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Geology Department
Univers i ty o f Auckland

ABSTRACT

A subsur face i n v e s t i g a t i o n o f t h e Maria Lode and
a s s o c i a t e d hydrothermal a l t e r a t i o n o f a n d e s i t e s f a c i l i -
t a t e d r e c o n s t r u c t i o n o f t h e local evolu t ionary sequence
i n t h e once a c t i v e Karangahake geothermal f i e l d .

The evolu t ionary sequence involved main phases
o f a c t i v i t y : Phase A (dominant) - i n i t i a l development
o f t h e Maria f i s s u r e by a progress ive f a u l t r e l a t e d
hydrof rac tur ing mechanism forming a b r e c c i a complex
p r i s e d o f hydrothermally altered and hydrof rac tured
a n d e s i t e i n a q u a r t z matrix. Contemporaneous w i t h t h i s
development was almost a l l t h e hydrothermal a l t e r a t i o n
of t h e h o s t a n d e s i t e s t h r e e lateral zones around
t h e Lode. The mineralogy i n t h e s e zones w a s d i r e c t l y
related t o t h e i r d i s t a n c e from t h e Lode because wi th
decreas ing d i s t a n c e t h e i n c r e a s i n g ra t io
permitted greater a t ta inment o f equi l ib r ium o f t h e f l u i d s
w i t h t h e thermodynamically stable secondary mineralogy
(decreased b u f f e r i n g by a n d e s i t e ) . The p r o g r e s s i v e mix-
i n g a t o f i n i t i a l a l k a l i- c h l o r i d e f l u i d s wi th t h e

basal zone o f t h e n e a r surface ac id- sulpha te f l u i d s dur-
i n g Phase A caused a change i n f l u i d composit ion r e s u l t -
i n g i n d e p o s i t i o n of gold and s i l v e r (as
w i t h i n t h e q u a r t z matrix o f t h e breccia complex.
Phase B (waning) - s i l i c i f i c a t i o n s e l f - s e a l i n g o f

t h e near s u r f a c e dur ing Phase A culminated i n a hydro-
thermal e r u p t i o n and o n s e t of local waning.
Phase B t h e r e w a s minimal i n t e r a c t i o n ,
f l u i d s remained a t b u t of s l i g h t l y d i f f e r e n t
mixed composition than t h a t a t t h e end o f Phase A. The
hydrothermal e r u p t i o n e j e c t e d Phase A b r e c c i a complex
m a t e r i a l forming a lenso id condui t i n t h e Maria Lode up
which t h e r e were f a s t f lowing f l u i d s . These f l u i d s
d e p o s i t e d h e m a t i t i c potassium a l u m i n o s i l i c a t e s on t h e
w a l l s o f t h e condui t u n t i l t h e flow rate dropped due t o
r e - s i l i c i f i c a t i o n and r e- s e l f s e a l i n g i n t h e n e a r sur face .
T h i s w a s fol lowed by a second hydrothermal e r u p t i o n
which caused an implosion i n t h e condui t b r e c c i a t i n g and
m i l l i n g t h e h e m a t i t i c potassium a l u m i n o s i l i c a t e s . A

f i n e immature l e n s o i d shaped b r e c c i a w a s formed conta in-
i n g a small i r r e g u l a r condui t up which t h e r e were

flowing f l u i d s ( l a s t l o c a l l y ) d e p o s i t i n g p y r i t i c potas-
sium a l u m i n o s i l i c a t e s u n t i l t h e f l u i d flow i n t h e

ceased a l t o g e t h e r due t o t o t a l s i l i c i f i c a t i o n wi th
tempera tures beginning t o f a l l .

Throughout

The Karangahake geothermal f i e l d l a t e r became ex-
t i n c t , eroded down 150-200 near tne summit of

Karangahake and mined a s a g o l d- s i l v e r d e p o s i t .

W h i l e much d a t a from New Zealand a c t i v e geothermal
f i e l d s can appl ied to the f o s s i l
m a l f i e l d t n e g r e a t e r a c c e s s i b i l i t y of t h e l a t t e r per-
m i t s f u r t h e r i n v e s t i g a t i o n of some f e a t u r e s .

INTRODUCTION

The Karangahake f o s s i l f i e l d i s loca ted
t h e Goldf ie ld on t h e Coromandel Peninsula o f

N e w Zealand (Fig 1) .

The Eield began a c t i v i t y i n Pliocene a t t h e

ear and depos i ted ! o l d- s i l v e r
and

e x t i n c t , near
Karanqahake mined

produced 1 2 5

1 3 7 5 and ,
wnr the

parallel s t e e p l y d ipp ing lodes s t r i k i n g between n o r t h
and n o r t h e a s t which d i s s e c t hydrothermally a l t e r e d hos t

rocks composed o f Miocene group a n d e s i t e s
o v e r l a i n by Pl io- Ple i s tocene group r h y o l i t e s
( C h r i s t i e , Henderson and 1913; W i l l i a m s ,
1974).

Talisman on a por t ion which when t h e f i e l d was

a c t i v e w a s b e l o w t h e sur face and a t
i n c l u d e s some of t h e and hydrothermally
altered homogeneous a n d e s i t e s which it d i s s e c t s (P ig 2 ) .

The following is t h e l o c a l evolu t ionary sequence

based on t h e subsur face inves t iga t ion .

A subsur face i n v e s t i g a t i o n was carried o u t i n t h e

It

EVOLUTION OF THE

The i n i t i a l development of t h e fissure i n t h e

a n d e s i t e s w a s by a progress ive f a u l t r e l a t e d
t u r i n g mechanism (Grindley and Browne, 1976: P h i l l i p s ,
1972 ( p o s s i b l y related t o r h y o l i t i c volcanism) which
produced t h e Phase brecc ia (P ig 2 ) . T h i s com-
prised of quartz invaded fractures i n t h e hydrothermally
altered a n d e s i t i c wallrock of t h e hanging w a l l and
tacned hydrof rac tured wallrock blocks i n a q u a r t z matrix.
These hydrof rac tured blocks were smal le r towards t h e
f o o t w a l l where t h e proportion of q u a r t z mat r ix increased.

of t h e f l u i d s flowed c l o s e to t h e f o o t w a l l and t h e
quartz d e p o s i t e d t h e r e became banded due to s e l e c t i v e

r e j e c t i o n of t h e f i n e s t a n d e s i t i c fragments t h e
b r e c c i a (which w e r e suspended i n s o l u t i o n d u r i n g t h e

c r y s t a l l i s a t i o n ) .
w i t h t h e q u a r t z due to b o i l i n g episodes (Browne,

Contemporaneous wi th t h e development of t h e Phase A

b r e c c i a complex was almost a l l the hydrothermal altera-
t i o n of t h e h o s t andes i tes . The hydrothermal a l t e r a t i o n
mineralogy and t h u s rock chemistry, being d i r e c t l y rela-
ted to d i s t a n c e from t h e l a d e (Fig The most
d i s t a l zone 1 hydrothermal a l t e r a t i o n mineralogy was
c o n t r o l l e d by t h e local mineral- fluid e q u i l i b r i a

Occasional bladed calci te w a s deposi- .

being buf fe red by t h e andes i te ( t h i s zone had a

Porphyry



ANSTISS

low ratio). The intermediate zone 2
hydrothermal alteration mineralogy was controlled by
local mineral-fluid equilibria (this zone had an average

ratio). Zone 3 hydrothermal alteration 
mineralogy (closest to the Maria Lode) was dominantly 
controlled by fluid (this zone had a high fluid/ 
andesite ratio) (Browne and Ellis, 1970). Tne reason 
why the hydrothermal alteration mineralogy and thus rock
chemistry were directly related to distance from the 
Maria Lode was that the physicochemical conditions which 
controlled tnem were a direct result of the increasing 

ratio with decreasing distance from the 
Lode. The physicochemical conditions therefore caused 
increasing degrees of attainment of equilibrium of the
fluids with the thermodynamically stable secondary min-
eralogy (Giggenbach, towards the Lode.

The formation of the Phase A breccia complex in the
Lode and almost all the hydrothermal alteration 

took place at approximately Initially the fluids
were alkali-chloride relatively
undiluted and relatively low in and Thio fluid 
composition was located on the coexistence lines between 
illite-A-feldspar and chlorite-pyrite 1 on 
Figs 4 and With increasing these fluids mixed 
with the basal zone of the nearer surface fluids which 
were acid-sulphate, low oxidised, dilute and rich in

and H2S due to condensation of steam. would
be partly oxidised in basal zone because of limited

atmospheric exposure. 

The mixing of these acid-sulphate fluids with the
initial alkali-chloride fluids (Barnes, 1979; Ellis and
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Fig 3 Hydrothermal a l t e r a t i o n mineralogy

1977; Hedenquist, w a s ve ry slow and pro-
gressive and d i d n o t cause any s i g n i f i c a n t temperature
drop. The i n i t i a l f l u i d changed towards a composition
( p o s i t i o n 2 on Figs 4 and which w a s n e u t r a l
s u l p h a t e r e l a t i v e l y o x i d i s e d and d i l u t e d and
r i c h e r i n and and which moved from t h e respec-
t i v e coex i s tance l i n e s i n t o t h e i l l i t e and p y r i t e stabi-

l i t y fields.
composi t ion i n t h e a n d e s i t e s w a s an o v e r p r i n t i n g by
i l l i t e and p y r i t e i n zone 3.

The main record of t h e change in f l u i d

Assuming gold and s i l v e r occur red as Au and
r e s p e c t i v e l y because they were t h e most s o l u b l e

29

complexes over the range i n ques t ion
(Seward, 1973, 1976, 1982; Hedenquist, then t h e
go ld- s i lve r minera l i sa t ion (electrum) i n t h e q u a r t z

mat r ix o f the Phase A breccia complex could be considered
as being t h e product of co- precipi ta t ion of Au and Ag.

The o r i g i n a l f l u i d have deposi ted go ld to
t h e decrease i n ( the re fore decrease in so lu-
b i l i t y ) and t h e decrease a c t i v i t y of reduced sulphur
i n t h e l i q u i d caused by oxidat ion, d i l u t i o n and t h e
i n c r e a s e i n p r e c i p i t a t i o n o f p y r i t e i n t h e zone 3 wall-
rock (F igs 4 and

may have depos i t ed due d i l u t i o n o f
c h l o r i d e ( t h e r e f o r e decreasing in-Ag s o l u b i l i t y )
dominating over inc rease i n s o l u b i l i t y due
decrease (Fig
The k i n e t i c s of t h e relative Au and solubi-
l i t y decreases may have ef fec ted t h e
t i o n .

A t the s- tine the o r i g i n a l f l u i d

The f a c t t h a t during Phase A a c t i v i t y the e lec t rum
occurred i n t h e .quartz o f the A brecc ia complex,
w a s probably due t h a t loca t ion having t h e
permeab i l i ty , thus h ighes t f l u i d content , t h e r e f o r e t h e
processes causing the depos i t ion have had the
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e f f e c t and also t h a t these processes became more e f f e c t -
ive towards t h e l a t e r s t a g e s of Phase A a c t i v i t y by

which many of the o t h e r minor f i s s u r e s had been
s i l i c i f i e d .

w a s an abrupt change to Phase B ac t iv i ty sig-
n i f y i n g t h e o n s e t o f waning o f t h e local f i e l d and
beyond which time no s i g n i f i c a n t hydrothermal alteration
of the surrounding a n d e s i t e s took place. The a b r u p t
change w a s caused by a very large hydrothermal e r u p t i o n
i n t h e n e a r s u r f a c e (Fig due to gradua l si l icif ica-
t i o n , s e l f- s e a l i n g and consequent pressure b u i l d up in
the n e a r surface dur ing t h e preceeding Phase A a c t i v i t y

During t h e period of pressure build

up, the Maria became g r a d u a l l y "sealed Off" from
the andesites so no f u r t h e r significant f l u i d
t i o n s took place between t h e after about t h e time o f

t h e hydrothermal erup t ion . The consequence o f such an
e r u p t i o n i n t h e n e a r s u r f a c e w a s t h e e j e c t i o n of Phase A
breccia complex material forming a l e n s o i d condui t con-
f i n e d to t h e Maria Lode up which t h e r e were f a s t flowing
f l u i d s (F igs 2 and The e r u p t i o n d r e w up large quan-
t i t i es o f deep a l k a l i- c h l o r i d e f l u i d s as w e l l as drawing
down and subsequently mixing w i t h some acid- sulphate

f l u i d s . The r e s u l t i n g f l u i d composition t h u s changed
from t o (F igs 4 and
s u r f a c e f l u i d s drawn down and through t h e system were
i n s u f f i c i e n t to cause t h e temperature t o f a l l b e l o w

The q u a n t i t i e s o f near

The change i n f l u i d composition from to may
n o t have d e p o s i t e d to f a c t o r s such a s
and c h l o r i d e i n c r e a s e , k i n e t i c e f f e c t s and s e a l i n g off
o f t h e f l u i d s from t h e andes i te .

F l u i d w a s l o c a t e d a t t h e i n t e r s e c t i o n o f t h e
and coexis tance l i n e s

( F i g s 4 and The high flow rate of f l u i d caused
d e p o s i t i o n o f g e l- l i k e hemat i te banded potassium alumino-

silicates on t h e walls o f t h e condui t (F ig
l i n e d t h e l e n s o i d condui t probably t o a maximum thickness
of less than l e a v i n g a c a v i t y i n t h e c e n t r e occupied
by t h e f l u i d s .
cont inuous ly t h e potassium a l u m i n o s i l i c a t e s
l i s e d i n t o a q u a r t z + i l l i t e or K-feldspar (depending on

+ r u t i l e mosaic which o v e r p r i n t e d t h e complex hema-
t i t e banding.
effects of r a p i d r e - s i l i c i f i c a t i o n and re- se l f - sea l ing
i n t h e n e a r s u r f a c e caused by t h e l a r g e volumes of f l u i d s
e x p e l l e d after t h e l a r g e hydrothermal erup t ion .

These

When t h e flow rate e v e n t u a l l y dropped

The decreased flow rate r e f l e c t e d t h e

P r e s s u r e g r a d u a l l y b u i l t up i n t h e n e a r s u r f a c e
a g a i n u n t i l a n o t h e r hydrothermal e r u p t i o n occur red (Fig

t h e e f f e c t o f which on t h e c a v i t y i n s i d e t h e l e n s o i d
c o n d u i t a v i o l e n t implosion wi th high f l u i d turbu-
l e n c e b r e c c i a t i n g and m i l l i n g t h e wallrock o f t h e l e n s o i d
c o n d u i t which w a s dominantly potassium a l u m i n o s i l i c a t e s .
The b r e c c i a t i o n and m i l l i n g progressed l a t e r a l l y u n t i l .

r e l a t i v e l y hard Phase A b r e c c i a complex material w a s
reached.
imates t h e shape of t h e o r i q i n a l l e n s o i d condui t and is
comprised l a r g e l y of t h e potassium a l u m i n o s i l i c a t e s wi th
minor of Phase A breccia complex (F ig

Thus t h e f i n e b r e c c i a produced approx-

The f l u i d s a s s o c i a t e d with
the formation of t h e lenso id b r e c c i a were channelled
i n t o small i r r e g u l a r condui t where they were f a s t

and d e p o s i t e d y e l- l i k e p y r i t e banded potassium
a l u m i n o s i l i c a t e s which f i l l e d t h e condui t and

o c c a s i o n a l l y detached and suspended wi th in them
of condui t wal l rock .

The local geothermal f i e l d was now almost e x t i n c t
and t h e downward p e r c o l a t i n g s o l u t i o n s caused
q u a r t z o f o f the calcite i n t h e
Lode.

i n t e r l a y e r e d i l l i t e - s m e c t i t e and chlor i te- smect i t e and
minor and quartz veining.

I n t h e a n d e s i t e s t h e r e w a s minor o v e r p r i n t i n g by

Up to t h e presen t t h e Karangahake geothermal f i e l d
has become e x t i n c t , eroded down 150-200 n e a r

o f Karangahake and mined f o r gold and
silver.

This paper is based on the a u t h o r ' s
T h e s i s a t Auckland Universi ty.
l i k e to thank Associate Professor P.R.L. Browne,
Dr H.W. and New Zealand Goldf ie lds Limited.
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