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ABSTRACT 

Wall clays and vein silicates from the fossil hydrothermal system at Mahakirau, Coromandel Peninsula are 
shown to consist of discrete mineral assemblages. Those in quartz veins are: -

K-feldspar - K-mica - kaolinite 
K-feldspar - K-mica 

kaolinite - hematite 
K-mica 

K-mica - kaolinite 
• K-mica - Mg-Chlorite 

The last three assemblages also occur as wall clay and may be used to subdivide the quartz sericite or 
phyllic alteration types previously used for Coromandel-style wall rock alteration. The mafic phyllosilicates 
are significant in distinguishing wall clay assemblages, which include: -

K-mica 
K-mica - kaolinite 

K-mica - Mg-Chlorite 
K-mica - Fe/Mg-Chlorite 

Fe/Mg-Chlorite 
29A. chlorite-vermiculite (± "'low K, K-mica) 

Detailed XRD and EPMA analysis of the above assemblages is presented, and the effectiveness of the 
techniques compared. The distinctive textures and colouring of wall clays correlate well with mineral 
assemblages, making possible the mapping of clay mineral assemblages in the field. 

The 3km by 6km portion of the elongated, NNE trending Mahakirau alteration zone (MAZ) investigated 
here contains quartz veins having fluid inclusion filling temperatures ranging from 290° C at an inferred 
upflow zone in the south to 250° in the north. A relatively dilute fluid (0.1 - 0.5 eq. wt.% NaCl) has been 
responsible for predominantly late stage precipitation of Ag, Te, Sb sulphosalts and Cu,Pb,Zn sulphides. 

Metallic mineral assemblages are :- · 
pyrite 

pyrite - chalcopyrite (± Sb sulfosalts) 
pyrite - chalcopyrite - sphalerite - galena - (± Sb sulfosalts) 

pyrite - chalcopyrite - sphalerite - galena - hessite - (± Sb sulfosalts) 

The early to late sulphides in any particular vein are usually precipitated in the above sequence of 
assemblages. There are indications of similar sequences of early to late vein silicate assemblages but they are 
not investigated in detail. It is suggested that at Mahakirau these sequences are the result of an ordered set of 
preferential mineral precipitations and relatively steady state (non chaotic) deposition mechanisms. 

This contrasts with the situation where the rock-water ratio is high as in wall rock alteration zones, where 
primary igneo·us minerals having a range of susceptibilities to dissolution buffer changes to fluid 
composition. The absence of an unstable primary mineral limits alteration. With a late saturated fissure fluid 
the absence of a precipitating phase will limit modifications to fluid composition. 

Relatively complex vein silicate assemblages correlate in general with similarly complex metallic mineral 
assemblages indicating that whatever the mechanism of deposition, the effect on both silicate and sulphide 
minerals has been similar. Do vein silicate and sulphide mineral assemblages precipitated from the same fluid 
have predicfable inter-relationships? Detailed investigation of the identity and relative amounts of all silicate 
and sulphide phases in sequences of individual vein zones or selvages should be carried out .. 

Multilevel underground mines elsewhere on Coromandel Peninsula will be better locations for further 
investigation, also, more 'barren' quartz veins need to be studied. Observations of lateral and vertical 
variations of vein temperature and of silicate and sulphide assemblage sequences may allow a more dynamic 
appreciation of epithermal systems. 
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CHAPTER 1 INTRODUCTION 

This project is based on the detailed mapping of a 3 by 5 km portion of the 

Mahakirau alteration zone (MAZ) located between Coromandel and 

Whitianga (figure 1.1) on Coromandel Peninsula. 

The major topic of this project is hydrothermal alteration - studied in detail 

using the techniques of XRD and EPMA to identify clay mineral assemblages 

in wall clay and clay and silicate assemblages in vein material in an attempt to 

expand upon and redefine such alteration terminology as phyllic - quartz 

sericite and clay sericite alteration in current usage on Coromandel (Christie 

1982). 

Chapter 2 gives some background regarding the work input to this project 

and provides logistical information for persons who may be interested to 

explore the MAZ for themselves and contains no original geological 

information. Chapters 3 to 7 begin with their own introduction to the topic 

area covered. 

Sidestreams are frequently refered to in the text by a code - beginning with 

letters representing the name of the major stream and valley containing the 

sidestream - mapped sidestreams are then sequentially numbered beginning 

from 1 in the lower parts of the catchment, (eg K 2, K 3 and M 7 ,M 8 ... ). 

Map 1 (inside back cover) shows the location of these numbered sidestreams, 

and with the three other maps presented here is at 1:15,000 - these maps 

are ... 

1) Quartz vein and clay fissure location map. 
2) Primary igneous lithologies. 
3) Hydrothermal alteration. 
4) Fluid inclusion temperature histograms - sulphide, vein silicate and wall 
clay assemblages. 

Appendices at the rear of the thesis are numbered according to the chapter to 

which the information applies and contain various location maps and data. 
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Figure 1.1 Locations of Coromandel Peninsula, the project area relative 
to the townships of Coromandel, Whitianga and Tairua and of the major 
river valleys within the project area. 
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CHAPTER 2 BACKGROUND 
2.1 Logistics (for those who may wish to investigate Mahakirau for themselves) 

Access 

A round trip of 26 to 32km by road from \Vhitianga will take one to a point 

of access to the Mahakirau area, either at some place along the '309' road in 

Mahakirau valley from which one can enter State Forest land directly or to 

the end of a formed public road in Kaimarama valley, from which paper 

road access continues through private land for 1 - 2km to the Waiwawa block 

of Coromandel State Forest. 

Legal access, for geological purposes (with the consent of mining privilege 

holders if applicable) is with the appropriate NZFS permit, as the project 

area along with recent prospecting licences occur entirely within State 

Forest. Allowances to remove 5kg of rock per person per day could be 

obtained at the time of writing. 

The area is densly vegetated, with access being almost exclusively by moss 

coated stream bed, often punctuated by 5 to 20m waterfalls. With some 

serious scrub cutting and minor track repair, motorcycle access to the 

southeast comer of the project area is possible. However, it appears that 

pig hunters in gaining such access in the past have not done so with the 

permission of NZFS or the local farmer. Track maintainance is not part of 

the 'low impact' management plan for this area and access for geologists will 

probably be maintained by more high frequency users such as pig hunters 

and marijuana growers. 

Freedom of access for those willing to advertise themselves as geologists or 

mining company employees may be denied by local residents who may then 

inform well coordinated anti-mining protesters. Based on past experience 

such protesters would interfere with vehicles and equipment, as well as 

obstruct and intimidate personnel. 

2 
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2.2 Base Map Details 

The format of the 1: 15,000 maps presented here originates from a base map at 

1 :5 ,000 constructed from a blend of three separate sources ... 
a) air photos, black and white, flown Jan. 1984 and enlarged to 1:10,000 
with tracings of stream detail enlarged to 1 :5,000. 
b)l:5,000 enlargements of the NZMS 270 Tll 1:25,000 compilation 
sheets (with 20m contours). 
c) 40 line kilometers of stream bed mapped by approximate pace and 
compass, then plotted stream by stream at 1: 1,000 and transfered to 
1:5,000. 

The dense vegetation canopy at Mahakirau precluded the exclusive use of an air 

photo for position location - especially in the smaller side creeks. Time 

consuming pace and compass work was later replaced by sketching stream 

courses, visually estimating distances and taking bearings only on straight reaches 

of 30m or more. Plotting such stream sections is still most time consuming -

but may be rewarded by being able to relocate outcrops with precision where this 

may have otherwise been impossible. 

2.3 Timing 

Field work for this project was carried out between mid-Nov. '83 and late -Feb. 

'84 and between mid-Nov '84 and late Jan. '85 with a total of 91 days spent in the 

field. Without the availability of a field assistant the area was mapped almost 

exclusively by day trips. For saftey, detailed plans of daily intentions with 

strict reporting times were left in Whitianga. Markers were left at stream 

junctions etc. to direct searchers if the need ever arose, rocket flares were amongst 

the saftey equiptment carried, these precautions must be considered as essential 

for this area. The first season was characterised by a high number of rain days 

in the ranges, often only permitting 2-3 dry work days per week. As an 

example of what can and will happen in Coromandel . . . intensive police 

operations involving helecopters and ground parties searching for marijuana 

plantations were of no direct hinderance to field work, until it was assumed by 

some misguided locals that the author was an undercover policeman. 
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Thereafter it was considered best to keep clear of the field while such operations 

were m progress. 

Several'high risk' laboratory investigations such as a rock density / voids 

content study - showed promise of interesting results for classifying the lower 

levels of hard rock alteration and quantifying acid leaching (producing voids)

however at a cost of high labour input and owing to a lack of equipment for batch 

processing had to be dropped. Sixteen settling jars made from sawn off beer 

flagons were used for batch clay separation from 8 samples at a time - the same 

method using batterys of 32 or 48 jars would be infinitely preferable given time 

taken to process 5 small batches. The choice however is dependant on space and 

financial considerations. In retrospect, computer based mineral recalculation 

and triangular diagram plotting of cation ratios 1nay have speeded up the data 

representation phase of chapters 4 and 5 by several months. 

Funding 

The lack of bursary funds from the beginning of 1984 onward was offset by 

contributions from BP Minerals NZ Limited who contracted the authors services 

for the purpose of producing a geological map. This assistance was short lived 

owing in part to the early withdrawl of the licence application. At this stage, 

financial difficulties were encountered and continuation of thesis work was 

questioned. Due to growing overdrafts part time work at Ohai, Macraes Flat, 

Hamilton and Greymouth, between July '85 and June '86 was undertaken - 6 

months in total were spent on non thesis work. In May 1986 the author moved 

to Hamilton having completed all of the laboratory work in Dunedin that was 

considered necessary at that time. Work began collating data, tp.ap drawing 

and writing in July 1986, no 1 ° data was obtained after that time. Two weeks 

were spent doing non thesis work in Fiji in December 1986. 
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2.4 Historical Mining Activity 

Mining and prospecting at Mahakirau, coincided with a rush to the Try Fluke at 

Kuaotunu, where, ' ... good payable dirt .... averaging from 2oz to 10oz to the 

ton .. .' (AJNZHR p139 C.-3 1890) had·been located. A paper road between 

Waiau Falls and the lower Waiatekatanga Stream, north of Mahakirau Stream still 

follows the line of a 'road' which once connected Coromandel with Mercury Bay 

and provided the only access to the area. It was not until after 1900 when the 

government installed a public battery near the mouth of Mclsaacs Stream and more 

like 1904 that records of public roading expenditure indicate that a road following 

the line of the present '309' road was constructed. Meanwhile much of the 

productive mining activity at Mahakirau had ceased by 1904 and most certainly 

activity in the Jubilee Creek area was terminated before this time owing in part to 

poor access. 

The location and production data of areas for which information is available is 

shown on Table 2.1. Most production in the Mahakirau area occured between 

1890-1892 (Mahakirau Claim) and 1901-1903 (Nil Desperandum) centred on a 

location ' ... two miles up the creek from the Government testing plant ... '(1901) 

and by an alternative description - ' ... 5 miles up the river, where the track leaves 

the main Coromandel- Mercury Bay Road ... ' (1890). This location is first 

refered to as Jubilee Creek (and hopefully correctly located) by Fraser and Adams 

(1907). It accounts for 80% all the bullion attributed to the Mahakirau area. 

Much of the n1aterial was hand picked before being packed out by horses for 

processing and the largest consignment of ore was 6 tons yeilding 587g bullion 

per tonne. Crushings of 301b and 50lbs of hand picked specimen stone in 1903 

and 1901 yeilded bullion at grades of 12.5 and 63.8 kg/tonne respectively from as 

yet unknown volumes of rock. Crushings of (? unconcentrated?) run of mine 

volumes of ore material from Day Dawn Mine produced bullion at grades of 19.5 

and 19.2 grams per tonne and Messrs O'Brien and Kelly 1893 ::= nearby, 
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Table 2.1 Bullion production figures for the Mahakirau area. 

Date 

1890 

1891 

1892 

1893 

1893 

1894 

1895 

1901 

1901 

1901 

1902 

1903 

1922 

1932 

Claim 

Mahakirau Claim 1 
HC Reede 
(manager) 

claim worked 
1889-1892 2 

Mahakirau Claim 1 
Mahakirau Mine 2 

Mahakirau 1 

"Bryce and Party" 
claim 
Mr Reynolds 3 

Messrs. 
O'Brien and Kelly 

Andrews 

Mahakirau - Bryce's 

Goonan and Party 
1,2 

Day Dawn Mine 1 

Nil Desperandum 
1,2 
Messrs. Prescott and 
Davis 2 
A. J.Prescott and 
Party 1.3 

Nil Desperandum 
Prescott and Party 

Nil Desperandum 
Prescott and party 1 

Nil Desperandum 
Total 

Egan and Nixon 

Day Dawn Claim 

Day Dawn Total 
Production 

Location 

1 > ... one ol the south 
branches of 1he 
Mahak.irau, abOut a mile 
lrom the main stream, and 
5 miles up lrom Hookets 
lamt 
2) .. .the west side ol the 
left branch going up the 
slream .•. 5 miles up the 
river where the track 
leaves the main 
Coromandel - Mercury 
Bay Road. 

(from a six acre holding) 

Mahakirau Claim 
Total 

1) landslip debris on a 
terrace ol the south bank 
ol the Mahakirau River -
midway between Iha 
mouths of Battery and 
Day Dawn Streams 
2) 1/4 mite downstream 
from Mclsaacs 
3) two miles from Mr 
Hookers Farm 
4) Residual material in an 
old slip 

1) •.• opposite side ol 
creek to Bryce and Party 
(1893) and 400 yards 
higher up .... outcrop 
342' above sealevel 
(? 400 yards lurther 
upstream?) 

slip on Iha south bank ol 
the Mahakirau 

1) (1rom a 12a holding) 
(? unknown location • 
probably in Iha slip area) 

2)oay Dawn Claim: in a 
spur nonh ol Mahakirau 
Stream 
3) on a small spur lying to 
lhe west of lhe Day Dawn 
Creek 

1) situated aboul lwo 
miles up lhe creek from 
the Government public 
testing plant 

Jubilee Creek 

1l a consk:lerable 
distance &Nay from the 
public crushing plant, 
•.• and the stone has to 
be packed on horses 

••. prospected a rigge 
east of Jubilee Creek 

(7 as per Day Dawn Mine 
1901) 

Type of Material 
Processed 

11 a leader a few 
inches to 2' thick 
1) ... several tons of 
quartz broken out 
9cwt cl stone 
picked ... 
3) ... in places not 
more than 3" thick 
but widens out in 
other places to 
nearly 2' 

Downey 1935 

2) ••• sluicing 
operations 
3) summary ( 
.. .loose gold 
recovered by 
puddling clay • hand 
sorting and Mercury 
amalgamation) 

(? run of mine ore?) 

rich specimen stone 

(specimen stone) 

2) ... working in a 
clay formation and 
getting a little gold 
2) ... some rich 
specimens from 
small leaders of 
quartz 

11 ... veins 4" to 4'. 
ore treated at the 
Mahakirau Battery 
1,21 ... gold frequently 
seen 
3) ... strike 27" east 

dip 65·nw, 4" to 2'6" 
wide Au occationally 
visible 

1) ... specimens 
crushed 
2) ••• gold showing 
freely 

1) ••. driving and 
stoping on a small 
leader near the 
surface 

1) ... picked stone 
(ex) - small leaders 

small vein 

Reference 
AJNZHR unless 
other.vise stated -

Yield (Bullion) Value (£) of Bullion (Parlimentary papers.) 

1) 9cwt - 89oz 
5.5 kg/tonne 

'2tons' - 89oz 
1.24 kg / tonne 

1) 10 cwt -
24oz 

1.3 kg / tonne 

1) 4 tons -
11oz 16 dwt 
82.2 g / tonne 

5 tons - 125oz 

3) 381b - 37oz 
10 dwt 
62 kg / tonne 

1) 5 tons - 1oz 
11dwt 
8.7 g / tonne 

17oz 

2)'from a few lb 
of stone' 
1)18lb - 6oz 
10dwt 
22.6 kg / tonne 

1,2) Bcwt - 5oz 
18dwt 
412 g / tonne 

1) 17 ton 10 cwt 

-12oz 5dwt 
19.5 g / tonne 

1) 501b - 51oz 
63.8 kg / tonne 

6 tons 

6ton 1cwt -
127oz 5dwt 
587 g / tonne 

1i30lb - 6oz 
12.5 kg/tonne 

6 tons - 185 oz 
total 

1 ton - 6oz 
167 g / tonne 

3 tons - 2oz 
19.2 g / tonne 

20 tons • 14oz 
= 19.5 g / tonne 

£347 

3) £2. 18s 2d per 
oz 
Total value 
£109.1s3d 

1) £2. 15s.6d 

£50 

£17 

1) £31. Ss 

1) £137. 14s 

£ 348 

1) £ 332. 3s 

£15 15s 

£485 

£13 

£14 

1) 1890 p143 C.·3 
2) Downey (1935) 
31 1890 p30·31 C.-3 

111891 p 151 C.· 4 
2) 1891 p26 C.· 4 

11 1892 p33 C.·3 

11 Fraser & Adams 
(1907, p131) 
21 1893 IX C. ·3 
3)1893 p45-46 C.·3 

11 1893 p46 C.-3 

Downey ( 1935) 

111894 p33 C.-3 
21Downey (1935) 

111895 p41 C.·3 
2) 1895 p37 c. ·3 

111901 p45 C.-3 
21Downey (1935) 
3) Fraser & Adams 
(1907) p131 

1) 1901 p45 C.·3 
21 1901 p80 C.·3 
3) Downey (1935) 

Fraser and Adams 
(1907) p131 

1lt902 p51 C.-3 

1903 p98 C.·3 

Downey (1935) 

Downey (1935) 

Downey ( 1935) 

Downey ( 1935) 
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recovered 8. 7 grams of bullion per tonne of ore. Further details of this mining 

activity can be found on Table 2.1. 

There are records of numerous prospects for which there are no official recovery 

figures - on which adits of 60 to 500' had been developed. Prospecting adits 

of 3m to 10m in length are common in the field - it is probable that there is no 

written record of features of this size. 

2.5 Modern Prospecting Activity 

Stream sediment geochemistry was the only apparent exploration method used by 

Mines Exploration Pty - in their search for base metals in the Mania - Kaimarama 

areas in 1971. No further work resulted from this rather selective program -

aimed at locating a porphyry copper type feature in the SW Hovells Lookout, 

Kakatarahe area. Later, Amoco Minerals Ltd (Christie 1982) identified what 

was considered to be a sub-outcropping 'porphyry copper style' deposit in the 

Mania River catchment some 4km west of Mahakirau - this area has been further 

studied by Stevens (1980) and Christie (1982). In 1977 Amoco reported on 

their extensive exploration licences - having covered much of the peninsula by 

aeromagnetics at 500m spaced flight lines. The aeromagnetics identified a flat 

gradient ~ non-magnetic corridor centred on Hovells Ridge, between the Mclsaacs 

and Kaimarama streams which was subsequently followed up under PL 31 480 

- utilising stream sediment and rock chip geochemistry. A base metal anomaly 

surrounding Hovells Lookout is interpreted by the writer as the most significant 

result of this prospecting. The area was eventually relinquished. It was 

considered (Couper,1979) that the area represented a high level exposure of a 

porphyry system and that the possibility of an ore shell near the surface was 

remote. Mahakirau had been selected by the author as a thesis project area some 

months before BP Minerals (NZ) Limited made an application (311454) for a 

prospecting licence at Mahakirau as well as an adjoining area to the SW called 

Mania (311456). These applications were withdrawn before being granted. 
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BHP Minerals (NZ) Limited submitted three PLA's in mid to late 1986. Two 

of these were identical to BP's Mania and Mahakirau licences (311925 & 311929) 

and a third area, Weiti ( 311952) adjoined to the north of Mahakirau Stream in an 

area previously prospected in Amoco's 31480 - but excluded from BP's PLA 

311454. 
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CHAPTER 3 PRE MINERALISATION GEOLOGY 
3 .1 Introduction 
Re2ional I2neous Geolo2y 

Scattered radiometric ages, regional field relationships and general magma types 

are the basis for the recognition by Ballance (1976) of four magmatic arcs or 

phases of volcanic activity on Coromandel Peninsula. 

These calc - alkaline volcanic rocks span early Miocene to late Pliocene in age and 

unconformably overlie mesozoic greywacke basement. 

To the west and north are predominantly andesitic and dacitic Ethologies (with 

some quartz diorite and rhyolite) comprising rocks of the older Northland and 

Coromandel Arcs. Ballance (1976) also describes younger, Pliocene, Whitianga 

and Tauranga Arc rocks which occur in the south and east, and are generally 

rhyolitic, commonly associated with, and infilling graben structures. 

The Coromandel and Whitianga Arcs of Ballance (1976) roughly correspond with 

the Coromandel and Whitianga Groups respectively of Skinner (1976), which at 

that thne appeared to represent the most significant division of igneous rocks on 

Coromandel Peninsula. 

The project area consists entirely of Coromandel Group lithologies, ( Schofield, 

1967) and is outlined on figure 3.1 relative to the major elements of regional 

igneous geology. 

Skinners (1976), 1: 63360 geological map of 'Northern Coromandel' extends 

to just 10 kilometres north of the project area. Further detailed mapping in central 

Coromandel, Skinner (pers.- comm.) has resulted in draft material for his 

second regional map (1: 50,000) which includes the project area. Radiometric 

age control is a significant factor in this work, although material from this project 

area has not appeared to have been subjected to detailed investigation probably 

because of locally intense hydrothermal alteration. Hitherto unpublished pieces 

of information related to this 'Central Coromandel Map' have been obtained from 

Dr D.N.B. Skinner as a result of a recent discussion and public lecture. Such 
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Project 
....... 

Area 

II Kerikeri Vole. Grp. 
D Whitianga Group Kapowai 

W Coromandel Grp. Caldera o 
~ Manaia Hill Group 1 

Figure 3.1 Generalised regional geology, Coromandel Peninsula, showing 
the location of the project area, entirely within Coromandel Group and the 
location of the Kapowai Caldera. Modified from Christie ( 1983,p 13 ). 
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'regional' ideas and information attributable to Dr Skinner is incorporated into the 

following text as a series of indented, small type, paragraphs. 

Skinner (1983), has mapped late Miocene ignimbrites erupted from Kapowai 

Caldera (centred some thirty kilometers south east of the project area) which, 

locally, along with rhyolites now form a significant part of what was presumed to 

be a predominantly andesitic group ,(Christie 1982). Thus Coromandel Group 

will probably be divided into ... 

' ... three subgroups, initially only the Kuaotunu and younger Waiwawa 

Subgroups were recognised. Recent dating has suggested the presence of an 

unconformity in Waiwawa Subgroup rocks and it is probable that another as yet 

unnamed upper subgroup will be included in Coromandel Group.' 

Parts of these upper subgroups include what was previously Whitianga Group 

lithologies as mapped by Schofield (1967). Skinner (1976, geological legend) 

never proposed a sharply defined boundary between Whitianga and Coromandel 

Groups, his present work indicates that.. .. 

' .... the peninsula consists of an overlapping eruptive sequence in which the last 

volcanic rocks of each phase of volcanic activity is younger to the south east.' 

This does not clash totally with Ballance's (1976) litterature based theoretical 

model regarding a magmatic arc derivation for the igneous rocks of Coromandel 

Peninsula but does suggest that the idea of four discrete magmatic arcs is in need 

of revision. 
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Apparently block faulting, as evidenced by Skinners maps has substantially 

modified the post eruption geometery on Coromandel with ..... 

' ..... north east trending faults predominantly downthrown on the south east perhaps 

indicating a flexure of the Peninsula as a whole to the west.' 

Taking Skinners observations further, and using the sepentinites of the magnetic 

Junction anomaly as reference line , (Sporli, 1978) the flexure and faulting of 

Coromandel Peninsula is perhaps analogous to the block faulting of the Otago 

Schists adjacent to the obviously bent Southland Syncline ( Norris 1979). 

The Kapowai Caldera (Skinner ,1983), probably an older feature than the flexure 

and faulting mentioned above is best interpreted as an indicator of tensional stress 

as are the calderas of the Taupo Volcanic Zone (T.V.Z.). 

Analogous to geothermal activity in the T.V.Z. it is possible that such activity on 

Coromandel Peninsula was also concentrated in a smaller scale tensional fracture 
·:,' 

zone like feature (Cole and Lewis,1981). Indeed the aeromagnetic work of 

Amoco Minerals ( N.Z.) Limited , (1977) resulted in the recognition of a 

conidor of altered rock trending north eastwards through Mania, Mahakirau, (the 

project area) and out NE towards Whangapoua. Residual n1agnetic intensity, 

contoured and shaded to 10 and 5 gammas respectively for the project area is 

shown on Map 3 (see inside back cover) . The relationship of this zone to the 

overall tectonic development of Coromandel is unknown, however it parallels two 

NE trending regional fault features visible on satelite photographs having strike 

lengths of 30km from Puriri towards Coroglen and 70km from Wairongamai to 

the Kapowai Caldera ( ~ Whenuakite ). BP Minerals (NZ) Ltd in their licence 

application documents refered to the alteration zone at Mahakirau as the Whitianga 

Graben - a non genetic term however, such as the 'Mahakirau Alteration Zone' 

(MAZ) is considered more appropriate. 

Recent dating of the Mercury Basalts on and out from Kuaotunu Peninsula ; 

formerly considered to be Pleistocene to upper Pliocene has ...... 



' ...... resulted in ages ranging from 2-9 million years, this chain with oceanic island 

basalt type affinities comprise masses and islands, which align with and young toward 

the Colville Ridge. With which some as yet unknown structural / tectonic association 

is suspected.' 
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This skeleton of ideas and details suggest that the geology of Coromandel is 

complex relative to the amount of detailed systematic mapping already done on the 

Peninsula. 

Mahakirau : Previous Work. 

Extending to just 10 km. north of the project area is Skinners (1976) 'Northern 

Coromandel' geological map, at a scale of 1: 63,360, he also holds copies of draft 

material for a 1: 50,000 'Central Coromandel' map which includes the project 

area. Skinners (unpublished) work was consulted in July 1986, at a stage where 

this Mahakirau material was in a similar draft form. Whilst correlations with 

formations described by Skinner (1976) have been made, the mapping presented 

here is entirely independant of and grossly different from that of his recent 

unpublished work. 

Porphyry copper - oriented prospecting at Mahakirau by Amoco Minerals New 

Zealand Limited, under P.L. 31-480 resulted in a report by Couper (1979) which 

included a 1 :50,000 geological map. Terminology such as Quartz Andesite 

Porphyry and Hornblende Andesite Porphyry was adopted for rock units at 

Mahakirau. These lithologies were illustrated in an intrusive, stock like manner 

which, along with the naming appears to reflect a bias toward the porphyry 

copper intrusive style. 

These porphyrys or other such vaguely similar, obviously intrusive, rock bodies 

were not identified or interpreted by the writer. This present work has not 

resulted in the discovery of Quartz Diorite or Quartz Monzonite type rocks, more 

typical of porphyry copper deposits (Tidey 1981). 



O'Leary (1978, unpub.) carried out a gravity and ground magnetic survey 

along Mahakirau Valley. This resulted in the discovery of a 'dyke' (of 

unknown lithology) which by his description was about 30 metres wide, ..... 

' ..... the exact outcrop width was hard to determine as the rock either side was 

very weathered and no obvious contact was observable. (O'Leary 1978 p 50)' 

On the basis of field geology alone this dyke was not located by myself, 

Couper (1979) and Skinner (on unpub. map) - it would appear to be readily 

located with the assistance of a magnetometer only. 

3.2 Mahakirau: Primary Igneous Geology 

Scope 
Detailed systematic investigation and petrography of primary igneous 

lithologies is not practical at Mahakirau due to the limited availability and 

distribution of unaltered rock. Where hydrothermal alteration is this 

intense - to produce a map with complete primary lithology coverage would 

appear to be relying on much guesswork. Chlorite and calcite (+/_pyrite) 

are ubiquitous in the least altered rocks here - also rendering simple major 

and trace element whole rock geochemistry, for studying primary igneous 

processes, of questionable value. 

When mapping in the field, recognition of primary rock textures is often as 

important as recognising the phenocryst assemblage. Texture becomes the 

only indication of primary lithology at high intensities of clay alteration. 

The remnant primary texture is preserved owing generally to the distinctive 

white blotchy rounded clay fields replacing the last altered primary feldspar. 

By observing such features it is possible to readily distinguish between, say, a 

'Coarse Porphyritic Hornblende Dacite' and a 'Fine grained Basic Pyroxene 

Andesite' , often however, it may only be possible to say that a sample was an 

ex-coarse grained or ex-fine grained primary lithology. Map 2, 'Primary 

Igneous Lithologies' shows that all outcrops have been marked as they were 
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observed in the field as being ex fine, coarse grained or elastic type 

lithologies. With this information, field indications of phenocryst 

assemblage and scattered thin section locations one may represent and be 

confident about the continuity and ::::: uniformity of mapped lithologies in 

areas of varying hydrothennal alteration. Ideally a fresh unaltered outcrop 

every 200-300m would be required for a high level of primary lithology 

mapping confidence as in the areas shaded on Map 2. 

On the intensely altered Hovells Ridge, trending north east through the centre 

of the project area ( Map 2) pods of unaltered rock are rare. Clay alteration 

is so intense ( high TDa, see section 4.0.1) as to commonly obliterate 

indications of original rock texture as a result of which much of this area is 

represented as undifferentiated (andesite). 

Planes reliably indicating depositional surfaces such as bedding were very 

rarely observed within the project area. Presumably these features have 

been preferentially invaded by hydrothermal solutions and obscured by the 

subsequent hydrothermal alteration. Stratigraphically relating mapped 

rock units is thus a problem here and undoubtedly elsewhere on Coromandel. 

Adjacent to quartz veins it is common to find a relatively fresh often sub

parallel pod of fine grained basic andesite which may in fact be dyke rock. 

Given the appropriate economic considerations trenching or drilling may be 

worth persuing in such vein /pod areas, if only to reliably determine the 

presence and extent of veined (?mineralised) dyke margin. 

Whilst the following section deals with some correlations of my lithologies 

with the published work of Skinner (1976) this has been purely on the basis 

of published lithology descriptions and not on any stratigraphic or spatial 

relationships. 
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Flow Rocks 

The three flow rock units recognised at Mahakirau are represented on Map 2 

(inside back cover), their distinctive features are summarised on Table 3.1 . 

The best control (most information) on primary igneous lithologies is 

obtained to the NW and SE of Hovells Ridge. Refering to the thin section 

locations, (Appendix 3 A) - 'unaltered' ('mafics OK') sections have only 

been obtained from the periphery of the Mahakirau hydrothermal system. 

Fine grained Pyroxene Andesite. 

Fine grained Pyroxene Andesite crops out in the Mahakirau Valley between 

sidestreams M6 and Ml 1 , although it is now finely jointed it is one of the 

least altered Ethologies at Mahakirau, examples of which are O.U. 54213, 

54214, 54215, and 54262. This lithology also occupies : 

a) The headwaters of Mcissacs Stream extending south west from the 

tributary of MI 17, and including the upper portion of MI 16 examples of 

which are 0.U. 54260 and 54261. 

b) Hovells Ridge in the north east comer of the project area as indicated by 

outcrop in Waiparu (Ml) and Battery (M2) Streams and on Kl, a sidestream 

on the Kaimarama side of the north end of Hovells Ridge - examples are O.U. 

54243 and 54192. 

c) The headwaters of Flora Stream (KlO) - a somewhat coarse grained 

pyroxene andesite, as well as at (d) ,this lithology here contains no quartz or 

coarse hornblende phenocrysts. 

d) Intermediate grain size pyroxene andesite occurs in K7 and K4, it is not 

typical basic andesite, no suitable in-situ mafics OK material was available 

for thin sectioning. 

Coarse grained Hornblende Quartz Andesite 

This is certainly the most coarse grained and distinctive flow lithology to be 

recognised in the mapped area. It is found here exclusively in the 

Kaimarama 
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Field Name Example Correlation Feldspar Hornblende Quartz Location 

Coarse o.u. Materangi 
Coarse 

Coarse Common In the s.e. comer of the 

grained 54172 Andesite I to 8mm long 1- 5 mm dia project area, east of 
54179 

Hornblende 54191 Dacite 1 -6 mm dia. 1 -3 mm dia. euhedral Kaimarama Stream. The 

Quartz 54208 commonly rounded western boundary of which 

Andesite 54245 An
50

to A1e,
2 

replaced by and is less distinct to the south 

l=A ()virlo<> P.mh~\/Prl of sidestream K4. 

Fine grained 
o.u. ± Quartz) South of Mahakirau River 

54182 Beesons Fine Acicular extending from MS to M10, 
( Qtz) 54193 0.5 -1 mm 

54203 Island with outcrop on M7. Ml 1, 
Hornblende 54210 Volcanics 

1 - 3 mm dia to 3 mm dia. 
Andesite 54227 long rounded ~ 

Ml 2,Ml4 and Ml 5. 

54253 Formation 
Ani::? to AnR7 

embayed 

On '309 Road 'and 

Fine Grained o.u. Whangapoa Fine Mahakirau River, between 

Pyroxene 54213 Andesite 
1 -. 2 mm long 

M6 and to just past M11 

Andesite 54214 --- In the headwaters of Mclsaacs 

54215 
Te Tutu Stream s.w. of Ml 17. also in 

54262 Andesite Ana'l to An81 the uooer M1 .M2 and K1. 

Table 3.1 The characteristics of the primary igneous field units and 
correlation with formally defined formations. Locations of the exemplary 
primary lithology samples including thiri sectioned samples, can be found 
from the OU sample catalogue and with the help of Appendix 3A and Map 2. 
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Valley, interfingered on the north west with several 'blocks' of relatively fresh 

'basic andesite' but more generally bounded on the north west by progressively 

intensifying alteration. 

This lithology includes minor volumes of volcaniclastic material as at G.R. 

N.Z.M.S. 260 , Tl 1, 4235.7610 , 428.776 and 4214.7508,- such material is a 

more common component to the south west. Coarse, 1 - 5 mm. euhedral, 

rounded and embayed quartz phenocrysts are observed in an evenly distributed 

:=;SQ% of these rocks, hornblendes generally replaced by opaque iron oxides 

occur in all but several scattered locations in the south west. There are 

indications of gradual but erratic compositional and volcanological change in this 

lithology to the south west. 

Materangi Andesite (Skinner 1976 ) , ' ...... coarsely porphyritic hornblende 

andesite to quartz andesite with hypersthene and augite; ...... ' , - as defined 

20km. north along regional strike, is the only possible correlation of this lithology, 

in Kaimarama Valley , with present formally defined formations. 

Fine grained ( Quartz ) Hornblende Andesite. 

This material can be traced form the western edge of the map area in a belt south 

of the Mahakirau River running across the headwaters of MlO and M7 and 

including Mll,MI2,MI4 and MIS, in the Mclsaacs River valley. 

Examples of this fine grained (quartz) hornblende andesite are 0.U. 54182, 

54193, 54203, 54210, 54227, and 54253. Correlation with the Beesons Island 

Volcanics (BIV) formation of Skinner (1976) appears to be appropriate 

mineralogically , these rocks at Mahakirau appear to have been emplaced as flows 

with little apparent elastic material. 

Volcaniclastics 

Volcaniclastics are a component of most Coromandel Group formations as for 

example in BIV, Skinner (1976) which is described as ' ..... subaerial and 
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subaqueous volcanic epiclastites and sporadically distributed flows and plugs .... .' 

Within the project area volcaniclastics have been recognised similarly but as a 

minor component of a formation as in the case of Materangi Andesite above. 

However, in large areas at Mahakirau, volcaniclastics have been 

recognised as mappably separate and distinct bodies of rock. 

Due probably to the high permeability of these elastic Ethologies they are generally 

hydrothermally altered to a stage where the primary feldspar and mafic minerals 

have been replaced. The determination of clast primary lithology and 

relationships to other less altered formations is impossible with such material. 

Commonly where flow rocks occur adjacent to intensely altered volcaniclastic they 

are themselves only weakly altered as at G.R. 4091.7896, 4055.7934 and 

4235.7605 as evidenced by samples O.U. 54182, 54221 and 54262. 

From the green chloritic alteration of most volcaniclastic material it is assumed 

that the clasts are of a more andesitic than rhyolitic composition. A duck egg 

blue/green colour is typical of many altered volcaniclastics - this feature has not yet 

been correlated with any aspect of mineralogy. 

Unweathered volcaniclastics can generally only be found below water level in fast 

moving streams - where they are massive, water polished and rounded by stream 

action. Clasts are well to very poorly sorted, from 5 - 450mm diameter and 

averaging 100 - 200mm. diameter. As shown in figures 3.2 and 3.3 clasts are 

matrix supported and subrounded to subangular in shape. 

Most of the volcaniclastic rocks are relatively coarse grained breccias - assumed to 

consist of ejected clasts associated with ash and other fine grained eruption debris. 

The clasts have not been deposited in a molten state - the uniform consistency, 

hardness and cohesiveness of the matrix however frequently suggests that the 

matrix has been welded or at one stage molten. The effect of later clay 



Figure 3.2 Volcaniclastic from GR 397794, Mahakirau Stream bed, this 
material is clay altered, the clasts are matrix supported and sub-rounded to 
sub-angular in shape. The cold chisel measures 20cm long. 

Figure 3.3 Clay altered volcaniclastic material, the sample at left is more 
typical, being coarse grained and having a fine ~ chloritised matrix Mv A 
field #1055 (GR 3981.7902) and at right a more heterogeneous fine 
grained debris flow like material - most likely hydrothermally altered to a 
Type II Fe/Mg Chlorite + K-mica or a Mg - Chlorite + K-mica alteration 
assemblage (see·Table 4.1 and section 4.43) , sample MvA # 308 (GR 
4095.7913). 
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alteration may have been to cement any loose matrix material together to produce 

this highly cohesive appearance. There are redeposited avalanche breccia type 

materials with a strong brown to purple coloured muddy matrix - where also 

associated with extremly poor sorting this is probably indicative of laharic 

material, as at G.R. 4098.7903. 

No attempt has been made to identify genetic relationships between the elastic 

materials mapped and local less altered flow lithologies. The source of these 

elastic materials could well be local, from 'poorly preserved topographic vents' 

such as -Motutere or - (?) Kakatarahae, but distant sources, such as Kapowai 

Caldera may be possible. 

The lateral and vertical continuity of the volcaniclastics together with their 

presumed high permeability establish them as having significant reservoir 

and channelway potential in the Mahakirau hydrothermal system. 
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CHAPTER 4 HYDROTI-IERMAL AL TERA TION 

4.1 Introduction : Defining Alteration 
4.1.1 Alteration : Rank, Intensity and Textural Destruction 

These three parameters are used to describe the nature and degree of hydrothermal 

alteration in a particular sample. The presence ( or absence) of minerals with 

known permeability associations or temperature ranges may be used to give a 

mineralogical indication of the rank of an alteration assemblage (Browne 1984 ). 

The following minerals would generally indicate increasing rank on a temperature 

scale - laumontite, wairakite, epidote, actinolite, biotite. Likewise the 

following clay minerals (assemblages) - montmorillonite/illite, 

illite/montmorillonite, (?Mg - chlorite) and K - mica. 

Browne (1984) defines alteration intensity (Ia), as a measure of the abundance of 

new hydrothermal minerals. Rocks containing no hydrothermal minerals have an 

Ia = 0.00, for those consisting entirely of hydrothermal minerals Ia = 1.00. 

Textural destruction (TDa) recognised by Merchant (1978) and abreviated to TDa 

here is a qualitative term used to describe clay mineral assemblages and the 

textural changes they undergo at high degrees of alteration ('beyond Ia = 1.00'). 

Ia. is not a description of rock texture and TDa is not an indication of mineral 

assemblage. TDa is low, where clay minerals closely pseudomorph original 

phenocrysts. These clays are hard and mottled in colour with mafic minerals and 

feldspars replaced independently by different clays (eg - Mg/Fe-Chlorite and K-

mica) as for example in OU 54053. At higher levels of TDa, the 'rock 

framework' begins to be affected and the location of only ex-feldspars can be 

established. The white blurred, expanded and rounded outline of clay minerals 

tending to no longer pseudomorph their host feldspar closely is typical. TDa is 

high where clays are altered to a homogeneous, fine grained and soft material 

where there is little remaining trace of primary igneous phenocryst outline. An 

extreme expression of high TDa is the situation as with OU 54033 where clay 

minerals develop in size beyond the 1 - 20 µm size range to 1-6mm at which point 



the crystallographic form of the clay minerals can be observed by the naked eye. 

Coarse hexagonal books of K-mica from sample OU 54033 taken from a clay 

fissure zone at GR 4090.7870 and indicating V high TDa. may be seen in figure 

4.1. 

19 

Hydrothermal clay materials at Mahakirau, tend to consist of one or two clay 

minerals with possibly quartz and pyrite. High TDa, is a product of one or two 

phases (excluding quartz & pyrite) replacing what is at the 'Feldspar OK' stage 

(see section 4.3.2) a five or six phase assemblage. TDa decreases with lateral 

distance from a vein or fissure and increasing or varying mineralogical rank is 

usually but not necessarily parallel with increasing textural destruction, this 

situation is analogous to the relationship between metamorphic facies and textural 

zones in the Otago Schists (Hutton 1936, 1940). 

Variation in TDa is considered to be most likely due to differences in 

permeability, the relative amounts of fluid which traveled through the rock and the 

number of successive :::::pseudomorphic replacements and alteration overprints. 

The close spacing of paleo - fluid channel ways such as veins and fissures as noted 

at the present level of erosion at Mahakirau,(Map 1) would suggest that the 

preconditions for an isothermal environment have been met (Norton, 1984). 

The close to isothermal nature of the Mahakirau system over distances of up to 

500m is demonstrated on Map 4 - significant temperature changes occur over 

distances of 2km. · however. By comprehensive microprobe and XRD 

analysis, as covered from Section 4.4. onward, nine wall rock and wall clay 

mineral assemblages have been recognised. Fluid composition is considered to 

have a leading role in producing wall clay as well as fissure and quartz vein clay 

and silicate mineral assemblages. 



Figure 4.1 Coarse hexagonal hydrothermal K-mica in books from 1-6mm 
diameter extracted from OU 54033 are shown lying on the surface of the 
sample - collected from a 2m wide fissure and breccia zone at - GR Tl 1 
4090.7870. 

Figure 4.2 Void filled grey clay, indicative of leaching by acid solutions, 
from GR Tl I 4260.7714, sample OU 54031. A common feature of the 
'grey clay' alteration lithology on sidestream K2 and on K5, K8 and K 12 east 
of Kaimarama Stream. 
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4.1,2 Dissolution and Precipitation. 

Replacement occurs on macroscopic and microscopic scales by way of two -

often independent processes, dissolution and precipitation . 

Dissolution on its own results in the leaching of rocks as in the case of 

solutions acidified by the oxidation of H2S (Schoen et al, 1974). The 

common result of this process in active systems, is unfilled voids (Browne, 

1984 ). Voids are frequently observed at Mahakirau associated with the 

more intensely altered grey and cream grey clays (see section 4.4.3, type III 

clays), figure 4.2 shows the void filled nature of a leached clay sample OU 

54031. Whilst there may be open fractures prior to any hydrothermal 

activity, dissolution itself would appear to be able to enlarge open space 

between fissure walls, where later the direct precipitation of open space 

quartz vein material may occur - as in most near surface hydrothermal 

systems . On the macroscopic scale in the vicinity of veins and fissures the 

transfer of mass about the hydrothermal system is achieved by dissolution 

and sometimes precipitation. This process also occurs on microscopic and 

sub-microscopic scales. 

The solubility of a mineral under the prevailing conditions of fluid 

composition and temperature determines whether it will be partially or 

totally taken up by a solution. The fluid temperature, saturation and identity 

of introduced ions in solution, will determine -

(a) the degree of dissolution - of primary and secondary minerals. 

(b) the phases which may be transformed in-situ by ion exchange eg 

crystallographically continuous chlorite after hypersthene (ionic diffusion, 

being a sub-microscopic dissolution/ precipitation transfer process) 

(c) which minerals are precipitated entirely and directly fron1 solution. eg 

vug and vein type minerals 

Theoretically dissolution, which initiates and thus initially controls 

hydrothermal alteration, can proceed at varying rates dependant on mineral 
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solubility - the degree of undersaturation of solution and the velocity or 

volume of water in contact with and leaching a rock. 

It is probable that where two clay samples are mineralogically identical but 

TDa is significantly different, that a solution of similar eventual chemical 

character but of differing strengths and velocities interacted with the clay for 

differing lengths of time. 

4,1.3 Permeability 

Fluid availability, rock permeability, fluid density, viscosity and the 

hydraulic pressure gradient are potential limiting factors controlling the 

velocity and volume of fluid passing through a rock. High flow zones, such 

as fissures and volcaniclastic lithologies are characteristically altered to high 

intensities. Adjacent to fissures (see section 4.3.3) the primary rock texture 

is usually totally destroyed (high TDa). Fissures in relatively non

permeable lithologies such as weakly jointed fine grained basic andesites are 

commonly associated with smaller less intense alteration halos. 

Relatively non-permeable lithologies at low Ia, can also contain minerals 

indicative of high rank (in hot ':::::dry' rock situations - v .low water/rock 

ratio) such as epidote or actinolite. 

4.2 Alteration : Previous work - Coromandel 
Peninsula and Mahakirau. 

4,2,1 Introduction 

Coromandel 

Hydrothermal alteration on Coromandel Peninsula is associated with 

epithe1mal quartz veining and is easiest observed within or adjacent to the 

workings of abandoned epithermal Au, Ag mines, as in Weissberg & 

Wodzicki (1970); Ramsay & Kobe (1974); Rabone (1975); Moore (1979) ; 

Christie (1982) , and unpublished Ph.D and M.Sc theses from Auckland 

University. 
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Petrographic examination of thin sections has been the most common basis 

for defining hydrothermal alteration as in the case of Weissberg & Wodzicki 

(1970) and Rabone (1975). A 'hard rock' approach has resulted in 

alteration schemes which are much condensed and generalised at the clay 

dominated end of the alteration spectrum. 

Mahakirau 

Coupers' (1979) final report on PL 31480, Mahakirau, included a 

generalised alteration map at 1 :50,000 depicting four alteration zones, 

unaltered rock, propylitic alteration, clay alteration and silicification. 

Silicification, presumably the most advanced type of alteration at Mahakirau 

recognised by Couper (1979), was not defined in Couper's text. 

Silicification has not been recognised as a large scale feature in the field by 

the writer in the course of this project, although adjacent to replacement 

quartz veins silicified white clay group material (see section 4.3.2) is a 

common though small scale feature. 

The aeromagnetic work of Amoco Minerals (NZ) Ltd (1977) located a 

prominent corridor of 'flat gradient' non magnetic - hydrothermally altered 

material (see Map 3) on and along the extension of Hovells Ridge. This 

alteration is constrained between Mclsaacs and Kaimarama Streams. 

Mapping for this project readily identified the gross features of this 

alteration band as did the work of Skinner (unpub.). 
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4.2.2 Clay Mineralo2y · prior observations and approaches. 

Illite-Montmorillonite 

Illite-montmorillonite bearing clay mineral assemblages are frequently 

identified in association with epithermal quartz veined locations on 

Coromandel, as at... 

Broken Hills Mine: Moore (1979) 

Manaia: Stevens (1980) in Christie (1982) 

Great Barrier Island: Ramsay & Kobe (1974) 

Whangapoua: Robson (1979) in Christie (1982) 

Tui Mine (minor amount) :Weissberg & Wodzicki (1970) . 

The upper limits to the stability of illite - montn1orillonite have been 

suggested to be .... 

Up to 230° Steiner (1968) 

Below 210° Muffler & White (1969) 

Up to 220° Browne (1978, p 232) 

Up to 230° Yock (1982). 

Evidence from active systems would suggest that illite-montmorillonite clay 

mineral assemblages are typical of the relatively lower temperature 

hydrothermal systems. Fluid inclusion evidence which will be produced in 

Chapter 6 indicates that the quartz veins within the project area were 

deposited at around 260-285°C accounting perhaps for the near absence of 

illite-montmorillonite and the prominence of K-mica dominated clay 

assemblages at Mahakirau. 

K-mica 

Analyses of muscovite and illite, taken from Deer (1962 p16-18 & p 218-

220) and plotted onto an Al203-(K20+Na20)-(Mg0-Fe0),(::::: similar to 
I 

figure 4.18 & 4.25) plot together in the same field, higher MgO and lower 

K20, commonly considered to be characteristics of illite is not strongly 

shown by the analyses. Given the probable fine grain size, natural sample 

23 



inhomogeneity and the difficulty of clay mineral separation for wet chemical 

analysis, it is probable that the results tabled by Deer (1962 ) represent 

mineral mixtures. Today, with the advent of the EDS microprobe, fine 

grained white mica (sericite) is as easy to analyse and identify as coarse 

metamorphic muscovite and the element of impurity in analyses is absent in 

homogeneous materials greater than say ::::: 6µm in diameter. A 

comprehensive multi-analytical technique investigation of K-micas in active 

and fossil hydrothermal situations is now long overdue. The result of this 

would be more definitive nomenclature for the K-mica minerals - affecting 

such terms as sericite, illite, hydromuscovite and the illite-montmorillonite 

mixtures. The relatively unif01m compositions of the K-mica microprobe 

analyses between samples at Mahakirau suggests that just one term, K-mica is 

appropriate to describe most of the range of compositions present. With 

the benefit of similarly detailed future work on other preferably lower 

temperature systems it is probable that some meaningful retrospective 

subdivision of K-micas analysed here may be made. K-mica crystallinity 

(eg Kisch, 1981) investigated here shows that there is decreasing lOA peak 

width at 1/2 height with apparently decreasing mineral grain size. Any 

temperature - K-mica crystallinity relationships may only become evident by 

studying different high and low temperature systems. Systems in which the 

K-mica is more illite like and where the K-mica shows greater compositional 

variation will be more appropriate to such investigation. 

One of the more generally adopted alteration schemes on Coromandel 

Peninsula has as its most advanced clay mineral assemblage, Quartz Sericite 

Alteration (QSA) which consists primarily of quartz, sericite and pyrite. 

Clay Sericite Alteration (CSA) is the other tem1 (in conjunction with QSA) 

commonly used for clay mineral assemblages on Coromandel, CSA includes 

all low rank clay mineral assemblages - including chlorite and illite-
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montmorillonite for example. As well as being a major wall clay alteration 

mineral K-mica occurs in almost all quartz veins at Mahakirau. It is 

interesting that Christie (1982 p38 & 54), summarising previous 

Coromandel workers, shows that sericite has been located more frequently as 

a component of wall clay than of quartz vein. 

He has also indicated that K-feldspar is more common as an 'alteration 

mineral' than as a 'gangue' mineral. At Mahakirau, K-feldspar is almost 

exclusively a 'quartz vein' (gangue) mineral, as opposed to a 'wall rock' 

mineral. Perhaps there are some interesting differences between wall clay 

and vein material and the distribution of K-mica and K-feldspar assemblages 

from system to system. 

4.3 Alteration mapping : Mahakirau 

4.3.1 Mappine method 
The amount of soft clay altered and easily eroded material at Mahakirau is 

under- represented by stream outcrop, especially in the larger streams. 

A section of outcrop for example on a stream bend or in a waterfall will 

invariably grade in both directions into increasingly clay altered material, 

the outcrop will steadily become more weathered and disappear. Commonly 

where two outcrops separated by say 40m both grade into a similar clay 

altered material it has been assumed in the field that the intervening 40 m is 

more likely to consist of clay alteration than 'Feldspar OK' rock, and is 

mapped accordingly. By observing the points where 1 ° mafics and 1 ° 

feldspars are destroyed in any alteration sequence one can predict the local 

alteration 'gradient' and maximums. A 50m section of mafics OK, followed 

by a 50m section of mixed mafics OK - feldspar OK rock is usually associated 

with no major local quartz veining. Where a 3m wide pod of mafics OK 

rock has a 0.5m rind of feldspar OK alteration - surrounded by clay it is 

more likely that over 50m in both directions major quartz veins would be 
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more common than 'unaltered rock'. Observation of alteration gradients 

are important, especially on the larger stream sections where clay outcrop is 

poorly preserved. 

4.3.2 Field rnappin2 units 

In the field,'wall rock' was readily allocated into one of the following six 

alteration categories ... 

1. .. Hard Wall Rock - Primary mafics OK. 

2 ... Hard Wall Rock - Primary mafics OUT~ feldspar OK. 

3 ... Hard Wall Rock - Primary mafics OUT +/- feldspar OK 

with significant calcite and epidote. 

4 ... Wall Clay - Feldspar OUT Green to cream green colour. 

5 ... Wall Clay - Feldspar OUT Grey colour. 

6 ... Wall Clay - Feldspar OUT grey cream to white clay White Clay 

Group material 

... more details regarding field alteration characteristics and mineral 

assemblages are shown in table 4.1.. 

'Primary mafics OK' materials are the least altered rocks at Mahakirau and 

are relatively rare. The 'Primary feldspar OK' rocks are those 'hard rocks' 

most frequently investigated by thin section petrology and belonging to the 

propylitic and advanced propylitic alteration types. The three hard rock 

alteration categories above have been lumped together into one hard rock 

alteration unit on Map 3. 

In an alteration sequence grading between a hard 1 ° feldspar OK chloritic 

material and a soft white clay material, for example, there may be a high 

volume and diverse range of Ia = 1.00, TDa = low - difficult to categorise 

material. While it would appear that alteration here has been neatly divided 

into hard and soft rock alteration here this has been only done for simplicity. 

In an attempt to better describe the whole spectrum of alteration at 

Mahakirau the 'rock strength' scale in Appendix 4A was adopted; it assists in 
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the description of material intennediate between what most people would call 

rock and most would call clay. Alteration features such as high TD a 

commonly correspond with a rock strength of 3/10 for example on this scale. 

Three mappable 'Feldspar OUT' clay lithologies have been recognised in the 

field primarily by colour they are - the 'White Clay Group' the 'Green' and 

the 'Grey' clays, examples of which are shown in figures 4.3 to 4.5 

respectively. 

The white clay group (WCG) materials typically represent the most 

intensely altered and highest mineralogical rank wall clays adjacent to 

fissures or veins. The problem associated with the white clays (QSA or 

phyllic alteration) is that there are three mineralogical (and textural) WCG 

assemblages which are not readily able to be differentiated in the field. 

Material mapped as WCG actually ranges in colour from grey-cream to 

· cream-grey to white consisting of various Mg-chlorite, K-mica and 

kaolinite bearing assemblages (see table 4.1). While colour does not appear 

to rigorously correspond with observed clay mineral assemblages, in general 

however the more white coloured clays will tend to be softer and consist of 

kaolinite plus K-mica, occuring only within ::::: 1-5m from a vein. The 

more strongly grey coloured WCG materials will be harder, (4/10-5/10) and 

tend to contain Mg-chlorite plus K-mica. Some white clay, kaolinite plus 

K-mica materials (and perhaps WCG in general) are texturally distinctive, 

having evenly spaced 2-3mm diameter clusters of fine pyrite, as in sample 

OU 54052 (figure 4.6) either encapsulated in soft white kaolinite or 

associated with voids. The pyrite may mark the former location of 1 ° 

feldspar phenocrysts and indicate the instability of K-mica after feldspar. 

4,3,3 Clay Fissures 
A clay fissure as mapped here is a zone comprised primarily of clay minerals 

which lies between planar - parallel to sub-parallel walls, extending out from 

which is a halo of progressively weaker alteration. They are a common 
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Figure 4.3 White Clay Group material : Three different mineral 
assemblages have been determined for white clay materials. OU 54028 ,top 
left consists of a K-mica I Mg-chlorite assemblage. OU 54052, top right 
contains K-mica and kaolinite, as does OU 54067 in the lower left corner. 
Sample OU 54049 contains only one clay mineral species, K-mica. 

Figure 4.4 Green Clay : Consisting of type II Mg/Fe chlorite in association 
with K-mica, quartz, +/- albite and coarse brassy cubic pyrite. The 
samples are, clockwise from top left: OU 54038, 54045, 54051 and 54043. 
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Figure 4.5 Grey Clay : Characterised by 29A regular mixed-layer 
chlorite-vermiculite. The samples are, clockwise from top left : M v A field 
# 700, OU 54042, MvA field# 858 and 841. Notice the different degrees of 
textural destruction between samples. 

Figure 4.6 White K-mica plus kaolinite clay OU 54052 with a texture 
dominated by evenly spaced 2-3mm clusters of fine pyrite as is typical of 
clays adjacent to large quartz veins. The pyrite clusters are situated on what 
is assumed to be the site of 1 ° feldspar in the original rock. 



feature on the periphery of the intensely quartz veined Hovells Ridge - as 

shown on Maps 1 & 3 (inside back cover). The more 'intensely altered' clay 

fissures may contain a small sinuous quartz vein, although clay fissures most 

generally must be regarded as non quartz filled features where the last fissure 

sealing fluids were relatively undersaturated with quartz relative to K-mica 

for example. Whilst low to high rank hydrothermal minerals do occur in 

fissures, it is probable that some 'clay fissure' features (GR 4313.7721; OU 

54027 figure 4.7 ) are actually modified into weathered clay pug zones 

following post mineralisation faulting or gravitational collapse of the 

system. Adjacent to many large veins and lodes are intense soft clay fissures, 

- characterised by kaolinite, pyrite, voids and subtle Cu staining of some 

clay fields. These clay fissures tend to indicate a later phase of alteration. 

Late clay fissure zones, often called pug or gouge - (probably both structural 

and hydrothermal features) - adjacent to quartz veins are common in Au Ag 

mines on Coromandel. It is considered that such fissures are closely 

associated with the common - kaolinite-K-mica-K-feldspar vein silicate 

assemblages discussed in Chapter 5. 

4.4 Clay Mineralogy 

4.4.1 Scope : Clay Mineral Tnvestieation 

Clay alteration would appear to be no more prominent at Mahakirau than at 

any other Io cation noted for quartz veining and hydrothermal alteration on 

Coromandel Peninsula. It became apparent that clay materials from place to 

place at Mahakirau were different in colour, strength and general 

appearance. The diversity of clay materials and presumably clay mineral 

assemblages present here did not appear to be accounted for in the literature. 

In this project, 42 samples of mostly 'feldspar OUT' wall clay material -

indicating fluid / mineral equilibrium (Browne, 1984) and representative of 

the three wall clay lithologies recognised in the field are investigated by both 
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Figure 4.7 Clay fissure, containing ex-hydrothermal clay and abundant 
pyrite. Lozenge-shaped seams of clay and coarse granular zones within the 
fissure indicate that some post-alteration movement may have occured. This 
clay is fresh and richly coloured in outcrop but rapidly oxidises after being 
sampled. It is uncertain whether the material analysed (OU 54027), having 
been visibly oxidised after being sampled is truly representative of in situ 
material. 
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electron microprobe (EPMA) and x-ray diffraction (XRD) techniques. 

Some 10 more wall clay material samples have been analysed by EPMA 

alone. Information on the location, mineralogy and distribution of wall 

clay samples can be obtained from the Map 4 (see inside back cover and the 

sample distribution map in Appendix 4 B). 

K-feldspar - K-mica - Kaolinite plus mafic clay minerals have been analysed 

by EPMA from forty quartz vein samples, correlation with fluid inclusion 

thermometry and between the silicate and sulphide assemblages present in 

many of these veins is made in Chapter 5. 

4,4,2 Clay Mineral Analysis 

X-ray Diffraction. 

Less than 2µm sample fractions of up to 7 grams with minimal non clay 

mineral impurities were prepared from 150-250g of initial sample by 

laborious sedimentation from 3 litres of standing distilled water. One gram 

of <2µm clay powder is sufficient to make 4-6 plus oriented 52mm by 25mm 

XRD slides by smearing a ~ liquid/flowing clay mineral paste with a flexible 

plastic spatula. Large glass slides were chosen to compliment a 1 ° - 0.2°-l 0 

slit configuration in order to intercept the full X-ray beam at low angles 20. 

Samples were X-rayed at 2° 20/min. using Ni filtered CuK radiation in a 

Phillips PWl 130/00 XRD set with a PWl 752/00 curved graphite crystal 

monochromator. Runs at 1 ° 20/min. using a MoS2 internal standard were 

employed to accurately measure basal spacings. Three fractions were X

rayed from each sample consisting of 125-20µm, 20-2µm and< 2µm 

materials, the latter being more predominantly 2 - 0.5µm as < 0.5µm 

material was not always recovered. Overlapped runs of the size fraction 

samples established that the sedimentation was effective, with quartz, pyrite 

and other non clay minerals being effectively removed from the < 2µm 

fraction. For the < 2µm fraction overlapped chart runs of the untreated, 
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glycolated and (in the case of selected samples) heat treated slides - were 

made for comparason. Samples were glycolated over 24 hours at 40°. 

Mineral swelling characteristics, basal spacings and measurement of 'illite 

crystallinity' on lOA K-mica peaks are presented and interpreted later in 

Section 4.4.3 .. 

Electron Microprobe 

Chips of clay were impregnated and then mounted with araldite into 3mm-

5mm holes drilled into an araldite probe briquette. Twelve to twenty 

samples can be mounted on the same 25mm diameter cylinder. The 

location of catalogued clay samples within briquettes can be obtained from 

Appendix 4C . . Quartz chips mounted on the rim of the cylinder defeat the 

tendancy towards sample rolling during polishing. The quartz also allows 

for rapid checking (but not setting) of relative specimen current and drift 

between runs of analyses. The JEOL 5XA electron microprobe, fitted with 

an ORTEC detector and Norland ino-tech 5300 multichannel analyser -

housed at the geology department, University of Otago, was used and an 

accelerating voltage of 15kV, absorbed current of 2. l0-9 Amps on MgO 

and an analysing time of 100 seconds employed. Eight to fifteen points were 

typically analysed per sample, depending on the number of clay minerals 

present ( generally two) and the ease of obtaining analyses approaching end 

member compositions. The mixing of clay minerals on a scale finer than the 

beam diameter - ( around 3-6µm) results in compositions intermediate 

between end members. Analyses of some end members were not obtained 

because of fine grainsize and / or fine mechanical mixing or interlayering 

with a more dominant coarse grained and homogenous clay n1ineral. 

Because of the fine grained ::::: homogeneous nature of hydrothermal clays, 

several hand driven 100 second scans over the sample chips result in analyses 

which can be averaged to give a qualitative major element analysis (section 

4.4.5). Microprobe clay mineral analyses are presented on Al203-K20-

30 



) 

(MgO-FeO) and Al203-MgO-FeO triangular diagrams. The former 

diagram incorporates two separately plotted oxides MgO and FeO at the 

lower right hand apex of the triangle. The Al203 -K20-(Mg0-Fe0) 

diagram is ideal for depicting 'K-mica and Chlorite' analyses - the Al203-

K20-MgO and Al203-K20-FeO ratios for each analysis are independantly 

plotted, then a line is drawn at constant Al203:K20 joining the two points 

and trending towards the common (MgO-FeO) apex - as shown on figure 

4.11 and 4.18 .. It should be stressed that these two points joined by a line 

represent one analysis and not two different phases joined by a tie line. 

Analyses obtained however may be the result of two end member phases 

being adjacent or mixed on a scale finer than that of the probe beam 

diameter. To look specifically at the chlorites and other Mg/Fe 

phyllosilicates the Al203-K20-(MgO-FeO) data may be transformed by 

projection or calculation into an Al203-MgO-FeO diagram as per figure 4.8 

which clearly separates the mafic phyllosilicate phases. Where end member 

mafic phyllosilicate compositions have not been obtained directly by 

analysis, projection of the inten11ediate composition points on the Al203-

K20-(MgO-FeO) diagram to the Al203-(MgO-FeO) face will give the end 

member composition - which may then be projected or recalculated to 

Al203-MgO-FeO. Samples are generally represented by a single end 

member on figure 4.8, - having assuming the absence of Kin the mineral 

structure. Numerous workers in the clay mineralogy and geochemistry of 

active hydrothermal systems and ore deposits are using the energy dispersive 

electron microprobe as their primary analytical tool, eg Ballantyne (1978), 

(1980), Exley (1982), Mehegan, Robinson & Delaney (1982), Beaufort & 

Meunier (1983), Parry, Ballantyne & Jacobs (1984), McLeod & Stanton 

(1984), and Velde (1985). The pairing of EPMA with XRD provides a tie 

between an 'old' and 'new' generation of clay mineral data and when looking 

at clay minerals ideally the more analytical devices the better. 
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Figure 4.8 Al203-Mg0-Fe0 for end member Mg/Fe phyllosilicates. 
Type I consists of Mg/Fe chlorites from 'Mafics OK' rocks. Type II Mg/Fe 
chlorites occur in Feldspar OK rock to Feldspar OUT Green Clay material 
(figure 4.4). Type IV Mg chlorite (figure 4.3) occurs adjacent to quartz 
vein and fissure features but is not the 'highest rank' White Clay Group 
material. Type III materials comprise the Grey Clays (figure 4.5). 
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4.4.3 Mafic Phyllosilicates 

4.4.3.1 Introduction 

Nine wall rock and wall clay alteration assemblages are listed on table 4.1 - seven 

of which contain one of four mafic phyllosilicate phases. End member mafic 

phyllosilicate compositions, plotted onto A2,03-FeO-MgO as shown on figure 4.8 

on the opposite page, illustrate the basic differences between these four 'lower 

rank' phases - which cluster in ~ tight compositional groups, labeled Type I to 

Type IV. Raw analyses for spots approaching end member type I to IV 

compositions are tabled in Appendix 4 D. There is possibly a greater range in 

temperature of formation between these mafic phyllosilicates relative to the WCG 

materials - owing to their occurrence in locations ranging from near to very distant 

from quartz veins in presumably hot to the more cold parts of the systen1. The 

white wall clays however, (section 4.3.2 &4.4.6), all being relatively close to 

veins and fissures are more likely to have been formed in relatively isothermal 

conditions and strongly influenced by variations of fluid chemistry. There is 

excellent agreement between the physical characteristics such as TDa and colour 

of these clay n1aterials and mafic phyllosilicate compositions. Three of the mafic 

phyllosilicate types (figure 4.8) are chlorites of differing composition and 

associations (I,II,IV), the other, type III compositional cluster consists tentatively 

of - (a) regularly interlayered, vermiculite - chlorite and (b) high alumina Mg-

chlorite. These assemblages are each in tum discussed in detail below. 

4.4.3.2 Mg/Fe Ch1orite ~ Type I 

Initial signs of alteration at Mahakirau are 5-30µm bands of yellow to green 

brown chlorite invading irregular curved 'cleavages' in hypersthene lying sub 

parallel to (001). With further alteration, the distinctive prismatic habit, cleavage 

and parallel extinction ofhypersthene is preserved by total chlorite pseudomorphs. 

The presence of former hypersthene can be recognised as long as this particular 

chlorite is stable. Augite, though less susceptible to alteration than hypersthene, 
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TABLE 4.1 

WALL ROCK AND WALL CLAY FIELD CLASSIFICATION AND 
CORRESPONDING CLAY MINERAL ASSEMBLAGES 

FIELD WALL ROCK I CLAY ALTERATION CLASSIFICATION Cl.A Y MINERAL ASSEMBLAGES 
and 

CLAY MINERAL ASSEMBLAGES Mg - Fe Pl !YLLOSILICATE KAOLINITE ORK-MICA 
PHASE TYPE PIIASES 

HARD WALL ROCK 
l'MAEICSQK Dark grey to green grey - hardness r=7+/1o*, 1 • mafics TYPE I Mg - Fe CHLORITE = none 
(clinopyroxene and hornblende) OK ( = unaltered) onhopyroxene may be 
panially to totally replaced by chlorite. Low rank alteration most common 
but cpidote can still be present in these rocks - indicating high rank. la 
""<0.4 with minor cillcite, chlorite and +/- pyrite. 

HARD WALL ROCK 
I' EEi DSEAB QK Bleached - dark green to green brown colour= 6- TYPE II Mg - Fe CIILORITE no kaolinile, have traces of K· 
7/IO• - Feldspar OK to panially altered, malics and much of the rock mauix mica 
replaced by chlorite calcite and pyrite. la - 0.4 - 1.00 TDa very low, 
matrix tcxtur,;: may be obscured. +/- epidote. 

HARD WALL ROCK 
I' EEi l.2SEAB EABI QK ~r AilSEIIT :,i:i1b CAI CIIE ~ad EEif2QIE 
Green to grey brown bleached rock a5·1J10• ,I' feldspar panially to totally TYPE ll Mg - Fe Cl!LORITE none observed 

altered and replaced by abundant calcite and yellow epidote. Have pyrite, 
but K-mica is not present. la upto 1.00. TDa low. Has the translucent 
flakey appearance of marble on freshly broken surfaces. Not shown as a 
separate unit on Map 2 but some locations are shown by the letters 'ep'. 

WALLCLAY 
GREEN to CREAM GREEN CLAY- I' FELDSPAR OUT •4-5/10* (la TYPE II Mg - Fe CHLORITE K-MICA K-mica 
• 1.00) TDa low to moderate - with moderate to high amounts of generally 

crystallinity coarse grained cubic and brassy pyrite. Calcite absent. low 

WALL CLAY 
LIGHT to DARK GREY CLAY- I' FELDSPAR OUT •3-4/10• (la 
• 1.00) TDa moderate to high. Commonly with voids and having white ex- •TYPE Ill a -IdenticalType Illa and lllb •? K MONTMORILLONITE 
feldspar clay fields. Pyrite - fine, rounded and embayed. Commonly have probe analysis rosults - no K-mica !OA peak or K-
soluble salts such as uona. 

Type Illa samples have a mica by probe analysis. 

regular 29A mixed layer 
• 'K-M!CA' -have a IOA peak but •TYPEIII b peak - Type lllb are not 

mixed layer clays only poor probe analyses of 

but contain IOA and 14A low K - K~mica characteristic of 
material. 'illitic' material. 

WALLCLAY 
WHITE CLAY GROUP- I' FELDSPAR OUT- WHITE to GREY CREAM 
CLAY •3-5/10• Colour not entirelydiagnostic (la~ 1.00) TDa moderate to 
high. 

• WHITE TO CREAM-GREY COLOUR 4-5/10*. TYPE IV Mg CH!..ORITE K-MICA 

• GREY-CREAM,CREAMGREY TO WHITE CLAY 3-5/!0•withvariable NO MAF!C K-MICAonly 
amounts of silica and pyrite. Some siticified material tending towards CLAY MINERAL 
replacement quartz vein like material and 6+/10 in hardness. PHASES 

• CREAM TOrom:l:: CLAY 3-4/IO• generally soft with much pyrite. NO MAFIC K-MICA 
Often having while clay plus pyrite clusters evenly disuibuted and CLAY MINERAL and 
contrasting against a cream coloured homogeneous matrix. PHASES KAOLINITE 

• rock hardness scale - see Appendix 4.1. 
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is replaced in an irregular patchy fashion by both chlorite and calcite resulting in 

the loss of the host mineral's internal and external morphology. It may be 

possible to determine two or perhaps three separate chlorite compositions resulting 

from the above mineral replacements. However specific investigation of the 

composition of host and pseudomorph phases was not carried out. From the 

limited work done it was possible to determine that the type I chlorites occur in 

relatively unaltered 'Mafics OK' material, containing some clinopyroxene or 

hornblende and with orthopyroxene partially to totally altered. These type I 

chlorites as plotted on Al203-MgO-FeO in figure 4.8 are relatively low in Al just 

as are the host phenocrysts. Plotting the individual analyses onto Ali03-K20-

(MgO-FeO) (figure 4.9) - type I chlorites do not form several compositional 

groups - which could be expected in the case of strong 'host' mineral 

compositional control (and given that compositional differences between host 

minerals occured). Indications are that 2° mineral composition is controlled 

externally, by fluid composition at a very early stage in alteration cf. Browne 

(1984,p54). Figure 4.9 shows that in contrast to all other mafic phyllosilicates, 

end member analyses are relatively easy to obtain from type I chlorites owing to 

the absence of K-mica at this degree of alteration (compare with figure 4.18). 

Optically, and from microprobe scans, type I chlorite bearing samples do not 

appear to contain K-mica, but XRD of type I oriented <2µm fractions, (figure 

4.10) indicates that trace amounts of lOA clay may be present. Actinolite and 

epidote, indicative of temperatures in excess of 240 - 260°C (Browne,1978) can 

be observed in several 'Mafics OK' hard rock lithologies, clearly indicating 

relatively 'hot dry rock' conditions (v .low water/rock ratio). Minor calcite (± 

pyrite) is generally present with type I chlorite. 
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Figure 4.9 Al203-K20-(Mg0-Fe0) for type I Mg/Fe chlorites. Each 
analysis is represented by a solid point for Al203-K20-Fe0 and an open 
circle for Al203-K20-Mg0 with these two points from each analysis being 
join~d by a line. Samples are arranged with increasing Mg : Fe ratio to the 
right of the diagram. 

14· 5 A 

I 

OU 54036 

Figure 4.10 Type I chlorite, XRD of oriented< 2µm fractions. Notice the 
subtle peak in the lOA position indicating trace amounts only of K-mica. 
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4.4.3.3 Mg/Fe Chlorite - Type II 

'Feldspar OK' hard rock and intensely altered (high - TDa) soft, pyritic 'green 

clay' materials can both contain type II chlorite. These Mg/Fe chlorites are more 

aluminous than the type I chlorites as shown on figure 4.8 and commonly occur 

with K-mica, in the case of the 'green clays' mentioned above, (see also figure 

4.4 and Section 4.3.2.). Type II chlorites, associated K-mica and intermediate 

probe analyses plotted onto Al203-K20-(Mg0-Fe0), (figure 4.11) give 

indications of grain size, mineral homogeneity and the relative ease of obtaining 

end member analyses. End member chlorite analyses from samples OU 54174, 

54034 and 54068 indicate that the chlorite present is at sizes larger than that of the 

probe beam diameter, 3-6µm and contains no fine inclusions (or mixed layers) of 

K-mica. Microprobe and XRD analysis indicates that, of the new clay minerals, 

only K-mica coexists with type II Mg/Fe chlorites and notably not Mg chlorite and 

kaolinite. From the A203-K20-(Mg0-Fe0) diagrams of figure 4.11 it can be 

seen that samples OU 54070, 54038 and 54054 contain end member chlorite 

which is sub-bean1 diameter in size and by refering to the XRD charts (figure 4.12 

and 4.13) can only be mechanically* mixed with K-mica. XRD indicates that 

there are two different varietys of the type II chlorite and K-mica bearing samples. 

Figure 4.12 shows a strong 14A relative to lOA peak sequence of basal spacings. 

In the other XRD defined variety of type II chlorite bearing assemblage, figure 

4.13, where the untreated lOA peak increases in size it moves to 10.4A -

illustrated best by san1ples 54047b and 54068 which are more grey in colour and 

associated with a rise in background intensity at low angles 20. This selection of 

type II chlorite bearing samples is intermediate to the type III grey clays of section 

4.4.3.4. Only the composition of the sample 54047 mafic phyllosilicate end 

member lies in a position intermediate between the type II and III compositional 

fields (figure 4.8) the others are type II. Glycolation of these samples results in 

*mechanically mixed: a completely blended aggregate of discrete objects - not 
implying physical disruption or mineral interlayering 
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Figure 4.11 Type II chlorite bearing samples : microprobe analyses plotted 
on Al203-K20-(Mg0-Fe0). Notice samples 54070, 54038 and 54054 in 
which end member chlorite analyses could not be obtained, presumably 
because it is sub-beam diameter in size and mechanically mixed with K-mica. 
From left to right samples are increasing in Mg relative to Fe. 
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Figure 4.12 Type II chlorite bearing samples : XRD analysis of untreated 
< 2µm oriented material. Note the strong 14A chlorite peak relative to 
the lOA K-mica peak. Peak positions are identical, the perspective is 
employed in order to better show relative peak heights. 
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Figure 4.13 Type II chlorite bearing samples: XRD analysis of untreated 
<2f.!-m oriented material. Note the strong IOA K-mica peak relative to the 
14A chlorite peak. With increasing intensity of the IOA peak there is a 
corresponding movement to a greater basal spacing, from -10.2A to -IO.SA. 



. ) 

35 

a lowering of the 14 A and 1 oA peak intensities and for the '1 oA + ' peak a shift to 

9.8A - indications of the instability of K-mica in type III grey clays - where 

perhaps only low K hydrous K-micas (illites) or montmorillonites are stable. 

Tight clusters of plotted probe analyses indicate that coarse grained end member 

K-mica is present in OU 54047, 54068 and 54038 (figure 4.11) whereas OU 

54051, 54059 and 54034 from figure 4.11, with the relatively smaller lOA peaks 

contain little coarse readily analysed end member K-mica . 

The transition from low to high alteration intensity is represented entirely by 

n1aterials containing type II chlorites. In the case of the type III and IV total clay 

mineral assemblages there does not appear to be independant alteration paths 

which can be traced back to unaltered rock. It is suspected that clays initially 

attain a type II chlorite bearing alteration assemblage and essentially undergo the 

transition from rock to clay prior to or in the process of being altered to type III , 

and IV Mg phyllosilicate bearing material. 

The destabilisation of 1 ° feldspar, epidote, calcite, and type II Mg/Fe chlorite 

occurs at around the same stage and is a limiting step to the independant 

domination of evolving fluids over once Na, Ca, Fe and Mg rich rock. Type II 

chlorite does not occur with the type III and IV clays and occurs in quartz veins 

and as fine chlorite veins only in rare :::::: hard rock situations. 

4.4.3.4 Type III Mg-Al clay 

Field Characteristics 

The type III clays, as listed in table 4.1 are g@)!. clays as per figure 4.5, they are 

different in physical characteristics from the type IV clays which may also be grey 

in colour in that they commonly contain voids (see figure 4.2) indicative of acid 

leaching and obvious white ex-feldspar clay pseudomorphs. Whilst often 

containing abundant fine pyrite (contrasting with the type IV grey clays which are 

not associated with pyrite) these grey clays are not found adjacent to quartz veins 
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but may be associated with clay fissures containing amorphous silica. The 

type III grey clays are an argillic clay alteration type. Abundant voids are 

associated with the presence of kaolinite - which is assumed to preferentially 

replace K-mica or montmorillonite in the ex -primary feldspar sites. Type III 

clay is a dominant alteration lithology east of Kaimarama River, where fresh rock 

grades rapidly into this material with little apparent intermediate, green 'chloritic' 

alteration, the intermediate type II to III material mentioned in section 4.4.3.3 is 

itself grey in colour. At high TDa these grey clays can become bleached or very 

dark grey. Samples from east of the Kaimarama River were often associated 

with authigenic fibrous minerals such as trona - noticed growing from freshly cut 

surfaces within days or weeks of being sampled (a feature often called 

fluorescence by the early Coromandel miners). The trona (and undoubtedly 

other phases) may grow into mats covering the total surface area of a sample with 

fibres up to 10mm long as in the case of a float vein sample of grey clay plus 

pyrite from Johnstons Stream (K8). Strongly coloured yellow/orange 

oxidation rinds presumably of jarosite, and a strong sulfurous smell are distinctive 

features of this lithology Figure 4.5 indicates the nature of :::: fresh material 

and the degree of oxidation (from cut surfaces) which may be obtained in 12 

months can be seen from a similar group of samples in figure 4.14 .. 

Type ill clay mineral analysis. 

On figure 4.8, Al203-MgO-FeO, the projected end member compositions of the 

type III Mg phyllosilicate bearing samples may be subdivided into two 

subgroups, with -

a) higher Al : Mg and -

b) lower Al : Mg ratios. 

The distinction based on Al : Mg ratio above is subtle. . X-ray diffraction 

however outlines some major differences between samples of the two subgroups 

with III(a) materials containing no lOA peak and a 29A regularly interlayered ? 

vermiculite-chlorite structure (see figure 4.15) and III (b) materials containing a 
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Figure 4.14 Grey clay samples showing the characteristic yellow/ 
orange weathering rind, which in the case of the top right sample developed 
over 12 months. Minor trona may be seen on the sample at the lower left. 
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Figure 4.15 Type Illa clay: XRD charts of29A chlorite-venniculite plus 
montmorillonite which undergo complex structural changes when 
progressively dehydrated. Sample 54044 consists of 24A 'illite
montmorillonite' plus chlorite. 

1 

10 A 
14 A 

Fipure 4.16 Type Illb clay : Samples 54031 and 54035 showing no regular 
m1xe1 layer structure. The 14A peak intensifies with heating as per Mg 
chlonte. 
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lOA peak and a thermally stable 14A Mg chlorite type phase (figure 4.16). 

Vermiculite is a suspected component of the type Illa samples, owing to the 

dynamic structural changes associated with progressive dehydration of these 

samples. It is not known for sure whether vermiculite is a component of the 

regular mixed layer mineral - regularly interlayered montmorillonite - chlorite 

(Weaver 1956) and chlorite - vermiculite (Bradley 1956) both have 29-30A, 001 

diffraction peaks. 

A K(Na) montmorillonite occurs in these type III (a) materials which contain a 

swelling 11-12A peak, no lOA peak and no readily analysed end member K-mica. 

While lOA peaks are identified in type III(b) clays the probe analyses are poor -

representing a low K, K-mica phase (illite like). 

Refering to the end member Mg rich mineral probe analyses plotted onto Al203-

K20-(MgO-FeO) figure 4.17, the type III Mg rich end member in type III(a) 

and III(b) material is dose to identical. It is unknown whether the raw type III 

'mafic end member'. analyses, presented in Appendix 4 D, represent an 

individual mineral phase or a mineral mixture. The type III probe analyses 

could only represent an interlayered mixture if it were a kaolinite-like plus a Mg

chlorite or vermiculite-like material, which in a - 7 A/ 14A / 7 A configuration may 

result in a 28-29A mixed layer mineral. Of the three possible options a chlorite

vermiculite stn1cture is considered to best fit the XRD data of III(a) samples. 

It is possible that the differences between III(a) and III(b) materials as shown by 

XRD may just be an artifact of the clay separation process - due to weathering 

during sedimentation and does not represent the unprocessed material which has 

been analysed independantly by microprobe. 

The type III Mg end member probe analyses are certainly uniform (figure 4.17) 

and may represent a discrete mineral phase - in which case much further careful 

work is required to determine the mineral's identity. A qualitative appraisal 

would suggest that in terms of Si:Al ratio this phase is similar to K-mica or 

kaolinite in structure and more similar to chl01ite than vermiculite. 
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Figure 4.17 Type III clay: microprobe analyses plotted onto Al203-K20-
(Mg0-Fe0), each analysis is represented by a solid point for Al203-K20-
Fe0 and an open circle for Al203-K20-Mg0 with these two points from 
each analysis being joined by a line. Analyses of the Mg rich end member 
are given in Appendix 4D. 
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4.4.3.5 Mg Chlorite- Type IV 

These materials vary from white to a common cream grey colour and are from 

moderate to high TDa .. They are located in areas having a high density of 

quartz veining but not exclusively closely adjacent to quartz veins as with WCG 

K-mica plus kaolinite wall clays shown on table 4.1 and discussed in Section 

4.4.6 .. 

Projected end member compositions of the Mg Chlorites are represented on the 

Al203-MgO-FeO of figure 4.8.- again these end member compositions are not 

obtained by analysis (but by extrapolation) owing to the sub-beam diameter scale 

mixing with K-mica, which is illustrated on the Al203-K20-(MgO-FeO) diagram, 

figure 4.18. Based on chemical composition alone there is a close resemblance 

of the type IV end men1ber (Appendix 4D) to the vermiculites of Deer et al 

(1962,p252) but on dehydration the (001) peak is observed to increase in 

intensity, as is characteristic of chlorites in general (Brown,in Brindley 

1980,p327) and perhaps more typical of Mg-chlorites (Carroll,1970) . No 

stepwise structural changes appear to occur, as with the dehydration of 

vermiculite. The larger relative intensity of thel OA peaks of samples OU 54063 

& 54028, shown on figure 4.19 could indicate both increased crystallinity and 

abundance of K-mica in these samples whereas the ease of obtaining an end 

member probe analysis in the case of OU 54063, 54028 &54061 (figure 4.18) is 

an indication of firstly grainsize and secondly mineral mixing on a fine scale. 

Subtle K-mica peak shifts from 10.2 -10.SA in figure 4.19 indicate a variation in 

random mixing (Carroll, 1970) of Mg-chlorite with K-mica from~ 90: 10 to~ 

80 : 20. The slight variations in the 7 A peak position are likely to be due to peak 

overlap and varying proportions of kaolinite (001) at 7.15A and chlorite (002) at 

(?) 7.1 - 7.25A. Kaolinite is associated with Mg-chlorite as confinned in OU 

54028 and 54061 by both XRD and probe analysis and probably occurs in OU 

54063 as suggested by the XRD chart of figure 4.19 but has probably been 
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Figure 4.18 Type IV Mg chlorite bearing samples : microprobe analyses 
plotted onto Al203-K20-(Mg0-Fe0) indicating the presence of a kaolinite 
like phase associated with the more Fe rich samples,( OU 54028 &54061). 
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Figure 4.19 Type IV Mg chlorite bearing samples : XRD charts showing 
some minor random mixed layer effects. The 7 A peak of sample 54028 is 
a chlorite plus kaolinite peak. Note the relatively high intensity of the IOA 
peaks - major element analysis also suggests that K-mica is more abundant 
than Mg chlorite. 
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overlooked in the course of the probe analysis. Weathering is a common feature 

in samples containing the more M2 rich clay minerals, with samples OU 54029, 

54057 and 54058 having broad, 14A peaks which expand to 17 A on glycolation 

as is further discussed later in this section. 

4.4.3.6 Clays - Intermediate between Type IT & Type ill 

A series of end member Mg phyllosilicate composition points span figure 4.8 in a 

band, central between the type IT and type IV compositional fields, extending with 

increasing Mg : Fe up the diagram into the type III compositional field. It is 

possible that these intermediate compositions are the result of substitution by three 

components - types II, III and IV. However, a series of samples {from~ GR 

4255.7782, including OU 54034 (see figure 4.11) and 54035 (figure 4.17)} 

which span from the type II to type III compositional fields strongly associate 

type II and type Ill material - independant of any interaction or substitution with 

type IV Mg-chlorite. This is expected as Mg chlorite + K-mica, occurs closely 

adjacent to and with quartz veins whereas the type Ill grey clays do not occur in 

association with quartz veining and other WCG clays. It is suggested that the 

mafic end member clay minerals in the intermediate samples OU 54047, 54272 

and 54048 in figure 4.20, are of intermediate composition owing to complete 

reaction with an intermediate hydrothermal fluid - perhaps in situations where 

adjacent residual ~ primary igneous rock material (residual 1 ° feldspar, 1 ° 

clinopyroxene or hornblende and 2° albite) is locally buffering fluid composition. 

Samples 54069 and 54044 (figure 4.20) preserve both an intermediate mineral 

assemblage similar to samples 54272 and 54048 as well as a Fe/Mg chlorite 

assemblage similar to 5404 7 in sample 54069 and a type Ill assemblage in sample 

54044. Two clay n1ineral assemblages in the same sample are indicative of an 

incomplete alteration overprint again assumed to be related to fluids of differing 

composition. A 24A n1ixed-layer peak (figure 4.15) was obtained from 

analysis of sample 54044 may be an example of 'illite-montmorillonite'. 

However the microprobe analyses (figure 4.20) do not indicate that mixing 
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Figure 4.20 Mg Phyllosilicates : Probe analyses plotted onto Al203-K20-
(Mg0-Fe0). Intermediate assemblages - between Type II and Type III 
material. Indicating equilibrium with intermediate fluid compositions 
(54047,54048) and incomplete alteration overprints (54069,54044). 
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between a K-mica and montmorillonite like mineral occurs on a sub-beam 

diameter scale. It is possible that the apparent mixed layer nature of this sample is 

an artifact of the clay separation process (weathering + hydrolysis) and not 

representative of unprocessed material analysed by microprobe. 

4,4.4 Weatherini: 

Glycolation expands the 14A peaks of the samples in figure 4.21 to 17A, heating 

to 550° n1ay destroy the 14A peak or reduce it to a minor fraction of the original 

intensity, depending on the amount and type of non expanding chlorite also in the 

sample. A 14A montmorillonite (Hume,1982,pl6) or a swelling chlorite 

(Brown, p327 in Brindley, 1980) may be suspected to occur in these samples. 

EPMA of the clays having the expandable 14A peak (figure 4.22) resulted in 

analyses intermediate between K-mica, kaolinite and the type III end member 

analyses (eg 54027, 54064, and 54062). \Vith an intensifying 14A peak there is 

a corresponding tendancy toward a more Mg/Fe rich end member. Comparason 

with Deer (1962) suggests that the 14A expanding mineral is a montmorillonite 

which is to be anticipated as slight weathering was apparent in nearly all these 

samples. Several of these samples were selected for analysis because of the 

obvious weathering. With the remainder, the discolouration of weathering was 

only apparent some 12 months after sampling and analysis when the results were 

being reconciled with the hand specimens and the original field and lab. 

descriptions. Weathering was not apparent in the hand specimen of sample 

54029 after 12 months and probe analyses (figure 4.22) appear little different 

from typical type IV Mg-chlorite analyses -yet a large expanding 14A peak occurs 

in the XRD analysis. Whilst storage of the hand specimen has not resulted in 

visible weathering, the conditions of preparation and storage of the < 2µm 

powder will be responsible for the 14A peak swelling peak. 

Weathering is a common feature with the more Mg rich clay minerals and most 

montmorillonite in hydrothennal clays at Mahakirau may well occur as a result of 
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Figure 4.21 Examples of the broadI4A montmorillonite peaks which expand 
to I7A on glycolation and are indicative of weathering. Note that the 
intensifying 14A peak is associated with progressively decreasing 7A and 
lOA peak intensities. As the 14A peaks intensify the modal amount of 
montmorillonite is assumed to be increasing and peak shifts can be observed 
to occur in the 7 A and IOA material as a result of random mixed-layer 
effects. 

Figure 4.22 Microprobe analyses of 14A montmorillonite bearing samples 
plotted onto AI203-K20-(Mg0-Fe0), each analysis is represented by a solid 
point for Al203-K20-Fe0 and an open circle for AI203-K20-Mg0 with 
these two points from each analysis being joined by a line . 
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weathering. Further interesting work in this area could be designed to determine 

the proportion (if any) of montmorillonite resulting from 'mainstage' or 

'latestage' hydrothermal alteration as compared to weathering in-situ and 

weathering after sampling and separation of the clay minerals. 

4.4.5 Qualitative Major Element Analysis 

Introduction 

Figure 4.8 outlines the end member Mg/Fe phyllosilicate compositions and the 

location of the type I to type IV compositional fields. Qualitative probe scan 

whole rock major element analysis results are displayed on figure 4.23 relative to 

the above composition of the end member mafic phyllosilicate for each sample. 

The method of analysis is outlined in section 4.4.2 .. 

CaO 

High levels of CaO can only be found in the 1 ° 'mafics OK' and hard rock type II 

chlorite bearing samples. The oncoming of clay alteration proper results in the 

loss of almost all CaO, contained mostly in calcite at that stage. Veins and pods 

of calcite have been located in several type II and ill clay materials. Apatite, a 

common accessory in hard rock type alteration, is rare at high TDa but would be 

the only phase to carry and account for significant amounts of CaO. Calcite and 

epidote are very much 'hard rock' alteration minerals at Mahakirau. 
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Figure 4.23 Qualitative major element whole rock analyses of clay 
samples relative to the composition of the contained end member mafic 
phyllosilicate. Figure 4.8 is the source of the end member mafic 
phyllosilicate compositions. 
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Na~ 

There is an enrichment of Na20 from levels apparent in 'mafics OK' material to 

those type II chlorite and a1bite bearing materials. The presence or absence of 

albite has a controlling influence on Na20 content - there is only a trace of a 

paragonite component in most K-mica analyses with the K-mica plus kaolinite 

samples having the highest levels of Na20 in K-mica@ 0.6-0.9 wt% relative to a 

n1ore typical< 0.4%. Several montmorillonite analyses from the type Illa 

argillic material indicate upto 5% NaiO. 

Albite, while commonly coexisting with epidote calcite and type II chlorite has a 

far greater stability range - extending, in isolated samples into type III and IV Mg 

phyllosilicate dominated assemblages (figure 4.23) but not extending to 

coexistence with K-mica dominated chlorite absent clays. 

K~ 
K20 is at its lowest levels in the 'mafics OK' and type Illa K-mica absent 

materials (figure 4.23 and 4.24) and increases to high levels in the K-mica bearing 

type IV materials - having a higher level of 'K-mica crystallinity' (figure 4.24) 

similar to the levels of 'K-mica crystallinity' of the K-mica and K-mica plus 

kaolinite clays (see figure 4.25). 

Figure 4.23 indicates that pyrite is a major component of the type III grey clays 

and conversly a relatively minor component of the type IV materials. 

4,4.6 K-mica and Kaolinite in wall clay assemhlai:es 

The WCG materials (see figure 4.3 and table 4.1) refered to in Section 4.2.2 

contain quartz, pyrite and either Mg chlorite plus K-mica,(see section 4.3.3) K

mica or K-mica plus kaolinite, with the latter being generally more soft and white 

and occuring within 1-5m of a major quartz vein. 

Whilst the effect of modal mineralogy may be a significant factor, - EPMA (figure 

4.25) indicates that in OU 54060 and 54067 K-mica and kaolinite are of a similar 

sub beam diameter grainsize, in OU 54062 and 54052, both minerals are - equal 
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Figure 4.24 K-mica: relative to the composition of end member mafic 
phyllosilicates. The 1 oA peak width at half height ('K-mica crystallinity') -
expressed in millimetres is obtained from a scan speed of 2' 20 / min. and a 
chart speed of 20mm / min .. 
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to or larger than beam diameter and in OU 54050 and 54066 sub beam diameter 

kaolinite occurs with coarse grained K-mica. Microprobe analysis, (figure 

4.25) indicates that apparent K-mica only clay materials are relatively common 

(OU 54049,54065 and 54056). X-ray diffraction however, of samples 

OU54037 and 54056 (figure 4.26) indicate that traces of (fine?) 7.15A kaolinite 

are present although undetected by routine EPMA. One may suspect that from 

the intermediate nature of some of the analyses in figure 4.25 that a 

montmorillonite phase may in fact be present. XRD of these WCG clays in 

figure 4.26 however clearly shows that K-mica and kaolinite are the only phases 

present. Measurements of the lOA K-mica peak widths at half height (see 

section on XRD analysis) as recorded underneath the kaolinite plus K-mica 

samples, on figure 4.25 indicate increasing 'K-mica crystallinity' which 

corresponds with the inferred increase in grain size of K-mica as suggested 

above. In the case of ::::: K-n1ica only samples in figure 4.25, increasing K-mica 

crystallinity correlates with the more tightly clustered, and perhaps 

compositionally homogeneous samples. Grainsize may also be a factor in this 

apparent homogeneity. Changing composition of the K-mica itself, with 

increased Al: K and reduced Mg (and Fe) may also contribute to increased 'K

mica crystallinity'. It is interesting to note that K-mica analyses such as from 

54065 and 54056 with high 'K-mica crystalinity' are nearest to the area of Al203-

K20-(Mg0-Fe0) in which 'illite-like' analyses would be expected to plot. 

Microprobe analyses of clay minerals from 40 quartz vein samples are discussed 

in Chapter 5, fluid inclusion homogenisation temperature data is only available 

for 10/35 of these samples, 17 /35 if closely adjacent instead of identical samples 

are compared. It has not been possible to make meaningful comparason 

between K-mica crystallinity and temperature and because of the widespread near 

- isothermal nature of the fluid inclusion hon1ogenisation temperature data from 

the project area (Chapter 6). Further investigation of the K-mica crystallinity -

temperature relationship was not considered. It may be more appropriate to 
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Figure 4.25 Microprobe analyses of K-mica plus kaolinite and K-mica, 
white clay group assemblages plotted onto Al203-K20-(Mg0-Fe0), each 
analysis is represented by a solid point for Al203-K20-Fe0 and an open 
circle for Al203-K20-Mg0 with these two points from each analysis being 
joined by a line. The I oA peak width at half height ('K-mica crystallinity') 
- expressed in mm. is obtained from a scan speed of 2° 20-/ min. and a chart 
speed of 20mm / min .. 
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Figure 4.26 XRD scans for samples ranging from virtually K-mica only 
through to K-mica plus kaolinite and to virtual kaolinite only samples. 
Trace 7A kaolinite peaks are apparent in samples 54037 and 54056 - it is 
assumed that the small amount and size of kaolinite here can explain why 
kaolinite probe analyses were not readily obtained. Peak positions are 
identical, perspective is employed in order to better show relative peak heights. 
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make comparasons between different systems than within relatively isothem1al 

systems. Investigation of situations where a spectrum of illite to K-mica 

compositions exist would be most instructive. 



CHAPTER 5 

5.1 Introduction 

QUARTZ VEIN - SILICATE 
ASSEMBLAGES 
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Type I, II* and III mafic phyllosilicate wall clay assemblages and accessories 

such as albite and epidote have not been located in quartz vein material at 

Mahakirau. Six vein silicate 'gangue' mineral assemblages are recognised 

compared with seven wall clay assemblages including, K-mica - Mg-chlorite, 

K-mica - kaolinite and K-mica which are also wall clay assemblages. With 

the addition of K-feldspar there are also K-mica - K-feldspar, and Kaolinite -

K-mica - K-feldspar vein silicate assemblages. K-rnica - Mg-chlorite - K

feldspar assemblages are also recorded (figure 5.1) and may represent material 

transitional to K-mica - K-feldspar alteration. Hematite - kaolinite is another 

new 'vein silicate' assemblage which overprints all the other clay assemblages. 

Future investigation of vein silicates here will probably recognise the presence 

and absence of pyrophyllite in a systematic manner - within and perhaps in 

addition to the above assemblages. 

The samples used in this study of vein silicate assemblages are the same as those 

in which sulphides have been identified, (chapter 7) and are only amenable to 

reflected light petrology and microprobe analysis. It is now apparent that 

grain size may not be a major limiting factor to the transmitted light 

petrography of hydrothermal wall and vein clays - but the preparation of clay 

samples mounted in araldite polished probe briquettes will always be more 

straight forward than making (swelling or soft) clay sample thin sections. 

Unfortunately a great deal of inf01mation regarding mineral relationships and 

textures is not available without thin sections. Various SEM type devices may 

eventually prove to be of superior value to thin sections if well integrated with 

other identification devices and as long as mineral relationships at the 

macroscopic level are not omitted. 
* type II Mg/Fe chlorite was located in two low temperature veins in the NW of 
the project area 54076 and 54073. 
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The material selected for vein silicate analysis is widely distributed over the 

project area - this study was directed towards ... 

1) Identifying the vein silicate assemblages which occur at Mahakirau. 

2) Discovering any zonal arrangement of vein silicate assemblages. 

3) Identifying any close links between vein silicate and vein sulphide 

assemblages -( so as perhaps to be able to predict likely sulphide assemblages 

based on the perhaps more commonly available although difficult to determine 

silicate assemblages and fluid inclusion data). 

Vein silicate assemblages have been successfully identified - however owing to 

single samples being analysed from each vein there is no inforn1ation available 

regarding silicate assemblage variation - in different parts of the same and adjacent 

vems. Four to eight chips of vein material were commonly analysed or scanned 

from each sample and it was usual to discover several zones containing discrete 

silicate assemblages especially where (later) kaolinite is concerned. Multiple 

parallel ~ co-planar vein emplacement within the one vein zone is relatively 

common at Mahakirau. Differences occur between the silicate as well as 

sulphide assemblages of such veins, which if investigated systematically may 

indicate the nature of the evolutionary trends of fluids by the precipitates at that 

point in the system. The underlying objective of 3 above is somewhat beyond 

the scope of the work carried out here. It is a most significant objective however 

- the outcome of further detailed study may be a conclusion which indicates that 

sulphide and silicate assemblages are controlled by ~ independent components 

within the same fluid. Significant relationships between silicate and sulphide 

assemblages (and especially Au bearing assemblages) may alternatively provide 

significant assistance to the search for metals in vein systems. 
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Quartz wafers containing suitable inclusions for analysis were invariably 

located in adjacent parts of the vein or in nearby vein material as opposed to 

exactly the same material as that investigated for sulphide and silicate 

assemblages. It is assumed that the temperature data obtained (Chapter 6) is not 

representative of such adjacent material. 

5 .2 Vein Silicate Assemblages 

5.2,1 M2-chlorite - K-mica 

End member Mg-chlorite analyses from quartz vein samples OU 54082 to 54108 

in figure 5.1 Al203-K20-(Mg0-Fe0) plot in siinilar positions to the wall clay 

analyses of figures 4.8 and 4.18. Map 4 shows that there are several areas 

(zones) in which both wall clay and vein K-mica - Mg-chlorite assemblages occur 

together in the field, perhaps representing small scale alteration zones. There are 

three samples grouped in the upper K4 catchment (~Tll, 417765) and a cluster of 

four samples on the NW of Hovells Ridge between Mc5 and Mc7 ( centered on ~ 

Tll, 413777). Fluid inclusion evidence from points adjacent to the last sample 

cluster,( map 4) indicate thatK-mica - Mg-ch1orite is stable at temperatures of 255° 

to 265° C. End member analyses were not obtained for sample 54100, (figure 

5.1) suggesting a sub-beam diameter grainsize, the total amount of Mg-chlorite 

was minor and the indicated temperature of 290° + - suggests an approach to the 

upper stability limits for Mg-chlorite. The Mg-ch1orite - K-mica assemblage can 

be associated with hematite - kaolinite overprinting in vein and with both kaolinite 

and K-feldspar - independantly or together. The Mg-ch1orite - K-mica tends to 

occur together in discrete parts of the vein, separate from other vein silicate 

assemblages. 

The 'clusters' of Mg-ch1orite - K-mica assemblages (on Map 4) perhaps 

represent zones where the effects of a relatively homogeneous fluid are 

preserved, in wall clay and also in some parts of quartz veins. Two samples 

containing a simple Mg-ch1orite - K-mica assemblage also contain relatively simple 
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Figure 5.1 Mg-chlorite plus K-mica in quartz veins. Microprobe analyses 
plotted onto Al203-K20-(Mg0-Fe0), each spot analysis is represented by a 
solid dot for Al203-K20-Fe0 and an open circle for Al203-K20-Mg0 with 
these two points from each analysis being joined by a line. Samples 54076 
and 54073 represent an Fe/Mg chlorite plus K-mica assemblage. 
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sulphide assemblages - py(sph) and py/sph/ccp, three others, also containing K

feldspar, kaolinite and hematite have a more abundant and varied sulphide 

assemblage. Figure 5.1 also indicates that some Fe/Mg-chlorite like mineral 

(samples 54076 and 54073) occurs in lower temperature quartz veins at the NW 

edge of the project area. 

s.2.2 K-mica 

K-mica is a component of::::: all quartz veins at Mahakirau, it commonly occurs 

by itself as the only vein silicate phase as shown on map 4 and figure 5.2. 

Most vein samples have a selvage or field consisting of K-mica only. K-mica 

is notably absent in the Kaolinite-hematite alteration assemblage material which is 

present in quartz veins but not wall clay. 

The compositional range of microprobe analyses of the wall clay K-micas (figure 

4.25) is repeated in the vein sample analyses - figure 5.2. The relatively low 

Al:K ratio K-mica samples,54081, 54125, 54079, 54077 and 54088 only contain 

py, py+ccp or py + sph and occur in known ::::: low temperature ( 260-265°) 

locations or at the periphery of the hydrothermal system. Samples 54102, 

54099, 54098 and 54095 with relatively higher Al:K are grouped in the same area 

on or near KIO, they are veins carrying rich and diverse sulphide assemblages 

with temperatures of 280 to 285° C. 

5.2.3 K-mica - kaolinite 

In active hydrothermal systems it is apparent that kaolinite and halloysite change 

to dickite at about 120° and then to pyrophyllite at above 250°(Browne 1984,p42). 

Numerous analyses of a pyrophyllite like mineral have been made, but owing to 

its fine grained nature analyses are contaminated - usually by K-mica and 

quartz(+? kaolinite). Systematic scans for pyrophyllite were not made as it went 

unnoticed until a very late stage in the lab. work program. It is assumed that 



Al 203 

K20 • Fe 0 
o MgO 

\-· '·..__,-· 
,j 

QLJ-:lt 54081 54092 54125 54079 54077 54120 54088 54102 54099 54098 54095 54119 

Figure 5.2 K-mica from quartz vein material. Microprobe analyses plotted 
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'kaolinite' indicates the presence at one time of a relatively low temperature acid 

fluid (Schoen, 197 4 ). 

The K-mica - kaolinite wall clay analyses of figure 4.25 are~ identical to the 

probe results for vein material plotted in figure 5.3 and are also interpreted as 

being K-mica plus kaolinite. The range of intermediate analyses obtained 

(figure 5.3) is assumed to be a function of one or both of two possibilities 

a) the close association of sub-beam diameter kaolinite with K-mica. 

b) chemical decomposition - leading to partial loss of K20 or total 

destruction of K-mica in the presence of fluids precipitating kaolinite. 

Microscopic, XRD and SEM evidence may be required to determine the true 

origins of these intermediate analyses. A wide range of sulphide assemblages 

is present in K-mica - kaolinite samples. 

5.2.4 Hematite - kaolinite 
Intimate mixing of hematite and kaolinite, with hematite being the finer of the 

two minerals is shown by samples 54091, 54094 and 54121 in figure 5.4. 

Analyses of K-mica, may be contaminated by hematite as in samples 54087 and 

54106, the latter sample indicating the close mixing of hematite kaolinite and k

mica (+k-feldspar) at a sub beam diameter scale. K-mica is notably absent in the 

end member Kaolinite-hematite alteration assemblage material which is only 

present in quartz veins and it is unexpected perhaps to find in samples 54094 and 

54121 that K-feldspar occurs with hematite plus kaolinite and in the absence of K

m1ca. This may suggest that under later acid conditions, K-feldspar is more 

resistant to dissolution than K-n1ica and is an element of support for option b) 

above regarding K-mica compositions. Equating coexistence with stable 

equilibrium would be an apparent error in the case of a kaolinite plus K-feldspar 

assemblage. Laboratory studies of the system K20-Al203-Si02-H20 by 

Hemley (1959) and Hemley and Jones (1964) and theoretical activity diagrams, 

(Helgeson 1967; Browne 1978) predict disequilibrium between these two phases. 
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However kaolinite plus K-feldspar is a relationship noted by Hemley (1959) and 

is considered to be a common occurrence, - in Barnes (ed. 1979,p203). The 

types of mineral relationships which are becoming apparent here are continually 

reinforcing the need for petrological and textural control - as well as probe 

analysis for mineral identification. 

5,2,5 K-feldspar - K-mica 

The range of K-mica analyses obtained from K-feldspar - K-mica bearing 

material in figure 5 .5 indicate that there is either minor fine grained kaolinite mixed 

with K-mica or perhaps a small degree of dissolution or inhomogeneity in this K

m1ca. Sample OU 54104 however, having a tight cluster of K-mica analyses is 

little different from typical K-mica bearing samples. 

These veins have compositionally homogeneous K-mica in discrete zones. 

Where there is K-mica plus K-feldspar together the compositional range of the K

mica becomes noticeable. 

5.2,6 K-feldspar - K-mica - kaolinite 

It is a common phenomenon to find Kaolinite plus K-feldspar and Kaolinite. 

K-mica plus K-feldspar assemblages in quartz vein material at Mahakirau - see 

figures 5.4 and 5.6. Kaolinite frequently occurs as a late stage vug filling 

phase, as is obvious from numerous samples. The relationships between 

kaolinite - K-mica and K-feldspar have not been satisfactorily resolved however 

utilising a 5µm probe beam. SEM work appears to be required. Whilst K

feldspar and kaolinite may occur side by side in vugs, K-feldspar retains a coarser 

grainsize and is not finely mixed with kaolinite or reacted to form intermediate 

phases. Combining data from figures 4.25, 5.2, 5.3, 5.5, 5.6 and 5.4 it is 

apparent that homogeneous end member K-mica analyses cannot be readily 

obtained from samples having any form of kaolinite. The lack of homogeneous 

end member K-mica occurs in K-feldspar plus K-mica material where there is no 



I 
i I _I 

I 
\ 
ri 
{ 

MgO o 

Fe O • 

OU~ 54104 54074 54110 54103 

Figure 5.5 K-feldspar plus K-mica. Microprobe analyses plotted onto 
Al203-K20-(Mg0-Fe0), each spot analysis is represented by a solid dot for 
Al203-K20-Fe0 and an open circle for Al203-K20-Mg0 with these two 
points from each analysis being joined by a line. 
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Figure· 5.6 K-feldspar - K-mica - kaolinite in quartz vein material. 
Microprobe analyses plotted onto Al203-K20-(Mg0-Fe0), each spot 
analysis is represented by a solid dot for Al203-K20-Fe0 and an open circle 
for Al203-K20-Mg0 with these two points from each analysis being joined 
by a line . 



kaolinite and again is pronounced in the K-feldspar - K-mica - kaolinite bearing 

samples. 
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Weak }5:aolinite - hematite alteration can contain K-mica and occur without K

feldspar, but end member kaolinite-hematite material (samples 54091 and 54121 

figure 5.4) appears to actually be a K-feldspar - kaolinite - hematite assemblage. 

Further data of a similar nature to that collected already, as well as optical or 

SEM data is required again in this instance to establish the validity of K-feldspar -

kaolinite - hematite as a new assemblage and also to check whether K-feldspar is 

residual or precipitated in equilibrium with kaolinite. 

It is suggested that the conditions which result in the precipitation of kaolin 

result in the dissolution of K-mica before K-feldspar despite laboratory and 

theoretical findings to the contrary. 

The samples from figures 5.5 and 5.6 contain a wide variety of sulphide 

assemblages, the K-feldspar - K-mica - kaolinite bearing vein material has more 

abundant and diverse sulphides than theK-feldspar - K-mica material. 
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CHAPTER 6 

6.1 Introduction 

FLUID INCLUSION 
THERMOMETRY 

The object of utilising fluid inclusion thermometry has been to -

a) Identify any regional or local temperature variations from quartz veins 

distributed over the project area. 

b) If possible, indicate any temperature associations within as well as 

perhaps between precious metal, sulphide and silicate assemblages. 

Apparent salinity (0.1 - 0.5 equivalent weight percent NaCl) indicates that the 

exclusively two phase inclusions at Mahakirau contained relatively dilute 

fluids. Such low apparent salinities are common on Coromandel Peninsula 

(Christie 1982). 

There are numerous variables however which may have strong controls on -

or associations with measured filling temperature - they are real but for 

practical purposes - are generally invisibles in the case of a surface mapping 

/ sampling program, for example ... 

a) vein thickness - it is usually unknown whether the vein is thickening 

upwards, downwards or laterally. 

b) vertical and horizontal extent of any vein and any connections with 

other channelways. 

c) original paleo-altitude and location of a vein prior to probable 

differential uplift and erosion or transformation of the system. 

d) the stage during the life of the system at which the vein was emplaced. 

It is not possible to account for most of the above effects without major 

amounts of outcrop, underground workings, drill hole information and 

detailed base line information. 
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Regional or local studies intent on discovering any zonal arrangement of 

filling temperatures will be affected by the invariable lack of inclusions in 

samples from key locations. Map 4 and Appendix 6A show the fluid 

inclusion sample locations. 

6.2 Analysis 

The USGS (Fluid Inc.) heating/freezing stage of the O.U. geology 

department - as calibrated by Scott McKeag was used for inclusion analysis. 

No differentiation is made between 1 °, 2° and pseudo 2° inclusions, the 

temperature histograms shown on Map 4 are plots of all inclusions 

homogenised. Several samples contained a generation of obvious 1 ° 

inclusions and produced 'text book' temperature histograms, but most 

material - although having abundant inclusions, only rarely contained 

inclusions which could be regarded as 1 °, by the criteria of Roedder 

(1984,p43-45). The bulk of inclusion analyses are from fractures and 

modified paleo-growth zones. Measurements have been made from only 1-

2 inclusions per zone or fracture. In several samples, generations of 

fractures are sharply defined by temperature with ranges of ± 0.5° to± 2° C 

about an average temperature. Two to three inclusions in the 290 - 310° C 

range are a common for many samples. These are generally not 1 ° 

inclusions. More usually, inclusions in this upper temperature bracket 

show obvious signs of leakage. At which point, suspect data for that 

particular inclusion is rejected and the quartz wafer replaced. 

6.3 Results 
Inclusions are difficult to observe in vein material in the north of the 

Mahakirau area and where found are relatively low temperature - at up to 

260° in the NW on the lower Mclssacs stream.(see map 4). Indications of 

lower temperatures in this area are given by the only known occurences 

there of Fe/Mg chlorite in quartz vein material ( see figure 5.1) . The 
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absence of hematite-kaolinite, K-mica-kaolinite, and K-feldspar-k-mica

kaolinite in quartz vein material from this area is also indicative of the 

relatively low rank alteration. Temperatures of 260° - 270° C occur from 

easting 772 northward and the profiles of the temperature histograms remain 

relatively simple - perhaps indicating relatively non chaotic quartz vein 

deposition. Continuing southward, 'average' temperatures still remain in 

the 260 - 270° range - however the form of these histograms is no longer 

simple. Veins having numerous inclusion filled fractures are typified by 

temperature histograms which look like multitower cityscapes and 

characterise an area centered on GR E41 N76 , these samples commonly 

have a 'generation' of inclusions in the 280-285° C range and are infered to 

represent a 'high temperature - multiple hydrothermal event' zone. 

Little quartz vein material has been investigated from locations much 

further south of this zone, which marks the southern edge of the mapped 

area. The NE - SW trending alteration band outlined by aeromagnetics, 

(Amoco 1977) has a substantial extension south of the project area. Vein 

temperatures may still continue to increase to the SW. However if the 

'high temperature multiple hydrothernrnl event' zone identified above is the 

core of the system at this level of erosion, a symmetrical progressively lower 

temperature sequence of quartz veins is expected to the SW. The position 

of the 'high temperature multiple event' zone corresponds with the location 

of a 1 km 2 30 - 40 gamma depression in residual magnetic intensity within 

the low gradient band of the aeromagnetic map of Amoco (1977). This 

area is probably characterised by intense alteration at depth - as may be 

expected if it were an upflow or root zone of the hydrothermal system at 

Mahakirau. The of occurence of a - 'high temperature multiple 

hydrothermal event zone' does not uniquely imply the presence of a 

porphyry copper type deposit, but the possibility of an intrusion centered 
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deposit some 500m to lkm+ below the apparent upflow zone here must be 

evaluated. 

The only significant traces of gold - known to occur at Mahakirau are on the 

lower temperature edge of the system - some four kilometers away from the 

above upflow zone at this level of erosion. The thick and laterally 

continuous, assumed high permeability, volcaniclastic lithology at Mahakirau 

is capped by a fractured and veined but perhaps once relatively impermeable 

basic andesite roof lithology (map 2). It is probable that the volcaniclastic 

lithology has been a major paleo-aquifer. It is intensely altered and the roof 

zone area is intensely quartz veined noteably at Waiparu Stream (Ml), 

Battery Stream (M2), Mel 1, Mcl5 and Mel 7. Potential gold deposition 

sites in this roof zone may be present, it is perhaps more than coincidence that 

the only known gold production was in a belt in Mahakirau valley coinciding 

generally with the outcrop of the volcaniclastic lithology roof zone. It 

appears that gold is absent to the south of Mahakirau valley at the present 

level of erosion due to its removal by 250° - 290°C fluids and has probably 

been deposited at higher levels in the original system. However, the 

possibility of a major component of lateral fluid flow at Mahakirau removing 

gold in a solution which would inevitably cool through 220° must be 

considered. Given the appropriate conditions for precipitation, gold may 

indeed be deposited in a lateral flow tongue to the north of the project area in 

the vicinity of the volcaniclastic lithology, as well as in other directions 

outside the project area. 

location. 

Perhaps the Jubilee Creek area is one such 
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CHAPTER 7 

7 .1 Introduction 

PRECIOUS METAL AND 
SULPHIDE MINERALISATION 

The range of metalliferous minerals located at Mahakirau is as diverse as at 

previously mined areas on Coromandel Peninsula (Christie, 1982) - with the 

apparent exception of Au, Se, Bi, Mo and Hg bearing phases. Some 560oz 

of bullion have been mined from the Mahakirau area, (Downey 1935) 80% 

from Jubilee Creek which is~ 1km outside of this project area. No records 

regarding gold mineralogy appear or are likely to exist. Molybdenite, 

although noted by Couper (1979) has not been observed in polished section 

here - qualitative EDS scanning may have overlooked sub beam diameter Mo 

owing largely to the Mo - S peak overlap. The high volume phases are 

chalcopyrite, sphalerite, pyrite and galena - with Sb rich phases such as Cu, 

As,Ag, bearing sulphosalts commonly next in relative abundance. 

Assemblages noted by Christie from Coromandel vein deposits (1982 p 67 -

90) are listed below ... 
1) Early Molybdenite 
2) Early Pyrite 
3) Pyrite - chalcopyrite Assemblage 
4) Pyrite - sphalerite - galena - chalcopyrite assemblage 
5) Pyrite - sphalerite - galena - chalcopyrite - electrum - silver minerals assemblage 
6) Sb - sulphosalt mineral assemblage 
7) Pyrite - argentite - electrum assemblage 
8) Pyrite - bonanza electrum assemblage 
9) Au - Ag sulphosalt mineral assemblage 
10) Stibnite 
11) Barite 
12) Cinnabar 

and agree well with observed associations at Mahakirau, given the apparent 

absence of the elements noted above. 
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7.2 Results 

After grouping components of the sulphide mineral lists from samples at 

Mahakirau the foil owing assemblages were apparent ... 
1) pyrite(+ hem,ma,aspy) 
2) pyrite-chalcopyrite (::!- co,cc, Sb SS) 
3) pyrite-chalcopyrite-sphalerite-galena (± co,cc, Sb SS) 
4) pyrite-chalcopyrite-sphalerite-galena-hessite (+ co,cc, Sb SS) 

Map 4 indicates the metal assemblages and corresponding vein locations. The 

pyrite association also includes a variety phases such as hematite, marcasite and 

arsenopyrite. Numerous samples contain py-ccp-sph or py-sph-ga -

intermediate to the py-ccp-sph-ga assemblage (see later), it would be interesting to 

discover whether such apparently incomplete intermediate assemblages occur 

adjacent to zones where the complete py-ccp-sph-ga assemblage is precipitated. 

The chalcopyrite - pyrite assemblage, and other samples containing chalcopyrite 

may also contain chalcocite and or covellite. The ccp-py association is the most 

common vein sulphide mineral relationship. The two assemblages chalcopyrite

pyrite-sphalerite-galena and chalcopyrite -pyrite-sphalerite-galena-hessite - along 

with the ccp-py assemblage - may or may not contain Sb sulphosalts. 

Commonly ccp-py-sph-ga assemblage material will contain a zone of ccp-py and 

perhaps an outer selvage of earlier pyrite. Given numerous samples - each 

containing parts of a mineralisation sequence - assemblages may be ordered as 1-4 

above. 

It is possible that a particular mineral or assemblage may be early with respect to a 

vein mineral sequence in one vein and a late stage feature in another - in which 

case the terms early and late are only of significance to that particular vein at that 

particular location or level of erosion of the system. Late galena and late 

chalcopyrite are common features of many veins at Mahakirau. This is not an 

indication that galena and chalcopyrite are late 'over the whole syste1n', but that 

they appear to be late in various parts of the systen1 at the present level of erosion. 

Paleotemperatures and comparisons with explored, presently active geothermal 

systems (Browne 1978), and epithermal deposits suggest that the upper ~600 to 
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1300m of the Mahakirau alteration zone (MAZ) has been removed by erosion -

accounting for the lack of Au deposition which may typically occur in::::: 220° C 

veins at higher levels on Coromandel Peninsula (Christie 1982). 

7.2.1 Pyrite 

Pyrite is a component of almost all quartz vein samples investigated for metalic 

mineralisation. In wall clay material it has been noted that there are many 

diverse forms of pyrite - as in vein material, but this has not been systematically 

investigated. The simple straight edged cubic pyrite form - common to both 

wall rock - wall clay and vein (early pyrite) is characterised by inclusions of Ti 

oxide or remnant primary feldspar (the latter occuring in some 15 samples). 

Plagioclase inclusions in vein pyrite are assumed to indicate replacement type 

mineralisation. At 10 -15 µm maximum diameter the inclusions escape detection 

in a standard thin section as would K-mica and quartz, the only other silicate 

inclusions noted in pyrite. Silicate inclusions, apart from quartz, have not been 

identified in other sulphides, however this has not been investigated in detail. 

Probe analysis of such 1 ° feldspar inclusions in pyrite - may provide a means of 

identifying 1 ° lithology in areas of intense alteration and textural destruction. 

However, there are three points to note -
a) while this method could be employed effectively at Mahakirau it is not 
known how widespread the phenomenon is, a limitmg requirement would 
appear to be - early pyrite associated with (partially altered) plagioclase. 
b) such detailed investigation may only be warranted where strong 1 ° 
lithology - mineralisation associations exist, such as in mineralised dyke 
swarm situations 
c) unambiguous fingerprinting of 1 ° lithology based on plagioclase 
composition from unaltered rock and pyrite inclusion material has to be 
demonstrated - it follows that albitisation of plagioclase, if present has to 
be shown to be insignificant or to affect all material in a predictable manner. 
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7 .2.2 Hes site 

Occuring as fine 3 - lOµm dia. inclusions in chalcopyrite, galena and perhaps less 

frequently in sphalerite, hessite in embayed and rounded pyrite is more coarse 

grained at up to 50 by lOOµm. In all cases it is found in material containing py

ccp-sph-ga - an assemblage~ equivalent to Christies - pyrite-sphalerite-galena-

chalcopyrite-electrum-sil ver minerals assemblage. 

located in central parts of the M.A.Z. 

7.2.3 Chalcopyrite 

It is found in samples 

As individual grains and with pyrite at 0.5 to 10mm in diameter chalcopyrite is 

often in milky white to clear open space quartz veins - 15mm to 7cm wide. In 

larger replacement veins ccp-py will be still be associated with ~ open space 

frequently late sub-parallel veins, while py-ccp-sph-ga would more typically occur 

in replacement material. Chalcopyrite is the only phase to be closely associated 

with the Sb sulphosalt minerals. 

7.2.4 Sb sulphosalts (Sb SS) 

There are all variations from a single relatively homogeneous sulphosalt phase in a 

sample, to having numerous heterogeneous phases in the same sample. EDS 

microprobe scanning indicates that Cu, As, and Ag are the n1ajor components of 

the Sb sulphosalts, with some instances of minor Fe and usually trace Fe and Zn. 

7 .3 Exploration Targets 

1) Further prospecting must relocate Jubilee and Day Dawn Creek mineralisation, 

as well as other known areas where gold has been recovered to detem1ine the 

nature of the mineralisation there. Bullion recovery figures -Table 2.1 indicate 

that in situ ore grades of 8 - 20 g/t bullion may have been encountered in the past. 

Numerous prospecting adits throughout the project area require investigation. 

2)The Hovells Lookout inferred upflow zone is associated with a base metal 

geochemical anomaly and appears to be what Amoco, (Couper 1979) have called 

a 'high level exposure of a porphyry system'. There is no evidence to suggest 
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that this feature is any different from a typical deeply eroded epithermal system, in 

which Hovells Lookout is a central, deeply altered upflow zone. This area is 

probably more prospective for base metals than for Au-Ag. For completeness 

other similar topographic high points in the area, such as Kakatarahe deserve 

cursory inspection. 

3) The elongated Mania-Mahakirau-Weiti (MAZ) hydrothermal alteration zone as 

a whole remains prospective for gold, given that ... 

• ... access is gained to the headwaters of all catchment areas and the central 

ridgelines are prospected effectively. 

• ... sampling of sulphide locations (Appendix 7 A) and analysis of mineralised 

grab samples... does give detectable gold and associated elements prove to be 

useable pathfinders for weak Au anomalies. 

• ... local orientation surveys (viz. Battery, Jubilee and Day Dawn Creeks) are 

carried out before any systematic strean1 sediment work is commenced. 

• ... and given that ... obvious reef type features on Hovells Ridge - visible on air 

photos but generally inaccessible by foot and miscellaneous features such as 

stockworking at GR 414.778 and a Sm+ wide crosscutting reef at GR401.764 are 

sampled. 

4)The intensely veined volcaniclastic lithology roof zone (eg at Waiparu Stream, 

see maps 1 & 2) - outcropping along the south face of the Mahakirau Valley 

appears to be directly related to the Au occurences in this area. This contact 

zone appears to warrant detailed soil sampling - especially in the vicinity of the 

'old slip' on a terrace some 400m east of the mouth of Mclssacs stream on the 

south bank of the Mahakirau (see Table 2.1). 



CHAPTER 8 SUMMARY 

Mahakirau : An overview. 

The elongated MAZ, parallel to the local NNE quartz vein strike and major 

regional fracture features is interpreted as a zone where much structural 

displacement could and probably has been accomodated. While satelite 

photos indicate a faulted margin to the system, field evidence from the 

relatively unaltered and competent margins of the system is not supportive of 

this. Primary igneous Ethologies on the intensely altered axial Hovells 

Ridge (MAZ), are considered unmappable at anything but general regional 

scales and are represented as undifferentiated andesite. The intensely 

altered laterally continuous assumed high permeability volcaniclastic 

lithology - overlain by impermeable basic andesite has most probably been a 

substantial hydrothermal aquifer. The high density of quartz veins in the 

contact area of this fractured roof lithology in Waiparu Stream may continue 

along the south face of Mahakirau Valley and correspond in general with 

reported gold occurences there. Upflow zone temperatures of 280 - 285° C 

reducing to 260° C on the outflow tongue - at this level of erosion indicate 

relatively isothermal conditions in the quartz sealed channelways. Clay 

fissures - non quartz sealed fluid flow cham1elways - occur toward the edge 

of the MAZ often in areas lacking adjacent quartz veining. They are 

considered to occur as a function of declining water temperature and reduced 

Si saturation relative to K, Mg, Al, Fe, (Ca) in these fluids producing 

predominantly clay mineral precipitation. Hard rock alteration 1s 

dominated by the presence of remnant 1 ° igneous minerals and initial rock 

texture. Soft rock alteration consisting of 100% hydrothermal alteration 

products (Ia.=1.00) is controlled entirely by characteristics of the fluid. 

The use of the terms wall rock and wall clay is recommended as well as 

qualitative indications of material strength and textural destruction in 
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describing rock and clay materials. Textural destruction (TDa) is 

considered to qualitatively indicate the number of successive alteration 

overprints or the volume of fluid travelling through the rock to produce the 

clay alteration. Whilst XRD is rapid for qualitative clay analysis - to 

identify clay mineral assemblages by this method is substantially more time 

consuming than microprobe analysis, clay mineral metamorphosis during 

storage and preparation is less likely with probe analysis. Mounting 8 - 16 

dry clay samples in a probe briquette takes some thirty minutes and can be 

done from a field base where clay material is as fresh as possible. After a 

delicate overnight to 2-3 day polish and a carbon coat, analysis could proceed 

at a rate of 1 hour per briquette and 10 - 30 minutes per sample for 

qualitative work and 20 - 60 minutes per sample for quantitative analysis. 

In addition, quick hand driven major element analyses over the entire sample 

surface may be employed on fine grained homogeneous clays to give 

qualitative whole rock analyses. 

Low rank clay mineral assemblages including the green chloritic and grey 

argillic clays may be distinguished in the field by physical characteristics 

such as colour and texture. The white - grey (WCG) clay materials which 

may be recognised in the field and laboratory as phyllic or quartz sericite 

type alteration actually consist of three clay mineral assemblages, Mg

chlorite K-mica, K -mica, and K-mica kaolinite. 
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Silicate assemblages in quartz vein material also include the above and are -

K-feldspar - K-mica - kaolinite, 

K-feldspar - K-mica, 

kaolinite - hematite, 

K-mica, 

K-mica - kaolinite, 

K-mica - Mg-chlorite, 

Wall clay assemblages include ... 

K-mica 

K-mica - kaolinite 

K-mica - Mg-chlorite 

K-mica - Fe/Mg-chlorite 

Fe/Mg-chlorite 

29A chlorite-vermiculite (+ ::::low K, K-mica) 

Table 4.1 further subdivides the last two mineral assemblages based upon the 

composition of the mafic phyllosilicate end members, differentiation based 

upon the presence or absence of epidote and albite for hard rock materials 

may also be incorporated. It is expected that the general sequence K-mica -

kaolinite - K-mica - Mg-ch1orite - K-mica - Mg/Fe-chlorite would occur 

with distance away from veins. This full sequence will not be present 

adjacent to all channelways and is dependant on the rank of silicates in vein. 

This study has concentrated on identifying assemblages in samples spread 

over a 2 km by 3 km area in order to pick up any large scale zoning. 

Features such as an eastern grey clay argillic alteration zone and several 

smaller Mg-ch1orite - K-mica alteration zones have been located. This work 

has been successful in that all of the alteration mineral assemblages present at 

Mahakirau have probably been discovered. 

Detailed work integrating the analysis of clays and silicates in both vein and 

adjacent wall clay zones is still required. 
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Just as sphalerite, chalcopyrite, hessite, stibnite and argentite ... occur as 

closely adjacent components of a z sulphide + quartz+ pyrite type association 

( Chapter 7). So too are K-mica, kaolinite, K-feldspar and Mg-chlorite part 

of a general silicate+ quartz(?+ pyrite) association. In many instances all 

sulphide association type vein material occurs together apparently 

independant from silicate association type minerals. There are some cross 

links between these sulphide and silicate associations - such as the occurence 

of late open space texture kaolinite with galena plus other late stage sulphides, 

the common occurence of chalcocite and covellite in samples containing 

kaolinite, the near absence of pyrite with Mg-chlorite and the close 

association of K-mica with pyrite. 

A general association exists between the composition of vein K-mica, vein 

filling temperature and sulphide assemblage, the low Al:K ratio K-mica veins 

at 260° - 265° containing py, py + ccp or py+ sp and occuring at the 

periphery of the system - while relatively higher Al:K ratio K-mica bearing 

veins at 280 - 285°C carry more varied and abundant sulphide assemblages. 

While these are encouraging results they are by no means proof of significant 

correlations between silicate and sulphide assemblages precipitating from the 

same fluid. 

Veins in the fossil system at Mahakirau contain K-feldspar, sulphides and 

precious metals which precipitate with qua1tz from the later - and perhaps 

last fluids through a particular channel way, these minerals occur exclusively 

m vems. "Ore deposition may take place at lower temperatures where ionic 

gold chloride or sulfide species dominate the chemistry of the ore solutions" 

according to Henley, (1973). It is considered here that the amounts of K, Si 

and Al in solution relative to the amount of metal may affect the relative 

amount of precious metal and sulphide mineralisation. Most apparent is the 
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volume of K-mica, K-feldspar, Mg-chlorite and kaolinite combined within 

quartz veins at Mahakirau - exceeding the volume of sulphides and precious 

metals in all but a few cases. Intuitively - high silica (+silicate) saturation 

and steady state precipitation at a point will lead to predominently 'barren' 

quartz vein deposition until such time (and at an adjacent location) as the 

relative amount of metal in solution increased to some critical level or the 

mechanism of precipitation was such that all metals and silicate were 

'dumped' out of solution at one point (eg boiling). 

Under steady state precipitation and fluid flow it is assumed that the rate and 

relative amounts of the mineral species being precipitated from a parcel of 

fluid is directly related to the amounts of metal in that solution at that time. 

Changing amounts of metal in solution will modify mineral assemblages 

precipitated in time and space. Sequences of metal assemblages are 

fundamental features in epithermal veins and appear to result from the 

changing chemistry of fluids passing and depositing both silicate and metal at 

a particular point under conditions of relatively steady state as opposed to 

chaotic precipitation. 

Relatively complex vein silicate assemblages correlate in general with 

complex metallic mineral assemblages and it is predicted that disequilibrium 

or indications of chaotic precipitation in the vein silicate minerals may 

suggest that the potential existed in some part of the vein for all metal ions to 

have been dumped from the paleo-fluid under similarly chaotic conditions. 

Mineralisation sequences - occur as fluids passing a point, are systematically 

modified by an ordered set of preferential mineral precipitations. This is 

opposite to the high rock water ratio hard rock alteration situation (Ia<l.00) 

where the susceptibility of primary igneous minerals control and buffer the 

undersaturated fluid and 2° mineral compostion. Here the inability to 

dissolve primary minerals limits alteration. With a late saturated fissure 
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fluid the absence of a precipitating phase will limit modifications to fluid 

composition. 

Both larger and smaller scales of investigation are required to fully establish 

whether associated vein silicates and sulphides have intrinsic predictable 

inter-relationships. 

The Epithermal System Model 

This section looks into the problems involved with developing a model 

incorporating the related but distinctly different active and fossil epithermal 

systems, and lists the information we should be attempting to gather in order 

to formulate a unifying model. 

Epithermal system n1odels are based on generally one dimensional data 

derived from approximately vertical bore holes in the case of active systems. 

From fossil systems there is more scope for lateral two dimensional 

information in the plane of the present level of erosion. Scope for vertical 

section information exists only in the case of deep drilling or major mine 

development. Data from fossil systems at differing levels of erosion will 

allow the development of a three dimensional spatial model. A model 

intergrating active and fossil systems has to account for the different stages of 

development of these two related features - the fossil system recording a 

static end point and the active system at some unknown stage in its natural 

lifespan. It is encouraging that recent studies of Tongonan geothermal wells 

in the Phillipines (Arevalo,1986) have identified fossil alteration zones 

within the active system. Well targeted geothermal drilling may in general 

not encounter such material however. 
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Active system information requirements 

The general timing and development of an active system in its natural state 

over time is relatively unknown, some possibilities are ... 

a) an epithermal system develops from initiation to exhaustion as a smooth 

continual growing then declining system with vein material and metals being 

continually precipitated but perhaps at differing rates over time and in 

differing locations. 

b) an epithermal systems lifespan can be divided into a series of (time) stages, 

for example, 1) the heating up phase 2) a continuous recirculation - heat loss 

and major rock alteration stage 3) a discontinuous cool down, renewed 

fracture and vein filling stage with eventual self sealing . 

. . . given that the stage of natural development of an active system could be 

identified, comparasons between observations from a range of active 

systems, may be helpful in developing an active system model which is not 

static. 

Irrespective of the nature of most aspects of a systems development, the cool 

down and sealing process is assumed to be most crucial to mineralisation in 

epithermal systems. Can it be demonstrated that the sealing of fissures is an 

exclusively late feature or is it a continual process. Evidence from 

Wairakei (Grindlay, 1986) indicates that contraction of the system toward 

the upflow zone at Te Mihi occurs due to the inability of the eastern bore 

field to supply continuing high production tonnages of steam without 

corresponding cold water invasion. Lateral and downward contraction of 

isotherms would be expected in the late stages of an epithennal system, such a 

decline through natural processes has not yet been observed in active systems. 

Would contraction be relatively steady over an entire system or have 

localised fluctuations and could such a natural contraction be expected to be 

observed within a realistic time span. Localised silica scaling within 
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active geothermal systems may indicate a tendency towards localised vein 

deposition at depth at any time during the life of a system. 

Examples of the type of data required from active systems for epithermal 

system exploration and model development are - (irrespective of the 

presence or absence of the appropriate technology to gather this information) 

• ... Comparisons between fluid chemistry in geothermal wells and clay 

mineral assemblages either precipitating from or in dynamic equilibrium 

with and directly adjacent to these fluids. The sampling of high and low 

fluid flow situations is suggested. 

• ... Identification of locations where solutions are actively precipitating 

quartz veins and the associated fluid chemistry changes relative to the 

composition of precipitated SILICATE and SULPHIDE assemblage material. 

Wall clay material adjacent to such quartz veins should be sampled during 

and after vein sealing. 

• ... Do quartz veins depositing over a vertical range of say (?) 20 - 400m 

precipitate at a constant rate over the vertical interval and over time? Do 

they seal at a faster rate at the base and therefore from the bottom upward or 

the other way around? To what extent does silica sealing and alteration 

adjacent to the open space of a cylindrical drill hole mimic the characteristics 

of a natural quartz vein ? 

• ... Changes in fluid chemistry over time at points at differing locations 

throughout a system requires some investigation. Relatively fast moving 

fluids in fissures and the adjacent low volumes of slow moving fluids in tight 

wall clay situations should be compared. 

• ... Over a whole system, determine the amount of metal in solution at 

various lateral and vertical positions and the variation of these metal 

concentrations over time. 
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Fossil system information requirements 

A quartz vein is frequently only encountered at a point, with significant 

exposure along its strike length, some indication of the variation of the form 

of the vein in two dimensions may be obtained. Three dimensional data 

from a group of vein features may be obtained from a multilevel 

underground mine, however two or even three dimensional exposure over a 

major portion of an epithermal system may not ever be available. 

The following is a list of avenues for further fossil epithermal research and 

in each case the approach must be to attempt to outline the more dynamic two 

to three dimensional aspects of fossil systems and quaitz veins. 

• ... The investigation of correlations between silicate and clay mineral 

assemblages within quartz veins and the adjacent wall clay alteration zonation 

and between clay fissure clays and adjacent wall clays. 

• ... Detailed study of K-feldspar - K-mica - kaolinite assemblages by 

petrology and SEM for evidence of disequilibrium and determination of the 

applicability of activity diagrams predicting disequilibrium between these 

phases. 

• ... Investigate indications of silicate assemblage disequilibrium and any 

corresponding evidence of sulphide assemblage disequilibrium or chaotic 

mineral precipitation - comparing and contrasting with situations where 

boiling and other chaotic precipitation mechanisms are apparent. 

• ... Determine the relative amounts of vein SILICA TE and SULPHIDE 

assemblage material in veins - relating the abundance of these components to 

the mineral assemblages and investigate the SILICA TE assemblage 

characteristics of 'barren' quartz veins. Other features such as the common 

low volume % of vein SILICATE material relative to a high volume % of Cu, 

Pb, Zn SULPHIDE assemblage material must be investigated. 
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• ... Further detailed examination of associations between SULPHIDE and 

SILICA TE assemblage material in quartz veins in order to determine any 

predictable mineral relationships. 

Investigations which coordinate intensive field geology and laboratory 

analysis, such as Bonorino (1959) but with the added advantage of EPMA 

(Velde, 1985) in situations where clay mineral assemblages may be 

recognised may result in a significant improvement in the understanding of 

epithermal systems. 
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Appendix 4 A Rock Stren~th Scale ; Fielrl Description 
Hydrothermal alteration results in a range of rock materials which vary from 

plastic clay to silicified vein rock. Rock strength, defined on the nine point 
scale below has been used here for the purpose of field description. 

0 Undefined. 

1 Clay material at its liquid limit. 

2 Clay material which is plastic - able to be moulded in the hand. 

3 Clay material, easily carved with a knife and when dry can be broken 
in the hand. 

4 Can just carve with a knife used in conjuction with a hammer. 
Hammered directly, impact is with a dull thud, squashing or irregular 
ragged fracture may occur. The material has some elements of 
original rock texture or perhaps a weak but connected silica 
framework. 

5 Will fracture moderately cleanly, though perhaps still be dented by 
the hammer face making a dull thud on impact. 
May be gouged and chiseled out by cold chisel and 41b hammer. 

6 Rock surface may just be scratched by a sharp metal object. A 
strong blow is required to fracture the rock and cold chisels are only 
effective where used in fractures. 

7 Concerted effort is required to fracture rock with repeated 
hammering and loud banging from the impact. The rock breaks 
cleanly and with force. (= fresh unaltered andesite) 

8 Even large hammers ring and bounce off the outcrop, the rock may 
break with explosive force and leave a smooth possibly conchoidal 
fracture surface. 

9 Metal from the hammer is deposited on the outcrop, sparks and 
rock shards fly from the hammer impact. Where such rocks are 
massive, rounded and fracture free - there is little scope of obtaining a 
sample without drilling equiptment and or explosives. 

10 Undefined. 
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Appendix 4C Wall clay samples in probe briquettes 
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Analyses of type I,II,III and IV end 
member mafic clay minerals 

Type I 54215 54036 54235 54266 

Si02 36.06 35.83 31.70 30.94 28.37 29.23 27.92 28.03 
Al203 11.82 12.26 14.99 15.35 15.66 15.21 18.15 18.07 
FeO 23.24 23.29 23.67 22.97 21.16 21.91 21.71 22.48 
MnO - - .24 .37 .40 .33 .55 .67 
MgO 16.04 15.97 18.91 18.99 20.04 19.90 18.72 18.43 
eao 1.15 .91 .57 .40 .13 - - .22 
K20 - - .09 - - - .08 

Total 88.31 88.26 90.17 89.02 85.76 86.58 87.05 87.98 

54270 54046 54238 

Si02 30.30 30.83 31.23 30.10 29.04 29.97 
A1203 16.82 16.30 15.79 15.50 15.43 15.01 
FeO 17.83 19.03 16.77 15.32 17.85 17.72 
MnO .14 - .30 .23 .15 .15 
MgO 19.99 20.14 19.10 17.82 21.78 22.19 
eao - - .47 .40 .31 .48 
K20 - - - .13 - -

Total 85.08 86.30 83.66 79.50 84.56 85.52 

Type II 54174 54070 54043 54034 

Si02 27.81 28.50 26.92 24.90 26.95 26.63 29.27 28.85 
Al203 18.39 18.51 19.86 18.63 18.96 19.86 19.39 19.18 
FeO 23.75 23.76 19.73 21.79 21.36 21.20 19.29 18.85 
MnO .38 .34 1.06 1.16 .59 .61 - -
MgO 16.73 17.56 15.55 16.24 16.45 15.46 17.50 17.44 
K20 - - .71 .07 .27 .38 -
Na20 - - .41 .52 .26 - -
Total 87.06 88.67 84.24 83.31 84.84 84.14 85.45 84.32 

54038 54068 54059 54054 

Si02 23.53 23.72 29.57 29.20 29.91 29.51 29.85 30.70 
Al203 18.71 18.87 19.24 19.64 18.84 19.06 18.51 18.90 
FeO 14.48 13.38 16.94 16.59 12.67 15.36 9.41 9.96 
MnO .59 .56 .63 .61 .5: .53 .55 .57 
MgO 13.57 13.55 18.80 18.64 21.20 19.89 18.54 19.51 
CaO - - - - - - -
K20 .67 .74 .15 .13 .44 .60 1.08 .90 
Na20 .45 .34 - - - - .35 .40 

Total 72.00 71.16 85.33 84.81 83.59 84.95 78.29 80.94 



Type III 

54031 54035 54040 

Si02 38.80 37.46 37.18 37.91 34.50 38.44 40.77 41.12 
Al203 35.30 35.50 34.86 33.39 31.85 32.57 34.13 33.63 
FeO 1.48 1.78 1.32 .54 1.36 .33 1.8 2.34 
MnO .14 .15 .2A .26 
MgO 9.37 10.14 11.35 10.26 9.74 9.70 10.05 9.10 
K20 .62 .88 .25 1.18 .49 .97 .26 .24 
CaO .16 
Na20 .54 .2 .41 .23 .51 

Total 85.58 86.31 84.96 83.62 78.66 82.01 87.49 87.19 

54041 54042 54044 54053 

Si02 39.81 43.95 42.95 42.08 41.66 41.44 42.74 42.32 41.86 
Al203 33.36 34.73 32.34 31.71 30.60 31.66 33.08 36.11 35.47 
FeO 1.48 .98 .43 2.83 1.17 .41 .43 
MnO .14 
MgO 9.13 8.80 8.77 8.28 8.21 10.92 7.30 8.73 9.02 
Na20 .27 .22 
K20 .18 JO .08 .41 2.10 1.96 .57 .24 

Total 84.37 88.56 84.14 82.07 81.39 88.95 86.25 88.35 87.03 

Type IV 
54063 54028 54061 54071 

Si02 
Al203 
FeO 
MnO 
MgO 
Na20 
K20· 

18.73 
17.13 

5.21 
.54 

16S 
.25 
.24 

18.40 
16.50 

5.32 
.59 

16.53 
.37 
.26 

24.49 21.59 
19.61 17.09 

4.69 4.09 
.35 .38 

14.50 16.63 
.37 .30 
1.48 .66 

30.39 30.80 
23.45 23.05 

3.37 3.57 
.57 .67 

25.0ll 25.72 
- .27 

1.28 .87 

37.43 35.06 
24.26 23.37 

.83 .95 
.52 .59 

14.39 17.62 
.17 

4.34 3.47 

Total 58.6' 57.97 65.49 60.74 84.10 84.95 81.94 81.06 

54058 54057 54055 54029 

Si02 29.08 34.83 34.77 34.12 32.69 34.69 36.45 32.39 

Al203 20.03 19.42 21.68 21.49 27.63 27.34 23.25 21.28 

FeO 

MnO 

MgO 

CaO 

Na20 

K20 

2.72 3.25 

.49 .57 
.· 

13.90 16.51 

1.12 .79 

2.41 2.70 

1.58 1.74 

.71 

.56 

.72 

.70 

.73 U4 

.16 .72 

19.30 20.57 20.24 19.24 21.40 25.28 

.09 - .08 - - -

.30 .19 

.88 .65 

.42 .28 

1.62 2.28 1.59 

.18 

.60 

Total · 67.34 75.37 81.01 81.46 83.95 85.25 83.58 81.59 
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Appendix 6A Fluid Inclusion Sample Locations 
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Appendix 7 A Sulphide and Precious Metal Sample 
Locations 
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FLUID INCLUSION· TEMPERAT UR E HISTOGRAMS MAHAKlRAU COROMANOEL P E NINSULA 

SULPHIDE , VEIN SILICATE AND 

WALL CLAY ASSEM BLAGES 
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