 50-
35045 67.2 tr 8.8 17.5 5.9 0.6 24.0 31 5- 50-
35072 61.7 0.7 7.5 13.8 14.5 1.8 30.1 u 20 25-
35069 57.9 0.9 6.7 15.4 17.1* 2.0 34.5 35 0 10 
35027 76.7 9.6 12.9 0.7 tr 23.3 100 50+ 

Average 63.0 - 1. 7 - 11.3 13.4 8.85 0.75 0.85 tr 23.9 52+ 

Grou12 B 
35024 57.5 5.7 19.7 7.1 9.5 tr 0.5 17.1 100 
35057 63.7 5.5 18.0 7.2 4.5 0.5 0.6 12.8 26 0 50+ 
35026 65.8 16.1 4.7 - 12.6 tr 0.8 18.1 50 
35066 60.2 2.9 15.9 13.8 6.9 0.2 0.1 21.0 a 100 
35041 65.5 5.7 14.7 3.2 10.1 0.6 0.15 14.1 a 100 
35032 61.3 14.6 9.0 0.3 14.4 0.4 24.1 90+ 50+ 
35044 62.2 3.6 14.5 12.6 0.4 5.9 0.4 0.4 19.7 100 50+ 
35073 65.0 14.5 5.5 14.2 0.4 0.4 20.5 100 
35013 57.4 11.7 14.0 7.2 9.2 0.25 0.25 16.9 100 50+ 
35065 56.6 1.9 13.9 8.6 8.7 9.2 1.0 0.1 27.6 a 100 50+ 
35021 71.5 12.1 6.6 tr 9.0 0.5 0.2 16.4 100 50+ 
35074 56.2 4.8 11.5 12.8 4.0 9.2 1.1 0.4 27.5 34 10- 50-
35054 63.9 11.3 9.8 4.6 9.7 0.7 24.8 75 50+ 
35033 63.3 0.5 11.1 11.4 13.2 0.3 0.2 25.1 100 
35050 59.7 3.3 11.0 12.5 3.3 9.3 0.9 26.0 27 20 50-
35053 68.0 1.3 10.8 12.6 1.8 4.8 0.7 tr 19.9 35 30 50-
35064 69.4 9.7 9.6 10.8 0.2 0.3 20.9 100 
35031 73.9 7.9 17 .o 1.2 26.1 a 100 

Average 63.4 2.6 12.9 9.0 1.4 9.9 0.45 0.3 21.0 76 

Grou12 c 
35003 48.0 14.3 30.8 6.6 tr 0.3 6.9 a 100 
35005 52.8 13.9 27.6 5.2 0.3 0.2 5.7 a 50 
35059 56.7 16.7 18.7 3.6 3.9 0.2 0.2 7.9 a 100 
35018 37.2 32.8 20.1 8.7 0.3 0.9 9.9 a 
35049 35.0 14.5 30.0 5.2 1.5 12.5 0.9 0.2 20.5 38 50-
35042 54.6 11.0 17.1 4.6 11.5 0.75 0.4 17.3 u 100 
35055 52.0 17.6 11.4 3.7 14.2 0.3 0.8 19.0 a 75 
35022 53.8 18.6 10.0 3.7 13.1 0.4 0.4 17.6 33 100 
35039 62.1 13.6 8.7 5.2 9.1 0.5 0.8 15.6 a 100 
35061 57.9 11.9 8.8 7.8 12.5 1.0 0.1 21.4 a 70 
35060 74.5 9.3 1.7 4.6 7.7 0.8 1.4 14.5 a 100 

Average 53.2 15.8 16.8 4.6 0.1 8.5 0.5 0.5 14.2 88 

Group A: rocks with c 1 no pyroxene > hornb 1 ende 
Group B: rocks with c 1 nopyroxene< hornblende and K feldspar < lOX total feldspar 
Group C: rocks with c 1 nopyroxene ~ hornblende and K feldspar> 10% total feldspar 

Alkali feldspar includes undifferentiated K feldspar, interstitial clear albite and albite over-
growths. Biotite includes fresh biotite and partially to completely ch1oritised biotite. Clinonyroxene 
includes fresh clinopyroxene and altered grains whe1·e identifiable as such. Plagioclase compositicn is given 
as.percent anorthite; "a" indicates albitised plagioclase, "u" indicates gartially altered Ca-plagioclase and 
" - " refers to highly altered plagioclase in which R.I.s are indetermina le due to abundance of 1nclusions. 
* 1 ncl udes orthopyroxene as ~~e 11 as c 1 i nopyroxene. 
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All<ali 
Feldspar 

Plagioclase 

An 5 -100 

Figure 1.3 Classification of modally analysed Histake Diorite 
specimens : group A G ; group B D ; group C .c,.. The classification 
is that of Streckeisen (1967) and is applicable to rocks with colour 
index 0 - 90. Alkali feldspar includes plagioclase Ano-5· 
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11.3% and commonly occurs in an interstitial relationship to the other 

phases. Alkali feldspar, mainly orthoclase, averages 1.7% and plagioclase 

which is mainly sodic andesine, averages 63%. Orthopyroxene occurs in two 

samples (35069 35083) and comprises at least one third of the total 

pyroxene content of each. Modally analysed group A rocks comprise 20 

diorites, two monzodiorites and one quartz-diorite (Figure 1.3). 

Group B rocks have similar average plagioclase content to group 

A rocks i.e. 63%, slightly lower colour index and slightly higher quartz 

and potassium feldspar percentages. Hornblende makes up 10%, biotite 9% 

and clinopyroxene 1.4%; sphene comprises 0.3% and magnetite-ilmenite 

0.45%. Modally analysed specimens include 14 diorites, one monzodiorite 

and three quartz-diorites. 

The rocks of group C are more diverse in composition and much 

more silicic overall than those of groups A and B. Potassimn feldspar 

averages 16% and quartz 17%. The average colour index is 14. Clino

pyroxene occurs in only one sample, biotite averages 4.6%, hornblende 

8.5% and sphene and opaques 0.5% each. Modally analysed specimens of the 

group include five granodiorites, five monzodiorites and one granite. 

Distribution of Groups A, B and C 

Rocks of the three groups appear to have some systematic distri

bution (Figure 1.2) although the distribution pattern might prove to be 

significantly different at a higher sample density. Thus most group C 

rocks are located near the margins of the Mistake Diorite and the 

relatively pyroxene-rich group A rocks lie towards the western margin 

and appear to be completely absent along the eastern margin. The three 

most mafic Mistake specimens are from the concentration of group A rocks 

in Hut Creek. 

A relationship also exists between the degree of alteration of 

the Mistake Diorite and the location of group A rocks; areas of relatively 
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unaltered Mistake Diorite (delineated in Figure 1.2) are located where 

group A rocks are concentrated. 

Several K-Ar ages have been obtained from mineral separates from 

four Mistake Diorite specimens. Two ages of 208 million years are given 

by biotites, one from a fresh grouP, C granodiorite (35049) and the 

other from a fresh group B diorite (35074); both specimens are from the 

area in upper Mistake Creek dominated by group A rocks. The other three 

ages (35026: biotite 182m.~, hornblende 180 m.y.; 35032:hornblende 186 

m.y.) are from two group B rocks from mid-Mistake Creek. These data are 

relevant to the following discussion and are discussed in greater detail 

in Chapter 6. 

Discussion 

A satisfactory explanation for the origin of the Mistake Diorite 

must account for the origin and distribution of its component rock 

types, and perhaps, its alteration pattern and the radiometric data. 

Several alternative interpretations are possible including derivation 

of Mistake rocks from more than one maqma and derivation from one rnagma 

differentiated either in situ or before intrusion. 

Of these three alternatives, derivation of the Mistake Diorite 

from more than one parent magma is considered very unlikely, in spite 

of the radiometric dates, because of its homogeneous appearance and 

grainsize, lack of internal contacts, and transitional changes in 

mineralogy from one rock type to another. Derivation of the Mistake 

Diorite from a single magma, differentiated before intrusion, would 

give rise to similar features as those produced by several distinct 

magmas, unless successive pulses of intrusion occurred in a short period 

of time allowing considerable magmatic mixing before crystallisation of 

the initial intrusion (s) • The first magma emplaced by such a process 

would most likely be derived from the periphery and/or upper portions 

of the magma chamber where the most felsic liquids and liquids with 
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highest water contents would have accumulated (Ragland et al., 1968), 

thus group A rocks would have probably been intruded last. In sit~ 

differentiation of a single magma on the other hand would result in 

group A rocks crystallising first, although the actual differentiation 

process would probably be very similar. 

Looking at one of the possibilities, i.e. differentiation 

preceding intrusion or following intrusion, differentiation in situ 

could account for observed differences in mineralogy, distribution of 

rock types and degree of alteration (but not the K-Ar dates) in the 

following way: clinopyroxene was the first mafic mineral to crystallise 

having an Fe:Mg ratio of 1:2.4 (in 35049) compared to biotite, 1:1.1 

and hornblende, 1:1.2 in the same rock. Relative abundance of potassium 

and water favoured the crystallisation of biotite over hornblende. Some 

separation of crystals from liquid occurred at this stage thereby pre

venting extensive reaction between the pyroxene and residual liquid. The 

crystals accumulated near what is now the western margin of the Mistake 

Diorite. The later rocks, groups B and C, crystallised from liquids 

enriched in iron relative to magnesium, compositions which favoured the 

formation of biotite and hornblende at the expense of pyroxene. Horn

blende increased relative to biotite, perhaps because the potassium 

concentration had been reduced by the crystallisation of abundant 

biotite in the group A rocks. Less iron was available (than during the 

main period of clinopyroxene crystallisation) to form magnetite-ilmenite, 

and as this phase and biotite decreased in abundance, more titanimn 

became available to form an increasing percentage of sphene. It is not 

clear why group C rocks, inferred to have crystallised last, contain 

nearly twice as much hornblende as biotite, however there is a comple

mentary relationship between decrease in abundance of biotite and increase 

in the amount of sphene - 66% in group C rocks compared to those of 

group B. 
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It cru~ be assumed that little water has been introduced into the 

Mistake Diorite since its crystallisation. This contention is based on 

the unaltered nature of the Mistake Diorite in areas where group A 

rocks predominate, as water introduced after crystallisation "Ylould seem 

as likely to affect these rocks as any others. On this assumption, the 

average water content of the magma was probably at least 1.5% (Table 4.~ 

9 - 12) whereas rocks of each group originally contained an average of 

only 0.4 - 0.6% water incorporated in the primary hydrous phases biotite 

and hornblende (based on the average modal analyses in Table 1.2). Thus 

magmatic water content is inferred to have increased continuously from 

the onset of crystalliso.tion. The abundant hydrous alteration miner:als, 

epidote, chlorite and sericite in the rocks of groups B and C probably 

formed during cooling as a result of the relatively high water concen

trations developed during crystallisation. 

Present data are insufficient to determine the origin of the 

Mistake Diorite. Derivation from more than one magma is deemed very 

unlikely on general geological grounds and there is no means of deciding 

whether differentiation in situ is more likely to have taken place than 

differentiation preceding intrusion, or vice versa. Moreover, neither 

differentiation process can easily account for the radiometric dates. 

Perhaps a fourth alternative must be proposed. Certainly, more dates, 

whole rock analyses, trace element data and many more modal analyses are 

required to successfully resolve this problem. 

MINERALOGY 

Plagioclase is almost totally fresh in some rocks of group A and 

there is a.complete gradation in the degree of alteration from such rocks 

to those of group B in which the plagioclase commonly includes dense 

aggregates of sericite, clinozoisite and epidote. Average size of the 

larger grains is 2 mm. Zoning is rare. Plagioclase composition in group 

A rocks is generally andesine, An31_35 while in a majority of specimens 
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of group C the plag·ioclase is albite, e.g. An1_2 (Table A.l: 29A, 29B). 

The presence of nearly pure albite in association with epidote-clino

zoisite implies post-magmatic albitization. 

Orthoclase and orthoclase microperthite are the most abundant 

primary alkali feldspars. They commonly occur as large grains up to 

4 - 5 mm in size poikilitically enclosing plagioclase and mafic minerals. 

Microcline occurs in slightly less than 20% of the specimens; these 

belong to group C and/or were collected from the pluton margins. Some 

rocks have minor primary albite with patchy chequerboard twinning occur

ring as interstitial grains and as clear rims on otherwise altered 

plagioclase. Quartz _is finer grained than the feldspars and crystallised 

interstitially. Most grains are moderately strained. Myrmekite is not 

uncommon but never occurs abundantly. 

Clinopyroxene, generally <2.5 mm in size, has usually been 

subjected to two types of modification: reaction with the magma to 

produce rims and patches of green hornblende, and later alteration to 

pale bluish green actinolite. The composition of clinopyroxene in a 

granodiorite specimen (35049) is salite, and in a hypersthene-bearing 

diorite (35069) is calcic augite (Table A.l: 5 - llB). Orthopyroxene, 

known in only two specimens, is hypersthene, En60 (Table A.l: 1 - 4); 

much is altered to fine grained talc. 

Strongly pleochroic straw coloured to dark brown biotite is 

almost ubiquitous and minor fine grained light green biotite occurs as 

well in several rocks e.g. 35058, 35070. Much biotite is altered, - to 

chlorite and finely granular sphene. As a general rule the least altered 

biotite occurs in rocks of group A (Table 1.2) but the degree of biotite 

alteration in different thin sections of the same hand specimen can be 

highly variable e.g. 35049. Small stubby to acicular crystals of rutile(?} 

oriented in three directions at 60° are visible in the basal and near 

basal sections of biotite and chloritised biotite of many rocks (Plate 
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l.lC). Apatite and zircon are frequently included in biotite grains and 

later prehnite lenses interleaved along the cleavages are not uncommon 

(Plate l.lB) • 

Hornblende ranges from brownish to bluish green in colour. 

Composition in a representative specimen is magnesio-hornblende (Table 

A.l: 18 - 21B). Hornblende is the most abundant mafic mineral in the 

rocks of groups B and C whereas it occurs only sparsely in group A 

rocks, being almost entirely restricted to the margins of clinopyroxene 

grains. 

Sphene is widespread as anhedral grains in the rocks of groups 

B and C. In some specimens from the margin of the Mistake Diorite how-

ever the sphene is mainly euhedral (35038 35039 35041 35042 35059 35060; 

Plate 1.2A). The opaque minerals are magnetite ± ilmenite lamellae and 

less commonly ilmenite ± magnetite lamellae. They average approximately 

0.2 mm in size and some have narrow fringes of sphene. Apatite is 

ubiquitous as stubby prisms which commonly occur in biotite. Zircon 

occurs in at least half the thin sections and tourmaline and allanite 

were observed in only two sections each. 

Chlorite occurs in almost all specimens as pseudomorphs of biotite 

and it is rare in other forms. Fe-Mg chlorite is the most abundant 

variety but Mg-Fe chlorite is locally predominant in the Hut Creek area 

(Figure 1.2). Compositional distribution is summarised in Table 1.3. 

Chlorite composition is not related to lithology of the host rock wid 

this may suggest slightly different temperatures accompanying alteration, 

e.g. Carman (1968). 

Table 1.3 Distribution of Fe-Mg and Mg-Fe Chlorite in the Mistake 
Diorite and Associated Rocks. Classification is after Albee (1962). 

Fe-Mg 
only 

Hut Creek area 0 

All other samples 38 

Fe-Mg 
>Mg-Fe 

1 

6 

Fe--Mg Mg-Fe 
= Mg-Fe >Fe-Mg 

3 

2 

4 

6 

Mg--Fe 
only 

5 

1 

Total 

13 

53 
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The main plagioclase alteration minerals are sericite and epidote. 

Sericite is most abundant in the more sodic plagioclase and is not· 

present in primary alkali feldspars. Epidote-clinozoisite is widespread; 

most grains are colourless but a small percentage have strong colourless 

to greenish yellow pleochroism. Epidote veins and prehnite veins occur 

·sporadically and calcite, quartz, orthoclase and chlorite in various 

combinations also occur rarely as veins (Plate 1.2B). Actinolite is 

present in many rocks as an alteration product of clinopyroxene and horn

blende. Green pumpellyite occurs rarely in a granodiorite (35059) and 

enclosed within the biotite of a diorite (35074). 

Garnet and Reddish Brown Biotite 

Several rocks from the Mistake Diorite contain accessory garnet. 

All known occurrences are from the eastern margin of the pluton and may 

be directly associated with the Eglinton and Mistake faults. Biotite in 

all the garnet-bearing rocks, and also in several other rocks from the 

same area is a distinctive orange to reddish brown colour. 

The most accessible outcrop of these rocks is the Eglinton Fault 

zone in Hut Creek. Much of the fault zone consists of well foliated, 

medium to coarse grained mylonite gneiss of granodioritic composition 

containing scattered clusters of small almandine-rich garnets (35000; 

Table A.2: lOA- llB). The predominant mafic mineral is reddish brown 

biotite which is higher in alumina and higher in iron relative to 

magnesia than any other analysed biotite from the field area (see 

"Biotite"; Chapter 3). 

Biotite gneiss characteristic of the Mistake Fault zone (Plate 

1.3) is similar in appearance to that of the Eglinton Fault zone. A 

large area of folded, medium grained gneiss crops out in a major tribut

ary of lower Mistake Creek (Map 1) where these two faults merge or 

intersect (015867). Gneissic quartz-diorite (35076) from this locality 

contains 15% orange-brown biotite and very sparse garnet, while a 
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gneissic trondhjemite (35029) from the Mistake Fault zone in Mistake 

Creek has 10% highly altered reddish brown biotite. Similar biotite 

also occurs in three unfaulted specimens of the Mistake Diorite from 

the western side of the Eglinton Valley below Waterfall Creek, close 

to the southward extrapolated continuation of the Eglinton Fault. Two 

of these rocks are quartz-diorites (35079 35080 - weakly foliated; 

992799) which have accessory garnet and the other is a granodiorite 

(35081; 984757) in which garnet is absent. 

It seems likely that the presence of this variety of biotite 

± garnet in the field area is related to the production of fault rocks 

of the Eglinton-Mistake type. The only other occurrence of garnet in 

the Mackay Intrusives is in a trondhjemite gneiss (35275) from an area 

of largely foliated crystalline rock belonging to the "Smithy body" of 

the Glade suite. Unaltered biotite in this rock is the red-brown 

variety. 

DIKES 

Bodies of fine grained igneous rock are fairly coromon in the 

Mistake Diorite. Some of these are clearly dikes, e.g. those in the 

north east face of Mt Triangle (Plate 1.4), and others are provisionally 

identified as dikes, although the nature of outcrop may prohibit positive 

distinction between dikes and large xenoliths. Small bodies, say <1 m 

in size and clearly identifiable as xenoliths, were not observed how-

ever. Samples from five different occurrences were examined petrographi-

cally: 

Microdiorite 35008 consists of 30 - 40% elongate hornblende 
grains up to 0.45 mm in length,<>< honey coloured, }J = 0 medium greenish 
brown. Length to width ratio of the most acicular grain seen is 17. 
Actinolite has replaced the few small pyroxene phenocrysts and is also 
common as acicular crystals and overgrowths on hornblende. Sericite 
and epidote are abundant and chlorite, mostly Fe-Mg chlorite, is 
common. Red-brown opaques are present in trace amounts and granular 
sphene occurs throughout. Plagioclase is mostly obscured by sericite. 
Epidote is absent. Microdiorite 35016 has similar mineralogy to 35008 

. but displays well developed pilotaxitic texture. 
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Pl ate 1. 1 Post magmatic mi neral phases which have crystall ised in biotite of granito i d to 
di oritic r~a c kay Intrus i ves . The sca l e bar under eac h photograph rep resents 0 .25 mm . Pl ane 
po l arised l ight . 

A. Lensoidal al bi te . Identification as al bite has been conf irmed by mi croprobe ana lysis 
in other r ocks (e .g. analyses 39 - 41, Tabl e A.6). 
35079; quartz -diod i te , Mistake Diorite. 

B. Prehnite l enses i n bi oti te; a wi despread phenomenon (see Prehnite, Chapter 3) . 
35020; quartz-bearin g di or i te, Mistake Dior i te. 

C. Ori ented needl es of ruti l e (?) in a basal sect ion of biotite; occurs common ly in both 
biotite and ch l ori t i sed bi oti te of t he ~1istake Diorite but is not common i n other rocks. 
35058; quartz-bear ing di ori te, Mistake Di ori te. 

D. Pumpell yite (P) l ens i n bioti te; occurs sparsely in a l imited number of spec i mens 
(Tabl e 3.6 ) of al l suites although i t is unusua ll y abu ndant in this rock. Sphene (S ) 
is al so present. 
35104; granodi orite dike, Ho ll yford suite. 



Plate 1.2 Miscellaneous mineralogical features noted in the Mackay Intrusives. The scale 
bar under each photograph represents 0.5 mm. 

A. Euhedral sphene which is characteristic of specimens from the margins of the Mistake 
Diorite and al so of specimens fro~ the Hut suite occurring near its contact with the 
Mistake Diorite. Plane polarised light. 
35299; quartz-bearing diorite, Hut suite. 

B. Tabular prehnite and euhedral quartz in a calcite-fil l ed vein; one of the less common 
combinations of vein-filling minerals in the Mistake Diorite. Crossed nicols. 
35034; quartz-bearing diorite, Mistake Diorite. 

C. Lines of small apatite grains; an arrangement apparently unique to thi s rock. Its 
or1g1n and s ignificance are unknown. Plane po l arised light. 
35199; quartz-bearing monzodiorite, Nurse suite. 

D. Euhedral epidote occurring in a highly schistose rock (35240) from the Glade suite. 
The rock is comprised of biotite, which is rough ly segregated, plagioclase, quartz, 
epidote, muscovite and calcite; it is thought to have been formed in a shear zone. 
Plane polarised light. 



Plat.e 1. 3 Boulder of gneissic mylonite from the Mistake Fault 
zone (008864) in the Mistake Diorite. This rock type comprises a 
zone at least 20 m wide where the Mistake Fault cuts the lowest 
outcrops on the south side of Mistake Creek. 

Plate 1.4 Andesite dikes cutting the Mistake Diorite in the 
summit section of Mt. Triangle. Looking south down the Eglinton 
Valley on the left. Photo, K.D.Mason. 
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The other dike rocks are fairly felsic and lack unaltered mafic 
minerals. Andesite (35062; Table 4.1: 20) from a subvertical dike 
(shown in the lower centre of Plate 1.4) is representative. Albite 
phenocrysts grade in size from 2.5 rom dmvn to the groundmass average 
of approximately 0.2 mm. Sericite, calcite, very pale yellow epidote 
and pale green isotropic or anomalous brown chlorite are abundant. 
Minor interstitial quartz and elongate apatite prisms are present. 2-3% 
originally opaque grains have been altered to very dark coloured sphene. 
Specimens 35036 and 35007 are nearly equigranular andesites with 
anomalous blue rather than anomalous brown chlorite. 

The dike rocks cutting the Mistake Diorite are not dissimilar to 

some dikes of the Eglinton Volcanics, for example in hand specimen appear-

ance and metamorphic mineral assemblage specimens 35062, 35036 and 35037 

are indistinguishable from many members of the Eglinton Volcanics. The 

two microdiorites (35008 35016) are similar to microdiorite dikes cutt-

ing the Eglinton Volcanics west of Lake Gunn (e.g. 26652 35368). \~atever 

the origin of the dikes cutting .the Mistake Diorite, they more closely 

resemble dike rocks of the Eglinton Volcanics than the much less altered 

microdiorite dikes which occur in the Hut and Hollyford suites in the 

Hollyford ~ Falls Creek area. 

B. GUNN DOLERITE 

Corner (1969) described an occurrence of quartz dolerite along 

the north western shore of Lake Gunn. He named this dolerite Gunn 

Intrusives and suggested correlation with the Mackay Intrusives. This 

lithology is here named the Gunn Dolerite. It is similar in composition 

to the dolerite (EMd) described by Grindley (1958) from the Dunton 

Range but lacks well developed ophitic texture. 

The Gunn Dolerite is now recognised to comprise two elongate 

bodies, the larger one crops out along the western shore of Lake Gunn 

and the smaller one occurs west of Cascade Lodge. The nature of contacts 

with the adjoining Eglinton Volcanics is not known. These medium to 
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(locally) very coarse grained rocks are black and white or black and pale 

green. Colour inde~c ranges from 20 to 301 thus strictly speaking t.hey are 

leuco-dolerites. Alteration is moderate to strong; original composition 

comprised approximately 60% plagioclase, 20-30% augite and minor horn-

.blende, up to 10% interstitial quartz and micrographic quartz - albite, 

up to 5% magnetite and minor biotite, sphene and apatite. Secondary 

minerals include actinolite, epidote, sericite, Fe-Mg chlorite and rare 

prehnite in plagioclase and biotite (sections 35328-35331, 26522, 26523). 

Plagioclase shows strong normal zoning, cores are commonly 

labradorite with rims as sadie as An
16 

(Table A.3). Alteration of plagio

clase to epidote minerals and sericite is variable, being most intense 

in rocks of the smaller body. Augite, in some cases zoned (Table A.3: 

lA, lB), is variably replaced by amphiboles and chlorite. Elongate 

grains up to 5 mm in length are characteristic of some specimens and 

these commonly have a well developed herring bone structure which is 

probably the result of combined [100) and {001} polysynthetic twins. 

Amphiboles, mainly actinolite, comprise up to 10% of the dolerites. The 

range of composition in a representative specimen (35331) includes light 

green to brown actinolitic hornblende, actinolite and rare ferro

actinolite (Table A.3). Opaque grains in this specimen are mainly 

titaniferous magnetite (approximately 11% Ti02) and minor ilmenite or 

ulvospinel. In some specimens (35328 35330) the opaque minerals are 

almost entirely altered to leucoxene. 

A pod of gabbro or leuco-gabbro within the Eglinton Volcanics 

on the main Earl Mountains ridge north of Mt Eglinton (Map 1) may be 

broadly correlated with the Gunn Dolerite on petrographic grounds. A 

representative specimen (35413) comprises coarse grained, normally 

zoned plagioclase, 5% or less small clinopyroxene grains, minor altered 

opaque grains and interstitial quartz. Prehnite and Fe-Mg chlorite are 

abundant. Although the plagioclase and pyroxene are much more equant 



than in the Gunn Dolerite, grainsize (up to 1 em), mineralogy, degree 

of alteration and colouring are more similar to the dolerite than to 

any other member of the Mackay Intrusives. 

C. HOLLYFORD GABBROIC SUITE 

Gabbroic rocks are exposed in a large portion of the upper 

Hollyford Valley; the mass of crystalline rocks in which two-pyroxene 

and 9livine-bearing rocks predominate is herein defined as the Holly

ford Gabbroic Suite. The western and northern limits of the Hollyford 

suite were not mapped in this project but from Blattner's (1972) work 
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it seems likely that the suite extends north into the area beyond 

Moraine Creek. Smaller areas of similar two-pyroxene and olivine-bearing 

rocks occurring elsewhere in the field area are provisionally correlated 

with the Hollyford suite. 

The Hollyford suite has been mapped in detail in an area bounded 

by Monkey Creek to the west, Falls Creek to the south and the Hollyford 

River to the north (Map 1, Figure 1.4). Detailed work was also carried 

out on a section along the base of the bluffs below Mt Belle, opposite 

Gertrude Valley. Reconnaissance mapping was carried out above the east 

portal of Homer Tunnel, along the west side of Monkey Creek and in two 

sections on the north side of the Hollyford River. The eastern margin 

of the suite is in sharp contact v1ith the Hut suite in lower Falls 

Creek and on either side of the Hollyford River. Granitoid rocks of the 

Hut and Nurse suites lie to the south of the Hollyford suite where the 

contact is largely covered by alluvium (in Falls Creek) • 

The Hollyford suite comprises five petrographically defined 

groups of crystalline rocks which appear to be genetically interrelated 

and are coromonly intermixed within single outcrops. The five groups in 
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order of increasing silica content, and their approximate relative 

abundances are as follows: 

Group A rocks containing >5% olivine 9% of the suite 

B gabbronorites 56% 

c rocks in which amphibole is the main 24% 
mafic mineral (excluding microdiorites) 

D microdiorites 6% 

E granitoid rocks 5% 

All specimens from the Hollyford suite from which mineral analyses, 

whole rock analyses and radiometric dates have been obtained are listed 

in Table 1.4. The petrography of the Hollyford rocks is based on the 

examination of the following thin sections: 35084-35170, 35193-35195; 

their locations are shown in Figure 1.4. 

Group A. Olivine-Bearing Rocks 

The olivine-bearing rocks are generally fresh and medium grained 

(Plates 1.5, 1.6). Colour index ranges from 20 to >90 however calcic 

plagioclase comprises >50% of most specimens. The plagioclase occurs as 

equant polyhedra in some rocks e.g. 35100, but more commonly as thick 

tablets. Olivine, pyroxenes, accessory brownish hornblende and minor 

magnetite-ilmenite occur in all specimens. Olivine is commonly rimmed by 

orthopyroxene and/or hornblende, symplectites occur rarely. The dominant 

pyroxene is clinopyroxene which is frequently rimmed and partially 

replaced by hornblende. Orthopyroxene is restricted to narrow rims on 

olivine grains and its modal average is <5%. Textural evidence for the 

order of mineral formation is clear: olivine and plagioclase crystallised 

first followed by orthopyroxene, clinopyroxene and hornblende. Ortho-

pyroxene followed clinopyroxene and plagioclase in some rocks, e.g. an 

olivine leuco-gabbronorite (35125) in which orthopyroxene surrounds 

clinopyroxene and occurs as discrete wedges in optical continuity between 

euhedral plagioclase tablets (Plate 1.7A). 
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Figure 1.4 Location of petrographically described specimens and 
distribution of olivine-bearing rocks in the Hollyford suite, The first 
two digits of each O.U. number (35) are omitted. Encircled specimens are 
those from which the Fe-Mg distribution coefficient of coexisting 
pyroxenes has been calculated (Table 3.1). 



Table 1.4 List of Specimens of the Hollyford Gabbroic Suite for which Whole Rock and Mineral Analyses, 
and K-Ar Oates are Presented. 35187 .and 35185 are from Correlative Rocks in the Waterfall Creek area. 

Sample Rock Name • Whole Rock Mineral K- Ar Modal Plate 
Analysis Analyses Date (s) Analysis* Number 
Table 4.1 Table A.ll Table 6.1 

35085 leuco-gabbronorite X X X 1.6C 
35086 biotite leuco-gabbronorite X X 1. 7C 
35088 hornblende leuco-gabbronorite X X X 

35089 leuco-gabbronorite X X 1.6E 
35090 hornblende leuco-gabbronorite X X 

35119 gabbronorite X X 1.6F 
35126 hornblende-olivine gabbro X X 

35133 leuco-gabbronorite X X X 

35143 leuco-gabbronorite X X 

35147 leuco-gabbronorite ' X X I 

35193 microdiorite X 

35094 hornblende mela-gabbro X 

35104 granodiorite X X X l.lD 
35103 olivine-hornblende gabbronorite X X 

35128 hornblende-olivine gabbronorite X X 

35194 biotite pegmatite X 

35095 quartz-bearing biotite diorite X 

35142 biotite-olivine norite X 

35084 trondhjemite X X X X 

35157 hypersthene-bearing diorite X X X 

35187 leuco-gabbro X 

35185 olivine gabbronorite X 

*Tables 1.5 and 1.6 and modal estimates in Table 1.7. 
w 
N 
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Brown biotite, apatite and pleonaste occur in trace amounts in 

some of these rocks. Secondary minerals are not abundar1t; serpentine, 

bowlingite, chlorite and talc occur in the alteration of olivine and 

orthopyroxene has undergone minor alteration to cummingtonite and 

talc. Calcite occurs sporadically in trace amounts. 

Modal analyses of representative specimens are presented in 

Table 1. 5. Dikes and small ( < 1 m wide) sheared pods of mafic and ultra-

mafic rocks occur rarely. Two specimens were examined petrographically. 

A troctolite (35116) from a 30 em wide dike comprises 55-60% olivine, 

35% bytownite and accessory pyroxene and hornblende. The other sample 

is a· dunite (35127) containing 2-3% each plagioclase, clinopyroxene and 

hornblende. 

A distinctive coarse grained biotite-olivine norite (35142) 

which is characterised by clots up to 1 em across of mafic minerals, is 

2 
known only from the one area. Several 100 m are exposed as a sinuous 

body which appears to grade into finer grained equigranular gabbroic 

rocks. The norite is extremely fresh and consists of 50% bytownite, 25% 

olivine, 10% orthopyroxene, 5-10% brown biotite and accessory green 

hornblende, clinopyroxene, apatite and opaques. Similar rock occurs as 

discontinuous 2 m wide bodies in the dioritic rocks of the Glade suite 

on the Glade Burn - North Murcott Burn ridge top. 

5 - 10m of well developed layering (Plate 1.8) is exposed in 

olivine-bearing rocks on Mt Christina (014952) • The layers are 1- 25 em 

thick and several are clearly graded with colour index decreasing north-

eastwards. Although the layering shown in Plate 1.8 is planar, similar 

sections nearby are mildly contorted and some layers are foliated. 

Blattner (1972) reported layering in basic intrusives on a scale of 1 m 

on Mt Christina and in Moraine Creek. 



'I' able 1. 5 

Sample 

35096 

35100 

35103 

35108 

35120 

35123 

35125 

35126 

35128 

35129 

35130 

Av~rage 

Modal Analyses of Olivine-Bearing Rocks from the Hollyford Gabbroic Suite. 

Rock Name Plag Oliv Pyx Hblende Biot Opaq 

leuco-troctolite 80.2 16.5 1.1 1.8 0.1 0.25 

troctolite 57.6 37.6 1.1 2.9 0.1 0.65 

olivine-hornblende gabbronorite 62.3 8.6 19.1 9.0 - 1.0 

hornblende-olivine gabbro 50.9 16.5 18.7 13.4 0.25 0.25 

hornblende-olivine gabbronorite 61.1 12.0 19.9 5.9 Tr 1.0 

olivine gabbronorite 55.8 9.7 28.0 4.5 0.5 1.3 

olivine leuco-gabbronorite 69.1 6.3 18.6 4.7 0.2 1.1 

hornblende-olivine gabbro 55.6 17.5 17.4 8.4 - 1.1 

hornblende-olivine gabbronorite 49.1 28.4 15.6 6.7 - 0.15 

hornblende-olivine gabbronorite 54.0 14.1 23.2 8.2 - 0.45 

hornblende-olivine leuco-gabbronorite 73.7 12.7 6.9 6.3 - 0.4 

60.9 16.4 15.4 6.5 Tr 0.7 

A pat 

0.15 

Tr 

Tr 

w 
~ 
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Plate 1.5 Representative rocks of the Hollyford Gabbroic Suite. 

Left to right, upper row first: 
35128 hornblende-olivine gabbronorite; 
35103 olivine-hornblende gabbronorite 

colour index 51 
38 
29 
20 
31 
29 

35146 
35096 

leuco-gabbronorite 
leuco-troctolite 

35085 leuco-gabbronorite 
35144 leuco-gabbronorite 

See Tables 1.5 and 1.6 for modal analyses 
micrographs of the specimens in the lower 

and Plate 1.6 for photo
row. Photo, K.D. Mason. 



Explanation of Plate 1.6 

Leuco-troctolite (35096) , Mt Christina: olivine rimmed by 
light brown hornblende; plagioclase is bytownite-anorthite. 

Olivine gabbro (35192), from rocks in the west branch of 
Nurse Creek which are correlated petrographically with the 
Hollyford suite: brown hornblende rims olivine, clinopyroxene 
and magnetite; plagioclase is bytownite. 

Leuco-gabbronorite (35085), east portal of Homer Tunnel: 
subequal augite (A) and hypersthene (Hy) with magnetite
ilmenite (black) and minor hornblende (H). Plagioclase 
(andesine-labradorite) is cloudy, which is the reason for 
the da~k appearance of this rock in hand specimen (Plate 1.5), 
and commonly has myrmekite along grain margins. Table 1.4. 

Leuco-gabbronorite (35144), from near the Hollyford River -
Monkey Creek junction: mineralogy as for C apart from the 
presence of minor biotite (B) and absence of hornblende. 

35089, 35119, sour.hern side of the Hollyford Valley: these 
rocks have similar mineralogy to C and D and other gabbro
norites, however, their fine grainsize and the porphyritic 
texture of F suggest that they are metabasalts rather than 
gabbronorites. Table 1.4. 



A 

.•· e 
~; :: 

B\& 

1 mm 

Plate 1. 6 Grainsize, mineralogy and textures of gabbroic rocks from the Hollyford suite. A - D 
are of representative specimens, included primarily to give an impress ion of grainsize and colour 
index (hand specimens of A, C, and Dare shown in Plate 1.5). E and Fare of atypica ll y fine 
grained rocks . (See Tabl es 1.5 and 1.6 for moda l ana lyses and Figure 1.4 for the sampl e l ocations 
of A and C - F). Plane polarised light. 
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Plate 1.7 Miscellaneous features of gabbroic rocks from the Hollyford suite. The sca le 
bar under each photograph represents 0.5 mm. 

A. Poikilitic hypersthene (Hy) enc losing olivine (0), augite (A), and labradoritic plag ioclase 
(P). Hornblende (H) crystallised after hypers thene. Plane polarised li ght. 
35125; olivine leuco-gabbronorite (Table 1.5), Ho ll yford Va lley (Figure 1.4). 

B. Olivine phenocryst and exsolved magnetite surrounded by orthopyroxene and biotite . This 
mineral shell prevented reaction between the olivine and oversaturated residual li quid 
allowing the crystallisation of 1 - 2% i nt erstitial quartz. Only a few other rocks 
contain both quartz and ol ivine e . g. 3511 1, 351 13 and 35196 . Plane polarised li ght . 
35177; leuco-gabbronori t e , south side of Waterfa ll Creek. 

C. This rock i s coarser grained tha n the average gabb ronorite and is characterised by much 
more extens i ve reaction between the mafic phases than in most other gabbroic rocks, cf. 
Plate 1.6. The mafic minerals have crysta lli sed in the order predicted by Bov1en's 
dis continuous reaction series . Phases present (and their ana lysis numbers in Tabl e A.4 ) 
are as fol l ows: hypersthene (Hy) 13A 13B, augite-sa l ite (C) 60, magnesia -hornblende (H) 
126A 1268, actinolite (A) 127A 1278, biotite (B) 103, magnetite-il menite (M). Pl ane 
po l ar i sed li ght. 
35086; biotite leuco-gabbronorite, upper Falls Creek (Figure 1.4). 

D. Oscil l atory zoning in labradoritic pl ag i oc l ase . Normal and reverse zoning are 
character i stic of the ga bb roic rocks however repeated zoning to this extent i s very 
rare. Crossed nicols. 
35180; leuco-gabbronorite , Hut Creek -Waterfall Creek ridge. 



Plate 1,8 Mineral layering in gabbroic rocks of the Hollyford 
suite on Mt, Christina (014952). Attitude of the layers is 
145.45° NE; the hammer head is to the_ north east. 
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Group B. Gabbronorites 

Gabbronori tes, \'7hich are two-pyroxene-plagioclase rocks, comprise 

just over 50% of the Hollyford suite. They range from dark grey to 

greyish white in colour (Plate 1.5); darker coloured types are most 

common and in these the lack of sharp colour distinction between the 

mafic minerals and the dark, slightly purplish plagioclase, gives them 

a deceptively mafic appearance. Grainsize of 0.5 - 2 mm is typical (Plate 

1.6}; minor coarse grained rocks contain plagioclase larger than 1 em 

(e.g. 35124). Modal analyses of 25 representative specimens are presented 

in Table 1.6; 19 of these have colour index lower than 35 and are thus 

to be classified as leuco-gabbronorites. Plagioclase is commonly zoned 

but the average plagioclase composition of most specimens is estimated 

to be sodic labradorite. Anhedral apatite is an ubiquitous accessory 

mineral. Trace amounts of fine grained pyrite occur in at least half 

the specimens as does minor quartz or olivine. Myrmekite occurs rarely 

in two rocks (35146 35085) as very narrmv strips betiveen adjoining 

plagioclase margins. Alteration minerals are not abundant: hornblende 

and actinolite, rerlacing clinopyroxene in particular, are most widespread 

and talc and cummingtonite have replaced minor amounts of orthopyroxene. 

Serpentine, chlorite and sericite are uncommon. 

Rocks of group Bare generally equigranular,however porphyritic 

gabbronorites occur sporadically (35119 35089). A specimen from west of 

Disappointment Creek (35119; 022939) has plagioclase phenocrysts, which 

are normally zoned from An
83

_
58

, and less abundant pyroxene (mostly 

clinopyroxene) phenocrysts in a groundmass of labradorite (An
58

_
52

> , 

pyroxenes, magnetite-ilmenite and hornblende. This rock also differs 

from the equigranular gabbronorites in its high magnetite-ilmenite con

tent {6.6%), the prismatic rather than grru1ular habit of its apatite and 

the relatively low Or content of its plagioclase {see Chapter 3, 

"Plagioclase"). Although the field relations of this specimen are obscure 
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Table 1.6 Modal Analyses of Gabbronorites from the Hollyford Suite. 

Sample Plag Pyrox Hblende Biot Opaq A pat Qtz Oliv 
+Qtz 

35085 68.9 24.4 4.0 0.2 2.3 0.2 Tr 

35086 69.5 17.8 3.0 "6 .1 3.4 0.2 6.0 

35088 68.8 30.1 0.3 0.8 Tr 

35089 69.3 23.7 1.0 0.9 4.9 0.2 

35090 68.4 18.1 6.2 3.7 3.1 0.45 1-

35092 63.6 30.3 3.3 2.8 

35105 67.6 24.9 3.1 Tr 4.4 Tr 

35107 69.6 18.8 4.9 3.4 2.8 0.5 1-

35110 64.4 18.6 14.1 1.9 Tr 0.9 

35118 57.3 34.1 3.2 2.1 3.2 Tr Tr 

35119 52.6 37.7 2.0 6.6 1.1 Tr 

35132 71.9 22.4 0. 9 . 1.7 2.6 0.5 

35133 71.8 21.4 2.2 1.2 3.1 0.25 

35143 76.4 19.2 2.6 1.2 0.6 

35144 70.6 25.5 0.8 3.0 0.1 

35146 70.9 24.2 0.2 1.1 3.3 0.3 

35147 71.6 23.3 1.9 3.0 0.2 

35148 69.8 20.6 1.0 6.4 2.0 0.15 1.5 

35149 65.7 30.9 0.3 Tr 2.6 0.4 

35152 64.4 30.1 0.1 2.7 2.6 0.1 

35153 67.8 25.5 1.1 3.7 1.9 

35159 64.7 30.2 2.2 2.7 Tr Tr 

35161 65.4 31.0 1.4 0.1 2.1 

35162 74.7 8.6 2.8 6.7 6.0 1.2 5+ 

35164 66.2 25.1 0.3 5.9 2.2 0.3 1-

Average 67.7 24.4 2.3 2.3 3.0 0.26 

Quartz and plagioclase were counted together, thus the figures in 
the quartz column, which are mostly estimates, are not included 
in the mode. 



37 

similar porphyritic rocks occur as xenoliths in equigranular gabbro

neritic float boulders in Monkey Creek. Possibly the porphyritic gabbro

norites are recrystallised xenoliths of volcanic rocks. 

Group C. Rocks in which Amphibole is the Main Mafic Phase 

(Excluding Hicrodiori tes) 

This group includes medium to coarse grained rocks of two types: 

those which are essent~ally unaltered including diorites and pyroxene 

diorites, and those in which much of the amphibole is secondary. This 

latter group consists of uralitised pyroxene diorites, hornblende gabbro

norites and gabbronorites. Whereas it would be desirable to include the 

uralitised gabbronorites in group B, it was found to be impossible to 

distinguish them, particularly in hand specimen, from altered pyroxene 

diorites hence they are included in group c. 

Altered rocks make up the bulk of group C; representative 

specimens include 35109, 35111, 35113, 35122, 35138, 35166, 35094. Plagio

clase contains epidote and sericite while pyroxene is replaced by horn

blende, actinolite, actinolitic hornblende, cummingtonite and minor talc. 

Olivine occurs rarely and is pseudomorphed by serpentine and magnetite. 

Biotite is usually fresh. Chlorite, commonly Mg-Fe chlorite, occurs in 

many sections. 

The diorites appear fresh in hand specimen and unlike the gabbro

norites have clearly defined mafic and felsic minerals (35141 35195 and 

biotite diorite 35155). They are comprised of poorly twinned, zoned 

plagioclase., brownish to bluish green hornblende, and minor quartz, 

biotite, opaques and apatite. Epidote and sericite are common in plagio

clase and in two specimens biotite has been replaced by chlorite and 

prehnite. 

Pyroxene diorites (35157 35145) are intermediate in composition 

between diorites and gabbronorites. A representative specimen (35157) 
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which is extremely fresh, comprises 65-70% calcic andesine, 20% green 

hornblende, 5-6% pyroxenes and minor dark brown biotite, opaques, 

apatite prisms and rare zircon. This rock contains fine grained dioritic 

xenoliths up to 5 - 10 em in size. 

Group D. Microdiorites 

The microdiorites are dioritic rocks having an average grain-

size between 0.1 - 0.5 mm. Colour index ranges from 25 to 45; fine 

grained microdiorites are uniform dark grey and the coarser microdiorites 

tend to be speckled white and black. Representative specimens have at 

least 50% andesine-labradorite, which is normally zoned and poorly 

twinned, and up to 45% brownish to bluish green hornblende. In two 

specimens (35193 35139) the hornblende is distinctly prismatic. Biotite 

comprises approximately 20% of several specimens (35095 35134 35169) • 

Quartz-bearing microdiorites (35135-35137 35170) include up to 10% 

·quartz. Minor amounts of magnetite-ilmenite, apatite and pyrite are 

widespread, sphene and tourmaline occur sparsely. Sericite, and colour-

less epidote grains up to 0.5 mm are fairly common alteration products 

of plagioclase; chlorite and actinolite are less abundant. A specimen 

from a 10 em thick dike (35101) is heavily altered to a chlorite-

calcite-prehnite assemblage. 

Group E. Granitoid Rocks 

Although comprising only 1 - 5% of the Hollyford suite, medium 

to coarse grained granitoid rocks are widespread as dikes and as the 

invading phase of intrusion breccia (Plate 1.9). Representative speci-

mens (Table 1.7) are granodiorites and trondhjemites; they are white 

to off-white in colour with average grainsizes ranging from 1 mm to 

3 - 4 mm and with colour index <15. One trondhjemitic dike rock (35084) 

is distinctive owing to its well developed foliation and muscovite 

content. 



Table 1. 7 

Sample 

35097 

35104 

35131 

35163 

35098 

35154 

35167 

35134 

35084 

Estimated Mineral Percentages for Granodiorites and Trondhjemites from Group E of the Hollyford Suite. 

Plag Qtz Kspar Biot Hblende Muse A pat Opaq Zir Sph Tourm Sulph Allan Epid Ser 

45+ 25 15 10- 3 X X X X X X X 

60+ 15+ 10- 5+ 3+ X X X X X X X X X X 

45 30 15- ., 10- 2- X X X X X X Tr 

40 40+ 10 5- 5- X X X X X X 

45 30 20- 5- X X X X X Tr 

35+ 45 10+ 2 3- X Tr X X X 

70 20 10- X X X X X X X X 

55+ 35+ 3- 3- Tr X X X X X 

55 30 5- 5+ X X X X 

w 
\.0 
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Plate 1.9A Hollyford suite intrusion breccia in the hecciwall 
of Falls Creek (984934; see Plate 3). Granitoid rock has 
intruded gabbroic and dioritic rocks. Photo, K.D. Mason • 

Plate 1.9B 
K.D. Mason. 

Close up of the intrusion breccia above. Photo, 



\ 

".I 

40 

These rocks contain essential plagioclase (composition approxi-

mately An
30

) and quartz, and accessory biotite, zircon and apatite 

prisms. The plagioclase is rather poorly twinned; oscillatory and normal 

-zoning are not uncommon and many grains include epidote and muscovite-

sericite. Quartz is commonly strained and rather granulated with 

shadowed, crenulate margins. Myrmekite occurs in several rocks. The 

biotite is generally chocolate brown to yellowish brown in colour and 

occasionally altered to Fe-Mg chlorite + prehnite lenses. Alkali feldspar 

is fresh microcline microperthite which is usually poorly twinned. 

Accessory brownish to bluish green hornblende and sparse tourmaline 

each.occur in several rocks, sphene is more widespread and opaques are 

present in all rocks except the foliated trondhjemite. Colourless to 

pale yellow subhedral epidote up to 2 mm in size is ubiquitous and 

comprises several percent of most specimens. 

Mineralogy 

Analyses of minerals in 14 specimens from the Hollyford suite 

and in two specimens from correlative rocks elsewhere in the field area 

are presented in Tables A.4, A.S, A.6 and A.lO. Detailed discussion 

of the analyses is presented in Chapter 3 and only a brief description 

of the minerals is given here. 

Plagioclase ranges in composition from An
95

_
65 

in the olivine-

bearing rocks to an average of An
30 

in the granitoid rocks. It is 

generally well twinned and fresh in groups A and B and poorly twinned 

with some epidote and sericite alteration in the rocks of group c, D 

and E. Throughout the suite plagioclase is commonly zoned and the com-

positional variation within several gabbronorites is shown in Table 

1.8. 
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Table 1.8 Plagioclase Compositions from Gabbronorites of the Hollyford 
Suite Expressed as Molecular Percent Anorthite. 

Specimen Optical Microprobe 

M.-L~vy Carlsbad Average Rims Cores Analyses 

35085 51 48 52 51-54 48-54 21 

35086 55 56 37-64 45-88 33 

35133 48 45 47.5 40-45 42-61 13 

35143 50 46 42 54 12 

35147 38-42 37-81 32 

351191 72 55-58 58-83 15 

351192 55 55.5 52 58 7 

1 Phenocrysts 2 Groundmass 

Clinopyroxene was analysed in 13 rocks. In all cases composition 

is either augite or on the augite-salite boundary. Augite is frequently 

rimmed by primary hornblende and where altered it is replaced by horn-

blende and/or actinolite. The exsolution of tiny opaque rods in cline-

pyroxene is very common in the olivine-bearing rocks and in some cases 

\ is extremely dense (e.g. 35120 35123). Orthopyroxene occurs as fresh 

grains with colourless to pale pink pleochroism and as altered relics 

replaced by talc, cummingtonite and minor actinolitic amphibole. Ortho-

pyroxene compositions range from hypersthene, En54 , in the gabbronorites 

to bronzite, En74 , in a hornblende-olivine gabbro. Olivine is generally 

fresh, apart from magnetite-filled cracks. It is optically negative with 

0 

2V(<l00. Analysed olivine in several rocks has composition of Fo70_77 • 

Hornblende tends to occur in a variety of colours in a given roc~ 

however brownish pargasitic hornblende is characteristic of the basic 

rocks and with increasing'whole rock silica content gives way to greener 

magnesia-hornblende. Blue shades are prominent in at least one vibration 

direction of the dioritic to granitoid hornblendes. 

Biotite is generally fresh and increases in abundance from group 

A in which it is a deep brown, through B, C and D to group E where it is 

chocolate to dull yellov1ish or greenish brown. In several diorites and 
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granitoid rocks biotite has been replaced by Fe-Mg chlorite and prehnite 

lenses. Pleochroic green pumpellyite occurs rarely in the biotite of 

two altered gabbroic rocks (35111 35122) and more commonly in a grano

diorite (35104; Table A.lO, Plate l.lD). 

The opaque minerals in Hollyford rocks are mostly magnetite and 

ilmenite which occur as discrete, conjoined and partially mixed grains. 

Magnet.i:te is more abundant than ilmenite, especially in the granitoid 

rocks in which much of the titru1ium is incorporated in biotite and 

sphene. Pleonaste occurs in several olivine-bearing samples and fine 

grained pyrite is disseminated sparsely through many gabbroic rocks and 

microdiorites. Apatite is rare in the olivine-bearing rocks but ubiquit

ous in the other lithologies. It occurs as relatively coarse anhedral 

grains (up to 1 mm+) in the gabbronorites and generally as small prisms 

in the granitoid rocks. Zircon and tourmaline are most common in the 

granitoid rocks and epidote and sericite are widespread though not 

abundant in these rocks as well as those of groups C and D. 

From field relations and the mineralogical and petrographic 

descriptions above, it appears that all members of the Hollyford suite 

are genetically related, i.e. they belong to a petrographic series in 

which there is a continuous variation in modal and mineralogical 

composition from olivine-bearing rocks to gabbronorites, pyroxene 

diorites, diorites and microdiorites, biotite diorites, granodiorites 

and trondhjemites. 

Distribution of Lithologies 

Distribution of the five groups of rocks described above in 

five sub-areas (indicated in Figure 1.4) of the Hollyford suite is 

given in Table 1.9. 

Olivine-bearing rocks (Figure 1.4) are almost entirely confined 

to the south eastern ·side of a line separating the Homer, Monkey Creek 

and west Hollyford sub-areas from the Falls Creek and east Hollyford 
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sub-areas. The olivine is concentrated in the east Hollyford sub-area 

within which there is a further concentration in a 600 m section of 

outcrop. Only one occurrence of olivine is known from the Homer, 

Monkey Creek or west Hollyford sub-areas, viz. the biotite-olivine 

norite {35142) described previously. 

Table 1.9 Lithological Composition of the Hollyford Suite According 
to the Sub-areas in Figure 1.4. 

Sub-area & % Falls East West Monkey Homer Total 
of Hollyford Creek Hollyford Hollyford Creek Area 
suite 31 21 18 20 10 100 

A olivine-bearing 3 36 2 0 0 9 

B gabbron6rites 41 30 50 93 91 56 

c amphibole-"rich" 39 29 22 5 9 24 

D microdiorites 2 4 25 1 0 6 

E granitoid rocks 15 1 <1 1 0 <5 

Granitoid rocks are dispersed throughout the area; the high 

percentage in Falls Creek reflects' the presence of a relatively large 

-
mass of granodiorite. Foliated, muscovite-bearing trondhjemite (35084) 

occurs as dikes on the west side of Monkey Creek and also outside the 

mapped area in some abundance in the summit rocks of nearby Students 

Peak. It was not found elsewhere in the field area however. Hornblende 

pegmatites were observed in outcrop on the east side of Homer Saddle 

and in Mt Christina near locality 35096 (Figure 1.4} where hornblende 

crystals reach 12 em in length. This pegmatite is common in float in 

the Homer - Gertrude Valley area. 

Age Relations Within the Hollyford Suite 

Leucocratic to mesocratic gabbroic rocks, which comprise 90% of 

the suite, crystallised first. Olivine-bearing rocks, concentrated in 

the east Hollyford sub-area, are likely to have crystallised before 

most of the olivine-free gabbroic rocks. As olivine-bearing and olivine-

free rocks are not easily distinguished in the field however and as 
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contacts between them were not observed, their mutual relations are 

obscure. Presumably they either crystallised in situ from one magma, 

perhaps producing large scale and as yet undetected rhythmic layering, 

or else they were intruded more or less simultaneously as partially 

crystallised differentiates of the.same magma. Small pods or dikes of 

ultramafic rock occur rarely and post-date their less mafic gabbroic 

host rocks. 

Microdiorites subsequently intruded the gabbroic rocks forming 

intrusion breccia, and less commonly, narrow ( <35 em) planar dikes. 

These do not cut granitoid dikes or granitoid intrusion breccia. A 

' 
microdiorite dike (35102) is however offset by a granitoid dike. Coarser 

grained equivalents of the microdiorites, that is diorites, are not 

abundant. 

Granitoid dikes of the Hollyford suite intrude all other litho-

logies. Di;k:es 3 m thick and continuous for >300 m are not uncommon -

several are clearly visible in the lowest bluffs of the southern side 

of Mt Christina viewed from the Hollyford road near Windfall Creek. 

Smaller scale intrusion is however much more widespread and there is a 

complete range in the degree of intrusion by granitoid rocks from small 

isolated dikes through nearly continuous network diking to intrusion 

breccia (Plate 1.9). In some cases the intruded country rock is itself 

intrusion breccia of gabbronorite in microdiorite. Blocks of gabbro-

norite up to 40 em long have been rafted several metres into adjacent 

microdiorite by intruding trondhjemite (35134) at one locality 

(998948). Some host rock assimilation of gabbronorite by granitoid 

intrusives was noted at the head of Falls Creek (985935). Late stage 

quartz and quartz-feldspar veins occur throughout the suite and small 

( <1 em thick) discontinuous quartzo-feldspathic sweats occur in some 

rocks, e.g. on the east side of Monkey Creek. 
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CORRELATIVE ROCKS OF THE HOLLYFORD SUITE 

Several occurrences of gabbroic rocks south of Hut Creek are 

correlated petrographically with the Hollyford suite. In most of these, 

olivine-bearing rocks are prominent and the occurrences are best 

correlated with groups A and B. The individual areas are briefly 

described below. 

Waterfall Creek - Hut Creek Ridge 

Approximately 0.5km2 of gabbroic rocks crop out along the western 

section of the Waterfall - Hut Creek ridge in intrusive contact with 

the Eglinton Volcanics (Map 1). At their western extremity on the ridge 

top the gabbroic rocks are in fault contact with less basic rocks of 

the Glade suite. The contact between these two suites on the northern 

side of the ridge is obscured. The gabbroic rocks are well exposed and 

have the brown-weathering appearance characteristic of mafic and ultra

mafic terranes, particularly at the western end of the ridge. Several 

small dikes or pods of olivine-rich, mafic to ultramafic rock are 

present and there is a concentration of these in the Hollyford - Glade 

suite contact zone on the ridge top. 

Apart from the relatively rare occurrences of ultramafic bodies, 

the rocks possess an overall unity in composition and appearance. Hand 

specimen grainsize is generally 1 - 3 mm and the colour index 25 - 40. 

Twelve specimens were examined petrographically (35172-35174, 35179-

35187) and they are mostly olivine and olivine-bearing (leuco) gabbro

norites. Microdiorites, dioritic and granitoid rocks are absent in this 

terrane. Olivine and orthopyroxene are commonly replaced completely by 

talc, magnetite and curr~ingtonite. Epidote and chlorite (Mg-rich and 

Mg-Fe) are ubiquitous. These rocks are thus similar to groups A and B 

of the Hollyford suite in composition although considerably more altered. 

Microprobe analyses of the minerals in two rocks - an atypically fresh 
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olivine gabbronorite (35185) and an altered leuco-gabbro (35187), are 

presented in Tables A.4 and A.5. 

Southern Side of Waterfall Creek 

Crystalline rocks correlated petrographically with the Hollyford 

suite have intruded the Eglinton Volcanics between the southern side of 

Waterfall Creek and the head of the Murcott Burn north branch. These 

intrusives are bounded by the Eglinton Volcanics to the south, east and 

probably to the northeast, and pass transitionally into the Glade suite 

to the northwest (Map 1). The rocks are generally grey and medium 

grained. While (leuco-) gabbronorite is the dominant lithology, diorites 

are not uncommon and granitoid rocks occur as intrusion breccias, 

particularly in the northern corner of the area. Rocks with >2-3% 

olivine are rare and no ultramafic rocks were observed. Zones of intense 

veining, mainly by epidote, quartz and prehnite (?), are commonly 

associated with faults in upper waterfall Creek. A zone of sulphide 

mineralisation (mainly pyrite) and associated silica metasomatism in 

this area is marked by rusty stains on the cliffs and rare occurrences 

of malachite in scree. 

Specimens examined petrographically include leuco-gabbronorites 

(35175 35177), gabbronorites (35176 35188) and an altered diorite-gabbro 

(35178). The four gabbronoritic rocks all contain from <1% to 3-4% 

olivine and three of them have minor interstitial quartz. The early 

formed olivine crystals are surrounded by reaction shells of ortho

pyroxene (Plate 1.7B) which prevented later reaction with the oversatu

rated residual liquid. One of the gabbronorites (35188) contains a 4 mm 

wide xenolith of very fine grained rock of leuco-norite composition 

containing 3.5% apatite. 

These rocks are considerably fresher than the more basic suite 

on the northern side of Waterfall Creek. 
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Murcott Burn - Glade Burn Ridge 

On the ridge drained by both the Murcott Burn north branch and 

the Glade Burn there are two small ( <300 m across) bodies of gabbroic 

rocks surrounded by rocks of the Glade suite (Map 1). Their contacts 

are unfaulted but it is not clear whether they are roof pendants or of 

intrusive origin. These rocks have similar composition and the same 

brown-weathering appearance as the gabbroic rocks on the Hut - Waterfall 

Creek ridge and similar composition to lithological groups A and B of 

the Hollyford suite. Olivine is clearly a relatively abundant mafic 

mineral. Most of the rocks have a colour index of 25-35 although highly 

mafic to ultramafic rock occurs rarely as narrow dikes in the southern 

body. 

Two representative specimens were examined in thin section: a 

fairly fresh leuco-olivine gabbro (35189) consists of 65%+ slightly 

zoned plagioclase and 15% each olivine and clinopyroxene, and an altered 

leuco-troctolite (35190) has nearly 80% bytownite, 10% olivine and 

5-10% pyroxenes and hornblende. 100 m north of the larger of the two 

mapped bodies several dikes or pods up to 2 m wide of biotite-olivine 

norite occur in diorites of the Glade suite. The norite (35196) 

comprises essential biotite, orthopyroxene and strongly zoned plagio

clase, nearly 10% olivine, and accessory hornblende, clinopyroxene, 

quartz and opaques. Mineralogy of this rock is very similar to the 

biotite-olivine norite (35142) in the Hollyford suite. 

Nurse Creek 

A 600 x 400 m area of gabbroic rock crops out at bushline in 

the western slopes of the west branch of Nurse Creek. This body is 

surrounded by rocks of the Nurse suite which are in fault contact on 

the northern side and in unfaulted contact elsewhere. Felsic olivine

bearing lithologies predominate, althoughslightly serpentinised mafic 
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to ultramafic bodies up to 20 m wide are not uncorrmon, especially near 

the fault contact. A representative specimen of the mafic rocks is a 

mela-troctolite (35191) comprised of 75-80% olivine up to 6 rom in size, 

15% anorthite and 5-10% hornblende plus clinopyroxene. An olivine 

gabbro (35192) is representative of the more abundant felsic rocks. 

Its average grainsize is 1 rom and it consists of 60% fresh bytownite, 

15-20% each olivine and clinopyroxene, minor brown hornblende and opaques 

and it is cut by narrow prehnite veins. These rocks are correlated with 

gro'~b A of the Hollyford suite. 

D. NURSE PLUTONIC SUITE 

Nurse Plutonic Suite is the name given to the crystalline rocks 

cropping out in both branches of Nurse Creek and in the upper Brandy

wine1. It is taken to include the mass of crystalline rocks in: which 

orthopyroxene.and olivine are rare or absent and clinopyroxene is 

subordinate to hornblende and/or biotite. Lithologies range from leuco-

granite to diorite. Correlative rocks farther north, west of the Glade 

Fault, are described separately below. 

The eastern margin of the suite is bounded by the Skelmorlie 

Fault (Plate 1.10). To the south, Nurse rocks are overlain unconformably 

b~ gently dipping boulder conglomerates correlated with the Annick 

Group (Landis, 1974). The Skelmorlie Fault dips steeply west to verti-

cally and has offset the conglomerates by several 100 m. The northern 

contact with the Eglinton Volcanics is intrusive and may also be faulted 

in part. Along much of this contact and in some areas adjacent to the 

Skelmorlie Fault, Nurse and Eglinton rocks are intrusively mixed and 

r-
"The Brandywine" - an informal name given to the next major tributary 
of Lake Te Anau south of Nurse ,Creek. 



Plate 1.10 Trace of the Skelmorlie Fault, looking south down "The 
Brandywine". The scarp-forming horizons are boulder conglomerates 
of Tertiary age. Photo, D. Craw. 

Key to Plate 1.10 



Plate 1.10 Trace of the Skelmorlie Fault, looking south down "The 
Brandywine". 'I'he scarp-forming horizons are boulder conglomerates 
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Key to Plate 1.10 



Plate 1.10 Trace of the Skelmorlie Fault, looking south down "The 
Brandywine". The scarp-forming horizons are boulder conglomerates 
of Tertiary age. Photo, D. Craw. 

Key to Plate 1.10 
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there is a complete gradation from hornfelsed Eglinton Volcanics through 

partially recrystallised and remobilised volcanics to microdiorites. 

Occurrences of fine grained xenoliths within the Nurse suite are con-

fined to these marginal areas. The western limit of the suite is 

unmapped. 

The Nurse suite includes pinkish brown and white granite, grey 

granodiorites, dark grey microdiorites and dark green diorite. Grain-

size varies, but rarely exceeds 3-4 mm - similar in coarseness to the 

Hollyford suite and slightly finer than that of the Mistake Diorite. 

Strong foliation is developed in the Skelmorlie Peak area, particularly 

in a.lOO m wide zone along the contact with the Eglinton Volcanics. The 

0 

average foliation attitude in this area is 073.65 SE. Well foliated 

rock also occurs in a small area on the ridge top 2 km southwest of 

Skelmorlie Peak. Apart from these occurrences the rocks are largely 

unfoliated. Different lithologies are commonly intimately mixed within 

single outcrops forming intrusion breccias in some cases. Microdiorite 

xenoliths, usually less than 10 em in size, are locally abundant, for 

example in Birley Stream
2 

and in the tributary of Nurse Creek which 

forms a saddle with The Brandywine on the Skelmorlie Fault. The differ-

ence between intrusion breccia and xenolith-bearing rock may only be a 

matter of inclusion density. In both cases the invading phase is the 

less mafic rock type. 

Composition 

Six rock types are recognised in the suite. Their average 

colour index and felsic mineral percentages, based on thin section 

estimates (sections 35197-35208) are given in Table 1.10. The average 

composition of the Nurse suite is 15% quartz, 12% K feldspar, 52% 

rlagioclase and colour index 21, thus it plots close to the grana-

diorite-monzodiorite dividing line. 

2 "Birley Stream" - an informal name for the tributary of the Murcott 

Burn south branch which drains Birley Pass. 



Table 1.10 Average Composition of the Nurse Plutonic Suite from 
EstLmated Mineral Abundances. 

Rock Type 

granite 

granodiorite 

quartz diorite 

q.b. monzonite* 

q.b. monzodiorite* 

diorite 

Overall weighted 
average (%) 

% of 
suite 

10 

33 

10 

7 

26 

14 

* q.b. = quartz-bearing. 

Quartz 

25 

25..;. 

15 

15-

10+ 

0 

15 

K-spar 

40 

15+ 

5 

30 

10-

2 

12 

Plag. 

30+ 

45 

50 

40+ 

50+ 

65 

52 

Colour 
Index 

4 

14 

30 

15 

30-

30+ 

21 

Although granite occurs in minor amounts throughout the suite, 

distinctive pinkish bro\vn granitic rocks are restricted to areas near 

the Skelmorlie Fault (Map 1) where they are locally abundant. They 

occur in Birley Stream, although not so extensively as mapped by 

Grindley (1948, 1958). They are common near the fault in parts of the 

east branch of Nurse Creek, also west of the Nurse Creek - Brandywine 

Saddle and in The Brandywine and its eastern tributaries near the 

overlying conglomerates. Their occurrence as veins (± epidote) and as 

50 

broader zones gradational into the country rock rather than as distinct 

intrusive bodies supports Grindley's suggestion that they are the 

result of metasomatic alteration of the Nurse rocks. 

Mineralogy 

The primary mineralogy of the suite is essentially feldspar, 

quartz, hornblende, biotite, opaques, sphene and apatite; olivine and 

orthopyroxene appear to be absent entirely. Quartz is present in almost 

all samples and minor clinopyroxene occurs in several sections, 

commonly as relict cores in hornblende .. 

Average plagioclase grainsize is 1 - 2 rom although grains up 

to 4 rom are not unusual. Normal zoning is widespread in plagioclase 
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and is very well developed in a monzodiorite (35199) and in a diorite 

(35204). Oscillatory zoning is much less common. Plagioclase is mostly 

andesine, compositions more calcic than An50 not being recorded. In 

several rocks the plagioclase contains abundant evenly distributed 

sericite but in most cases the overall degree of alteration is low, 

only scattered grains having concentrations of epidote and sericite in 

their cores. 

Microcline is recognisable in most specimens and microperthites 

are common. The microcline is fresh and is commonly finer grained than 

the plagioclase; scattered large grains are interstitial or poikilitic. 

Plagioclase in a granodiorite (35197) and a monzodiorite (35208), both 

from near the Skelmorlie Fault, appears to have been partially replaced 

by alkali feldspar;textures are similar to those seen in Plate 1.11. 

Quartz occurs interstitially as single grains or granular 

aggregates. Most is strained but severe granulation is absent. Minor 

myrmekite occurs in two specimens and there are some graphic inter

growths in a diorite (35204). 

Hornbl~nde is probably slightly more abundant than biotite in 

the suite as a whole. Pleochroism is corrunonly brownish green to.bluish 

green, green being the dominant colour. Typical grainsize is 1 - 2 mm. 

At least some hornblende is the result of clinopyroxene replacement. 

Nurse rocks also usually contain paler greenish blue actinolitic horn

blende and near colourless actinolite. 

All biotite is brown although there is a range of shades from 

greenish chocolate brown to light yellowish brown. Biotite from the 

northern part of the area is quite fresh but alteration to Fe-Mg 

chlorite is advanced in the samples from the southeastern part - near 

the Skelmorlie Fault. Lenses of prehnite and pleochroic yellow epidote 

are common in the biotite of some rocks and pleochroic green pumpellyite 

occurs rarely in the biotite of several specimens. 



Pl ate 1.11 Rep l acement of plagioclase (P) by mi crocl ine , a feat ure common to most granitic 
rocks (sensu stricto) of the Mackay Intrusives . Re lict plagioclase in t he mic roc line i s 
optically continuous with the centra l plagi oc l ase cores in B and C. The sca l e bar under eac h 
photograph represents 0.25 mm. Crossed nicols. 

A. 35315; granite from the Hut suite, Falls Creek . 

B. 35326; l euco-granite from t he Hut su ite , sou th branch of Mistake Creek . 

C. 35 237; leuco-grani t e from a dike system cutt ing hornfel sed andes ite in the head of 
Mi stake Creek . 

D. 352 13; granite from the Nu rse suite in the head of Hut Creek . Myrmekite, wh ich i s not 
otherwis e abu ndant or common in the ~1ackay Intrusives, comprises 40 - 50% of this rock. 
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Anhedral opaque grains comprise from <0.5% to 2 - 3% of each 

specimen; a small proportion of the magnetite has oxidised to hematite. 

Sphene occurs in all sections, although in several it is restricted to 

the rims of opaques. Euhedral sphene was not observed. Apatite is 

ubiquitous as stubpy to elongate prisms. One monzodiorite (35199) con

tains curious trains of stubby apatite prisms which are aligned end to 

end, side by side and en echelon (Plate 1.2C). Clinopyroxene was 

recognised in nearly half the specimens, generally as partially altered 

relict cores in hornblende. Unaltered clinopyroxene is quite common in 

a monzodiorite (35199). Zircon was identified in half the specimens. 

Tourmaline occurs rarely in a monzonite (35200) and more commonly in a 

monzodiorite (35199); pleochroism is light grey and orange to bluish 

black. Strongly pleochroic brown allanite occurs sparsely as cores to 

epidote grains in a granodiorite (35201) and as discrete grains in a 

monzonite (35200) • Minor rutile in a diorite (35205) appears to be 

associated with the alteration of opaques. 

Epidote and sericite are present in all rocks. Serici·te occurs 

as plagioclase alteration and is generally quite fine grained; coarse 

clean grains of muscovite are absent. Epidote ranges in abundance from 

less than 1% to 3 - 4%; most is colourless but yellow epidote is common 

in specimens from the southeastern part of the area. 

Chlorite occurs in over hal£ the specimens. Fe-Mg chlorite is 

either the sole variety or by far the dominant variety in all but one 

rock and is obviously the product of biotite alteration. Prehnite occurs 

as lenses in biotite, as rare veins, and as coarse grained interstitial 

patches in a diorite (35202) • Pleochroic green pumpellyite occurs 

sparsely in some biotite. 
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CORRELATIVE NURSE SUITE ROCKS 

Glade Burn - Hut Creek Area 

A narrow strip of rocks mapped immediately west of Glade Fault, 

extending from Hut Creek to at least halfway down the Glade Burn, are 

correlated on composition and field appearance with the Nurse suite. 

The western and southern limits of these rocks have not been mapped. 

To the east they are faulted against the Glade suite by the Glade Fault 

and they pass transitionally into the Glade suite to the north. 

Foliated and banded rocks are common throughout. The average 

0 

attitude of foliation in the head of Hut Creek is 165.65 SW and in the 

0 

head of the Glade Burn is 165.75 SW, but a wider range of attitudes 

occursfarther down the Glade Burn. Although many of the rocks are 

gneissic, the degree of foliation is quite varied and they grade into 

unfoliated rocks in many outcrops. Both the gneissic and unfoliated 

rocks are considered to have a common origin and their compositions are 

discussed without reference to texture. Strongly coloured pinkish brown 

granitoid rocks were not observed. Intrusion breccias, white granitoid 
. 

dikes and small microdioritic xenoliths occur in some outcrops, parti-

cularly in Hut Creek. 

Quartz-bearing diorite is the most abundant rock type of the 

petrograp11ically studied specimens (35209-35218) . The unweighted average 

composition of these specimens, based on estimated mineral abundances, 

is 15% quartz, 8% K feldspar, 57% plagioclase and colour index 20. 

Plagioclase is calcic oligoclase to andesine and tends to be 

normally zoned. The cores of some grains contain epidote and sericite. 

All specimens contain interstitial granular mosaics of quartz. Minor 

myrmekite is present in several rocks but comprises some 50% of one 

granite specimen (35213; Plate 1.11). Half the rocks examined petro

graphically contain microcline and minor microcline microperthite. Horn-

blende and biotite are subequal in abundance. The hornblende is green to 



bluish green and in several rocks some grains have relict cores of 

clinopyroxene. Biotite is dark yello'l'lish brown to dull greenish brown 

and commonly fresh; some alteration to Fe-Mg chlorite has occurred. 
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Anhedral sphene, stubby apatite prisms, and opaque grains which 

are commonly fringed with sphene occur in minor amounts in all specimena 

Traces of zircon and tourmaline each occur in about half the sections; 

allanite is even less widespread. Sericite and clear colourless epidote 

are present to some extent in all rocks. Prehnite occurs rarely as 

veins and also as lenses in the biotite of two quartz-bearing diorites. 

Analyses of the essential minerals in a representative specimen 

of the Nurse suite (a fine grained, quartz-bearing monzodiorite xeno

lith; 35214) are presented in Table A.7. These include in particular 

the dull, slightly greenish brown biotite and strongly coloured pleo

chroic green to blue hornblende which are both typical of these rocks • 

. Falls Creek 

On the southern side of upper Falls Creek,rocks correlated with 

the Nurse suite pass transitionally into the Hut suite to the southeast 

and into the Hollyford suite to the west. Intrusion breccias and micro

diorite dikes are common but granit.oid dikes are rare. An example of 

the complex mixture of lithologies found in this suite as well as in 

the adjoining Hut and Hollyford suites is shown in Plate 1.12. Repre

sentative specimens from this area include granodiorites (35279 35281), 

tonalites (35280 35282) , quartz-bearing diorites (35276 35278) and 

microdiorite (35277). Their mineralogy is similar to that of the rocks 

from the two areas described above. 
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E. GLADE PLUTONIC SUITE 

Those parts of the Mackay Intrusives comprising a compositionally 

and texturally heterogeneous rock suite of predominantly dioritic nature 

are mapped as the Glade Plutonic Suite. Glade rocks are distinguished 

from the Mistake Diorite by generally finer grain size, darker appear

ance and variable composition on outcrop scale. The suite includes 

diorites, microdiorite~, gabbronorites and granitoid rocks and its 

average composition is intermediate between that of the Hollyford aDd 

Nurse suites. The Glade suite lies to the west of both the Mistake 

Diorite and the Hut suite (Map 1) and is separated into a northern and 

a southern mass by the Glade Fault. The southern mass has intruded the 

Eglinton Volcanics and the northern mass includes xenolithic bodies of 

volcanogenic rock correlated with the Eglinton Volcanics. Crystalline 

rocks cropping out on the east side of the Eglinton Valley in the 

vicinity of Smithy Creek are correlated petrographically with the 

Glade suite. 

NORTHERN MASS 

The northern mass of the Glade suite lies immediately west of 

the Glade Fault where it extends from Mt Ngatimamoe to Hut Creek (Map 

1). It has a fairly sharp contact with the Hut suite which it intrudes 

and passes gradationally into rocks of the Nurse suite. Its western 

limit is unmapped. The rocks can be divided into two broad overlapping 

textural groups which are of subequal abundance: the first group con

sists of medium to coarse grained crystalline rocks ranging from diorite 

-gabbro to leuco-granite in composition. The second group is a 

textural continuum ranging from dark grey diorites through microdiorites 

to xenolithic masses of andesitic volcanogenic rocks \o7hich are corre

lated with the Largs terrane of the Eglinton Volcanics. 



56 

Plutonic Rocks 

Medium to coarse grained rocks (35230-35250) occur throughout. 

Diorite (35231 35232 35235 35250) is the dominant lithology being 

generally dark grey in colour with very low contrast between mafic and 

felsic minerals. Microdiorite xenoliths are common~ Granitoid rocks, 

which include granodiorite (35233), trondhjemite (35238) and leuco

granite (35237) , are more abundant towards the Nurse suite contact area 

in Hut Creek occurring as dikes and as the invading phase of intrusion 

breccia. In colour and grainsize they are indistinguishable from rocks 

of similar composition in the Nurse and Hollyford suites. 

Hornblende is the main mafic mineral. It has straw to green and 

greenish blue pleochroism; blue to light green rims on hornblende 

grains are common in several rocks. Yellowish brown biotite is ubiqui

tous and almost entirely unaltered although some grains include prehnite 

lenses. Olivine and orthopyroxene are absent and although clinopyroxene 

occurs in some specimens it is always associated with, or at least 

partially altered to amphibole. Most plagioclase has strongly developed 

normal zoning and is generally unaltered apart from concentrations of 

epidote and sericite in the cores of larger grains. Accessory inter

stitial quartz is widespread, apatite and anhedral opaque grains are 

ubiquitous, sphene is less common and zircon and tourmaline are rare. 

Clear, coarse grained, colourless epidote occurs in all specimens, 

sericite and/or muscovite are fairly common and Mg-rich or Mg-Fe 

chlorite, not associated with biotite replacement, is present in more 

than half the specimens. Mineral analyses from a quartz-bearing 

diorite (35231) are presented in Table A.7. 

Volcanogenic Xenoliths 

Fine grained andesitic rocks correlated with .the Eglinton Vol

canics occur sporadically throughout the northern mass. The largest 

occurrence is in the head of Mistake Creek where massive hornfelsed 
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andesite crops out continuously for 350 m along the southwestern side 

of the valley headwall (Map 1). The andesite passes outwards into 

microdiorite at its margins and is cut by a system of very pale pink 

leuco-granite dikes (35237). Much of the andesite is indistinctly 

feldsparphyric, some specimens have a slightly siliceous appearance 

and broken surfaces are commonly micaceous (biotite). A smaller mass 

of andesitic rocks at the lowest point of the Ngatimamoe-Pyramid ridge 

(Map 1) includes minor flattened volcanic breccia. Quartz segregations 

up to 10 em in size occur locally in this mass which also passes out-

wards through microdiorite into coarser plutonic rocks. 

Representative specimens of massive andesite (35219-35229, 

35269) consist of: plagioclase, brown biotite and opaques ± quartz, 

green hornblende, sphene, apatite, epidote, sericite-muscovite and less 

commonly allanite and possibly rutile. Plagioclase phenocrysts show 

oscillatory zoning in several rocks and are commonly charged with tiny 

opaque grains. Mafic phenocrysts have been replaced, mainly by biotite 

and hornblende. A black hornfelsed volcarenite or tuff (35226), in

distinguishable in hand specimen from andesite, is comprised of 1 - 2 rom 

andesitic fragments having various proportions of plagioclase laths, 

quartz, brown biotite and an average of 5 - 10% opaque grains. 

Mineralogy varies little throughout the textural continuum of 

rocks from fine grained and feldsparphyric andesites, to microdiorites 

(35230 35239 35242) and coarser grained dark grey diorites, some of 

which are also porphyritic (e.g. microdiorite 35247 and diorite-gabbro 

35234). Blue to green hornblende and brown biotite, the main mafic 

minerals, are relatively fine grained which is probably the reason for 

the uniform grey appearance of the diorites in contrast to the black 

and white Mistake Diorite for example. The occurrence of fresh, fine 

grained mafic minerals, porphyritic textures and the grainsize gradation 
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from diorites to hornfelsed volcanic rocks, suggests that perhaps some 

of these diorites and microdiorites may be coarsely recrystallised 

volcanogenic rocks. 

Dikes and Shear Zones 

Diorite and microdiorite dikes, 10 em- 3m thick, are quite 

common. They are usually quartz-bearing and are indistinguishable in 

appearance and mineralogy from other dioritic rocks of the Glade suite. 

For this reason they are inconspicuous where cutting other Glade rocks 

but stand out prominently where they cut a leuco-granite body of the 

Hut suite in the south branch of Mistake Creek (Plate 1.13). 

A system of pale pink leuco-granite dikes cutting the xenolithic 

andesite mass in Mistake Creek is atypically rich in K feldspar for 

rocks of the Glade suite and showsevidence of plagioclase replacement 

by microcline (Plate 1.11). As the host rocks are considered to be 

depleted in potassium (Chapter 4) , this element may have been sweated 

out of the andesites during metamorphism and concentrated, in part, in 

the dike system. Alternatively, the dikes may be the product of late 

stage relatively potash-rich intrusions into a roof pendant. 

Narrow, sinuous, distinctly porphyritic (e.g. 35220) andesite 

dikes cut the two xenolithic masses of andesite described above. An 

analysed specimen from one such dike (35228) is anomalously rich in 

K2o compared to all other analysed rocks from the field area (see 

Figure 4.2). 

Highly schistose rocks occur in several shear zones. A repre

sentative specimen (35240) is a fine grained, dark grey to black mica-

ceous schist comprising subequal green biotite and untwinned plagio-

clase (andesine?) plus quartz, with epidote, muscovite and calcite. 

Epidote is subhedral to euhedral (Plate 1.2D). All phases are completely 

unaltered. Segregation banding is only weakly developed in this rock 

whereas it is well developed in schist (35236) from a second shear zone. 
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SOUTHERN MASS 

This part of the Glade suite consists of gabbronorites, dioritic 

and granitoid rocks and fine grained, grey, weakly porphyritic rocks 

of probable volcanic origin. Diorite, commonly quartz-bearing, is the 

most abundant rock type and the average composition of the southern 

mass is probably dioritic. The southern mass is mapped between Hut 

Creek and Dore Pass on the eastern side of the Glade Fault (Map 1}. It 

has intruded the Eglinton Volcanics in the Murcott Burn north branch. 

Contacts with gabbroic bodies of the Hollyford suite are fairly well 

defined but the relative age of intrusion is unclear. The Glade suite -

Hut suite contact is poorly exposed. 

Microdiorites and hornfelsed andesites are especially abundant 

where the Glade suite has intruded the Largs terrane, making the con

tact between Glade and Largs rocks locally difficult to define. Grani

toid dikes, network veins and intrusion breccias are not uncommon in 

the southern mass. Olivine-bearing rocks are largely absent; the rare 

occurrences include an olivine-rich ultramafic pod (1 m long) in a 

fault zone in Waterfall Creek (960835) • Foliated rocks are absent, even 

in the lirunediate vicinity of the Glade Fault which appears to have 

strongly affected the Nurse suite on the west side of the Glade Burn. 

In general, rocks in the northern part of the southern mass seem to 

be more altered than those farther south. 

A representative range of rock types were examined petrographi

cally (35251 - 35268). Plagioclase is normally zoned and is usually at 

least slightly altered. Green hornblende and brown biotite are the 

main mafic minerals. Biotite displays all degrees of alteration and 

contains occasional prehnite lenses. Interstitial quartz is present in 

most rocks and is completely ungranulated. Microcline and orthoclase 

are neither abundant nor widespread. Olivine occurs in only one speci

men (gabbronorite 35256) where it is completely replaced by talc, 
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magnetite and minor serpentine. Orthopyroxene, where present, is 

usually more altered than associated clinopyroxene. Apatite and opaque 

grains are ubiquitous accessory minerals and minor sphene and zircon 

are widespread in the granitoid and dioritic rocks. Chlorite occurs in 

over half the specimens, usually as an alteration product of biotite. 

Mg-Fe and Fe-Mg chlorites are subequal in abundance. Sericite and 

epidote are both widespread and are most abundant in the less basic 

rocks. 

CORRELATIVE ROCKS IN THE SMITHY CREEK AREA 

Crystalline rocks crop out for approximately 4.5 km along the 

eastern side of the Eglinton Valley opposite the Murcott Burn. This 

mass is correlated with the Glade suite as it contains rock types 

ranging from gabbronorite to trondhjemite, in which diorite is most 

abundant. 

Exposure is poor as the entire area is bush-covered. The most 

extensive outcrops occur in Smithy Creek, where black and white 

speckled diorite is common, and on the ridge immediately to the north 

where gabbronorite is probably more abundant than diorite. Extremely 

altered granitoid rocks crop out in the stream south of Smithy Creek 

and white, foliated, granitoid rocks only were encountered in a small, 

steep creek in the northern part of the mass (008800) • The nature of 

the eastern contact with the Eglinton Volcanics is obscure although it 

was accurately located 150 m downstream of a very large waterfall in 

Smithy Creek. Narrow zones of gneissic rocks occur in the vicinity of 

Smithy Creek and the entire stream section farther north (008800) is 

0 
foliated; attitudes are consistently close to 180 by vertical. 

Representative specimens include diorites with pale to medium 

brown hornblende (35270 35272) , and a microdiorite with green horn-

blende and poikilitic biotite ranging up to 8 mrrt in size (35271) • 



These three rocks are quartz-free and contain widespread sericite and 

very sparse epidote; prehnite lenses and Fe-Hg chlorite occur in the 
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biotite. Gabbronorites examined petrographically (35273 35274) have 

unaltered, zoned labradorite and 30 - 40% variably altered pyroxene. 

Orthopyroxene and clinopyroxene are of comparable abundance. A foliated 

trondhjemite (35275) is representative of the granitoid rocks at the 

northern end of the mass. It contains ungranulated quartz, reddish 

brown biotite mostly replaced by Fe-Mg chlorite, and sparse garnet. 

F. HUT PLUTONIC SUITE 

The Hut Plutonic Suite comprises a belt of granitic to dioritic 

intrusives flanking the west side of the Mistake Diorite between Water-

. fall Creek and the Hollyford Valley. The Glade Fault (Plate 1.14) has 

offset the suite by 4 - 5 km in the Mistake Creek area and has brought 

a separate body of correlative rocks into contact with the main Hut 

suite mass in the south branch of Mistake Creek (Map 1). 

The Hut and Nurse suites have a similar range of lithologies, 

however granitoid rockswith colour index ~5 comprise 60 - 75% of the 

Hut suite. Most of these extremely leucocratic rocks are subsolvus 

granites (leuco-granites) with approximately equal proportions of quartz, 

microcline and plagioclase (Table l.lV. Microdiorites are common as 

dikes and xenoliths especially in Falls Creek. Quartz-bearing diorites 

are locally abundant in the Hut Creek area. Rocks containing clino

pyroxene, orthopyroxene or olivine are absent in the Hut suite. Dis

seminated pyrite occurs in some of the leuco-granites, especially north 

of Falls Creek, giving rise to a distinctive orange weathering rind. 

Hut suite rocks separated from each other by the Glade Fault are des-
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Table 1.11 Estimated Composition of Hut Suite Rocks with Colour 
Index (;5. Numbers are in Percentages. 

Specimen Rock Type Plag Quartz Alkali Colour 
Feldspar Index 

35284 granite 30 33 33 4 
35285 " 35 30 30 5-
35286 " 17 40 40 3 
35287 " 30 30+ 35+ 2-
35288 " 35 30 30 5 
35289 " 25+ 35 35 3-
35304 granodiorite 57 22 17 4 

35307 granite 40 25 30 5 
35308 " 33 30+ 33 2-
35310 " 40 26 31 3 
35315 II 25 30 40 5 
35312 " 15 40 45- 1-
35317 " 30 30 35+ 4 
35318 II 32 32+ 32+ 2-
35320 alkali granite 3 52 43 2 
35322 granodiorite 45 30 20 5-
35324 " 47 30+ 17 5-

35326 granite 25 40 30+ 4-
35327 " 25 40 30+ 4-

Average 31 33 32 4-

35284 - 35304, Hut Creek area; 35307 - 35324, Falls Creek area; 
35326 and 35327, correlative rocks in the south branch of Mistake 
Creek. Albite is counted as plagioclase for classification purposes 
as the presence of epidote suggests that albitisation has occurred. 

cribed separately, followed by a description of correlative rocks in 

the south branch of Mistake Creek. 

HUT CREEK AREA 

The Hut suite in this area extends from Waterfall Creek to the 

south branch of Mistake Creek. It passes gradationally over 50 - 100 m 

into Mistake Diorite along its eastern margin. The western margin is 

faulted against the Eglinton Volcanics in Waterfall Creek while farther 

north the western contact with Glade suite rocks is poorly exposed in 

the beech forest of Hut Creek. 

Leuco-granite occurs throughout the Hut Creek area being the 

most abundant lithology among rocks of diverse composition and texture. 

Fine grained grey to grey- green rocks are fairly connnon and include 
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microdiorites and volcanogenic rocks. Dioritic rocks, mostly quartz-bearing, 

are widespread. In many diorites the hornblende is unusually elongate 

producing a distinctive rock type (Plate 1.15). On the northern side of 

Waterfall Creek and on the ridge above, this variety of diorite is con

fined to a 50 m wide zone along the contact with the Mistake Diorite. 

It becomes widespread and relatively abundant on the southern side of 

Hut Creek whereas it is much less common north of Hut Creek. Where con

tact relations are clear it always occurs as xenoliths and has not been 

observed as dikes. Other rock types encountered include minor granite 

(as opposed to leuco-granite), granodiorite, quartz-diorite and quartz

bearing monzodiorite. 

Leuco-Granites 

These rocks are off-white in colour and are generally altered, 

especially those from south of Hut Creek. Average grainsize is 1 - 2 rnrn 

but there is quite a variation and a few rocks resemble aplites (35287) 

with scattered albite phenocrysts in a granular groundrnass of quartz and 

K feldspar. The average composition of the petrographically studied 

samples (Table 1.11) is 33 - 35% each quartz and partially perthitic 

microcline, and just under 30% albite. Biotite comprises several percent 

of the rocks and in most cases it is totally altered to Fe-Mg chlorite. 

Opaque grains, sericite and epidote occur in all specimens and trace 

amounts of apatite, sphene, zircon and allanite are not uncommon. Two 

specimens (35290 35291) contain stilpnomelane. 

Granites to Diorites 

Quartz-bearing diorite (35294 - 35300) is the most common rock 

type in this group. Those rocks with distinctly elongate hornblende 

appear to grade into rocks with equant hornblende and there are no appar

ent differences in mineralogy. In both types plagioclase is moderately 

altered and zoning is not uncommon. Quartz occurs as interstitial wedges 

and K feldspar is only a minor constituent. These rocks contain 5 - 15% 

green hornblende and some 5% chloritized biotite. Opaque grains, apatite, 
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sericite, epidote and chlorite are ubiquitous. Zircon and prehnite, which 

occurs as lenses in biotite, are each present in several specimens, Fe-Mg 

chlorite is more abundant than Mg-·Fe chlorite, both types being usually 

found only as biotite pseudomorphs. 

Other samples studied petrographically include granite (35302) , 

granodiorites (35303 35304), quartz-bearing monzodiorites (35305 35306), 

and diorite (35301) • More than half of the rocks represented by these 

specimens have a colour-index of 5 - 10 and their mineralogy is similar 

to that of the leuco-granites or quartz-bearing diorites described above. 

Stilpnomelane occurs in a granodiorite (35304) from the southern side of 

Waterfall Creek. 

Fine Grained Rocks 

Fine grained, light green xenoliths several metres in size and 

indistinguishable from some of the massive volcanogenic sediments of the 

nearby Eglinton Volcanics, occur on the Hut Creek - Waterfall Creek 

ridge. Microdiorites and finer grained dark grey rocks also occur as 

xenoliths, there being a continuous range in grainsize between microdio-

rites and diorites which contain elongate hornblende. Rare dikes of fine 

grained greenish grey rock cutting leuco-granite in Hut Creek were des-

cribed as metabasites by Landis (1969). 

Two fine grained specimens were examined petrographically: a 
dark grey andesite (35292) from an inclusion in leuco-granite, is a 
fairly clean rock comprised essentially of aligned andesine laths (0.2 
rom) and 15% partially chloritised biotite. Quartz, epidote and sparse 
blue-green hornblende, opaques, calcite and a narrow prehnite vein are 
also present. The other specimen (35293} is an andesite from a 4 m wide 
dike or a large xenolith. It has similar mineralogy to the first ande
site but contains 3 - 5% calcite and the plagioclase laths are slightly 
coarser and are unaligned. 

FALLS CREEK AREA 

On the southern side of upper Falls Creek the Hut suite is 

faulted against the Mistake Diorite by the Glade Fault (Map 1). Hut 

suite leuco-granites pass gradationally northwest into slightly more 

mafic rocks correlated with the Nurse suite, whereas to the southwest 

their contact with the Glade suite is fairly sharply defined. Northwest 
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of Falls Creek the Hut suite lies between the Mistake Diorite and the 

Hollyford suite. The western contact with the Hollyford suite is unfaulted 

and very sharp but the relative age of intrusion is unclear. The eastern 

contact with the Mistake Diorite was observed on the northern side of the 

Hollyford River where a 50 m wide transitional zone includes minor folded 

gneissic fault rocks similar to those in the Eglinton and Mistake Fault 

zones. 

There are two main rock types in the Falls Creek area: medium to 

coarse grained white granitoid intrusives with colour index ~5, and 

microdiorites. The first group comprises at least 75% of the Hut suite 

in this area and consists mainly of granite with minor granodiorite and 

alkali granite. Apart from microdiorites, rocks with colour index >5 

are fairly rare, they include granodiorite, trondhjemite and xenoliths 

of elongate-hornblende-bearing diorite. Microdiorite dikes and xenoliths 

(Plate 1.16) are very common,especially south of Falls Creek, and some 

outcrops of leuco-granite contain abundant trondhjemite xenoliths (Plate 

1.17). 

Leuco-Granites 

The leuco-granites characteristically have a fresh and in some 

cases, sugary appearance. They are white in colour, or less commonly, 

have a brown weathering rind formed by the oxidation of pyrite. Average 

grainsize ranges from 1 mm to 2 mm although plagioclase grains commonly 

reach 4 - 5 mm in size. The estimated abundances of essential minerals 

in representative specimens are given in Table 1.11. Plagioclase is albite 

to sadie oligoclase and usually contains epidote and sericite inclusions. 

Alkali feldspar is microcline and less commonly microcline microperthite. 

In several rocks microcline appears to have partially replaced some 

plagioclase grains. Green to dark green biotite is ubiquitous and is 

usually fine grained. It is entirely fresh in all b~t several rocks which 

are from the vicinity of the Glade Fault, in these rocks biotite is 

replaced by Fe-Mg chlorite. Opaque grains, sphene, epidote and sericite 



are present to some extent in each specimen and allanite, apatite and 

zircon occur in most rocks. 

Microdiorites 
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Representative specimens (35309 35313 35314 35316 35321 35323 

35325) are relatively fine grained and are not always distinguishable in 

hand specimen from volcanic rocks. Plagioclase occurs as small equant 

grains and also commonly as anhedral phenocrysts up to 5 - 6 mm in size. 

Normal zoning is very common. Repeated oscillatory zoning in the pheno

crysts of one microdiorite (35313) is emphasised by numerous tiny opaque 

inclusions. Minor quartz is commonly present whereas K feldspar is 

generally absent. Fresh brown biotite and green to bluish green hornblende 

comprise an average of 5% and 20% respectively of these rocks. Opaque 

grains, apatite, sphene, epidote and sericite occur in nearly all speci

mens although not abundantly. Hornblende, biotite and plagioclase 

analyses from a microdiorite (35313) are presented in Table A.7. 

MISTAKE CREEK AREA 

A body of leuco-granite,correlated on petrographic grounds with 

the Hut suite,crops out on both sides of the basin in the head of the 

south branch of Mistake Creek (Map 1) • On its southeastern side this body 

is faulted against leuco-granites of the Hut Creek area by the Glade 

Fault (Plate 1.14). Elsewhere it is surrounded and intruded by dioritic 

rocks of the Glade suite. In the northern corner of the basin the Glade 

suite - Hut suite contact is sharp and faulted. In the western corner how

ever Glade rocks have intruded the leuco-granite and the contact is not so 

sharply defined. 

The leuco-granite is a fairly uniform, medium to coarse grained 

white rock of fresh appearance, in sharp contrast to the adjacent, rather 

altered leuco-granite east of the Glade Fault (see Map 1). Xenoliths and 

intrusion breccia of microdiorite and coarser grained feldsparphyric 

microdiorite occur sporadically and dikes of the latter rock type are 

common on the northeastern side of the basin (Plate 1.13). 
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Two leuco-granite specimens were examined petrographically (35326 
35327): they contain approximately 25% oligoclase, 40% quartz and 30-35% 
microcline. The oligoclase is slightly zoned and includes epidote and 
muscovite. Both feldspars occur as 1 - 4 rom grains in a groundmass of 
granular quartz and feldspar. The microcline is totally fresh, commonly 
well twinned and some grains are perthitic; it appears to have replaced 
some of the plagioclase (Plate l.llB). One specimen (35326) contains 3% 
dark green to brown, fresh biotite, whereas biotite in the other sample 
is mostly altered to Fe-Mg chlorite. The other constituents are opaque 
grains and sphene with less common zircon, allanite and apatite. 

HUT SUITE - MINERALOGICAL NOTES 

Several mineralogical features of these rocks which may be sig-

nificant in any discussion of the origin of the Hut suite are worth 

emphasising. Plagioclase appears to have been replaced by microcline 

in some of the leuco-granites while myrmekite is extremely rare. Pyrite 

is quite common in the lower Falls Creek - Hollyford leuco-granites 

although it is quite rare in all other granitoid rocks in the field area. 

Tourmaline was recognised in only two specimens from the Hut suite, a 

leuco-granite (35322) and a microdiorite dike (35314), which represent 

slightly less than 5% of the total specimens. A similar figure is 

obtained for tourmaline in the Mistake Diorite whereas it is much more 

abundant in tbe Nurse and Glade suites and in group E of the Hollyford 

suite. Two granites (35288 35302) and two quartz-bearing diorites 

(35299 35295) from the Hut Creek area contain coarse grained euhedral 

sphene. Such sphene also occurs in rocks from the peripheral areas of 

the Mistake Diorite but is absent elsewhere in the field area. Finally, 

three of the four stilpnomelane-bearing specimens found in the field 

area are from the Hut suite {the fourth is from the Plato terrane of 

the Eglinton Volcanics) . 



Plate 1.12 Intrusion breccia of granitoid and dioritic rocks of 
the Nurse suite in upper Falls Creek (005921). The large mass of 
diorite is presumably a partially disrupted raft. 

Plate 1.13 Parallel suite of dioritic dikes up to 3 m thick 
cutting Hut suite leuco--granite in the head of the south branch 
of Mistake Creek. Photo, K.D. Mason; 7.2.72. 



Plate 1.14 U Pass - between Mistake Creek and Hut Creek, looking 
south. The pass is cut in leuco-granite of the Hut suite aDd is 
located in the crush zone of the Glade Fault. The author is faintly 
visible on the skyline above and inunediately east of the pass on a 
subhorizontal patch of tussock. Photo, K.D. Mason. 

Plate 1.15 Distinctive diorite of the Hut suite characterised by 
elongate hornblende; cross sections tend to be euhedral. Photo, 
K.D. Mason. 



Plate 1.16 Microdiorite xenoliths in leuco-granite, Hut suite, 
Falls Creek (995917). Photo, K.D. Mason. 

Plate 1.17 Trondhjemite xenoliths in leuco-granite (35312), 
Hut suite, Falls Creek (013918). 



INTRODUCTION 

CHAPTER 2 
EGLINTON VOLCANICS 

Grindley (1958) defined the Eglinton Volcanics as 'the Upper 

Paleozoic volcanics and sediments exposed in the Eglinton, Hollyford 

and Pyke Valleys'. Landis and Waterhouse (1966) proposed that the 

Eglinton Volcanics be given sub-group status and together with the 

Skippers Formation (Wood, 1962) should comprise a new unit, the Ala-

baster Group. Nauman (1973) upgraded the status of the Skippers 
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Formation to that of sub-group thus the Alabaster Group is now composed 

of the Eglinton and Skippers sub-groups, the latter being recognized 

only in the Skippers Range. 

Mapping of the Eglinton Volcanics was first carried out by 

Grindley (1948, 1958) who worked from the lower Eglinton Valley to 

approximately 3 km north of Smithy Creek. His map scale was 1:31,680. 

Grindley recognized seven units, designated EE0 to EE6 (Table 2.1), 

which he considered to be tightly folded into two north-south trending 

anticlines. However Landis (1969, p. 242) pointed out that no evidence 

for the required intervening syncline was known and that it was unneces-· 

sary to postulate the presence of the eastern fold. Landis and Water-· 

house (1966) gave Grindley's units formational status and formal names 

(Table 2 .1) • 

More detailed work by Corner (1969) in the area west of Lake 

Fergus (Norm's Cornerl) revealed an east-facing metasedimentary sequepce 

of 2500 m+ thickness. He divided the sedimentary rocks into five 

formations, one of which included a limestone member. Igneous rocks as 

dikes and sills were found to comprise <5% of the sequence. 

1 The area north of Consolation Peak and Lake Gunn between Falls Creek 
and the Te Anau -Milford road is known to several geologists as "Norm's 

· Corner". This informal name is used herein to mean "the area mapped by 
Corner (1969]". 
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Table 2.1 Grindley's (1958) Section Through the Eg.linton Volcanics in 
the Earl Mountains with the Formation Names of Landis and Waterhouse 
(1966). 

Map 
Symbol 

Upper Volcanics 

Content 

EE6 Sheared quartz keratophyre 
Magnetite keratophyre breccia 
and tuff 

Thickness 
(metres) 

120+ 
•6 

Porphyritic amygdaloidal andesite 
Magnetite keratophyre breccia 

460 
12 

and tuff 

Augite basalt 
Andesitic and keratophyric 
breccia and tuff 

Lower Volcanics 
EE 3 Augite porphyrite 

Tuffaceous mudstone, sandstone 
and breccia 

Augite porphyrite 

Not part of the above section 
EE0 Keratophyric flows, breccia and 

tuff 

120 
30 

300 

300 

300 

Fe.rmation 
Name 

Nurse Formation 

Birley Andesite 

Earl Formation 

Largs Porphyrite 

Wesney Siltstone 

Knobs Porphyrite 

Eglinton Bluffs 
Keratophyre 

The writer has mapped Alabaster Group rocks from the lower 

Hol1yford road turnoff in the north to Mt Eglinton in the south. This 

area includes some two thirds of the Eglinton Volcanics mapped by 

Grindley (1958 map) 1 Norm's Corner and the intervening previously 

unmapped section. Eglinton rocks are separated by the Mistake Diorite 

into two north-south trending belts which are sufficiently distinctive 

to be classified as separate geologic terranes. The eastern belt is 

referred to as the Plato terrane, after Plato Creek, while the Largs 

terrane, to the west, takes its name from Largs Peak. 

Largs and Plato rocks together comprise the Eglinton Volcanics 

(Grindley, 1958) and the Eglinton Sub-Group (Landis and Waterhouse, 

1966) • I consider sub-group status to be the most appropriate at the 

present time, however the term "Eglinton Volcanics" is retained as an 

essentially informal name for the sub-group for the following reasons: 
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"Eglinton Volcanics" is now well entrenched in the literature and local 

tradition as well as being a more attractive term for general usage 

than "Eglinton Sub-Group". Secondly, although "volcanic" is not an 

entirely accurate description of the sub-group, it does emphasise an 

important difference between the Eglinton Sub-Group, which includes 

numerous dikes and minor flows, and the Maitai Group to the east in 

which dikes and flows are absent. 

A. PLATO TERRANE 

The Plato terrane consists of a belt of steeply dipping, 

generally north-south trending volcaniclastic rocks and abundant basal

tic dikes and sills. Limestone occurs as a minor facies in the northern 

part of the area and fossils are scarce. Facing directions, located 

. mostly in Melita Creek and Norm's Corner, show the sequence to be young

ing east. Unbrecciated flow rocks have not been positively identified 

and glassy rocks are absent~ Most of the coarse grained pyroclastic 

material and the dikes are basaltic. The volcanogenic sandstones and 

siltstones are basaltic to andesitic; clastic quartz is rare. 

The eastern side of the Plato terrane is terminated by the 

Hollyford Fault, a major structure which dips vertically to steeply 

east. Evidence for sense of movement along this fault is lacking as 

the fault trace is poorly exposed in the field area, however slivers 

of Tertiary and Triassic rocks along the fault indicate at least an 

element of extension. Upper Permian Maitai Group sediments of the Key 

Summit Syncline lie immediately east of the fault south of Cascade 

Creek, apart from in mid-Smithy Creek where a fault-bounded sliver of 

Tertiary sediments mapped by Landis (1969) lies between the Eglinton 

and Maitai rocks. North of Cascade Creek, fault-bounded sedimentary 

slivers mapped (Landis, 1969) as Waiau Group and Murihiku Supergroup 
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lie between the Eglinton and Maitai rocks. These were mapped as the 

Lake Lochie Beds and Windy Point Formation respectively by Corner 

(1969). The Pla~o terrane is bounded to the west by the .Histake Diorite 

in the area north of Hut Creek. This contact is faulted for much of 

its length, in part by the westerly-dipping Eglinton Fault. South of 

Hut Creek the western margin of the.Plato rocks is obscured by alluvium 

in the Eglinton Valley. 

Two bodies of the Gunn Dolerite intrude the northwestern part 

of the terrane and in the lower Smithy Creek area a mass of locally 

well foliated crystalline rock, correlated with the Glade suite, lies 

within the Plato rocks; it is probably infaulted. A sliver of coarse 

plutonogenic conglomerate and sandstone correlated with the Annick Group 

occurs in the head of Plato Creek (see Chapter 5) , it is bounded by 

faults which appear to splay out from the Hollyford Fault at the Plato 

Creek - Smithy Creek divide. 

Corner's stratigraphic subdivision of the northern Plato 

terrane is as follows: 

Name 

Fergus Formation 

Divide Creek Formation 

Consolation Formation 

Kaka Creek Siltstone 

Melita Limestone 
Member 

Falls Creek Formation 

Lithology Thickness (m) 

Greyish green to grey feldspathic 245+ 
sandstone 

Medium to dark green volcanogenic 
sandstones, volcanic breccias and 
tuffs 

Pale green to grey lithic and feld
spathic sandstones and siltstones 

Dark grey siltstone 

Atomodesma-bearing, pinkish brown 
to grey limestone 

Pale greenish grey feldspathic 
sandstones and siltstones 

730 

430 

75 

105 

915 

Norm's Corner has not been remapped as reconnaissance investi-

gation has shown Corner's mapping to be valid. The only modifications 

on the present map (Map 1} invoive the northward extension of the 



Melita Limestone Member, mapped on a joint trip with Corner in 

December, 1971, and the establishment of the Gondor Formation at the 

base of the sequence. 
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·Dikes and sills are dispersed abundantly throughout the Plato 

terrane whereas flow rocks are apparently absent. In the Smithy - Kiosk 

Creek area Grindley (1958) mapped augite porphyrite (EE1) on either 

side of a 300 m band of argillite, breccia and tuff (EE2). More 

detailed work has shown this section to consist of sedimentary rocks 

intruded by basaltic volcanics as in Norm's Corner. The sedimentary 

rocks are mainly sandstones and siltstones although agglomeratic float 

is fairly abundant in the stream south of Smithy Creek. Most of the 

non-fragmental volcanic rocks which may comprise as much as 25 - 35% 

of the pile, could be adequately described as augite porphyrites; well 

exposed occurrences are generally unconformable. As EE1 (Knobs Porphy

rite) does not comprise a discrete mass of flow rocks in sedimentary 

sequence as envisaged by Grindley, then it must be deleted from format

ion status and EE2 (Wesney Siltstone), if used in the future, must be 

redefined. 

The occurrence of augite porphyrite and other less abundant 

rock types as dikes raises the question as to whether they should be 

classified as Eglinton Volcanics, and if so, on what grounds, and in 

what way do they differ from the Mackay Intrusives. The great majority 

of dikes in the Eglinton Volcanics are distinctly porphyritic. Clasts 

of augite porphyrite in volcanic breccias and agglomerates (e.g. 

35341 35482) are commonly indistinguishable from augite porphyrite 

dikes. Most dikes are strongly altered and many have sinuous and irregu

lar forms probably due to their intrusion into poorly compacted sedi

ments. These features are taken to indicate that the dikes were 

intruded during or soon after the volcanic activity which produced the 

Plato rocks (or source rocks) and at a shallower level in the crust 

than the younger, less altered, crystalline Mackay Intrusives. To 
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summarise, I consider the Eglinton dikes to be genetically and tempor-

ally related to the Eglinton Volcanics, and that with rare exceptions,such 

as several small clinopyroxeni te and leuco-gabbro bodies near the Holly-

ford Fault (023746) , they are distinguishable from the Mackay Intrusives 

both petrographically and in the field. They are not mapped as distinct 

units within the Eglinton Volcanics however because of their small size. 

Formational mapping of the sedimentary rocks is based on the 

units established by Corner which have been modified where necessary 

(Table 2.2). One new formation, the Gondor Formation, is proposed and 

the Kaka Creek Siltstone is relegated to member status of the revised 

Consolation Formation. In the Kiosk Creek - Wesney Stream area exposure 

is too poor to allow formational mapping,although from float examination, 

pyroclastic breccia and augite porphyrite are abundant. The area is 

mapped as undifferentiated Plato terrane. 

Plato strata are composed of basaltic, andesitic and kerato-

phyric rock fragments, plagioclase and clinopyroxene crystals and locally, 

shell fragments. The primary mineralogy was essentially plagioclase, 

clinopyroxene and magnetite-ilmenite. These phases and glassy fragments 

have subsequently been altered to a greater or lesser extent to various 

combinations of the following secondary minerals: epidote-clinozoisite, 

pumpellyite, sericite, chlorite, calcite, sphene-leucoxene, quartz, 

actinolite and prehnite. In the following description of the Plato 

formations mineral lists are omitted, instead, mineral distributions 

for all Eglinton rocks are discussed in Part C of this chapter. All 
. \ 

thin sect~oned specimens of each formation including those of Corner 

(1969) and Williams (1969) are listed with the formation description. 

Numbers higher than 35000 include specimens of sedimentary rocks and of 

dike rocks cutting the formation described. 
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Table 2.2 Stratigraphic Units of the Plato Terrane 

Formation Lithology Maximum Thickness 
Type Loc. Con. Pk* 

Fergus Formation 

Divide Formation 

Consolation Formation 

Kaka Creek Silt
stone Member 

Gonder Formation 

Melita Limestone 
Member 

Greyish green to grey felds
pathic sandstone. 

Medium to dark green volcanic 
sandstone,-fine grained breccia 
and grey siltstone. 

Pale green. to grey feldspathic 
sandstone and siltstone. 
Dark grey siltstone 

Dull green pyroclastic breccia, 
agglomerate, volcanic sandstone 
and minor calcareous sediments; 
locally hematitic. 
Grey bioclastic limestone and 
interbedded sandstone 

350 300 

540 1080 

1200+ 550 

75 100 

1050 630 

100 100 

TOTAL 2760 m 

* Maximum thickness in a continuous section through the Plato terrane 
at Consolation Peak. 

GONDOR FORMATION 

This name is given to the relatively coarse pyroclastic rocks 

and associated finer grained generally massive volcanogenic sediments 

which occur immediately east of the Mistake Diorite, north west of the 

Eglinton River. It includes the Melita Limestone Member. The formation 

extends from lower Falls Creek to Hut Creek. Its basal contact with 

the Mistake Diorite is partly intrusive, e.g. upper Melita Creek, and 

partly faulted; the top is marked by the appearance of bedded, non-

calcareous sandstones and siltstones of the Consolation Formation. The 

type section is in the true left branch of a small forked tributary 

entering the middle reaches of Melita Creek (grid reference of the 

forks is 033882). Exposed thickness in the type section is 850-950 m 

and a further 100 m or so of the top of the formation are obscured by 

alluvium. 
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Lithology 

Specimens 35332 - 35354 

Much of the Gondor Formation is considered to be of pyroclastic 

origin; the coarse sediments are poorly sorted, some are monomict, 

clasts are not well rounded and unbroken clinopyroxene crystals up to 

5 mm are relatively common. Metamorphic reconstitution is far advanced 

making the exact genetic classification of many rocks very difficult, 

especially in areas of indifferent outcrop. Particular difficulty was 

experienced in distinguishing between augite porphyrite dikes and 

coarse monomict breccias of the same lithology. However, long stretches 

of continuous outcrop in several tributaries draining the southern side 

of Melita Creek provided ideal exposure through most of the formation and 

clearly revealed its overall volcaniclastic nature and pyroclastic origin. 

Pyroclastic breccia, agglomerate, lapilli tuff and massive 

sandstone are of comparable abundance. Fine grained and well bedded 

rocks are not common except in the vicinity of the type section strati

graphically above the Melita Limestone Member. Most rocks are light to 

dark green reflecting the abundance of green secondary minerals, 

especially epidote. Minor dull red hematitic rocks are also present, 

particularly around the head of Melita Creek. These usually occur as 

fine grained bands up to 2 m thick, some of which contain conspicuous 

epidote clots (35483). Small bodies ( <20 em) of jaspilite are known 

from two localities (031887 031876) • 

Clastic detritus comprises volcanic rock fragments (up to 30 em) , 

less abundant clinopyroxene crystals ± minor plagioclase crystals and 

locally, shell fragments. Detrital quartz, plutonic and sedimentary 

clasts were not observed. The rock fragments are generally of porphy

ritic basalts and less co~~only, andesites. Amygdaloidal clasts occur 

sparsely. Metamorphic alteration is fairly intense; epidote is abundant, 

plagioclase is albitised and heavily altered and magnetite-ilmenite is 
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usually completely destroyed. Clinopyroxene crystals however, comprising 

up to 10% of some rocks, are mostly fresh. 

Several sequences of calcareous turbidites occur in the type 

section above the Melita member (Figures 2.1, 2.2). Each bed is gene

rally comprised of green lithic fragments up to 1 em, grading up into 

a light brown-weathering calcareous top. Grading and sole marks give a 

consistent north east younging. The calcite content is derived from 

prisrnatic bivalve shell fragments (35342 35344). Other occurrences of 

calcareous rocks, apart from the Melita Limestone Member, are of very 

limited extent and include the bioclastic limestone matrix (35345) to 

a small deposit of 30 em sized bombs (031876) , and at least one lens .. 

(2 m long) of highly impure bioclastic limestone associated with a 

fossil locality in the summit section of Melita Peak. Two pods of 

fairly pure limestone (35484) 15 - 200 em thick, crop out of a stream 

bed near its junction with Mistake Creek (012857). They are well bedded 

and display a variety of pastel greens, blues and browns on wet surfaces. 

MELITA LIMESTONE MEMBER 

This member was proposed by Corner to include a sequence of 

limestones cropping out northwest of Consolation Peak. The type section 

is in a small stream 450 m north of Consolation Peak (Corner; 1969, 

Plate 4). The base and top of the member are defined as the lowermost 

and uppermost limestone beds at the type locality. Melita limestone is 

distinguished from other calcareous rocks in the Gondor Formation by its 

stratigraphic continuity, fine grainsize and relative purity. 

Distribution 

The limestone (Plates 2.1, 2.2) extends from the alluvial cover 

in Falls Creek to a tributary of Mistake Creek. Maximum thickness of 

approximately 100 m, including up to 50 m of interlayered sheared 

green keratophyres and sandstones, occursin the vicinity of the type 

section and it thins north and south from there (e.g. Figure 2.1). The 
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Figure 2.1 Stratigraphic column through part of the upper Gondor 
Formation including the Melita Limestone Member. The basal 31 m was 
measured in the stream containing the Gondor type section and the upper 
90 m in the south branch of the same tributary. The section was 
described in conjunction with C.A.Landis. 
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25·2 m, Fig 2.1 

Coarse sandstone 

Medium sandstone 
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Mudstone 
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Wispy contact 
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Irregular contact 

Load casts 
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Figure 2.2 Detailed section of the stratigraphic column in Figure 
2.1, from 25.2 m to 26.4,m and representative of the interval 17.7 m 
to 29.5 m. The mudstone and fine sandstone are commonly intensely 
burrowed. 
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most southerly occurrence found (020854) is 3 em thick. A body of 

limestone up to 35 m thick, cropping out 500 m southeast of Melita Peak 

at a highly divergent angle to the Melita Limestone Member, is corre

lated with the Melita member on lithological grounds. 

Lithology 

Medium to medium-light grey (N5-N6) is the limestone's character

istic colour although it is commonly weathered to light brown. Pink 

varieties .occur locally and interbedded lithic sandstones are green. 

Bedding is variable, some sections are well bedded at a scale of 3 - 15 

em and others are more or less massive. In some localities bedding is 

at divergent angles to the trend of the member as a whole and schistosity 

which is present in many outcrops (Plate 2.2), appears to have developed 

subsequent to this rotation. The limestone consists largely of partially 

recrystallised prismatic shell fragments, presumably of the Permian 

bivalve Atomodesma, and has composition close to 100% calcite (26503). 

Prismatic bivalvian shell fragments sufficiently large to be discernible 

·in outcrop were seen only north of Consolation Peak (Corner, 1969, 

Plate 6), whereas burrows and trails (Plates 2.3, 2.4) are widespread. 

CONSOLATION FORMATION 

The Consolation Formation comprises the pale green to greenish

grey bedded sandstones, siltstones and argillites which overlie the 

Gonder Formation, or locally, the Melita Limestone Member (Map 1). The 

top of the formation is marked by the first appearance of medium to 

dark green volcarenites and feldspathic volcarenites of the Divide For

mation. The best exposed and most accessible section through these rocks 

is along the Te Anau-Milford road east of Falls Creek. This is the 

designated type section despite the fact that the base has been faulted 

out by the Glade Fault. 

The Consolation Formation is equivalent to the combined Consolation 

and Falls Creek Formationsof Corner, and includes the Kaka Creek Silt-



Plate 2.1 Melita Limestone Member (white) in the south west face 
of Consolation Peak. Note the planar dike sub-parallel to the 
south east ridge. Melita - Falls Creek saddle is at lower left. 

Plate 2.2 Local unconformity between bedded limestone and 
massive sandstone or lithic tuff of the Melita Limestone Member 
in the Gondor type section (032883) • See contact at 101 m in 
Figure 2.1. 



Plate 2.3 Burrows, predominantly in plane of bedding, in the 
Melita Limestone Member (032882). Photo, K.D. Mason. 

Plate 2.4 Intensely burrowed Melita limestone (032882). 
Photo, K.D. Mason. 



stone Member. The formation is mapped from the lower Hollyford road 

turnoff south to Kiosk Creek. Exposed thickness ranges from 600 m to 

> 1000 m. 

Lithology 

Specimens 26496- 26500, 26504- 26507, 35355- 35372, 35394- 35397. 
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Characteristic sections through this formation are generally 

well bedded on a scale of 1 - 15 em. Sequences of repeated graded beds 

with good sole marks are almost certainly turbidites and indicate tops 

to the east. The bedding is a distinctive feature of these otherwise 

rather uniform rocks. Basic to intermediate volcanic rock fragments 

and plagioclase crystals are subequal in abundance in the formation as 

a whole, clinopyroxene is a minor constituent and hornblende occurs 

sparsely. The light grey-green to greenish white colours of the rocks 

reflect the higher percentage of plagioclase than in the darker 

coloured Gonder and Divide Formations, as well as an abundance of 

epidote. The composition of the Consolation Formation suggests an ande

sitic provenance - or magma source depending on whether these rocks 

are an accumu~ation of epiclastic or reworked pyroclastic detritus (or 

both) • Fossils were not observed in outcrop, but Corner (1969, Plat.e 

8) noted segmented trails in float material. 

KAKA CREEK SILTSTONE MEMBER 

A narrow band of medium to dark grey, poorly bedded, extremely 

indurated siltstone extending from the Milford road in the north, south 

to Consolation Peak, was defined as the Kaka Creek Siltstone by Corner. 

It is reclassified he~ein as a member of the Consolation Formation. 

Thickness in the type section along the road is approximately 

75 m and remains fairly constant south to Consolation Peak where the 

unit pinches out. Contacts with the Consolation Formation, particularly 

the upper contact, are gradational. Corner's (1969) description of Kaka 



Creek siltstone lithology is unmodified by the present work. Repre

sentative specimens are 26504, 26505. 

DIVIDE FORMATION 
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Medium to dark green volcanic breccias, volcarenites and grey

green to dark grey siltstones which overlie the Consolation Formation 

from the upper Hollyford to Kiosk Creek, are mapped as the Divide 

Formation. This is equivalent to Corner's Divide Creek Formation; the 

name is changed for brevity and because of the fairly common occurrence 

of grey siltstones, which are not widespread in Norm's Corner, south

east of the Eglinton River. The type section is in Divide Creek where 

the basal contact is sharp and marked by the incoming of dark green to 

grey volcanogenic material, commonly more coarse grained than the under

lying Consolation sediments. Farther south the basal contact is less 

sharply defined. The upper contact with the Fergus Formation is poorly 

exposed. Thickness ranges from 300 m at the northern end of the area to 

a maximum of 1800 m in Plato Creek. 

Lithology 

Specimens 26508, 26509, 26511 - 26515, 35373 - 35393. 

This formation is characterised by medium to dark green and grey 

volcarenites which are generally massive or poorly bedded. The coarsest 

grained rocks are volcanic breccias which occur sporadically throughout 

the formation in beds or lenses up to 30 m thick. Maximum grainsize is 

2 em. Some units are comprised of fine grained dark grey clasts in a 

green sandstone matrix while in others both clasts and matrix are green 

{35378). Hematitic clasts occur sparingly in some breccias. Most rock 

fragments are comprised essentially of plagioclase laths and iron ore 

(magnetite keratophyre); clinopyroxene is rare. 

Sandstones range from dark greenish grey volcarenites to rare 

occurrences of pure felsarenite. A representative volcarenite (35377) is 

comprised of flattened keratophyre and magnetite keratophyre fragments. 
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Large clinopyroxenes are uncommon in the Divide Formation and a volcar

enite (35390) is unusual in that it contains 5 - 10%, 1 - 2 mm clino

pyroxene crystals. Several medium green to grey volcarenite specimens 

contain minor detrital quartz and hornblende (35381 35389). Green 

argillite chips are scattered through some sandstones and locally 

co..111prise minor intraformational sedimentary breccias. Shell fragments 

occur in rocks (35386) from the one fossil locality known in the Divide 

Formation (021762). Felsarenite, rare in the Divide Formation, is also 

known from the fossil locality. It occurs in a 7 - 8 m sequence of 

crudely bedded, coarse grained feldspathic sandstones consisting of 

white, near pure, plagioclase crystal tuff and greenish white lithic 

felsarenite interbeds. A lithic felsarenite specimen (35387) comprises 

subequal, zoned calcic plagioclase crystals and very fine grained 

highly felsic granular rock fragments, as well as altered pyrite cubes, 

detrital green hornblende and weakly pleochroic allanite. 

Medium to dark grey and greyish green siltstones and fine sand

stones are common in the upper part of the formation south of Plato 

Creek. They a:te massive and generally heterogeneous in that subrounded 

siltstone fragments are scattered through fine sandstone (35383) , or 

sandstone and siltstone are irregularly mixed on a scale of several 

millimetres to several centimetres (35384) as a result of soft sediment 

slumping or bioturbation. The specimens cited contain calcic plagioclase, 

minor clinopyroxene and opaque grains, and sparse hornblende. Calcite 

is common and probably of bioclastic origin. Individual rock fragments 

are not discernible. 

FERGUS FORMATION 

Corner proposed this name to embrace the greyish green to grey 

feldspathic sandstones oveJ:-lying the Divide Formation. The basal con

tact is poorly exposed and the top of the formation has probably been 

removed by the Hollyford Fault. Apart from Norm's Corner, these rocks 
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identification as Fergus Formation is tentative because exposure is 
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very poor - most of the formation lying below bushline. The type section 

is in Divide Creek where thickness is 250 - 300 m. 

Lithology 

Specimens 26516 - 26519, 26343 - 26346. 

These sedimentary rocks are similar to those of the Consolation 

Formation and include both massive and well-bedded sandstones which are 

well exposed in the type section. Characteristic compositions range 

from felsarenite to feldspathic litharenite. A representative felsare

nite. (26519) is comprised of >75% altered plagioclase, minor clino

pyroxene, scattered keratophyric rock fragments and skeletal magnetite 

of medium to coarse sand grade. In another specimen (26346) plagioclase 

and keratophyric fragments are of subequal abundance and clinopyroxene 

is almost entirely absent. Calcite is abundant in both rocks. 

IGNEOUS ROCKS 

A variety of intermediate to basic igneous rocks with mainly 

volcanic textures occur throughout the Plato terrane. Dikes and sills 

from several centimetres to several metres in width are commonly recog

nised however flows were not identified. (As most of these rocks have 

volcanic textures but many occurrences are not known with certainty to 

be intrusive, they are referred to simply as "volcanic rocks".) Dikes 

of irregular shape are common. In the following petrographic descript

ions the volcanic rocks are divided into two textural groups, viz. 

porphyritic and equigranular rocks. All specimens are altered to some 

degree. 

Porphyritic Rocks 

The great majority of volcanic rocks belong to this category 

which can be subdivided into: rocks with plagioclase phenocrysts, rocks 

with mafic phenocrysts (mostly clinopyroxene or uralite rather than 
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hornblende) and those with both varieties. 

Greyish green basalts with plagioclase and mafic phenocrysts 

are more widespread and abundant than any other lithology. The mafic 

phenocrysts (up to 7 - 8 mm) are generally coarser and less abundant 

than plagioclase phenocrysts. Two of the representative specimens 

studied petrographically (35358 35360 35371 353G7 35395) are described: 

In a strongly altered porphyrite (35371) the mafic phenocrysts 
are subhedral pale green actinolitic hornblende or fibrous actinolite. 
Smaller plagioclase phenocrysts are largely replaced by pale yellow 
epidote which also occurs in the groundmass with Mg-Fe chlorite, 
fibrous actinolite and minor dark brown sphene. Calcite occurs in a 
vein with quartz and is also distributed sparsely through the rock. 

A greenish grey basalt (35382; Table 4.2:5) has sparse pheno
crysts of fresh augite, up to 6 mm in size, which display complex 
zoning. Large pools of Fe-Mg chlorite may have replaced former pheno
crysts. Plagioclase grains from 0.5 - 2 mm are almost totally altered 
to dense brown clinozoisite-chlorite (?) intergrowths and minor musco
vite. The groundmass is comprised of augite, relatively fresh plagio
clase zoned from An68 - An

34 
(Table A.B), dark brown leucoxene pseudo

morphs and abundant Fe-Mg chlorite; average grainsize is 0.1 - 0.2 rr~. 
Minor calcite, actinolite and colourless to pale yellow epidote are 
also present. 

Porphyrites with mafic phenocrysts include a range of rocks from 

those with augite and hornblende phenocrysts in a plagioclase-bearing 

groundmass (35370), to highly mafic and ultramafic types containing 

light green Cr-diopside phenocrysts described by Landis and Waterhouse 

{1966) and Landis (1969) as Cr-diopside ankarmnites (26648 35355 35397). 

The relative abundance of hornblende and augite in the less basic rocks 

is difficult to determine due to uralitisation, however obvious 

hornblende porphyrites (e.g. 35354) are rare. 

In a representative specimen of the less mafic types (35370) most 
of the phenocrysts consist of light bluish green amphibole. Several con
tain cores of unaltered clinopyroxene, patches of Mg-rich chlorite and 
minor calcite. Primary hornblende occurs either as phenocrysts or as 
overgrowths on clinopyroxene rims, as evidenced by the shape of some 
euhedral grains, but for most grains it is impossible to distinguish 
primary from secondary amphiboles. The groundmass is comprised of acti
nolitic amphibole, epidote, sericite, albite, quartz and sphene-leuc
oxene. 

A specimen from the centre of a planar ankaramite dike cropping 

out beside the Hollyford road (26648; Corner, 1969, Plate 13) has been 

analysed (Table 4.2:8; microprobe analyses: Tables A.8, A.lO). The 
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phenocrysts are partially altered diopside with 0.25 - 0.85% cr2o 3 • 

They are set in a groundmass of ferroan pargasite, actinolite and 

scattered diopside grains with Al-rich cores - up to 5.4% Al2o3 • Mg-rich 

chlorite, epidote and minor sphene are also present. 

Plagioclase porphyrites (35361 35362 35380 35393) are grey or 

green in colour with phenocrysts generally <4 - 5 mm in size. Rare 

dikes contain altered, pale pink plagioclase phenocrysts up to 5 em 

across. 

A representative specimen (35361) is a greyish green rock with 
plagioclase phenocrysts which are albitised and extensively altered to 
pale yellow epidote. The groundmass comprises epidote, albite, Fe-Mg 
chlorite, several percent dark brown sphene or leucoxene (pseudomorphous 
after Fe-Ti oxides), minor sericite, quartz and scattered grains of 
limonite probably derived from oxidised pyrite. One specimen in this 
group (Table 4.2:7) has been analysed and is a basalt (48.4% Sio2). 

Equigranular Rocks 

Dark grey, relatively fine grained equigranular rocks occur 

sparsely in the Plato terrane. One such rock (35343) is from a 1 m wide 

sill in a tributary of Melita Creek but field relations of the other 

specimens collected were obscure. Grainsizes however are not so fine as 

to be charact€ristic of extrusive rocks. 

The sill is comprised of abundant stubby albite laths, 0.3 - 0.4 
mm long, 5 - 10% clinopyroxene around 0.05 mm in size, several percent 
partially altered opaque grains, epidote, quartz, abundant Fe-Mg 
chlorite and rare calcite. This rock is relatively unaltered compared 
with other rocks from Melita Creek; most of the plagioclase is not 
extensively replaced by authigenic minerals and the opaque grains are 
only slightly altered. 

In a basaltic andesite (35379; Table 4.2:10) cropping out 
between Cascade Creek and Plato Creek, most plagioclase is 0.3 - 0.4 mm 
in size and is largely replaced by sericite and minor pumpellyite (?) , 
although grain margins are still quite distinct. Clinopyroxene (15%) 
and fresh opaque grains (2 - 3%) average 0.1 mm in size. Fe-Mg chlorite 
and pleochroic green pumpellyite occur interstitially, epidote is fairly 
common and minor quartz and sphene are also present. 

The plagioclase laths in an andesitic specimen (35373) from the 

base of the hill opposite Cascade Creek were analysed and range in 

composition from An4 - An8 (Table A.8). This rock contains sparse albite 

grains not much larger than the rather coarse groundmass albite (average 

lath length is o.5 mm) and is texturally transitional to the plagioclase 



86 

porphyrites. Keratophyres (26528 - 26532) occur as small sheared bodies 

in the Melita Limestone Member (Corner, 1969), and the author (Williams, 

1969) noted quartz keratophyres (26345, 26349) in lower Cascade Creek. 

Keratophyres probably occur elsewhere but are very difficult to dis-

tinguish from feldspathic sandstones. Fine to medium grained light grey 

microdiorite dikes and sills occur sparsely in the area northwest of 

the Eglinton River. They appear to decrease in abundance southwards. 

Hornblende content ranges from 20 - 70% in the microdiorites examined 

petrographically (26652 - 26655, 35368). 

A representative specimen (35368) is from a sill which tapers 
from 35 em to less than 5 em in width in the 5 m exposed. Brow~ish green 
subhedral to euhedral hornblende approximately0.3 mm in size comprises 
30% of the rock. The plagioclase is albitised. Accessories include quartz, 
limonitized pyrite cubes, apatite and dark brown granular sphene. · 
Authigenic epidote, actinolite and sericite occur throughout and there 
is also minor Mg-Fe chlorite. 

A suite of small gabbroic bodies intrudes (?) the Divide Format-

ion for several hundred metres west of the Hollyford Fault in a 

small tributary of the creek north of Kiosk Creek (Map 1) • The lowest 

outcrops in the tributary are mainly leuco-gabbro, however much of the 

rock is highly sheared and epidotised and its identity as either igneous 

or sedimentary rock is not always certain. Sparse malachite staining 

occurs on overhanging bluffs. Between the lowest outcrops and the Holly-

ford Fault there are three zones each up to 30 m wide of partial.ly 

serpentinised, clinopyroxene-rich ultramafic rock. Grainsize ranges 

from <1 mm to 1 em in extreme cases. The zones are roughly conformable 

to regional strike however the contacts are not well exposed. The most 

heavily serpentinised zone is adjacent to the Hollyford Fault. 

The. leuco-gabbro (35391) is comprised of 70% relatively fresh, 
normally zoned calcic plagioclase, 20% clinopyroxene, scattered opaque 
grains and rare sphene and brown biotite. Patches of serpentine and 
magnetite have probably replaced olivine. There is minor actinolitic 
amphibole, epidote, sericite and chlorite; prehnite occurs between 
plagioclase grains and also in biotite. Average grainsize is 1 - 2 mm. 
This rock is rather similar to the Gunn Dolerite in appearance and miner
alogy. 
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An ultramafic specimen (35392) from the eastern body is a serpen
tinised olivine (?) clinopyroxenite. It is comprised of 60%+ 1 - 10 mm 
diopside grains (Table A.8), interstitial serpentine, bowlingite and 
magnetite and minor unaltered olivine. Parts of the rock are extremely 
crushed. 

FAUNA 

Fossils were unknown in the Eglinton Volcanics until the dis-

covery by Landis of the Permian brachiopod Attenuatella in the East 

Branch of the Eglinton River (Landis and Waterhouse, 1966). Corner (1969) 

subsequently reported Atomodesma prisms in part of the Melita Limestone 

Member. Atomodesma fragments are now known from several localities and 

in addition two localities have yielded both bivalves and brachiopods. 

The material has been identified by J.D. Campbell who considers that the 

brachiopods suggest correlation with the fauna of the Ma~garewa Forraatio~, 

Productus Creek Group, which serves as the type locality for the Braxton-

ian stage. Waterhouse (1968) reports a Mangapirian age for the Eglinton 

Volcanics of the East Branch locality. 

Melita Peak Locality 

Sl22/025872: fossil record form number (FRF) 515; Gonder Forraation. 

Fossil~ are common in a small patch of scree derived from the 

north side of Melita Peak approximately 1600 m a.s.l. They also occur 

sparsely in scree on the south side of the peak but have not been found 

in situ. This locality is approximately 300 m stratigraphically below 

the Melita Limestone Member. The fossils occur in dull green lapilli-

stones (35346) and coarse tuffs of basaltic to andesitic composition. 

Clinopyroxene crystals and phenocrysts are commonly conspicuous. Shell 

fragments are locally abundant enough to comprise the matrix of some 

lapillistones and to form small lenses of very impure bioclastic lime-

stone and highly calcareous sandstone. 

Identifiable specimens are represented by moulds and steinkerns. 

The assemblage (Plate 2.5) includes at least four brachiopods, two 

bivalves, crinoid stems and bryozoa remains and is indicative of an 

open shelf environment (J.D. Campbell, pers. comm., 1975). 
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Part of the bivalve and brachiopod fauna from the ~1elita Peak fossil 
5122/025873; FRF 515. Specimens were coated v1ith ammonium chloride. 

Bivalvia 

EtheriQecten sp. X 1. 7 

Brachiopoda 

? AQerisQirifer sp. X 1. 8 

SulciQlica transvers a Waterhouse X 2.3 

Am bikell a cf. mantuanensi s (Ca mp bell) X 2. 2 

Ambikella cf. mantuanensi s (Campbell ) X 1. 5 

Ambi kella cf. mantuan en sis (Campbell ) X 2 . 0 



Brachiopoda 

Arobikella cf mantuanensis (Campbell) 

Sulciplica transversa Waterhouse 

? Aperispirifer sp. 

Spiriferellina sp. 

Bivalvia 

Atomodesma marwicki Waterhouse 

Etheripecten sp. 

Smithy Creek Locality 

5131/021762: FRF 518; Divide Formation 

Fossils occur in outcrop 200 - 300 m above bushline on the 

southern side of a rocky gut draining into Smithy Creek. The locality 
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is 300 - 400 m stratigraphically above the base of the Divide Formation. 

Fine grained breccias, green lithic and feldspathic sandstones (35386) 

and siltstones and plagioclase crystal tuffs (35387) occur at the local-

ity. The fossils are concentrated in the coarser beds over an interval 

of 8 - 9 m. The fauna, identifiable only as moulds, is not as abundant 

or diverse as that of Melita Peak. 

Brachiopoda 

Spiriferid genus and species indeterminable 

Bivalvia 

Atomodesma sp. 

? Conocardium sp. 

Other Localities 

Atomodesma has been collected from two other localities, both in 

the Gondor Formation. One is 900 m south of Melita Peak and approxi-

mately along strike from it (5122/020863; FRF 516) where casts of frag-

ments and rare whole valves are well exposed in outcrops of lapilli-

stone and lapilli tuff. Complete valves are absent in the other locality 

(5122/034866; FRF 517) which is on a flat saddle 200 m west of Trig 1411. 



89 
2 Shell fragment casts occur in 1 m of weathered grey-green sandstone. 

Atomodesma fragments are also known from the limey turbidite sequences 

in the Gonder type section (Figure 2.1) and in parts of the Melita 

Limestone Member. 

Burrows and trails are common in the Kaka Creek Siltstone Merrber, 

in the calcareous turbidites of the Gonder type section and in the 

Melita Limestone Member where at least two distinct types of burrows are 

known (Plates 2.3, 2.4). Corner (1969, Plate 8) found segmented trails 

in float material of the Consolation Formation, similar to those figured 

by Mossman and Force (1969) from Bluff. 

STRATIGRAPHY AND ORIGIN 

Differences in thickness of the Plato terrane and to a lesser 

extent thicknesses of individual formations, are controlled in part by 

the Hollyford, Glade and Eglinton faults. Maximum thicknesses, assuming 

vertical bedding and lack of structural complexity, are given for each 

unit in the vicinity of its type section, and also in a continuous 

section near Consolation Peak (Table 2.2). For the terrane as a whole 

maximum thickness ranges from 2 km at the northern end of the area to 

4 km in Cascade Creek. 

A composite stratigraphic section through part of the upper 

Gonder Formation including the Melita Limestone Member is presented in 

Figure 2.1. 1.2 m of thin-bedded sandstone and mudstone is shown in 

greater detail in Figure 2.2. The section, including pyroclastic detritus, 

limestone and turbidite·deposits is representative of much of the Plato 

terrane. 

The Gonder Formation is the lowest unit exposed in the Plato 

terrane and the nature of its basement is not known. It was deposited 

on the flanks of. an active emergent volcano or volcanic chain. The 

fossiliferous and uppermost horizons a~e clearly marine but metamorphic 

reconstitution is too severe to say whether most rocks are marine or 
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subaerial, primary or reworked. The presence of hematitic beds may 

argue for subaerial exposure of these particular rocks or at least of 

their component clasts. Whether the pyroclastic detritus originally 

fell into the sea or onto land there would have been considerable re

working, by rubble avalanches, mud flows etc, on land (see Jones, 

1967) and both erosion and slumping either above or below sea level as 

unconsolidated debris becomes locally oversteepened, waterlogged and 

unstable. As the Gonder Formation is essentially basaltic in composition 

lava flows might be expected. These have not been positively identified, 

however some sedimentary detritus is likely to have 9een derived from 

auto-brecciated flows. 

Volcanic activity largely ceased for at least one major time 

interval allowing the establishment of a relatively extensive Atomodesma 

colony on the shallow flanks of the volcano(s). The development of an 

Atomodesma shell bed following the deposition of volcanic breccias and 

preceding deposition of generally finer sediments, is analogous to the 

adjacent Upper Permian sequence of the Key Summit Syncline where an 

extensive Atomodesma shell bank (Waterhouse, 1964) or blar~et (Landis, 

1969) - the Howden Limestone, overlies volcanic breccias (epiclastic 

in this case) of the Upukerora Formation and underlies siltstones and 

sandstones of the Annear and other formations. Basaltic volcanic 

activity may have given rise to relatively caco3-rich waters favouring 

local marine life, however this is not considered by Landis (1969) to 

be a prerequisite for the development of Atomodesma limestone. The 

absence of terrigenous sediment is obviously necessary to allow the 

accumulation of almost pure shell beds up to 10 m thick. Scarcity of 

both epiclastic as well as pyroclastic detritus during this period may 

indicate subsidence of the volcano (s) follo~ving the initial Gonder 

eruptions. 



91 

The eruption of further bombs, lapilli and ash locally terminated 

the shell bed deposits although obviously Atomodesma were still present, 

for example bioclastic limestone (35345) forms the matrix to a deposit 

of bombs above the Melita limestone (031876) • The calcareous tops of the 

turbidites in the Gonder type section are probably the result of 

Atomodesma prisms settling out in the upper part of each deposit. These 

shell fragments could have been of the same age as the turbidites or 

possibly scoured from the top of older "Melita" shell beds higher up 

the shelf. As the Melita limestone is thickest where it is in contact 

with the Consolation Formation i.e. in the Consolation Peak area, then 

the upper limes.tone bands in this area are possibly contemporaneous with 

Gonder rocks overlying the limestone elsewhere. 

The onset of Consolation Formation deposition signified a 

permanent change in sedimentation in the Plato terrane. Clasts of augite 

porphyrite·, the characteristic lithology of the Gonder Formation, are 

rare to absent in subsequent formations, indicating the end of eruptions 

of this rock type and probably subsidence and burial of the Gonder 

rocks. The new source, supplying slightly less basic more feldspathic 

material, perhaps lay farther away as the maximum clast size above the 

Gondor Formation is only 2 - 3 em. 

It is not clear \-7hether the Consolation, Divide and Fergus 

Formations are accumulations of reworked and primary pyroclastic 

material or epiclastic material or both. It seems likely that the Con

solation Formation with its rather uniform lithology is derived from 

andesitic ash showers rich in plagioclase crystals, and that the Kaka 

Creek Siltstone Member represents a pause in explosive activity during 

which conuninuted tuffaceous material and/or fine grained epiclastic 

detritus was deposited. 

The Divide Formation is much less uniform in lithology than the 

Consolation Formation and, as detritus very similar to that of the 
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Consolation Formation occurs higher in the sequence i.e. Fergus For

mation, it is unlikely that the Divide rocks were derived from airfall 

material. Furthermore, detrital quartz is not uncommon in Divide rocks, 

the hard grey siltstones which are similar to the Kaka Creek Siltstone 

Member are generally epiclastic in origin, and magnetite in the red 

clasts in some volcanic breccias was probably oxidised during subaerial 

weathering. Hence it is proposed that the Divide Formation represents a 

period of erosion and volcanic quiescence in the source area. Minor 

eruptive material was deposited as evidenced by the plagioclase crystal 

tuffs at the Smithy Creek fossil locality. 

Following this period of erosion, feldspathic eruptions again 

predominated producing the plagioclase-rich Fergus strata. 

The presence of turbidites and the scarcity of fossils in the 

Consolation, Divide and Fergus formations suggests relatively deep 

water deposition. Pyrite is widespread and probably indicative of 

reducing conditions beneath the sea floor. Undifferentiated rocks in 

the Kiosk Creek area include much coarse pyroclastic material indicating 

the presence of an eruptive centre. Nearby laterally equivalent rocks 

of the Consolation and Divide Formations lack this coarse material or 

for that matter, evidence of an eruptive episode. 

Basaltic dikes have intruded the entire sedimentary pile. Planar 

dikes (Plate 2.1) are not as common as less regular bodies which 

indicate lack of rigidity and jointing in the sediments at the time of 

their intrusion (Corner, p. 36). Augite porphyrite dikes - the commonest 

type, were probably derived from the same magma as much of the Gondor 

Formation implying the persistence in the arc of this particular magma 

type throughout "Plato sedimentation". Other dike rocks such as 

Cr-diopside ankaramite and microdiorite are not recognised in extrusive 

form. 
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B. LARGS TERRANE 

The Largs terrane comprises the andesitic to rhyolitic volcani

clastic rocks, andesitic dikes, shallow massive andesitic intrusives, 

and minor dacitic to rhyolitic flows lying west of the Eglinton Valley 

and extending from the Hut Creek - Waterfall Creek ridge to south of 

Mt Eglinton (Map 1). Along its eastern margin south of Waterfall Creek 

the terrane is intruded by the Mistake Diorite. In the Waterfall Creek 

area the contact with leuco-granites of the Hut suite is a steep fault. 

The Skelmorlie Fault marks the western margin of the terrane south of 

Largs Peak whereas north of Largs Peak the contact with the Mackay 

rocks is primarily intrusive; it is locally sharply defined and else

where occurs as an intrusive zone up to 100 m wide. Some sections of the 

the contact have been faulted e.g. the Skelmorlie Peak area, or offset 

by cross faults as on the Hut Creek - Waterfall Creek ridge. Tertiary 

conglomerates unconformably overlie the western part of the terrane 

south of The Brandywine (Plate 1.10). 

Grindley's (1958) informal subdivision of the Largs terrane is 

rejected for the following reasons: augite porphyrite 1EE
1 

and EE3) as 

recognised in the Plato terrane is absent in the Largs terrane, leaving 

the intervening unit, EE2 ("tuffaceous mudstone, sandstone and breccia"), 

without a raison d 1 etre. EE
1

, EE2 and EE 3 are therefore abandoned. EE4 

to EE
6 

were established on a reconnaissance basis during a one day 

traverse along the ridge between Mt Eglinton and Largs Peak (Grindley, 

pers. comm.). More detailed work confirmed the presence of andesite 

(EE5) on and immediately north of Mt Eglinton (Nap 1) • The andesite 

appears to peter out well south of Birley Pass hence the name "Birley 

Andesite" proposed by Landis and Waterhouse (1966) is not retained. 

Basaltic rocks occur only rarely in the Largs terrane, generally as 

dikes. No distinct basalt formation was recognised thus EE4 is also 



abandoned. EE6 - "sheared quartz keratophyre, magnetite keratophyre 

breccia and tuff" does comprise a distinct group of rocks and this 

unit can be usefully retained, with modified definition, as the Nurse 

Formation of Landis and Waterhouse (1966}. 

94 

The terrane is described in terms of four rock groups comprising: 

two occurrences of mainly andesitic volcanics at either end of the 

terrane, silicic pyroclastic and flow rocks - the Nurse Formation -

along the main Earl Mountains ridge, and the fourth group, the Water

fall tuffs and breccias, is essentially a mixture of sedimentary and 

subordinate volcanic rocks not included in the previous three groups. 

"Murcott Burn andesites" and "Brandywine andesites" are informal names 

given to the northern and southern andesite occurrences respectively. 

Strict formational mapping of the Largs terrane is not attempted 

here for several reasons. North of Largs Peak mapping is as detailed 

as that of the Plato terrane. South of this point however a wide strip 

along the Eglinton face of the Earl Mountains has not been examined 

due to its steepness and vegetation cover, and lack of time precluded 

detailed mapping in the more accessible areas. The structure is 

apparently more complex than that of the Plato rocks and is as yet not 

completely understood. 

At first sight the replacement of a set of formations by a 

less sophisticated subdivision seems a retrograde step. However, I 

feel that it reflects more realistically our present level of know·

ledge of the Largs terrane and leaves the way open for further 

detailed stratigraphic work, especially in the relatively accessible 

western half of the terrane south of Largs Peak where exposure is good 

and where there are several potential marker beds. 

The four lithological units are described below following a 

summary of the main differences between the Largs and Plato terranes 
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which are as follows: 

a) The augite porphyrite, Cr-diopside ankaramite and microdiorite 

dikes of the Plato terrane are absent in the Largs terrane. 

While augite phenocrysts occur in a few Largs rocks they are 

never conspicuous or abundant in hand specimen. 

b) Red to purplish grey hematitic rocks are widespread throughout 

the eastern three quarters of the Largs terrane whereas they 

are restricted to minor occurrences in the Gondor Formation of 

the Plato terrane. 

c) Largs rocks have a higher average sio2 content than Plato rocks, 

the difference probably being at least 5%. Basaltic rocks ,,,hich 

are very common in the Plato terrane are fairly rare in the 

Largs terrane where dacitic to rhyolitic compositions are 

locally dominant. 

d) Fossils, trace fossils and limestones are as yet unknown in the 

Largs terrane. 

e) At least part of the Largs terrane was probably deposited in a 

s.ubaerial environment whereas the Plato terrane is entirely, 

or almost entirely of marine origin. 

MURCOTT BURN ANDESITES 

Massive feldsparphyric and fine grained andesites are the pre-

dominant lithology in the northwestern corner of the Largs terrane andare 

here informally referred to as the Murcott Burn andesites. A northwest 

to southeast section through the Largs terrane between Waterfall Creek 

and the Murcott Burn comprises massive andesite and subordinate amounts 

of massive andesitic breccia, passing southeastward into massive breccia 

and subordinate andesite, in turn passing into finer volcaniclastic 

rocks, coiTmonly bedded, with subordinate andesitic dikes and sills. The 

eastern limit of the Murcott Burn andesites, taken where breccias first 

appear to exceed andesite in volume, is definitely not a sharp contact. 

The Murcott Burn andesites thus comprise an informal group of massive 

andesites and subordinate andesitic breccia in which bedded clastic 

rocks are rare to absent. 
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The andesites themselves are medium to dark grey rather fresh

looking rocks, most commonly with inconspicuous plagioclase phenocrysts 

1 - 3 mm in size. Augite phenocrysts, also inconspicuous, occur in only 

a few outcrops. The nature of these apparently massive rocks is un

known. Amygdaloidal rocks, pillow structures or oxidised zones suggest

ive of extrusion could not be found and no information is available 

regarding the size of individual andesite units or their orientation 

relative to the breccias. A shallow intrusive origin seems most likely. 

Representative specimens examined petrographically (35398 -

35407) exhibit a limited variety of textures and grainsizes. Plagioclase 

phenocrysts are very widespread and may be quite distinct in size from 

the groundmass (35402) or show a gradation to groundmass size (35403) • 

Albitisation of plagioclase has occurred in some rocks whereas in 

others the phenocrysts are andesine-labradorite with oscillatory zoning 

(Table A.9). Alteration to sericite and_epidote is variable and in a 

few rocks (35403 35407) moderately fresh plagioclase phenocrysts con

tain numerous tiny iron-rich specks whose distribution is controlled to 

some extent by zoning (Plate 2.6). Augite occurs, mainly as small 

phenocrysts, in rocks from the head of Waterfall Creek (35401- 35403). 

Plagioclase and fresh opaque grains comprise much of the ground

mass of these rocks. Fine grained brown to greenish brown biotite, 

considered to be of metamorphic origin, actinolite and actinolitic 

hornblende are widespread; much of the amphibole is probably pseudo

morphous after augite.Sphene, apatite and quartz occur in minor amounts. 

Epidote and sericite are fairly abundant, especially in plagioclase 

phenocrysts and epidote veins are fairly common. K feldspar was noted 

in only one rock, a rhyodacite (?) 'ilhich has slightly ragged albite

oligoclase phenocrysts in a very fine grained feldspar-rich groundmass. 

Volcanic breccias comprise a small proportion of the Murcott 

Burn andesites. They are readily identifiable in float and in sub-



Explanation of Plate 2.6 

A. Representative lithic tuff (35421) of the Nurse Formation. 
The keratophyric fragments comprise albite, chlorite and 
sphene. Plane poli'lrised light. 

B. Spherulitic texture in a quartz-andesite (35418; Table 2.4) 
of the Nurse Formation. Crossed polars. 

C- E Minute iron oxide-rich inclusions in the plagioclase pheno
crysts of hornfelsed volcanic rocks of the Largs terrane, 
thought to be due to the breakdown during hornfelsing of 
Fe-bearing authigenic minerals in the plagioclase. Inclusion 
location is commonly affected by zoning in the host grain 
as can be seen in the examples shown: 

C. Coarsely feldsparphyric andesite dike (35220) which 
cuts massive andesites in the head of Mistake Creek. 
The inclusions are in a sharply defined (dark grey} 
zone around the grain margin. Plane light. 

D. Same grain as C, under crossed polars, showing the 
coincidence of compositional zoning and inclusion 
location. 

E. Andesite (35407; Table 4.2 : 14) from the Murcott Burn 
andesites. Plane light. 



Pl ate 2. 6 Mineralogical and textural features of Eglinton Vo l canics from the Largs terrane. 
The sca l e bar under each photograph represents 0.5 mm. 
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horizontal outcrops but usually cannot be distinguished from massive 

andesite in steeper outcrops or on freshly broken surfaces, their 

distribution and abundance is therefore lli>certain. An excellent exposure 

at the base of the eastern bluffs of Disappearing Peaks (968819) is 

representative of the other occurrences. Clasts range up to 20 em, 

approximately 20% of the breccia being comprised of clasts >2 - 3 em 

in size. Angular to subangular fragments predominate. Dark grey felds

parphyric and lesser fine grained ru1desites comprise >95% of the clasts 

and there are small scattered fragments of leucocratic granitoid rocks. 

The obvious similarity in composition of the andesites and breccias, 

indicative of closely similar origin, is the main reason why they are 

so difficult to distinguish in the field in all but ideal exposures. 

The Murcott Burn andesites may represent an andesite dome built 

up of both intrusive and extrusive brecciated lava. On the other hand, 

lack of internal structure, particularly bedding, as well as fairly 

monotonous lithology and the trend of the eastern contact at almost 90 
0 

to adjacent bedded rocks of the Waterfall tuffs and breccias, suggests 

that much of the breccia as well as the non-fragmental andesite is 

intrusive. It seems more likely therefore that the Murcott Burn andesites 

originated as a partially brecciated andesite intrusion. The eastern 

intrusive contact is probably close to the contact defined above but 

is unlikely to be exactly coincident. 

BRANDYWINE ANDESITES 

Two areas of andesitic volcanics are mapped in the southwestern 

part of the Largs terrane (Map 1). The eastern area comprises the summit 

~ocks of Mt Eglinton and extends northwards as a narrow belt to the peak 

immediately north of Lake Lorien
2 

where it is intruded by a body of 

quartz-bearing leuco-gabbro (described under "Gunn Dolerite", Chapter 1). 

2 
Informal name for the small lake 1.85 km due north of Mt Eglinton. 
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'l'he western area lies west of the Nurse Formation, tapering northwards 

and terminating within the Brandywine drainage. Minor volcaniclastic 

rocks occur within the two areas. 

'l'he Brandywine andesites are dark grey to black rocks more 

commonly feldsparphyric ·than aphyric. Plagioclase phenocrysts are 

largest in the vicinity of the leuco-gabbro. Mafic phenocrysts are not 

known and amygdaloidal rocks are uncommon. Areas of dull purplish brown 

colou:ration and hematitic fracture faces occur >vi thin the andesites. 

Two representative specimens were examined petrographically. One (35410) 

which is from the northern slopes of Mt Eglinton in the eastern belt is 

a black latite-andesite (?) containing yellowish plagioclase phenocrysts 

up to 3 rom. These are albitised and contain clear grains of colourless 

and yellow epidote. The phenocrysts are set in a groundmass of albite, 

sphene, K feldspar and fine grained chlorite. Scattered opaque grains 

slightly altered to :Leucoxene, and less common apatite, are also present .• 

Several small patches of Fe-Mg chlorite and quartz ± epidote may have 

replaced augite. The other specimen (35411) which is from the west.ern 

body is essentially aphyric and shov1s faint hematitic banding. It is 

comprised of plagioclase, black opaque grains and minor hematite, 

dusty sphene, Fe-Mg chlorite and calcite. Plagioclase as distinct para

llel laths occurs only in certain broad zones, elsewhere the lath form 

is poorly developed. 

Augite andesite or basalt may comprise some part of the Brandy

wine andesites. Grindley (1958) mapped the Brandywine andesites as two 

petrographic units: porphyritic amygdaloidal andesite, EE5 ,and augite 

basalt, EE4 ,extending from Mt Eglinton to north of Largs Peak. Whereas 

the basalt he described (O.U. 9263) is petrographically distinct from 

the andesites, it is indistinguishable in hand specimen from aphyric 

andesite, furthermore it does not comprise a distinct stratigraphic 

unit. The basalt specimen therefore (O.U. 9263, location not stated) may 
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represent some proportion of the Brandywine andesites or it may simply 

be a dike rock from anywhere in the area between Mt Eglinton and th~ 

northern slopes of Largs Peak. 

WATERFALL TUFFS AND BRECCIAS 

The Waterfall tuffs and breccias is a heterogeneous unit compris

ing over half the Largs terrane. It consists of andesitic to dacitic 

volcanogenic rocks in which clastic rocks of mainly pyroclastic origin 

predominate. Non-fragmental andesites occur throughout; dikes are 

recognised but neither flows nor pillows are positively identified. 

North of Waterfall Creek the Murcott Burn andesites pass eastwards ·· 

into a sequence of lapilli tuffs, fine breccias and minor andesitic dikes 

informally named the Disappearing tuffs (equivalent to a member of the 

Waterfall tuffs and breccias in a formal stratigraphic system) . The 

Disappearing tuffs on the ridge south of Waterfall Creek are thicker and 

contain sparse well bedded sandstones. Here the unit is separated from 

the Murcott Burn andesites by a broad zone of massive relatively coarse 

grained breccias and subordinate andesite. The rather distinctive nature 

of the Disappearing tuffs, which may be due in part to ideal exposure 

on the two ridges, is not recognised farther south in poorly exposed 

schistose rocks of the lower Murcott Burn. South of the Murcott Burn 

north branch, volcanic breccias, lapilli tuffs, tuffs, volcanogenic 

sandstones and subordinate igneous rocks including dikes,are distributed 

seemingly at random. The coarserclastic rocks are generally massive 

whereas tuffs and sandstones are commonly well bedded. 

Clastic Rocks 

Specimens 35447 - 35474. 

Volcanic breccias identical to those described from the Hurcott 

Burn andesites are common in the western part of the Waterfall tuffs 

and breccias north of Largs Peak. Lapilli tuffs appear to become pro

gressively more abundant than breccias eastwards and the average 
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clast size of both breccias and lapilli tuffs also seems to decrease in 

this direction. Brownish purple hematitic rocks which are widespread 

over much of the Largs terrane occur only east of a line extending along 

the western side of the Disappearing tuffs south to the Skelrnorlie Fault. 

West of this line breccias are grey and lapilli tuffs are commonly 

greyish to greenish white with dark grey lapilli (Plate 2.7). Scattered 

epidote-rich clasts have distinct bleached zones round them (Plate 2.8). 

Granitoid plutonic clasts (e.g. 35473) up to 30 ern across are known 

from several localities. 

The Disappearing tuffs are representative of many medium to fine 

grained clastic rocks occurring in the Waterfall tuffs and breccias 

(Plates 2.9, 2.10). They are predominantly fine grained lapilli tuffs, 

with minor fine grained breccia and well bedded sand and siltstones, some 

of which are clearly epiclastic or at least reworked pyroclastic material 

(Plate 2.11). The petrography of representative specimens is summarised 

below. A reconnaissance stratigraphic section through the Disappearing 

tuffs is presented in Table 2.3 and a detailed description of several 

metres of the section is shown in Figure 2.3. 

Plagioclase crystals and fragments are abundant in many members 

of the Disappearing tuffs. The lighter coloured rocks (35450 35459) 

comprise approximately 30% fresh plagioclase in a very fine grained 

sericite-rich matrix. Sericite is especially abundant in the near-white 

foliated rocks of unit 13 (Table 2.3). Specimens of fine breccia (35464), 

coarse sandstone (35463), bedded sand and siltstone (35465; Plate 2.11) 

and fine grained lapilli tuff (35466) are medium grey and contain sub

equal plagioclase and fine grained felsic rock fragments. Fine grained 

authigenic quartz is present in some specimens but detrital grains do 

not occur. Pyroxene is entirely absent. Opaque grains are moderately 

common and partially altered to leucoxene in most cases. Plagioclase 

crystals are generally inclusion-free or contain only sparse authigenic 



Plate 2.7 Pale grey lapilli tuff occurring in the Waterfall tuffs 
and breccias and in the Disappearing tuffs. Photo, K.D. Mason. 

Plate 2.8 Distinctive lapilli tuff from the Waterfall tuffs and 
breccias. This rock type is not uncommon in Waterfall Creek ; the 
white haloes surround epidote segregations or highly epidotised 
clasts. 



Plate 2.9 Representative lithic and plagioclase crystal tuff 
beds of the Waterfall tuffs and breccias, Largs Peak (35485; 
967766). Photo, K D. Mason. 

Plate 2.10 Thin bedded to finely laminated tuff sequence (022. 
50° NW) in the Waterfall tuffs and breccias (968729). The beds 
young to the west - towards top of photo. 
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Table 2.3 Reconnaissance Stratigraphic Section Through the Disappearing 
Tuffs on the Eastern Ridge of Disappearing Peaks Approximately 1600 m 
a.s.l. (977809 - 973808). 

Unit Description 
Massive volcaniclastic rocks and subordinate 
andesite of the Waterfall tuffs and breccias. 

Thickness 
(metres) 

16 Dull purple sandstone predominates 'IIlith greenish to 
greyish purple interbeds of sandstone and fine grained 
breccia 4 mm to 60 em thick. Includes several beds of 
greenish white plagioclase crystal tuff up to 4 m thick. 
Bedding 166.68 o NE, youngs NE. (Specimen 35459.) 30 

15 Fine grained pale grey breccia and lapilli tuff with 
schistosity of variable intensity. Local green and 
white thin-bedded sandstones and siltstones. 16 

14 Grey, coarse sandstone to fine breccia with scattered 
plagioclase crystals; strong foliation and parallel 
fracture at 151.62° NE. 13 

13 Pale greyish white lapilli tuff; lapilli are sparse, 
flattened and less than 2 em in size, faces broken 
along the foliation are distinctly micaceous (sericite). 
Four bands of darK greenish grey volcanic rock approxi
mately 50 em wide occur in ~he unit parallel to the 
foliation. Several 2 - 3 em wide sandstone beds are 
present in the base of the unit. 29 

12 Similar to unit 13 although more massive and less well 
foliated (35463); some sandstone in the base. Bedding 

. 0 

163.52 NE, youngs NE. 16 

11 8 m of siltstones and fine sandstones which are mostly 
hematitic, with greenish white interbeds of coarse sand
stone rich in plagioclase crystals; underlain by 2 m of 
fine hematitic breccia, clast size approximately 1 em; 
underlain by 5 - 6 m of fine grained grey breccia (35464) 
of felsic rock fragments and plagioclase crystals; thin 
bedded coarse sandstones to siltstones (Plate 2.11) in 
the base of the unit are comprised of subequal plagioclase 
and lithic fragments (35465). 16 

10 Dark greenish grey lapilli tuff with scattered plagio
clase crystals; lapilli range up to 8 em in size and are 
commonly feldsparphyric. Minor hematitic and medium 
greyish green lapilli tuffs. 1 - 2 m of fine grained 
greyish green volcanic (?) rock in the middle of the 
unit. 64 

9 Fine grained purplish grey lapilli tuff; lapilli 
generally < 1 em. 20 

8 Greenish weathering grey breccia or lapilli tuff with 
brownish oxidisation stains. Minor fine grained silic-

7 

eous grey rocks. 

Fine grained, slightly greenish grey lapilli tuff 
(35466) ; lapilli become finer towards the base where 
coarse tuff predominates. 10 - 15 em of indistinctly 
bedded tuffs are underlain by 1 - 2 m of grey breccia 
or lapilli tuff at the base of the unit. 

20 

46 



6 

5 

4 

3 

2 

1 

Similar to unit 7 although partially iron stained. 
Includes several metres of tuff containing scattered 
lapilli with pale reaction rims. 

Lapilli tuff becoming hematitic ·towards the base. 60 em 
of fine grained pale grey lapilli tuff with indistinct 
bedding is underlain by 30 - 40 em of equigranular, 
slightly hematitic breccia at the base of the unit; 
clast size is 5 - 10 mm. 

Medium to fine grained equigranular dike rock; green 
and white speckled, probably of andesitic composition 
(35441) • 

Lapilli tuffs and possibly breccias; various colour 
types but the very pale variety dominates. 

Igneous rock as in unit 4; strongly altered to chlorite 
and epidote. 

Dark purplish grey, poorly sorted, fine grained vol
canic breccia (35467) with minor green breccias and 
indistinctly bedded sandstone; maximum clast size is 
generally 2 em although 8 em clasts occur rarely. 

Total Distance Along the Ridge: 400 m Total Section 
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19 

9 

2.5 

10 

12 

28 

350.5 

Underlain by massive grey volcanic breccias and subordinate 
andesite of the Waterfall tuffs and breccias. 

minerals •. With few exceptions e.g. a crystal tuff (35456) containing 

zoned andesine, the plagioclase is albite, presumably of magmatic 

origin. Epidote and isotropic to anomalous blue chlorite occur in all 

specimens. Fine grained, dull purplish grey breccia {35467; unit 1, 

Table 2.3), representative of those rocks rich in iron oxides, 

contains abundant magnetite, partially oxidised magnetite and flakey 

hematite; the clasts are magnetite keratophyre. 

The Disappearing tuffs are mainly primary pyroclastic detritus 

of andesitic to dacitic composition. Hematitic rocks within the 

sequence however are generally fine grained breccias, sandstones and 

siltstones rather than tuffs, perhaps indicating epiclastic derivation 

from older weathered rocks. 

Clastic rocks in the Waterfall tuffs and breccias not repre-

sented by the Disappearing tuffs are not numerous. Several specimens 

however (e.g. 35447) are clearly more basic than the Disappearing 

tuffs as evidenced by their abundance of epidote and chlorite. Only 



Reversely graded crystal tuff; 
lower section grades into a 
mg. pale grey top 

Dark grey, poorly laminated, 
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Crudely layered 1 a pi 11 i tuff; 
maximum grainsize of 3 em 
occurs i~ the lower 6 em 

Graded lapillistone; maximum 
r,rainsize 1.3 em, reversely 
graded base 

Brownish grey interbedded 
sandstone and mudstone; thin 
lenses of crystal tuff 

Grey lapilli tuff; fg. andesitic 
frag~·ents up to 2. 5 em 

Sandstone 

Silts tone 

Mudstone 

La pi 11 i tuff 

Lapillistone 

Tuff 

Crystal tuff (plagioclase) 

Vitri c tuff 

Load casts 

Laminations 

Coarse, medium and fine 
send gr~de 

Figure 2.3 Stratigraphic section through 5 m of the Disappearing tuffs 
on the eastern ridge of Disappearing Peaks (976808) • The section is located 
in the upper part of unit 11 (Table 2.3) and youngs east. Described in 
conjunction with C.A.Landis. 
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one rock, a dacite, from the Waterfall tuffs and breccias has been 

che~ically analysed (Table 4.2:16). It is a flattened breccia composed 

of felsic rock fragments and clear plagioclase crystals and has 

abundant biotite, sericite and epidote plus Mg-Fe chlorite and sphene. 

It is considered conpositionally representative of the pale grey to 

greyish white lapilli tuffs and breccias coiTmon in the area north of 

Largs Peak. 

Igneous Rocks 

Specimens 35427 - 35446. 

Igneous rocks of mainly andesitic composition are found through

out the Waterfall tuffs and breccias. Lithological variation is llinited 

however and distinctive lithologies such as the microdiorites and 

Cr-diopside ankaramites of the Plato terrane are absent. Dikes are 

recognised (35440 35446) and thin sills or flows (35445), but in most 

cases the nature of occurrence is unknown. 

The commonest lithology is feldsparphyric andesite in which 

the plagioclase phenocrysts are usually severely altered. Clinopyroxene, 

present in fewer than half the specimens of feldsparphyric andesite, 

occurs in fairly minor amounts as small, commonly glomeroporphyritic 

phenocrysts (e.g. 35429 35433). Groundmass clinopyroxene is abundant 

only in an amygdaloidal basalt or basaltic andesite (35445). Repre

sentative aphyric rocks examined petrographically (35439 35431 35434 

35436) are clinopyroxene-free and tend to have equant plagioclase whereas 

the lath form is well developed in plagioclase from a narrow sinuous 

dike (35446). Medium to fine grained aphyric rock noted within the 

Disappearing tuffs (35441; units 2 and 4, Table 2.3) is distinctive in 

that it contains 5 - 10% interstitial quartz and several percent coarse 

grained primary sphene. It is similar to a dike rock (35062) cutting 

the Mistake Diorite in Mt Triangle. A small body of altered leuco-gabbro 
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or augite diorite (35475) cropping out at the Murcott Burn forks is 

lithologically similar to the Gunn Dolerite and the leuco-gabbro body 

near Lake Lorien. 

Epidote is the most abundant secondary mineral in these rocks 

followed by chlorite, generally of the Mg-Fe variety. Sericite is 

widespread but is distinctly less abundant than in the plagioclase

rich tuffs. Actinolite, actinolitic-hornblende and calcite all occur 

in some specimens. Minor quartz probably of metamorphic origin in most 

cases is present in a majority of specimens. Plagioclase is more 

commonly albitised than not, whereas unaltered opaque grains are wide

spread. Accessory fine grained sphene is also widespread. Prehnite 

occurs in two specimens (35442 35477) from the one locality and one of 

these (35442) also contains coloured pumpellyite. Amygdaloidal rocks 

are not uncommon, the main vesicle-filling minerals being chlorite, 

epidote and quartz. 

Three specimens have been chemically analysed (Table 4.2:11, 

12, 15). A feldsparphyric andesite (35433) with rare glomeroporphy

ritic augite ls considered to be compositionally representative of the 

volcanic rocks. The only specimen containing abundant groundmass augite 

(35445) was analysed as it appeared to be the most mafic rock known 

from the Largs terrane. It is from an olivine-normative basaltic ande

site sill from between Largs Peak and Birley Pass. The presence of 

large chlorite amygdales however is responsible for much of the norma

tive olivine and also its high water content (2.95%). A feldsparphyric 

volcanic specimen (35444) from the same area lacks clinopyroxene and 

amygdales ~nd has abundant actinolite and actinolitic hornblende. It 

is also an olivine-normative basaltic andesite and is considered to be 

more representative of the most basic Largs volcanic rocks than the 

amygdaloidal specimen, assuming that the conversion of clinopyroxene 

+ plagioclase to actinolite + epidote + albite has been essentially iso

chemical. 
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It is clear from petrography and limited analytical work that 

the volcanic rocks of the Waterfall tuffs and breccias and the Murcott 

Burn andesites have an average composition near the basaltic end of 

the andesite range whereas the clastic rocks of the Waterfall tuffs 

and breccias are compositionally closer to dacite. 

NURSE FORMATION 

The Nurse Formation comprises felsic pyroclastic and flow rocks 

of rhyodacitic to andesitic composition cropping out along the main 

Earl Mountains ridge south of Largs Peak. This formation is slightly 

less mafic and more siliceous in average composition than the Waterfall 

tuffs and breccias although some rock types, e.g. dacitic tuffs, are 

common to both. The name was given by Landis and Waterhouse (1966) to 

Grindley's (1958) unit EE6 - "sheared quartz keratophyre plus magnetite 

keratophyre breccia and tuff". A formal definition of the formation is 

not given ·here as its eastern contact is unmapped and facing directions 

are rare, however the rocks are sufficiently distinctive and persistent 

to comprise a formation which future work will hopefully define. Bed

ding attitudes and sparse facing directions suggest that the Nurse 

Formation lies in the core of a syncline, the axial plane of which 

roughly coincides with the main ridge top. 

Pyroclastic rocks are more abundant than flows. Well bedded tuff 

sequences (e.g. Plate 2.12) are fairly co~Qon and lapilli tuffs, 

breccias and agglomerates are also known. At one ridge top locality 

(Plate 2.13) angular blocks of pink and black flow banded rhyolite (?) 

up to 1 m in size suggest the close proximity of a vent at the time of 

deposition. The intensely purplish black, bedded tuffs in the fore

ground of Plate 2.13A comprise a discrete 12 m thick band and also 

occur as a matrix within part of the block deposit. 150 m southeast of 

the above locality volcanic bombs are well exposed occurring as rounded 

grey feldsparphyric bodies, 3 em to at least 1 m in size, in a purplish 



Plate 2.11 Tuffaceous feldspathic litharenite (35465) of the 
Disappearing tuffs (unit 11, Table 2. 3 ). Photo, K.D. Mason. 

Plat.e 2.12 Well stratified, pale green, white weaL'lering tuffs 
and lapilli tuffs of the Nurse Formation on the ridge top north 
of Mt. Eglinton (961703, 8.12.73). Attitude of the sequence is 
030.35° NW; it youngs north west. Hammer for scale. 



Plate 2.13A Outcrop of pink, flow-banded, blocky rhyolite breccia 
(light coloured rocks, background), on the main Earl Hountains ridge 
top north of Mt. Eglinton (957730), unknown elsewhere in the field 
area. The breccia passes into a 12 m thick sequence of purplish 
black, iron oxide-rich sand and siltstones (foreground) which 
comprise the matrix to the blocks for several metres into the 
breccia (see below). Frame pack, upper centre, for scale. 

Plate 2.13B Close up of blocks and matrix in the outcrop shown 
above (2.13A). 
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brown sandst.one matrix with local, highly disrupted bedding. Clastic 

rocks are commonly brownish purple or pale green to greyish white. 

Narrm.,r bands of intensely hematitic sediments (e.g. Plate 2 .13A) occur 

at various localities along the ridge and may form a valuable marker 

horizon (or horizons) . 

Representative clastic specimens examined petrographically 

include green tuffs and strongly hematitic rocks. A fine grained green 

lapilli tuff (35421) consists of ragged lapilli in a brownish devitri

fied matrix. The lapilli range in composition from trachyte or latite 

(mainly aligned K feldspar) to andesite with randomly orientated plagio

cla~e laths, sphene and Fe-Ng chlorite. A dark green tuff (35426) from 

a well bedded sequence has clear (magmatic?) albite crystals and 

subordinate lithic fragments, including minor banded pumice, in a 

recrystallised matrix. The lithic fragments are fine grained, some are 

dark brown to grey in colour and partially devitrified. This tuff has 

been chemically analysed (Table 4.2:17); it has 66% Sio2 and its 

. normative analysis indicates a quartz-andesite composi·tion. Magnetit.ic 

keratophyre fragments predominate in one specimen (35415) from an 

intensely hematitic band. Pumice (?) fragments are also present in 

this rock which may be either a lapillistone or epiclastic breccia. 

A reddish brown lapilli tuff (35417) with indistinct clasts up to 5 em 

in size contains green and colourless pumpellyite which is unknown 

elsewhere in the formation. 

Non-fragmental volcanic rocks of the Nurse Formation are very 

fine grained and almost certainly extrusive. Representative specimens 

are slightly purplish brown (35424 35425 35416) or pinkish brown 

(35420). One (35416) is slightly flow banded and some of its surround

ing rocks from the same locality are strongly flow banded. Two light 

grey specimens (35422 35423) are characteristic of the rocks immedi

ately south\.,rest of Largs Peak. The above six specimens are felsic and 



108 

variably feldsparphyric (albite). Groundmasses are riel). inK 

feldspar and quartz occurs in most rocks although its abundance is 

uncertain. Clinopyroxene phenocrysts occur rarely in one specimen 

(35425) and sparse altered biotite is present in another (35424). 

Authigenic epidote, Fe-Mg chlorite, leucoxene-sphene and sericite are 

widespread in minor amounts. Volcanic rocks with distinctive textures 

include a once highly vesicular latite (?) (35414) now containing 

approximately 30% quartz which protrudes several millimetres from 

weathered surfaces; the amygdales are up to 5 mm in size and contain 

minor epidote and muscovite as well as two generations of quartz. A 

quartz-andesite (35418) from adjacent to the "pink block deposit" (Plate 

2.13) has well developed spherulitic structure (Plate 2.6B), the 

spherules are 1 mm in size and comprised of very fine grained quartz 

and alkali feldspar, commonly with a broad outer zone rich in finely 

disseminated chlorite. 

In the absence of full chemical analyses precise classification 

of these rocks is difficult owing to their fine grain size. Although 
. 

plagioclase is albitic, it is assumed to have originally been at least 

slightly calcic owing to the presence of minor epidote and is therefore 

counted as plagioclase rather than alkali feldspar for classification 

purposes. Etched slabs were stained to obtain approximate K feldspar 

percentages and alkalis were determined in four representative vol-

canic rocks (Table 2.4). Of these four rocks, the spherulitic specimen 

(35418) is a quartz-andesite or possibly an andesite, and the other 

three are most likely to be dacites but may be either rhyodacites or 

latite-andesites depending on their quartz contents. The analysed 

crystal tuff (35426) is soda-rich dacite in composition. The character-

istic normative composition of Nurse rocks is considered to plot 

somewhere near the dacite - latite-andesite boundary in Streckeisen's 

(1967) classification. 



Table 2.4 Alkali Analyses and Normative Albite _and Orthoclase for 
five Representative Specimens of the Nurse Formation. Normative 
Feldspar is Calculated from Alkali Analyses only. 
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Probable Quartz- Dacite Dacite Dacite Crystal 
rock type andesite Tuff 

35418 35424 35425 35416 35426 

Wt. % Na20 6.4 3.5 4.5 4.3 6.3 

Wt. % K20 1.0 3.3 4.0 4.6 1.2 

Normative Albite 53.8 29.9 38.3 36.6 53.5 

Normative Orthoclase 5.7 19.7 23.7 27.0 7.3 

CONTACTS WITH THE MACKAY INTRUSIVES 

Whereas the Plato terrane is flanked to the west along a sharp 

and relatively simple contact by the coarse grained Mistake Diorite, 

the western limit of the Largs terrane is not as sharply defined. 

I interpret the Largs terrane as part of a Lower Permian val-

canic arc comprised of pyroclastic, epiclastic and flow rocks plus 

coeval, shallow andesitic intrusives. The arc was subsequently in-

truded by crystalline rocks which hornfelsed, stoped and perhaps 

partially assimilated a portion of it, locally blurring lithological 

differences between the intrusive and the older rocks. Most such 

blurring has occurred where the Murcott Burn andesites have been in-

truded by medium grained dioritic rocks of the Glade suite, giving rise 

to an intimately mixed zone of crystalline rock and hornfelsed andesite 

up to 200 m wide. Within this zone there is a complete gradation in 

grainsize and general appearance from andesite to microdiorite and 

medium grained granitoid intrusives. Transitional contacts of this 

type between Largs and Mackay rocks occur on Skelmorlie Peak and in the 

upper north Murcott Burn. 

Xenoliths of porpl1yritic and fine grained volcanic rocks occur 

in rocks of the Hollyford, Hut, Glade and Nurse suites and are 

especially common along the Largs - Mackay contact. Many of these 
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xenoliths are considered to have been derived from the Largs terrane 

by magmatic stoping. Although small size frequently precludes the 

mapping of xenoliths, in Nurse Creek and upper Mistake Creek (Map 1) 

there are large mappable bodies of hornfelsed andesitic volcanic rocks 

which have broad transitional contacts with the surrounding Mackay 

Intrusives. Flattened volcanic breccia (35481) occurs in one such body 

on the Ngatimamoe - Pyramid Peak ridge and an isolated occurrence of 

similar rock (35243) is known from near the summit of Aragorn Peak. 

These mapped bodies of volcanic rocks within the Mackay Intrusives are 

correlated with the Largs terrane on lithological grounds. 

The presence of large xenolithic masses of Eglinton rock within 

the predominantly crystalline terrane west of the main Eglinton out

crop emphasises the complex nature of the Eglinton-Mackay contact and, 

on a broader scale, the contact between New Zealand's eastern and 

western provinces. 

C. METAHORPHISM 

The original mineralogy of most Eglinton Volcanics has been 

extensively modified by one or more metamorphic events. Some rocks now 

consist entirely of secondary minerals, mainly epidote-clinozoisite, 

albite, chlorite, sericite, actinolite, sphene, calcite, quartz and 

less widespread prehnite, pumpellyite and biotite. The degree of chemi.;;; 

ca~ alteration in a given specimen depends to a certain extent on com

position, a factor which must be borne in mind when considering the 

metamorphic mineral assemblages within these compositiona.lly varied 

rocks. Metamorphic grade increases across the Eglinton Volcanics from 

east to west. Schistosity is well developed in an area of the Largs 

terrane centred near the Murcott Burn forks (Grindley, 1958; writer's 
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observations) and semischists occur in the Divide Formation of the Plato 

terrane. Texturally the most strongly metamorphosed rocks are comparable 

tq rocks of the chlorite 3 subzone (Hutton and Turner, 1936) in the 

Murcott Burn area and to chlorite 2 subzone in the Divide Formation (in 

Norm's Corner). Elsewehere textural modification is confined to fault 

and shear zones. 

METAMORPHIC ZONES 

Occurrences of biotite, actinolite, purnpellyite3 and prehnite, 

veins excluded, are plotted on Map 2. (The 187 thin sections examined 

include those of Corner (1969) and Williams, (1969) ). Three metamorphic 

zones are delineated on the basis of the distribution of diagnostic 

minerals, viz: 

Zone I 

Zone II 

Zone III 

prehnite-purnpellyite-actinolite-epidote zone 

actinolite-epidote zone 

biotite-actinolite-epidote zone 

Zone I includes the southeastern three quarters of the Plato 

terrane and the southern half of the Largs terrane. Epidote, chlorite, 

sericite and sphene are widespread in zone I, albite, calcite and quartz 

are less common. Key minerals prehnite, pumpellyite and actinolite are 

not abundant in the zone,each occurring in 20% or less of the sections 

examined. Actinolite is absent in the Largs rocks of zone I, its 

absence is probably due in part to lack of suitable host rocks. Individual 

assemblages noted include those diagnostic of the prehnite-pumpellyite 

facies (the quartz-prehnite zone or subfacies ~ of the prehnite-purnpell-

yite metagreywacke facies of Coombs (1960) , to which the facies is 

restricted by Hashimoto (1965) and accepted by Coombs et al. (1970)), and 

the pumpellyite-actinolite schist facies (Hashimoto (1965); equivalent 

3 Pumpellyite has been identified only in thin sections where a 
proportion of the grains are coloured (green) and in view of the diffi
culty in positively identifying fine grained colourless pumpellyite it 
is likely that its distribution is somewhat wider than shown on Map 2. 



112 

to subfacies b of Coombs (1960)). Quartz-free, prehnite-actinolite

bearing assemblages, consistent with prehnite-pumpellyite facies trans

itional to pumpellyite-actinolite schist facies in metamorphic rocks of 

Northern Maine (Coombs, pers. comm., 1969) are also present. 

Within the actinolite-epidote zone (zone II) which lies northwest 

of zone I, (Map 2), authigenic minerals include epidote, sericite, albite, 

sphene, actinolite, calcite and quartz whereas both prehnite and pumpell

yite are absent. As the compostional range of zone II rocks is similar 

to that found in zone I, the absence of these two minerals is taken to 

indicate higher metamorphic grade. The mineral assemblages of zone II 

can probably be ascribed to the chlorite zone of the greenschist facies 

and/or possibly the pumpellyite-actinolite schist facies should colourless 

pumpellyite be subsequently identified in these rocks. 

The biotite-actinolite-epidote zone (zone III) is restricted to 

the northwestern portion of the Largs terrane where the Eglinton Volcanics 

are intruded by dioritic rocks of the Glade suite and by gabbroic rocks 

correlated with the Hollyford suite. All biotite is fine grained, per

vasive and clearly of authigenic origin. Biotite-bearing rocks become less 

abundant in that part of the zone fartherest from the Glade and Hollyford 

intrusives; albite, sericite, chlorite and epidote are common here and 

the metamorphic grade is greenschist facies - chlorite zone transitional 

to biotite zone, or albite-epidote hornfels. In the northwestern part of 

zone III, i.e. nearest the Glade suite and rocks correlative with the 

Hollyford suite, the characteristic mineral assemblage is Ca.-plagioclase 

-biotite-actinolitic hornblende-sericite ±minor quartz, epidote and 

chlorite (the latter being mainly retrogressive in origin). Biotite 

occurs in most rocks. Albite is rare and the Ca.-plagioclase is thought to 

have been produced from the reaction of albite and Ca-Al silicates (see 

"Plagioclase" in the next section of this chapter). The assemblage is that 

of the hornblende-hornfels facies of contact metamorphism,thus within 

zone III there is an increase in metamorphic grade tov1ards the intrusive rocks. 
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The Eglinton Volcanics are considered to have been affected by at 

least two periods of metamorphism, first during the Permian and later 

during the Mesozoic. This is evidenced by the presence of de-albitised 

plagioclase in rocks of zone III and by allusion to correlative rocks 

elsewhere, e.g. the Takitimu Mountains where Lower Permian Takitimu Group 

rocks experienced prehnite-pumpellyite-forming metamorphic conditions 

during early to mid-Permian times, as evidenced by clastic detritus in 

overlying Productus Creek Group (mid to late Permian) rocks (Landis and 

Coombs, 1967, p. 506). During the Permian the highly reactive pile of 

Eglinton volcanogenic detritus was probably subjected to low grade burial 

metamorphism. In the mid to late Mesozoic Rangitata orogeny, rocks of the 

northwestern Largs terrane were hornfelsed where intruded by relatively 

high temperature gabbroic to dioritic bodies of the Mackay Intrusives. 

~fuat is not clear, however, is to what extent the remainder of the two 

terranes was affected by the Mesozoic event, i.e. is the metamorphic 

grade in zones I and II, and the position of the isograd separating them . 

primarily due to the first or second event? In the northern Plato terrane 

where the stru~ture and stratigraphy are clear and the zone I - II iso

grad is best defined, the situation is still ambiguous. Whereas broadly 

speaking, metamorphic grade increases with depth in the sedimentary pile 

as would occur in simple burial metamorphism, the isograd is also approx

imately parallel to, and its location was perhaps controlled by the 

eastern margin of the Hollyford suite (as opposed to the adjacent Mistake 

Diorite, an older intrusion lacking a well defined contact metamorphic 

aureole). This massive basic intrusion and other Mackay Intrusives may 

have been the main agents responsible for relatively high heat transfer 

in {parts of) the western province during the Rangitata orogeny. 
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ALTERATION OF PRIMARY MINERALS 

Plagioclase 

Plagioclase shows the widest possible range in degree of alterat-

ion between, and to a lesser extent within, single Eglinton specimens. 

Two types of alteration, commonly interrelated, are recognised: albiti-

sation, and alteration to other authigenic minerals. Epidote-clino-

zoisite and sericite are the main alteration products: calcite, prehnite 

and pumpellyite are much less common. In many rocks it is difficult to 

determine petrographically whether or not albitisation has occurred 

owing to the abundance of included epidote and sericite. The extent to 

which albitisation has taken place is therefore not known in detail. 

Clear albite is common in dacitic rocks of the Largs terrane. 

The absence of Ca-Al silicates in this plagioclase perhaps indicates 

that the albite is of magmatic rather than of metamorphic origin. By way 

of contrast, in rocks of the northern Plato terrane plagioclase is 

densely replaced by epidote and lesser sericit.e. 

Tiny iron oxide inclusions (microprobe identification) occur in 

the plagioclase phenocrysts of several biotite-actinolite-epidote zone 

rocks (35403 35406 35407 35433) and certain other rocks in the field 

4 area • Grains containing such inclusions are unalbitised and generally 

devoid of other alteration minerals. A possible explanation for this 

phenomenon is that the rocks involved have undergone two metamorphic 

events as follows: in the first one Ca-plagioclase was altered to epidote 

and albite; in the second event in which the rocks were subjected to 

hornblende-hornfels facies conditions, the epidote and albite reacted 

leaving small iron inclusions in the reconstituted Ca-plagioclase. The 

4 
Iron oxide inclusions are known in the plagioclase of the following 

14 specimens from the field area: the four Eglinton specimens noted above; 
six specimens from correlative rocks of the Largs terrane within the 
Mackay Intrusives in upper Mistake Creek (35220 35224 35225 35226 35229 
35239) and one from Nurse Creek (35476); a porphyritic microdiorite from 
the Hut suite (35313} and three rocks from the Glade suite (35246 35247 
35252). 
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hypothesis explains why this phenomenon occurs only in strongly horn

felsed Eglinton rocks but it seems surprising perhaps that the recon

stituted plagioclase is often compositionally zoned. The origin of these 

inclusions is worthy of further investigation. 

Clinopyroxene 

Unaltered clinopyroxene occurs throughout the Eglinton Volcanics. 

Notwithstanding this fact, clinopyroxene is partially to completely 

altered in many of these rocks - generally to actinolite or actinolitic 

hornblende. Chlorite, and hornblende plus quartz also pseudomorph clino

pyroxene in some cases. The much lower abundance of clinopyroxene in 

the Largs terrane than in the Plato terrane is due to primary composit

ional differences rather than differences in degree of alteration. 

Opaque Minerals 

The alteration of magnetite-ilmenite shows a roughly systematic 

pattern, i.e. fresh grains are common in the Largs terrane, less common 

in the southern Plato terrane and uncommon in the northern Plato terrane 

where plagioclase is also most strongly reconstituted. Altered magnetite

ilmenite grains are usually represented by granular patches of fine 

grained sphene. In the most altered rocks however sphene is more widely 

disseminated. Conversion of magnetite-ilmenite to sphene (plus iron

bearing secondary minerals) involves a continuous colour change from 

black through brown to near colourless. Intermediate products of this 

process are loosely referred to as leucoxene. 

Pyrite, which is fairly coromon in the volcaniclastic rocks of the 

Plato terrane, is usually fresh. 

Hornblende 

Unaltered primary hornblende occurs in various dike rocks in the 

Plato terrane, and less commonly as a detrital mineral. It is not known 

from the Largs terrane. Alteration to actinolite is common although the 

relative abundances of altered hornblende and clinopyroxene, and magmatic 

actinolitic hornblende are uncertain. 



AUTHIGENIC MINERALS 

Microprobe analyses of various authigenic minerals are discussed in 
Chapter 3. 

' Epidote 
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Epidote and clinozoisite are usually not differentiated in petro-

graphic descriptions, instead minerals of this isomorphous series are 

referred to collectively as epidote. With the probable exception of 

albite it is volumetrically the most abundant secondary mineral in the 

Eglinton Volcanics, some rocks being comprised of at least 50% epidote. 

It is by far the commonest vein-forming mineral, and also occurs as 

amygdales. 

Epidote occurs in all three metamorphic zones although only in 

minor amounts in the highest grade rocks of zone III. Abundance at any 

metamorphic grade is strongly affected by bulk rock composition. Thus 

the mineral is sparse in the dacitic rocks of the Nurse Formation and 

very abundant in the more basic rocks of the northern Plato terrane. In 

general, epidote is colourless to faint yellow although in many rocks a 

small percentage of grains have strong yellow to colourless pleochroism. 

Representative colourless to pale yellow grains in two Plato rocks 

(26648, metamorphic zone II; 26517, zone I) have 13.3- 15.1% total 

iron as Fe2o3 (Table A.lO). 

Chlorite 

Chlorite is present in most Eglinton rocks occurring as pale 

green patches, usually with anomalous blue or brown interference tints. 

It is a fairly common amygdaloidal mineral and is also found replacing 

mafic grains. 

Distribution of optically positive and negative chlorite (Table 

2.5; Map 3) is related to metamorphic grade; optically positive (Mg-Fe 

and Mg-rich) chlorite becoming more abundant relative to negative 

chlorite at higher metamorphic grade. Although bulk rock composition 

effects can not always be accounted for without analytical work, they 
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are certainly not responsible for the chlorite distribution pattern. 

Bulk rock composition does control chlorite composition at constant 

metamorphic grade, e.g. in the northern Plato terrane of zone I the 

basaltic igneous rocks have positive chlorite and the less basic sedi-

ments tend to have negative chlorite. However compositional controls 

can be over-ridden during metamorphism, thus the zone I rocks round 

Plato Creek which have only negative chlorite are more basic (therefore 

in general have higher Mg:Fe) than the less basic, positive chlorite-

bearing Disappearing tuffs of zone III. Carman (1968, p. 121) also 

noted that positive chlorite tends to form at the expense of negative 

chlorite with increase in metamorphic grade in the Eglinton Volcanics 

and other New Zealand Permian rocks. 

Table 2.5 Distribution of Optically Positive and Negative Chlorite in 
the Eglinton Volcanics According to Metamorphic Zones (Map 3). Numbers 
are percentages. 

Metamorphic Zone Zone I Zone II Zone III 
No. of sections 65 45 15 

Negative chlorite only 52 26 13 

Negative > positive 19 7 7 

Negative ~ positive 3 9 0 

Positive > negative 6 11 0 

Positive chlorite only 20 47 80 

Sericite 

This mineral is also very widespread occurring in nearly all 

rocks, generally in plagioclase. Sericite reaches maximum abundance (30 

- 40 modal percent) in some rocks of the Largs terrane (e.g. 35404). 

The greyish white, semi-schistose tuffs of the Disappearing tuffs are 

amongst the most sericite-rich rocks. Surprisingly, sericite is a very 

minor constituent of the relatively K feldspar-rich tuffs of the Nurse 

Formation; low water content may be the reason. 
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Other Authigenic Minerals 

Fine grained granular sphene is almost ubiquitous. It appears to 

be mainly of secondary origin in all rocks except a dike in the Dis

appearing tuffs (35441) and is mostly derived from the breakdown of Ti

bearing opaque minerals; abundance is greatest therefore in rocks with 

both abundant and highly altered opaques. Granular sphene and unre

solvable leucoxene are commonly mixed. 

Pale bluish green to near colourless actinolite occurs sporadi

cally in rocks throughout the area except in the southern Largs terrane. 

It is most abundant in zones II and III. Two modes of occurrence are 

noted·, viz. the direct replacement of clinopyroxene, and derivation by 

reaction of other secondary minerals to produce scattered acicular crys

tals. Hashimoto (1972) concluded that only the latter mode of occurrence 

can be used to truly define an actinolite isograd. Although not always 

distinct, both varieties of actinolite are definitely known from all 

three metamorphic zones. 

Calcite is known from all areas occurring in 30% of the rocks 

examined petrographically. It is slightly more common in the Plato 

terrane where much of the calcite is bioclastic, than in the Largs ter

rane where shell fragments are absent. Calcite and calcite-bearing 

veins occur sparsely in both terranes. 

Quartz is a common vein-forming mineral and also occurs~as 

amygdales; it is not abundant as a pervasive secondary mineral however. 

Apart from sparse veins throughout the Eglinton Volcanics and 

an isolated occurence in zone III, Erehnite is restricted to zone I 

where it occursin 15% of the sections examined. Generally prehnite is 

not abundant in any given rock. It usually occurs both interstitially 

and in plagioclase grains. 

Coloured P-umpellyite occurs in 15% of zone I rocks and is unknown 

elsewhere. Pleochroism ranges through various shades of green, including 
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bluish green, to colourless. Birefringence is usually distinctly anomal

ous. Coloured pumpellyite is fairly fine grained and rarely comprises 

more than 1 - 2% of any speci~en. Colourless pumpellyite was found to be 

readily identifiable when adjacent to coloured grains but in rocks lack

ing the green variety its presence or absence could not be demonstrated 

with any certainty. As colourless pumpellyite has higher Mg:Fe than 

the coloured variety however, it might be expected to persist to 

higher metamorphic grades than coloured pumpellyite (e.g. Kawachi, 1974, 

p. 187). 

Fine grained authigenic biotite occurs in 50% of the specimens 

from within the biotite zone and is unknown in zones I and II. It com

prises at least 10% of several rocks. Brown is the predominant colour 

but some specimens have greenish brown or green biotite. 

Garnet occurs as small isotropic grains of high relief and approxi

mately circ~lar cross section in three rocks (35443: Largs terrane, zone 

III; 35367, 35347: Plato terrane, zonei). Probe analyses conf~rmed its 

identification (Table A.lO: 21-23) and showed it to have slightly higher 

andradite content than grossular or hydrogrossular content. 

Corner (1969) reported stilpnomelane in a keratophyric tuff 

(26511) from the Divide Formation. It has not been observed elsewhere in 

the Eglinton Volcanics. 



CHAPTER 3 
MINERALOGY 

Mineral chemistry, composition and distribution for all rocks in 

the field area are discussed in this chapter. Extensive microprobe work 

has been undertaken for two reasons: to determine compositions of the 

main mineral phases which would otherwise be obtained by slower and less 

accurate optical methods, and to investigate specific topics, in parti

cular the Mg:Fe distribution coefficient of existing pyroxenes, which 

cannot be dealt with optically. In addition to analysing specific 

minerals in selected rocks, some other phases present were also analysed 

at the same time, the object being to build up a collection of composit~ 

ional data on coexisting minerals, which, although not necessarily 

immediately relevant to this thesis, will be documented here, and 

available forfuture work. 

All mineral analyses have been carried out by the author on the 

Geology Department's JEOL JXA-5A electron probe X-ray microanalyser and 

are tabled in Appendix A, together with a description of the analytical 

procedure. The graphical presentation of mineral compositions in 

Chapter 3 includes no data other than that in Appendix A, unless other

wise stated. In Table A.ll the number of analyses of each mineral is 

given, as well as the data location within the appendix for each rock 

with one or more mineral analyses. Sarr~le descriptions and field 

locations are recorded in Table A.l2. 

FELDSPARS 

Plagioclase 

Plagioclase is ubiquitous; its composition has been described in 

previous chapters and in this section compositional ranges of repre

sentative rocks are summarised graphically and the orthoclase (Or) con

tent of plagioclase is di9cussed. 
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Zoned plagioclase is characteristic of most Eglinton and Mackay 

rocks apart from the Mistake Diorite. Normally zoned plagioclase pre

dominates in the Mackay Intrusives and 'Vlell developed oscillatory zoning 

is known in only a few rocks, e.g. 35180, 35313. Compositional variation 

in single gabbronorite specimens ranges from 7% anorthite (Figtrre 3.ld 

to 50% An (An87_37 ; 35086). A maximum variation of 53% An was recorded 

in a diorite (Figure 3,1F) in which similar high compositional variation 

occurs within single grains. Relatively rapid cooling rates are indicated 

by such extensive plagioclase zoning and by small average grainsize, and 

are inferred to have prevailed during the crystallisation of the Holly

ford, Glade and Nurse suites. 

Albitised plagioclase is widespread in the Eglinton Volcanics. 

Composition in an albitised andesite (35373) is An8 •1_3 •7 • Unalbitised 

phenocrysts are generally zoned and lie in the andesine--bytownite com

position range (Figure 3.2). The maximum compositional variation 

recorded was An80_19 in a Plato basalt (35382; Figure 3.2). Oscillatory 

zoning, as shown in Figure 3.3 for example, is more common than normal 

zoning in Eglipton rocks. 

Variation in the Or content of plagioclase differs somewhat 

between Mackay and Eglinton rocks. In the plagioclase of Mackay gabbro

norites, Or content increases with increasing albite content (Figure 

3.4), but tends to fall off slightly in the final stage of crystalli

sation (e.g. Figure 3.1A, D). In the Eglinton rocks, however, plagio

clase Or content increases continuously (e.g. 35382; Figure 3.2). The 

fall off in Or content of gabbronoritic plagioclase was probably due to 

the crystallisation of minor amounts of other K20-bearing phases, 

mainly biotite and hornblende, which took up much of the available K2o 

during the final stage of crystallisation. Dioritic and granitoid 

Mackay rocks have much lower plagioclase Or contents than the gabbroic 

rocks (Figure 3.4) reflecting both lower crystallisation temperatures 

121 



<IJ 
(!} 

ctl 
r-l 
0 
0 

:S 
)..j 
0 

4 

3 

2 

4 

3 

2 

4 

3 

2 

A 35123 B 35143 
X 

• X 
x~x x 

X 

c 35085 

E 35119 

30 40 

Figure 3.1 
Cores x· ' 

•• •x l'l< 

)<. 

50 60 70 80 

D 

X X 

lS<~ 
X 

35147 

0 

X~ X •• 
~ 

X 

X 
X 

F 35231 

30 40 50 

Molecular % Anorthite 

X 

xx 
X X 

)( 

X 

60 

X 

X 
X X 

70 

Composition of plagioclase in several Mackay rocks. 
rims •. 

A-D: leuco-gabbronorites, Hollyford suite 

X~ 

X 

80 

E: 
F: 

gabbronorite, Hollyford suite ( • includes groundmass grains) 
quartz-bearing diorite, Glade suite 

122 



(!.) 
Ul 
ltl 
r-l 
u 
0 

.r:: .w 
l-1 
0 
c!P 

l-1 
ltl 
r-l 
::l 
u 
Q) 

r-l 
0 
~ 

3 • 
0 

A 
6 

4 

oo 
0 

21 
2 l :· 

0 . 
L -6. ... 

0 .. 
0 

50 
0 6. 

A CbO 

A 
oo 6.6. 

~ 06. 6. 
e 0 f) 6. 6.6. ~ • A 

1 A A A 
'V • • e A 

\7 u. A 
'V e •"' 

A A 
A vv •• • 

'V •• • A(!)- A A A A 6. 0 
~ 0 A 6. 6. 
'V A A 

w AA 
A 

6. A 
'V Ill 1!11 A ~A 

II Ill 
1111 II £Ill A 

fll!lill ~ 1113111 
Sl Ill fill Sil 

10 20 30 40 50 60 70 80 90 

Molecular % Anorthite 

Figure 3.2 Composition of plagioclase in several igneous rocks of the Eglinton Volcanics. 

Plato terrane: 

Largs terrane : 

~"'hole rock K2o: 

andesite 35373 v; porphyritic basalt 35393 t:> , porphyritic basalt 35382 0 
(inset shows the complete range for this rock). 
porphyritic andesite 35403 A 7 porphyritic andesite 35433 e 7 porphyritic 
andesite 35476 from correlative rocks of the Largs terrane &: , 

0 1.07%; 6. 0.85%i A 0.91%; 0 1.08%; fill 0.58%, 

...... 
N 
w 



A 
Cl> 70 

A /~ +J 

.. / ""'· "\ & 

·rl 

:S 
60 /\~ .. $.-1 

0 
~ 
,:I; 

. A ""' 
o\O 50 

Cl> 
r-1 
0 40. :A.~A 
:2: 

Cl> 70 
+J 
·rl .c: . t: 60 
0 
~ 
,:I; 

dP 50 

Cl> 
r-1 

~ 40 

1:!; 
1:!;/ 

1.0 1:!; 1:!; 1:!; / 
1:!;.___/ ~ . 1:!;/ ~ ~~ 

A~ 0.5 

Core Rim 

/~ 1.0 

0.5 

Core Rim 

Figure 3.3 
(Table A. 9 

Composition of two oscillatory zoned phenocrysts 
34,35) in an andesite (35403) of the Largs 

Analyses are of the extreme compositions in each 
are not spaced in proportion to zone widths. 

terrane. 
zone and 

Hole % 

Or 

Mole % 
Or 

124 



2.5 

<IJ 2.0 
(I} 

Ill 
r-l 
u 
0 

..c: 
.j.) 
1-l 
0 

dP 1.5 
1-l 
Ill 
r-l 
::1 
u 
<IJ 

r-l 
0 
~ 

1.0 

0.5 

A 

A A 
A 

A 
A A 

A Ai 

A 

A A o B 

20 40 60 80 

Molecular % Anorthite 

Figure 3.4 Orthoclase content of plagioclase in various Mackay rocks. 

Gabbroic rocks: 
A 35313, B 35413, C 35085, D 35147, E 35119, F 35185, G 35331. 
0 35087, 35089, 35090, 35126, 35187. 

Pyroxene-bearing dioritic rocks: 0 
35049, 35069, 35157. 

Pyroxene-free rocks: A 

35104, granodiorite 
35214, fine grained monzodiorite 
35313, porphyritic microdiorite 
35193, microdiorite 

125 



126 

as well as the crystallisation of other K2o-bearing phases more or less 

throughout the period of plagioclase formation. The Or content of 

plagioclase in a Glade suite diorite for example (Figure 3.1F) increased 

little during the course of crystallisation of this rock, despite wide 

variation in the plagioclase An:Ab ratio. Variation in plagioclase Or 

content between different Eglinton rocks (Figure 3.2) reflects both 

differences in bulk rock K2o (see Keil et al., 1972, p. 273) and the 

presence of metamorphic biotite and amphibole in the analysed Largs rocks, 

which have relatively low plagioclase Or levels (Figure 3.2). 

Plagioclase in an olivine gabbronorite has been examined in detail 

to determine possible causes of variation in Or content at constant An 

content. Plagioclase grains were analysed in three distinct micro

environments: those enclosed in pyroxene crystals and rarely, in olivine; 

those enclosed in biotite, and those among, or at least in partial con

tact with, other plagioclase grains (Figure 3.5). The Or content of both 

cores and rims of grains which are in contact with other plagioclase, 

increases v1ith decreasing An content defining an approximately linear 

trend. The analyses of grains from the other two environments outline 

two mutually exclusive fields on either side of this "average" trend. 

Plagioclase grains enclosed in pyroxene or olivine are mostly more calcic 

than An
60 

and have slightly higher Or contents than the average (cores 

and rims of this group show no systematic variation in either An or Or 

content and are not distinguished in Figure 3,5). Plagioclase rims in 

contact with biotite, and the cores and rims of grains enclosed in bio

tite, are all less calcic than An60 and have distinctly lower Or 

than average. 

The cause of these differences is not entirely clear, h0'11ever, 

they might perhapshe explained as a magmatic effect resulting from 

relatively rapid crystallisation (as evidenced by the degree of plagio

clase zoning) as follows: during the early stages of cooling when 
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olivine, pyroxene and plagioclase were crystallising, plagioclase grains 

trapped within or between the mafic phases would have to take up all or 

mos·t of the K2o from any liquid in the immediate vicinity. The appear

ance of 1 - 2% biotite in the latter stages of crystallisation only 

affected the Or content of plagioclase rims in contact with, or grains 

trapped within biotite. In these situations plagioclase was competing 

with biotite for K2o and as a result has lower than average Or. The 

depletion in Or relative to the average value tended to increase from 

core to rim as the biotite and plagioclase crystal faces grew closer 

together. The greater difference in K2o content between biotite and 

plagioclase, than between plagioclase and pyroxene, is reflected by the 

different degree to which the Or content of plagioclase adjacent to 

biotite, and plagioclase enclosed in pyroxene, diverge from the average 

trend. 

K Feldspar 
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K feldspar is an essential phase in the Hut suite leuco-granites 

and in many rocks of the Nurse suite. Some granitoid dikes of the Holly

ford suite and many specimens from peripheral areas of the Mistake Diorite 

also contain essential K feldspar. Cross-hatched twinning, character

istic of microcline, occurs in a small proportion of K feldspar grains 

of many rocks, although it is generally only poorly developed. Ortho

clase microperthites and microcline microperthites are widespread. K 

feldspar grains are commonly interstitial, or occur as phenocrysts poi

kilitically enclosing earlier-formed plagioclase and mafic minerals. 

Most K feldspar is entirely unaltered. 

Distinctive,pink orthoclase granite, apparently of metasomatic 

origin, occurs in parts of the Nurse suite near the Skelmorlie Fault. 

Elsewhere in the field area, some Hut suite leuco-granites and a pale 

pink leuco-granite dike system cutting hornfelsed andesite in upper 

Mistake Creek show evidence of plagioclase replacement by K feldspar, 

usually microcline (Plate 1.11). 



CLINOPYROXENE 

Clinopyroxene is the main mafic mineral in the Eglinton Volcanics 

and is widespread in the Mackay Intrusives apart from the Hut and Nurse 

suites. In Mackay rocks clinopyroxene is equigranular and greenish 

black, vlhereas Eglin ton clinopyroxenes commonly occur as phenocrysts 

ranging in colour from dark green and yellowish green, to emerald green 

Cr-diopside (see below). Carman (1968, p. 99) noted the yellowish green 

colour of augite in the Eglinton Volcanics as being quite distinctive of 

these rocks. 
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Analyses from 26 representative specimens reveal no systematic 

differences in composition between clinopyroxenes of Mackay and Eglinton 

rocks when plotted on the pyroxene quadrilateral (Figure 3.6A) and the 

overall compositional variation is not great. Only calcic augite and 

salite are known from the Mackay Intrusives. Exsolution lamellae are 

characteristic of Mackay clinopyroxenes coexisting with orthopyroxene. 

Augite is the most abundant variety in the Eglinton Volcanics; salite, and 

diopside which occurs in the ankaramite dikes and as phenocryst cores in 

some of the basalts, are less common. The minor rather than the major 

elements in clinopyroxene however are of more importance for revealing 

any genetic differences between members of the Mackay Intrusives, and 

between Mackay and Eglinton rocks, as well as for comparing these rocks 

with those of other igneous provinces. 

Zoning 

Zoned clinopyroxene is not common in the Mackay rocks but is 

widespread in the Eglinton Volcanics where almost all zoned grains 

analysed show Fe enrichment from cores to rims. Two types of concentric 

zoning were noted (Figure 3.6B): phenocrysts in a porphyritic basalt 

(35382) are zoned continuously from diopside cores to augite rims; co

existing groundmass grains are also augite. Sector zoning is also well 
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specimens of the Eglinton Volcanics ( o ) and Mackay Intrusives (two-· 
pyroxene rocks e , clinopyroxene only x). 

35397 

35382 

X 

X 

Figure 3.6B Range of clinopyroxene compositions in a basalt (35382) 
and a mafic ankaramite (35397) of the Plato terrane (Table A.8); 
zoned grains shm.; Fe enrichment from cores to rims. 
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35397: 
35382: 

o phenocryst 8/22; 
e phenocryst 19/21; o phenocryst 18/20; x groundmass 14 - 17. 



developed in the phenocrysts of this basalt. Discontinuous zoning occurs 

in a Cr-diopside ankaramite (35397) where there is a sharp break in 

composition between Cr-diopside cores in the largest phenocrysts and 

augite rims. 

Clinopyroxenes in another ankaramite (26648) had a different 

history during the last stages of crystallisation. Diopside phenocryst.s 

1 - 5 mm in size are quite homogeneous, whereas less conunon small grains 

(0.4 - 0.5 mm) have rims of similar composition to the phenocrysts but 

have cores with lower Fe:Mg and very high Al2o3 - up to 5.5%. Clearly, 

as evidenced by their homogeneity, the phenocrysts in this rock and 

phenocryst cores in 35397 crystallised much more slowly and therefore 

probably at greater depth than those of the more differentiated basalts. 

The small grains in 26648 record rapid changes in Fe:Mg and Al2o3 content 

of the host magma in the final stages of crystallisation, during or 

immediately following intrusion. 

Minor Elements 

Al2o
3 

comprises 0.6- 2.6% of Mackay clinopyroxenes (Figure 3.7) 

- values consistent with those of tholeiitic (and calc-alkaline) pyrox

enes which crystallised at crustal levels (Atkins, 1969). Kushiro (1960) 

noted that clinopyroxene from tholeiitic rocks, feldspathoid-bearing 

and feldspathoid-free alkalic rocks defined three somewhat overlapping 

fields 6n a Si versus Al plot. (Tholeiitic and calc-alkaline rocks can

not be distinguished by these parameters according to Le Bas (1962) , who 

followed up Kushiro's work and defined field boundaries for the three 

groups.) The Mackay clinopyroxenes lie unambiguously in the tholeiitic

calc-alkaline field of such a diagrwm (Figure 3.8), although it should 

be noted that clinopyroxenes from alkalic rocks of the Dunedin Volcano 

are distributed over all three fields of LeBas' diagram, thereby casting 

some doubt on the effectiveness of this approach (Price, 1973, Figure 

4.9). Basic to ultrabasic intrusions with tholeiitic to calc-alkaline 
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Figure 3.7 Al 2o3 contents of clinopyroxene. Mackay and Eglinton rocks 
are each arranged from top to bottom in order of increasing pyroxene 
iron content. Mackay Intrusives: Hollyford suite and correlative rocks 
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H; Mistake DioritP- M; Glade suite G; Gunn Dolerite D. Eglinton Volcanics: 
Plato terrane P; Largs terrane L. 
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affinity, by Le Bas and Kushiro's criterion, have higher maximum Al2o3 

contents in their clinopyroxene than the Mackay Intrusives e.g. 3.10 -

3.25% Al 2o3 in the following intrusions: Greenhills Bluff; Dun Mountain; 

Stillwater; Skaergaard and the Bushveld (Mossman, 1970, Figure 68). 

Because the Al2o3 content of the Mackay clinopyroxenes decreases with 

Fe enrichment (Figure 3.9A), it is probable that clinopyroxene Al2o3 

contents in the small percentage of rocks more mafic than those probed 

exceed the 2.6% maximum·recorded so far. 

The trend towards lower Al2o3 in clinopyroxene with fractionation 

in various tholeiitic and alkalic rocks has been demonstrated by Kushiro 

(1960) and the list of examples he cited can be extended to include the 

Dunedin Volcano (Price, 1973), Bushveld (Atkins, 1969), Little Belt 

Mountains (Witkind, 1969) as well as the Mackay Intrusives. Kushiro con-

sidered the molecular concentration of sio2 in the magma to be the main 

controlling factor in Al2o3 content. As fractionation proceeds, Sio2 

becomes increasingly concentrated in the magma and Si is able to occupy a 

greater percentage of the tetrahedral (z) sites increasingly excluding Al. 

Because most Al enters the tetrahedral sites (70%+ in all but one Mackay 

specimen, following Le Bas and using the formula: Al = 2 - Si; see Figure z 

3.8), as opposed to the octahedral (Y) sites, total Al in the pyroxene is 

largely determined by Al
2 

and therefore by the availability of sio2 • More 

recently than Kushiro's work, Campbell aad Borley (1974) showed that the 

Al2o 3 content of pyroxenes in the Jimberlana Intrusion closely corresponded 

with the expected changes in aSi0
2 

of the melt. Also explained by differ

ences in Sio2 concentration is the higher pyroxene Al2o 3 content in under-

saturated alkalic rocks than in saturated to oversaturated tholeiitic rocks. 

In Eglinton clinopyroxenes Al2o3 does not decrease with increasing 

Fe:Mg ratio (Figure 3.9B), on the contrary within individual rock specimens 

Al 2o 3 increased during crystallisation. In the group of analysed rocks as 

a whole, however, there is no clear trend in Al2o3 content with increasing 

Fe:Mg in clinopyroxenes with lOOFe/Fe+Mg >20. 
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Clinopyroxene Tio2 content ranges from 0.02- 0.73% in the Mackay 

Intrusives and from 0.09 - 1.18% in the Eglinton Volcanics. Ti varies 

sympathetically with Al in both series, the correlation being especially 

close in the Mackay clinopyroxenes (Figure 3.10). Thus Aland Ti decrease 

with fractionation in the intrusives and increase with Fe enrichment in 

individual Eglinton rocks. Whereas Tio2 in clinopyroxene increases within 

individual Eglinton rocks at roughly constant Ti:Al ratio, this ratio 

varies between different rock types being greatest in the most differenti-

ated rocks and vice versa (Figures 3.9 and 3.10). 

The apparent close dependence of Tio2 on Al2o3 content (Al2o3 

dependence on Tio2 is discounted by Kushiro, 1960) in the Mackay clino-

pyroxenes is difficult to.explain, particularly without knowing cr2o3 

and Fe2o3 values and thus being unable to calculate the structural 

formula (Hess, 1949). Positive correlation would occur if A1Total~'Alz3+ 

= 2 T~ 4+ ' . • ' ~.e. if Ti always entered the Y site in sufficient amount to 

balance all Al • However, charge compensation in all but one specimen is z 
3+ not even attained by Ti + Aly, so a further ion, Fe and/or Cr is also 

required in the~Y site. With three or four different ions in theY site 

balancing Al it is unlikely that the abundance of any one ion is con-. z 

trolled by the abundance of Al , and it may be that Ti in the clinopyz 

roxene is controlled by the concentration of Tio2 in the magma and not 

directly related to Al2o3 in the pyroxene. 

cr2o 3 content of Mackay clinopyroxenes is low, averaging 0.01% 

in clinopyroxene of two representative gabbronorites (35085 35086). 

Higher and more variable cr2o 3 levels occur in Eglinton clinopyroxenes, 

e.g. 0.15% in an andesite (35433) of the Largs terrane and 0.22% in an 

olivine-clinopyroxenite (35392) of the Plato terrane. The field descript-

ion Cr-diopside ankaramite was first applied by Landis and Waterhouse 

(1966} to ultramafic and highly mafic dikes with distinctive yellow to 

emerald green phenocrysts. Such phenocrysts {26648, 35397 - cores only) 
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have an average of 0.5% cr
2
o3 , which, while not especially high, is 

probably sufficient to justify retention of the term Cr-diopside ankara

mite. In the zoned phenocrysts of 35397 cr2o3 decreases with Fe enrich

ment from core to rim. 

Na2o comprises 0.17 - 0.60% of Mackay clinopyroxenes and averages 

0.39% which is similar to the average value of 0.35% derived by Le Bas 

(1962) for tholeiitic, calc-alkaline and high alumina basaltic clino

pyroxene. In the Eglinton clinopyroxenes Na2o ranges from 0.04 - 0.44% 

and averages 0.23%. The lowest value occurs in an albitised andesite or 

basalt (35373). As unalbitised rocks of similar composition have at 

least 0.25% Na2o in their clinopyroxene, then possibly some Na2o has 

been removed from the clinopyroxene of this rock during albitisation. 

MnO occurs in similar abundance to Na2o in the clinopyroxene of 

Mackay rocks, 0.25 - 0.54%, and Eglinton Volcanics, 0.03 - 0.38%. 

ORTHOPYROXENE 

Distribution of orthopyroxene is restricted to the Mackay Intrus

ives where it is widespread in the Hollyford suite, occurs sporadically 

in rocks of the Glade suite and rarely in the Mistake Diorite. Its 

presence has not been recorded from the Eglinton Volcanics by the author 

or earlier workers e.g. Grindley (1958), Carman (1968), Corner (1969), 

and no obvious pseudomorphs were noted. 

Orthopyroxene has been probed in 12 rocks of the Hollyford suite 

and one specimen of the Mistake Diorite. The specimens were selected to 

be as geographically and compositionally representative of the gabbroic 

rocks as possible. Orthopyroxene composition ranges from bronzite, En75 , 

to hypersthene, En57 (Figure 3.11). Casio3 does not exceed 3%. Zoning is 

uncommon although it does occur in a coarse grained gabbronorite (35086) 

where orthopyroxene grains are zoned from En69 in their cores to En61 •5 

at their rims. Narrow exsolution lamellae occur in most orthopyroxene 
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Figure 3.11 Compositions of coexisting pyroxenes from the Mackay 
Intrusives, Hollyford suite and correlative rocks : olivine-bearing 
~ 1 olivine-free 0 • Mistake Diorite e . The dashed lines are from 
Binns (1965) and show the trends of clinopyroxenes which crystallised 
with Ca-poor pyroxene in granulites and in slowly cooled igneous rocks. 
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grains although these are usually not abundant. Colourless to pale pink 

pleochroism is characteristic of orthopyroxene. 

Mg-Fe PARTITIONING BETWEEN COEXISTING PYROXENES 

In recent years much work has been carried out on elemental par-

titioning between various mineral phases. The two-pyroxene Mg-Fe (in 

this section Fe refers to Fe2+ unless otherwise stated) distribution co-

efficient has received particular attention because this system is 

simpler than most others, and because it may provide a method of distin-

guishing two-pyroxene-bearing igneous rocks from granulites where other 

means fail. The fresh gabbronorites in the Hollyford area seemed ideal 

rocks in which to test some of the recent hypotheses, as well as deter-

mining whether the distribution coefficients confirm field and petro-

graphic evidence of an igneous origin for the gabbronorites. Also, if the 

gabbroic rocks of this suite are part of a single body, the distribution 

of olivine-bearing rocks appears to indicate a decrease in basicity north-

westwards and pyroxene compositions might help to verify or disprove 

this possibility. 

Theoretical Background 

Ramberg and DeVore (1951) published the equation for the distri-

bution of components between two coexisting minerals. This is applied to 
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the Mg-Fe distribution in coexisting pyroxenes as follows: in the exchange 

reaction expressed as Mgopx + Fecpx Feopx + Mgcpx' the distribution 

coefficient 

[ 
(1 - xcpx> I xcpxl 

Mg Mg 

multiplied by a factor relating to the activity coefficients for the Mg 

and Fe members of the two solid solutions. X~~x == · Mg/ (Mg + Fe) in ortho

pyroxene. Under ideal mixing the activity coefficients are equal to one 

and XMg of the two phases produce smooth hyperbolic curves when plotted 

graphically against each other. The distribution coefficient can be 



d . opx-cpx expresse more s~ply as ~ 
Mg-Fe 

= atomic%(~;)opx x 
Fe 

(Mg)cpx. 

Some authors use the inverted but otherwise equivalent formula 
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~opx-cpx = 

Fe-Mg 
(~)Qpx which gives values reciprocally related 

opx-cpx to those derived from KD • In this discussion all references to 
Mg-Fe 

distribution coefficients imply ~opx-cpx 
Mg-Fe 

and are abbreviated to ~. 

The first thermodynamic analysis of compositional data for co-

existing pyroxenes was presented by Mueller (1960, 1961). Mueller, Kretz 

/ 
(1961) and Bartholome (1961, 1962) suggested that the average ~ for 

metamorphic rocks was 0.54- 0.56, for igneous rocks 0.71- 0.73 and for 

olivine nodules 0.83. Assuming ideal mixtures, Kretz concluded that the 

only controls of~ possible on theoretical grounds were temperature, 

pressure and solid solution constituents other than Mg and Fe. He evalu-

ated the effects of pressure and other constituents such as Cr, v, and 

Mn, and found them to be too small to account for the observed differ-

ences between the pyroxene KD values of igneous and metamorphic rocks; 

he concluded that KD was principally temperature dependent. Kretz (1963) 

computed ~ values for 64 coexisting pyroxene combinations from a variety 

of rocks and demonstrated that for high grade metamorphic rocks, 

~ = 0.51 - 0.65 and for rocks of known igneous origin, KD = 0.65 - 0.86. 

Moreover, when plotted on a distribution diagram, the data produced 

curves of the type expected from ideal mixtures. 

Naldrett and Kullerud (1967) determined ~ values for pyroxenes 

in the Sudbury Nickel Irruptive. These ranged from 0.67 to 1.00 and 

systematically decreased (from 1.00) with increase in the pyroxene Fe:Mg 

ratio. They attributed this trend to (the experimentally predicted) 

decreasing temperature of crystallisation. The calculated effect of 

pressure on ~ was too low to cause the differences, and, with the ex

ception of Binns (1962) , all other workers to that time had indicated 



that pyroxene solid solutions behave as if they are ideal mixtures with 

KD independent of composition. The effect of pressure on KD was indicated 

by Atkins (1969) who calculated that the Bushveld pyroxenes would have 

had to have crystallised 20 km deeper than the Skaergaard pyroxenes to 

produce the differences in KD values (0.67 and 0.73} at the same crystal

lisation temperature. 

Pyroxenes contain two energetically non-equivalent sites 

(Morimoto et al., 1960}, designated M1 and M2 , and it has been shown by 

several authors that non-ideal behaviour of a solid solution may be due 
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to intracrystalline ordering (Banno and Matsui, 1966; Saxena and Ghose, 

1971 and others). Ideal mixing on individual lattice sites is generally 

equivalent to non-ideal mixing in the crystal as a whole (Ray and Sen, 

1970}. At least two workers have appealed to non-ideal mixing to explain 

variations in KD values at apparently constant temperature in Australian 

granulites. _Binns (1962), working on granulites in the Broken Hill 

district, found that KD increased with metamorphic grade but also increased 

with increasing Fe:Mg ratio within each of the three grades. This con

clusion is based on a total of only seven analyses, however Davidson 

(1968} also found that KD increased with increase in the pyroxene Fe:Mg 

ratio in supposedly isothermal basic granulites in the Quairading district, 

Western Australia. In these rocks KD remains constant around 0.53 for 

orthopyroxene with Fe/Fe+Mg up to 0.4; with Fe/Fe+Mg between 0.4 and 

0.62, I~ increases linearly to 0.59. Davidson explains this in terms of 

non-ideal mixing. He calculated that the preference shown by Fe for the 

three sites in the two pyroxenes '\'las: N2opx >> M1cpx > M1opx. In low-iron 

pyroxenes the Fe is concentrated in the M2opx site. With increasing Fe 

content Fe begins entering M1 sites and with further increase becomes 

relatively more concentrated in M1cpx than M1opx thus raising KD· The 

effect of increasing Ca (which favours the larger M2 sites ahead of E'e 



and Mg) in orthopyroxene and/or decreasing it in clinopyroxene is to 

accentuate this trend. 
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Binns (1965) noted that in rocks with coexisting pyroxenes, igneous 

clinopyroxenes have lower Ca contents than metamorphic clinopyroxenes 

which reflects the narrowing of the miscibility gap between the two phases 

at higher temperatures. Bartholom~ (1962) had also made the empirical 

observation that in two-pyroxene rocks, the mole fraction of Ca with 

respect to Fe and Hg in metamorphic clinopyroxene was generally > 0. 45 and 

<0.45 in igneous rocks. Ray and Sen (1970) showed that I<n values for 

basic granulites from Madras formed two clusters around 0.55 and 0.60 

~espectively which supposedly resulted from different clinopyroxene Ca 

contents. Although the division into two groupings is questionable, the 

rocks with lower ~ values do have the more Ca-rich clinopyroxenes. How

ever, Ray and Sen cannot validly claim a causal relationship between Ca 

content and ~ unless temperature can be shown to have been constant and 

they make no mention of this. They also demonstrate that Binns' (1962} 

results show an inverse relationship between ~ and the clinopyroxene Ca 

content. In this case, where three metamorphic grades are involved, ~ 

values and the calcium contents are clearly related as nmch to temperature 

as to each other. 

To summarise, K
0 

seems to vary in several ways. At constant whole 

rock composition, orthopyroxene becomes more soluble in clinopyroxene 

with increasing temperature, Fe increases relative to Mg and Ca in the 

clinopyroxene which raises K0 • It is not clear whether the solu-

bility of Ca increases in the relatively Mg-rich orthopyroxenes with 

increasing temperature as it does in the more Fe-rich orthopyroxenes. At 

constant. temperature, with increase of the Fe:Mg ratio beyond a critical 

value, Fe increases in the M1cpx sites relative to Mg and Ca which again 

raises ~ (Davidson, 1968} • A third type of variation is demonstrated by 

Maxey and Vogel (1974} who calculated ~ values for 22 New Jersey 



Highlandsamphibolites. ~decreases with increasing pyroxene Fe:Mg ratio, 

apparently at constant temperature, furthermore, ·~he pyroxene and whole 

rock Fe:Mg ratios vary sympathetically. This trend seems to be character-

istic of relatively Mg-rich pyroxenes and may be reversed at higher 

Fe:Mg ratios, as in the Minnesota granulites (see Maxey and Vogel, 1974, 

Figure 5) conforming to Davidson's trend. As yet no reasons have been 

proposed to explain this apparent dependence of ~ on bulk rock composit-

ion and it has not so far been described from igneous rocks. 

Discussion of Results 

Coexisting pyroxenes in ten rocks from the Hollyford suite, one 
specimen from correlative rocks of the Hollyford suite in Waterfall Creek 
(35185) and one specimen of the Mistake Diorite (35069) were analysed 
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by electron microprobe. Several grains of each phase were analysed and ~ 
values derived from the average compositions of all analyses, apart from 
specimen 35089 where non-representative analyses of a clinopyroxene 
phenocryst and enclosed orthopyroxene grain are excluded from the averages. 

Exsolution lamellae occur to some extent in most pyroxene grains, 
more particularly clinopyroxene, but the grains selected for analysis were 
those in which exsolution is apparently absent or at a minimum. Each 
analysis is based on four or five 10 second counts on a restricted area of 
the grain. In general the pyroxenes are homogeneous at thin section scale 
and zoning is not well developed. These factors plus the regular distri
bution of Fe,Mg and Al between the two phases are taken as evidence that 
equilibrium was attained. In contrast, clinopyroxene exsolution and ortho
pyroxene zoning are prominent in 35086 and no KD value has been determined 
for this rock. ~he effect of using total iron as FeO on KD is considered 
to be negligible and results derived this way are now common in the litera
ture. 

Mg-Fe distribution coefficients and average pyroxene compositions 

are presented in Table 3.1. Three of the specimens contain olivine (35088 

35126 35185) and these rocks have~ values of 0.734 to 0.823 which places 

them in Kretz' (1963) igneous group. The rocks in which olivine is absent 

fall in the metamorphic group with ~ values of 0.556 to 0.650. Figure 

3,11 is the pyroxene quadrilateral with the trends of igneous and granu-

lite clinopyroxenes which coexist with a Ca-poor pyroxene (Binns, 1965). 

With the exception of two olivine-bearing rocks, clinopyroxenes from the 

Hollyford suite plot close to the granulite line. Bhattacharyya (1971} 

concluded that metamorphic and igneous orthopyroxenes could be distin-

guished on a plot of MgO + FeO + Fe2o3 against Al2o3 • The Hollyford ortho-
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pyroxenes plot in the metamorphic field in such a diagram (Figure 3.12). 

These results seem to suggest that the olivine-free, two-pyroxene rocks 

are granulites rather than gabbronorites. 
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Despite these suggestions of possible metamorphic origin for the 

Hollyford basic rocks, it is concluded that these rocks are most probably 

igneous rather than metamorphic for the following reasons: they lack 

foliation or any kind of obvious metamorphic fabric; three rocks have 

"igneous" ~ values and several others are close to the empirical 

_igneous - metamorphic boundary of 0.65; a two-pyroxene rock from the 

Mistake Diorite, clearly an igneous body as evidenced by its hypidiomorphic 

-granular texture, local intrusive contacts and general lack of evidence 

to the contrary, is also assigned a high-grade metamorphic origin by the 

three criteria above. 

One of the reasons why the ~ values for some of the Hollyford 

pyroxenes are lower than expected may be due to the analytical method 

employed. Pyroxene analyses from which Kretz (1963) calculated KD were wet 

chemical analyses of mineral separates. Mineral separates are. generally 

not pure and as mutual contamination of an orthopyroxene and clinopyroxene 

separate is increased towards 100%, KD approaches unity. Thus KD values 

derived from wet chemical analyses will always tend to be slightly higher 

than those derived from microprobe analyses of the same pyroxenes. 

Similarly, any exsolution lamellae present in either pyroxene phase of 

the Hollyford rocks were not included in the analysis whereas they would 

be likely to be included with the host phase in a mineral separate. Again, 

the effect is to lower ~ for probed pyroxene§ relative to pyroxenes 

analysed wet chemically. On Binns' diagram (Figure 3.11) the effect of 

increasing the purity of analysed pha.ses and not analysing exsolution 

lamellae is to shift the data points in the direction from the igneous 

to the metamorphic trends. 
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It seems likely then that ~ values for Hollyford pyroxenes may be 

slightly low due to minor unanalysed exsolution lamellae, and that Kretz' 

(1963) igneous - metamorphic division at ~ = 0.65 could be slightly 

high because of mutual contamination in the older analyses of mineral 

separates. As might be expected, the igneous and metamorphic fields are 

expanded and increasingly overlap as further analyses are published. For 

example, ~ for Minnesota granulites (Himmelberg and Phinney, 1967) 

ranges from 0.40- 0.61 with two other values of 0.71 ru1d 0.83; for New 

Jersey Highlands amphibolites (Maxey and Vogel, 1974) the range is 

0.53 - 0. 71. Thus apart from being slightly low, the Hollyford results may 

also represent the further enlargement of the range of igneous ~values. 

Bhattacharyya's (1971) method of distinguishing metamorphic and 

igneous orthopyroxenesis not to be taken seriously. Wt% (FeO + Fe2o3 + MgO) 

is almost directly proportional to the Fe:Mg ratio. Therefore a sinti.lar 

distribution to Bhattacharyya's would result from plotting weight %Fe or 

atomic %Fe against Al2o
3

• This implies that Fe-rich orthopyroxenes are 

metamorphic and Mg-rich orthopyroxenes are igneous which is not necessarily 

true. No exceptions are shown in his diagram but analyses from two recent 

papers (Hermes, 1970; Maxey and Vogel, 1974) are plotted in Figure 3.12 

and 17 of the 40 analyses fall in the wrong fields. 

When ~ values of Hollyford pyroxenes are plotted against ortho

pyroxene Fe content (Figure 3.13), and orthopyroxene Fe content is plotted 

against distance from the eastern margin of the Hollyford suite (Figure 

3.14), two general trends emerge:~ decreases with increasing pyroxene 

Fe:Mg ratio and the Fe:Mg ratio increases from east to west in the section 

between Falls Creek and Monkey Creek (specimen locations are shown in 

Figure 1.4). These results suggest that the Hollyford suite is a differ

entiated basic intrusion in which crystallisation and iron enrichment 

occurred progressively from east to west. The concentration of olivine

bearing rocks in the eastern part of the suite (Figure 1.4) is in accord 
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with this theory as is the general westward t~end of decreasing basicity 

in similar rocks immediately north of this area (Blattner, 1972). 
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The partitioning of Tio
2

, Al2o3 and MnO between coexisting 

pyroxenes (Figure 3.15) follows the pattern recognised by previous 

workers e.g. Carstens (1958), Atkins (1969}. Orthopyroxene has higher MnO 

and lower Tio2 and Al2o
3 

than coexisting clinopyroxene. Sympathetic vari

ation between the two phases is best reflected by Al2o3 • 

OLIVINE 

Olivine is a widespread essential mineral in the eastern part of 

the Hollyford suite and in correlative rocks of the Hollyford suite 

farther south. It occurs rarely in the Glade suite but is unknown in 

other Mackay Intrusives. Modal percentages range from trace amounts to 

>90%, although dunites are very rare. In a majority of rocks olivine is 

fresh or only slightly altered to serpentine or talc. All degrees of 

alteration 1ncluding complete serpentinisation are known, however, and 

magnetite-filled cracks are ubiquitous. 

Olivine, extensively serpentinised, is found in only one rock 

from the Eglinton Volcanics, a clinopyroxenite (35392} from the Wesney -

Kiosk Creek area. Carman (1968, p. 99} reported common olivine pseudomorphs 

in the Eglinton Volcanics from north of the field area however. 

In four representative rocks of the Hollyford suite the overall 

range in olivine composition is Fo70_77 (Figure 3.16}, i.e. chrysolite. 

Compositional zoning is absent. Simkin and Smith (1970} showed that the 

Ca content (i.e. wt% Ca) of plutonic olivine is usually <0.10% whereas 

olivine from extrusive and hypabyssal rocks has at least 0.10% Ca. 

Mackay olivine plots in the plutonic field as would be expected (Figure 

3.16}. For three of the probed specimens which contain both olivine and 

orthopyroxene the values of fayalite %/orthoferrosilite % are : 1.00 

(35088); 1.16 (35126} and 0.96 (35185}. These are similar to the ratios 
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obtained by O'Hara (1963) from large layered intrusions and are taken by him 

to indicate the attainment of equilibrium during relatively slow cooling. 

AMPHIBOLES 

The amphibole group is a complex one owing to the large number of 

ionic substitutions possible in the four cation sites. All analyses herein 

are calculated on the basis of 23 oxygens and the general formula is 

expressed: 
2+ 

AO-l x2Y5z8o22 (0H) 2 where A= Na, K, Ca; X= Ca, Na, K, Mg, Fe ; 

2+ 3+ 
Y = Mg, Fe , Fe , Al, Mn, Ti, Cr; Z = Si, Al. 

It should be noted that the calculation of all iron as FeO in micro-

probe analyses leads to slightly high values for Si and consequently too 

low Alz. All but four of the analyses herein (Appendix A) are of so called 

calcic amphiboles (calcium amphiboles or hornblendes sensu lato of Deer et 

al., 1970) defined as having Ca + Na + K ~1.0 and Nax <0.67 (Leake, 1972). 

The remaining analyses are of cummingtonite which is a member of the Fe-Mg-

Mn amphibole group in which Ca + Na + K < 1. 0. Leake's (1972) classificat-

ion and nomenclature are used throughout; his calcic amphibole classificat-

ion is reproduced in Figure 3.17. 

A. Amphiboles of the Mackay Intrusives 

With the exception of cummingtonite, the wide range of variously 

coloured amphiboles in the Mackay Intrusives belong to the calcic amphibole 

or hornblende group. Hornblende is the main or sole mafic phase in rocks of 

dioritic composition but is subordinate to biotite in granitoid rocks and 

to pyroxene or olivine in gabbroic rocks. Composition in terms of Al and z 

(Na + K)A varies continuously from near end-member actinolite to the par-

gasitic field (Figure 3.18). Hmvever, nohvithstanding this range of 

compositions and varied genesis, the group as a whole has certain unifying 

features. Ca ranges from 1.67 to 2.00 atoms/formula unit in all but two 

analyses and Na + K does not exceed 1.00, thus there is no trend towards 

the alkali amphibole group. Tschermakitic species are 
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also absent; whereas Al up to approximately 0.75 is largely balanced by z 

trivalent substitution in theY site, Alz above 0.75 is balanced to a 

greater extent by the entry of alkalis into the vacant A site than by 

continued Al entry into Y (Figure 3.18). 

Three hornblende s~~groups can be distinguished in this actinolite -

pargasite series. Actinolites and actinolitic hornblende of very pale 

green to bluish green colour and low alkali and Ti02 content comprise the 

first group. They are generally of secondary origin. Although Mg exceeds 

Fe in all but one member of the group (35331; Table A.3: SB), the Mg-rich 

members, tremolite and tremolitic hornblende, have not been recorded. 

The second and largest group, hornblende sensu stricto, lies in the 

middle of the series. All members of the group have Mg >Fe and are thus 

magnesio-hornblendes (the full description will be used to avoid confusion 

with hornblende sensu lato) . Magnesia-hornblende is the most common 

magmatic amphibole in most Mackay rocks. Medium greens and greenish brown 

colours predominate. 

The third group is comprised of (ferroan) pargasitic hornblende 

and ferroan pargasite; pargasite and ferro-pargasite, the Mg and Fe-rich 

members have not been recorded. Two varieties occur: brown hornblendes 

which are characteristic of the olivine-bearing rocks and are transitional 

through greenish brown pargasitic hornblende to green magnesia-hornblende, 

and secondly, those with various shades of blue in their pleochroic 

schemes occurring mainly in dioritic to granitoid rocks. A similar amphi-

bole colour trend was related to decreasing metamorphic grade in amphi-

bolites of uniform composition, in the Adirondack Mountains by Engel, 

Engel and Hayens (1964). 

Blue - Green Calcic Amphiboles 

Blue pleochroic tints in the 't vibration direction are common to 

hornblendes of different compositions and different host rocks. No grains 

were observed with blue tints in all vibration directions, o<. and J3 
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generally being some shade of green. A second factor common to the blue -

green hornblendes is their tendency to occur as rims or irregular outer 

zones of grains. From petrographic work and probe analyses of blue -

green hornblendes and associated green to brownish green grain cores, two 

quite distinct blue - green types emerge. Pargasitic hornblendes with ~ 

relatively deep blue are characteristic of some granitoid to dioritic 

rocks, e.g. those from the Nurse suite in the head of Hut Creek. Parga-

sitic hornblende is abundant in these rocks (35231 is an exception) both 

as entire grains and as broad rims on magnesia-hornblende cores. The 

second type consists of light blue magnesia-hornblende occurring as rims 

to pargasitic hornblende, or associated with actinolite. 

Changes in concentrations of various elements between cores and 

rims are indicated in Figure 3.19. Blue - green pargasitic hornblende rims 

have greater Al, Alz,Na + K, Fe/Fe + Mg and much lower Ti than their 

respective cores, whereas the lighter blue - green magnesia-hornblende 

rims have, with respect to their cores, similar Al, Fe/Fe + Mg, slightly 

reduced Alz' Na + K, and sharply reduced Tio2 • Clearly these two com-
. 

positional trends arise from different causes. The light blue rims prob-

ably owe their origin to the alteration of originally homogeneous grains 

as evidenced by the constant Fe/Fe + Mg ratio from core to rim. The deep 

blue rims however are more likely to be a primary feature resulting from 

magmatic differentiation, in particular because of the high Fe:Mg ratio 

in the rims relative to the cores. 

Titanium content is greatly reduced in the blue - green rims, 

relative to the brown - green cores, in both situations and it is con-

sidered that the lack of Tio2 is mainly responsible for the development 

of blue hues. Conversely, high Tio2 tends to produce brown colours as 

noted by other authors, e.g. Raase (1974). Given low Tio2 , the intensity 

of blue to green pleochroism appears to increase with increasing Al and 

alkali content, from colourless actinolite (and cummingtonite) to strongly 
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coloured pargasites. Clearly this trend will be modified by other factors 

3+ 
however, especially Fe and Fe:Mg. Tio2 plays a similar dominant role in 

determining biotite colour in the red - brown to green range. 

Coexisting Phases 

The composition of hornblende in fresh gabbroic rocks of the Holly-

ford suite varies systematically with iron enrichment in coexisting 

pyroxenes (Figure 3.20). The Fe:Mg ratio varies sympathetically with that 

of orthopyroxene, although to a lesser extent. Al and Na + K decrease 

with iron enrichment, Ti increases and then declines. The same trend but 

with steeper slopes would be obtained by plotting these elements against 

100 Fe/Fe + Mg of coexisting clinopyroxene. A colour change from brown to 

green accompanies the change from pargasite to magnesia-hornblende which 

occurs with iron enrichment. Similar trends in Al and Na + K contents 

(e.g. Cooper and Lovering, 1970) and in colour (Raase, 1974; Engel et al., 

1964) are observed with decreasing temperature in metamorphic terranes. 

The distribution ratio for Mn between hornblende and biotite 

(~ = Mn in hornblende/Mn in biotite) has been calculated for several 
Mn 

rocks in which these phases are comparatively homogeneous (Table 3.2). 

KD ranges from 1.5 - 2.2. 

Table 3.2 MnO in Coexisting Hornblende and Biotite from Mackay Rocks. 

:=>pecimen Rock type Biotite Hornblende ~ 
wt% MnO wt% MnO Mn 

35085 gabbronorite 0.14 0.28 2.0 

35089 gabbronorite 0.08 0.19 2.2 

35231 quartz-b. diorite 0.22 0.39 1.8 

35214 monzodiorite 0.35 0.54 1.5 

35049 granodiorite 0.21 0.36 1.7 

35104 granodiorite 0.25 0.45 1.8 
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Figure 3.20 Composition of coexisting hornblende and ortho
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Greenland et al. (1968) found that ~ for plutonic hornblende -
Mn 

biotite pairs lies between 1.0 and 2.2 and they consider these values to 

represent equilibrium distributions, quite likely attained by sub-solidus 

exchange of Mn during slow cooling. 

Cummingtonite 

Cummingtonite has been identified petrographically in the gabbroic 

rocks and its presence confirmed in two specimens (35086 35094) by probe 

analysis. It generally occurs as an alteration product of orthopyroxene • 

. Compositional relations between cummingtonite and calcic amphiboles were 

examined in a coarse grained altered gabbro of the Hollyford suite 

(35094). The rock is comprised of 40% amphibole, 30% calcic plagioclase, 

plus biotite and Mg-Fe chlorite. Most of the amphibole consists of 

fibrous masses of colourless to pale blue - green magnesia-hornblende, 

actinolite and cummingtonite. Brownish green ferroan pargasite is probably 

of magmatic origin. Analysed grains include (Figure 3.21): coarse grained 

comparatively homogeneous ferroan pargasite (analyses lA - 4A) with one 

grain having a light blue- green magnesia-hornblende rim (4B); a large 

area of colourless cummingtonite (SA, £B) interstitial to the pargasite; 

a discrete cluster of fibrous amphibole which passes from colourless 

cummingtonite (6) in the centre, through faintly coloured actinolite (7), 

to light blue - green magnesia-hornblende (8, 9) at the margins. This 

cluster is perhaps pseudomorphous after orthopyroxene rimmed by cline-

pyroxene or hornblende. 

A transition in amphibole composition from cummingtonite through 

to pargasite occurs in this rock, apart from a break between actinolite 

and magnesie.-hornblende which may be due to lack of data rather than a 

miscibility gap. The assemblage, with the exception of ferroan pargasite, 

is considered to result from the reaction of plagioclase + pyroxenes + 

introduced water and has clearly not achieved equilibrium. 
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Figure 3.21 Composition of calcic amphiboles and cummingtonite in 
an altered gabbro (35094) of the Hollyford suite. Numbers refer to 
analyses in Table A.6. 

161 



B. Amphiboles of the Eglinton Volcanics 

Only calcic amphiboles have been recognised in the Eglinton Vol-

canics. Magmatic hornblende, which is less common than actinolite, is 

generally brown to brownish green in colour. Many hornblende grains have 

actinolitic fringes and others have almost certainly been entirely 

replaced by actinolite. Composition of the brownish green hornblende in 

a Cr-diopside ankaramite (26648) is a ferroan pargasite (Figure 3.18) 

and pale blue - green ferro-hornblende is recorded from an andesitic 

dike (35347). All other analysed amphiboles are actinolite or actinolitic 

hornblende, resulting from either the direct replacement of clinopyroxene 

or primary hornblende, or by reaction of other secondary minerals. Meta-

morphic hornblende sensu stricto (i.e. Alz >1.0) is unknown. 

With only limited data and variable bulk rock composition, 

generalisations concerning variation in amphibole composition with meta-

morphic grad~ are rather tentative. Analytical data, supported by petro-

graphic observations, suggests that actinolite is characteristic of 

metamorphic zone I (prehnite - pumpellyite - actinolite - epidote) and 

that actinolitic hornblende is characteristic of zone III (biotite -

actinolite- epidote), representing an increase in Al , Ti, Na, K and z 

decrease in Si and Ca with metamorphic grade (Table 3.3). Actinolitic 

hornblende in zone I (35393) conforms to this trend in its Ca and Na 

contents but not in Al • A similar compositional trend occurs in Haast z 

River greenschist amphiboles (Cooper and Lovering, 1970). 
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Table 3.3. Composition of Amphiboles in the Eglinton Volcanics. 
Actinoli tic Hornblende has Si < 7. 5, Actinolite Si > 7. 5 
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Specimen No. of Meta. Si Al 'I'i Ca Na K lOOFe 
Analyses Zone Fe+Mg 

35476 2 III 7.36 0.75 0.068 1. 78 0.14 0.02 35 

35433 3 III 7.40 0.67 0.041 1.84 0.16 0.04 39 

35393 4 I 7.41 0.85 0.040 1.90 0.09 0.02 31 

35393 1 I 7.53 0.68 0.053 1.95 0.09 0.02 34 

35347 1 I 7.78 0.44 0.004 1.96 0.08 0.01 45 

35397 2 I 7.86 0.30 0.003 1.98 0.05 0.00 24 

26648 2 II 7.89 0.13 0.004 2.00 0.02 0.01 19 

26648 1 II 7.79 0.33 0.004 1.94 0.08 0.02 32 

Specimen 26648 is an ultramafic Cr-diopside ankaramite in which amphibole 
composition is probably controlled more by whole rock composition (5. 8% 
Al2o3) than by metamorphic grade. 

BIOTITE 

Primary biotite is almost ubiquitous in the Mackay Intrusives. It 

increases in abundance with increasing host rock silica content, occurring 

as trace amounts in the olivine-bearing rocks and as the main mafic 

mineral in the granitoid rocks. Fine grained authigenic biotite occurs in 

Eglinton rocks of the northwestern Largs terrane but magmatic biotite is 

virtually absent in the Eglinton Volcanics. The main alteration products 

of this mineral are chlorite, sphene and rutile (?). Prehnite lenses 

(Plate l.lB), epidote and apatite are commonly found in biotite grains 

and less commonly, lenses of pumpellyite and albite (Plate l.lA, D) and 

0 

fringes of muscovite. Acicular inclusions arranged at 60 to each other 

and visible in the basal sections of many biotite grains (Plate l.lC) 

especially in the Mistake Diorite, are thought to be rutile, released 

during the earliest stage of chloritisation. Rutile has been observed in 

the cleavage traces of some biotite in a Norwegian granite (Kayode, 1974, 

p. 274). 

Biotite analyses tabulated in Appendix A are from Mackay rocks, 

apart from two analyses of metamorphic biotite in an andesite of the Largs 
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terrane (35403). The range of composition in terms of Fe:Mg ratio and 

Al content is fairly limited for all but four analyses which lie well 

apart from the others (Figure 3.22). Of these four exceptions the relatively 

Al-poor phlogopite probably owes its composition to its occurrence as a 

narrow fringe round a magnetite-ilmenite grain. Biotite with unusually 

high alumina and iron contents is a distinctly reddish brown variety 

associated with almandine garnet in gneissic mylonite (35000) from the 

Eglinton Fault zone. 

Although biotite colour is rather variable, there is a systematic 

change with whole rock composition from bright, slightly reddish browns in 

the gabbroic rocks, through duller shades of brown, to yellowish and green-

ish bro~~ in the granitoid rocks. Green biotite is characteristic of the 

Hut suite leuco-granites in Falls Creek. Iron is responsible for green 

colours in biotite while Tio2 produces browns and reds, according to Hall 

(1941), although the effect of Tio2 can be masked by relatively high MgO. 

Hayama (1959) however considered that the colour depends primarily on 

. +2 +3 +2 +3 
T102 and Fe :Fe . The effect of Fe :Fe cannot be evaluated but the 

+2 +3 (Fe + Fe ) :Mg ratios and Tio2 contents alone may well explain the 

colours observed in Mackay biotites. Bright brown biotites of the gabbroic 

rocks have relatively high Tio2 (Figure 3.23). In the granitoid and 

dioritic rocks, lower Tio2 and relatively high Fe:Mg are responsible for 

the dull brown and greenish brown colours, while green biotite in the 

leuco-granites is probably very high in Fe and lmv in Ti02 from consider-

ation of whole rock composition. The trend towards lov1er Tio2 in biotite 

from gabbroic to granitoid rocks reflects decreasing whole rock Tio2 

with fractionation (Figure 4.2). 

MAGNETITE - ILMENITE 

These oxide minerals, especially magnetite, occur in most litho-

logies from throughout the field area. In the Mackay Intrusives, magnetite 

and ilmenite are generally unaltered although narrow fringes of sphene 
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round some grains may signify the loss of minor Tio2 • Most grains are 

anhedral and few exceed 1 mm in size. The highest modal percentage noted 

is 6.6% in a gabbronorite or metabasalt (35119; Plate 1.6F). The two 

phases are subequal in abundance in the gabbroic rocks but ilmenite 

decreases (relative to magnetite) with fractionation as whole rock Tio2 

diminishes and sphene and biotite increase. Combined abundance of magnet

ite plus ilmenite is lowest in the granitoid and olivine-bearing rocks 

although modal percentages in the latter would be increased by the in

clusion of magnetite exsolved from olivine. 

Magnetite and ilmenite occur as discrete grains, as composite 

grains comprised of subequal homogeneous portions of each phase with 

planar contacts, and as exsolution lamellae and blebs of one phase in the 

other in all proportions. It is assumed that the second type of occur

rence, as well as the third, formed by exsolution from originally homo

~eneous single-phase grains. Evidence for this includes the planar internal 

contacts between magnetite and ilmenite in otherwise anhedral grains, and· 

the gradation in the degree of mixing in composite grains from those com

prised of discrete portions of each phase to those which are intimately 

mixed. Further evidence is provided by analyses of magnetite and ilmenite 

in 35119. MnO and MgO are much more evenly distributed between discrete 

grains of each phase in this rock than between the two phases in compo

site grains where more extreme fractionation has presumably been able to 

take place at sub-solidus temperatures. 

Microprobe analyses of magnetite and ilmenite are tabulated in 

Appendix A. Relative proportions of end-members in the system Fe0-Fe2o3-

Tio2 have not been calculated as this cannot be done with any certainty 

from microprobe data. In the Mackay rocks Tio2 content of magnetite is 

generally low, indicating that magmatic separation and subsolidus exsol

ution of magnetite and ilmenite are well advanced (Table 3.4). Comparison 

of the Tio2 content of Mackay magnetites with published analyses of 



Table 3.4 Minor Elements in Magnetite and Ilmenite from Various Mackay Rocks. 
• 

Specimen Lithology Occurrence* Tio2 Al2o 3 MnO 

Mag. Mag. I1men. Mag. Ilmen. 

35119 gabbronorite c 1.85 2.30 0.16 0.06 1.10 

35119 " D 13.00 1.90 0.07 0.43 0.55 

35089 " c 0.59 0.41 - o.o 1.20 

35133 " c 0.18 0.31 0.04 0.01 1.10 

35085 " c 1.08 0.46 0.03 o.o 0.66 

35143 " c 0.20 0.25 0.05 0.02 1.20 

35147 " c 1.00 0.32 0.03 o.o 0.66 

35086 " c 0.62 0.37 0.06 0.04 1.60 

35104 granodiorite c 0.03 0.10 0.06 0.0 7.40 

35104 " D 0.0 0.10 o.o 
35214 monzodiorite D 0.07 0.03 0.07 

35231 qtz.-b. diorite D 0.0 0.15 o.o 

* C and D refer to composite and discrete grains of the two phases respectively. 
No ilmenite was observed in 35214. 
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mineral separates e.g. Buddington et al. (1955) is not possible if the 

separates contain exsolved ilmenite. This raises a problem, viz. the 

definition of titaniferous magnetite. If magnetite with ilmenite lamellae 

and blebs is regarded as titaniferous magnetite as Buddington et al. 

(1955) and Buddington (1964) appeared to do, then its analysis is liable 

to significant error. During crushing and separating, large exsolved 

blebs of ilmenite, common in the Mackay rocks for instance, will be re-

moved with discrete grains of ilmenite thus reducing the Tio2 content 

of the magnetite separate. Similarly, microprobe analysis also involves 

"sampling problems" in that the analysed areas of partially exsolved 

grains can be non-representative of the whole grain. I prefer to restrict 

the term titaniferous magnetite to those Tio2-rich grains (say >10% 

Ti02) in which the Tio2 is dispersed homogeneously through the crystal 

structure and does not occur as lamellae of ilmenite, or possibly ulvo-

spinel. As such, titaniferous magnetite is rare in the Mackay Intrusives. 

Homogeneous magnetite with an average of 13% Tio2 occurring in a gabbro-

norite or metabasalt (35119) is the only example known. It is interesting 

that other grains in the same rock are almost completely exsolved. 

Average Al2o 3 , MnO and MgO contents of Mackay magnetite and ilmenite 

are tabulated below (Table 3.4). Concentrations of these oxides are 

generally low, the main exception being 7.4% MnO in the ilmenite of a 

granodiorite (35104) which may be related to the very low ilmenite : mag~ 

netite ratio in this rock. Al203 is concentrated in magnetite, MnO in 

ilmenite and MgO is fairly evenly partitioned. Narrow lamellae with 

composition close to end-member hercynite (Fe+
2

Al2o4) occur rarely in the 

magnetite of an olivine gabbronorite (35185) and sparse grains of green 

+2 pleonaste ({MgFe ) Al2o 4) are known in some olivine-bearing rocks. 

Magnetite-ilmenite in the Eglinton Volcanics, an essential com-

ponent of some keratophyric rocks, is commonly altered to leucoxene-

sphene, hematite and chlorite. In many unaltered grains exsolution of the 



two phases has occurred, although less completely and on a much finer 

scale than in the plutonic rocks and thereby reflecting the faster cool

ing rate. 

SPHENE (TITANITE) 
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Sphene is a widespread accessory mineral in the Eglinton Volcanics 

and granitoid Mackay rocks. Magmatic sphene is absent in the gabbroic 

rocks and becomes increasingly abundant in the dioritic and granitoid 

rocks although abundance drops in the leuco-granites. Snetsinger (1967) 

suggested that at high temperatures Ca goes into plagioclase not sphene, 

thus Ti forms ilmenite. At lower temperatures with less calcic plagio

clase, more Ca goes into sphene and Ti forms sphene rather than ilmenite. 

The situation is again reversed in low-Ca magmas where little sphene can 

form and Ti goes into ilmenite. Increase in sphene with differentiation 

is documented modally for the Mistake Diorite (Table 1.2). Sphene of 

anhedral habit and grainsize < 1 mm iS prevalent 1 althOUgh euhedral 

rhombs up to 1.5 mm (Plate 1.2A) are characteristic of some rocks near 

the margins of the Mistake Diorite and the eastern margin of the Hut 

suite where it is in transitional contact with the Mistake Diorite. The 

highest modal abundance recorded is in one of these specimens (2.1% in 

35299). Sphene commonly occurs as narrow fringes to opaque grains in the 

Mackay Intrusives. It is not clear whether this is magmatic in origin 

or an alteration product of ilmenite plus plagioclase. Fine grained 

secondary sphene is usually abundant in chloritised biotite. 

Much or all of the fine grained sphene in the Eglinton rocks is 

of secondary origin resulting from the breakdown of Fe-Ti oxides, augite 

and hornblende during metamorphism. Dusty, granular, metamorphic sphene 

is the main or perhaps only component of leucoxene (see Landis, 1969, 

p. 504). With greater degrees of alteration authigenic sphene becomes 

less localised in the sites of former opaque grains and more evenly dis-
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seminated through the rocks. At least some sphene in the Eglinton Volcanics 

is probably magmatic as it also occurs in rocks with relatively unaltered 

opaques. 

Borns (1975) noted the constancy of sphene composition, irrespect-

ive of host rock lithology, in amphibolites and metagabbros from Bald Hill, 

Western Southland. This observation is supported in part by analyses from 

three Mackay rocks (Figure 3.24). Al and Fe are the main common elements 

which substitute for Ti in sphene. Al2o3 at approximately 1% by \veight is 

similar in both Bald Hill and Mackay sphene, whereas total Fe is slightly 

higher in the Mackay sphene - consistent with the more differentiated 

nature·of the host rocks. Sphene from a Cr-diopside ankaramite has 

relatively high Al and probably crystallised at the same time as the 

groundmass diopside cores which have anomalously high Al contents. 

GARNET 

Two varieties of garnet, both of limited distribution, are known 

in the field area. Several dioritic to granitoid specimens from within or 

adjacent to fault zones along the eastern margin of the Mistake Diorite 

contain sparse, almandine-rich garnet. It is reddish-brown, grainsize is 

generally < 2 mm and it occurs in the same rocks as a distinctive orange 

to red-brown biotite, the colour of which is quite anomalous for rocks of 

this composition. Analysed grains in a representative gneissic mylonite 

specimen (35000; Table A.2) from the Eglinton Fault zone are unzoned and 

have the following composition: And. 3.1; Pyr. 11.6; Spess. 9.2; Alm. 76.1 

(following the recalculation method of Rickwood, 1968). 

The distribution coefficient for Mg and Fe in coexisting garnet 

and biotite (KD = (Mg/Fe)garnet/(Mg/Fe)biotite) of the above fault zone 

specimen has been computed in an attempt to determine the conditions 

under which the garnet-bearing rocks (quartz-orthoclase-oligoclase

almandine-biotite-magnetite assemblage) crystallised. Albee (1965) con-
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eluded that KD in Mn-free garnets ranges from 0.2 in garnet zone rocks 

to 0.37 in sillimanite-orthoclase zone rocks, but is reduced in proportion 

to atomic% Mn/Mn+Mg+Fe at a rate of 0.007/I atomic %. Later work by 

Lyons and Morse (1970) supported these conclusions and they found that 

high Ca-garnets of the garnet to kyanite zones have uniformly low KD 

values. For garnets with < 3 - 4% CaO, ~ values (adjusted for Mn con

tents) of the granitoid J?lutonic rocks studied by Lyons and Morse were 

between 0.32 and 0.34; the range for sillimanite-orthoclase zone rocks 

was 0.23 - 0.27 and for sillimanite or staurolite zone rocks, 0.15 -

0.27. Given the number of variables affecting this particular elemental 

partitioning it is obvious that ~ alone is not a definitive genetic in

dicator. 

Garnet in the gneissic mylonite (35000) from the Eglinton Fault 

zone has 1.05% CaO and 9.1% Mn/Mn+Mg+Fe; ~ is 0.249, or 0.313 on a Mn

free basis. This value is in the region where the distribution coeffici

ents of plutonic and sillimanite-orthoclase zone rocks, as reported by 

the above authors, appear to overlap, suggesting that the assemblage is 

either plutonic or of the sillimanite-orthoclase zone of the almandine

amphibolite facies. In view of its association with certain faults 

rather than particular lithologies, the latter alternative seems more 

likely. 

Fine grained authigenic garnet <0.1 mm in size occurs in at least 

three rocks from the Eglinton Volcanics (see Chapter 2.C; Table A.lO). 

End-member composition is And. 47.5, Pyr. 2.0, Spess. 1.5, Hydrogross. 2.5, 

Gross. 46.5, assuming all iron to be ferric iron and water content of 

0.5%. 

APATITE 

Apatite is ubiquitous in all Mackay lithologies apart from the 

olivine-bearing rocks. In gabbroic rocks lacking olivine, apatite occurs 

as anhedral grains up to 1.5 nw across, whereas much smaller stubby prisms 
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are characteristic of the granitoid rocks. Lines and rows of such prisms 

in a quartz-bearing monzodiorite (35199; Plate 1.2C) are unique to this 

rock. Apatite is most abundant in leuco-gabbronorites and diorites~ 

although it seldom comprises >1% of any specimen. Apatite (3.5%) in a 

fine grained leuco-norite xenolith, contained in a gabbronorite (35188) 

from correlative rocks of the Hollyford suite in the upper North Murcott 

Burn, is unusually abundant for the Mackay Intrusives. 

Apatite has been identified as small prisms in only some Eglinton 

rocks. It is probably more widespread than petrographic descriptions 

suggest. 

PYRITE 

Sp~rse, fine grained pyrite and limonite pseudomorphs of pyrite, 

are widespread in the Plato terrane of the Eglinton Volcanics, and 

slightly less widespread in the Largs terrane. 

Traces of disseminated pyrite occur in most microdiorites and 

some gabbronorites of the Hollyford suite. Slightly greater concentrations 

occur in Hut suite leuco-granites adjacent to the Hollyford suite north 

of Falls Creek, where its oxidisation is responsible for a distinctive 

orange weathering rind on these rocks. Elsewhere in the Mackay Intrusives 

pyrite occurs in sporadic areas and zones of low grade mineralisation 

recognisable at a distance by rusty staining. One such zone occurs in the 

bluffs on the southern side of Waterfall Creek (964825) where oxidised 

pyrite and rare malachite are associated with silica mineralisation. 

Concentrations of oxidised pyrite are also known in the Eglinton Vol

canics, the most conspicuous example occurs in the summit of a peak 

above Kiosk Creek (021739). 

ZIRCON, TOURMALINE, ALLANITE Af!D RUTILE 

Zircon occurs in trace amounts in granitoid and some dioritic 

rocks. Tourmaline is also restricted to granitoid and dioritic rocks, 

occurring in 25% of the Nurse suite specimens and up to 5% of the Hut 



suite and Mistake Diorite samples. Tourmaline is usually anhedral and 

has strong pleochroism, generally from light orange to dark blue-grey. 

Strongly pleochroic light to deep brown allanite is present in 30 - 35% 

of Hut and Nurse suite rocks as anhedral to skeletal grains or as cores 

to epidote crystals. It is rare in the Mistake Diorite and absent in 

gabbroic rocks. Zircon, tourmaline and allanite are virtually absent in 

the Eglinton Volcanics. 

Rutile has been tentatively identified as regularly arranged 

needles in basal sections of some biotite and chloritised biotite. Apart 

from this type of occurrence rutile is uncommon in the field area being 

recognised only as very sparse grains in several plutonic and volcanic 

rocks. 

CHLORITE 

This mineral is widespread in the field area. In the Mackay rocks 

it occurs most commonly in the direct replacement of biotite, whereas 

it is generally more finely disseminated through the Eglinton Volcanics. 

The compositions of 20 chlorite grains in 11 Mackay and Eglinton rocks 

(Table A.lO) lie in or close to the pycnochlorite field in Hey's (1954) 

classification system. 
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The chlorite classification scheme of Albee (1962) has been 

employed in petrographic work. Albee concluded that chlorite from most 

geological associations changes optic sign close to ~ index 1.630 and 

FejFe+Mg = 0.52. Chlorite is optically positive (length fast) below these 

values, having anomalous brown birefringence close to the sign change, 

and is optically negative at higher values with anomalous blue birefring

ence near the sign change. The distribution of optically positive and 

negative chlorite and its relation to metamorphic grade within the 

Eglinton Volcanics is discussed in Chapter 2.C. In the Mackay Intrusives 

where positive chlorite is most common in the gabbroic rocks, and 



negative chlorite in the dioritic and granitoid lithologies, bulk rock 

cOmposition tends to control chlorite composition. 

Fe/Fe+Mg values of analysed chlorites for which both optic orien-

tation and birefringence are known with certainty, are included in Table 

3.5. Albee's observations relating abnormal interference tints and optic 

orientations are substantiated by Mackay- Eglinton chlorites, however, 

the change in orientation takes place at Fe/Fe+Mg <0.46, therefore 

negative chlorite, in the Mackay - Eglinton rocks at least, can be some-

what richer in Mg than predicted by Albee. 

Table 3.5 Iron - Magnesium Ratios of Positive and Negative Chlorite 

Specimen 

35187 

35193 

35397 

35185 

Analysis No. 
Table A.lO 

7 

4 

5 

6 

13 

9 

100 Fe 
Fe + Hg 

24.4 
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PREHNITE 

Prehnite in the Eglinton Volcanics is restricted to metamorphic 

zone I where it occurs in 15% of the specimens examined - scattered 

throughout the rock or concentrated in the plagioclase grains. Modal 

abundance seldom exceeds 1 - 2%. Prehnite is a common accessory mineral 

in the granitoid and dioritic Mackay rocks where it tends to occur in 

very minor amounts as lenses in biotite (Plate l.lB). Any other mode of 



occurrence in the Mackay rocks, such as the interstitial prehnite in a 

diorite (35202) of the Nurse suite, is rare. The alteration of Mackay 

plagioclase to prehnite is only known in the body of altered quartz 

dolerite (35413) intruding the Largs terrane near Lake Lorien. Prehnite 

veins occur sparsely throughout both the volcanogenic and plutonic 

rocks. 
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Occurrence of prehnite in biotite of crystalline rocks has been 

reported from elsewhere in Fiordland (Bowman, 1974, p. 56; Morrison, 

1973, p. 53) and overseas, e.g. Struwe (1958), Hall (1965), Field and 

Rodwell (1968) and Zeck (1971). Its occurrence is generally restricted to 

rocks of granitoid to dioritic composition, where elongate to bulbous 

lenses of prehnite lie within biotite with their X vibration direction 

parallel to the mica cleavage. The lenses are generally few in number in 

any one grain and usually comprise <20% of the composite biotite

prehnite intergrowth, although intergrowths with >90% prehnite occur 

occasionally. Biotite does not appear to have been replaced by prehnite, 

rather it has probably provided the appropriate site for growth of the 

intruder, as noted by Field and Rodwell, for where bulbous prehnite 

lenses have developed the biotite is distorted. 

Hall (1965) suggested that prehnite and biotite intergrowths in 

an appinite from Ireland formed simultaneously from hornblende as a 

result of low temperature K metasomatism. There is no evidence to support 

this theory as an explanation of the Mackay prehnite however. Field and 

Rodwell (1968) concluded that prehnite in almandine-amphibolite and 

hornblende-granulite facies rocks in south Norway was closely related 

to late stage hydrothermal sericitisation of plagioclase. Calcium was 

released in.to solution by this process, leading to the formation of 

prehnite which crystallised in the nearest suitable structural site -

in this case biotite and less commonly graphite. The same process is 

likely to have produced the Mackay prehnite which also occurs in sericite-
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bearing rocks. The source of K in the sericite is clearly not the plagio-

clase as highly sericitised plagioclase grains have similar Or contents 

to unaltered grains. Late-stage hydrothermal sericitisation by solutions 

rich in Si and K, producing prehnite and epidote as by-products, has 

probably taken place. 

An electron microprobe study of prehnite in low-grade metavolcanic 

rocks of Vancouver Island, British Columbia, was carried out by Surdam 

(1969) who showed that an appreciable.amount of solid solution existed 

Surdam found at least 30 mole percent of the Fe end-member in some samples, 

the range of total Fe as Fe2o3 being 0.1 - 8.2%. Prehnite, occurring as 

lenses in biotite and/or as veins, has been analysed in a diorite, grano- · 

diorite and volcanic arkose from the Eglinton area. Total Fe as Fe2o3 

ranges from 1.2- 5.7%. No difference in composition was found between 

vein prehnite and prehnite occurring within biotite crystals in the diorite 

(35231; Table A.lO). 

PU~WELLYITE 

Green pumpellyite occurs fairly sparsely in the Eglinton Volcanics 

of metamorphic zone I (Chapter 2.C) where its presence is attributed to 

prehnite-pumpellyite - pumpellyite-actinolite facies metamorphism. Origin 

of very sparse green pumpellyite in the Mackay Intrusives is less easily 

explained. It has been identified in 13 granitic to dioritic rocks (Table 

3.6), of wide geographic distribution, which represent all suites except 

the Gunn Dolerite. In most cases it is present in only trace amounts and 

usually located within biotite grains. Pleochroism is strong - grass 

green to colourless, and interference tints are anomalous red, blue and 

green. 

Pumpellyite in biotite of crystalline rocks has not been widely 

. / . 
reported. Struwe (1958) , who noted this phenomenon ~n the Quer~gut 
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Table 3.6 List of Mackay Roc.l<s Containing Green Pumpellyite. 

Specimen Rock Type Suite Prehnite Grid 
in Biotite Reference 

35074 quartz-bearing diorite Mistake Diorite X 995872 

35059* granodiorite II II 028902 

35315 granite Hut suite 007920 

352781 diorite Nurse suite 000922 

35204 quartz-bearing diorite II II X 950728 

35203 granodiorite II II 952733 

35197 granodiorite· II II X 962771 

352791 granodiorite II II X 000922 

35264* diorite Glade suite X 953809 

35261* tonalite II II X 952817 

35243 meta-sediment II II 977892 

35112 quartz-bearing diorite Hollyford suite 034939 

35104 granodiorite II II X 011943 

1 
These specimens are from rocks petrographically correlated with the 
Nurse suite. 

* Tentative identification only. 

Granite of the French Pyrenees, was able to find only one other reference 

to this mode of pumpellyite occurrence. He examined numerous sections of 

granitic to dioritic rocks and compiled a list of 12 other occurrences 

from around the world, including 11 Lyttleton, New Zealand". Struwe con-

sidered the pumpellyite to be an alteration product of the host biotite 

but did not suggest a specific mode of alteration. More recently, Zeck 

et al. (1971) have described pumpellyite, generally occurring in biotite, 

in Precambrian quartzo-feldspathic gneisses of southern Sweden. The 

authors attributed pumpellyite development to a period of prehnite-pumpel-

lyite facies metamorphism, possibly retrogressive. It is not clear 

whether the pumpellyite is actually replacing the biotite, or only nucle-

ating there, or both. The origin of pumpellyite in Mackay rocks however 

is taken to be the same as that proposed for the prehnite lenses in 

biotite (which commonly occur in the same rocks - Table 3.6), i.e. calcimn 

released from plagioclase during sericitisation forms pumpellyite in 
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biotite which is apparently the most appropriate site. As pumpellyite 

requires Fe and/or Mg for its development, whereas prehnite does not, 

pumpellyite is more likely than prehnite to be actually replacing its 

biotite host. 

Prehnite and pumpellyite in the Mackay Intrusives are considered 

to be of metasomatic rather than of regional or burial metamorphic origin, 

mainly because the rock~ involved are thought to be of the same age as 

the latest period of metamorphism. That these minerals are apparently 

restricted to granitic and dioritic rocks perhaps supports this theory, 

in that the more differentiated lithologies are wetter, and therefore 

more likely to be autometasomatised. Conversely, however, prehnite and 

pumpellyite might not develop in the basic rocks, which are relatively 

dry, even under the appropriate metamorphic conditions. 

Spot analyses of authigenic pumpellyite in a volcanic arkose and 

pumpellyite lenses in the biotite of a granodiorite are compared with 

other available analyses from the literature in Figure 3.25 and Table 3.7. 

Although pumpellyite from the granodiorite (35104) is comparatively Fe-

F 2+ F 3+ rich, there is still a large compositional gap between tile e - e 

dominant pumpellyite (julgoldite), first reported by Moore (1971), and 

the other analyses. Figure 3.25 also shows the wide range of compositional 

variation possible in a single thin section (see also Surdam, 1969, 

Table 2 for the range of Fe2o3 in Vancouver Island pumpellyites). Moore 

(1971) proposed a system of nomenclature for the pumpellyite-julgoldite 

solid solution series, based on which ionic species comprised >50% of 

the X andY sites. Passaglia and Gottardi (1973) pointed out an obvious 

flaw in Moore's scheme, viz. that commonly no single ion comprises >50% 

of a given site, and their revised version of Moore's nomenclature is 

. . . 3+ . . . based on the most abundant 1on 1n each s1te. ~~ere Al 1s dom1nant 1n 

2+ 3+ 
the Y site the term "pumpellyite" is used, suffixed by Mg, Fe , or Fe 
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Table 3.7 Composition of Analysed Pumpellyites. 

Sample Reference FeO Fe2o3 
Total Fe MgO Al

2
o

3 
Number as Fe

2
o

3 

1 Palache & Vassar (1925) 2.09 5.29 7.61 3.18 23.50 
2 Irving et al. (1932) 2.90 1.11 4.33 1.81 25.88 
3 California 3.25 3.61 1.47 27.14 
4 Tsuboi (1936), Japan 2.95 1. 74 5.02 2.65 25.39 
5 Bloxarn (1958) , Scotland 3.11 2.02 5.48 2.70 24.84 
6 Seki (1958) , Japan 2.18 2.20 4.62 3.58 23.53 
7 2.29 3.76 6.30 1.54 24.89 
8 2.95 1. 74 5.02 2.65 25.39 
9 Seki (1961) , Japan 1.41 0.67 2.24 2.12 26.71 

10 0.34 0.84 1.22 3.39 26.04 
11 2.95 3.51 6.79 2.70 24.72 
12 Iwasaki (1963), Japan 1.98 3.61 5.81 2.13 24.93 
13 Moore (1971) , Sweden 8.7 29.6 39.3 0.2 1.3 
14 Passaglia (1972)' Italy 2.80 11.10 14.21 3.12 18.70 
15 Galli (1972a), California 2.88 0.74 3.94 3.00 28.85 
16 Galli (1972b)' Italy 2.79 4.57 7.67 2.60 21.71 
17 Surdarn (1969) ' 13.8 1.0 19.6 
18 Vancouver Island 15.2 0.9 19.1 
19 15.7 1.3 19.2 
20 10.4 1.2 20.9 
21 10.2 1.4 21.1 
22 10.5 1.3 21.3 
23 16.1 0.6 18.2 
24 Williams, 35104 18.01 1.98 16.96 
25 (this thesis) II 19.41 1.92 16.44 
26 II 14.65 2.36 18.87 
27 II 15.02 2.40 17.97 
28 26517 6.96 1. 73 24.87 
29 II 9.90 0.46 24.66 
30 II 14.19 1.26 20.53 
31 II 9.06 1.66 22.92 
32 Sinton, Red Mtn., N.Z. 12.06 0.62 22.37 
33 Cooper, Makarora, N.Z. 2.00 3.89 26.70 
34 Kawachi (1975) ' 13.89 0.99 21.0 
35 upper Wakatipu, N.Z. 13.55 1. 74 21.7 
36 15.78 2.04 20.1 
37 13.11 0.28 22.3 
38 13.67 0.11 21.2 
39 5.66 3.52 23.8 
40 10.47 2.87 20.5 
41 7.17 0.51 25.4 
42 5.69 0.33 27.2 
43 4.13 2.67 26.4 
44 4.99 2.69 24.5 

For numbers 1 - 16 chemical formulae are given in Passaglia and Gottardi 
(1973). Numbers 17- 23 represent the average of 190 spot microprobe 
analyses in 7 specimens. Numbers 24 - 44 are single microprobe analyses, 
mostly unpublished. 
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depending upon the dominant ion in the X site. "Julgoldite" is used where 

F 
3+ . d . . . . . d e ~s om~nant ~n Y, and the same three suffixes are s~m1larly appl1e • 

Only one julgoldite, the original specimen of Moore, has so far been 

documented, and its full name in the above terminology is julgoldite -

(Fe
3
+). Apart from the disadvantage that specimens analysed by the micro

probe cannot be exactly classified in a system distinguishing FeZ+ from 

Fe 3
+, this nomenclature has much to recommend it. The analysed Mackay and 

Eglinton pumpellyite can be restricted to two of the six possible 

categories, they are pumpellyite- (Fe2+) or pumpellyite- (Fe3
+). 

EPIDOTE 

Epidote (including clinozoisite) is the second most abundant 

mineral, after plagioclase, in the Eglinton Volcanics (Chapter 2.C) and 

is common, though not abundant in dioritic and granitoid Mackay rocks. 

Leuco-granites and gabbroic rocks generally have little or no epidote. 

Its main occurrence is in the plagioclase of Mackay rocks and dissemi-

nated throughout the Eglinton rocks as a product of plagioclase albiti.-

sation. Secondly, it is the dominant vein~forming mineral throughout the 

field area, ana epidote mineralisation is characteristic of many shear 

zones and faults, e.g. the Glade Fault. 

Most epidote is colourless or pale yellow in thin section, and in 

large concentration it imparts a light yellowish green colour to the 

host rock. A small proportion of grains in many rocks have strong yellow 

to colourless pleochroism and these comprise a higher than average 

percentage of the epidote grains enclosed in biotite. Coloured epidote 

seems slightly more common in the Largs terrane than the Plato terrane. 

Eglinton epidote is generally anhedral, fine grained and concentrations 

of it usually have a murky brown aspect. Mackay epidote, by comparison, 

although mostly anhedral, is much cleaner in appearance and grains of 

1 mm are not uncommon. A cluster of epidote crystals up to 15 em in 

length was observed in an outcrop of the Hollyford suite above Talbotts 



ladder. Availa~le analyses of epidote are included in Table A.lO; no 

systematic compositional study has been undertaken on this mineral. 

SERICITE - MUSCOVITE 
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Sericite is a term applied to fine grained, micaceous alteration 

products of feldspars. Reconnaissance X-ray and microprobe work suggests 

that sericite in most Eglinton and Hackay rocks is muscovite rather than 

paragonite. Sericite is widespread and locally very abundant in the 

Eglinton Volcanics and is widespread though not abundant in the non

gabbroic plutonic rocks. Even in orthoclase-bearing plutonic rocks, seri

cite is concentrated in the plagioclase and only rarely occurs in the K 

feldspar. Strongly sericitised plagioclase however shows no depletion 

in K2o relative to unaltered plagioclase grains in the sw~e rock (e.g. 

35231; Table A.7). These observations suggest that sericite crystallised 

in the plagioclase as the rock cooled, and that K, as well as H2o and 

possibly Si, diffused into the plagioclase from the residual magmatic 

liquid to form the sericite, as its K2o component is. evidently not 

derived from its plagioclase host. Eglinton sericite is assumed to be 

mainly of metamorphic origin. 

Muscovite is arbitrarily distinguished from sericite by coarser 

grainsize. It occurs sporadically in minor amounts in both Eglinton and 

Mackay rocks, and is a conspicuous mineral in a suite of trondhjenite 

dikes, in Honkey Creek and farther west, in which it is interstitial to, 

rather than included in, the plagioclase. 

CALCITE 

Calcite is present in 30% of petrographically examined Eglinton 

specimens; much calcite in the Plato rocks is clearly of biogenic origin. 

Some of the olivine-bearing gabbronorites contain traces of a carbonate 

mineral, probably calcite, occurring as discrete grains in plagioclase; 

calcite is otherwise rare in the Mackay Intrusives. 
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STILPNOMELANE 

This mineral is known from four specimens only: a tuff of the 

Divide Formation (26511; Corner, 1969), two leuco-granites (35290 35291) 

and a granodiorite (35304). The three Mackay rocks are from the Hut 

suite in the Hut Creek - Waterfall Creek area. 



CHAPTER 4 
GEOCHEMISTRY 

Representative Eglinton and Mackay rocks have been analysed for 

major elements plus Rb, Sr and Zr (Tables 4.1 and 4.2; analytical tech

niques are described in Appendix B). The objects of this geochemical 

work are threefold: 

1) To chemically classify and describe ·individual li·thologies 
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2) to investigate similarities and differences between lithological 

groups, in particular between the Eglinton Volcanics and Mackay 

Intrusives, and also between rocks of the Largs and Plato terranes, 

and between members of the Mackay Intrusives 

3) to provide data bearing on the origin and history of these rocks 

{see also Chapter 7). 

MACKAY INTRUSIVES 

Chemical data should help resolve two specific questions involving· 

mutual relations between various members of the Mackay Intrusives. 

Firstly, rocks·of the Hollyford, Glade and Nurse suites, mapped as Darran 

Diorite by Wood (1962) , are considered to represent a genetically related 

magma series subdivided according to the relative proportions of gabbroic 

and granitoid members in any given area. On the basis of field relations 

and petrography they are herein grouped with the Mistake Diorite and 

Gunn Dolerite to comprise the Mackay Intrusives. It is desirable to know 

if this grouping is supported by chemical data. The second question con

cerns the nature of the Hut suite which could be at least partially of 

metasomatic origin as evidenced by its gradational contact with the 

Mistake Diorite. 

Variation diagrams for five representative major elements plus 

Rb, Sr and zr, all plotted against silica,are presented in Figures 4.1 -

4.3. These diagrams would seem to indicate that the Mistake Diorite, 



TABLE 4.1 Chemical Analyses and CIPW Norms of Representative l".ackay Intrusives. 

8 9 10 11 12 13 14 15 16 17 18 19 20 

SiOz 74.67 74.41 72.64 68.56 63.47 63.40 57.09 53.88 58.99 57.97 57.47 55.57 52.32 51.55 50.54 50,53 45.42 43.20 50.56 53.51 
Ti02 0.20 0.23 0.33 0.28 0. 74 0. 76 1.04 1.13 1.15 1.10 1.15 1.26 1.20 0.97 0.41 0.81 0.28 0.17 0. 74 1.23 
Al203 13.56 13.88 14.21 16.86 1S.JJ8 16.19 16.06 16.97 16.03 17.05 16.76 16.76 14.29 19.11 19.80 19.32 20.18 17.43 17.31 17.11 
Fe203 0.44 0.25 0. 72 0.83 1.72 1.75 1.82 2.22 2.63 2.08 2.06 2.86 4.72 2. 75 1. 75 2.09 1.87 2.17 2. 76 2.88 
FeO 1. 05 0.69 1.13 1.57 3.40 3.17 6.06 6.50 4.26 4.39 5. 35 4.85 8.45 6.11 4.72 6.41 5.76 7. 71 5. 31 4.82 
MnO 0.03 0.03 0.04 0.07 0.08 0.09 0.13 0.16 0.10 0.11 0.14 0.11 0.22 0.15 0.13 0.15 0.13 0.16 0.20 0.12 
MgO 0. 22 0. 35 0.40 0. 77 1. 91 2.07 3.87 4.30 3.54 3.43 3.18 4.43 4. 71 4. 77 7.01 5.62 9.59 13.91 7 .so 4.38 
CaO 1.10 1.13 1.50 3.48 3.94 4.01 6.45 7.52 5.86 5.84 5.64 6.14 7.95 9.40 10.36 10.11 13.54 11.70 6.98 5.94 
Na20 4.11 4.27 4.32 5. 30 4.43 4.58 3.65 4.03 3. 78 4.22 3.54 4.05 3.22 3.85 3.16 3.48 1.56 1.12 3.02 4.73 
KzO 4.22 4.19 3. 93 1,31 2.62 2.80 2.00 0.75 2.68 1.49 2.04 1.54 0. 74 0.37 0.17 0.27 0.06 0.05 2.90 1.06 
HzO 0.11 0.47 0.28 0.48 o. 92 0.91 1.12 1.46 0. 75 1.87 2.21 2.13 1.95 0.25 0.70 0.18 0. 73 0.91 2.10 2.97 
P205 0.04 0.04 0.07 0.12 0.18 0.16 . 0.26 0.31 o. 27 0.28 o. 25 0.31 0.23 0.18 0.04 0.20 0.02 0.04 0.19 0.43 
COz 0.00 0.04 0.02 0.03 0.02 Tr Tr Tr 0.02 0.02 0.02 0.02 0.01 0.03 0.03 0.02 0.11 0.12 0.02 0.73 

TOTAL 99.85 99.98 99,59 99.66 99.41 99.89 99.55 99.23 100.06 99.85 99.81 100.03 100.01 99.49 98.82 99.19 99.25 98.69 99.59 99.91 

Rb 152 170 164 25 86 105 70 15 92 45 68 47 11 5.4 0.1 2.2 0.1 1.3 23 35 
Sr 167 160 195 709 496 396 469 627 603 657 438 660 381 931 875 908 878 703 590 502 
Zr 102 121 156 82 267 257 160 116 148 147 160 122 88 40 31 32 29 31 73 142 

lOOORb/Sr 910 1062 841 35 171 265 149 24 153 F9 155 71 29 6 0 2 0 2 39 70 

K/Rb 231 204 199 435 253 222 237 415 242 275 249 272 559 569 - 1018 - 319 1045 251 

S.I. 3.2 3.6 3.8 7.9 13.7 14.6 22.5 24.5 21.3 22.3 19.9 25.4 22.0 27.1 42.2 31.8 51.4 56.3 35.4 24.9 

Q 31.30 30.47 28.44 2:1.68 15.71 14.06 7.52 4.03 9. 72 9.60 10.56 6.30 6.15 0.08 3. 76 
c 0. 33 0,45 0.34 0.75 0.10 
z 0.02 0.02 0.02 . 0.01 0.04 0.04 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.02 
Or 24.94 24.76 23.23 7. 74 15.48 16.55 11.82 4.43 15.84 8.81 12.06 9.10 4.37 2.19 1.00 1.60 0.35 0.30 17.14 6.26 
At: 34.78 36.13 36.56 44.85 37.49 38.76 30.89 34.10 31.99 35.71 29.96 34.27 27.25 32.58 26.74 29.45 13.20 9.48 25.56 40.03 
An 5.20 5.09 6.86 16.29 15.98 15.35 21.53 26.00 18.86 23.18 23.82 23.01 22.35 33.77 39.34 36.30 47.89 42.39 25.11 22.04 
Oi 1.86 2.85 7.21 7.62 6.72 3.12 1.98 4.28 12.77 9.38 9.33 10.13 14.83 11.75 6.54 

WO 0.95 1.46 3.66 3.88 3.48 1.60 1.00 2. 22 6.48 4.80 4.84 5.19 7. 71 6.11 3.40 
en 0.51 0.85 1.92 2.08 2.24 0.98 0.54 1.45 3.39 2. 79 3.23 3.01 5.20 4.15 2. 32 
fs 0.40 0.54 1.63 1.66 1.00 0.54 0.44 0.61 2.90 1. 79 1.26 1. 93 1.92 1.49 0.82 

Hy 2.09 1.61 2.01 3. 78 7. 59 7.05 14.23 15.50 9.51 11.76 13.43 13.64 15.48 14.93 14.26 12.21 1.05 0.90 4.66 15.57 
en 0.80 0.87 1.00 1.92 4.25 4.31 7. 71 8.63 6.57 7.57 7.39 9.59 8.34 9,09 . 10.27 7.44 0. 77 0.66 3.44 10.91 
fs 1.29 0.74 1.01 1.66 3.34 2. 74 6.52 6.87 2.94 4.19 6.04 4.05 7.14 5.84 3.99 4.77 0.28 0.24 1.22 4.66 

01 3. 96 4.24 17.66 29.13 12.59 
fo 2.77 2.48 12.56 20.90 9.05 
fa 1.19 1. 76 5,10 8.23 3. 54 

l~t 0.64 0. 36 1. 04 1.20 2.49 2.54 2.64 3.22 3.81 3.02 2.99 4.15 6.84 3.99 2.54 3.03 2.71 3.15 4.00 4.18 
11 0.38 0.44 0.63 0.53 1. 41 1.44 1.98 2.15 2.18 2.09 2.18 2.39 2.28 1.84 0.78 1.54 0.53 0.32 1.41 2.34 
Cc 0,09 0.05 0.07 0.05 0,05 0.05 0.05 0.05 0.02 0.07 0.07 0.05 0.25 0.27 0.05 1.66 
Ap 0.09 0.09 0.16 0.28 0.42 0.37 0,60 o. 72 0.63 0.65 0.58 0.72 0.53 0.42 0.09 0.46 0.05 0.09 0.44 1.00 
HzO 0.11 0.47 0.28 0.48 0.92 0. 91 1.12 1.46 0.75 1.87 2.21 2.13 1.95 0.25 0.70 0.18 0.73 0.91 2.10 2.97 

TOTAL 99.88 99.98 99.62 99.66 99.44 99,92 99.56 99.25 100.08 99.88 99.84 100.06 100.00 99.51 98.81 99.19 99.25 98.69 99.61 99.93 

lOOAn/ An+Ab 13.0 12.4 15.8 26.6 29.9 28.4 41.1 43.3 37.1 39.4 44.3 40.2 45.1 50.9 59.5 55.2 78.4 81.7 49.6 35.5 
o. I. 91.0 91.4 88.2 76.3 68.7 69.4 50.2 42.6 57.6 54.1 52.6 49.7 37.8 34.8 27.7 31.0 13.6 9.8 42.7 50.0 
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Anal. Specimen Suite 
No. 

1 

2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

35326 

35287 

35324 

35084 

35104 

35197 
35199 

35217 

35074 

35052 

35032 

35072 

26523 

35133 

35088 

35085 

35103 

35128 

35228 

35062 

Hut* 

Hut 

Hut 

Ho11yf. 

Hollyf. 

Nurse 
Nurse 

Nurse* 

Mistake 

Mistake 

Mistake 

Mistake 

Gunn 

Ho11yf. 

Hollyf. 

Hollyf. 

Hollyf. 

Hollyf. 

Glade 

Mistake 

EXPLANATION OF TABLE 4.1 

Description, Location and Cross 
References. 

leuco-granite; south branch of Mistake 
Ck. Table 1.11. 
leuco-granite; upper Hut Ck., north 
side. Table 1.11. 
leuco-granodiorite; base of the south
eastern bluffs of Mt Christina.Table 
1.11. 
trondhjemite dike, well foliated; west 
side of Monkey Ck. Tables 1.7 and 6.1. 
granodiorite; upper Hollyford. Tables 
1.7, A.6 and A.lO, Fig. 1.4. 
granodiorite; east side of Birley Pass. 
quartz-bearing monzodiorite; midway 
between Skelmorlie Peru( and Birley Pass. 
quartz-bearing diorite; upper Glade 
Burn, west side. 
quartz-bearing diorite; mid-Histake Ck. 
Table 1.2. Fig. 1.2. 
quartz-bearing diorite; upper Hi,stake 
Ck. 
quartz-bearing diorite; mid-Histake Ck. 
Tables 1.2 and 6.1, Fig. 1.2. 
quartz-bearing diorite; lower Hut Ck. 
Table 1.2, Fig. 1.2. 
quartz-dolerite; east side of Norm's 
Corner (Corner, 1969). 
leuco-gabbronorite; upper Hollyford. 
Tables 1.6, A.4 and A.5, Fig. 1.4. 
hornblende leuco-gabbronorite; upper 
Hollyford. Tables 1.6, A.4 and A.5, 
Fig. 1. 4. 
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Grid 
Ref. 1 

981884 

978851 

040946 

011943 

962771 
953777 

944833 

995872 

001895 

006868 

997833 

001947 

029941 

leuco-gabbronorite; eastern portal of 959003 
Homer Tunnel. Tables 1.6, A.4 and A.5, 
Fig. 1.4, Plates 1.5 and 1.6. 
olivine-horrililende gabbronorite; upper 011943 
Hollyford. Table 1. 5, Fig. 1. 4, Plat.e 1. 5. 
hornblende-olivine gabbronorite; upper 010946 
Hollyford. Table 1.5, Fig. 1.4, Plate 1.5. 
10 em wide porphyritic dike cutting 995911 
hornfelsed andesites; albite-epidote
biotite-actinolitic horP~lende-muscovite
sphene; lowest point on the Pyramid-
Ngatimamoe ridge. 
altered andesite dike cutting the 987863 
Mistake Diorite in Mt Triangle; albite
epidote-chlorite-sericite-calcite-sphene. 
Plate 1.3. 

1 Grid Reference refers to Map 1 and to sheets Sl22, Sl31-N.Z.M.S. 1 
Series. 
* These two specimens are from rocks petrographically correlated with 
the Hut and Nurse suites. 



TABLE 4.2 Chemical Analyses and CIPW Nonns of Representative Eg1inton Volcanics 

5102 
Ti02 
Al203 
Fe203 
FeO 
MnO 
MgO 
cao 
Na20 
KzO 
H20 
P205 
C02 

TOTAL 

Rb 
Sr 
Zr 

lOOORb/Sr 

K/Rb 

s. I. 

Q 
c 
z 
Or 
Ab 
An 
Di 

Hy 

01 

Mt 
!1 
Cc 
Ap 
H20 

wo 
en 
fs 

en 
fs 

fo 
fa 

47.28 
0.66 

13.42 
3.85 
6.93 
0.18 

10.22 
11.46 
1. 72 
0. 39 
3.60 
0.14 
0.07 

99.92 

4.1 
351 
58 

12 

789 

44.2 

2 

48.55 
0.86 

19.05 
3.56 
5. 76 
0.17 
5. 51 
8.55 
2.40 
1. 54 
3. 50 
0.18 
0.00 

99.63 

34 
260 

76 

131 

376 

29.4 

3 

57.32 
0.52 

18.75 
2.24 
2. 30 
0.10 
3. 63 
7.50 
3.11 
1.07 
2.44 
0.28 
0.04 

99.30 

23 
578 
90 

40 

386 

29.4 

4 

52.29 
1.06 

17.73 
3.87 
6. 70 
0.15 
4. 60 
5.07 
4.63 
0.54 
3.14 
0.33 
0.01 

100.12 

8.2 
498 
192 

17 

546 

22.6 

0.68 14.00 3.04 
1.12 

47.07 
0.77 

16.24 
2.69 
8.00 
0.19 
7. 32 

11.61 
1.60 
1.07 
2.80 
0.16 
0.07 

99.59 

18 
496 

56 

36 

493 

35.4 

6 

47.82 
0.63 

11.16 
4.64 
5.98 
0.21 

11.98 
12.88 
1.16 
0.79 
2.26 
0.11 
0.01 

99.63 

6.7 
263 

53 

25 

979 

48.8 

7 

48.44 
0.76 

18.68 
4.61 
5.04 
0.15 
5.85 

10.50 
2.75 
0.85 
1.81 
0.17 
0.01 

99.62 

14 
553 
60 

26 

504 

30.6 

8 

49.01 
0,42 
5.84 
1.63 
6. 36 
0.17 

17.06 
16.44 
0.56 
0.31 
2.21 
0.08 
0.02 

100.11 

4.6 
82 
48 

56 

559 

65.8 

9 

50.48 
1.21 

19.17 
3.07 
6.91 
0.18 
3.72 
7.49 
3.93 
1.23 
1.81 
0.13 
0.01 

99,34 

19 
471 

65 

40 

537 

19.8 

10 

52.18 
0.95 

15.93 
3.81 
7.65 
0.19 
4. 93 
6.56 
3. 70 
1.41 
2.65 
0.19 
0.00 

100.15 

36 
299 
82 

120 

325 

22.9 

1.83 

11 

50.50 
1.27 

17.43 
2.65 
6. 92 
0.26 
5.62 
5.87 
5.21 
0.53 
2. 95 
0.35 
0.02 

99.58 

14 
638 
84 

22 

315 

26.9 

12 

51.64 
0.97 

17.54 
4.72 
5.06 
0.16 
5.16 
7,47 
4.95 
0.86 
0.80 
0.16 
0.02 

99.51 

15 
933 
64 

16 

476 

·24.9 

13 

52.27 
1.1.9 

18.87 
3.56 
5.15 
0.12 
3.88 
9.25 
3.43 
0.91 
0. 97 
0.37 
0.01 

99.98 

26 
816 
128 

32 

290 

22.9 

4.28 

0.01 0.01 0.01 0,03 0.01 0.01 0.01 0.01 0.01 ' 0.01 0.01 0.01 0.02 
2.30 9.10 6.32 3.19 6.32 4.67 5,02 1.83 7.27 8.33 3.13 5.08 5.38 

14.55 20.31 26.32 39.18 13.54 9.81 23.27 4.74 33.26 31.31 44.09 41.89 29.02 
27.75 36.66 34.04 22.93 33.97 22.91 36.12 12.50 31.03 22.70 22.61 23.10 33.40 
22.26 3. 70 0.86 18.05 31.94 11.84 54.42 4.30 7.07 3.34 10.23 8.10 

11.59 1.91 0.45 9.24 16.79 6.18 28,56 2.18 3.60 1.71 5.34 4.18 
7.93 1.21 0.34 5.39 12.44 4.33 20.95 1.11 1.94 1.00 3.71 2.62 
2.74 0.58 0.07 3.42 2.71 1.33 4.91 1.01 1.53 0.63 1.18 1.30 

14 

53.45 
1.12 

19.87 
4. 38 
4.05 
0.19 
3.44 
7.20 
3.86 
0.93 
1.00 
0.27 
Tr 

99.76 

21 
799 

87 

26 

368 

20.6 

6.58 
0.07 
0.01 
5.50 

32.66 
33.95 

18.47 18.46 10.33 19.09 13.75 16.47 12.09 7.07 11.74 18.49 3.14 2.33 10.52 10.89 
13.73 12.51 8.70 11.46 8.42 13.52 9.25 5,73 6.13 10.34 1.92 1.77 7.04 8.57 
4.74 5.95 1.63 7.63 5.33 2.95 2.84 1.34 5.61 8.15 1.22 0.56 3.48 2.32 

3.67 5.26 3.36 0.93 13.94 2.86 13.20 6.98 
2.66 3.10 2.71 0.69 11.08 1.42 7.76 5.17 
1.01 2.16 0.65 0.24 2.86 1.44 5.44 1.81 

5.58 5.16 3.25 5.61 3.90 6.73 6.68 2.36 4.45 5,52 3.84 6.84 
1.25 1.63 0.99 2.01 1.46 1.20 1.44 0.80 2.30 1.80 2.41 1.84 
0.16 0.09 0.02 0.16 0.02 0,02 0.05 0.02 0.05 0.05 
0.32 0.42 0.65 0.76 0.37 0.25 0.39 0.19 0.30 0.44 0.81 0.37 
3.60 3.50 2.44 3.14 2.80 2.26 1.81 2.21 1.81 2.65 2.95 0.80 

5.16 
2.26 
0.02 
0,86 
0,97 

6.35 
2.13 

0.63 
1.00 

15 

55.52 
1.26 

17.48 
4, 79 
3.83 
0.18 
2.82 
6.96 
4.37 
1.08 
1.54 
0.38 
0,03 

100.24 

16 

63.38 
o. 77 

15.83 
3.17 
2.17 
0.10 
2. 22 
4.81 
3.68 
2.42 
1.10 
0.17 
0.01 

99.83 

17 

66.12 
0.65 

17.30 
2.17 
2.07 
0.06 
o. 79 
1.10 
6. 32 
1.24 
1.80 
0.09 
0.04 

99.75 

18 

51.72 
1.01 

18,92 
4.21 
4, 70 
0.18 
5.43 
8.84 
3. 91 
0. 33 
0.65 
0.17 
0.03 

100.10 

19 

52.55 
1.11 

19.65 
3.55 
4. 12 
0.15 
5.34 
8.28 
3.43 
0.63 
0.95 
0.22 
0.02 

100.00 

20 

57.72 
o. 77 

18.16 
2.82 
3. 71 
0.12 
3. 30 
6. 90 
4.16 
0. 58 
0.95 
0.22 
0.02 

99.43 

20 
722 
108 

64 
4fi5 
217 

44 
536 
130 

6.8 
699 

74 

17 
512 
75 

8.6 
910 
135 

28 

448 
16.7 

138 

314 

82 

234 

6.3 

10 

403 

29.2 

33 

308 

31.3 

10 

559 

22.6 

8.89 

0.02 
6.38 

36.98 
24.89 
5.52 

2.90 
2.20 
0.42 

5.74 
4.83 
0.91 

6.94 
2.39 
0.07 
0.88 
1.54 

16.3 

20.15 

0.03 
14.30 
31.14 
19.53 
2.47 

1. 32 
1.10 
0.05 

4.66 
4.43 
0.23 

4,60 
1.46 
0.02 
0.39 
1.10 

20,96 
3.87 
0.02 
7.33 

53.48 
4. 62 

1.53 4.43 11.45 

0.01 0.01 0.02 
1.95 3.i2 3.43 

33.09 29.02 35.20 
33.10 36.36 29.16 
7.55 2.51 2.82 

3.95 1.32 1.46 
2.81 0.97 0.96 
0. 79 o. 22 0.40 

3.01 13.74 15.19 10.29 
1.97 10.72 12.33 7.26 
1.04 3.02 2.86 3,03 

3.15 6.10 5.15 4.09 
1.23 1. 92 2.11 1.46 
0.09 0.07 0.05 0.05 
0.21 0.39 0.51 0.51 
1.80 0.65 0.95 0.95 

TOTAL 99.92 99.63 99.30 100.12 99.59 99.63 99.62 100.12 99.35 100.15 99.58 99.52 99.99 99.77 100.24 99.85 99.77 100.10 100.01 99.43 

100An/An+Ab 65.6 

D.I. 16.9 

64.4 

30.1 

56.4 

46.6 

36.9 

45,4 

71.5 

19.9 

70.0 

14.5 

60.8 

28.3 

72.5 

6.6 

48.3 

40.5 

42.0 

41.5 

33.9 

47.2 

35.5 

47.0 

53.5 

38.7 

51.0 

44.7 

40.2 

52.3 

38.5 

65.6 

7.9 

81.8 

50.0 

36.6 

55.6 

37.2 

45.3 

50.1 
1-' 
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EXPLANATION OF TABLE 4.2 

Plato rocks: analyses 1 - 10; Largs rocks: analyses 11 - 20. 

Anal. Specimen 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

35341 

35356 

35396 

35385 

35382 

26652 

35393 

26648 

35394 

35379 

35445 

35444 

35403 

35407 

35433 

35474 

35426 

35269 

35225 

35476 

Description, Location and Cross References Grid 
Ref. 

coarse grained, green crystal (clinopyroxene} 033882 
lithic tuff; Gondor Formation; Nelita Creek. 

fine grained, pale green feldspathic sandstone; 040902 
Consolation Formation; Consolation Peak. 

fine grained, greenish white feldspathic sand- 008756 
stone; Consolation Formation; stream south of 
Smithy Creek. 

fine grained, greenish grey, flinty siltstone; 024780 
Divide Formation; immediately north of Smithy 
Creek. 

porphyritic basalt with clinopyroxene pheno- 029810 
crysts up to 5 mm and more abundant 1 - 2 mm 
plagioclase phenocrysts; south of Plato Creek. 
Tables A.8 and A.lO. 

microdiorite dike; Norm's Corner (Corner, 1969). 

porphyritic basalt, plagioclase and clinopyrox- 023744 
ene phenocrysts; north of upper Kiosk Creek. 
Tables A.8 and A.lO. 

ultramafic, Cr-diopside ankaramite dike; road- 061952 
side above the Hollyford River (Corner, 1969). 
Tables A.8 and A.lO. 

feldsparphyric basalt, north of Smithy Creek. 019786 

equigranular andesite; north of Plato Creek. 044824 

amygdaloidal, feldsparphyric basaltic andesite 965766 
Largs Peak - Birley Pass ridge. 

feldsparphyric basaltic andesite; Largs Peak 964768 
- Birley Pass ridge. 

andesite with small plagioclase and clinopyrox- 965836 
ene phenocrysts; Murcott Burn andesites; upper 
Waterfall Creek. Table A.9. 

feldsparphyric andesite; Nurcott Burn andesites; 957818 
upper Nurcott Burn north branch. 

feldsparphyric andesite; Disappearing tuffs; 976835 
Waterfall - Hut Creek ridge top. Table A.9. 

flattened breccia; Waterfall tuffs and breccia~ 957789 
upper Nurcott Burn south branch. 

lithic crystal (albite) tuff; Nurse Formation; 964748 
ridge-top south of Largs Peak. 

feldsparphyric basalt; from a xenolithic mass 990897 
within the Glade suite;upper Mistake Ck. Table 6.1. 

feldsparphyric andesite; same xenolithic mass 
as 35269. 

feldsparphyric andesite with sparse uralitised 
phenocrysts; from a xenolithic mass within the 

Nurse suite. Table A.9. 

988902 

943733 
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Figure 4.1 Al2o 3;sio2 and Ca0/Si02 variation diagram for the Mackay 
Intrusives. Ill Hollyford suite ( + 35084, muscovite-bearing trondhjemite); 
A Nurse suite; e Glade suite; ~ Gunn Dolerite; 0 Mistake Diorite 
( 0 35062, andesite dike) ; o Hut suite. 
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the Mackay Intrusives. e Hollyford suite ( + 35084, muscovite-bearing 
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Mackay Intrusives. 1!1 Hollyford suite ( + 35084, muscovite-bearing 
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0 Mistake Diorite ( 0 35062, andesite dike); o Hut suite. 
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Holly ford and Nurse suites are potentia.lly consanguineous, thus support-

ing the petrographic and spatial reasons for classifying them all as 

Mackay Intrusives. Two particular instances of very close similarity in 

chemistry between rocks of similar silica content in different suites 

are noted: firstly, in specimens of granodiorite, one from the Nurse 

suite and one from a dike in the Hollyford suite (Table 4.1: 5, 6) and 

secondly, between the averages of analysed Mistake Diorite and Nurse 

suite specimens (Table 4.3). The average of the three Nurse analyses is 

unlikely to (and is not intended to) represent the average composition 

of the Nurse suite as a whole, and it is only coincidence that the speci

mens ~nalysed have an average silica content so close to that of the Mistake 

value. Given this fortuitous choice of Nurse specimens however, the 

close correspondence between the-two averages in the other elements, 

elemental ratios, solidification index and differentiation index is a 

significant correspondence serving to emphasise the chemical unity of 

the Mackay Intrusives. 

Two analysed specimens do not conform to all the trends in Figures 

4.1 - 4.3. A muscovite-bearing trondhjemite (Table 4.1: 4) has anomalous 

K2o and trace element abundances; this rock type occurs as dikes cutting 

the Hollyford suite in Monkey Creek and Students Peak and is petrographi-. 

cally distinct from other granitoid rocks in the field area. The one 

analysed Glade suite specimen (Table 4 .1·: 19) has a highly anomalous 

K2o value. It was taken from a narrow dike in hornfelsed volcanic rocks 

and regardless of whether it is related to the volcanogenic host rocks 

or to the surrounding plutonic rocks, it is not considered to be repre

sentative of the Glade suite. 

Apart from the muscovite-bearing trondhjemite cited above, the 

Mackay Intrusives can be treated as a single geochemical unit, being the 

product of one magma series, or perhaps several magma series derived by 

very similar processes. The alkali-lime index of these rocks is 58 
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Table 4.3 Chemical Comparison of Analysed Mistake Diorite and Nurse 
Suite Specimens. See Table 4.1: 9 - 12 and 6 - 8 Respectively. 

Mistake Diorite Nurse suite Mistake Diorite Nurse Suite 
Average (4) Average (3) Range Range 

Sio2 57.50 58.12 55.57 58.99 53.88 63.40 

Tio2 1.16 0.98 1.10 1.26 0.76 1.13 

Al203 16.65 16.41 16.03 17.05 16.06 16.97 

Fe2o3 2 .41] 1.93] 2.06 2.86 l. 75 2.22 

7.12 7.17 

FeO 4.71 5.24 4.26 5.35 3.17 6.50 

MnO 0.11 0.13 0.10 0.14 0.09 0.16 

MgO 3.65 3.41 3.18 4.43 2.07 4.30 

CaO 5.87 5.99 5.64 6.14 4.01 7.52 

Na2o 3.90 4.09 3.54 4.22 3.65 4.58 

K-0 
2 

1.94 1.85 1.49 2.68 0.75 2.80 

H20 1. 74 1.16 0.75 2.21 0.91 1.46 

P205 0.28 0.24 0.25 0.31 0.16 0.31 

C02 0.02 Tr 0.02 0.02 Tr Tr 

Rb 63 63 45 92 15 105 

Sr 590 497 438 660 396 627 

Zr 144 178 122 160 116 257 

l03Rb/Sr 112 146 69 155 24 265 

K/Rb 260 291 242 275 222 415 

SI 22.2 20.5 19.9 25.4 14.6 24.5 

DI 53.5 54.1 49.7 57.6 42.6 69.4 

(Figure 4.4), i.e. they are calc-alkaline (Williams et al., 1954, p.lO). 

Ferro-fernie index, which is derived from the standard AMF diagram 

(Coats, 1968), is 64. This value, combined with the absence of any 

pronounced trend towards iron enrichment with fractionation (Figure 4.5) 

is consistent with classification of the Mackay Intrusives as calc-

alkaline rather than tholeiitic (Kuno, 1968). 

Hut Suite Leuco-Granite 

The Hut suite leuco-granite has a transitional contact with the 

Mistake Diorite which could possibly be explained as a metasomatic effect 

(compare Grindley, 1958, who suggested that the granophyre and micro-
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Figure 4.4 Ca0/Sio 2 and (Na20 + K20)/Si02 variation diagram for the 
Mackay Intrusives. 
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Figure 4.5 AMF, (Na20 + K20)- MgO -(FeO + 0.9Fe203) diagram for the 
Mackay Intrusives. Dashed line is the Eglinton trend from Figure 4.14. 
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granite, EMg, west of quartz diorite, Emq (Mistake Diorite), in the lower 

Eglinton area is metasomatised quartz-diorite) • Supporting evidence that 

all or part of the leuco-granite might be of metasomatic origin is seen 

in the replacement of plagioclase by potash feldspar in several rocks 

(Plate 1.11) . Three leuco-granite specimens (Table 4 .1: 1 - 3) were ana

lysed to test this theory. They are remarkably homogeneous considering 

their wide separation in the field and the fact that they were taken from 

at least two discrete bodies. Constancy of composition and their position 

- close to the granite minimum in a normative quartz-albite-orthoclase 

diagram (Figure 4.6) strongly suggests a magmatic origin for most if not 

all of· the leuco-granite. 

EGLINTON VOLCANICS 

Geochemical work on the Eglinton Volcanics was undertaken to help 

classify the rocks and more specifically, to compare and contra.st rocks 

of the Largs terrane with those of the Plato terrane and to compare the 

Eglinton Volcanics with the Mackay Intrusives. Eglinton geochemistry may 

be complicated by metamorphic effects and this must be borne in mind 

when interpreting variation diagrams. 

Silica content of the analyses in Table 4.2 is plotted against 

solidification index in Figure 4.7 (solidification index or SI = 

100 MgO/~MgO) + (FeO + 0.9Fe2o3 ) + (Na2o + K20~; see Kuno, 1968). Ana

lysed specimens have been selected so as to represent a wide range of 

compositions; they are not in proportion to their lithological abundance. 

Analyses 5, 7 and 9 are representative of the great majority of dike 

rocks in the Plato terrane. They average 48.7% Sio2 , generally have promi

nent clinopyroxene phenocrysts and are unambiguously classifiable as 

basalts. Of the four analysed Plato volcanogenic sediments, a green 

clinopyroxene-rich tuff of the Gonder Formation with 47.3% Sio2 (analysis 

1) is clearly basaltic, whereas a fine grained grey siltstone of the 

Divide Formation (analysis 4) is considerably less basic, having 52.3% 



SiOz 

Figure 4.6 Normative Si02 and alkali feldspars of the three 
Hut suite leuco-granites (Table 4.1). Isotherms indicate ti1e 
"low temperature trough" at 1 and 2 kb in the system Ab-Or-Sio2 
-H20 projected on to the anhydrous base of the tetrahedron 
(Tuttle and Bowen,l958). 
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Sio2 . Two very pale coloured specimens of the Consolation Formation 

(analyses 2 and 3) differ widely in SiO~ and Fe contents although they 
~ 

have identical solidification indices of 29.4. 

Analyses 13 and 14 are representative of the Murcott Burn ande-

sites (Largs terrane) and nmnbers 18 - 20 of rocks correlated with the 

Murcott Burn andesites and which occur as xenolithic masses in the 

Mackay Intrusives. Their overall range in sio2 content is 51.7- 57.7% 

and the average is 53.5%. These rocks lack prominent clinopyroxene 

phenocrysts and as a group are roost appropriately described as ande-

sites even though some members have <52% Sio2 • (Coats, 1968, has sum-

roarised criteria employed for distinguishing basalts, andesites and 

basaltic andesites). Specimens 11 and 12 which are representative of 

the roost basic dikes cutting the Largs terrane, are classified as 

basaltic andesites in Table 4.2 as they are feldsparphyric and have 

normative An/An+Ab values of approximately 35. In nmnber ll,Sio2 and 

H2o contents in particular are affected considerably by the presence of 

large chlorite aroygdales included in the analysed specimen. Pyroclastic 

sediments of tRe Largs terrane are on the average considerably less 

basic than the volcaniclastic Plato rocks. Analyses 16 and 17 represent 

some of the dacitic tuffs and breccias; less siliceous rocks were not 

analysed and the roost siliceous types were unmapped when the analytical 

work was carried out. Alkali contents of four dacitic specimens of the 

Nurse Formation were subsequently determined however and are presented 

in Table 2.4. 

Rocks of the Plato terrane are clearly more basic on the average 

than those of the Largs terrane. Inter-relationships between the two 

terranes, however, remain to be established. Chemical data are analysed 

on variation diagrams in order to determine these relationships. Most 

elements in the very basic rocks produce a scattered pattern when 
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plotted against Sio2 (e.g. Figure 4.8) and it was found that the solidi-



fication index gave much smoother trends (e.g. Figure 4.9) in which 

relationships between the two suites were more readily detectable. The 

solidification index therefore is used as the abscissa in the variation 

diagrams of oxides not involved in the index itself, i.e. Al2o3 , CaO, 

Tio2 and trace elements Rb and Sr. 

No discernible differences occur between Largs and Plato rocks 

in the variation diagrams of MgO, Al2o3 , CaO, Tio2 and Rb (Figures 4.8 -

4.10). Plato rocks tend to be richer in K2o and H2o and poorer in Sr 

(Figures 4.10, 4.11 and 4.12), than Largs rocks of similar sio2 content 

or solidification index. 

Non-clastic Eglinton rocks show marked variation in K2o content 

(Figure 4.11). This variation may be a primary feature or alternatively 

may be related to position with respect to Mackay Intrusive contacts. 

Plato igneous rocks, apart from the Cr-diopside ankaramites, have relat

ively high K2o, Largs specimens 11 - 15 are all from within 1 km of the 

Nurse, Hollyford or Glade suites and have much lower K2o contents,and, 

furthermore, the three specimens from xenolithic masses within the Nurse 

and Glade suitas have even lower values. The apparent decrease in K2o 

in rocks increasingly affected by Mackay Intrusion may be due to its 

removal during contact metamorphism. Evidence for potassium mobilisation 

is seen in the pink granites of inferred metasomatic origin immediately 

west of Skelmorlie Fault (see Chapter l.D), and in the pale pink leuco

granite dike system cutting the larger mapped body of hornfelsed ande

sites in the head of Mistake Creek (Chapter l.E). Replacement of plagio

clase by microcline appears to be widespread in a representative 

specimen of the dikes (Plate l.llC). 

The removal of K2o from contact metamorphic rocks is evidently 

not a common phenomenon, although it is reported from several contact 

aureoles in south Kyushu by Oba (1968). On the other hand,accepting 

the Largs K2o concentrations as being original magmatic levels is not an 
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attractive idea either. Not only are Largs rocks more differentiated 

than Plato rocks, but from ferro-fernie indices and trace element con

tents (cf. Jake~ and White, 1972, Table 2B) they appear to be slightly 

more calc-alkaline as well and for equivalent Sio2 contents Largs rocks 

should have slightly more K2o than Plato rocks. More data are required 

to resolve this problem, but until it is available the K20 contents of 

Largs rocks must be treated with caution. 

Alkali ratios (K20/Na2o) for various lithological groups in the 

· field area are presented in Table 4.4. The average alkali ratio of five 

Plato rocks from Williams (1969) plus the 10 new analyses in Table 4.2 
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is 0.4"0, identical to the value obtained by Challis (1968) for her 

western arc vlhich included the Eglinton Volcanics. Individual ratios in 

each group vary widely however, and such close agreement is rather 

fortuitous. The eight Largs andesites and basaltic andesites have an 

average K20/Na2o ratio of 0.18 (with no value >0.27), which is signi

ficantly lower than the Challis average of 0.40 for the western arc, 

whereas the relatively siliceous Largs rocks average 0.58. Such system

atic variations, reflecting bulk rock composition and perhaps mobilisation 

of alkalis, means that a single alkali ratio can no longer be considered 

representative of the whole Eglinton arc. If, as is concluded below, 

Plato and Largs rocks are part of the same overall lithological unit, 

and if the K20/Na2o ratio increased systematically during differentiation 

as it appears to do in the Mackay Intrusives (Table 4.4), then the 

analysed Largs andesites and basaltic andesites (and perhaps some of the 

more siliceous rocks analysed) have anomalously low ratios. They could 

be explained as resulting from potassium depletion during contact meta

morphism, as suggested above. Chemical analyses of rocks from the south

eastern part of the Largs terrane would be most useful in testing this 

idea. 



Table 4.4 Alkali Ratios of Eglinton and Mackay Rocks. 

Lithological Unit No. of K20 Range K20 Na2o Si02 Solid. 
Analyses Na20 Index 

Longwoods - Eglinton - Brook Street (western 14 0.40 0.08 - 1.01 1.22 2.90 
belt, Challis, 1968) 

Plato terrane, Cascade Creek (Williams , 1969) 5 0.48 0.28- 0.77 1.58 3.28 

Plato ter., dikes and volcaniclastic rocks; 10 0. 36 0.12 - 0.64 0.92 2.56 50.0 35.5 
nos. 1 - 10, Table 4.2 

Largs terrane, andesites and basaltic andesites; 5 0.20 0.10 - 0.27 0.86 4.36 52.7 22.9 
nos. 11 - 15, Table 4.2 

Largs ter., andesites from xenolithic masses; 3 0.14 0.09 - 0.18 0.51 3.73 54.0 28.3 
nos. 18 - 20, Table 4.2 

Largs ter., qtz.-andesitic and dacitic volcanogenic 6 0.58 0.15 - 1.06 2.76 4.79 65* 12* 
rocks; Table 2.4 and nos. 16 and 17, Table 4.2 

Hollyford suite, gabbroic rocks; nos. 14 - 18, 5 0.06 0.04 - 0.10 0.18 2.63 48.2 41.8 
Table 4.1 

Mistake Diorite; nos. 9 - 12, Table 4.1 4 0.51 0. 35 - 0. 71 1.94 3.90 57.5 22.2 

Nurse suite; nos. 6 .... 8, Table 4.1 3 0.45 0.19 - 0.61 1.85 4.09 58.1 20.5 

Hut suite, leuco-granites; nos. 1 - 3, Table 4.1 3 0.97 0.91 - 1.03 4.11 4.23 73.9 3.5 

* based on two analyses only (16 and 17 Table 4.2); the solidification index will be a maximum value and Sio2 a 
minimlli~ for this group. 

N 
0 
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Largs rocks have distinctly lower water contents (Figure 4.12) 

than Plato rocks of similar silica content (with the exception of one 

Largs specimen, 35445, which contains large chlorite amygdales). Reasons 

for this difference include the fact that metamorphic temperatures in

ferred to have been experienced by analysed Largs rocks (metamorphic 

zones II and III; Chapter 2.q were higher than those reached in the 

Plato terrane (zones I and II), and the probability that the Largs ter

rane is partly terrestrial in origin whereas stratified Plato rocks are 

believed to be entirely marine. 

It is concluded on geochemical grounds that volcanic rocks of 

both terranes were generated in a single theatre of volcanism and can be 

regarded as parts of the same overall lithological unit. Within the 
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Plato terrane and the southern part of the Largs terrane, there is a 

definite tendency for the volcaniclastic rocks to become less basic with 

time, although this trend has not yet been chemically defined in detail. 

Such a trend is typical of a differentiated volcanic sequence and suggests 

the possibility that the more differentiated Largs terrane is the younger 

of the two. Regardless of relative age, the Largs terrane did not under

lie the Plato terrane as evidenced by the absence of distinctive Plato 

dike--lithologies, such as microdiorite and Cr-diopside ankaramite, in 

the Largs terrane. It is equally unlikely that Largs rocks stratigraphi

cally overlay Plato rocks as the Largs terrane lies to the west of the 

east-facing Plato sequence. It is concluded that Largs and Plato rocks 

accumulated penecontemporaneously as laterally discrete volcanogenic 

terranes. 

Notwithstanding this conclusion, there is, in the absence of 

faunal control, a remote possibility that the Largs terrane is of Meso

zoic age. As concluded below, the Eglinton Volcanics and Mackay Intrusives 

are geochemically similar and Largs rocks appear to be as closely related 

to the Mackay Intrusives as to the Plato rocks. Also,dacitic pyroclastic 
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material is not common elsewhere in Eglinton and associated Lower Permian 

rocks whereas it is common in the (Lower Mesozoic) Murihiku Supergroup 

(Campbell and Coomb~ 1966). Until there is good evidence to the contrary, 

however, the Largs terrane continues to be regarded as part of the 

Eglinton Volcanics. 

The alkali-lime index of the Eglinton Volcanics is between 56 and 

62 but cannot be more accurately defined by the data available (Figure 

4.13). If K2o depletion has occurred in Largs rocks (which constrain the 

alkali and lime trends in the vicinity of their intersection) during 

metamorphism (see above) this would have slightly increased the index and 

therefore a value in the range 58 - 60 is perhaps more representative 

than the tentative value of 61 indicated in Figure 4.13. 

Miyashiro (1974) recognises three main groups of volcanic rocks 

in island arcs and active continental margins, viz. alkaline1 , calc-

alkaline and tholeiitic. Whereas the Eglinton Volcanics are clearly not 

alkaline, the alkali-lime index does not distinguish between the other 

two series. Calc-alkaline rocks comprise the iron-depletion series in 

which total Fe, MgO and CaO decrease and sio2 , Na2o and K2o increase with 

advancing fractionation, e.g. Amagi Volcano, Japan (Figures 4.14 and 

4.15). In the tholeiitic or iron-enrichment series on the other hand, 

Sio2 changes little during the early course of fractionation whereas 

total Fe gradually increases, e.g. Skaergaard. On an AMF diagram (Fig·ure 

4.14) several Plato rocks are consistent with a tholeiitic trend which 

is however not evident for the terrane as a whole. The Plato analyses 

gives a ferro-fernie index of 73 and Plato and Largs rocks together have 

a ferro-fernie index of 68, values which, together with the overall 

Eglinton trend and position on an AMF diagram, implies calc-alkaline 

rather than tholeiitic nature. 

1 Miyashiro uses 11 alkalic", but 11 alkaline" and 11 alkalic" are completely 
interchangeable. 
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Miyashiro has defined the two series in terms of sio2 variation 

with Fe0*/Mgo2 (Figure 4.15A) rather than by use of the AMF diagram. 

Calc-alkaline rocks are defined as having steeper trends than the broken 

line in Figure 4.15A and/or plotting above this line for FeO*/MgO values 

between 2 and 5; tholeiitic rocks plot below it. The reverse occurs in 

Figure 4.15B where FeO* is plotted against FeO*/MgO. Miyashiro stresses 

that the division is an arbitrary one in "continuously variable and 

diverse trends" of magmatic evolution. All Eglinton analyses (20) are 
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plotted on the two diagrams; only seven analyses have FeO*/MgO values >2 

of which six are classified as tholeiitic. The data are too scattered to 

derive meaningful trend lines in either diagram, however Plato rocks 

appear to be more tholeiitic than Largs rocks (see especially Figure 

4.15B). 

Another broad classification of non-alkaline volcanic rocks is 

Kuno's (1950, 1959) division into the hypersthenic and pigeonitic series. 

Hypersthenic series rocks have orthorhombic or orthorhombic plus monoclinic 

groundmass pyroxene and commonly hornblende plus biotite phenocrysts. 

Rocks of the pi~eonitic series have only monoclinic groundmass pyroxene 

which is generally pigeonitic. Kuno (1968) equated the hypersthenic and 

calc-alkaline series which means that in this system the orthopyroxene-

free Eglinton Volcanics are presumably classified as tholeiitic. Kuno 

(1960) introduced the term "high-alumina basalt" for basalts with 

relatively high Al2o3 (generally >16.5%) and total alkalis intermediate 

between those of tholeiitic and alkaline rocks. Several Eglinton analyses 

conform to the high alumina basalt description, e.g. numbers 7 and 9 

(Table 4.2). 

Pearce et al. (1975) have been able to distinguish most ocean 

floor and ocean ridge basalts from most non-oceanic (continental) basalts 

on a Tio2 - K20 - P2o5 ternary diagram. The method is effective for 

2 
FeO* = FeO + 0.9Fe203, i.e. total iron calculated as FeO. 
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"primitive" basalts defined as having ~ 20% total alkalis on a standard 

AMP diagram. Four igneous Plato rocks and one sedimentary rock meet this 

requirement and all plot in the field of continental basalts (Figure 

4.16). While this result cannot be taken to imply that the Eglinton Vol

canics are of continental origin (the authors do not plot any analyses 

from island arcs) , it certainly does not support genesis at a mid-ocean 

ridge. 

It is concluded that the Eglinton Volcanics are non-alkaline arc 

rocks which, as a group, cannot be unequivocally ascribed to either the 

calc-alkaline or tholeiitic series, but include representatives of both. 

The Plato terrane at least constituted as island arc as opposed to a 

continental margin volcanic arc. 

Rb 1 Sr and Zr ABUNDANCES 

Average Rb, Sr and Zr abundances for groups of Mackay and Eglinton 

rocks, plus· worldaverages of these elements in basaltic rocks, high Ca.

and low Ca.-granites are given in Table 4.5. The groups in each terrane 

are arranged in order of decreasing Ca content and decreasing solidifi

cation index. 

Rb has similar ionic and atomic properties to K and is restricted 

to K-bearing minerals. In the range from mafic to felsic rocks on a 

global basis Rb concentration increases two orders of magnitude while K 

increases by about one order of magnitude (Heier and Billings, 1970), 

hence the ratio K/Rb decreases. In both the Eglinton and Mackay rocks 

Rb follows the global trend and increases with decreasing solidification 

index. The plagioclase-rich leuco-gabbronorites have the same average 

Rb content as anorthosites from Australia and Norway (Heier and Billings, 

Table 37-E-3) however the K/Rb ratio is considerably lower - 800 as 

opposed to 2300. K/Rb ratios decrease with decreasing solidification 

index in the volcanic rocks while in the Mackay Intrusives the highest 

K/Rb ratios occur in the basic rocks and lowest ratios in the leuco-granites 
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Figure 4.16 Rocks of the Plato terrane, with A/AFM -'20%, 
plotted on the ternary diagram of Pearce et al. (1975) constructed 
to discriminate between oceanic and continental basalts. 
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Table 4.5 Summary of Trace Element Geochemistry. Crustal Averages are from Turekian and Wedepohl (1961) and Turekian 
and Kulp (1956). Analysis 'Numbers Refer to Tables 4.1 and 4.2 for Mackay and Eglinton rocks Respectively. 

Rock Type or Group Analysis Solid. Sio2 ·%Ca Rb Sr Zr lOOORb K lOOOSr 
Numbers Index Sr Rb Ca 

Basaltic 30 465 140 65 277 6.5 

Granitic Crustal 
1.0-5.0 110 440 140 250 229 23 

Averages 
Granitic 0.1-1.0 170 100 175 1700 247 16.7 

----------------------------------------------------------
Olivine gabbronorites 17,~8 53.9 44.3 9.0 0.7 790 30 1 460 9 

Leuco-gabbronorites 14-16 33.7 50.9 7.1 2.6 905 34 3 794 13 

Diorite, Nurse suite 8 24.5 53.9 5.4 15 627 116 24 415 12 

Monzodiorite, Nurse suite 7 22.5 57.1 4.6 70 469 160 149 237 10 

Mistake Diorite 9-12 22.2 57.5 4.2 63 590 144 107 260 14 

Granodiorite 5,6 14.2 63.4 2.8 96 433 262 222 238 15 

Leuco-granite, Hut suite 1-3 3.5 73.9 0.9 162 174 126 940 211 20 

Cr-diopside ankaramite 8 66.2 49.0 11.8 4.6 82 48 56 559 0.7 

Plato igneous rocks ·5-7,9,10 32.1 49.2 7.0 11.6 416 63 49 568 6 

Largs igneous rocks 18-20 28.3 54.0 5.7 10.8 707 95 16 423 12 

Largs igneous rocks 11-15 22.9 52.7 5.3 19.2 782 94 25 379 15 

!\.) 

f-' 
N 
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but no regular trend is evident between them. 

Sr generally occurs in Ca-rich minerals and to a lesser extent in 

high temperature K-bearing minerals. Turekian and Kulp (1956) found that 

Sr behaves quite differently in basaltic and granitoid rocks. Sr 

decreases in granitoid rocks with decreasing Ca, both within single batho

liths and in universal sampling. On the other hand, although some basaltic 

bodies show a covariance of Sr and Ca it is always an inverse relation

ship which is destroyed on a world wide basis because regional variations 

subdue any local differentiation effects. Eglinton and Mackay rocks con

form to this pattern as Sr decreases with decreasing Ca in the granitoid 

and dioritic specimens and increases with decreasing Ca in the Eglinton 

Volcanics and basaltic Mackay rocks (Table 4.5). Sr plotted against Rb 

(Figure 4.17) shows clearly an inverse relationship between these two 

elements in the Mackay Intrusives, whereas the Largs and Plato rocks corn

prise two nearly distinct fields, each with variable Sr and generally low 

Rb. This difference between the two volcanic terranes may be due in part 

to differences in degree of fractionation. 

Zr tends to be concentrated in the most acid members of a differ

entiation series according to Nockolds and Allen (1953, p. 138). This 

occurs in both Eglinton and Mackay rocks although to a slightly greater 

extent in the latter (Figure 4.18). Specimens with solidification index 

~30 have 30 - 80 ppm Zr. With decreasing SI, Zr content rises steeply 

to a maximum of 267 ppm in the granodiorites and dioritic 

rocks. The leuco-granites, which cluster fairly well, have anomalous 

values as far as this main Mackay trend is concerned but they might con

ceivably lie on a trend followed by the Plato rocks; the data are clearly 

insufficient to be unequivocal. 
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CONCLUSIONS 

The Mackay Intrusives and Eglinton Volcanics comprise two suites 

of chemically similar rocks. They differ little in their alkali-lime and 

ferro-femic indices and in their position on the standard AMF ternary 

diagram, although K2o;sio2 is distinctly higher in Eglinton rocks of the 

Plato terrane than in the Mackay Intrusives (compare Figures 4.2 and 

4.11). Both Eg1inton and Mackay_rocks were derived from differentiated 

magma sources, presumably in the root zones of a volcanic arc or successive 

arcs. Further discussion of petrogenesis is included in Chapter 7. 



CHAPTER 5 
STRUCTURAL GEOLOGY AND NOTES ON TERTIARY SEDIMENTARY ROCKS 

Structurally the field area is dominated by faulting; several 

major faults and numerous smaller ones have an average strike between 

north and north east. Megascopic folding is recognised in the Largs 

terrane but it is not clear whether the generally steep dips of Plato 

strata are due to folding or rotation by faulting. Although regional 

foliation has not been developed in either the Eglinton Volcanics or 

Mackay Intrusives, schistose and gneissic rocks do occur locally, 

especially near faults. A newly recognised sliver of Tertiary rocks 

faulted into the Eglinton Volcanics in Plato Creek (Plates 5.1 and 5.2} 

and the Tertiary rocks immediately west of Mount Eglinton are described 

briefly in this chapter. 

FAULTING 

Grindley (1958} mapped the Eglinton Volcanics in this area as 

bounded by two major faults, i.e. separated from the younger Maitai 

Series sediments to the east by the Hollyford Fault and separated from 

the crystalline Fiordland Complex to the west by the Skelmorlie Fault. 

The Skelmorlie Fault as mapped by Grindley (1958} and Wood (1962) was 

identified as an important element in the tectonic evolution of the 

South Island when Landis and Coombs (1967} described the Skelmorlie -

Skippers fault system as the median tectonic line of New Zealand. Com

plications concerning the location and identity of the Skelmorlie Fault 

arose however after Landis (1969) reported the existence of two large 

faults crossing Hut Creek Valley. Whereas the western fault coincided 

with the position of the Skelmorlie Fault as mapped by Grindley, it was 

the eastent fault (here mapped as the Eglinton Fault) which separated 

volcanic from plutonic rocks. 

Field work by the author has shown that the Skelmorlie Fault (as 

216 
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mapped by Grindley, 1958; Wood, 1962) in fact comprises two separate 

faults. The name 'Skelmorlie' is retained for the fault mapped south of 

Birley Pass, this being the area where Grindley's (1948) field work was 

carried out, and the second fault,farther west, is named Glade Fault 

(Map 1). Neither fault appears to have been as fundamental to the tee-

tonic development of the area as the Hollyford Fault. 

Hollyford Fault 

The Hollyford Fault, named by Grindley (1958), defines the eastern 

margin of the Eglinton Volcanics. It is a continuous, steeply dipping 

structure mapped for 110 km on the southern side of the Alpine Fault 

(Landis, 1969). On the south side of Plato Creek where the fault zone 

0 

is well exposed (Plate 5.1) it dips approximately 70 to the east. At 

this locality and in a tributary of Wesney Stream (018713) crushed rock 

occurs discontinuously through a zone nearly 100 m wide. Spectacular 

epidotisation and hematitisation are characteristic of the fault zone in 

the Wesney locality. The nature of displacement is unclear. Slivers of 

Eocene and Oligocene sediments in grabens along the fault in Smithy 

Creek and west of Lake Fergus (the Lake Lochie beds of Corner, 1969) 

suggest vertical movement or dilation (Landis, 1969) during the Cenozoic. 

Glade Fault 

In terms of topographic expression the Glade Fault is the most 

notable structure in the field area. Its eroded trace cut in the eastern 

flank of Mt Ngatimamoe is clearly visible from the Milford Road above 

the lower Hollyford turnoff. Exposure is excellent on Mt Ngatimamoe and 

in Mistake Creek and Hut Creek. Glade Pass and the spectacular u Pass 

(Plate 1.14) are located in its crush zone. The Glade Burn (Plate 4) is 

incised along the fault which also appears to be responsible for the 

prominent depressions east of Foliage Hill (Map 1) and in the ridge guard-

ing the northern side of Safe Cove on the western side of Lake Te Anau 
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(N.Z.M.S. 1, Sl31). North of Mt Ngatimamoe the Glade Fault is poorly 

exposed but it is not unlikely that it has controlled the course of the 

Hollyford River for 4 - 5 km north of the t1arian Valley. 

The fault zone, generally 30 - 40 m wide, is characterised by 

fault breccia and extensive veining - especially by epidote. Adjacent 

rocks have been variously affected e.g. in Mistake Creek, biotite in 

the Mistake Diorite becomes more extensively chloritised nearer the fault 

whereas biotite in rocks of the Glade suite does not. The fault is 

approximately vertical, and planar, chlorite-smeared fractures which 

occur sporadically within the crush zone are also vertical. Numerous 

slickensides measured in the fault zone near Glade Pass appear to be 

randomly oriented and are of no assistance in determining the latest 

direction of movement. The fault has produced an apparent dextral offset 

of 4 - 6 km in Hut suite rocks although there is no means of determining 

what proportion of the displacement, if any, was due to dip-slip move

ment. Inception of'-movement was almost certainly post mid-Cretaceous; 

further work on Tertiary rocks lying along the fault west: of upper Lake 

Te Anau (Wood, 1962) may define its history more precisely. 

Skelmorlie Fault 

The Skelmorlie Fault is a vertical to steeply dipping structure 

mapped from above Birley Pass, south through Nurse Creek and The Brandy

wine to Mt Eglinton, where it displaces Tertiary sedimentary rocks 

unconformably overlying both the Eglinton Volcanics and Hackay Intrusives 

(Plate 1.10). It is clearly visible cutting the Tertiary beds for several 

kilometres farther south, however it is not obvious where the fault occurs 

north of Birley Pass. In Nurse Creek and The Brandywine it defines the 

eastern margin of the Nurse suite against the Largs terrane; however 

regionally it does not define the western margin of the Largs terrane 

(Map 1) and is not considered to have the tectonic significance that it 
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once had. 

On both the Nurse Creek-Murcott Burn ridge and Nurse-Brandywine 

ridge where the fault zone is indifferently exposed, brecciated rock 

occurs discontinuously in a zone up to 50 m wide. Shattering has not 

been of sufficient intensity to have resulted in notches or even 

depressions in these ridges. In a tributary of Nurse Creek (957752) 

the fault contact between Eglinton and Mackay rocks is very sharp and 

0 

dips 80 west; shattering and crushing is mainly confined to the Eglin-

ton rocks. Sinistral strike-slip and/or vertical movement (west side up, 

Plate 1.10) has produced an apparent separation of 750 m in the Tertiary 

rocks (Map l). The eroded fault scarp is clearly evident, both in the 

field (Plate 1.10) and on aerial photographs, cutting Tertiary rocks for 

at least 2 km south of The Brandywine (see "Tertiary Rocks" below for 

further discussion) • 

Eglinton Fault 

Landis first discovered the Eglinton Fault cutting the lowest 

stream bed outcrop in Hut Creek. As it separates Eglinton Volcanics from 

plutonic rocks to the west (Mistake Diorite), Landis (1969, Fig. 64) 

mapped it as the median tectonic line. This locality is still the best 

exposed and most accessible outcrop of the fault zone. Mylonites and 

gneissic mylonites (terminology of Reed, _1964) are well developed, 

gneissosity and shear planes dipping 60° to the v1est. Small folds and 

tension gashes indicate a phase of dextral strike-slip movement after 

the development of gneissosity. Slickensides however show the most recent 

movements to be essentially dip-slip. 

A representative gneissic mylonite from this locality (35000) has 

modal composition equivalent to granodiorite (Chapter l.A) and contains 

reddish brown biotite and minor almandine garnet. The Mg-Fe distribution 

coefficient for these minerals (see "Garnet", Chapter 3) is consistent 
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with either crystallisation from a melt or crystallisation under con

ditions prevailing in the orthoclase-sillimanite zone of the almandine

amphibolite facies. Biotite from the gneiss gives a K-Ar radiometric 

age of 143±5 million years (Chapter 6). I suggest that the gneissic 

mylonites were formed in the Jurassic from the metamorphism of Mistake 

Diorite rocks during deep seated faulting. It seems unlikely that 

significant movement has occurred on this fault in recent times as this 

might be expected to destroy the gneissosity and produce a fault zone 

similar to those described above. 

The Eglinton Fault has not been traced as a continuous structure 

north of Mistake Creek despite satisfactory exposure in this area. In 

Melita Creek where the Eglinton Volcanics and Mistake Diorite are 

probably not everywhere in fault contact, gneissic mylonite was noted 

in the Mistake Diorite at only one locality (027897), 20m from the 

Eglinton contact. On the Melita saddle and in Falls Creek the contact is 

strongly faulted; adjacent Eglinton and Mistake rocks are foliated but 

gneissic mylonite is absent. If the Eglinton Fault is continuous to Falls 

Creek then it is definitely not ever~vhere coincident with the Eglinton

Mistake contact. South of Hut Creek the fault is covered by alluvium in 

the Eglinton Valley. 

Mistake Fault 

In addition to occurrences of gneissic mylonite along the Eglinton 

Fault, similar rocks are known from two fault zones within the Mistake 

Diorite. In one of them, the Mistru(e Fault (Map 1; see Chapter l.A), 

gneissic mylonite is developed on a scale comparable to that of the 

Eglinton Fault. Augen mylonite and gneissic mylonite, commonly folded 

(Plate 1.3), are well exposed in the lowest outcrops on the south side 

of Mistake Creek where the fault zone has a minimum width of 20 m. Rusty 

stained boulders from this locality and from the north side of the creek 

are conspicuous in float for some distance down the Eglinton River. 
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Gneissic mylonite (non-folded) is widespread in a tributary of Mistake 

Creek (Map 1) where the Mistake and Eglinton faults appear to merge but 

does not occur in that part_ of the fault zone exposed in Hut Creek. 

The other occurrence of gneissic mylonite is in an outcrop on 

the north side of the Hollyford River (048948) in the compositionally 

transitional contact zone between the Mistake Diorite and Hut suite 

rocks; it does not appear to be widely developed at this locality how-

ever. 

Melita Fault 

This fault, which has been mapped only in the Eglinton Volcanics 

on the south side of Melita Creek, is best exposed in a tributary drain-
. .., 

ing Melita Peak (030875). The fault zone is comprised of 4 - 5 m of 

green and black pug containing sporadic augen of crushed and altered 

diorite (?) and locally, pyrite concentrations. A perfectly planar, 

·o 
polished face dipping 75 east marks the eastern side of the pug zone 

and its western side is also sharply defined. In two other tributaries 

farth.er north the fault appears to be splaying out, while to the south 

it has not been traced over the Melita Peak ridge • ..,. 

Other Faults 

Faults and shear zones of various sizes are very common through-

0 

out much of the area. Dips consistently exceed 45 and strike directions 

are concentrated in the northwest-northeast quadrant (Figure 5.1), the 

only major exceptions being two faults west of Nurse Creek (Map 1). 

Several conspicuous faults are well exposed in the northern part of the 

Largs terrane, especially on the ridgl§"'between Hut Creek and Waterfall 

Creek. Fault "zones in the field area are characterised by fault breccia 

and/or extensive mineralisation by epidote, and less abundantly, quartz, 

chlorite, prehnite and hematite. Pug is not widely developed and occurs 

extensively only in the Mistake Fault and a smaller parallel fault 600 m 
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to the east. 

Small fault scarps, generally 1 - 2m but locally up to 25 m high 
-, 

and obviously of very recent origin, occur sporadically in the Eglinton 

Volcanics. They occur on the flanks of ridges, supparallel to both bedding 

and ridge crests and consistently face uphill indicating subsidence of 

ridge centres relative to their flanks. Individual scarps are usually not 

traceable for more than 1 - 2 km. Similar scarps have been noticed 

previously in the upper Eglinton area by Landis (1969) , Williams (1969) 

and Lamb (1971) and elsewhere (e.g. Wallace, 1971, Mataketake Range}. 

Beck (1968} described similar features in the Arthurs Pass area and 

suggested that they resulted from gravitational readjustment in glacially 

oversteepened ridges whereby the ridge centre subsides slightly, wedging 

out the flanks. "Gravity faults" (assuming Beck is correct) were not 

observed in the Mackay Intrusives whereas they are abundant in Maitai 

Group rocks on Key Summit ridge to the east of the Plato terrane; they 

seem to develop more readily in bedded rocks than in relatively more 

homogeneous plutonic masses. An exceptionally large gravity fault scarp 

occurs in Eglinton strata on the ridge north of Smithy Creek (Plate 5.3}. 

FOLDING AND FOLIATION 

Folded and foliated rocks are not characteristic of either the 

Mackay Intrusives or the Eglin ton Volcanics. The f~~~ terrane comprises .. ,.. ., ' 

an east-younging homoclinal sequence of volcanogenic sediments and dikes 

which are steeply dipping to overturned. Mesoscopic folds are absent. 

Outcrops of strata diverging widely from regional strike occur commonly 

in the Melita Limestone Member and at one locality in the Consolation 

Formation (037882) suggesting that considerable rotation of small blocks 

(probably fault-bounded} has occurred. A metamorphic fabric has been 

developed only locally: in the Divide Formation northwest of the Eglinton 

River, flattened volcanic breccias and sandstones, equivalent in texture 
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to quartzo-feldspathic rocks of Chlorite II subzone, are fairly common. 

Schistosity appears to parallel bedding. A weakly developed schistosity 

evident in some outcrops of Melita limestone,however,parallels regional 

strike rather than bedding. 

Large scale folding has taken place in the Largs terrane. In the 

southern part of the terrane bedding strikes slightly east of north and 

0 0 

dips range from 35 E to 23 w. On the basis of opposing dip directions 

and scanty younging data a syncline axis is mapped along the main Earl 

Mountains ridge. North of Birley Pass bedding strikes west of north, 

approximately parallel to the eastern contact of the terrane with the 

Hut suite and Mistake Diorite. The Disappearing tuffs in Disappearing 

Peaks young to the east and include the only mesoscopic fold observed 

in the Eglinton Volcanics; axial· plane cleavage is vertical and strikes 

0 

165 • Two west-facing sequences elsewhere in the northern part of the 

terrane indicate further large scale folding but the data are too meagre 

to map fold hinges. 

Schistose rocks occur in the Largs terrane over a relatively wide 

area in the lower Murcott Burn and immediately north (see location of 

foliation attitudes on Map 1). Textural grade is equivalent to Chlorite 

subzones I and II (e.g. 35472) and rarely, up to subzone III. Schistos-

ity is defined by sericite and subordinate chlorite; it is generally 

steeply dipping and is subparallel to bedding. Perhaps anticlockwise 

rotation of the northern Largs terrane (around a steeply dipping axis in 

the lower Murcott Burn area) as a result of forceful intrusion of Mackay 

rocks between the Largs and Plato terranes, produced this effect. 

Anomalous east-west strikes in the tuffaceous rocks 400 m north of Largs 

Peak may be related to this process. Foliated rocks are uncommon else-

where in the Largs terrane but do occur along the contact with the Nurse 

suite around Skelmorlie Peak, where they are probably associated with 

intrusion of the Nurse rocks, or subsequent faulting along the contact 
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zone. 

Foliation, only sporadically developed in the Mackay Intrusives, ~ 

is generally associated with faults, shear zones,or contacts. West-

dipping foliation predominates but the spread of attitudes is wide (Figure 

5.2). Strong and locally persistent foliation occurs in the following 

areas: in the Mistake Diorite along its contact with the Plato terrane 

in upper l-ieli ta Creek; in rocks correlated with the Nurse suite immedi

ately west of Glade Fault; in Nurse rocks along the Largs terrane 

contact on Skelmorlie Peak; in loose boulders on the ridge top 2 km 

south of Skelmorlie Peak and in the northern part of the crystalline 

mass in the Smithy Creek area. At least four of these occurrences are 

associated with contacts and/or faults and the average attitude in each 

of the four areas is dissimilar (Figure 5.2). Very weak foliation, 

apparently unrelated to faults or shears, is not uncommon in the Mistake 

Diorite. 

DIKE ORIENTATIONS 

The orientation of dikes cutting the Mackay Intrusives (Figure 

5.3) is similar to the orientation of faults and shears in the field 

area (compare Figure 5.1). Both dikes and faults have an average strike 

of north-northeast. Dips are mostly moderate to steep in both cases, 

however 55% of the faults dip west (Figure 5.1) whereas a small majority 

of dikes dip east. East-dipping dikes are concentrated in the Hollyford 

suite and in correlative rocks of the Nurse suite in upper Falls Creek, 

whereas west-dipping dikes are concentrated in Hut and Glade rocks 

(Figure 5.3 and Map 1); no compositional differences are discerniible 

between the two groups. The significance of this observation is unclear, 

however there appears to be a northeast-southwest trending structural 

divide of some nature in Falls Creek. 

Few orientation data are available for dikes cutting the 
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Figure 5.1 ~ diagram of faults and shear zones cutting the Mackay 

Intrusives ( 11 ) and Eglin ton Volcanics ( .A. ) • 



Figure 5.2 7T diagram of foliation in the Mackay Intrusives: 

T Mistake Diorite near the Eglinton Fault 

• Nurse suite near its contact with the Largs terrane 

a Nurse suite correlatives west of the Glade Fault 

.6. Glade suite correlatives in the Smithy Creek area 

0 all other foliation 
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Figure 5.3 ~ diagram of dikes cutting the Mackay Intrusives: 

e Hollyford suite (20 dikes) 
Rocks correlative with the Nurse suite, in Falls Creek (4) 

• Glade suite (11) 
Hut suite (16) 
Mistake Diorite (1) 
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Plate 5.2 Tertiary roundstone 
conglomerate of the Plato Creek 
body shown in Plate 5.1. 

Plate 5.3 Exceptionally large, north-trending gravity fault scarp 
on the ¥Test side of the ridge nor th of Smithy Creek (015785). Dave 
Craw is standing on the scarp ·to ... :a rds the l e ft of the photo. Hut 
Creek and r1istak e Cre ek are in the b a ckground. 
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Eglinton Volcanics, as they are commonly difficult to identify and 

delineate in highly altered rocks, and in addition, most are not planar. 

';['ERTBRY ROCKS 

Tertiary rocks correlated t.vith the Annick Group (Landis, 1974) 

are mapped in Plato Creek and west of Mt Eglinton. The Plato Creek occur-

renee (Plate 5.1) is a previously unrecorded block of sediments inserted 

into the Plato terrane by faults which appear to splay out from the 

Hollyford Fault. Plato Fault defines the western margin of this block; 

where exposed above bushline (Plate 5.1) it is a very sharp planar 

0 

structure dipping 70 SW. Minor pug occurs along the contact bet\o1een highly 

epidotised Eglinton Volcanics and crushed, hematite-stained Annick Group 

plutonogenic cobbles and boulders. Forest and scrub covers the northern 

end of the block and much of its eastern contact. 

Roundstone plutonogenic conglomerate with a sandy matrix comprises 

at least two thirds of the Tertiary outcrop in this locality and forms 

some spectacular topography (Plate 5.2). Average cobble size is 15 em and 

few clasts exceed 60 em. They are very well rounded and appear to be 

locally derived from the Mackay Intrusives. Most of the conglomerate is 

massive, but crude bedding is defined by scattered grit and pebble layers. 

On the ea.stern side of the block massive and bedded biotite-bearing 

grits and sandstones predominate vli th sparse coal measures (<1 m thick) 

and plant remains. Considerable disruption has probably occurred within 

the block during infaulting as bedding attitudes in the finer sediments 

0 0 0 

(035.60 NW to 065.72 NW) and in the conglomerate (104.45 SW) are quite 

divergent and are not parallel to the (concealed) conglomerate-sandstone 

contact. 

West of Mt Eglinton, shallow-dipping Tertiary beds mapped by 

Grindley (1958) as arkosic coal measures, unconformably overlie rocks of 

the Largs terrane and Nurse suite. No attempt was made to map these rocks 

in any detail, however some interesting observations were made on the 
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lithological differences in the basal strata on either side of Skelmorlie 

0 . 

Fault. Dips of approximately 24 SW were recorded in Tertiary beds on both 

sides of the fault but there is a distinct, though slight difference in 

strike (Map 1). 

West of Skelmorlie Fault the basal 150 - 200 m of Tertiary rocks 

consist of very well rounded plutonogenic conglomerate and slightly less 

abundant grey to brown grit and sandstone. Maximum boulder size is 

probably just under 1 m and the average boulder or cobble size generally 

decreases up section. 75% of the cobbles and boulders are of gabbroic 

intrusives including gabbronorites and olivine-bearing rocks; granitoid 

and dioritic rocks comprise the other 25%. Garnet-bearing rocks, 

searched for specifically, were not found. Sandstones and grits (35478) 

are of similar composition to the cobbles. Carbonaceous material is rare. 

Crystalline rocks of the Nurse suite immediately beneath the sedimentary 

strata are commonly reddish in colour due to abundant hematite and 

clasts of this material are recognisable in the conglomerates. The 

Tertiary-Nurse suite contact was not seen in outcrop. 

Adjacent to the Skelmorlie Fault on its eastern side the lowest 

Tertiary unit exposed is conglomerate containing boulders up to 2.1 m 

in largest dimension. Plutonic clasts predominate; Eglinton Volcanics, 

although uncommon as boulders and cobbles, comprise 10% of the pebble 

fraction. Gabbroic rocks, slightly less abundant than they are in 

Annick sediments west of the fault, do not exceed 1 m in size, the 

1 - 2 m boulders being of Eglinton Volcanics and granitoid plutonic 

rocks. 200 m above the base of this section near the fault, bedded 

quartzose grits and sandstones predominate. Conglomerate beds are com-

prised of >90% granitoid clasts of maximum size 15 em. Microdiorite and 

andesite clasts are also present but gabbroic rocks are absent. 

The basal Tertiary contact is well exposed 100 m east of 



Skelmorlie Fault in a small stream at the base of a large cliff of 

conglomerate (947706). A small fault "~tlith associated sub-horizontal 

slickensides occurs along this part of the contact. Adjacent Eglinton 

Volcanics to the north east of the contact are flooded with hematite 

and Tertiary sediments contain abundant,green,authigenic minerals. 

Farther south east (uphill, and up section as the contact dips more 

steeply than bedding) the basal Tertiary bed is a conglomerate of 

Eglinton clasts, up to 50 em in size, in a soft, hematitic matrix. 

Higher in the sequence sandstones and grits with local cross-bedding 
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and minor carbonaceous material become common while conglomerates become 

finer grained and decline in abundance. 

Basal Tertiary strata on either side of the Skelmorlie Fault 

are of different provenn.nce and grainsize implying that: (1) the fault 

predates Tertiary sedimentation and controlled it in part, in which 

case there may be no sediments in this vicinity in the western block 

equivalent in age to the oldest sediments in the eastern block, or 

{2} the difference is mainly or entirely due to lateral facies changes 

and considerable sinistral strike-slip movement on the fault. Detailed 

mapping of the Tertiary rocks may provide the answer. Regardless of 

initial displacement, the partially eroded east-facing fault scarp 

(Plate 1.10) suggests a comparatively recent phase of uplift in the 

western block. 
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Fourteen K-Ar dates on the Mackay Intrusives have been determined 

in a joint project with Dr C.T. Harper. Dated specimens are from the 

Hollyford suite, Mistake Diorite, a leuco-granite body correlated with 

the Hut suite and a body of hornfelsed volcanic rocks correlated with 

the Largs terrane. 

Six initial dates showed a significant age difference between the 

Mistake Diorite and Hollyford suite and also suggested the possibility of 

a decrease in age from west to east across the Mistake Diorite. Further 

work was then concentrated on the Hollyford suite and Mistake Diorite to 

obtain relatively comprehensive data on two suites,rather than isolated 

and possibly more ambiguous ages on a wide variety of rocks. 

All dated specimens are from unweathered outcrop. Mica-rich rocks 

rather than hornblende-rich rocks were dated wherever possible because of. 

the higher potassium content of mica and greater ease of separation. 

Specimen locations are shown in Figure 6.1 and analytical data and radio

metric ages are given in Table 6.1. Separation and analytical procedures 

plus petrographic notes and references on the dated specimens are located 

in Appendix C. 

DISCUSSION OF RESULTS 

Mistake Diorite 

Five dates on the Mistake Diorite range from 208 - 180 m.y. and 

gneissic mylonite from the Eglinton Fault zone, interpre·ted as recrystal

lised Mistake Diorite, gives an age of 143 m.y. These six dates can be 

divided into three clusters (Table 6.1): two relatively unaltered rocks 

giving dates of 208 m.y. are from the western side of the Mistake body in 

upper Mistake Creek. Although the dated specimens are from groups B and C 

{altered hornblende-biotite rocks, see Chapter l.A), the surrounding 
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Table 6.1 K - Ar Ages and Associated Analytical Data. Analyst, C.T.Harper. 

Specimen Grid Rock Type Component K Radiogenic Ar40 Ar40 Age 
Reference Dated Wt% s.cc/gm % atmos. 

Ar40 m.y. 
total 

HOLLYFORD GABBROIC SUITE 

35486 009922 biotite pegmatite biotite 6.08 3.281 X 10 
-5 

7.9 131 ± 5 

35095 999947 quartz-bearing biotite diorite biotite 6.98 3.729 X 10 -5 
23.8 130 ± 8 

35142 993950 biotite-olivine norite biotite 7.10 3.894 X 10 -5 
6.6 134 ± 5 

biotite 6.76 
-5 

4.8 136 ± 3 35157 972944 hypersthene-bearing diorite 
3.778 X 10_

6 
hornblende 0.68 1. 901 X 10 41.8 69 ± 7 

biotite 7.53 
-5 

3.7 113 ± 3 
35084 -- trondhjemite dike 

3.506 X 10_
5 

muscovite 8.30 3.835 X 10 6.6 113 ± 4 

MISTAKE DIORITE 

35049 995887 granodiorite biotite 7.26 6.359 X 10 -5 7.4 208 ± 8 

35074 995872 quartz-bearing diorite biotite 7.16 
. -5 

6.263 X 10 0.2 208 ± 6 

biotite* 6.73 
-5 

16.3 182 ± 8 
35026 000865 quartz-bearing diorite 

5.112 X 10 _
6 

hornblende* 0.78 5.862 X 10 21.0 180 ±10 

35032 006868 quartz-bearing diorite hornblende* 0.62 4.833 X 10 
-6 

19.5 186 ±13 

35000 003832 gneissic mylonite, granodioritic biotite 6.87 4.383 X 10 
-5 

8.8 143 ± 5 
comp., Eglinton Fault zone 

HUT PLUTONIC SUITE 

35326 981884 leuco-granite biotite* 5.02 2.310 X 10 -5 5.4 112 ± 5 

LARGS TERRANE 

35269 990897 feldsparphyric basalt, hornfsd. whole rock 0.32 2.534 X 10 -6 43.0 189 ±12 

35326 and 35269 are from bodies of rock which are provisionally correlated with the Hut suite and Largs terrane. N 
w 

*these mineral separates are less than.95% pure. w 
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rocks are mainly of group A (relatively unaltered biotite-clinopyroxene 

rocks). The second cluster comprises three dates of 186, 180 and 182 m.y. 

on two hornblende concentrates a.nd one biotite concentrate from mid-

Mistake Creek. Both the dated specimens and surrounding rocks belong to 

group B and are all moderately to strongly altered. The dated biotite is 

partially chloritised, however the hornblendes are largely unaltered. The 

gneissic mylonite with a late Jurassic date of 143 m.y. comprises the 

third "cluster". 

The late Jurassic date is considered to represent the effects of 

recrystallisation and tectonism along the Eglinton Fault zone. In·terp;retat-

ion of the other two clusters however is more difficult. The difference 

between 208 ± 8 m.y. Qnd 180 ± 10 m.y., is 10 m.y. greater than the ma.ximwn 

uncertainty involved, therefore there is either a difference in intrusive 

age of 20 - 30 m.y. between rocks represented by the two clusters of dates, 

or else rocks represented by the younger cluster have suffered Ar loss. 

As stated in Chapter l.A there is no field or petrographic evidence 

to support the hypothesis that rocks represented by the younger dates were 

intruded signi~icantly after the rocks dated at 208 m.y. Thus it is con-

eluded that Ar loss has occurred after crystallisation and cooling, at 

least in the rocks giving the younger dates. As the younger dates are on 

altered rocks, and the older dates on relatively fresh rocks, it might 

appear that the younger dates give the age of alteration. On the other 

hand, the alteration is thought (see Chapter l.A) to have taken place 

during cooling, probably around 208 m.y. ago. 

Harper points out that the dated specimens show a decrease in age 

towards the Eglinton Fault and that this effect may be related to the Fault. 

Although broadly true, in detail the data do not rigorously support this 

idea as the four dated specimens, being roughly equidistant from each 

0 

other when projected onto a line at 90 to the Eglinton Fault, have the 

following sequence of ages: 208; 208; 181 and 186 m.y. Specimen 35074 
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(208 m.y.) which was collected from midway between 35049 (208 m.y) and 

35026 (181 m.y.) expressly to test the idea of a transition in age 

across the Mistake body, in fact strengthened the case for two modes. If 

the dated gneissic mylonite specimen (143 m.y.) was added to the series 

it would strengthen the transition hypothesised, however it cannot be 

taken into consideration without involving circular reasoning. An alter

native explanation is that the rocks giving 180- 186 m.y. dates experi

enced a local thermal event, i.e. unrelated to the formation of gneissic 

mylonites along the Eglinton Fault zone. Their reheating may have been 

associated with the formation of gneissic mylonite in the Mistake Fault 

zone, or perhaps due to intrusion of high temperature magma in the vici

nity of mid-Mistake Creek, producing rocks as yet unexposed by erosion. 

Available data are quite insufficient to resolve this problem, but 

whatever the explanation of the 180-186 m.y. dates, we consider that 

208 ± 8 m.y. is the best estimate for the age of Mistake intrusion and 

cooling, and.that 143 ± 5 m.y. is probably the age of gneissic mylonite 

formation in the Eglinton Fault zone. 

Hollyford Gabbroic Suite 

Seven K-Ar ages were determined on five specimens from the Holly

ford suite. A muscovite-bearing trondhjemite which occurs as dikes in 

Monkey Creek and farther west, gives concordant ages of 113 m.y. on musco

vite and biotite separates. This rock type, along with other granitoid 

rocks, was last to be intruded into the Hollyford suite. In view of the 

concordant and significantly younger (20 m.y.) ages than most of the host 

rocks, 113 m.y. is accepted as its age of intrusion and cooling. 

The other four specimens were dated to ascertain the age of the 

gabbroic to diori tic rocks of the Holly ford suite. Because rocks of 

groups A and B (olivine-bearing rocks and gabbronorites, see Chapter l.C) 

generally have little biotite or hornblende, slightly atypical specimens 

were dated but each is representative of some part of the gabbroic to 

dioritic suite as follows: the biotite-olivine norite (35142) contains 



236 

essential olivine and hypersthene; the biotite pegmatite (35486) appears 

to have originated as segregations from adjacent biotite leuco-gabbro

norite (35086); the hypersthene-bearing diorite (35157) is representative 

of the least basic gabbronoritic rocks and the biotite diorite (35095) is 

representative of at least some of the diorites. 

Biotite separates from each of these four rocks give very con

sistent dates ranging from 130 - 136 rn.y. (cf. Adams, 1975, who reports 

hornblende dates of 139:5 and 149 rn.y. on diorite pegrnatites from the 

western end of Horner Tunnel and one mile north of the tunnel respectively}; 

this lowermost Cretaceous or uppermost Jurassic age is taken to be the 

time ~f intrusion and cooling of most of the Hollyford suite. That the 

dated event was the initial cooling, and not a reheating of already 

crystalline rocks, is supported by the relatively unaltered nature of the 

Hollyford rocks, their finer grainsize than the older Mistake Diorite and 

the existence of older dates in the adjacent Mistake Diorite which might 

well be expected to have been reset in any major reheating of the Holly

ford suite. An age of 69 rn.y. on hornblende from one of these four speci

mens (35157) is difficult to interpret at present. It is similar to a 

Rb-Sr age of 74 ± 6 rn.y. obtained by Aronson (1968) on biotite from an 

amphibolite at the head of Milford Sound. 

Age of the Glade Suite 

As well as the Hollyford and Mistake studies, a biotite concentrate 

from the leuco-granite body in the south branch of Mistake Creek has 

been dated (112 rn.y.) and a whole rock age (189 rn.y.) determined on a 

hornfelsed basalt from upper Mistake Creek. 

The leuco-granite is part of a rock mass correlated with the Hut 

suite and is enclosed within rocks of the Glade suite. Similarly the 

hornfelsed basalt, provisionally correlated with the Largs terrane, 

occurs as a large xenolithic mass within Glade rocks (Figure 6.1). Both 

dates are considered to represent contact metamorphism related to Glade 

intrusion. Metamorphic biotite and actinolitic hornblende are pervasive 
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in the hornfelsed basalt, and there is no reason to suspect that degass

ing of earlier formed radiogenic argon during recrystallisation did not 

go to completion. The leuco-granite body has a sugary, recrystallised 

texture, and is intruded by dioritic dikes (Plate 1.13) also belonging 

to the Glade suite; 112 m.y. is thus taken as the age of reheating by 

later Glade rocks rather than the age of leuco-granite intrusion. 

~~1o dates are obviously insufficient to unravel the history of the 

Glade suite, however the data available suggest that the intrusion of 

Glade rocks may have occurred intermittently over at least 75 m.y. Field 

evidence is not incompatible with this theory in that the Glade suite is 

the most heterogeneous member of the Mackay Intrusives and could well 

have had a long and relatively complex history. Furthermore, the presence 

of tiny iron oxide inclusions in the plagioclase of a dike cutting the 

dated leuco-granite body (see Chapter 2.C, "Plagioclase"), might be 

accounted for if the dike belonged to an early phase of Glade intrusion 

and was subsequently reheated, with the host leuco-granite, during a 

later intrusive phase. 
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The geological history of Eglinton and Mackay rocks is best syn

thesised within the context of the paleotectonic evolution of the New 

Zealand geosyncline (Wellman, 1956). Wellman (1952) recognised two facies 

within the geosyncline, a predominantly quartzo-feldspathic eastern 

"Alpine" facies and a largely volcanogenic "Hokonui" facies. Coombs (in 

Coombs et al., 1959) proposed a more specific tvw-basin geosyncline, an 

hypothesis which is generally accepted at present (e.g. Landis and 

Bishop, 1972). Alpine and Hokonui Facies have subsequently been referred 

to as the Axial and Marginal Facies (Fleming, 1970), Oparau and Hunua 

Facies (Kear, 1971), Torlesse and Hokonui Facies (Landis and Bishop, 1972) 

and Alpine and Hokonui Assemblages (Carteret al., 1974) which are used 

herein. Alpine and Hokonui rocks are separated by a marked tectonic 

break, the Livingstone-Macpherson fault system (Landis and Bishop, 1972). 

In the vicinity of the upper Eglinton Valley (Figure 1) , the Hokonui 

Assemblage comprises four large scale, linear, lithostratigraphic units 

plus the Mackay Intrusives (Grindley, 1958; Wood, 1962). (Hokonui nomen-

clature is confusing, thus the unit names herein plus those used by 

various previous authors are given in Table 7.1.) Largely serpentinised 

ultramafic rocks, the Red Mountain Ultramafites, mapped by Landis (1974) 

as a m~lange, lie immediately west of the Livingstone Fault. Basic to 

interme~iate volcanic and hypabyssal rocks, argillites, breccias and con

glomerates of the Livingstone Sub-Group overlie the Red Mountain Ultra

mafites to the west and together the two units comprise the Humboldt 

Group. Humboldt rocks are thought to represent sub-geosynclinal basement 

(Landis, 1969, p. 41) or oceanic crust, which, in the form of a eugean

ticlinal ridge, separated the Alpine and Hokonui basins during the Mesozoic 



Table 7.1 Lithologic Units of the Hokonui Assemblage South of the Alpine Fault. 
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(Gunn Fault) 
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(Hollyford Fault) 

Alabaster Group2 
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Waterhouse 
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1 Proposed by Campbell and Coombs (1966). 2 Proposed by Landis and Waterhouse (1966). 3 Proposed by Nauman (1973) for 
the Skippers Formation of Wood (1962). 4 The Caples Group is not part of the Hokonui Assemblage. 
A dash denotes rocks not described in the publication. 
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(Landis and Bishop, 1972). Upper Permian geosynclinal sediments of the 

Maitai Group conformably overlie the Humboldt Group. Maitai rocks are 

approximately 4000 m thick, near-isoclinally folded and contain wide

spread lawsonite assemblages of probable Early Cretaceous age (Landis, 

1969, p. 36). Lower Permian volcanogenic sediments of the Eglinton 

Volcanics are separated from the Maitai Group by the Hollyford Fault, a 

steeply dipping structure considered to be one of the fundamental tec

tonic elements in the New Zealand geosyncline (Landis, 1969). Fault

bounded slivers of Murihiku Supergroup and Tertiary sediments are located 

along the Hollyford Fault (e.g. Grindley and Waterhouse, 1960; Landis, 

1969). 

The Eglinton Volcanics are generally considered to be the remnants 

of a Lower Permian island arc (e.g. Grindley, 1958, p. 27; Challis, 1968; 

Nauman, 1972). Dioritic and granitoid rocks of the Mackay Intrusives 

(Grindley, 1958) cut the Eglinton Volcanics and were thought by Grindley, 

followed by Wood (1962) to be penecontemporaneous with the host rocks, 

i.e. of Carboniferous to Lower Permian age. Grindley mapped diorite gneiss 

of the Fiordland Complex (a term first used by Turner, 1935) in fault 

contact with the western margin of the Eglinton Volcanics. He suggested 

that the gneisses originated from the Upper Paleozoic metamorphism of 

Ordoviciru1-Cambrian basic lavas, tuffs and shallow intrusives. Wood (1962) 

mapped the Fiordland rocks west of the Eglinton Volcanics as Darran 

Diorite, thought to have originated by melting and mobilisation of 

originally sedimentary rocks. 

Turner (1938, p. 161) described the eastern boundary of the Fiord

land Complex as being "defined partly by what appears to be a zone of 

great dislocation more or less parallel to the line of the Hollyford and 

Eglinton Valleys". In the upper Eglinton area, Grindley (1958) followed 

by Wood (1962) mapped this dislocation zone as the Skelmorlie Fault. 

Landis and Coombs (1967) proposed that this Fault and its northward extens-
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ion, the Skippers Fault, be termed the median tectonic line of New Zealand, 

separating "paired belts of contrasted metamorphism and igneous activity" 

(p. 507). The paired belts.are the Tasman Metamorphic Belt, comprising 

"those rocks of the western province that were metamorphosed to their 

present mineral assemblage during the Late Mesozoic thermal event", and 

the Wakatipu Metamorphic Belt, comprising the rocks of the New Zealand 

geosyncline also metamorphosed during the (Late Mesozoic) Rangitata Oro

geny. Rocks of the Tasman Belt crystallised under conditionsof relatively 

high temperature and low pressure whereas the Wakatipu Metamorphic Belt 

underwent relatively high pressure and low temperature. 

Thus current literature portrays the Pre-Cenozoic geology of the 

South Island as consisting of three tectonically separate large scale 

elements: the western province; the Hokonui Assemblage and the Alpine 

Assemblage. Western province rocks in the upper Eglinton area (Darran Dio

~ite, Wood, 1962; Darran Complex, Landis, 1969) have received little 

attention since 1962 and are perhaps still considered by some workers to 

be of Paleozoic age. The Eglinton Volcanics are thought to have accumu

lated as an isrand arc west of a plate interface and above a subduction 

zone (Landis and Bishop, 1972; Nauman, 1973). Eugeosynclinal intrusives 

within the Hokonui Assemblage e.g. at Pahia, Bluff, the Longwoods Range 

and including the Mackay Intrusives (Grindley, 1958), give radiometric 

dates of 130- 250 m.y. (Devereux et al., 1968; Aronson, 1965, 1968). 

Landis and Coombs (1966) stated that the intrusives were either coeval 

with their volcanogenic hosts (as suggested by Grindley) and had suffered 

Ar and Sr leakage, or represented the roots of Triassic and Jurassic 

volcanoes. 

Summary descriptions of Mackay and Eglinton rocks are given below 

followed by an outline of their evolvement and a reappraisal of the 

status of the median tectonic line. 



242 

MACKAY INTRUSIVES 

Although the Mackay Intrusives include a diverse collection of 

rock types and yield K-Ar ages spanning at least 100 m.y. (208 - 112), 

there is a complete continuum in mineralogy, modal composition and 

chemistry from the olivine-bearing Hollyford rocks, through the dioritic 

Glade and Mistake rocks, to the granitoid Hut and Nurse suite rocks. 

With the probable exception of the Gunn Dolerite, all members are con-

sidered to be consanguineous. Summary descriptions of each unit are 

given below with the inferred order of emplacement. 

The Gunn Dolerite has similar mineralogy to some of the dikes 

cutting the surrounding Plato terrane and its degree of alteration is 

also equivalent to that of the host rocks. No radiometric dates are 

available, but on petrographic grounds it seems likely that the Gunn 

Dolerite and Plato dikes were intruded contemporaneously during the Early 

Permian. 

The Mistake Diorite is an elongate plutonic body, continuous 

for at least 30 km, which has intruded the Eglinton Volcanics. Its 

eastern and western contacts are approximately parallel to bedding in 

the enclosing Eglinton rocks and are locally faulted. Intrusion breccia 

occurs at the eastern contact in upper Melita Creek but xenoliths are 

generally absent. Differentiation, occurring either in situ or before 

intrusion, has produced a range of rock types from the dominant qbartz-

\ 
bearing diorite to granite. If differentiation took place in situ then 

the distribution of members of the crystallisation sequence suggests 

that the base of the intrusion was to the west. Alteration is quite 

variable but the degree of alteration appears to be related to composition, 

the more acid differentiates being most altered. Overall more than half 

of the intrusion can be described as strongly altered. 

Plagioclase in the Mistake Diorite is generally unzoned and grain-

size is coarser than the average grainsize of other Mackay rocks indicat-
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ing that it cooled more slowly, probably at greater depth. The Mistake 

body does not cut any other member of the Mackay Intrusives whereas it 

is cut by microdiorite and andesite dikes (Plate 1.4). Their age and 

origin are unknown, however in mineralogy and degree of alteration they 

are more similar'to dikes cutting the Plato terrane than to dikes of 

equivalent composition cutting other Mackay units. K-Ar dates of mid and 

uppermost Triassic age have been determined on five biotite and horn

blende separates. The mid-Triassic dates of 208 m.y. are taken as the 

approximate age of intrusion and cooling and the younger dates (180 -

186 m.y.) are considered to have been reset by a local event • 

. Rocks mapped as the Hollyford, Nurse and Glade suites have certain 

unifying characteristics which set them apart from the Mistake Diorite, 

viz. heterogeneous composition on outcrop scale, spatial association, 

comparatively unaltered nature, medium grainsize and zoned plagioclase. 

Their grainsize and plagioclase zoning suggest that they cooled more 

rapidly than the Mistake Diorite. Thus available K··Ar radiometric data, 

relative degrees of alteration and inferred depths of intrusion indicate 

that the Hollyford, Nurse and Glade suites post-date Mistake rocks. 

A hornfelsed andesite body within the Glade suite yielded a whole 

rock age of 189 m.y. which is taken to indicate a Late Triassic age of 

intrusion for at least part of the Glade suite. In contrast, the leuco

granite body in the south branch of Mistake Creek is also surrounded, 

intruded and hornfelsed by Glade rocks but gives an early to mid-Cretac

eous age (112 m.y.). Hollyford gabbroic to dioritic rocks give concord

ant ages of 130- 136 m.y.; they are intruded by microdiorites and 

later still, by granitoid rocks which are very similar to rocks of the 

Nurse suite - as yet undated. It seems likely that whereas some intrusive 

activity occurred in the Late Triassic (Glade rocks), the main phase of 

Mackay intrusion, subsequent to Mistake intrusion, took place in the 

Early Cretaceous. Basic rocks were intruded first and concentrated 

in the Hollyford area where they comprise 
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the bulk of the Hollyford suite. These were cut by dioritic dike 

rocks which also occur as large masses comprising the Glade suite. Grani-

toid rocks were generally intruded last and are concentrated in the Nurse 

- Brandywine area where they comprise the Nurse suite. 

-
The Hut suite flanks the western margin of the Mistake Diorite for 

at least 10 km north of Waterfall Creek and a correlative body occurs in 

the south branch of Mistake Creek. h~ite granite and other granitoid 

rocks, with colour index ~5, are characteristic of this suite. A dis-

tinctive, though volumetrically minor lithology, is a diorite with unusual-

ly elongate hornblende crystals which occurs as sparse xenoliths through-

out the leuco-granite except in the Mistake Creek body. This diorite is 

relatively abundant near the eastern contact with the Mistake Diorite on 

the southern side of Hut Creek. In general, Hut suite rocks east of, and 

immediately adjacent to the Glade Fault, are altered and somewhat granu~-

lated whereas Hut rocks west of the Fault are unaltered and commonly 

appear to be recrystallised. 

Age and origin of the Hut suite is still uncertain. Its contact 

with the Mistake Diorite is gradational and perhaps the result of magmatic 

mixing, or metasomatism by watery solutions emanating from whichever body 

was last intruded. Dioritic dikes of the Glade suite cut the leuco-granite 

body in South Mistake Creek and microdiorite dikes cut leuco-granite in 

Falls Creek, thus the Hut suite pre-dates at least part of the Glade suite. 

Hollyford and Hut rocks have a sharp unfaulted contact which, where 

observed on either side of the Hollyford River, provides no clue as to 

relative age. Gabbroic rocks are not known to intrude the leuco-granites, 

on the other hand, granitoid dikes cutting Hollyford rocks do not include 

rock types which could be correlated with the Hut suite. Pyrite is common 

in the leuco-granite adjacent to the gabbroic Hollyford rocks in Falls 

Creek and Mount Christina, but not elsewhere in the Hut suite, or in any 

other granitoid rocks in the field area. Perhaps the pyrite was derived 
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rocks following their intrusion. 
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On balance it seems likely that the Hut suite is older than the 

Hollyford and Nurse suites and older than most or all of the Glade suite 

The elongate-hornblende rocks appear to be related to the western margin 

of the Mistake Dioritet on the Hut Creek - Waterfall Creek ridge, which 

suggests that the Hut suite leuco-granites are younger than the Mistake 

rocks. If the Mistake and Hut rocks are closely related genetically, as 

their contact relations and proximity to each other might suggest, then 

the probable order of intrusion is Mistake Diorite followed by the more 

differentiated leuco-granites. 

EGLINTON VOLCANICS 

The Eglinton Volcanics comprise two discrete terranes separated by 

the Mistake Diorite. The eastern, Plato terrane, is of basaltic to ande

sitic composition and comprises an east-younging sequence of steeply 

dipping, volcanogenic, marine sediments including turbidites. It is cut 

by basaltic dikes. Atomodesma limestone occurs in the lower part of the 

terrane and several fossil localities with a mainly bivalve and brachio

pod fauna are known; age is Lower Permian. Metamorphic grade is prehnite 

-pumpellyite to pumpellyite-actinolite schist facies. 

Volcaniclastic and especially pyroclastic rocks are also predom

inant in the western, Largs terrane which is mainly andesitic to dacitic 

in composition. The Largs terrane includes several bodies of massive 

andesite and is cut by andesitic dikes. Fossils, limestones and turbidite 

deposits were not found. Hematitic rocks are v7idespread whereas they 

occur only sparsely in the Plato terrane in which they are restricted 

to the Gondor Formation. Large scale folding has occurred in the terrane 

but the structure is not yet completely resolved. Metamorphic grade is 

similar to that in the Plato terrane except that rocks near some members 
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of the Mackay Intrusives have been subjected to a phase of contact meta

morphism raising them to albite-epidote and hornblende-hornfels facies. 

As the Largs terrane is unfossiliferous its age is unknown. It 

pre-dates the Mistake Diorite and like the Plato rocks is of tholeiitic 

to calc-alkaline affinity, thus until there is evidence to the contrary 

it is considered to be of similar age to the Plato terrane, i.e. Lower 

Permian. Certain dike rocks, such as Cr-diopside anka:!:'amite, microdiorite 

and augite porphyrite, are found only in the Plato terrane implying that 

during the period of their emplacement the Plato terrane could not have 

overlain the Largs terrane, which, in its present position, appears to 

be stratigraphically lower. The two terranes probably accumulated either 

as discrete volcanic arcs or as different portions of the same arc. In 

view of the trend from basaltic to andesitic volcanism in the Plato 

terrane, and from andesitic to dacitic in the southern part of the Largs 

terrane, it seems most likely that Largs rocks accumulated after Plato 

volcanism had l~xgely ceased, probably as the source magma(s) became less 

basic and the site of volcanism moved farther west. 

Eglinton Basement 

Eglinton rocks are thought to be the oldest in the field area. They 

accumulated at the western margin of the New Zealand geosyncline during 

the Early Permian and are interpreted as the products of island arc vol

canism. The Plato terrane, which includes turbidites and bioclastic 

limestone, was almost certainly deposited in an island arc environment 

rather than on a continental margin. This supposition is supported by 

Plato petrography and geochemistry (compare Table 4.2 and Jakes and 

White, 1972, Table 3). Plato basement was probably oceanic crust, thus 

partially serpentinised ultramafic rocks in the Plato terrane near the 

Hollyford Fault (Map l) may be slices of ocean floor material incorpo

rated in the overlying sediments during orogenesis. As pointed out above, 

the Largs terrane accumulated to the west of the Plato terrane rather 
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than stratigraphically above or below it. Largs basement may have been 

either oceanic or continental crust although the latter alternative is 

considered unlikely; ultramafic bodies are unknown whereas acid plutonic 

clasts occur sparsely in some Largs breccias. 

Present Day Island Arcs 

Insight into the processes involved in the formation of ancient 

island arcs can be obtained from a study of their present day analogues. 

Island arcs are located above active seismic zones, commonly called 

Benioff zones (Dickinson and Hatherton, 1967), on the continental side 

of ocean trenches. Both arc volcanism and seismic activity are thought 

to be caused by the subduction of lithospheric plates (Hess, 1962; 

Isacks et al., 1968). Benioff zones may be vertical, but are more commonly 

inclined and generally dip beneath the arc. Predictable changes in the 

chemistry of volcanic rocks occur across island arcs - changes which are 

related to t_he·.depth of magma generation. For example, a spatial and 

temporal sequence from tholeiitic rocks on the trench side of the arc, 

through calc-alkaline rocks, to shoshonitic rocks on the continental 

side is recognised by Jakes and vlliite (1971, 1972). Only arcs in an 

advanced state of evolution contain rocks of all three series, in which 

cases tholeiitic rocks appear to comprise an average of 85% by volume of 

the arc debris and calc-alkaline rocks comprise 12.5%. Miyashiro (1972, 

1974) described this sequence as tholeiitic, calc-alkalic and alkalic. 

Na2o + K2o and (Na20 + K20) /Al203 tend to increase across island arcs 

towards the continental side but K2o content is probably the most sensitive 

indicator of the transverse petrologic asymmetry. Dickinson and Hatherton 

{1967) were able to relate the K20 content of island arc volcanics, at 

a given sio2 content, to depth of the underlying Benioff zone. 
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THE LOWER PERIHAN HOKO!\,'UI ARC 

The Lower Permian island arc of which the Eglinton Volcanics are 

a part, is discontinuously exposed, both north and south of the Alpine 

Fault (as the Brook Street Volcanics and Alabaster Group respectively) , 

over a total distance of 350 km. Landis and Bishop (1972) considered 

that the arc developed west of a plate interface and subduction zone 

which they inferred to be represented by the Hollyford Fault. Analytical 

data are very scanty and the chemical composition of rocks from other 

than the upper Eglinton area (described herein) is unknown. The arc has 

been mapped as a single group apart from in the Skippers Range where it 

is subdivided into the Skippers and Eglinton sub-groups (Wood, 1962; 

Nauman, 1973). Nauman suggested that the Eglinton Sub-Group extended to 

the magmatic front, i.e. seaward limit of active volcanism (Matsuda and 

Uyeda, 1971), of a Lower Permian island arc sited 80 - 140 km above) a 

descending slab of oceanic crust, and that Skippers rocks accumulated 

in an interarc basin (Karig, 1970) behind the magmatic front and were 

intruded by intermediate to basic magmas. 

Depth to the inferred Benioff zone beneath the Plato terrane is 

herein estimated at approximately .180 -190 km based on analyses of 

non-clastic volcanic rocks (Table 4. 2: 5-7, 9, 10) and a K-h plot of 

K55 (Eatherton and Dickinson, 1969). Largs rocks (Table 4.2: 11- 15) 

give a Benioff zone depth of 120 -130 km which is questionable however 

as potassium concentrations in the analysed rocks are thought to have 

been reduced during contact metamorphism. Largs and Plato rocks appear 

to belong to the same differentiation series, i.e. transitional between 

the tholeiitic and calc-alkaline series, thus they were probably derived 

from approximately the same depth. The depth of 180 -190 km indicated 

by Plato rocks would lie in the upper one third of a seismic zone 

developed to its maximum depth and seems consistent with the production 

of tholeiitic transitional to calc-alkaline rocks. Separation of magmatic 



differentiates which resulted in the development of a relatively basic 

(Plato) and an intermediate (Largs) terrane may have occurred at the 

site of magma generation or during the magmatic ascent. 
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During the latter stages of accumulation, at least parts of the 

Eglinton Volcanics underwent burial metamorphism. The Plato terrane for 

instance, which is up to 4 km thick and has lost an unknown proportion 

of its original mass through erosion and probably faulting, would have 

originally comprised a thick sequence of hydrous and highly reactive 

material - ideal burial metamorphic conditions. Such an event was certain

ly experienced by the Takitimu portion of the arc where mid-Permian 

Productus Creek rocks (zeolite facies), resting with mild angular uncon

formity on the Lower Permian Takitimu Group, contain detrital grains 

which include pumpellyite of inferred Takitimu origin (Landis and Coombs, 

1967). If extensive subsidence occurred following Eglinton volcanism, as 

might well qccur in rocks overlying evacuated magma chambers, the 

pressure exerted by perhaps several kilometres of seawater would con

tribute to the burial metamorphic process. Rocks of the lower Maitai 

Group (Upper Permian) may in fact record a period of Eglinton subsid-

ence followed by emergence. At6modesma limestone near the base of the 

Maitai Group is overlain by the Annear Formation which is relatively 

quartzose (10 - 25%) and seems to be largely derived from a sialic 

terrane probably lying to the west of the Eglinton Volcanics (Landis, 

1969, l974a). Annear rocks are in turn overlain by the massive, green 

Key Summit Volcanic Sandstone (Landis, 1974) which is almost certainly 

of Eglinton derivation. Subsequent Permian and Triassic strata are 

similarly of predominant volcanic derivation. 

Tilting, folding and the juxtaposition (?) of Plato and Largs 

rocks is thought to have occurred before intrusion of the Mistake Diorite 

and Hut suite, i.e. probably during Permian orogenesis. Bedding attitudes 

in the Largs terrane near these plutonic rocks are approximately parallel 
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to contacts, as are formation boundaries in the Plato terrane, and it 

appears that intrusion of the Nistake and Hut masses wedged the already 

steeply dipping terranes apart. The Mistake Diorite is a remarkably 

continuous body, being mapped by Grindley (1958; as Emq) and by the 

present author for at least 30 km, from south of the Eglinton- East Eglin

ton river junction north to the Marian Valley; maximum exposed width in 

this distance is only 3.3 km. Presumably Mistake magma exploited a major 

line of weakness between the juxtaposed terranes. 

Landis and Bishop (1972, p. 2278) suggest that following Permian 

orogenesis, the plate interface which had lain to the west of the Humboldt 

Group "reformed along the Pacific side of the eugeanticlinal ridge and 

remained in approximately the same position throughout Triassic into 

Early Cretaceous time". If this suggestion is correct, then it implies 

that Mackay and Eglinton rocks were generated during separate subduction 

regimes, if not from separate subduction zones. Available evidence is 

rather inconclusive on this point, Nackay rocks are chemically very 

similar to the Eglinton Volcanics and were therefore probably not gene

rated at much greater depths than the volcanics, as might be expected 

in a continuously evolving subduction process. In fact, Mackay potash 

concentrations are significantly lower than those of the Plato rocks, 

and assuming that K- h plots are applicable to plutonic as well as 

volcanic rocks, yield an estimated Benioff zone depth of 125 - 175 km 

(using the calibration curves of Hatherton and Dickinson, 1969, 125 km 

and 175 km are derived from the same K2o;sio2 variation diagram for 

K55 and K
60 

respectively). It is perhaps more likely that at least two 

subduction zones were involved in the production of chemically similar 

magmatic rocks during the Early Permian to the Cretaceous, especially 

as the younger Hackay magmas appear to have originated at slightly 

shallower depths than the older, Eglinton magmas. Within the Nackay 

Intrusives, no chemical or genetic distinction can be made between the 
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difference between them of almost 100 m.y. 

251 

Mackay magJ<ms probably contributed to Mesozoic volcanism in the 

Hokonui Assemblage (cf. Landis and Coombs, 1967) but these volcaniclastic 

sedimentary Triassic rocks occur in the area now only as narrow down

faulted slivers along the Hollyford Fault. The Mackay Intrusives have 

blurred the western margin of the Eglinton Volcanics and it is difficult 

to estimate how far west the Plato terrane originally extended and what 

proportion of it has been rec· . .rt~~.<jS.. lised beyond recognition, or perhaps 

completely assimilated, during Mackay intrusion. 

· Pyroxene Fe:Mg ratios increase from east to west within the 

Hollyford suite (Figure 3.14) and olivine is concentrated in the eastern 

portion of the suite (Figure 1.4) - observations which are taken to 

indicate that the gabbroic rocks "young" to the west. Assuming the com

positional gradient to have been originally essentially vertical, the 

present attitude of the gabbroic intrusion implies that the host rocks 

were tilted farther eastwards during Hollyford intrusion than they are 

at present. Eastward tilting may well have occurred when the Eglinton 

Volcanics and Lower Mesozoic Mackay Intrusives were underthrust by the 

Maitai Groqp which was subducted, or depressed sufficiently to develop 

lawsonite-bearing mineral assemblages in later Mesozoic time. Subsequent 

westward tilting, during infe~red Maitai regurgitation, followed by 

erosion, has exposed an oblique section through the gabbroic intrusion. 
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THE MEDIAN TECTONIC LINE OF NEW ZEALAND 

Median tectonic lines are widely recognised as one of the 

fundamental elements of the circum-Pacific orogenic belt, e.g. 

Dickinson (1969): 

"The chains of andesitic volcanoes that ring the Pacific are part of 
a circumoceanic orogenic belt that approximates a great circle girdling 
the globe. The belt as a whole includes the volcanic chains, deep seismic 
zones, oceanic trenches, young folded mountains, large granitic 
batholiths, alpinotype peridotite massifs, metamorphic belts with median 
tectonic lines, and longitudinal strike slip faults" (p. 151). 

Landis and Coombs (1967) introduced the term "median tectonic line 

of New Zealand" for the contact between the Tasman and Wakatipu Metamorphic 

Belts, and by implication, for the contact between the eastern and western 

provinces. They mapped it as the "Skelmorlie-Skippers fault system and its 

buried extensions" and considered its age to be post-mid-Cretaceous and 

pre-Eocene. An important object of this research has been to investigate 

the age, nature and significance of the median tectonic line. Data 

reported herein, in particular the failure to recognise any fundamental 

tectonic boundary marking the western margin of "Hokonui" rocks in the 

area investigated, require a reappraisal of the conceptual basis of the 

median tectonic line. If a median tectonic line of post-mid-Cretaceous 

age exists then it must lie either to the east or to the west of both the 

Mackay and Eglinton rocks as currently mapped in the Eglinton-Hollyford 

area. No evidence for the existence of a major tectonic break between 

the present area and the Alpine Fault to the west has been reported e.g. 

Grindley (1958), Wood (1962), Blattner (1972). The Hollyford Fault, which 

defines the eastern limit of the Eglinton Volcanics, is a feature of 

regional tectonic significance but lies entirely within the eastern 

province. 

Although ~le median tectonic line is either absent or obscured 

in the area studied, data presented here, particularly information on the 

age and distribution of Mackay plutonic rocks, in conjunction with current 

knowledge of regional geology allow some contribution to be made. I 



consider that the contact between New Zealand's eastern and western 

provinces lies in essentially the same position as the median tectonic 
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line as proposed by Landis and Coombs, but that it is pre-Cretaceous in 

age, and has been obscured in the Eglinton-Hollyford area by the 

subsequent emplacement of the Mackay Int~usives. These rocks appear to 

straddle the contact but cannot be assigned unequivocally to either 

province. On the other hand, it is doubtful whether this contact is, or 

ever was, a sharp and unique boundary cleanly separating paired metamorphic 

belts. 

The eastern and western provinces probably did not lie in their present 

relative positions during Paleozoic to mid-Mesozoic times. An aluminous, 

carbonaceous and quartz-rich,fossiliferous Permian sequence at Parapara 

Peak in the western province, metamorphosed to garnet- and biotite-

bearing assemblages, is quite distinct from all Hokonui rocks (Clark 

et al., 1967; Landis, 1969). The Hokonui Assemblage appears to have 

originated as a self-sufficient volcanogenic system through Permian and 

Mesozoic times and is characterised by widespread absence of detritus of 

obvious western province derivation. Intrusive rocks in the Hokonui 

Assemblage near its western margin ran.ge in age from Late Permian to 

mid-Cretaceous (Devereux et al., 1968; Aronson, 1968; this thesis); 

intrusive rocks of Permian to mid-Jurassic age are rare to absent in the 

western province whereas Lower to mid-Cretaceous (Aronson, 1965, 1968; 

Hulston and McCabe, 1972; Adams, 1975) granitoid intrusives are common, 

especially near the eastern margin •. These lines of evidence suggest that 

juxtaposition of the two provinces most likely occurred during the mid to 

Late Mesozoic, but not after intrusion of the Hollyford, Glade and Nurse 

suites (136-112 m.y) in the area presently described. 

Given that the contact between the eastern and western provinces 

was originally tectonic, but that effects of faulting (tectonism) are 

largely obscured by later plutonism, deposition of Cenozoic sediments and 

Cenozoic faulting, it remains to be decided whether to retain the term 
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median tectonic line, to modify it or to reject it entirely. In the case of 

the median tectonic line in Japan,. "median" refers to the division of one 

orogenic zone into two parts of equal importance (e.g. Kobayashi, 1941, 

p.288). In the New Zealand example (Landis and Coombs, p. 501) the 

median tectonic line was described as marking "a zone of rapid change in 

thermal gradient during metamorphism". Late Jurassic to mid-cretaceous 

plutonic and orogenic activity occurred widely in the western province 

(e.g. Grindley, 1974). Parapara rocks have certainly experienced 

Mesozoic regional metamorphism, probably under moderate to high T:P 

conditions, and other western province metamorphites have yielded Early 

Cretaceous ages, however the regional extent of this metamorphism remains 

to be demonstrated. I consider that it is worthwhile retaining the term 

median' tectonic line in the meantime, while realising that median line, 

median zone or median tectonic zone may in many respects be more realistic 

terms. As presently recognised the median tectonic line separates both 

eastern and western provinces - units of broad tectonic significance, and 

also marks the approximate boundary between penecontemporaneous 

metamorphic terranes of contrasted nature. Despite some uncertainty 

regarding timing, and areal extent of metamorphic belts, both of these 

concepts may be regarded as broadly valid, i.e. the median tectonic line 

does separate tectonically juxtaposed basement and penecontemporaneous 

mid-Mesozoic metamorphic belts and orogenic zones of contrasted type. 



APPENDIX A 

MINERAL ANALYSES 

All mineral analyses referred to in this thesis are included in 

Appendix A. 

The analyses were carried out on the Geology Department JEOL 

JXA-SA electron probe X-ray microanalyser using a beam diameter of 

-3 
l-2.10 mm. In most cases a reported analysis is the average result of 

four or five 10 second counts. Bence and Albee's (1968) correction 

procedure was used with the correction factors of Kushiro and Nakamura 

(1970). The analytical procedure is described by Nakumura and Kushiro 

(1970), and data reduction followed a computer program written by 

Dr Nakamura1 • Standard materials are the same as those listed in Price 

+ (1973, Table 4.1). Analytical precision is slightly better than - 1%. 

The analyses are presented in Tables A.l - A.lO. In these tables 

each number refers to a discrete mineral grain; where two or more 

analyses of one grain are given, these are indicated by upper case 

letters. For any element, "n.a." means "not analysed". Cations are 
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calculated on the basis of the following numbers of oxygen atoms: olivine 

4; pyroxene 6; amphibole 23; biotite 22; magnetite 4; ilmenite 3; garnet 

12; sphene 5; chlorite 28; epidote 25; prehnite 11; pumpellyite 53. FeO 

refers to total iron calculated as weight percent FeO. 

A complete list of the mineral analyses in Tables A.l - A.lO is 

tabulated in Table A.ll. Specimen locations and brief specimen 

descriptions or references to descriptions are given in Table A. 12. 

1 Dr Kawachi (pers. cowm. 1975) reports that some modifications are 
required in this program. Preliminary reassessment of initial data 
suggests that more accurate values will probably not be significant for 
most analysed phases, however the percentage of FeO in hydrous minerals 
reported herein nBy differ by as much as 1-2%. Persons wishing to quote 
these analyses should consult the au·thor who by which time may have the 
revised figures. 
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TABLE A.1 Mineral analyses from three Mistake Diprite samples 

A. Ortho!?1roxene B. Cl i no!?1roxene 
1 2 3 4 5 6 7 8 9A 9B 10 llA liB 

Si02 51.95 52.13 51.92 52.33 52.48 52.75 51.69 52.01 53.74 53.83 53.79 53.23 53.46 no2 0.21 0.16 0.13 0.17 0.14 0.21 0.38 0.25 0.14 0.14 0.09 0.23 0.19 
A1 2o3 0.59 0.55 0.55 0.62 0.88 1.03 1.38 1.15 0.87 0.85 0.83 1.02 0.99 
FeO 25.16 24.97 24.97 24.68 9.88 9.92 9.90 9.96 9.38 9.01 9.53 8.89 9.18 
HnO 1.00 0.82 0.83 0.77 0.41 0.33 0.31 0.36 0.51 0.52 0.53 0.52 0.51 
MgO 20.72 21.07 21.04 21.48 14.03 14.21 14.04 14.01 12.24 12.22 12.16 12.30 12.49 
CaO 0. 72 0.72 0. 71 0.75 21.83 21.71 21.70 22.04 23.23 23.19 23.42 23.27 23.01 
Na60 0.01 0.01 0.01 0.01 0.41 0.40 0.44 0.39 0.52 0.53 0.50 0.57 0.58 
K2 0.00 0.01 0.01 0.02 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.02 

TOTAL 100.36 100.44 100.17 100.83 100.07 100.57 99.84 100.18 100.64 100.30 100.86 100.04 100.43 

Si 1.963 1.964 1.962 1.961 1.967 1.965 1.944 1. 951 2.001 2.007 2.000 1.992 1.993 
Ti 0.006 0.004 0.004 0.005 0.004 0.006 0.011 0.007 0.004 0.004 0.003 0.006 0.005 
Al 0.026 0.024 0.024 0.027 0.039 0.045 0.061 0.051 0.038 0.037 0.036 0.045 0.043 
Fe 0.795 0.787 0.789 0. 773 0.310 0.309 0.311 0.312 0.292 0.281 0.296 0.278 0.286 
Mn 0.032 0.026 0.027 0.024 0.013 0.011 0.010 0.011 0.016 0.016 0.017 0.016 0.016 
Hg 1.167 1.184 1.186 1.199 0. 784 0.789 0.787 0.783 0.679 0.679 0.674 0.686 0.695 
Ca 0.029 0.029 0.029 0.030 0.877 0.866 0.874 0.886 0.927 0.926 0.933 0.933 0.919 
Na 0.001 0.001 0.001 0.001 0.030 0.029 0.032 0.029 0.038 0.039 0.036 0.042 0.042 
K o.ooo 0.001 0.001 0.001 0.000 0.001 0.000 0.001 0.001 0.000 0.001 0.000 0.001 

TOTAL 4.019 4.020 4.023 4.021 4.024 4.021 4.030 4.031 3.996 3.989 3.996 3.998 4.000 

c. Biotite D. Hornblende 

12 13 14 15A 158 16A 168 17 18 19 20 21A 218 

Si02 36.87 36.19 36.35 37.54 37.75 37.31 37.44 37.53 45.79 47.38 46.08 45.14 <:6.42 
Ti02 5.11 4.35 4.39 4.08 3.46 3.85 2.74 4.74 1.48 1.33 1.35 1. 37 1.19 
A1z03 13.65 14.20 13.57 14.01 14.26 13.59 15.06 13.54 8.04 7.10 8.20 8.09 7.55 
FeO 17.59 17.69 18.34 19.86 18.64 19.72 18.62 19.36 17.22 16.53 16.92 17.69 16.66 
MnO 0.14 0.09 0.14 0.23 0.20 0.20 0.22 0.23 0.37 0. 37 0.33 0.35 0.38 
HgO 13.18 12.60 12.65 11.41 12.06 11.70 11.94 11.67 11.06 11.68 11.16 10.81 11.50 
CaO 0.00 0.00 0.00 0.01 0.05 0.01 0.04 0.00 11.81 11.90 12.03 11.81 11.96 
Na20 0.12 0;07 0.06 0.11 0.06 0.11 0.05 0.10 1.35 1.23 1.20 1.38 1.17 
K20 9.50 9.44 9.08 9.40 9.44 9.42 9.29 9.39 0.99 0.79 0.92 0.98 0.83 

TOTAL 96.16 94.63 94.58 96.65 95.92 95.91 95,40 96.56 98.11 98.31 98.19 97.62 97.66 

Si 5.548 5.538 5.574 5.660 5.697 5.674 5.672 5.655 6.847 7.017 6.854 6.810 6.939 
Ti 0.579 0.500 0.506 0.462 0.392 0.440 0.312 0.537 0.167 0.148 0.151 0.155 0.133 
Al 2.420 2.561 2.453 2.490 2.536 2.436 2.690 2.405 1.416 1.240 1.440 1.438 1.330 
Fe 2.212 2.264 2.352 2.504 2.353 2.508 2.359 2.440 2.153 2.047 2.107 2.232 2.083 
Mil 0.018 0.012 0.018 0.029 0.026 0.026 0.028 0.029 0.046 0.046 0.042 0.045 0.048 
Hg 2.956 2.874 2.891 2.565 2. 713 2.651 2.698 2.622 2.465 2.580 2.477 2.432 2.564 
Ca 0.000 0.000 0.000 0.002 0.009 0.002 0.007 0.001 1.893 1.888 1.920 1.908 1. 916 
Na 0.034 0.021 0.018 0.033 0.016 0.032 0.016 0.028 0.392 0. 352 0.347 0.403 0.341 
K 1.825 1.842 1.777 1.808 1.818 1.828 1. 795 1.805 0.189 0.149 0.176 0.188 0.158 

TOTAL 15.593 15.612 15.589 15.553 15.560 15.597 15.777 15.522 15.568 15.467 15.524 15.611 15.512 

22 23 24 25 26 27 28A 28B 29A 298 

CaO 0.00 0.00 8.66 7.18 6.83 6.59 7.30 7.71 0.21 0.36 

~~0 0.82 0.06 6.24 6.96 7.46 7.54 7.43 7.06 10.66 11.02 
14.72 15.44 0.47 0,46 0.43 0.36 0.42 0.38 0.24 0.14 

An 0.00 0.01 42.23 35.33 32.79 31.89 34.38 36.82 0.94 1. 73 
Ab 7.79 5.61 55.06 61.95 64.78 66,01 63.28 61.01 97.59 97.42 
Or 92.21 94.38 2. 71 2. 72 2.43 2.10 2.34 2.17 1.47 0.85 



A. 

B. 

c. 

D. 

E. 

Orthopyroxene 

1-4 

Clinopyroxene 

5-8 

9A 
9B 
10 
llA 
llB 

EXPLANATION OF TABLE A.l 

Hypersthene 35069 

Core 
Rim 

Core 
Rim 

35069 

35049 

Biotite : light yellow brown to dark brown 

12-14 35069 

15A Core 35049 
15B Rim 
16A Core 
16B Rim 
17 Core 

Hornblende brownish green to bluish green magnesia-hornblende 

18 35049 
19 Rimming cpx. 9 
20 Rimming biotite 17 
21A Core 
21B Rim against biotite 16B 

Feldspars 

22,23 Orthoclase 35069 
24 Plagioclase; most calcic grain found 
25,26 Plagioclase; representative compositions 
27 Plagioclase; least calcic grain found 

28A Plagioclase, core; most calcic grain found 35049 
28B Plagioclase, rim. 

29A,29B Plagioclase; partially unaltered grain 35003 

257 
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TABLE A.2 Mineral analyses from two crystalline rocks affected by faulting in the Mistake Diorite 

A. Hornblende B. Biotite c. Felds~ars 

1 2 3 4 5 6 7 8 9 

Si02 45.65 46.00 47.01 35.93 35.87 36.34 62.98 63.21 65.67 
Ti02 . 1.65 1.72 1. 70 3.48 3.93 3.93 0.00 0.00 0.00 
Al6o3 9.62 9. 59 9.11 18.07 17.82 18.02 22.68 22.59 17.77 
Fe 13.37 13.71 13.75 21.27 20.75 20.35 0.03 0.05 0.09 
MnO 0,33 0.29 0.30 0.19 0.17 0,18 0.00 0.00 0.00 
MgO 12.96 12.86 12.98 8.47 8.49 8.51 0.02 0.03 0.05 
CaO 11.02 10.90 11.02 0.10 0.11 0.09 5.92 5.19 0.08 
Na0o 1. 79 1.80 1. 67 0.16 0,23 0.24 8.42 8.52 0.60 
K2 0.21 0.22 0.20 9.00 8.79 9.01 0.46 0.40 15.56 

TOTAL 96.60 97.09 97.74 96.67 96.16 96.67 100.51 99.99 99.82 

Si 6.763 6,782 6.872 5.429 5.433 5.462 2.785 2.801 3.028 
Ti 0.184 0.191 0.187 0.396 0.448 0.445 0.000 0.000 0.000 
Al 1.679 1.667 1.569 3.217 3.181 3.192 1.182 1.180 0.965 
Fe 1.657 1.690 1. 681 2.687 2.628 2.558 0.001 0.002 0.003 
Mn 0.042 0.036 0,037 0.024 0.022 0,022 0.000 0.000 0.000 
Mg 2.863 2.828 2.828 1.908 1. 917 1.906 0.001 0.002 0.004 
Ca 1. 750 1. 721 1. 726 0.016 0.019 0,014 0.281 0.247 0.004 
Na 0.514 0.515 0.474 0.047 0.066 0.071 0. 722 0.732 0.053 
K 0.041 0.041 0.038 1.734 1.698 1.728 0.026 0.023 0.916 

TOTAL 15.493 15.471 15.412 15.458 15.412 15.398 4.998 4.987 4.973 

An 27.29 14.62 0.41 
Ab 70.19 73.12 5.49 
Or 2.52 2.26 94.10 

0. Garnet 

lOA lOB llA llB EXPLANATION 

Si02 37.51 37.39 37.11 36.92 
Ti02 0.01 0.02 0.01 0.01 A. Hornblende, 35030 
Al203 20.91 20.95 20.91 20.74 
FeO 33,91 33.96 34.42 34.70 1-3 Buff to light yellow brown MnO 3.60 3.94 3.73 4.79 
MgO 4.01 3.69 3.60 2.73 
CaO 1.08 1.01 1.02 1.09 
Na20 0.00 o.oo 0.00 0.00 B. Biotite, 35000 K20 0.00 0.00 0.00 0.00 

TOTAL 101.03 100,96 100.80 100.98 4-6 Pale straw to bright red brown 

Si 2.990 2.989 2.977 2.979 
Ti 0.001 0.002 0.001 0.001 c. Feldspars, 35000 
Al 1.965 1.974 1.977 1.968 
Fe 2.262 2.273 2.309 2.342 7, 8 Plagioclase; representative 
Mn 0.244 0.264 0.255 0.325 compositions. Mg 0.474 0.437 0.429 0.330 
Ca 0.091 0.086 0.087 0.092 9 Orthoclase 
Na 0.000 0.000 0.000 0.000 
K 0.000 0.000 0,000 0.000 

TOTAL 8.027 8.025 8.035 8.037 D. Garnet, 35000 

lOA Core 

And 3.3 3.0 3.0 3.2 
lOB Rim 
llA Core Pyr 13.3 12.1 11.8 9.0 llB Rim Spess 8.3 9.1 8.6 11.0 

Gross 0.0 o.o 0.0 0.0 
Alm 75.1 75.8 76.6 76.8 
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TABLE A.3 Mineral analyses from a sample of Gunn Dolerite (35331) 

A. C li noE;troxene B. Am£hiboles 

lA lB 2A 2B 3 4 SA SB 6 

Sio2 52.29 53.34 52.12 52.66 51.02 49.75 50.70 51.71 51.43 
Ti02 0.25 0.23 0,37 0.46 0.53 1.06 1.03 0.02 0.37 
Al203 1.37 0.65 0.90 1.48 2.48 4.18 4.03 1.04 2.55 
FeO 8.93 12.27 12.17 11.86 12.98 16.54 16.27 26.99 16.02 
MnO 0.46 0.54 0.53 0.64 0.54 0.39 0.42 1.30 0.45 
MgO 14.84 13.55 13.88 13.33 12.92 13.62 14.43 6.55 15.15 
CaO 22.16 20.71 20.30 20.72 20.24 11.07 10.72 11.22 10.72 
Na2o 0.05 0.20 0.18 0.21 0.23 1.13 1.21 0.04 0.77 
K20 o.oo o.oo o.oo o.oo o.oo 0.27 0.26 o.oo 0.14 

TOT AI, 100.35 101.49 100.45 101.36 100.94 98.01 99.07 98.87 97.60 

- Si 1.947 1.982 1.959 1.958 1.917 7.331 7.363 7.887 7.552 
Ti 0.007 0.006 0.010 0.013 0.015 0.118 0.113 0.002 0.041 
Al 0.060 0.028 0.040 0.065 0.110 0.726 0.690 0.188 0.442 
Fe 0.278 0.381 0,383 0.369 0.408 2.038 1.976 3.443 1.967 
Mn 0.015 0.017 0.017 0.020 0.017 0.049 0.051 0.167 0.056 
l-1g 0.823 0.750 0.778 0.739 0.723 2.991 3.124 1.489 3.317 
Ca 0.884 0.824 0.817 0.826 0.815 1. 747 1.668 1.834 1.687 
Na 0.004 0.015 0.013 0.015 0.017 0.324 0.340 0.013 0.219 
K o.ooo o.ooo o.ooo 0.000 0,000 0.050 0.047 0.000 0.027 

TOTAL 4.018 4.003 4.017 4.005 4.022 15.374 15.372 15.023 15.308 

c. Pla~ioclase 

7A 7B 7C 8 9A 9B 9C 

CaO 11.97 9.21 5.92 11,54 12.48 9.39 3.36 
Na2o 4.81 6.47 7.52 5.06 4.57 6.14 9.53 
K20 0,12 0.26 0,45 0.12 0.10 0.29 0.48 

An 57.49 43.40 29.50 55.37 59,80 45.06 15.88 
Ab 41.82 55.13 67.82 43.95 39.63 53.31 81.43 
Or 0.69 1.47 2.68 0.67 0.57 1.63 2.69 

EXPLANATION 

A. Clinopyroxene c. Plagioclase 

lA Core 7A Core 
lB Rim 7B Intermediate 
2A Core 7C Rim 
2B Rim 8 Core 
3 Scan across a small grain 9A Core 

9B Intermediate 
9C Rim 

B. Amphiboles 

4 Actinolitic hornblende; yellow brown to yellow green. 
SA Actinolitichornblende; light brown to light green brown. 
SB Ferro-actinolite; buff to blue green. 
6 Actinolite; buff to light yellow green. 
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~ Mafic mineral analyses from 9abbroic rocks of the llollyford suite 

A. Olivine 
Qr.:tbQnrrnlS~De 

lA 18 2A 28 8 IDA lOB 

Si02 35.80 36.25 38.ll 37.88 37.96 37.45 37.88 38.03 37.97 38.14 37.94 53.56 52.47 
TiOo 0.00 0.00 0.00 0.00 0.00 o.oo 0.01 0.01 0.02 0.01 0.00 0.15 0.12 
Al2 3 0.03 0.02 0.00 0.02 0.01 0.00 0.01 0.00 0.02 0.03 0.01 0.75 o. 70 
FeO 25.39 23.82 26.01 26.22 26.71 . 26.31 26.10 26.23 25.13 21.94 24.21 23.22 24.ll 
MnO 0.49 0.50 0.63 0.66 0.65 0.69 0.47 0.48 0.47 0.55 0.54 0.90 0.89 
MgO 38.54 39.47 36.20 35.67 35.62 35.85 36.01 35.74 36.76 41.18 38.81 22.36 21.56 
CaD 0.04 0.02 0.01 0.06 0.02 0.02 0.15 0.14 0.15 0.01 0.01 0.80 0.80 
Na~O 0.10 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.08 0.09 0.00 0.00 
K2 0.01 0.00 0.03 0.03 0.05 0.03 o.oo 0.01 0.00 0.00 0.00 o.oo 0.00 

TOTAL 100.40 100.16 100.99 100.54 101.02 100.35 100.63 100.64 100.53 101.94 101.61 101.74 100.65 

Si 0.949 0.955 0.999 1.000 0.999 0.992 0.998 1.002 0.997 0.974 0.982 1.971 1.964 
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.003 
Al 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.032 0.031 
Fe 0.563 0. 525 0.570 0. 579 0.588 0.583 0.575 0.578 0. 552 0.468 0.524 0.715 0. 755 
Mn 0.011 o.on 0.014 0.015 0.015 0.015 0.010 O.Oll 0.010 0.012 0.012 0.028 0.028 
Mg 1.523 1.550 1.415 1.404 1.398 1.416 1.414 1.403 1.438 1.568 1.497 1.227 1.203 
Ca 0.001 0.000 0.000 0.002 0.000 0.001 0.004 0.004 0.004 0.000 o.ooo 0.031 0.032 
Na 0.005 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.004 0.000 0.000 
K 0.000 0.000 0.001 0.001 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

TOTAL 3.053 3.046 2.999 3.001 3.002 3.008 3.001 2.998 3.001 3.027 3.019 4.008 4.016 

llA 118 12A 128 13A 138 14A 148 !SA 158 J6A 166 17A 178 

s102 52.91 52.52 52.30 53.19 52.75 52.19 52.77 51.92 52.35 52.08 53.17 52.31 52.34 51.82 
Ti06 0.16 0.12 0.19 0.17 0.31 0.12 0.29 0.28 0.33 0.33 0.31 0.31 0.13 0.13 
Alz 3 0. 73 0.82 0.76 0.80 I. 33 0.49 1.00 0.96 1.21 1.27 J.ll l.ll 0.46 0.49 

~~603 0.00 0.00 0.00 0.00 na na 0.00 0.00 0.00 0.00 0.00 na 0.00 0.00 
23.00 24.39 22.31 24.21 19.53 24.60 19.69 24.06 21.66 23.94 20.04 23.65 26.83 28.18 

MnO 0.88 1.00 0.86 1.03 0.49 1.09 0.55 0.83 0.56 0. 76 0.52 0.83 0.96 1.05 
NiO 0.00 0.03 0.00 0.00 na na 0.00 0.00 0.02 0.02 0.00 na 0.00 0.00 
MgO 22.33 21.09 22.73 21.10 23.65 21.25 23.61 20.44 22.26 20.42 23.46 20.51 19.63 18.59 
CaD 0.96 0.84 1.01 0.88 1.80 0.64 1.67 1.30 I. 72 1.49 I. 76 1.59 1.19 0.99 
Ha~ 0.00 0.02 0.02 0.03 0.04 0.02 0.02 0.02 0.04 0.04 0.06 0.05 0.00 0.03 
K2 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 

TOTAL 100.97 100.93 100.18 101.41 99.90 100.40 99.60 99.81 100.15 100.36 100.43 100.37 !OJ. 54 101.28 

Si 1.965 1.967 1.955 1.975 1.950 1.966 1.958 1.963 1.951 1.957 1.958 I. 963 1.969 1.968 
Ti 0.004 0.003 0.005 0.005 0.008 0.003 0.008 0.008 0.009 0.009 0.009 0.009 0.004 0.004 
Al 0.029 0.036 0.032 0.035 0.058 0.022 0.044 0.043 0.053 0.056 0.048 0.049 0.021 0.022 
Cr 0.000 0.000 0.000 0.000 na na 0.000 0.000 0.000 0.000 0.000 na 0.000 0.000 
Fe 0.715 0.763 0.697 0.751 0.604 0.775 0.6ll 0. 761 0.675 0. 752 0.617 0. 742 0.844 0.895 
Mn 0.028 0.032 0.027 0.032 0.015 0.035 0.017 0.026 0.018 0.024 0.016 0.026 0.031 0.034 
Hi 0.000 0.001 0.000 0.000 na na 0.000 0.000 0.001 0.001 0.000 na 0.000 0.000 
Mg 1.236 1.175 1.266 1.168 1.304 1.193 1.306 1.152 1.237 1.144 1.288 1.148 1.100 1.053 
Ca 0.038 0.034 0.040 0.035 0.071 0.026 0.066 0.052 0.068 0.060 0.069 0.064 0.048 0.040 
Na 0.000 0.001 0.002 0.002 0.003 0.001 0.001 0.001 0.003 0.003 0.004 0.004 0.000 0.003 
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

TOTAL · 4.015 4.012 4.024 4.003 4.013 4.021 4.0ll 4.006 4.015 4.006 4.009 4.005 4.017 4.019 
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TABLE A.4 continued 

18 19 20 21 22A 228 23 24 25 26 27 28A 2SB 29A 

~:g~ 51.94 51.82 53.32 52.84 52.39 52.49 52.74 53.19 52.97 52.81 52.01 50.81 50.03 50.40 
0.16 0.20 0.29 0.33 0.33 0.34 0.29 0.23 0.23 0.27 0.24 0.23 0.22 0.31 

Al203 0.54 0.56 1.37 !. 36 1.34 !.26 1.22 0.68 0.78 0.82 0. 74 0.74 0.67 0. 73 
FeO 27.39 26.51 16.42 16.95 17.82 17.15 17.93 20.97 21.17 21.35 22.87 24.75 24.50 24.62 
MilO 0.96 0.92 0.48 0.51 0.49 0.51 0. 55 0.68 0.69 0. 71 0. 79 0. 75 0. 74 0.71 
MgO 19.17 19.55 27 .!7 26.73 26.20 26.50 26.52 23.65 23.30 23.16 21.85 20.!6 19.97 20.25 
CaO 1.15 1.22 1.39 1.37 1.42 1.31 1.30 0.69 0.83 1.00 0.85 0.83 1.02 0.96 

~~0 0.00 0.00 0.09 0.12 0.09 0.07 0.11 0.01 0.01 0,00 0.00 0.09 0.10 0.10 
0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.01 0.00 

TOTAL 101.31 100.78 100.54 100.22 !00.09 99.63 100.67 100.10 99.98 100.12 99.35 98.38 97.26 98.08 

Si 1.965 !. 964 1.930 1.926 1.921 !.926 1.923 1.969 1.966 !.962 1. 963 1.959 1.954 !.950 
Ti 0.005 0.006 0.008 0.009 0.009 0,009 0.008 0.007 0.007 0.007 0.007 0.007 0.006 0.009 
Al 0.024 0.025 0.058 0.058 0.058 0.055 0.053 0.030 0.034 0.036 0.033 0.034 0.031 0.033 
Fe 0.856 0.840 0.497 0.516 0.546 0.526 0.547 0.650 0.658 0.663 0. 722 0.798 0.600 o. 797 
Mil 0.031 0.030 0.015 0.016 0.015 0.016 0.017 0.022 0.022 0.022 0.025 0.025 0.024 0.023 
Mg 1.081 1.104 1.466 1.452 1.432 1.450 1.441 1.306 1.289 1.283 1.229 1.158 1.162 1.168 
Ca 0.047 0.050 0.054 0.053 0.056 0.052 0.051 0.027 0.033 0.040 0.034 0.034 0.043 0.040 
Na 0.000 0.000 0.006 0.009 0.006 0.005 0.007 0.00! 0.001 0.001 0.000 0.007 0.008 0.007 
K 0.000 0.000 0.001 0.000 0.000 0.000 0.00! 0.000 0.000 0.000 0.000 0.001 0.001 0.000 

TOTAL 4.019 4.019 4.035 4.039 4.043 4.039 4.048 4.012 4.010 4.013 4.013 4.023 4.029 4.027 

298 30 31 32 33 34 35 36 37 38 39 40 41 42 

s1az 50.58 52.64 52.54 52.71 52.65 53.12 54.01 54.88 54.31 54.43 52.81 52.72 53.39 52.90 
lioS 0.22 0.31 0.36 0.35 0.34 0.35 0.08 0.11 0.07 0.11 0.21 0.20 0.19 0.19 

~~ 3 
0.71 !.24 1.34 1.22 1.30 1.15 1.02 1.07 1.05 1.09 0.71 0.66 0.63 0. 75 

25.25 19.41 19.56 19.27 19.34 19.15 16.15 16.89 16.21 16.27 22.40 22.74 22.63 23.08 
MilO 0.80 0.79 0.84 0.80 0. 78 0.77 0.55 0.58 0.58 0.57 0. 79 0.85 0.82 0.86 
MgO 20.31 25.09 24.93 25.02 24.70 25.42 27.42 27.04 27.37 27.45 23.04 22.90 23.12 22.72 
CaO 0.92 0.95 1.15 1.17 !.04 !.02 0. 79 0.67 0.60 0. 76 1.22 1.00 1.03 0.94 

"·so 0.03 O.ll 0.10 0.09 0.12 0.11 o.oo 0.00 0.00 0.00 0.11 0.09 0.10 0.11 
Kz 0.00 0.00 o.oo· 0.00 0.00 0.00 0.03 0.02 0.02 0.03 0.00 0.00 0.00 0.00 

TOTAL 98.82 100.54 100.82 100.63 100.27 101.09 100.05 101.26 100.21 100.71 101.29 101.16 101.91 101.55 

Si 1.947 !. 933 1.927 1.934 1.938 !.936 1.956 1.966 1.962 !.958 1.952 1.953 1.959 !. 954 
Ti 0.006 0.009 0.010 0.010 0.009 0.010 0.002 0.003 0.002 0,003 0.006 0.006 0.005 0.005 
Al 0.032 0.054 0.058 0.053 0.056 0.050 0.044 0.045 0.045 0,046 0.031 0.029 0.027 0.033 
Fe 0.813 0.596 0.600 0.591 0.595 0.584 0.489 0.506 0.490 0.489 0.692 0. 705 0.695 0. 713 
Mn 0.026 0.025 0.026 0.025 0.024 0.024 0.017 0.018 0.0!8 0.017 0.025 0.027 0.025 0.027 
Mg 1.166 1.374 1.364 !. 368 1.356 1.382 1.480 1.444 1.474 !.472 1.269 1.265 1.265 1.251 
Ca 0.038 0.037 0.045 0.046 0.041 0.040 0.030 0.026 0.023 0.029 0.048 0.039 0.041 0.037 
Na 0.002 0.008 0.007 0.006 0.008 0.008 0.000 0.000 0.000 0.000 0.008 0.006 0.007 0.008 
K 0.000 0.000 0.000 0.000 0.000 0,000 0.001 0.001 0.001 0,001 0.000 0.000 0.000 0.000 

TOTAL 4.030 4.036 4.037 4.033 4.027 4.034 4.0!9 4.009 4.015 4.015 4.031 4.030 4.024 4.028 

43 44 45 46 47 48 49 50 51 52 53 54 55 

s1o2 52.50 53.84 52.76 53.32 52.65 53.04 51.30 51.73 52.02 53.47 53.59 53.74 54.04 
T10& 0.17 0.23 0.17 0.21 0.24 0.19 0.16 0.!4 0.12 0.44 0.40 0.38 0.38 
A16 3 0.67 0.66 0.61 0.65 0.74 0. 70 0.54 0.52 0.51 1.26 0.99 1.05 1.01 
Fe 23.08 21.74 23.13 22.27 22.65 23.10 26.66 26.47 26.06 17.00 17.32 16.48 17.12 
MnO 0.84 0.77 0.89 0.84 0.84 0.84 1.17 0.99 0.89 0.51 0.53 0.52 0.53 
MgO 22.21 23.24 22.70 23.15 22.91 22.46 19.35 20.!8 20.23 26.72 26.77 27.23 26.85 
CaO 1.53 1.23 1.14 1.09 1.03 1.07 0.85 0.83 1.06 1.66 !.52 1.60 1.48 

"•so 0.12 0.09 0.11 0.10 0. Jl 0.11 0.02 0.07 0.02 0.08 0.09 0.08 0.09 
Kz 0.00 0.00 0.00 o:oo 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 

TOTAL 101.12 !OJ. SO 101.51 101.63 !01.17 101.51 100.05 100.93 100.92 101.14 10!.21 101.08 101.51 

51 1.953 !.969 1.953 I. 960 1.950 1.960 1.962 1.957 1.963 1.931 1.936 1.936 1.943 
Ti 0.005 0.006 0.005 0.006 0.007 0,005 0.005 0.004 0.004 0.012 0.011 0.010 0.010 
Al 0.029 0.029 0.027 0.028 0.032 0.030 0.024 0.023 0.023 0.054 0.042 0.045 0.043 
Fe 0.718 0.665 0.716 0.685 0. 701 0. 714 0.853 0.837 0.822 0.513 0.523 0.497 0.515 
Mil 0.026 0.024 0.028 0.026 0.026 0.026 0.038 0.032 0.028 0.016 0.016 0.016 0.016 
Mg 1.231 !.267 1.252 1.269 1.265 1.237 1.103 1.138 1.138 1.438 1.442 1.462 1.439 
Ca 0.061 0.048 0.045 0.043 0.041 0.043 0.035 0.034 0.043 0.064 0.059 0.062 0.057 
Na 0.009 0.006 0.008 0.007 0.008 0.008 0.001 0.005 0.001 0.006 0.006 0.006 0.006 
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

TOTAL 4.032 4.014 4.034 4.024 4.030 4.023 4.021 4.030 4.022 4.034 4.035 4.034 4.029 
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TABLE A.4 continued 

c. Cllno roxene 
56 57 58A 588 59 60 61A 618 62A 628 63 64 

SI02 51.94 51.99 52.87 52.34 52.09 52.71 51.53 51.84 52.29 50.72 51.35 50.85 
TI02 0.54 0.53 0.43 0.27 0.47 0.09 0.69 0.65 0.49 0.72 0.67 0.71 
Al203 !.55 1.79 !.52 1.44 1.76 0.66 2.29 2.17 2.08 2.43 2.43 2.57 
~~003 0.00 0.01 0.01 0.01 na na 0.00 na 0.01 0.01 na na 

8.78 9.55 9.17 8.81 9.15 10.29 9.64 10.60 14.66 8.04 8.44 8.52 MnO 0.52 0.52 0.51 0.47 0.53 0.45 0.30 0.31 0.38 0.28 0.29 0.30 
NIO 0.00 0.00 0.03 0.03 na na 0.01 na 0.00 0.00 na na 
HgO 14.35 14.44 14.26 14.24 14.18 13.20 14.99 14.97 16.69 14.21 15.70 15.45 
CaO 22.35 21.46 22.16 22.81 22.18 21.94 20.32 19.58 14.16 22.67 21.27 20.87 
Naso 0.40 0.32 0. 39 0.34 0.36 0.23 0.27 0.30 0.37 0.32 0.49 0.40 
K2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.02 0.01 0.02 

TOTAL 100.43 100.61 101.35 100.76 100.72 99.57 100.04 100.43 101.18 99.42 100.65 99.69 

Sf 1.936 1.935 1.951 1.946 1.937 1.988 1.922 1.929 I. 938 1.907 1.902 1.901 
Tf 0.015 0.015 0.012 0.007 0.013 0.002 0.019 0.018 0.014 0.020 0.019 0.020 
Al 0.068 0.078 0.066 0.063 0.077 0.029 0.101 0.095 0.090 0.108 0.106 0.113 
Cr 0.000 0.000 0.000 0.000 na na 0.000 na 0.000 0.000 na na 
Fe 0.274 0.297 0.283 0.274 0.285 0.324 0.301 0.330 0.453 0.253 0.262 0.266 
Mn 0.016 0.016 0.016 0.015 0.017 0.014 0.009 0.010 0.012 0.009 0.009 0.009 
HI 0.000 0.000 0.001 0.001 na na 0.000 na 0.000 0.000 na na 
Hg o. 797 0.801 0. 784 0. 789 0. 786 0. 742 0.834 0.830 0.920 0.796 0.867 0.861 
Ca 0.891 0.856 0.876 0.908 0.884 0.886 0.812 0. 781 0.561 0.913 0.844 0.836 
Na 0.029 0.023 0.028 0.025 0.026 0.017 0.020 0.021 0.027 0.023 0.035 0.029 
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.001 0.000 0.001 

TOTAL 4.028 4.021 4.017 4.028 4.025 4.002 4.018 4.015 4.017 4.030 4.044 4.036 

65 66 67A 678 68 69 70A 708 71A 718 72 73 74 75 

S!Oz 51.26 51.60 52.00 52.63 51.72 53.26 51.15 51.09 51.61 51.42 51.30 5!.52 52.01 51.64 Tit 0.58 0.63 0.48 0.46 0.55 0.47 0.33 0.35 0.28 0.35 0.60 0.64 0.61 0.48 
Al 3 2.36 !.55 !. 52 1.41 1.65 1.55 1.31 1.34 1.20 1.44 2.14 2.18 2.08 1. 78 
Fe 7.67 8. 72 9. 56 9.81 8. 53 8.17 10.33 10.07 10.27 9.94 7.61 7.78 7.33 7.40 
l"o10 0.28 0.32 0.37 0.39 0.33 0.35 0.32 0.33 0.32 0.35 0.47 0.49 0.46 0.44 
HgO 15.08 14.47 14.63 15.30 14.57 14.44 13.69 13.83 13.81 13.52 15.42 15.26 15.23 15.27 
cao 22.40 21.82 20.89 20.46 21.78 22.15 20.82 21.77 21.20 21.99 22.33 22.16 22.71 22.65 
Na60 0.47 0.38 0.36 0.29 0.40 0.39 0.40 0. 36 0. 39 0. 35 0.45 0.55 0.44 0.40 
K2 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 

TOTAL 100.11 99.50 99.82 100.76 99.54 100.78 98.36 99.15 99.09 99.38 100.32 100.58 100.87 100.06 

Sf 1.908 1. 938 1.947 1.949 1.938 1.963 1.953 1.939 1.956 1.945 1.907 1.910 1.919 1.923 
Tl 0.016 0.018 0.013 0.013 0.015 0.013 0.009 0.010 0.008 0.010 0.017 0.018 0.017 0.013 
Al 0.103 0.069 0.067 0.062 0.073 0.067 0.059 0.060 0.053 0.064 0.094 0.095 0.090 0.078 
Fe 0.239 0.274 0.299 0.304 0.267 0.252 0.330 0.320 0.326 0.315 0.237 0.241 0.226 0.230 

""' 0.009 0.010 0.012 0.012 0.010 0.011 0.010 0.011 0.010 0.012 0.015 0.015 0.014 0.014 
Hg 0.837 0.810 0.816 0.845 0.814 0. 794 0.779 0. 782 0. 780 0. 763 0.854 0.843 0.838 0.847 
Ca 0.894 0.878 0.838 0.812 0.874 0.875 0.852 0.885 0.861 0.891 0.889 0.880 0.898 0.904 
Na 0.034 0.027 0.026 0.021 0.031 0.028 0.029 0.027 0.029 0.026 0.032 0.039 0.031 0.029 
K 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 

TOTAL 4.041 4.025 4.018 4.018 4.022 4.003 4.021 4.034 4.024 4.026 4.045 4.041 4.033 4.038 

76 77 78 79 80 81 82 83 84 85 86 87 88 89 

5102 51.67 52.16 51.86 52.25 51.79 52.20 52.44 52.20 52.21 52.37 52.48 52.21 51.92 52.57 
TIO~ 0.72 0.51 0.49 0.64 0.49 0.33 0.25 0.29 0.24 0.32 0.31 0.37 0.31 0.29 

~!6 3 
2.32 2.29 2.57 2.62 2.51 1.46 1.00 1.16 1.19 1.33 1.14 1.3:; 1.27 1.07 
7.82 6.86 6. 76 6. 75 6.81 9.69 8.86 9.12 9.00 9.20 9.42 9.55 9.31 10.85 

l"o10 0.51 0.38 0.35 0.42 0.37 0.50 0.52 0.50 0.54 0.51 0.49 0.51 0.52 0.56 
HgO 15.03 15.13 14.86 15.02 14.88 14.73 14.67 14.84 14.54 14.28 14.81 14.50 14.41 13.18 
CaO 22.27 22.55 22.33 22.42 22.59 21.65 22.59 22.42 22.49 22.17 22.05 21.82 22.36 22.31 
Na20 0.50 0.27 0.38 0.32 0.32 0.40 0.42 0.44 0.45 0.43 0.44 0.44 0.41 0.33 
K20 0.00 0.03 0.04 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 100.84 100.18 99.64 100.47 99.79 100.96 100.75 100,97 100.66 100.61 101.14 100.75 100.51 101.16 

Sf 1.911 1.930 1.927 1.925 1.924 1.939 1.950 1.939 1.945 1.950 1.945 1.943 1.939 1.961 
Tf 0.020 0.014 0.014 0.018 0.014 0.009 0.007 0.008 0.007 0.009 0.009 0.010 0.009 0.008 
Al 0.101 0.100 0.113 0.114 0.110 0.064 0.044 0.051 0.052 0.058 0.050 0.059 0.056 0.047 
Fe 0.242 0.212 0.210 0.208 0.212 0.301 0.275 0.283 0.280 0.286 0.292 0.297 0.291 0.338 

"" 0.016 0.012 0.011 0.013 0.012 0.016 0.016 0.016 0.017 0.016 0.015 0.016 0.017 0.018 
Mg 0.829 0.834 0.824 0.825 0.824 0.815 0.813 0.822 0.808 0.793 0.819 0.805 0.802 0.733 
Ca 0.882 0.894 0.889 0.885 0.899 0.861 0.900 0.892 0.897 0.884 0.875 0.870 0.895 0.891 
Na 0.036 0.019 0.027 0.023 0.023 0.028 0.030 0.032 0.032 0.031 0.032 0.032 0.030 0.024 
K o.ooo 0.001 0.002 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

TOTAL 4.037 4.016 4.017 4.012 4.020 4.033 4.035 4.043 4.038 4.027 4.037 4.032 4.039 4.020 
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TABLE A.4 continued 

90 91 92 93 94 95 96A 968 97A 976 98A 988 99 100 

s1o2 52.26 52.40 52.78 53.38 52.95 51.60 5!.86 52.18 51.70 51.80 51.54 51.35 52.86 52.81 
T10~ 0.27 0.29 0.19 0.13 0.12 0. 75 0.71 0.70 0.77 0. 70 0.64 0.57 0.49 0.42 
A16 3 1.04 1.00 1.06 0.82 0.78 2.20 2.53 2.24 2.46 2.26 2.43 2.35 1.34 1.21 
Fe 10.95 10.88 10.58 10.41 10.29 8.12 8.74 7.92 8.54 7.52 7.12 7.27 7. 79 7.48 
linD 0.53 0.54 0. 53 0.39 0.35 0.28 0.24 0.25 0.24 0.25 D.29 0.30 D. 31 D.28 
MgO 13.49 13.53 13.62 13.96 14.14 14.66 14.98 15.11 14.91 14.82 16.12 15.45 16.16 16.34 
CaD 22.18 22.25 22.!::7 22.01 21.76 2!.68 20.92 21.58 20.84 22.32 21.47 22.01 21.46 21.93 

~00 0.31 0.33 0.26 0.29 0.30 0.38 0.37 0.36 0.39 0.41 0.45 0.46 0.44 0.44 
D.OO 0.00 0.00 0.01 O.DD D.OO D.Ol 0.01 O.D1 D.OD D.OO D.DO O.DD 0.00 

TOTAL !O!.D3 101.22 101.59 101.40 100.69 99.67 100.36 100.35 99.86 100.08 100.06 99.76 100.85 100.91 

51 1.953 1.954 1.958 1.975 1.973 1.926 1.922 !.930 !.924 1.924 1.909 1.912 1.944 1.942 
T1 0.008 0.008 0.005 0.004 0.003 0.021 0.020 0.019 0.022 0.020 0.018 0.016 0.013 O.D12 
Al 0.046 0.044 0.046 0.036 0.034 0.097 0.111 0.098 0.108 0.099 0.106 0.103 0.058 0.052 
Fe 0.342 0.339 0. 328 0.322 0.321 D.254 D.271 0.245 0.266 0.233 0.221 0.226 0.240 0.230 
Hn 0.017 0.017 0.017 0.012 0.011 0.009 0.008 0.008 0.007 0.008 0.009 0.009 0.010 0.009 
Mg 0. 751 0. 752 0. 753 0. 770 0. 785 0.816 O.S28 0.833 0.827 0.820 0.890 0.858 0.886 0.896 
Ca 0.888 0.889 0.897 0.873 0.869 D.867 0.831 0.855 D.831 0.888 0.852 D.878 0.846 0.864 
Na 0.023 0.024 0.019 0.021 0.022 0.027 0.026 0.026 0.028 0.029 0.033 0.034 0.032 0.031 
K 0.000 0.000 O.OOD O.ODO D.DDD D.OOO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

TOTAL 4.028 4.027 4.023 4.013 4.018 4.017 4.017 4.014 4.013 4.021 4.038 4.036 4.029 4.036 

o._ 61 ot1 te 

101 102 103 104 105 106 107 108 109 110 

s1oz 36.20 37.21 37.39 36.73 36.95 36.54 36.52 37.30 36.38 35.84 
1100 3.77 3.16 3.31 4.41 3.97 4.24 4.08 3.39 5.85 7.23 

~~ 3 
15.30 16.14 15.70 14.74 15.26 14.47 14.51 15.69 14.42 14.59 
14.20 13.23 18.40 18.80 18.18 20.01 18.95 13.39 14.68 16.45 

MnO D.13. 0.15 D.14 0.09 D.17 D.13 0.14 0.13 0.06 O.D9 
HgD 14.84 15.18 11.83 11.86 12.05 11.60 12.00 16.27 14.56 12.42 
CaD 0.10 0.07 0.27 0.15 0.06 0.04 0.06 0.15 0.06 0.06 

~~D 0.33 0.02 0.09 0.04 0.06 0.05 O.D5 0.74 0.03 D.OO 
8.83 9.36 8.31 8.50 8.82 8.82 8.86 7.14 8.97 8.72 

TOTAL 93.40 94.52 95.44 95.32 95.52 95.90 95.17 94.20 95.03 95.40 

S1 5.493 5.546 5.625 5.563 5.571 5.548 5.562 5.528 5.447 5.389 
T1 0.430 0.354 0.375 0.502 0.450 0.484 0.467 0.378 0.658 0.818 
Al 2. 735 2.836 2.784 2.631 2. 711 2.590 2.605 2.741 2. 545 2.585 
Fe 1.801 !.650 2.315 2.381 2.293 2.540 2.414 1.660 1.838 2.069 
Hn 0.017 0.019 0.018 0.012 0.022 0.016 0.018 0.017 0.011 0.011 
Hg 3.357 3.374 2.654 2.678 2.708 2.625 2.724 3.595 3.251 2. 783 
Ca 0.017 0.011 0.043 0.024 0.010 0.006 0.010 0.024 0.009 0.009 
Na 0.009 0.005 0.027 0.013 0.018 0.016 0.014 0.212 0.008 0.000 
K !. 709 !. 779 1.560 1.643 1.697 !. 708 1.722 1.504 !. 714 !.672 

TOTAL 15.568 15.574 15.401 15.447 15.480 15.533 15.536 15.659 15.481 15.336 

Ill 112 113 114 115 116 117 118 119 120 121A 1216 121C 122 

s1o2 36.58 35.74 36.03 36.87 36.72 35.85 37.09 35.98 36.34 37.02 35.54 34.75 36.57 36.97 

T1D6 4.75 3.93 3.87 3.00 3.64 3.97 3.22 3.66 3.80 4.56 6.44 5.80 6.61 6.82 

A16 3 13.90 14.40 14.49 14.89 14.96 14.19 15.36 14.74 14.23 14.24 14.01 14.48 13.81 14.33 
Fe 17.74 15.72 15.65 16.17 15.46 20.15 17.21 19.59 18.35 18.61 15.20 19.36 19.30 9.18 
MnO C.11 0.03 0.06 0.09 0.01 0.23 0.14 0.25 0.10 0.12 0.25 0.28 0.15 0.08 
HgO 13.35 14.31 14.82 14.47 14.45 10.63 12.30 11.41 13.21 12.97 13.86 11.69 11.65 18.01 
CaD 0.02 0.00 0.00 0.01 0.00 0.08 0.12 0.11 0.12 0.08 0.09 0.04 0.03 0.07 

~~0 0.06 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.09 0.09 0.14 0.13 0.21 0.20 
8.92 9.63 9.64 9.22 q.53 9.18 8.99 9.28 8. 99 8.96 9.40 9.17 9.47 9.58 

TOTAL 95.43 93.76 94.56 94.72 94.77 94.29 94.45 95.05 95.23 %.65 94.93 95.70 97.80 95.24 

S1 5.532 5.480 5.472 5.570 5.536 5.571 5.630 5.528 5.527 5.542 5.380 5.320 5.458 5.404 
T1 0.540 0.453 0.442 0.341 0.413 0.463 0.368 0.423 0.435 0.514 0. 733 0.668 0. 742 o. 750 
Al 2.478 2.602 2.593 2.651 2.658 2.598 2. 749 2.670 2.551 2.511 2.500 2.614 2.429 2.468 
Fe 2.243 2.015 1.987 2.043 1.949 2.618 2.185 2.517 2.335 2.329 1.924 2.478 2.409 1.122 

"'" 0.015 0.004 0.008 0.012 0.001 0.030 0.018 0,033 0.013 0.016 0.032 0.036 0.019 0.010 
Mg 3.009 3.271 3. 354 3.258 3.248 2.463 2. 783 2.613 2.996 2.894 3.127 2.667 2.591 3.925 
Ca 0.004 0.000 0.000 0.001 0.000 0.013 0.019 0.017 0.019 0.013 0.015 0.006 0.006 0.011 
Na 0.017 0.000 0.000 0.000 0.000 0.003 0.006 0.008 0.026 0.027 0.040 0.038 0.061 0.056 
K 1.721 1.883 1.867 1.777 1.833 1.819 1.741 1.818 1. 745 1.711 1.815 l. 791 1.803 !.786 

TOTAL 15.559 15.708 15.723 15.653 15.638 15.578 15.499 15.627 15.647 15.557 15.566 15.618 15.518 15.532 
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TAB~~ A.4 continued 

[. hi boles 

lZlA 1238 124 125 126A 1266 127A 1278 128 129 130A 1308 131 

SiOz 44.07 44.21 46. 3B 45.43 47.73 47.21 54.19 54.49 48.21 54.08 49.48 49.73 54.82 
Ti~ 2.23 l.89 2.11 l. 50 1. 38 1.22 0. 31 0.27 1.25 0.07 0.82 0.50 0.09 
Al~ 3 )0.17 9. 78 8.49 9,12 6.94 6,81 2.24 1.89 6.54 2.53 6.28 6.30 1.07 
fe 13.77 12.82 12.12 13.74 15.93 16.48 15.87 12.15 15.80 11.07 15.40 12.65 20.06 
HnO 0.28 0.28 0.29 0,29 0.29 0.28 0.52 0.49 0.32 0.33 0.30 0.24 0.94 
MgO 12.83 13.56 14.64 13.48 13.20 12.63 18.17 16.59 13.26 17.65 13.32 15.71 18.43 
CaO 12.10 11.94 12. 14 ll. 99 11. 17 11.58 7.08 11.44 11.34 11.77 11.81 11.83 3.13 
Na20 1. 29 1. 22 1.14 1.14 0.94 0.86 0.15 0.16 0.96 0.18 0.71 o. 72 0.04 
KzO 0,92 0.84 0. 72 0.71 0.60 0.57 0.09 0.09 0.58 0.09 0.52 0.45 0.03 

TOTAL 97.66 96.54 98.03 97.40 98.18 97.64 98.62 97.57 98.26 97.77 98.64 98.13 98.61 

Si 6.532 6.655 6.764 6. 720 7.023 7.016 7.722 7.808 7.082 7. 705 7.205 7.184 7.873 
T1 0.248 0.209 0.231 0.167 0.153 0.136 0.033 0.029 0.138 0.007 0.089 0.054 0.010 
Al l-777 1.697 1.460 1.590 1.203 1.194 0.376 0.320 1.133 0.425 1.077 1.072 0.181 
Fe l. 707 }. 578 1.478 1. 700 1.960 2.048 1.892 1.456 1. 941 1.319 1.875 1.529 2.410 
Mn Q.036 0.035 0.036 0.036 0.036 0.035 0.063 0.059 0.040 0.040 0.037 0.029 0.115 
Hg 2.836 2.977 3.182 2.973 2.896 2. 799 3.860 3.543 2.903 3.749 2.892 3.383 3.946 
Ca }.922 1.884 1.897 1. 901 1. 761 1.844 1.081 1. 756 1. 785 1. 797 1.842 1.831 0.482 
N~ 0.372 0.349 0. 323 0.326 0. 269 0.247 0.042 0.045 0.275 0.051 0.199 0.202 0.011 
K 0.174 0.157 0.133 0.135 0.112 0.109 0.017 0.016 0.109 0.017 0.097 0.082 0.006 

TOTAl, 15.604 15.541 15.504 15.548 15.413 15.428 15.086 15.032 15.406 15.110 15.313 15.366 15.034 

132A 1328 133 134 135 136 137 138 139 140 141 142 143 

Si02 43.30 49.49 43.87 48.16 42.57 41.92 44.12 44.89 46.15 45.93 42.19 42.60 43.36 
Ti02 2. 56 0.43 1. 98 0.18 3.30 3. 76 2. 58 2.47 1.57 1.66 3.61 3.59 1.83 
Al603 10.90 6. 75 10.50 8.67 11.19 11.34 9.89 9.06 6. 70 6.88 10.84 10.78 11.53 
Fe 12.28 10.12 12.26 11.59 12.10 11.88 13.06 12.65 14.62 15.10 12.02 11.57 10.91 
HnO 0.17 0.20 0.21 0.38 0.20 0.22 0.19 0.19 0.25 0.25 0.15 0.14 0.21 
MgO 14.33 17.92 14.74 16.23 14.10 14,12 13.53 14.11 13.88 13.74 13.77 14.20 14.59 
CaO 11.54 11.94 11.90 10.95 11.38 11.38 11.69 11.68 11.09 11.34 11.34 11.71 11.75 
Na60 2.02 1. 33 1.82 1.57 2.23 2.41 1. 39 1.21 1.17 1.12 2.50 2.41 2.57 
Kz 0.71 0.35 0.69 0,08 0.70 0.69 0.82 0.67 0.66 0.66 0.35 0.38 0.35 

TOTAL 97.81 98.53 97.97 97.81 97.77 97.72 97.27 96.93 96.09 96.68 96.77 97.38 97.10 

Si 6.373 7.060 6.441 6.947 6.276 6.193 6.536 6.644 6. 935 6.883 6.281 6.291 6.384 
Ti 0.283 0.046 0.219 0.019 o. 366 0.418 0.288 0.275 0.177 0.187 0.405 0.398 0.203 
Al 1.891 1.136 1.817 1.475 1.944 1.974 1. 728 1. 581 1.187 1.216 1.902 1.877 2.000 
Fe 1.511 1.207 1.506 1.399 1.492 1.467 1.618 1. 565 1.837 1.892 1.497 1.429 1. 344 
Hn 0.021 0.025 0.026 0.047 0.025 0.027 0.024 0.023 0.032 0.031 0.019 0.018 0.027 
Mg 3.145 3.811 3,225 3.492 3.099 3.109 2. 989 3.113 3.109 3.069 3.057 3.126 3.202 
Ca 1.820 1.825 1.872 1.692 1. 798 1.802 1.856 1.852 1. 785 1.820 1.808 1.853 1.854 
Na 0.575 0. 368 0.518 0.439 0.637 0.690 0.401 0.347 0.340 0.324 0. 723 0.690 o. 734 
K 0.133 0.063 0,130 0.014 0.132 0.130 0.155 0.127 0.126 0.125 0.067 0.072 0.066 

TOTAL 15.752 15.541 15.754 15.524 15.769 15.810 15.595 15.527 15.528 15.54 7 15.759 15.754 15.814 

~44 1.45 146 147 148 149 150 151 152 153 !54 155 

Si02 43.80 43.22 43.13 47.03 50.68 44.31 43.92 57.61 55.80 54.07 44.56 43.78 
1102 i.o2 2.24 2.1.5 1.40 0.25 2.88 3.01 0.04 0.04 0.08 0.15 3.25 

Al603 11.10 U.83 11.59 /.08 5.46 9,60 9. 33 0.42 !.89 2.99 9.99 !0.54 
I'E: 10.11 10.31 10.70 16.35 14.46 15.81 16.14 4.31 7.98 9.26 !9.49 10.15 
MnO ().21 0 .. 21 0.21 0.35 0.35 0.21 0.19 0.15 0.21 0.19 0.31 0.16 
MgO 1.5.35 14.92 14.73 U.Ol 14.68 11.92 11.61 21.85 !9.05 17.80 9.28 14.94 
G~O 12.00 ll. 73 12.11. U.37 11 •. 32 11.62 11.53 13.52 13.42 13.09 12.18 11.77 

~~ 2 .. 58 2. 76 2.51 1.17 0. 72 l. 55 1. 75 0.12 0. 37 0.75 2.12 2.93 
o.30 0.29 0,30 0.59 0.29 0.93 0.93 0.01 0.03 0.05 0.15 0.33 

TQTAL 97.47 97,51 97.43 98.35 98.21 98.83 98.41 98.03 98.79 98.28 98.23 97.85 

$i &.403 6.324 6.331 6.945 7.345 6.547 6.540 7.'138 7.778 7.640 6.715 6.387 
Ti 0.222 0.247 0. 237 0.156 0.933 0. 320 0.337 0.004 0.004 0.009 0.018 0.357 
Al 1. •. 912 2.040 2,006 l. 232 0.028 1.672 1.637 0.068 0. 310 0.498 1. 775 1.812 
Fe 1..236 i.261 1.313 2.019 1. 753 1.953 2.010 0.496 0. 930 1.094 2.456 1.238 
Mn 0.026 0.026 0,027 0.043 0.043 0.026 0.024 0.017 0.025 0.023 0.040 0.020 
Mg 3.346 3.254 3.224 2.864 3.172 2.626 2.577 4.488 3. 958 3. 750 2.086 3.249 
Ga l.879 1.839 1.905 1. 799 1. 757 1.840 1.840 1.996 2.005 1.982 1.967 1.841 
Na 0 .• 731 0.784 0.715 0.334 0.203 0.445 0.505 0.031 0.100 0.204 0.618 0.829 
K 0.056 0.054 0.056 0.111 0.054 0.176 0.176 0.001 0.006 0.009 0.029 0.062 

TOTAL 15.811 15.829 15.814 15.503 15.288 15.605 15.646 15.039 15.116 15.209 15.704 15.795 
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TABLE A.4 continued 

F. a ues 

156A 1568 157A 1578 158A 1588 159A 1598 160A 1608 161A 1618 162A 1626 

SiOz 0.02 0.04 na na na na na na na na na na na 0.03 
TiOb 0.92 51.63 1.23 49.95 1.10. 49,55 0.32 49.68 0.91 49.92 0.95 51.23 1.04 51.03 
Alz 3 0.53 0.02 0.42 0.04 0.42 0.03 0.39 0.05 0.36 0.09 0.37 0.02 0.28 0.05 
CrzOJ 0.29 0.00 0.71 0.02 0,78 0.03 0.07 0.00 0.12 0.00 0.13 0.00 0.16 0.00 
FeO 91.20 48.42 90.44 50.06 90.47 50.25 92.67 49.51 90.83 49.34 91.70 49.42 92.23 49.15 
MnO 0.00 0.81 0.00 0.63 0.00 0.54 0.04 1.86 0.04 1.43 0.00 0.68 0.00 0.64 
NiO 0.05 0.03 0.06 0.02 0.03 0.00 0.02 0.01 0.00 0.00 0.01 0.02 0.00 0.01 
MgO 0.45 0.39 0.43 0.41 0.44 0.55 0.96 1.02 0.93 1.04 0.41 0.38 0.41 0.41 
CaO 0.31 0.24 na na na na na na na na na na na 0.24 
Na20 0.00 0.00 na na na na na na na na na na na 0.00 
KzO 0.00 0.00 na na na na na na na na na na na 0.00 

TOTAL 93.77 101.58 93.29 101.13 93.24 100.95 94.47 102.13 93.19 101.82 93.57 101.75 94.12 101.56 

Si 0.001 0.001 na na na na na na na na na na na 0.001 
Ti 0.034 0.972 0.046 0.953 0.042 0.948 0.012 0.939 0.034 0.944 0.036 0.966 0.039 0.964 
Al 0.031 0.001 0.025 0.001 0.025 0.001 0.023 0.001 0.021 0.003 0.022 0.001 0.016 0.001 
Cr 0.012 0.000 0.028 0.000 0.031 0.001 0.003 0.000 0.005 0.000 0.005 0.000 0.006 0.000 
Fe 3.813 1.014 3.793 1.062 3.798 1.069 3.864 1.041 3.821 1.038 3.856 1.037 3.858 1.033 
Mn 0.000 0.017 0.000 0.013 0.000 0.012 0.001 0.040 0.002 0.030 0.000 0.014 0.000 0.013 
Ni 0.002 0.001 0.002 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Mg 0.034 0.015 0.032 0.016 0.033 0.021 0.071 0.038 0.070 0.039 0.031 0.014 0.030 0.015 
Ca 0.016 0.006 na na na na na na na na na na na 0.006 
Na 0.000 0.000 na na na na na na na na na na na 0.000 
K 0.000 0.000 na na na na na na na na na na na 0.000 

TOTAL 3.943 2.027 3.926 2.045 3.930 2.052 3.975 2.059 3.953 2.054 3.950 2.032 3.949 2.033 

163A 1638 164A 1648 165 166 167A 1678 168A 1688 169 170 171A 1718 

SiOz 0.05 0.04 0.06 0.02 0.24 0.25 0.22 0.26 0.39 0.24 0.22 0.23 0.15 0.]0 
TiO~ 0.44 51.36 0.73 52.35 13.72 12.27 1, 70 52.87 2.00 51.61 51.00 50.18 0.12 50.99 
Al~ 3 0.38 0.99 0.46 0,04 1.86 1. 90 2.3l 0.25 2.36 0.07 0.05 0.09 0.25 0.03 
Fe 91.36 47.22 90.70 46.97 78.79 79.74 88.27 43.81 85.53 45.93 46.56 46.99 90.84 47.84 
HnO 0.00 1.08 0.00 1.27 0.44 0.43 0.09 1. 35 0.04 0.81 0.60 0.53 0.03 1. 18 
MgO 0.10 0.16 0.15 0.07 0.79 0.81 0.30 2.53 0.28 2.53 1.33 2.17 0.07 0.05 
CaO 0.01 0.00 0,00 0.04 0,00 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.00 
Na60 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
K2 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 92.34 100.85 92.10 100.76 95.84 95.40 92.89 101.07 90.65 101.19 99.99 100.19 91.46 100.19 

Si 0.003 0.001 0.003 0.001 0.010 0.011 0.011 0.006 0.020 0.006 0.006 0.006 0.008 0.003 
Ti 0.017 0.968 0.028 0.989 0.448 0.407 0.063 0.976 0.075 0.960 0.966 0.950 0.005 0.973 
l'il 0.023 0.029 0.027 0.001 0.095 0.099 0.134 0.007 0.139 0.002 0.001 0.003 0.015 0.001 
Fe 3.917 0.990 3.884 0.987 2.864 2.940 3.618 0.900 3.572 0.950 0.981 0.989 3.936 1.016 
Hn 0.000 0.023 e.ooo 0.027 0.016 0.016 0.004 0.028 0.002 0.017 0.013 0.011 0.001 0.025 
Mg 0.008 0.006 0,012 0.003 0.051 0.053 0.022 0.093 0.020 0.093 0.050 0.081 0.005 0.002 
Ca 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.006 0.000 0.000 0.000 
Na 0.000 0.000 0.000 0.000 0.000 0,000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
K 0.000 0.000 0.000 0.000 o.ooo 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

TOTAL 3.969 2.017 3.954 2.009 3.484 3.526 3.852 2.010 3.828 2.028 2.023 2.040 3.970 2.020 

172A 1728 173A 1738 174A 1748 

Si~ 0.23 0.17 0.23 0,22 0.29 0.32 
TiO 0.23 49.89 0.19 49.74 0.22 50.03 
A16~3 0.37 0.05 0.23 0.06 0.28 0.05 
Fe 90;72 48.79 90.36 48.80 90.22 47.41 
HnO 0.00 1.09 0.05 0.98 0.00 1.38 
HgO 0.03 0.05 0.03 0.08 0.06 0.11 
CaO 0.00 0.00 0.00 0.00 0.00 0,00 
Na2o 0.00 0.00 0.00 0.00 0.00 0.00 
KzO 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 91.58 100.04 91.09 99.88 91.07 99.30 

Si 0.012 0.004 0.012 0.006 0.015 0.008 
Ti 0.009 0.958 0.007 0.957 0.008 0.964 
Al 0.022 0.001 0.014 0.002 0.017 0.002 
Fe 3.913 1.042 3.926 1.044 3.913 1.016 
Hn 0.000 0.024 0.002 0,021 0.000 0.030 
Mg 0.003 0.002 0.003 0.003 0.004 0.004 
Ca 0.000 0.000 0.000 0.000 0,000 0.000 
Na 0.000 0.000 0.000 0.000 0.000 0.000 
K 0.000 0.000 0.000 0,000 0.000 0.000 

TOTAL 3.959 2.031 3,964 2.033 3.957 2.024 
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EXPLANATION OF TABLE A.4 

Olivine and pyroxene analyses designated A and B represent cores and rims 
respectively unless othe~~ise stated. 

A. Olivine 

lA,lB 

2A-4 

5-7 

8,9 

35088 

35126 

35187 

35185 

B. Orthopyroxene 

lOA,lOB 
llA 

llB 

12A,l2B 

13A-16B 

17A-19 

20 
21-23 

24-26 
27 

28A-29B 

30-34 

35 
36 
37. 
38 

39-42 

43-48 

49-51 

52-55 

Small grain 
Inner rim against 
cpx. 59 
Outer rim against 
plagioclase 

35085 

35086 

35147 

Rimming olivine l 35088 

35089 
Included in cpx. 67 

35090 

35119 

Rimming olivine 35126 

Rimming olivine 5 

35133 

35143 

35157 

35185 

c. Clinopyroxene 

56 
57-58B 
59 

60 
61A,61B 
62A 
62B 

Small grain 

Core 

Rims opx. 13 

Low Ca zone 
Host 

35085 

35086 

63-65 

66 
67A,67B 
68 
69 

70A-71B 

72-76 

77-80 

81-84 

85-88 

89-92 

93,94 

95-97B 

Groundmass 
Phenocryst 
Groundmass 
Phenocryst 
rim 

35088 

35089 

98A,98B Phenocryst 
(3 .4mm) 

35090 

35119 

35126 

35133 

35143 

35147 

35157 

35187 

35185 

99,100 

D. Biotite~ all analysed 
grains are brown 

101 

102 

103-107 

108 

109,110 

111 

112,113 

114,115 

116-118 

119,120 

121A-C 
122 

In hornblende 
123 35085 

35086 

35088 

35089 

35090 

35133 

35143 

35147 

35157 

Rims 35185 
Rimming an 
opaque grain 



EXPLANATION OF TABLE A.4 CO~~INUED 

E. Amphiboles 

l23A-125 Magnesio-hornblende;brownish green to light yellowish 
green 

126A Magnesia-hornblende, rimming cpx. 60; green to light 
greenish brown 

126B Magnesia-hornblende, rimming opx. 13; green to light 
greenish brown 

127A,l27B Actinolite, rimming orthopyroxene 13;faint green to 
pale green 

128 Magnesia-hornblende, rimming opx. 14; green to brownish 
green 

129 Actinolite, rimming opx. 14; pale bluish green 
l30A,l30B Magnesio-hornblende,rimming opx. 16; light bluish green 

to pale yellowish brown 
131 Cummingtonite, rimming opx. 16; colourless to faint 

green 

267 

35085 

35086 

132A 
l32B 

Ferroan pa.rgasitic hornblende; medium yellowish brm-m 35088 

133 

134 
135 

Magnesia-hornblende; pale greenish blue to pale 
yellowish green 
Ferroan pargasitic hornblende; pale greenish blue to 
pale yellowish green 
Magnesia-hornblende; pale yellow to medium bluish green 
Ferroan pargasitic hornblende; brown to light yellowish 
brown 

136 Ferroan pargasite; light brown to golden brown 

137,138 

139 
140 

141 
142 

143 

144 

145 

146 

147 
148 

149 

Magnesia-hornblende; light yellow brown to medium 
yellowish brown 
Magnesia-hornblende; green to brownish green 
Magnesia-hornblende; green to yellowish green 

~erroan pargasitic hornblende; pale brown to brown 
Ferroan pargasitic hornblende, rimming an opaque; 
dark brown 

Pargasitic hornblende, in plagioclase; brown to 
faint yellow 
Pargasitic hornblende, rimming olivine; brown to 
pale yellowish brm-m 
Pargasitic hornblende, rimming olivine 2; brown to 
faint yellow 
Pargasitic hornblende, rimming cpx.77; brown to 
faint yellow 

Magnesia-hornblende; medium green to brownish green 
Actinolitichornblende, rimming opx; blue green to 
pale yellowish green 
Magnesia-hornblende; strong brown to light yellowish 
brown 

150 Edenitic hornblende; brown to greenish brown 

35089 

35090 

35119 

35126 

35157 

151,152 
153 

Actinolite; colourless 35187 

154 
155 

Actinolite, fringing cpx;colourless to faint blue green 
Ferro-edenitic hornblende; light yellow to blue green 
Ferroan pargasitic hornblende; golden brown to pale 
yellowish brown 
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EXPLANATION OF TABLE A.4 CONTINUED 

F. Opaques 

156A Magnetite 
distinct, homogeneous areas in 1 grain 35085 

156B Ilmenite 
157A Magnetite; homogeneous blebs in the ilmenite rim 
157B Ilmenite; host 
158A Magnetite; small homogeneous blebs in the ilmenite 
158B Ilmenite; host 

159A Magnetite; distinct, homogeneous in 1 grain 35086 
159B Ilmenite 

areas 

160A Magnetite distinct, homogeneous in 1 grain 160B Ilmenite areas 

161A Magnetite; host 35147 
l61B Ilmenite; homogeneous areas in the magnetite 
l62A Magnetite distinct, homogeneous areas in 1 grain 
162B Ilmenite 

163A Magnetite; host 35089 
163B Ilmenite; lamellae in magnetite 
164A Magnetite distinct, homogeneous in 1 grain 
l64B Ilmenite areas 

165,166 Magnetite; discrete, homogeneous grains 35119 
167A Magnetite 2 distinct, subequal, homogeneous areas 
167B Ilmenite in 1 grain 
l68A Magnetite 2 distinct, subequal, homogeneous areas 
168B Ilmenite in 1 grain 
169,170 Ilmenite; discrete, homogeneous grains 

171A :Vl'6.gneti te; host 35133 
171B Ilmenite; 1 large homogeneous lamella 
172A Magnetite 

distinct, homogeneous in 1 grain 
172B Ilmenite 

areas 

173A Magnetite 2 distinct, subequal, homogeneous 
35143 l73B Ilmenite areas in 1 grain 

l74A Magnetite 2 distinct, subequal, homogeneous 
l74B Ilmenite areas in 1 grain 



~ Partial plagioclase analyses from 9abbroic rocks of the Hollyford suite. 

CaO 

~~0 
An 
Ab 
Or 

CaO 
NazO 
KzO 

An 
Ab 
Or 

CaO 

~0 

An 
Ab 
Or 

CaO 
Na20 
KzO 

An 
Ab· 
Or 

CaO 
NazO 
KzO 

An 
Ab 
Or 

taO 
Na2o 
1:20 

An 
Ab 
Or 

CaO 

~0 

An 
Ab 
Or 

10.63 
5.61 
0.20 

50.59 
48.28 

1.13 

11A 

10.74 
5.37 
0.22 

51.83 
46.91 

1.27 

17A 

12.60 
4.50 
0.22 

60.01 
38.75 
1.24 

23 

12.01 
4.95 
0.22 

56.59 
42.16 

1.25 

30A 

16.03 
2.69 
0.06 

76.43 
23.24 
0.33 

38C 

11.80 
4.80 
0.08 

57.35 
42.21 
0.44 

46 

10.99 
5.37 
0.10 

52.73 
46.69 
0,58 

10.83 
5. 51 
0.21 

51.47 
47.34 

1.19 

118 

10.71 
5.36 
0.28 

51.63 
46.79 

1. 59 

178 

12.46 
4.58 
0.16 

59.53 
39.57 
0.90 

24A 

14.16 
3.68 
0.11 

67.56 
31.79 
0.65 

308 

12.36 
4.61 
0.10 

59,36 
40.08 

0.56 

39A 

16.69 
2.15 
0.04 

80.91 
18.83 
0.26 

47 

11.93 
4.77 
0.09 

57.74 . 
41.75 
0.51 

3 

10.74 
5.69 
0.23 

50.41 
48.30 

1.29 

11C 

11.02 
5.40 
0.19 

52.42 
46.49 

1.08 

17C 

12.26 
4.92 
0.09 

57.61 
41.89 
0.50 

248 

11.81 
4.99 
0.20 

56.05 
42.83 

1.12 

31 

12.41 
4.-80 
0.14 

58.37 
40.87 
0.76 

398 

17.34 
1.92 
0,05 

83.03 
16.68 
0.29 

48 

17.41 
1.96 
0.03 

82.89 
16.93 
0.18 

10.32 
5.55 
0.26 

49.93 
48.59 

1.49 

12A 

10,68 
5.43 
0.32 

51.14 
47.05 
1.82 

!SA 

15.09 
3.12 
0.10 

72.32 
27.11 
0.57 

24C 

10,61 
5. 71 
0.13 

50.29 
48.95 
0.75 

32 

9.90 
5.92 
0.31 

47.17 
51.04 

1. 79 

39C 

12.14 
4.81 
0.10 

57.92 
41.51 

0.56 

49 

16.96 
1.93 
0.03 

82.82 
17.01 
0.17 

SA 

10.72 
5.20 
0.33 

52.25 
45.82 

1.93 

128 

11.11 
5,16 
0.26 

53.52 
45.00 

1.47 

188 

12.56 
4.43 
0.14 

60.52 
38.65 
0.82 

25A 

17.00 
2.00 
0.06 

82.14 
17.53 
0.32 

33 

9.50 
6.22 
0.38 

44.78 
53.10 

2.12 

390 

14.96 
3.11 
0.08 

72.35 
27.21 
0,44 

50 

9.17 
6.03 
0.50 

44.34 
52.76 
2.90 

58 

10.98 
5.25 
0.20 

52.98 
45.88 
1.14 

13A 

10.64 
5.20 
0.29 

52.18 
46.13 

1.69 

19 

14.53 
3.34 
0.13 

70.07 
29.19 
0.74 

258 

17.66 
1.61 
0.03 

85.67 
14.13 
0.20 

34 

9,74 
6.16 
0.33 

45,79 
52.38 

1.83 

39E 

11.49 
5.16 
0,09 

54.90 
44.57 
0.54 

51A 

8.78 
6.29 
0.52 

42.26 
54.75 
2,99 

6A 

10.14 
5.56 
0.29 

49.35 
48.96 

1.68 

138 

10.66 
5.33 
0.26 

51.73 
46.79 
1.48 

20A 

12.82 
4.41 
0.19 

61.00 
37.95 

1.05 

25C 

17.94 
1.42 
0.02 

87.36 
12.52 
0.12 

35 

9.56 
5.75 
0.37 

46.86 
50.96 
2,18 

40A 

17.08 
1.97 
J.04 

'2.54 
:7.20 
0,26 

SIB 

9.02 
6.08 
0.43 

43.92 
53.60 

2.49 

68 

10.88 
5.25 
0.23 

52.67 
46.02 

1.31 

14A 

13.62 
3.83 
0.12 

65.84 
33.47 
0.69 

208 

9.80 
6.38 
0.22 

45.37 
53.43 
1.20 

26 

12.15 
4. 71 
0.19 

58.12 
40.81 

1.07 

36 

10.59 
5.08 
0.29 

52,60 
45.68 

1. 72 

408 

13.49 
4.16 
0.07 

63.94 
35.65 
0.41 

52 

9.68 
5.83 
0.41 

46.70 
50.94 

2.36 

7A 

10.71 
5.29 
0.26 

52.05 
46.47 

1.49 

148 

8.34 
6.60 
0.11 

40.85 
58.51 
0.64 

20C 

8.90 
6.80 
0.17 

41.57 
57.51 
0.92 

27 

12.60 
4.48 
0.17 

60.25 
38.79 
0.95 

37A 

13.10 
4.04 
0.07 

63.93 
35.67 
0.40 

we 

11.74 
4.98 
0.10 

56.25 
43.16 

0.59 

53A 

9.12 
5.97 
0.52 

4.4, 40 
52.58 
3.02 

78 

11.04 
5.24 
0.22 

53.11 
45.60 

1.29 

15 

15.43 
2.91 
0.12 

74.05 
25.25 
0.70 

21A 

13.49 
4.04 
0.16 

64.26 
34.82 
0.91 

28A 

11.22 
5.21 
0.26 

53.51 
44.99 

1.50 

378 

12.41 
4.50 
0.07 

60.14 
38.43 
0.43 

41 

11.70 
C.9J 
0.10 

56.58 
42.86 
0.56 

538 

8.55 
6.44 
0.60 

40.88 
55.71 

3.40 

8 

11.19 
5.16 
0.21 

53.86 
44.91 

1.23 

16A 

12.82 
4.55 
0.11 

60.53 
38.86 
0.61 

218 

9.57 
6.36 
0.13 

45.06 
54.21 
0.74 

288 

11.12 
5.45 
0.22 

52.33 
46.44 

1.23 

37C 

11.93 
4.77 
0.10 

57.68 
41.76 

0.56 

42 

11.40 
5.09 
0.10 

55.01 
44.45 
0.55 

53C 

9.21 
5.90 
0.45 

45.07 
52.29 
2.63 

10.74 
5.19 
0.40 

52.14 
45.56 
2.29 

168 

14.49 
3.34 
0.11 

70.13 
29.26 
0.61 

22A 

14.74 
3.38 
0.11 

70.22 
29.17 
0.61 

28C 

7.93 
7.25 
0.24 

37.16 
61.47 

1.37 

370 

11.80 
5.08 
0.09 

55.95 
43.55 
0.49 

43 

11.93 
4.98 
0.10 

56.68 
42.79 
0.54 

54 

9.40 
5.87 
0.51 

45.55 
51.50 

2.95 

lOA 

9.99 
5.76 
0.32 

48.06 
50.10 

1.84 

16C 

12.66 
4.54 
0.19 

60.00 
38.93 

1.07 

228 

13.26 
4.15 
0.11 

63.45 
35.94 
0.61 

29A 

12.29 
4.86 
0.12 

57.89 
41.46 
0.65 

38A 

13.64 
3.97 
0.07 

65.24 
34.38 
0.38 

44 

11.14 
5,14 
0.09 

54.22 
45.23 

0.55 

55 A 

10.06 
5.52 
0.52 

48.67 
48.32 

3.01 

269 

lOB 

11.06 
5.24 
0.19 

53.27 
45.64 
1.08 

160 

10.58 
5.87 
0.14 

49.52 
49.72 
0.76 

22C 

9.36 
6.49 
0.21 

43.83 
54.98 

1.19 

298 

11.36 
5.43 
0.08 

53.37 
46.17 
0.46 

388 

12.56 
4.67 
0.09 

59.46 
40.04 
0.50 

45 

11.80 
4.90 
0.07 

56.87 
42.74 

0.38 

558 

11.18 
4.94 
0.44 

54.18 
43.30 

2.52 



TABLE A.S continued 

CaD 
Na2o 
K20 

An 
Ab 
Or 

CaD 
l!a2 
K20 

An 
- Ab 

Or 

CaD 
Na20 
K20 

An 
Ab 
Or 

CaD 
Na2o 
KzO 

An 
Ab 
Or 

CaO 
Na 2o 
K2o 
An 
Ab 
Or 

CaD 
Na2o 
K20 

An 
Ab 
Or 

56 A 

11.32 
5.02 
0.45 

54.08 
43.38 
2.53 

67 

9.01 
5.99 
0.48 

44.12 
53.07 
2.80 

15.33 
2.81 
0.12 

74.56 
24.75 
0.70 

78B 

8.31 
6.68 
0.33 

39.97 
58.12 
1.90 

89 

12.52 
4.35 
0.23 

568 

9.15 
6.25 
0.48 

43.52 
53.76 
2.72 

68A 

16.56 
2.40 
0.06 

78.98 
20.69 
0.33 

738 

10.17 
5.72 
0.27 

48.79 
49.69 

1.52 

79 

7.98 
6.84 
0.43 

38.22 
59.34 
2.44 

90 

10.35 
5.59 
0.33 

60.58 49.58 
38.08 . 48.51 
1.34 1.91 

97B 

9.95 
5.82 
0.41 

47.45 
50.23 
2.32 

98 

12.51 
4.45 
0.25 

59.96 
38.58 
1.45 

57 

12.55 
4.19 
0.30 

61.26 
37.00 
1. 74 

688 

8.58 
6.75 
0.29 

40.59 
57.79 
1.62 

73C 

8.65 
6.60 
0.31 

41.24 
57.00 

1. 76 

80A 

14.85 
2.95 
0.13 

73.01 
26.25 
0.75 

91A 

13.23 
4.09 
0.24 

63.27 
35.36 
1.37 

99 

11.44 
5.14 
0.33 

54.12 
44.02 
1.86 

58 

10.10 
5.80 
0.23 

48.41 
50.30 
1.29 

69A 

9.07 
6.28 
0.43 

43.29 
54.27 
2.44 

74A 

7.73 
6.96 
0.45 

37.07 
60.38 
2.55 

SOB 

9.77 
5.86 
0.30 

47.13 
51.14 
1. 73 

918 

10.08 
5.83 
0.40 

47.76 
50.00 
2.24 

100 

13.73 
3.88 
0.22 

65.34 
33.40 
1.26 

59 

9.00 
6.43 
0.32 

42.84 
55.33 
1.83 

698 

8.28 
"6.50 
0.40 

40.37 
57.30 
2.33 

748 

8.13 
6.86 
0.28 

38.96 
59.47 

1.57 

soc 

8.36 
6.68 
0.32 

40.12 
58.03 
1.84 

92 

12.30 
4.54 
0.31 

58.91 
39.35 
1.74 

lOlA 

12.32 
4.42 
0.29 

59.58 
38.73 
1.69 

60 

9.13 
6.25 
0.37 

43.75 
54.16 
2.09 

70A 

16.62 
2.22 
0.08 

80.18 
19.36 
0.46 

75A 

7.88 
6.77 
0.43 

38.17 
59.35 
2.48 

81 

9.71 
6.01 
0.36 

46.21 
51.78 
2.01 

93A 

13.92 
3.66 
0.18 

67.09 
31.90 
1.01 

1018 

10.47 
5.34 
0.44 

50.66 
46.79 
2.55 

61A 

9.44 
5.92 
0.43 

45.69 
51.83 
2.43 

708 

15.56 
2.68 
0.12 

75.69 
23.62 
0.68 

758 

8.22 
6.52 
0.32 

40.26 
57.85 
1.89 

82A 

16.17 
2.31 
0.03 

79.34 
20.48 
0.18 

938 

10.13 
5.77 
0.38 

48.18 
49.68 
2.14 

102A 

12.94 
4.05 
0.27 

62.88 
35.57 
1.54 

618 

9.70 
5.84 
0.33 

46.96 
51.13 
1.92 

70C 

13.13 
4.07 
0.21 

63.26 
35.52 
1.23 

76A 

8,16 
6.69 
0.45 

39.23 
58.19 
2.57 

828 

8.97 
6.45 
0.43 

42.40 
55.18 
2.42 

94A 

12.17 
4.64 
0.30 

58.15 
40.15 
1.70 

1028 

10.14 
5.62 
0.40 

48.74 
48.95 
2.31 

62 

8.55 
6.30 
0.45 

41.73 
55.63 
2.64 

700 

8.21 
6.63 
0.43 

39.64 
57.87 
2.49 

768 

8.46 
6.53 
0.32 

40.93 
57,23 

1.85 

83 

12.71 
4.51 
0.15 

60.37 
38.76 
0.87 

948 

10.91 
5.41 
0.33 

51.73 
46.42 
1.86 

103 

12.86 
4.21 
0.26 

61.87 
36.62 
1.51 

63A 

9.20 
5.74 
0.67 

45.12 
50.96 
3.93 

71A 

16.51 
2.13 
0.08 

80.71 
18.85 
0.44 

77A 

16.55 
2.19 
0.07 

80.38 
19.22 
0.40 

84 

12.45 
4,53 
0.15 

59.77 
39.36 
0.87 

95A 

13.00 
4.09 
0.23 

62.86 
35.81 
1.32 

104 

9.61 
5.80 
0.44 

46.58 
50.85 
2.57 

638 

9.54 
5. 72 
0.55 

46.43 
50.38 
3.19 

718 

13.69 
3.82 
0.18 

65.77 
33.18 
1.05 

778 

11.79 
4.84 
0.20 

56.76 
42.12 

1.13 

85 

13.61 
3.97 
0.19 

64.75 
34.17 
1.08 

95B 

12.28 
4.49 
0.27 

59.26 
39.17 
1.57 

105 

10.70 
5.34 
0.41 

51.31 
46.34 
2.35 

64 

9.66 
5.81 
0.36 

46.87 
51.06 
2.07 

71C 

8.40 
6.49 
0.53 

40.43 
56.52 
3.06 

77C 

12.63 
4.45 
0.21 

60.34 
38.46 
1.20 

86 

10.28 
5.80 
0.40 

48.37 
49.36 
2.27 

95C 

12.05 
4.80 
0.31 

57.10 
41.17 

1.73 

106 

10.63 
5.20 
0.45 

51.67 
45.74 
2.59 

65 

11.11 
4.96 
0.40 

54.00 
43.66 
2.34 

72A 

7.86 
6.82 
0.32 

38.19 
59.98 
1.83 

770 

8.08 
6.90 
0.38 

38.42 
59.40 
2.18 

87 

11.42 
4.90 
0.31 

55.29 
42.90 
1.81 

96 

9.93 
5.81 
0.44 

47.35 
50.17 
2.48 

107 

14.09 
3.31 
0.21 

69.29 
29.48 
1.23 

66 

9.22 
6.22 
0.36 

44.11 
53.86 
2.04 

728 

8.34 
6.94 
0.27 

39.32 
59.14 

1. 54 

78A 

13.70 
3.75 
0.13 

65.35 
32.91 
0.74 

88 

10.74 
5.49 
0.34 

50.96 
47.11 
1.93 

97A 

12.69 
4.24 
0.25 

61.43 
37.12 
1.45 

108 

12.25 
4.41 
0.31 

59.46 
38.72 
1.82 

270 



271 

TABLE A.5 continued 

109 110 111A 1118 112 113 114A 1148 115A 1158 116A 1168 117 118 

CaO 13.77 12.56 12.87 10.79 14.51 12.19 10.67 9.96 12.53 10.04 14.72 12.74 12.91 14.31 
Nago 3.63 4.21 4.09 5.29 3.30 4.46 5.33 5.61 4.31 5.48 3.20 4.40 4.20 3.38 
K2 0.21 0.25 0.27 0.38 0.17 0.30 0,39 0.45 0.26 0.46 0.22 0.34 0.29 0.21 

An 66.87 61.36 62.50 51.85 70.14 59.15 51.34 48.22 60.73 48.95 70.87 60.36 61.88 69.17 
Ab 31.88 37.19 35.93 45.99 28.89 39.13 46.44 49.18 37.75 48.37 27.89 37.72 36.44 29.60 
Or 1.24 1.45 1.58 2.16 0.97 1. 72 2.21 2.60 1. 52 2.69 1.24 1.92 1.68 1.23 

119A 1198 120A 1208 121 122A 1228 123 124A 1248 125 126 127 128A 

CaD 15.75 14.20 14.16 13.68 12.60 12.38 11.93 15.43 14.78 13.19 12.96 15.64 13.33 15.05 
Na60 2.60 3.33 3.44 3.67 4.24 4.40 4.61 2.82 3.22 3.83 4.02 2.72 3.87 3.00 
Kz 0.15 0.22 0.20 0.24 0.35 0.31 0.36 0.15 0.18 0.24 0.31 0.15 0.19 0.15 

An 76.32 69.31 68.65 66.41 60.90 59.74 57.64 74.49 70.96 64.62 62.93 75.41 64.83 72.83 
'Ab 22.84 29.38 30.17 32.21 37.06 38.47 40.30 24.66 28.00 33.97 35.29 23.75 34.10 26.29 

Or 0.85 1.13 1.18 1.38 2.05 1. 79 2.06 0.85 1.04 1.41 1.78 0.84 1.08 0.88 

1288 129 130 131A 1318 132 133 134 135 136A 1368 137 138 139 

CaD 12.68 12.80 13.10 9.12 10.11 11.43 14.36 12.62 12.78 13.06 10.31 13.00 13.26 12.49 
Na20 4.21 4.29 4.05 6.02 5.61 4.84 3.40 4.16 4.16 3.96 5.43 4.04 3.87 4.38 
KzO 0.28 0.28 0.22 0.61 0.50 0.42 0.18 0,24 0.30 0.23 0.38 0.35 0.24 0.32 

An 61.45 61.24 63.29 43.97 48.48 55.27 69.27 61.76 61.83 63.70 50.07 62.68 64.49 60.05 
Ab 36.92 37.17 35.45 52.53 48.66 42.32 29.67 36,81 36.47 34.97 47.71 35.28 34.11 38.13 
Or 1.63 1.58 1.27 3.50 2.86 2.41 1.06 1.43 1. 71 1. 34 2.22 2.04 1.40 1.82 

140A 1408 141A 1418 142A 1428 142C 1420 143A 1438 144A 1448 144C 145A 

CaD 11.51 12.40 12.68 10.85 12.21 9.42 9.97 9.71 13.04 9,71 11.77 11.03 10.91 11.20 
Na60 4.82 4.35 4. 77 5.48 4.55 6.24 5.94 6.12 4.14 6.11 4.87 5.22 5.16 5.13 
K2 0.34 0.27 0.26 0.24 0.26 0.40 0.26 0.35 0.24 0.36 0.29 0.24 0.35 0.33 

An 55.77 60.19 58.62 51.55 58.82 44.46 47.43 45.81 62.64 45.81 56.22 53.13 52.79 53.66 
Ab 42.30 38.23 39.96 47.09 39.66 53,31 51.07 52.24 35.97 52.18 42.15 45.49 45.21 44.46 
Or 1.94 1.58 1.42 1.36 1.52 2.23 1.50 1.95 1.38 2.01 1.63 1.39 2.00 1.87 

1458 146A 1468 147 148A 1488 149A 1498 150A 1508 ISlA 1518 151C 152A 

CaO 10.48 11.40 10.54 8.67 10.39 10.24 9.98 9.60 12.22 11.05 9.27. 12.22 10.00 11.50 

~~ 5.34 5.04 5.57 6.36 5.44 5.67 5.71 5.98 4.48 5.20 6.27 4.45 5.75 4.89 
0.28 0.24 0.22 0.38 0.36 0.26 0.37 o.~o 0.24 0.26 0.28 0.19 0.28 0.26 

An 51.19 54.78 50.46 42.01 50.29 49.18 48.11 46.18 59.28 53.19 44.25 59.58 48.19 55.67 
Ab 47.19 43.86 48.27 55.77 47.65 49.32 49.76 52.08 39.32 45.32 54.18 39.27 50.17 42.82 
Or 1.61 1. 36 1.27 2 21 2.06 1.50 2.13 1.74 1.40 1.49 1.57 1.15 1.63 1.52 

1528 152C 

CaO 9.12 11.79 
NazO 6.11 4.79 
K20 0.34 0.22 

An 44.32 56.91 
Ab 53.74 41.85 
Or 1.94 1.24 



35085 

l-5A 
5B 
6A 
6B 
7A 
7B 
8-lOA 
lOB 
llA 
llB 
llC 
12A 
12B 
13A 
13B 

35086 

14A 
14B 
15-16B 
16C 
16D 
17A 
17B 
17C 
18A 
18B 
19,20A 
20B 
20C 
21A 
21B 
22A 
22B 
22C 
23, 24A 
24B 
24C 
25A-28A 
28B 
28C 

35088 

29A 
29B 
30A 
30B 
31 

Cores 
Rim 
Core 
Rim 
Core 
Rim 
Cores 
Rim 
Core 
Intermediate 
Rim 
Core 
Rim 
Core 
Rim 

Core 
Rim against plag. 
Cores 
Rim against pyx. 
Rim II plag. 
Core 
Rim II pyx, 
Rim II plag. 
Core 
Rim II pyx. 
Cores 
Intermediate 
Rim against plag. 
Core 
Rim 
Core 
Rim II pyx. 
Rim II plag. 
Cores 
Rim II pyx. 
Rim II plag. 
Cores 
Rim II pyx. 
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35089 

32-34 

35090 

35, 36 

35119 

37A-D 

38A 
38B 
38C 
39A-E 
40A 
40B 
40C 
41-47 

35126 

48,49 

35133 

50 
51A 
51B 
52,53A 
53B,53C 
54 
55A 
55B,56A 
56B 
57 

35143 

Cores 

Cores 

Core to rim normally zoned 
phenocryst 
Core; small phenocryst 
Intermediate 
Rim 
Core to rim; phenocryst 
Core; normally zoned phenocryst 
Intermediate 
Rim 
Groundmass grains 

Representative compositions 

Core; homogeneous grain 
Core 
Rim 
Cores 
Rims 
Core 
Core; large grain 
Cores 
Rim 
Core; most calcic grain found 

Rim II quartz 
58-61A Cores 
61B Rim 
62 Core 
63A Core; large grain 

Core 63B-67 Cores 

Rim 
Core 
Rim 
Core 



35147 

6RA Core 
68n Rim 
()9A Core 
69B Rim 
70A-D . Core to rim 
71A Core 

EXPLANATION OF TABLE 

CONTINUED. 

73C Rim 
7t1T\. Core 
7413 Rim 
75A Core 
75B Rim 
76A Core 

A.5 

soc 

35157 

81 

273 

Rim 

Representative 
composition 

71B · Intermediate 76B Rim 82A Core; most calcic 
value found 71C Rim 77A-D Core to rim 

72A Core 78A Core 82B Rim 
72B Rim 78B Rim 

35187 73A Core 79,80A Cores 
73B Intermediate SOB Intermediate 83,84 Rep. compositions 

Analyses 85-llSB: 
116A-140B: 
141A-145B: 

146A-l52C: 

85-91A Cores 
91B Rim 
92,93A Cores 
93B Rim 
94A Core 
94B Rim 
9SA,95B Cores 
95C Rim 
96,97A Cores 
97B Rim 
98-lOlA Cores 
lOlB Rim 
102A Core 
102B Rim 
103-110 Cores 
lllA Core 
lllB Rim 
112-ll4A Cores 
114B Rim 
llSA Core 
llSB Rim 

35185 

analysed rims are ~n contact with other plagioclase grains 
plagioclaoe grains enclosed in pyroxene or olivine 
plagioclase grains arc not encloHcd in mafic minerals but 
are in part in contact with biotite 
plagioclase grains enclosed in biotite 

ll6A Core 142D Rim against plag. 
116B Rim 143A Core 
117-119A Cores 143B Rim against bio. 
119B Rim 144A Core 
120A Core 144B Rim against bio. 
120B Rim 144C Rim against pyx. 
121,122A Cores l45A Core 
122B Rim 145B Rim against bio. 
123-128A Cores 
128B Rim 146A Core 
129-l31A Cores 146B Rim 
131B Rim 147,148A Cores 
132-l36A . Cores 148B Rim 
136B . Rim 149A Core 
137-140A Cores 149B Rim 
140B Rim l50A Core 

150B Rim 
141A Core 151A,l51B Cores 
141B Rim against bio·. lSlC Rim 
142A Core l52A Core 
l42B Core 152B,l52C Rims 
l42C Rim against bio. 
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TABLE A.6 Mineral analyses from a granodiorite, mi crodi ori te and a 1 tered gabbro of the flo llyford suite. 

A. Arn~hi bo 1 es 
1A 18 1C 2 4A 48 SA 58 6 7 8 9 

Si02 42.78 42.42 43.06 43.83 43.77 42.69 46.59 56.08 55.84 55.21 53.94 47.54 46.99 
TiOB 2.34 2.58 2.18 1.41 1.18 1. 75 0.05 0.03 0.02 0.03 0.07 0.05 0.05 
Al2 3 11.97 11.50 11.69 11.76 11.72 11.28 11.58 0.45 0.43 2.28 2.83 9.74 10.75 
FeD 11.57 11.71 11.69 12.20 12.35 11.43 12.16 20.00 19.82 17.40 13.53 11.87 13.44 
MnO 0.16 0.17 0.19 0.15 0.16 0.14 0.21 0.80 0.82 0.35 0.32 0.23 0.22 
MgO 13.96 14.12 14.00 13.94 13.85 14.34 14.24 20.28 20.55 21.06 18.15 14.50 12.77 
GaO 11.71 11.43 11.61 11.81 11.67 11.62 12.00 0.62 0. 55 1.12 8.28 12.13 11.75 
Na20 2.05 2.50 2.09 1. 97 1. 94 2.27 !.50 0.04 0.08 0.69 0.76 1.22 1. 75 
K20 0.73 0.80 0.77 0.71 0.80 0.78 0.12 0.02 0.00 0.05 0.05 0.13 0.20 

Total 97.27 97.23 97.28 97.78 97.44 96.30 98.45 98.32 98.11 98.19 97.93 97.41 97.92 

Si 6.312 6.285 6.356 6.433 6.451 6.370 6.710 7.993 7.975 7.807 7.692 6.904 6.843 
Ti 0.259 0.287 0.242 0.156 0.131 0.196 0.006 0.003 0.002 0.004 0.007 0.006 0.006 
Al 2.082 2.009 2.033 2.035 2.036 1.984 1.966 0.076 0.072 0.380 0.476 1.666 1.845 
Fe 1.428 1.451 1.443 1.498 1. 522 1.426 1.465 2.384 2.368 2.058 1.614 1.442 1.637 
Mn 0.021 0.021 0.023 0.019 0.020 0.018 0.026 0.097 0.099 0.042 0.038 0.028 0.027 
Mg 3.070 3.120 3.080 3.050 3.044 3.188 3.057 4.309 4.375 4.439 3.859 3.140 2.772 
Ca 1.852 1.815 1.836 1.857 1.842 1.857 1.851 0.095 0.084 0.170 1.265 1.887 1.834 
Na 0.587 0.718 0.598 0.560 0.556 0.656 0.420 0.012 0.022 0.188 0.211 0.342 0.493 
K 0.138 0.152 0.145 0.133 0.151 0.148 0.023 0.003 0.001 0.009 0.009 0.024 0.036 

Total 15.749 15.858 15.756 15.741 15.753 15.843 15.524 14.972 14.998 15.097 15.171 15.439 15.493 

10 11 12A 12B 13A 138 14 15 16 17 

SiOz 53.53 52.93 41.10 44.16 40.11 43.70 42.65 48.56 48.47 48.33 
Ti02 0.25 0.24 1.89 0.39 2.28 0.42 1.19 0.59 0.65 1.37 
Al603 3.27 3.21 13.34 12.29 14.05 11.77 12.32 5.12 5.72 6.15 
Fe 10.13 10.28 15.78 14.95 15.50 15.49 15.15 16.23 17.03 17.18 
MnO 0.37 0.41 0.31 0.35 0.30 0.33. 0.34 0.43 0.46 0.47 
MgO 16.95 17.04 10.90 11.02 10.57 11.22 11.54 13.24 12.28 12.09 
CaO 12.41 12.48 11.69 11.66 11.64 11.71 11.71 12.64 12.45 12.44 

~t 0.51 0.48 2.11 1. 75 2.02 1.88 1.89 0.98 1.19 1.14 
0.13 0.12 0.31 0.31 0.35 0.33 0.31 0.45 0.55 0.69 

Total 97.55 97.19 97.43 96.88 96.82 96.85 97.10 98.24 98.80 99.86 

Si 7.640 7.602 6.174 6.584 6.065 6.553 6.386 7.182 7.154 7.069 
Ti 0.027 0.026 0.213 0.044 0.259 0.047 0.133 0.065 0.072 0.151 
Al 0.549 0.543 2.362 2.160 2.504 2.080 2.175 0.892 0.995 1.060 
Fe 1.209 1.235 1. 983 1.864 1.960 1.943 1.897 2.007 2.103 2.102 
Mn 0.045 0.050 0.040 0.044 0.038 0.042 0.043 0.054 0.058 0.059 
Mg 3.607 3.648 2.442 2.450 2.383 2.509 2.576 2.919 2.703 2.636 
Ca 1.898 1.920 1.881 1.862 1.885 1.881 1.878 2.003 1.969 1.949 
Na 0.142 0.134 0.615 0.505 0.591 0.546 0.550 0.282 0.340 0.322 
K 0.023 0.021 0.060 0.060 0.067 0.063 0.060 0.084 0.104 0.128 

Total 15.140 14.179 15.770 15.573 15.752 15.664 15.698 15.488 15.498 15.476 

B. Biotite c. O~agues 

18 19 20 21 22 23A 238 24A 248 25 26 

Si02 37.52 37.29 34.15 37.08 37.06 35.57 35.14 0.13 0.05 0.04 0.05 
TiOz 2.05 1. 79 1.22 2.11 1.66 2.49 2.50 0.03 49.75 0.00 0.00 
A12o3 16.85 16.41 15.55 15.59 15.29 15.23 14.64 0.10 0.06 0.15 0.05 
FeD 13.45 13.70 24.89 20.69 20.84 20.2i .21. 58 92.71 41.50 90.68 90.32 
MilO 0.09 0.10 0.21 0.29 0.25 0.29 0.21 0.00 7.36 0.00 0.00 
MgO 15.46 16.05 13.13 10.74 11.36 10.93 12.11 0.62 0.38 0.47 0.43 
taO 0.06 0.05 0.07 0.00 0.02 0.00 0.02 0.00 0.00 0.00 0.00 
Na2o 0.47 0.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
KzO 8.78 8.44 6.77 9.83 9.62 9.79 9.01 0.00 0.00 0.00 0.00 

Total 94.73 94.30 95.99 96.33 96.10 94.51 95.21 93.59 99.10 91.34 90.85 

Si 5.562 5.557 5.269 5.637 5.647 5.530 5.446 0.007 0.001 0.002 0.002 
Ti 0.229 0.200 0.142 0.242 0.190 0.291 0.291 0.001 0.963 0.000 0.000 
Al 2.944 2.881 2.828 2.793 2.745 2.792 2.673 0.006 0.002 0.009 0.003 
Fe 1.667 1.708 3.212 2.630 2.655 2.628 2.797 3.928 0.893 3.946 3.956 
Mn 0.012 0.012 0.028 0.037 0.033 0.038 0.028 0.000 0.160 0.000 0.000 
Mg 3.416 3.565 3.019 2.433 2.580 2.534 2.797 0.047 0.015 0.036 0.033 
Ca 0.009 0.008 0.011 0.000 0.004 0.000 0.003 0.000 0.000 0.000 0.000 
Na 0.137 0.137 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
K 1.660 1.605 1.333 1.905 1.870 1.942 1. 781 0.000 0.000 0.000 0.000 

Total 15.636 15.673 15.842 15.677 15.724 15.755 15.816 3.989 2.034 3.993 3.994 



TABLE A.6 continued 
D. Felds2ars 

27 

CaO 13.89 
Nabo 3.84 
K2 0.02 

An 66.56 
Ab 33.32 
Or 0.12 

37 

CaO 6.01 
Na60 8.62 
K2 0.09 

An 27.66 
Ab 71.82 
Or 0.52 

A. Amphiboles 

1A-2 
3 
4A 
48 
5A,5B 
6 
7 
8,9 

10,11 
12A 
12B 
13A 
13B 
14 

15,16 
17 

B. Biotite 

18,1g 

20-238 

c. Opaques 

24A 
24B 

25,26 

28 29A 29B 30 31 32 33 34 

14.00 8.42 5.91 15.85 6.07 5.22 4.51 5.46 
3.73 6.91 8.53 2.66 8.19 8.84 9.27 8.74 
0.03 0.04 0.03 0.02 0.11 0.12 0.13 0.14 

67.38 40.16 27.66 76.60 28.86 24.44 21.06 25.46 
32.47 59.62 72.20 23.28 70.50 74.89 78.21 73.74 
0.15 0.22 0.14 0.12 0.63 0.67 0.73 0.80 

38 39 40 41 42A 42B 42C 42D 43A 43B 

5.60 0.15 0.10 0.03 0.00 0.04 0.01 0.47 0.00 0.00 
8.65 11.09 11.34 11.35 0.64 0.62 0.61 11.22 0.57 0.54 
0.09 0.06 0.02 0.05 16.22 16.34 16.28 0.11 16.60 16.53 

26.23 0.74 0.49 0.16 0.00 0.18 0.04 2.26 0.00 0.00 
73.27 98.89 99.37 99.52 5.70 5.42 5.41 97.10 4.96 4.71 
0.51 0.37 0.14 0.32 94.30 94.40 94.55 0.64 95.04 95.29 

EXPLANATION 

Ferroan pargasite; brownish green to pale yellowish brown 35094 
Ferroan pargasi te; greenish bro~m to 1 i ght yellowish brown 

.. Ferroan pargasite, core; greenish brown to light yellowish brown 
Magnesio-hornblende, rim; light bluish green to pale yellowish brown 
Cummingtonite; colourless. Surrounds grain 3 
Cummingtonite; colourless to faint bluish green 
Actinolite; faint green to pale bluish green 
~~gnesio-hornblende; faint green to light bluish green 

Actinolite; faint yellow to faint greenish yellow 35193 
Ferroan pargasite, core; light brown to light brownish green 
Magnesio-hornblende, rim; light brownish green to light bluish green 
Ferroan pargasite, core; pale yellow to light brownish green 
Magnesia-hornblende, rim; faint yellow to light bluish green 
Tschermakitic hornblende; light brownish green to light bluish green 

Magnesia-hornblende, faint yello~lish brown to green 
Magnesia-hornblende; faint yellowish brown to brownish green 

D. Feldspars 

35104 

35 

5.19 
8.91 
0.09 

24.23 
75.27 
0.50 

43C 

0.57 
11.06 
0.11 

2.74 
96.60 
0.65 

Brown to straw 35094 27 Plagioclase 

Dull, slightly greenish 35104 28 Most calcic grain found 
brown to straw 2gA Intermediate composition 

29B least calcic value obtained 

30 Most calcic plag. found 
Magnetite; host 35104 31-38 Plagioclase 
Ilmenite; one small 39-41 Albite lenses in biotite 22 
ho~geneous area in 
the magnetite 42A-42C Orthoclase host; perthite 
Magnetite; discrete 42D Albite lamella 
homogeneous grains 43A,43B Orthoclase host; perthite 

43C,430 Albite lamella 

275 

36 

5.43 
8.71 
0.11 

25.46 
73.92 
0.62 

43D 

0.35 
11.27 
0.10 

1.68 
97.77 
0.55 

35193 

35094 

35104 
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TABLE A.7 Mineral analyses from samples of the Nurse, Glade and Hut suites. 

A. Amphiboles 

1 2A 28 3 4 5 6 7A 78 8 9 

SiO 39.54 38.89 40.41 46.57 47.99 49.14 48.30 48.31 40.26 39.39 42.13 
TiO~ 0.61 0.54 0.52 1. 35 1.05 1.02 0.92 0.98 0.23 0.14 13.74 
Al2 3 10.93 11.57 11.41 6.33 5.95 5.54 6.11 5.63 14.69 15.44 0.26 
FeO 22.80 22.92 22.13 17.28 14.60 14:34 14.10 14.51 19.88 19.38 18.36 
MnO 0.52 0.54 0.54 0.57 0.38 0.43 0.37 0.43 0.36 0.41 0.35 
MgO 7.48 7.33 7.65 11.90 13.58 13.90 13.76 13.95 7.45 6. 71 8.74 
CaO 10.83 10.83 10.86 11.47 12.09 12.02 12.11 12.30 11.38 11.15 11.53 
Na20 1.66 1.72 1.63 1. 48 0.99 0.90 1.06 0.87 2.21 2.18 1.17 
1<20 1.89 2.29 1. 94 0.77 0.45 0.45 0.43 0.48 0.66 0.70 0.47 

TOTAL 96.26 96.63 97.09 97.72 97.08 97.74 97.16 97.46 97.12 95.50 96.75 

Si 6.298 6.197 6.340 6.989 7.119 7.211 7.135 7.137 6.188 6.147 6.399 
Ti 0.073 0.064 0.061 0.153 0.117 0.112 0.103 0.109 0.027 0.016 0.030 
Al 2.052 2.173 2.110 1.120 1.041 0.959 1.064 0.981 2.661 2.840 2.460 
Fe 3.036 3.054 2.903 2:168 1.811 1.760 1. 742 1. 792 2.556 2.530 2. 332 
Mn 0.069 0.073 0.072 0.072 0.047 0.054 0.046 0.054 0.047 0.054 0.045 
Mg 1.777 1. 742 1.790 2.662 3.002 3.042 3.031 3.073 1.708 1.562 1.980 
Ca 1.848 1.850 1.826 1.844 1.921 1.889 1. 917 1.948 1.874 1.865 1.876 
Na 0.514 0.530 0.497 0.430 0.284 0.255 0. 303 0.249 0.659 0.659 0.345 
K 0.384 0.465 0.388 0.147 0.085 0.084 0.080 0.090 0.129 0.140 0.092 

TOTAL 16.051 16.148 15.987 15.585 15.427 15.366 15.421 15.433 15.849 15.813 15.559 

B. Biotite 

10 11 12 13 14 15 16 17 18 _1_9_ 
Si02 49.82 47.55 48.27 47.92 41.92 39.76 36.54 37.04 36.60 37.20 
no2 1.00 1.69 1,62 1. 76 0.12 . 0,20 1. 70 1.89 1.66 1.68 
Al203 4.85 6.08 6.11 6.33 12.70 12.49 14.63 14.38 14.59 16.22 
FeO 16.44 15.87 16.01 15.26 18.28 23.31 20.10 19.17 19.08 16.46 
MnO 0.53 0.46 0.43 0.27 0.35 0.33 0.34 0.37 0.34 0.17 
MgO 13.57 12.64 12.89 13.49 9.89 6.58 11.45 12.48 12.44 13.15 
CaO 11.15 11.20 11.09 11.12 11.65 11.44 0.00 0.01 0.05 0.08 
Na20 1.16 1.30 1.36 1.67 1. 50 1.77 0.03 0.04 0.07 0.15 
K20 0.39 0.60 0.62 0.66 0.51 1.65 10.04 9.89 9.72 8.12 

TOTAL 98.91 97.39 98.40 98.48 96.92 97.53 94.83 95.27 94.55 93.23 

Si 7.276 7.076 7.101 7.032 6.382 6.241 5.657 5.673 5.656 5.663 
Ti 0.110 0.189 0.180 0.194 0.014 0.023 0.198 0.218 0.193 0.192 
Al 0.835 1.067 1.059 1.095 2.279 2.311 2.669 2.596 2.656 2.909 
Fe 2.008 1. 975 1.969 1.873 2.327 3.061 2.602 2.456 2.466 2.096 
Mn 0.065 0.058 0.053 0.034 0.045 0.044 0.045 0.048 0.044 0.021 
Mg 2.955 2.804 2.828 2.950 2.246 1.540 2.643 2.849 2.866 2.984 
Ca 1. 744 1. 786 1. 748 1. 749 1. 901 1. 924 0.000 0.001 0.008 0.013 
Na 0.329 0.377 0.389 0.477 0.442 0.539 0.009 0.012 0.020 0.044 
K 0.074 0.113 0.116 0.123 0.100 0.330 1.982 1. 933 1. 916 1.577 

TOTAL 15.396 15.445 15.443 15.527 15.736 16.013 15.805 15.786 15.825 15.499 

C. Clinopyroxene D. Opaques 

20 21 22 23 24 . 25 26 27 

Si02 35.32 35.26 52.99 53.53 0.03 0.00 0.19 0.06 
Ti02 2.98 3.05 0.04 o.oo 0.10 0.03 0.00 0.00 
Al 2o3 14.57 15.39 0.77 0.47 0.03 0.03 0.16 0.14 
FeO 22.74 22.41 10.87 9.56 89.70 89.40 91.37 91.42 
MnO 0.21 0.24 0.36 0.47 0.09 0.06 0.00 0.00 
MgO 11.57 11.62 14.02 13.67 1.17 1.19 0.76 0.75 
CaO 0.22 0.12 21.51 22.71 0.00 0.00 0.00 0.00 
Na20 0.28 0.28 0.60 0.59 0.00 0.00 0.00 0.00 
K20 6.71 6.25 0.00 0.00 0.00 0.00 0.00 0.00 

TOTAL 94.60 94.62 101.16 101.00 91.12 90.71 92.48 92.37 

Si 5.468 5.425 1.971 1.988 0.002 0.000 0.010 0.003 
Ti 0.346 0.353 0.001 0.000 0.004 0.001 0.000 0.000 
Al 2,658 2.792 0.034 0.021 0.002 0.002 0.010 0.009 
Fe 2.943 2.884 0.338 0.297 3.891 3.899 3.908 3.924 
Mn 0.028 0.031 0.011 0.015 0.004 0.002 0.000 0.000 
Mg 2.671 2.665 0.777 0.757 0.091 0.092 0.058 0.057 
Ca 0.037 0.020 0.857 0.903 0.000 0.000 0.000 0.000 
Na 0.084 0.083 0.043 0.043 0.000 0.000 0.000 0.000 
K 1.326 1.227 0.000 0.000 0.000 0.000 0.000 0.000 

TOTAL 15.561 15.480 4.032 4.024 3.994 3.996 3.986 3.993 



TABLE A.7 continued 

F· Felds~ars 

28 29 30 31A 

CaO 5.77 3,57 4.08 0.01 
Na20 8.21 9.80 9.15 0.51 
K20 0.09 0.16 0.14 16.29 

An 27.82 16,61 19.61 0.06 
Ab 71.68 82.48 79.60 4.56 
Or 0.50 0.91 0.79 95.38 

36A 368 37A 378 

CaO 8.73 7.69 14.01 9.39 
Na~O 6. 76 7.37 3.71 6.49 
~2 0.10 0.06 0.05 0.11 

An 41.40 36.47 67.39 44.16 
Ab 58.02 63.20 32.30 55.23 
Or 0.58 0,33 0.31 0.61 

42A 428 42C 43A 

CaO 12.13 6.72 5.93 8.42 
Na20 4.88 7.91 8.49 6.90 
K20 0.06 0,06 0.06 0.16 

An 57.66 31.82 27.75 39.91 
Ab 42.00 67,85 71.90 59.18 
Or 0.34 0.33 0.35 0.91 

E. Feldspars 

28 Plagioclase phenocryst 
29,30 Plagioclase; groundmass 
31A,8 Microcline 

32-34 Plagioclase; representative 
compositions 

35A Core 
358 Rim 
36A Core 
368 Rim 
37A-E Core to rim 

318 32 

0.01 6.28 
0.52 7.76 

15.98 0.05 

0.05 30.82 
4.75 68.90 

95.20 0.28 

37C 370 37E 

13.23 8.78 5.52 
4.16 6.70 8.55 
0.08 0.10 0.07 

63.44 41.77 26.19 
36.09 57.68 73.39 
0.47 0,55 0.41 

438 43C 44A 

7.02 5.25 14.39 
7.81 8.86 3.49 
0.15 0.08 0.08 

32.93 24.55 69.13 
66,23 74,99 30,38 
0.84 0.46 0.49 

EXPLANATION 

35214 38A 
388 
39-41 
42A 

35313 428-
42C 
43A 

35231 438 
43C 
44A-F 

33 

8.11 
6.68 
0.05 

40.05 
59.68 
0.27 

38A 

9.54 
6,39 
0.08 

44.99 
54.55 
0.46 

448 

16.32 
2.46 
0,06 

78.29 
21.36 
0.35 

Core 
Rim 

Core 

34 

6.97 
7.85 
0.03 

32.88 
66.96 
0,16 

388 39 

6.51 9.87 
7.99 6.06 
0.08 0.08 

30,91 47.15 
68,63 52.38 
0.46 0.47 

44C 440 

12.50 8.79 
4.58 6.57 
0.09 0.10 

59.81 42.27 
39.68 57.15 
0.51 0.59 

277 

35A 358 

6.61 6.22 
8.13 8.25 
0.12 0.06 

30.79 29.30 
68.53 70.36 
0.68 0.34 

40 41 

7.93 7.57 
7.16 7.25 
0.08 0.07 

37.79 36.44 
61.76 63.17 
0.46 0.38 

44E 44F 

8.20 5.61 
6.97 8.45 
0.10 0.06 

39.16 26.77 
60.24 72.89 
0.60 0.34 

35231 continued 

Intermediate; locally sericitised area 
Rim 
Core 
Intermediate; locally sericitised area 
Rim 
Core to rim 
A : clear patch in densely sericitised 

core. 
B,C : adjacent the sericitised core. 
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EXPLANATION OF TABLE A.7 CONTINUED 

A. Amphiboles 

1 
2A 
2B 
3 

4 
5 
6 
7A 
7B 
8 
9 

10 
11,12 
13 
14 
15 

B. Biotite 

16-18 

19 

20,21 

Ferroan pargasitic hornblende; green to bluish green 
Ferroan pargasite; green to blue 
Ferroan pargasitic hornblende; green to blue 
Edenite, core; buff to greenish brown 

35214 

Magnesio.-hornblende; green to greenish brown 35313 
Magnesia-hornblende; light brown to greenish brown 
Magnesia-hornblende; greenish brown 
Magnesia-hornblende, core; greenish brown to green 
Ferroan pargasite, rim; greenish blue to greenish brown 
Ferroan pargasite; buff to greenish blue. 
Ferro-tschermakitic hornblende; buff to greenish brown 

Actinolitic hornblende; buff to light bluish green 
Magnesia-hornblende; buff to light green 
Magnesia-hornblende; buff to brownish green 
Ferro-tschermakitic hornblende; green to blue 
Ferroan pargasite; green to blue 

Buff to slightly greenish brown 

Straw to brovm 

Straw to yellow brown; slightly altered 

35231 

35214 

35313 

35231 

c. Clinopyroxene 

I 
22 
23 

D. Magnetite 

24,25 

26,27 

I / 
Relict c~e in magnesia-hornblende 13 
Relict core in magnesia-hornblende 11 

Homogeneous magnetite grains 

Homogeneous magnetite grains 

35231 

35214 

35231 
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TABLE A.8 Mineral analyses from rocks of the Plato terrane, E91inton Volcanics. 

A. Cl f nopyroxene 

2 4A 48 SA 58 6A 68 7A 78 8A 88 9 

Si02 54.44 54.00 54.65 49.68 53.18 50.10 53.93 51.44 50.68 52.78 51.49 54.29 51.78 51.78 

nob 0.15 0.10 0.09 0.58 0.16 0.52 0.14 0.39 0.47 0.24 0.41 0.10 0.33 0.21 
Al2 3 1.04 0.88 1.02 5.45 i .47 4.02 1.22 3.32 3.99 2.55 2.71 1.31 2.83 2.19 

~~OJ 0.26 0.40 0.84 0.26 0.25 0.26 0.84 0.12 0.14 0.36 o.oo 0.60 0.15 0.18 
3.52 2.87 2.78 5.49 4.27 7.07 3.55 7.97 7. 76 6.11 9.20 3.73 7.44 4.34 

KnO 0.18 0.17 0.16 0.23 0.22 0.24 0.16 0.03 0.03 0.00 0.07 0.00 0.05 0.02 
NfO 0.14 0.16 0.11 0.13 0.11 0.21 0.16 n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
MgO 17.50 17.98 17.99 14.81 16.94 15.17 17.64 15.01 14.96 16.20 14.18 17.55 15.72 16.61 
CaO 23.98 23.86 23.59 23.16 23.39 22.98 23.31 21.63 21.73 22.38 21.64 23.41 21.79 24.08 
Na80 0.06 0.07 0.09 0.08 0.09 0.14 0.08 0.22 0.23 0.18 0.21 0.17 0.20 0.17 
K2 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.02 

Total 101.32 100.54 101.37 99.92 100.13 100.76 101.07 100.13 99.99 100.80 99.91 101.16 100.29 99.60 

Sf 1.964 1.960 1.963 1.839 1.948 1.855 1. 951 1.906 1.881 I. 929 1.922 1.959 1. 912 I. 914 
Ti 0.004 0.003 0.002 0.016 0.005 0.014 0.004 0.011 0.013 0.006 0.012 0.003 0.009 0.006 
Al 0.044 0.038 0.043 0.238 0.063 0.175 0.052 0.145 0.175 0.110 0.119 0.055 0.123 0.095 
Cr 0.007 0.011 0.024 0.008 0.007 0.007 0.024 0.004 0.004 0.010 0.000 0.017 0.004 0.005 
Fe 0.106 0.087 0.084 0.170 0:131 0.219 0.107 0.247 0.241 0.187 0.287 0.112 0.230 0.134 
Mn 0.005 0.005 0.005 0.007 0.007 o:oo8 0.005 0.001 0.001 0.000 0.002 0.000 0.001 0.001 
Hi 0.004 0.005 0.003 0.004 0.003 0.006 0.004 n.a. n.a. n .a. n .a. n.a. n.a. n.a. 
M9 0.941 0. 973 0.963 0.817 0.925 0.837 0.951 0.829 0.828 0.883 0.789 0.944 0.866 0.915 
Ca 0.927 0.928 0.908 0.918 0.918 0.911 0.904 0.859 0.864 0.877 0.866 0.905 0.862 0.954 
Na' 0.004 0.005 0.007 0.006 0.007 0.010 0.006 0.016 0.017 0.013 0.015 0.012 0.015 0.012 
K 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.001 

Total 4.008 4.017 4.004 4.025 4.016 4.044 4.010 4.018 4.024 4.015 4.012 4.007 4.022 4.037 

10 11 12 13A 138 14 15 16 17 !SA 188 19A 198 

Sf02 52.27 52.52 51.25 50.51 48.78 51.66 50.14 49.76 51.00 51.15 49.20 53.14 51.07 
Ti02 0.21 0.21 0.18 0.35 0.54 0.39 0.85 0.65 0.57 0.43 0.72 0.20 0.39 
Alz03 2.29 2.62 2.17 3.76 4.51 1.37 3.95 2.86 2.66 3.29 3.28 2.00 3.07 

crr3 0.19 0.31 0.21 0.13 0.03 0.00 0.00 o.oo 0.00 0.02 0.00 0.30 0.00 
Fe 4.73 4.88 5.48 6.24 8.23 14.69 11.10 14.60 10.32 8.59 10.93 4.98 9.07 
KnO 0.05 0.09 0.05 0.02 0.08 0.41 0.09 0.31 0.19 0.06 0.08 0.00 0.15 
MgO 16.17 16.28 16.62 15.28 14.60 13.77 13.17 11.90 13.91 14.90 13.80 16.52 15.06 
CaO 23.86 23.44 22.65 22.89 21.71 17.39 20.73 18.81 20.68 21.23 20.63 23.00 21.07 

Nar 0.23 0.19 0.16 0.15 0.26 0.18 0.31 0.31 0.26 0.32 0.31 0.13 0.26 
K2 0.02 0.02 0.02 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 100.02 100.56 98.79 99.35 98.77 99.86 100.34 99.20 99.59 99.99 98.95 100.27 100.14 

Sf 1.923 1. 920 1. 913 1.882 1.845 1.958 1.880 1.911 1.918 1.903 1.875 1.944 1. 901 
Tf 0.006 0.006 0.005 0.010 0.015 0.011 0.024 0.019 0.016 0.012 0.021 0.006 0.011 
Al 0.099 0.113 0.096 0.165 0.201 0.061 0.174 0.129 0.118 0.144 0.147 0.086 0.135 
Cr 0.005 0.009 0.006 0.004 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.009 0.000 
Fe 0.146 0.149 0.171 0.194 0.260 0.466 0.348 0.469 0.325 0.267 0.348 0.152 0.282 
Mn 0.002 0.003 0.002 0.001 0.002 0.013 0.003 0.010 0.006 0.002 0.003 0.000 0.005 
Mg 0.887 0.887 0.925 0.849 0.823 0.778 0.736 0.681 0. 780 0.826 0. 784 0.901 0.836 
Ca 0. 941 0.918 0.906 0.914 0.880 0. 706 0.833 0.774 0.833 0.846 0.842 0.901 0.840 
Na 0.016 0.014 0.011 0.011 0.019 0.013 0.011 0.012 0.019 0.023 0.023 0.009 0.018 
I( 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Total 4.026 4.020 4.036 4.031 4.047 4.006 4.009 4.005 4.015 4.024 4.043 4.008 4.028 

20A 208 20C 200 20E 20F 20G 20H 21A 218 21C 210 

FeO 9.20 9.70 9.54 8.31 6.62 5.69 6.36 9,7q 4.63 7.51 5.52 9.56 
MgO 14.61 13.56 14.15 14.39 14.69 15.19 15.23 13.83 16.46 14.75 16.18 14.64 
CaO 21.74 20.99 21.10 21.98 22.69 23.41 22.53 21.39 23.53 21.74 23.18 20.92 

Fs 14.58 15.96 15.43 13.37 10.70 9.06 10.20 15.83 7.22 12.17 8.62 15.31 
En 41.28 39.79 40.82 41.30 42,32 43.15 43.52 39.87 45.76 42.65 45.02 41.78 
Wo 44.14 44.25 43.75 45.33 46.98 47.79 46.28 44.30 47.02 45.18 46.36 42.91 

22A 228 22C 220 22E 22F 22G 22H 221 22J 

Feo 8.95 7.54 7.71 7.67 3.21 3.68 3.35 3.19 7.13 8.61 
MgO 14.32 15.20 15.32 15.31 17.58 17.15 17.34 17.44 15.41 14.69 
CaO 21.68 21.80 21.56 21.69 23.63 23.60 23.40 23.66 21.79 21.77 

Fs 14.37 12.05 12.31 12.22 4.95 5. 71 5.22 4.94 11.41 13.73 
En 41.00 43.30 43.59 43.49 48.35 47.40 48.12 48.12 43.94 41.78 
Wo 44.63 44.65 44.10 44.29 46.70 46.89 46.66 46.94 44.65 44.49 
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TABlE A.8 continued 

23A 238 24 25A 258 26A 268 27 28 29 30 31 32 

Si02 52.68 52.57 50.47 51.23 53.56 52.92 52.83 51.20 50.47 50.08 51.01 50.10 50.18 
Ti06 0.45 0.62 0.81 0.65 0.49 0.30 0.33 0.61 0.44 0.47 0.37 0.62 0.41 

~~ 3 
2.86 3.31 5.03 5.21 2.38 2.06 1. 92 2.67 2.29 2.37 1.81 2.82 2.78 
7.76 7 0 59 7.98 6.69 8.85 9. 71 9.97 12.16 10.40 10.95 10.55 11.12 10.59 

MnO 0.39 0.38 0.37 0.30 0.44 0.26 0.32 0.40 0.28 0.33 0.37 0.30 0.25 
MgO 14.80 13.99 13.80 14.20 15.10 17 0 29 16.84 15.63 16.07 16.35 16.41 15.36 16.67 
CaO 21.43 21.68 21.91 22.81 20.70 19.21 19.08 18.08 19.36 18.75 19.12 19.49 19.03 
Na20 0.26 0.39 0.34 0.32 0.31 0.05 0.02 0.05 0.05 0.03 0.02 0.08 0.01 
l:zO 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.04 0.04 0.03 0.04 0.03 0.03 

Total 100.63 100.53 100.71 101.41 101.83 101.83 101.35 100.84 99.40 99.36 99.70 99.92 99.95 

Si 1. 937 1. 934 1.864 1.869 1. 950 1. 928 1. 936 1. 905 1.900 1.890 1.914 1.884 1.879 
T1 0.012 0.017 0.023 0.018 0.013 0.008 0.009 0.017 0.012 0.013 0.010 0.018 0.012 
Al 0.124 0.143 0.219 0.224 0.102 0.088 0.083 0.117 0.102 0.105 0.080 0.125 0.123 
Fe 0.239 0.234 0.246 0.204 0.269 0.296 0.305 0.378 0.327 0.345 0. 331 0.350 0.331 
Mn 0.012 0.012 0.012 0.009 0.014 0.008 0.010 0.013 0.009 0.010 0.012 0.010 0.008 
Mg 0.811 0. 767 0.760 0.772 0.819 0.939 0.920 0.867 0.902 0.920 0.918 0.861 0.931 
Ca 0.844 0.855 0.867 0.892 0.807 0.750 0.749 0.721 0. 781 0.758 0.769 0.785 0.763 
Na 0.019 0.028 0.025 0.022 0.022 0.004 0.002 0.004 0.004 0.002 0.002 0.006 0.001 
K 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.002 0.002 0.001 0.002 0.001 0.002 

Total 3.998 3.990 4.016 4.010 3.996 4.022 4.016 4.024 4.039 4.044 4.038 4.040 4.050 

33A 338 34A 348 35 36A 368 37 38 39 40 41 42A 

FeO 11.83 13.55 9.92 11.10 10.63 9.54 10.28 10.33 10.45 12.35 10.35 10.80 10.13 
MgO 14.95 14.47 15.62 14.98 15.52 15.75 16.75 15.45 15.68 14.20 16.55 15.63 16.35 
CaO 19.28 lB. 53 19.75 19.69 19.01 19.87 19.19 19.58 20.11 19.62 19.36 18.72 19.80 

Fs 18.72 21.49 15.29 17.62 16.50 14.84 15.88 15.95 16.30 19.68 16.01 16.77 15.68 
En 42.19 40.88 45.69 42.35 45.71 45.97 46.14 45.30 43.56 40.31 45.64 46.00 45.09 
Wo 39.09 37.63 39.02 40.03 37.79 39.19 37.98 38.75 40.14 40.01 38.35 37.23 39.23 

428 43A 438 44 45A 458 46 47 48 

FeO 11.84 11.10 10.93 9.49 10.45 10.53 10.23 12.91 12.78 
Mg0 15.46 16.98 15.67 16.60 16.56 16.04 15.59 14.54 13.98 
CaO 18.82 18.10 19.02 20.04 19.21 19.51 19.50 18.55 19.17 

Fs 18.64 17.20 17.28 14.66 16.19 16.43 15.79 20.63 20.53 
En 43.40 46.88 44.18 45.69 45.69 44.59 45.64 41.41 40.02 
Wo 37.96 35.92 38.54 39.65 38.12 38.98 38.57 37 0 96 39.45 

B. hn hiboles 

49 50 51 52 53 54 55A 558 56 57 58 59 60 61 

Si02 56.23 56.43 54.09 41.68 41.48 51.61 51.65 50.25 50.05 51.62 56.52 55.87 52.73 43.56 
Ti02 0.03 0.04 0.04 1. 90 1.62 0.48 0.51 0.56 0.27 0.13 0.02 0.03 0.04 2. 72 
Al203 0.83 o. 73 1. 95 13.80 13.98 3.98 4.45 5.52 5.19 4.57 1.81 1.77 2.52 8.87 
Cr203 0.66 0.02 0.04 0.03 0.01 n.a. n.a. n .a. n.a. n.a. n.a. n.a. n.a. n.a. 
FeO 7.46 8.27 13.07 11.81 11.23 13.13 12.27 12.43 12.78 11.63 9.88 10.11 17.04 20.61 
JolnO 0.24 0.18 0.37 0.28 0.30 0.51 0.43 0.47 0.38 0.36 0.17 0.27 0.85 0.67 
Mg0 19.32 19.02 15.26 13.86 14.59 14.38 15.28 14.86 14.96 16.15 17 0 56 17.18 11.62 9.19 
CaO 13.41 13.26 12.58 11.56 11.49 12.46 12.45 11.50 12.39 12.44 13.13 13.32 12.43 9.58 

~~0 0.08 0.05 0.29 2.23 2.19 0.33 0.29 0.35 0.30 0.33 0.17 0.20 0.28 2.32 
0.06 0.04 0.10 0.61 0.49 0.09 0.09 0.14 0.12 0.10 0.00 0.00 0.05 0.19 

Total 98.32 98.04 97 0 79 97 0 76 97.48 96.97 97.42 96.08 96.44 97.33 99.26 98.75 97.56 97 0 71 

Si 7.858 7 0 912 7 0 791 6.128 6.097 7.534 7.471 7.371 7.349 7.451 7.874 7.850 7 0 780 6.634 
Ti 0.004 0.004 0.004 0.210 0.179 0.053 0.055 0.062 0.030 0.014 0.002 0.003 0.004 0.311 
Al 0.137 0.121 0.331 2.392 2.422 0.685 0.758 0.954 0.898 0.778 0.297 0.293 0.438 1.592 
Cr 0.072 0.002 0.005 0.003 0.001 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Fe 0.872 0.970 1. 575 1.452 1.380 1.603 1.484 1.525 1.569 1.404 1.151 1.189 2.103 2.625 
Mn 0.029 0.022 0.045 0.035 0.037 0.063 0.052 0.059 0.048 0.044 0.020 0.032 0.106 0.086 
Mg 4.025 3. 976 3.277 3.037 3.217 3.128 3.294 3. 249 3.275 3.474 3.647 3.600 2.556 2.085 
Ca 2.008 1. 991 1.942 1.821 1.809 1.949 1. 929 1.808 l. 948 1. 925 1.960 2.005 1.964 1.563 
Na 0.021 0.015 0.082 0.634 0.624 0.094 0.082 0.098 0.085 0.093 0.046 0.055 0.080 0.686 
K 0.011 0.007 0.018 0.114 0.092 0.017 0.017 0.026 0.022 0.018 0.000 0.000 0.009 0.038 

Total 15.037 15.020 15.070 15.826 15.858 15.126 15.142 15.152 15.224 15.201 14.997 15.027 15.040 15.620 
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TABLE A.B continued. 

c. Plagioclase 
62A 628 63A 638 64 65 66 67 68 69 70 71 

CaD 17.35 14.35 13.81 12.29 17.57 15.05 16.57 14.98 15.87 13.51 13.49 13.87 
Na60 1.62 3.18 3.57 4.42 1.42 2.87 1.91 3.00 2.42 3. 75 3.74 3.56 
K2 0.10 0.20 0.20 0.32 0.07 0.18 0.10 0.18 0.12 0.21 0.26 0.22 

An 85.05 70.57 67 0 34 59.46 86.85 73.60 82.29 72.61 77.87 65.70 65.58 67.46 
Ab 14.39 28.28 31.51 38.68 12.75 25.36 17.12 26.35 21.47 33.05 32.92 31.29 
Or 0.56 1.15 1.15 1.86 0.40 1.04 0.59 1.04 0.66 1.25 1. 50 1.25 

72 73 74 75 76 77 78 79 BOA BOB soc BlA 

CaO 14.63 13.97 12.30 10.10 11.66 13.90 9.33 13.65 12.30 9.32 6.94 16.36 
Na20 3.18 3.49 4.42 5. 77 4.82 3.66 6.02 3.75 4.56 6.01 6.94 2.15 
K20 0.18 0.19 0.25 0.35 0.29 0.21 0.40 0.19 0.23 0.38 0.70 0.12 

An 70.99 68.09 59.72 48.18 56.23 66.90 45.05 66.04 59.06 45.12 34.15 80.23 
Ab 27.96 30.82 38.86 49.83 42.10 31.90 52.65 32.85 39.65 52.69 61.76 19.08 
Or 1.05 1.09 1.42 1.99 1.67 1.20 2.30 1.11 1.29 2.19 4.09 0.69 

818 81C 82A 828 83A 838 84A 848 B5A 858 86A 

CaO 9.88 11.85 11.94 7.03 12.38 3.62 13.94 8.39 12.19 9.56 0.97 
Na~O 5.86 4.57 4.53 6.93 4.36 7.99 3.46 6.31 4.30 5.72 10.45 
K2 0.32 0.26 0.25 0.73 0.23 1.11 0.18 0.50 0.24 0.40 0.16 

An 47.36 58.00 58.44 34.39 60.27 18.64 68.29 41.08 60.18 46.91 4.81 
Ab 50.84 40.50 40.12 61.33 38.42 74.53 30.64 55.98 38.39 50.77 94.26 
Or 1.80 1.50 1.44 4.28 1.31 6.83 1.07 2.94 1.43 2.32 0.93 

868 87A 878 88 89 90 91A 91B 92 93 94A 948 

CaO 1.03 0.84 0.74 0.80 1.20 1.31 0.88 0.83 0.97 1.06 0.98 1.65 
Na~O 10.46 10.42 10.68 10.60 10.37 10.63 10.55 11.21 10.95 10.79 10.58 10.29 
K2 0.13 0.10 0.08 0.08 0.15 0.13 0.06 0.08 0.09 0.13 0.11 0.11 

An 5.13 4.25 3.69 4.01 5.97 6.33 4.41 3.92 4.66 5.11 4.83 8.11 
Ab 94.08 95.15 95.84 95.52 93.15 92.93 95.24 95.64 94.81 94.15 94.55 91.23 
Or 0.79 0.60 0.47 0.47 0.88 0.74 0.35 0.44 0.53 0.74 0.62 0.66 

EXPLANATION 

c. Plagioclase 

62A Core 35393 82A Core 35382 cont. 
628 Rim 828 Rim 
63A Core 83A Core 
638 Rim 838 Rim 
64-68 Cores 84A Core 
69,70 Small grains 848 Rim 
71-73 Rims 85A Core 

858 Rim 
74-79 35382 
80A Core 86A-94B 35373 
SOB Intermediate 
soc Rim 
81A Core 
818 Intennediate 
81C Rim 
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EXPLANATION OF TABLE A8 CONTINUED 

A. Clinopyroxene 

1 Phenocryst; 5mm 26648 22A-J Rim to core to 35397 
2 Phenocryst; 3.5mm rim; phenocryst 
3 lmm grain 8, analyses 
4A Core; 0.4mm grain -o .lmm apart 
4B Rim 
SA Core; 0.5mm grain 23A Core 35347 
5B Rim 23B Rim 

6A Core; 0.5mm grain 35397 24 

6B Rim 25A Core 

7A Core; small phenocryst 25B Rim 

7B Rim 
26A Core 35373 

SA Core; 4mm phenocryst 
26B Rim 

SB Rim 
27-35 

9-12 35392 36A Core 

l3A Core; 1.2mm phenocryst 35393 36B Rim 
37-44 13B Rim 
45A Core 

14-17 Groundmass 35382 45B Rim 
18A Core; 2.5mm phenocryst 46-48 
18B Rim 
l9A Core; 3.5mm phenocryst 
l9B Rim 
20A-G Rim to core, phenocryst 18; 

analyses ""'O.lmm apart 
20H Rim; opposite side to 20A 
21A Core; phenocryst 19 
21B-D Rim areas 

B. Amphiboles 

49 Actinolite; fringe to cpx. 3 26648 
50 Actinolite; fringe to ferroan PC!:rgasi te 52 
51 Actinolite; in chlorite 
52 Ferroan pargasite 
53 Ferroan pargasite 

54 Actinolite, replacing cpx. (?) 35393 
55A,B Actinolitic hornblende,fringing cpx. 13 
56,57 Actinolitic hornblende; in chlorite 

58,59 Actinolite 35397 

60 Actinolite 35347 
61 Ferro-hornblende 
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TABLE A.9 Mineral analyses from three andesites of the Largs terrane. 

A. Cl i noez:roxene B. 02agues 

2 4 SA 58 6A 68 8 9 10 

sw2 50.40 50.05 50.64 51.66 50.96 50.02 50.85 49.66 50.51 0.21 0.21 0.14 
Ti06 1.08 0.92 . 0.93 0. 75 0.64 1.18 0. 71 1.14 0.77 15.13 23.84 18.61 
Al2 3 2.47 2.98 2.67 2.61 2.45 3.76 2.78 3.95 2.96 0.31 0.28 0.25 
cr5o3 0.16 0.12 0.16 n.a. n.a. n.a. n.a. n.a. n.a. 0.38 0.38 0.35 
Fe 9.58 9. 79 9.43 8.19 8.22 9.95 7.42 10.07 8.62 78.29 70.02 74.16 
MnO 0.34 0.31 0.29 0.23 0.22 0.30 0.21 0.26 0.22 1.28 1.28 l. 21 
MgO 15.38 15.55 15.88 16.35 16.45 14.83 16.18 14.36 15.66 1.53 1.54 1. 53 
CaO 19.64 19.83 19.90 20.75 20.82 20.63 21.76 20.57 21.16 n.a. n.a. n.a. 
Na6o 0.44 0.45 0.42 0.28 0.27 0.40 0.25 0.28 0.27 0.15 0.12 0.11 
K2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 

Total 99.49 100.00 100.32 100.82 100.03 101.07 100.16 100.29 100.17 97.28 97.69 96.37 

Si 1.894 1.874 1.886 1.902 1:895 1.857 1.886 1.858 1.881 0.009 0.008 0.006 
Ti 0.031 0.026 0.026 0.021 0.018 0.033 0.020 0.032 0.022 0.488 0.722 0.592 
Al 0.109 0.132 0.117 0.113 0.107 0.165 0.121 0.174 0.130 0.016 0.013 0.012 
Cr 0.005 0.003 0.005 n.a. n.a. n.a. n.a. n.a. n.a. 0.013 0.012 0.012 
Fe 0. 301 0.307 0.294 0.252 0.256 0.309 0.230 0.315 0.268 2.811 2.359 2.623 
Mn 0.011 0.010 0.009 0.007 . 0.007 0.009 0.006 0.008 0.007 0.046 0.044 0.043 
Mg . 0.861 0.868 0.882 0.897 o. 912 0.821 0.895 0.801 0.869 0.098 0.093 0.096 
Ca 0. 791 0. 795 0.794 0.818 0.829 0.820 0.865 0.824 0.844 n.a. n.a. n.a. 
Na 0.032 0.033 0.030 0.020 0.019 0.029 0.018 0.020 0.019 0.012 0.010 0.009 

- K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 

Total 4.035 4.048 4.043 4.030 4.043 4.043 4.041 4.032 4.040 3.493 3.262 3.393 

c. Biotite D. Hornblende 

11A 118 12A 128 13 14 15 16 17 18 19 

SiO~ 0.08 0.01 0.23 0.02 36.40. 35.82 50.22 49.87 49.24 49.35 50.22 
TiO 0.99 49.65 0.58 50.53 2.67 3.24 0.36 0.38 0.37 0.67 0.55 
Al 2o3 0.63 0.26 0.40 0.01 15.62 15.43 3.69 3.95 3.87 4.68 3.90 
Cr203 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
FeO 90.30 45.23 90.25 43.33 18.34 18.81 15.97 16.18 15.85 14.46 14.52 
MnO 0.08 3.77 0.10 5.29 0.23 0.23 0.64 0.65 0.61 0.41 0.42 
~190 0.05 0.03 0.03 0.06 11.88 11.94 14.04 13.89 13.74 14.88 15.15 
CaO 0.00 0.00 0.00 0.00 0.06 0.09 11.52 11.36 11.68 11.02 11.40 
Naao 0.00 0.00 0.00 0.00 0.03 0.02 0.58 0.55 0.56 0.53 0.48 
K2 0.00 0.00 0.00 0.00 9.14 9.08 0.17 0.26 0.18 0.12 0.09 

Total 92.13 98.95 91.59 99.24 94.37 94.66 97.19 97.09 96.10 96.12 96.73 

Si 0.004 0.000 0.012 0.000 5.576 5.495 7.435 7.403 7.386 7.322 7.403 
Ti 0.038 0.964 0.022 0.976 0.308 0.374 0.040 0.042 0.042 0.075 0.061 
Al 0.038 0.008 0.024 0.000 2.820 2.789 0.644 0.691 0.684 0.819 0.679 
Cr n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Fe 3.852 0.976 3.889 0.930 2.350 2.412 1.977 2.008 1. 989 1. 795 1.790 
Mn 0.003 0.082 0.004 0.115 0.030 0.030 0.080 0.082 0.078 0.052 0.053 
Hg 0.004 0.001 0.003 0.002 2.714 2.730 3.099 3.073 3.074 3.291 3.331 
Ca 0.000 0.000 0.000 0.000 0.010 0.015 1.828 1.807 1.818 1. 752 1.801 
Na 0.000 0.000 0.000 0.000 0.009 0.006 0.166 0.158 0.163 0.152 0.136 
K 0.000 0.000 0.000 0.000 1.786 1.776 ' 0.032 0.049 0.035 0.023 0.017 

Total 3.939 2.031 3.954 2.023 15.603 15.627 15.301 15.313 15.329 15.281 15.271 

E. Pla ioclase 

20A 208 20C 21A 21B 22A 228 23A 238 24A 248 25 26 

CaO 9.46 12.25 9.15 10.96 7.18 10.45 7.76 11.62 11.06 12.34 10.14 12.38 10.34 

Na60 5.99 4.56 6.23 5.24 7.44 5.76 6.89 4.88 5.29 4.71 5.69 4.44 5.44 
K2 0.12 0.11 0.11 0.16 0.16 0.14 0.17 0.11 0.13 0.11 0.11 0.10 0.14 

An 46.28 59.36 44.50 53.09 34.48 49.68 37.97 56.42 53.20 58.78 49.27 60.28 50.83 
Ab 53.03 40.01 54.84 45.98 64.60 49.55 61.06 42.92 46.05 40.58 50.06 39.14 48.37 
Or 0.69 0.63 0.66 0.93 0.92 0.77 0.97 0.66 0.75 0.64 0.67 0.58 0.80 



284 

TABLE A.9 continued 
27 28 29 30 31 32 33A 336 33C 330 33E 

CaD 8.41 8.89 8.69 8.86 6.59 9.21 14.72 14.39 11.45 14.47 11.45 
Na60 6.59 6.49 6.34 6.13 7.52 6.26 3.18 3.36 5.03 3.46 5.12 
K2 0.18 0.14 0.13 0.18 0.19 0.13 0.06 0.09 0.22 0.07 0.19 

An 40.92 42.75 42.80 43.92 32.27 44.52 71.68 69.91 54.99 69.52 54.67 
Ab 58.05 56.43 56.45 55.04 66.65 54.73 27.98 29.56 43.76 30.10 44.27 
Or 1.03 0.82 0.75 1.04 1.08 0.75 0.34 0.53 1.25 0.38 1.06 

33F 33G 33H 33! 33J 33K 33L 33M 34A 346 34C 340 

CaD 12.11 14.79 11.32 14.67 11.93 10.79 8.31 8.49 12.73 14.49 13.32 14.95 
Na60 4.92 3.19 4.61 3.05 4.93 5.47 6.56 6.49 4.03 3.40 4.11 3.18 
K2 0.15 0.06 0.25 0.11 0.08 0.09 0.15 0.15 0.15 0.11 0.16 0.08 

An 57.15 71.69 56.72 72.2·1 56.95 51.89 40.82 41.56 63.04 69.77 63.56 71.87 
Ab 42.02 27.99 41.81 27.12 42.62 47.61 58.29 57.55 36.10 29.58 35.52 27.65 
Or 0.83 0.32 1.47 0.67 0.43 0.50 0.89 0.89 0.86 0.65 0.92 0.48 

34E 34F 34G 34H 34! 34J 34K 35A 358 35C 350 35E 

CaD 13.79 11.33 13.36 10.65 11.22 8.50 8.07 11.42 14.21 14.80 12.99 15.38 
Na20 3.74 5.30 3. 97 5.43 5.09 6.72 6.98 5.12 3.49 3.32 4.19 2.81 
KzO 0.11 0.17 0.11 0.17 0.11 0.21 0.26 0.14 0.05 0.08 0.14 0.04 

An 66.61 53.63 64.64 51.51 54.53 40.67 38.41 54.75 69.01 70.76 62.65 74.98 
Ab 32.73 45.38 34.73 47.51 44.81 58.14 60.13 44.42 30.68 28.76 36.56 24.80 
Or 0.66 0.99 0.63 0.98 0.66 1.19 1.46 0.83 0.31 0.48 0.79 0.22 

35F 35G 35H 35! 35J 36 37A 378 38A 386 39A 

CaD 12.44 12.96 11.37 15.29 8.53 11.02 10.93 7.76 11.89 10.14 11.25 
Na60 4.46 4.08 4.48 3.03 6.75 5.23 5.43 7.68 4.77 5.99 5.11 
K2 0.17 0.10 0.48 0.06 0.21 0.02 0.03 0.04 0.06 0.03 0.03 

An 60.02 63.31 56.69 73.34 40.63 53.74 52.57 35.74 57.76 48.24 54.81 
Ab 38.98 36.08 40.46 26.33 58.18 46.12 47.26 64.06 41.91 51.58 45.01 
Or 1.00 0.61 2.85 0.33 1.19 0.14 0.17 0.20 0.33 0.18 0.18 

396 39C 40A 408 40C 41A 416 42A 428 42C 43A 438 

CaD 10.11 7.24 9.21 10.04 6.72 10.69 9.70 9.29 12.69 9.36 11.72 9.89 
Na2o 5.78 7.62 6.37 6.05 7. 79 5.16 5.95 6.26 4.30 6.10 5.15 6.04 
KzO 0.03 0.03 0.03 0.03 0.03 0.01 0~01 0.03 0.02 0.06 0.05 0.05 

An 49.07 34.37 44.34 47.77 32.19 53.36 47.36 44.99 61.93 45.71 55.56 47.34 
Ab 50.75 65.45 55.48 52.07 67.61 46.57 52.55 54.83 37.95 53.95 44.17 52.37 
Or 0.18 0.18 0.18 0.16 0.20 0.07 0.09 0.18 0.12 0.34 0.27 0.29 

44A 446 

CaD 9.34 7.64 
Na~O 6.14 7.41 
K2 0.02 0.04 

An 45.63 36.24 
Ab 54.27 63.54 
Or 0.10 0.22 
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EXPLANATION OF TABLE A.9 

A. Clinopyroxene B. Opaques 

1-3 35433 8-10 Titaniferous 35433 
magnetite 

4 Core 35403 
SA Core llA Magnetite 35403 
SB Rim llB Ilmenite 
6A Core 12A Magnetite 
6B Rim l2B Ilmenite 
7 Core 

c. Biotite 

13,14 35403 

D. Amphiboles 

E. 

15,16 
17 

18,19 

Actinolitic hornblende; light green to light bluish green 35433 
Actinolitic hornblende; light green to faint yellow 

Actinolitic hornblende; pale green to pale bluish green 35476 

Plagioclase 

20A-26 Phenocrysts, < 2mm 35433 36,37A Cores 35476 
20A,20B Core 37B Rim 
20C Rim 38A Core 
21A Core 38B Rim 
21B Rim 39A Core 
22A Core 39B Intermediate 
22B Rim 39C Rim 
23A Core 40A Core 
23B Rim 40B,40C Rims 
24A Core 41A Core 
24B Rim 41B Rim 
25,26 Cores 42A,42B Core 
27-32 Groundmass grains 42C Rim 

33A-M Core to rim, phenocryst 35403 
43A Core 

34A-K Core to rim, phenocryst 
43B Rim 
44A Core 35A-J Core to rim, phenocryst 
44B Rim 

Analyses are of the 
extreme compositions of 
the oscillatory zones in 
each grain. 
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TABLE A.lO Analyses of sphene and chlorite, epidote, garnet, prehnite and pumpellyite 

A. Chlorite 

1 2 3 4 5 6 8 9 10 11 12 

s1oz 26.46 28.39 28.27 26.78 26.20 26.54 29.78 29.30 27.42 28.59 29.34 28.17 
T1~ 0.16 0.28 0,02 0.16 0,10 0.11 0.03 0.04 0.02 0.02 0.02 0.04 
Al~ 3 20.27 15.44 17.01 22 . .38 22.36 22.14 17.37 17.45 18.39 18.55 18.57 19.1'1 
Fe 29.11 24.57 25.72 15.66 15.40 15.72 13.92 16.15 20.65 14.89 15.17 17. !34 
HnO 0.31 0.31 0.38 0.23 0.20 0.23 0.18 0.18 0.41 0.25 0.24 0.37 
~gO 11.77 18.32 16.80 22.10 22.10 21.92 24.26 22.54 21.27 23.28 23.45 21.42 
CaO 0.20 0.09 0.10 0.08 0.12 0.08 0.06 0.11 0.05 0.16 0.22 0.09 
Hano 0.00 0.00 0.00 0.02 0.03 0.01 0.07 0.08 0.00 0.05 0.04 0.03 
Kz 0.33 0.07 0.04 0.11 0.06 0.17 0.06 0.24 0.02 0.01 0.00 0.08 

TOTAL 88.61 87.47 88.34 87.52 86.57 86.92 85.73 86.09 88.23 85.90 87.05 87.21 

$1 5.631 5.990 5.922 5. 364 5. 306 5.362 6.023 5.984 5.615 5.812 5.882 5.710 
T1 0.025 0.045 0.003 0.024 0.015 0.016 0.005 0.006 0.001 0.002 0.003 0.006 
Al 5.084 3.839 4.199 5.283 5.336 5. 271 4.142 4.199 4.437 4.445 4.387 4.579 
Fe 5.180 4,337 4.506 2.623 2.608 2.655 2.354 2. 758 3.536 2.531 2.543 3.024 
Hn 0.057 0.056 0.068 0.039 0.035 0.039 0.030 0.031 0.072 0.042 0.041 0.063 
Mg 3.733 5.763 5.248 6.601 6.672 6.602 7.314 6.863 6.493 7.086 7.009 6.473 
Ca 0.047 0.020 0.024 0.017 0.026 0.017 0.013 0.024 0.010 0.034 0.047 0.021 
Na 0.000 0.000 0.000 0,010 0.010 0.003 0.026 0.030 0.000 0.021 0.017 0.011 
K 0.090 0.019 0.010 0.029 0.015 0.045 0.017 0.062 0.007 0.003 o.ooo 0.021 

.:rOTA!. 19.847 20.069 19.980 19.990 20.023 20.010 19.924 19.957 20.171 19.976 19.929 19.908 

B. Garnet 

13 14 15 16 17 18 19 20 21 22 23 

Si02 27.99 26.92 28.31 29.96 28.06 28.24 26.83 27.15 37.14 37.30 37.73 
TiOn 0.03 0.04 0.04 0.03 0.05 0.06 0.03 0.02 0.93 0.77 0.44 

Al~ 3 19.49 19.88 18.25 15.98 19.47 18.85 18.19 17.12 10.73 10.91 10.72 
Fe 17.85 17.81 19.31 25.83 18.24 17.99 26.06 25.94 14.08 13.78 13.65 
MnO 0.42 0.47 0.45 0.38 o. 33 0.34 0.40 0.42 0.61 0.60 0.66 
MgO 21.47 21.43 20.19 16.14 20.74 20.95 15.12 15.75 0.49 0.55 0.50 
CaO 0.06 0.07 0.10 0.11 0.11 0.11 0.15 0.09 33.85 33.95 34.28 
Na~O 0.03 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.17 0.19 0.17 
K2 0.07 0.01 0.02 0.11 0.05 0.05 0.14 0.19 o.oo 0.00 0.00 

TOTAL 87.41 86,63 86.67 88.56 87.06 86.59 86.92 86.68 98.00 98.05 98.15 

Si 5.683 5.527 5.842 6.241 5. 726 5.788 5.744 5.832 3.092 3.099 3.129 
Ti 0.004 0.007 0.006 0.004 0.007 0.010 0.004 0.004 0.058 0.048 0.027 
Al 4.664 4.809 4.438 3.923 4.681 4.553 4.590 4.333 1.053 1.068 1.047 
Fe 3.030 3.059 3.333 4. 501 3.112 3.084 4.666 4.660 0.981 0.957 0.947 
Mn 0.072 0.082 0.078 0.067 0.058 0.059 0.072 0.076 0.043 0.042 0.046 
Mg 6.500 6.558 6.211 5.012 6.308 6.401 4.825 5.044 0.061 0.068 0.062 
Ca 0.012 0.016 0.022 0.024 0.025 0.024 0.035 0.022 3.020 3.021 3.047 
Na 0.012 0,002 0.000 0,010 0.003 0.000 0.000 0.000 0.027 0.031 0.027 
K 0.018 0.002 0.005 0.027 0.014 0.013 0.038 0.053 0.000 0.000 0.000 

TOTAL 19.995 20.062 19.935 19.809 19.934 19.932 19.974 20.024 8.335 8.334 8.332 

c. S hene 

24 25 26 27 28 29 30 

SiO 31.25 31.28 30.93 30.41 30.66 30.54 31.16 Tiog 38.75 39.04 38.42 38.04 38.59 38.85 37.07 
Alg 3 1.12 0.85 1.24 1.13 1.19 1.17 2.25 
Fe 1.83 0.89 1.38 1.44 0.97 1.01 1.34 
MnO 0.03 0.06 0.00 0.00 0,06 0.05 0.16 
NiO na na na na na na 0.28 
MgO 0.04 0.00 0.12 0.13 0.30 0.30 G..41 
CaO 27.48 27.53 28.87 27.84 27.63 27.90 27.23 
Na50 0.02 0,01 0.00 0.00 0.01 0.02 0.00 
1:2 0.01 0.01 0.00 0.00 0.01 0.01 0.24 

TOTAL 100.53 99,67 100.96 98.99 99.42 99.85 100. 14 

Si 1.016 1.022 1.004 1.005 1.006 0.999 1.015 Ti 0.947 0.959 0.937 0.946 0.952 0.956 0.908 
Al 0.043 0.033 0.047 0.044 0.046 0.045 0.086 
Fe 0.050 0.024 0.037 0.040 0.027 0.028 0.036 
Mn 0.001 0.002 0.000 0,000 0.002 0.001 0.004 
N1 na na na na na na 0.007 
Mg 0.002 0.000 0.006 0.006 0.015 0.015 0.020 
Ca 0.957 0.963 1.004 0.986 0.971 0.978 0.951 
Na 0.001 0.001 0.000 0.000 0.000 0.001 0.000 
K 0.000 0.000 0.000 0.000 0.000 0.000 0.010 

TOTAL 3.017 3.004 3.035 3.027 3.019 3.023 3.037 
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TABLE A.10 continued 

D. E~idote 

31 32 33 34 35A 358 36 37 38 39 40 

Si02 37.89 37.74 38.30 38.26 38.68 39.07 38.26 37.96 37.54 38.01 38.74 
TiO 0.11 0.06 0.04 0.10 0.04 0.04 0.06 0.14 0.00 0.00 0.00 
Al263 21.14 25.32 27.06 22,57 27.87 26.73 23.52 24.04 22.24 22.34 22.79 
FeD 14.82 10.33 7.99 13.62 7.65 7.62 11.98 12.29 13.18 13.56 12.34 
MnO 0.44 0.28 0.06 0.07 0.21 0.26 0.17 0.14 0.11 0.11 0.11 
~!gO 0.01 0.04 0.18 0.08 0.02 0.02 0.23 0.21 0.18 0.17 0.15 
CaO 22.75 23.15 23.79 24.06 23.66 23.68 23.18 23.14 23.68 22.99 22.77 
Na20 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.04 
K20 0.01 0.02 0.01 0.00 0.01 0.01 0.05 0.05 0.03 0.03 0.04 

TOTAL 97.17 96.94 97.43 98.76 98.14 97.44 97.45 97.97 96.96 97.21 96.98 

Si 6.294 6.123 6.099 6.214 6.095 6.204 6.229 6.156 6.207 6.258 6.335 
Ti 0.013 0.008 0.005 0.012 0.005 0.004 0.008 0.018 0.000 0.000 0.000 
Al 4.139 4.841 5.078 4.320 5.175 5.001 4.512 4.595 4.335 4.334 4.393 
Fe 2.059 1.401 1.064 1.850 1.008 1.012 1.631 1.666 1.822 1.867 1.687 
Mn 0.063 0.039 0.008 0.010 0.028 0.035 0.023 0.019 0.016 0.015 0.015 
Mg 0.002 0.011 0.043 0.020 0.005 0.005 0.056 0.050 0.045 0.042 0.037 
Ca 4.049 4.023 4.059 4.187 3.995 4.028 4.044 4.020 4.196 4.056 3.990 

.Na 0.001 0.001 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.012 
K 0.001 0.005 0.001 0.000 0.002 0.002 0.009 0.010 0.006 0.006 0.008 

TOTAL 16.621 16.452 16.357 16.613 16.313 16.294 16.512 16.534 16.627 16.578 16.477 

E. Prehnite 
41A 418 42 43 44 45 46 47 48 49 

Si02 43.19 43.86 44.59 44.88 44.74 44.89 43.92 44.69 44.99 43.92 
no0 0.14 0.10 0.03 0.05 0.03 0.06 0.01 0.00 0.05 0.06 
A15 3 21.35 20.55 23.34 23.28 22.78 22.83 19.95 24.00 23.14 23.00 
Fe 4.26 5.05 1.10 1.08 1.48 1. 51 5.16 0.77 1.34 0.93 
f-InO 0.04 0.03 0.02 0.01 0.02 0.07 0.00 0.05 0.12 0.05 
MgO 0.05 0.12 0.04 0.05 0.04 0.04 0.05 0.08 0.07 0.06 
CaO 26.59 26.70 27.06 27.08 26.93 26,66 26.49 26.88 26.63 26.79 
Na50 0.02 0.01 0.10 0.11 0.13 0.13 0.17 0.00 0.00 0.00 
K2 0.02 0.04 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.01 

TOTAL 95.66 96.46 96.28 96.54 96.15 96.19 95.75 96.49 96.36 94.82 

Si 3.035 3,067 3.054 3.064 3.074 3.080 3.095 3.045 3.077 3.053 
Ti 0.007 0.005 0.001 0.002 0.002 0.003 0.001 0.000 0.002 0.003 
Al 1. 768 1.694 1.884 1.874 1.844 1.846 1.657 1.928 1.865 1.885 
Fe 0.250 0.295 0.063 0.062 0.085 0.087 0.304 0.044 0.077 0.054 
~In 0.002 0.002 0.001 0.001 0.001 0.004 0.000 0.003 0.007 0.003 
Mg 0.005 0.012 0.004 0.005 0.004 0.005 0.006 0.008 0.007 0.006 
Ca 2.003 2.001 1.986 1.981 1.983 1.960 2.000 1.962 1. 951 1.996 
Na 0.002 0.001 0.014 0,015 0.017 0.018 0.023 0.000 0.000 0.000 
K 0.002 0.004 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.001 

TOTAL 7.074 7.081 7,007 7.004 7.010 7.003 7.086 6.992 6.998 7.001 

F. Purnell ite 
50 51A 518 51C 52 53 54 55 

Si02 36,24 36.68 37.06 37.10 36.76 36.86 36.39 37.03 
Ti06 0.34 0.21 0.35 0.49 0,01 0.01. o.oo 0.00 
Al2 3 16.96 16.44 18.87 17.97 24.87 24.66 20.53 22.92 
FeO 16.21 17.47 13.18 13.52 6.26 8.91 12.77 8.15 
MnO 0.00 0.00 0.00 o.oo 0.16 0,23 0.18 0.16 
MgO 1.98 1.92 2.36 2.40 1. 73 0.46 1.26 1.66 
CaO 23.12 23.19 23.40 23.37 22.55 22.19 21.91 22.25 
Na50 0.00 0.00 0,00 0.00 0.00 0.00 o.oo 0.00 
K2 0.00 0.00 o.oo 0.01 0.01 0,02 0.02 0.02 

TOTAL 94.85 95.91 95.22 94.86 92.35 93.34 93.06 92.19 

Si 13.315 13,400 13.306 13,410 13.021 13.073 13.276 13.273 
Ti 0.093 0.059 0.094 0.133 0.003 0.002 0.000 0.000 
Al 7.345 7.081 7,985 7.657 10.383 10.306 8.829 9.682 
Fe 4.980 5.339 3.957 4.086 1.853 2,642 3.896 2.443 
Mn 0.000 0.000 0,000 0.000 0.047 0.070 0.056 0.048 
Mg 1.087 1.045 1.263 1.291 0.912 0.243 0.684 0.889 
Ca 9.099 9.077 9.003 9.050 8.560 8.430 8.564 8.545 
Na 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 
K 0.000 0.000 0.000 0.005 0.007 0.010 0.012 0.009 
TOTAL 35.919 36.001 35.608 35.632 34.786 34.776 35.317 34.889 
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EXPLANATION OF TABLE A.lO 

A. Chlorite 

Elongation Birefringence 

1 

2 
3 

4-6 

7 
8 

9 

10,11 

12,13 

14 
15 

16 

17,18 

19,20 

B. Garnet 

21-23 

c. Sphene 

24 

Slow 

Slow (?) 

Slow 

Fast 

Fast 

Fast 

Fast 

Slow 

Slow 

bluish grey 

bluish grey 
pale blue 

normal 

yellowish grey 

yellowish brown 

brown 

brow·n (?) 

brown 

pale blue 

nearly isotropic 

bluish grey 

3 separate grains 
< 0.05 rom in size 

35347 

35049 
25 In biotite 

26,27 

28,29 

30 

D. Epidote 

31 

32 

33 

34 

35A, 35B 

36,37 

38-40 

Pale yellow grain 

35104 

35214 

26648' 

35003 

35193 

35187 

35104 

35313 

26648 

26517 

Occurrence 

replacing biotite 

chlorite pool 
replacing a mafic grain 

isolated grains 

patch in a cpx. grain 
rims cpx. 

isolated grain 

chlorite pools 

chlorite-actinolite pool 
same as 14 

chlorite pool 

small chlorite pool 

chlorite pool 

E. Prehnite 

35000 

35331 

35193 

35187 

35185 

26648 

35397 

35393 

35382 

35347 

35373 

41A Core; lens in 35049 
biotite 

41B Rim 

42-44 

45-46 

47-49 

Lenses in 35231 
biotite 
Prehni te vein 

Prehnite vein 26517 

F. Pumpellyite; pleochroism:green 
to colourless 

50 Lens in biotite 35104 
51A-51C Lens in biotite 

52,53 Groundmass or 26517 
matrix 

54,55 In prehnite vein 47 



TABLE A.ll List of mineral analyses in Appendix A. Unit abbreviations as for Table A.12 

SAMPLE UNIT TABLES FSPAR. OLIV. OPX. CPX. CPX. ANPHI. BIO. OPAQ. GNT. SPHENE CHL. EPID. PREH. PUMP. 
PARTIAL PARTIAL 

35069 MD 1 6 - 4 4 - - 3 
35049 MD 1,10 2 - - 5 - 5 5 - - 2 - - 2 
35003 MD 1,10 2 - - - - - - - - - - 1 
35000 MD 2,10 3 - - - - - 3 - 4 - 1 
35030 MD 2 - - - - - 3 
35331 GD 3,10 7 - - 5 - 4 - - - - 2 

35088 HGS 4,5 5 2 5 3 - 6 1 
35126 HGS 4,5 2 4 4 4 - 4 
35187 HGS 4,5,10 2 3 - 5 - 5 - - - - 2 1 
35185 HGS 4,5,10 104 2 4 4 - - 4 - - - 1 
35085 HGS 4,5 21 - 6 5 - 4 2 6 
35086 HGS 4,5 33 - 8 5 - 9 5 4 
35147 HGS 4,5 32 - 4 4 - - 3 4 
35089 HGS 4,5 3 - 4 5 - 2 2 4 
35090 HGS 4,5 2 - 4 4 - 2 1 
35119 HGS 4,5 22 - 5 5 - 2 - 8 
35133 HGS 4,5 13 - 4 4 - - 2 4 
35143 HGS 4,5 12 - 6 4 - - 2 4 
35157 HGS 4,5 3 - 3 2 - 4 2 
35193 HGS 6,10 4 - - - - 7 - - - - 3 1 
35094 HGS 6 1 - - - - 13 2 
35104 HGS 6,10 19 - - - - 3 5 4 - 2 - 1 - 4 

35214 NPS 7,10 5 - - - - 4 3 2 - 2 

35231 GPS 7,10 26 - - 2 - 6 2 2 - - - - 5 

35313 HPS 7,10 3 - - - - 7 1 - - - - 2 

26648 PT 8,10 - - - 7 - 5 - - - 1 2 2 
35397 PT 8,10 - - - 6 10 2 - - - - 2 
35392 PT 8 - - - 4 
35393 PT 8,10 14 - - 2 - 5 - . - - - 2 
35382 PT 8,10 20 - - 8 12 - - - - - 1 
35347 PT 8,10 - - - 5 - 2 - - 3 - 2 
35373 PT 8,10 13 - - 8 22 - - - - - 2 
26517 PT 10 - - - - - - - - - - - 3 3 4 

35433 LT 9 19 - - 3 - 3 - 3 
35403 LT 9 34 - - 6 - - 2 4 
35476 LT 9 20 - - - - 2 - - - - - - - - N 

co 
\!) 
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TABLE A.l2 Descriptions and locations of probed specimens. 

SPECIMEN DESCRIPTION 
UNIT 

GRID REFERENCE 
Sl22,Sl31 

------~-----------------------------------------------------------
35069 MD 
35049 MD 
35003 MD 
35000 MD 
35030 MD 

35331 GD 

35088* HGS 
35126 HGS 
35085* HGS 
35086 HGS 
35147 HGS 
35090 HGS 
35133* HGS 
35143 HGS 
35089 HGS 

35119 HGS 
35187 HGS" 
35185 HGS" 
35157 HGS 
35193 HGS 
35094 HGS 
35104* HGS 

35214 NPS 

35231 GPS 

35313 HPS 

26648* PT 

35397 PT 
35392 PT 

35393* PT 

35382* PT 
35347 PT 
35373 PT 

26517 PT 

35433* LT 

35403* LT 
35476* LT 

quar-tz-bearing diorite; Table 1. 2, Fig. 1. 2 
granodiorite; 
granodiorite; 

II 

II 

II 

II 

gneissic granodiorite; Eglinton Fault zone; Fig.l.2 
gneissic microdiorite; 1'<1istake Fault zone; Fig.l.2 

quartz-bearing dolerite; west shore of Lake Gunn 

hornblende leuco-gabbronorite; Table 1.6, Fig. 1.4 
hornblende-olivine gabbro; 11 

leuco-gabbronori te; " 
biotite leuco-gabbronorite; 11 

leuco-gabbronorite; 11 

hornblende leuco-gabbronorite; " 
leuco-gabbronorite; " 
leuco-gabbronorite; 11 II 

fine grained, porphyritic leuco-gabbronorite or 
meta-basalt; Table 1.6, Fig. 1.4 
as for 35089; 11 

" 

leuco-gabbro; Hut Creek - Waterfall Creek ridge 
olivine gabbronorite; upper t"i'aterf all Creek 
hypersthene-bearing diorite; Fig. 1.4 
microdiori te; 11 

altered gabbro; 11 

granodiorite; Table 1.7 11 

fine grained monzodiorite; head of Hut Creek 

quartz-bearing diorite; head of Mistake Creek 

porphyritic microdiorite; Falls Creek 

ultramafic Cr-diopside ankaramite; road-cut·ting 
above the Hollyford River (Corner 1969, Plate 13) 
mafic ankaramite dike; creek south of Smithy Creek 
olivine clinopyroxenite; north of Kiosk Creek near 
the Hollyford Fault 
porphyritic basalt, plag. and cpx. phenocrysts; 
north of Kiosk Creek 
as for 35393; Plato Creek 
andesite dike, plag. phenos. up to Scm; Mistake Ck. 
fine grained, albitised andesite; west of Cascade 
Lodge 
volcanic arkose; (Fergus Formation, Corner 1969) 

andesite, small phenocrysts; ridgetop between Hut 
and \•7aterfall Creeks 
andesite, small phenocrysts; Waterfall Creek 
andesite, small phenocrysts; Nurse Creek 

990842 
995887 
003832 
003832 
004858 

052888 

029941 
013944 
959003 
009922 
980955 
009946 
001947 
990952 
009946 

022939 
967840 
967837 
972944 
988927 
994950 
011943 

959855 

999898 

013919 

061952 

008755 
024744 

023743 

028811 
020863 
036853 

976835 

965836 
943733 

Units are abbreviated as follows: Mistake Diorite, MD; Gunn Dolerite, GD; 
Hollyford Gabbroic Suite, HGS; rocks correlative with the Hollyford suite, 
HGS"; Nurse Plutonic Suite, NPS; Glade Plutonic Suite, GPS; Hut Plutonic 
Suite, HPS; Eglinton Volcanics: Plato terrane, PT; Largs terrane, LT. 
Asterisks denote whole rock analyses which are presented in Tables 4.1 and 
4.2. 
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APPENDIX B 

WHOLE ROCK ANALYSES 

Sample Preparation 

3 
Samples for analysis were broken into 1 em sized fragments with 

a hydraulic jaw crusher, care being taken to avoid oil contamination from 

this machine. Faces cut with a diamond saw were ground on a diamond lap 

to remove any traces of paint or copper from the saw blade. Bet\veen 75 

and 300 gms of chips, free of weathering rinds, fracture faces, and veins 

were obtained from each specimen. The chips were crushed in a tungsten 

carbide swing mill (TEMA) for five seconds to reduce them to coarse sand 

size. At this stage the larger samples were subdivided by cone and quarter-

ing. For each specimen, sand-sized samples of at least 50 gms weight v.Jere 

then repeatedly crushed in the TENA, for intervals of up to five seconds, 

and sieved until all particles passed through 116 mesh nylon bolting 

cloth. No sample required more than seven periods of crushing. 

Analytical Nethods 

The following major elements - Si, Al, Ti, Fe, I1n, Mg, Ca, K and P 

plus trace elements Rb, Sr and Zr were determined on a Siemans X-ray 

fluorescence unit at Victoria University, Wellington. The method is 

described by Norrish and Hutton (1969). Fused glass discs comprised of 

0.5 gms sample, 0.035 gms sodium nitrate and 2.68 gms of ground glass 

flux (lithium tetraborate, lithium carbonate and lanthanum oxide) were 

used for major elements. Instrument settings are given in Table B.l. 

Rb, Sr and Zr were determined in pressed powders using a LiF (220) crystal, 

Mo tube (60 KV, 40mA) and counting time of 20 seconds. Analyses of six 

international standards and duplicate sample analyses for major and trace 

elements are presented in Table B.2 to give an indication of analytical 

precision. 
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Na2o and K2o analysis was carried out on an Evans Electroselenium 

Ltd. Model A flame photometer. K2o contents determined by XRF range from 

0.02 below, to 0.08 weight percent above those determined by flame photo-

metry. The average difference between the bvo sets of values is 0.026 

weight percent. H2o was determined by the Penfield method and co2 by ab-

sorption (Peck, 1964). Ferrous i:r·on vlas determined by titration follovling 

the method of Wilson (1955) • Analytical precision for all but the lowest 

FeO values is of the order of ± 0.10 weight percent; for Na
2
o, and K

2
o 

- and H2o values >1%, the second decimal place is unlikely to be signifi-

cant. 

Table B.l Siemans XRF unit instrument settings for major elements using 
FSL 4A as standard. 

Element Tube KV mA Crystal Peak Counting Counts/ 
Position time (sec) sec/% 

Si Cr 55 40 PET 109.14 40 145 

Ti Cr 35 24 LiF(200) 86.17 20 7233 

Al Cr 55 40 PET 145.10 40 136 

Fe Cr 45 29 LiF(200) 57.53 20 1222 
--

Mn Au 40 23.5 LiF(200) 63.0 20 3902 

Mg Cr 55 40 ADP 136.89 80 14.6 

Ca cr 35 12 LiF(200) 113.19 20 2825 

K Cr 45 30 PET 50.62 20 4353 

p Cr 55 40 PET 89.44 40 194 



Table 8.2 Analyses of international standards and representative duplicate analyses. 

Int. Std. 

Si02 
TiOz 
Al203 
Fez03 
MnO 
MgO 
CaO 
K20 
P2os 

Rb 
Sr 
Zr 

G~2- .. --------- -- JG:.T ___ 
RV* 

69.11 
0.50 

15.40 
2.69 
0.03 
0.76 
1.94 
4.51 
0.14 

168 
479 
300 

JGW* 

69.10 
0.48 

15.17 
2.62 
0.03 
0.70 
1. 90 
4.49 
0.13 

174 
481 
289 

RV JGW 
72.24 72.49 
0.26 0.26 

14.21 14.08 
2.20 2.10 
0.06 0.07 
0.73 0.70 
2.18 2.15 
3.96 3.99 
0.10 0.08 

Duplicate analyses of major elements. 

- - GSP ---- ---- - - fi.JN -

RV 
67.38 
0.66 

15.25 
4.33 
0.04 
0.96 
2.02 
5.53 
0.28 

254 
233 
500 

JGW 
66.58 
0.65 

14.88 
4.2~ 
0.04 
1.00 
1.99 
5.51 
0.28 

254 
233 
464 

RV 

59.00 
1.04 

17.25 
6.79 
0.10 
1. 53 
4.90 
2.89 
0.49 

67 
657 
225 

JGW 
58.58 
1.04 

17.12 
6.57 
0.10 
1.46 
4.87 
2.91 
0.51 

68 
654 
226 

Spec1 men 26652 35088 - 35l33 --- 35085 

RV 
54.50 
2.20 

13.61 
13.45 
0.18 
3.46 
6.92 
1.70 
0.36 

46.6 
330 
190 

Di s c No. 1 2 2 2 1 2 1 2 2 

Si02 47.82 47.41 50.54 50.11 55.52 
Ti02 0.63 0.62 0.41 0.41 1.26 
Al203 11.16 11.09 19.80 19.92 17.55 
Fe203 11.18 11.29 7.00 7.00 9.05 
MnO 0.20 0.20 0.13 0.13 0.18 
MgO 11.92 12.03 7.01 7.01 2.82 
CaO 12.88 12.68 10.36 10.46 7.01 
K20 0.79 0.79 0.15 0.16 1.09 
P205 0.11 0.10 0.04 0.05 0.38 

Duplicate analyses of trace elements on the same discs. 

Specimen Rb Sr 

35085 2.2 2.1 910 906 30.1 
35103 0.0 0.1 879 878 30.4 
35433 19.3 20.0 726 719 107 
35326 151 152 167 166 103 
35444 13.0 17.2 935 929 €0 
AGV 68 69 656 653 225 
G-2 175 174 480 483 291 

55.67 
1.26 

17.41 
9.22 
0.18 
2.84 
6.92 
1.08 
0.39 

Zr 

33.6 
27.8 

108 
101 

67 
227 
287 

50.38 
0.82 

19.27 
9.13 
0.15 
5.63 

10.14 
0.25 
0.20 

50.53 
0.81 

19.32 
9.20 
0.15 
5.62 

10.11 
0.27 
0.20 

50.92 
0.81 

19.10 
9.21 
0.15 
5.58 
9.73 
0.24 
0.19 

* RV: recommended value, Flanagan(1973); JGW: author's value. Fe203 is~ iron as Fe203. 

BCR 
JGW 

53.87 
2.22 

13.37 
13.43 
0.19 
3.46 
6.89 
1. 71 
0.37 

47.5 
327 
194 

JB-1 
RV JGW 

52.09 52.30 
1.34 1.29 

14.53 i4.53 
9.03 8.72 
0.16 0.15 
7.70 7.75 
9.21 9.21 
1.42 1.40 
0.26 0.27 

N 
\!) 
w 
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APPENDIX C 

K-Ar DATING 

Separation and Analytical Pro~edures 

Specimens collected for K-Ar dating had all weathered surfaces 

removed and were then washed in warm water, allowed to dry and broken into 

1 cm3 sized fragments with a hydraulic jaw crusher. Fragments free of 

veins and iron-stained fractures were then crushed in a swing mill ('I'EHA) 

for periods not exceeding five seconds. Specimen 35269 (whole rock age) 

was crushed by hand in a mortar. 

After each crushing period the 40-80 mesh fraction was removed 

from the TE~~ to be used for separation and analysis. The crushed sample 

was washed to remove rock dust and dried with acetone. Concentration of 

mica and hornblende v1as effected by separation in bromoform, magnetic 

separation and by shaking small quantities of -the sample off a sheet of 

paper preferentially retaining the flat-lying mica flakes. Purity of 

>95% was achieved in all but four cases (Table 6.1), the latter should 

be regarded as concentrates rather than separates. 

Mineral separates and concentrates (2-5 gms in each case) were 

analysed by Dr C.T. Harper at the Florida State University, U.S.A • . . 

Analytical procedures employed are descibed in Dalrymple and Lanphere 

(1969) and more specific details of the laboratory at Florida State 

University are given by Stonebraker (1973). 

Petrographic Notes on the Dated Specimens 

Specimen locations are shown in Figure 6.1 and grid references are given 

in Table 6.1. 

35486: quartz-feldspar-biotite (up to 1 em in size) pegmatite; appears to 
hav~originated as segregations from medium grained biotite leuco
gabbronorite (35086) close to the contact between the Hollyford suite and 
correlative rocks of the Nurse suite. The biotite is brown and unaltered. 

· 35095,: a medium to fine grained diorite comprised of andesine, 18% fresh, 
greenish brmm biotite, 10.5% green to light bluish green hornblende, 
approximately l0 9ci quartz 1 6% epidote and minor muscovite 1 opaques, apatite, 



and sphene; the epidote has a clean appearance and is commonly coarse 
grained. 

295 

35142: coarse grained biotite-olivine norite comprised of approximately 
50% bytownite, 25% olivine, 10% orthopyroxene, 5 - 10% brown b.ioti te and 
accessory green hornblende, clinopyroxene, apatite and opaques; the rock 
is ex·tremely fresh. 
See Chapter l.C, Group A: Olivine-bearing Rocks. 

35157: coarse grained, unaltered diorite comprised of 65-70% calcic 
andesine, 20% green hornblende, 5 - 6% pyroxenes and minor dark brown 
biotite, opaques, apatite prisms and zircon; contains fine grained dioritic 
xenoliths up to 10 em in size. 
Mineral analyses in TablesA.4 and A.S. 

35084: medium grained trondhjemite dike rock from ·the west side of 
- Morucey Creek (exact locality unknown) ; a foliated rock with a clean 

unaltered appearance in thin section, consists of oligoclase- andesine, 
quartz, subequal (~5% each) muscovite, dark brown biotite and coarse 
grained pale yellow epidote plus minor apatite and sphene. 
Whole rock analysis no. 4, Table 4.1. 

35049: coarse graine~ altered granodiorite; biotite is mainly unaltered 
although it includes some prehnite lenses. 
Modal analysis: Table 1.2, Group C; mineral analyses in Tables A.l and A.lO 

35074: coarse grained, slightly altered quartz-bearing diorite; biotite 
is only slightly chloritised and includes minor prehnite lenses and less 
commonly, green pumpellyite. 
Modal analysis: Table 1.2, Group B; whole rock analysis no. 9, Table 4.1. 

35026: coarse grained, altered quartz-bearing diorite. Biotite and horn
blende concentrates are mutually contaminated to some extent (up to 5%), 
other impurities are mainly chlorite, pyroxene and epidote. 
Modal analysis: Table 1.2, Group B. 

35032: coarse grained, highly altered quartz-bearing diorite. Hornblende 
concentrate is contaminated by biotite, chlorite, epidote and plagioclase. 
Modal analysis: Table 1.2, Group B. 

35000: medium grained gneissic mylonite, of granodioritic composition, 
from the Eglinton Fault zone. 
See Chapter l.A: Garnet and Reddish Brown Biotite; Chapter 3: Garnet; 
Chapter 5: Eglinton Fault. Mineral analyses in Tables A.2 and A.lO. 

35326: medium grained leuco-granite with a fresh appearance and a "sugary" 
texture; oligoclase and microcline crystals are set in a quartz-rich ground
mass, microcline appears to have replaced some of the oligoclase (Plate 
l.llB); colour index 3.5. The specimen is from a leuco-granite body in the 
south branch of Mistake Creek. 
~~ole rock analysis no.l, Table 4.1. 

35269: feldsparphyric basalt which has undergone hornblende-hornfels 
metamorphism; comprised of 65 - 70% Ca-plagioclase plus fine grained pale 
green actinolitic hornblende, pale brown biotite and relatively abundant 
unaltered opaque grains. The rock is correlated on petrographic grounds 
with the Largs terrane. 
Whole rock analysis no. 18, Table 4.2. 
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MAP 2 Distribution of Prehni te, Pumpell yite, Actinolite and Authi genic Bioti te 
in the Eg l inton Volcanics. 

See Map 1 fo r geological and geog raphical detai ls. 
Rocks wi t h both p rehni te and acti noli te a re quar~z-free . 
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t1AP 3 Distri but i on of Opticall y Pos i t i ve and Negative Chlor i te in the Egl i nt on Volcanics. 

See Map 1 for geological and geographical detai l s. 
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