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VOLCANIC HYDROTHERMAL
YSTEM
GEOTHERMAL SYSTEM 500°-900° WO e

S0, HCl, CO, Crater lake
_® 200°- 300°

' High sulfidation
Au, Cu

Saline magmatic fluid
J Liquid flow

3 Vapour ascent

Epithermal models
Hedenquist et al. (1996)

Cross sectional model showing the main
near surface mineral deposit types
associated with high level magmatic
intrusions.

Porphyry copper deposits are proximal to
the intrusions and formed predominantly
by magmatic fluids.

Epithermal deposits of the Hauraki
Goldfield are classified as Low
sulphidation.

These types of deposits are formed distal
from the magma with mineralisation mostly
from heated, circulating meteoric water.
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GEOTHERMAL SYSTEM

Hotsprings
=

Saline magmatic fluid
J Liquid flow

% Vapour ascent

Hedenquist et al. (1996)

VOLCANIC HYDROTHERMAL
— SYSTEM

Crater lake
_§ 200°-300°
. Coz: HCI! S

500° - 900°
SO, HCI, CO,

High sulfidation
Au, Cu

* What is the degree of magmatic input? Why should we care?

* The extent of magmatic supply may influence the metal
budget and if recognisable, may provide an indicator of
prospectivity useful in exploration

Low sulphidation model is based on the
analogy of modern geothermal systems
Fluid composition is mostly from wall

rock interaction along the transport path

Acid sulpnate
waters, mud

Near neutral pH
pools, fumeroles chloride boiling spring

Q Bicarbonate ‘/
; N
Ri‘“ §\¥\\ waters

Steaming ground

g

e
Oy Two phase fluid

Volcanics (bOlilng )

& - o
sediments —/ S Alkali
chloride
fluid

|~ Recharge
| ofcold

groundwater . \
{ Greywacke

Magmatic fluid
(Hzo- CO?: Sozu
HCL , HF)

Geothermal system
Taupo Volcanic Zone
Henley & Ellis (1983)
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 The geology and mineral deposits in the Hauraki Goldfield

e Seven possible indicators of magmatic fluid in the formation of the deposits

e Conclusions
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u-Ag quartz vein stockworks & breccias
A p? tz tockworks & brecci
eavesville (161)

@ Au Ag (Zn-Pb)quartz veins, e.g.Waihi(l 76)
(@ Zn-Pb-Cu-(Au-Ag)quartz veins e.g.Tui (I 81)

@ Au-Ag quartz veins, e.g.Tokatea (I 3;}' =
(& Au-Ag bonanza quartz veins e.g.Thames (I 54)
®) Porphyry Cu. e.g. Ohio Ck (1 52)

Block faulted and tilted to the southeast

Epither
Porphy
Fault

Inferred

Jurassic greywacke basement
Coromandel Volcanic Zone (18 Ma to 2 Ma)

Sub aerial volcanics & associated volcaniclastic sediments
15t period andesite and dacite (dark green) from 18 Ma to 2 Ma

2" period andesite and dacite (pale green) from 11 Ma to 5 Ma

3" period rhyolite (red) and minor basalt from 12 Ma to 2 Ma

4t period post mineral andesite (greenish blue) from 4 Ma to 2 Ma

(Andesite stratovolcanoes and rhyolite several caldera complexes)
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2 S 029 1052 e - - -
o soyimons N Puptmy Cuceposts | Norhemn Porphyry Cu-Au (e.g. Miners Head, Paritu, Ohio Ck)
125 Eva (2.2)

Epithermal Au-Ag depasits I:::'}\__
Very small < 0.2t Au o
Small 0.2 -2tAu

Medium 2 -20tAu

128 Tangiaro Stream

127 Matamatahareke (200

128 Colville (3.8)

129 Whararoa

130 Waikoromio (2.7)

131 Tokatea-Success (2.3) 1868-1935 i
132 Kapanga {2.8) 1B67-1911

133 Hauraki (24) 1871-1939

134 Ocean View (7.0)

50 Au-Ag epithermal deposits

Large = 201Au

>12 M oz Au & >60 Moz Ag from 1862 — present

135 Murphy's Hill (7.3} 124 ’23 1% Opitonui 13.2 Ma

::: mrﬁ.ﬁﬂ 1839-1916 /\23 . . . . .

16 Thsvainwa 2.9 poritu 16.3 Ma ) Ky Dating method Low sulphidation (to intermediate) epithermal
139 Opitonui (7.7} 1889-1939 1za® Liz8 5.7 Ma Ar-Ar

141 Moewai (1.2)

131
142 Mahakirau (2.4) 0 134 10.8 Ma K-Ar

143 Kakatarshas Stream g LD s -

144 Manaia (3.2) '3F i @K —— Quartz veins
145 Te Mata (0.44) = D35 e

146 Tapu (3.0} 1868-1906

147 ﬁ Harbour 2.2 5 c;! 32 Kuaotunu 6.2 Ma
148 Kapowal {1.4) 1395-1910s i
= lﬁ'ﬁm”wﬁ Waiomu 10,8 Ma Broken Hills 7.1 Ma Volcanic-related
:g; Lﬂh :.u'r:uaffﬂ " . Chui 8.3 Ma
et Chio Creel . ]
153 Syhvia - Dunedin (0.44 Neavesville 6.9T1a A H ihi
% ames 0 1867420 12.0- 119 Ma World class deposit, Martha in Waihi ~8 M oz Au
158 Broken Hiis (0.76) 1855-prasant _
::; g:ul {1.85) Thames 11 Ma Whaorekirauponga

180 Cheimstord (0.75) 6.3 Ma
181 Meavesvile (0.62) 1875-1930s  Maratoto 6.4-Mz
182 Hirlkiri {2.0)

183 Purir {1.83)

[84 Omahu (0.24) Komata 6.1 Ma
185 Wrarekawa (0.48)

166 ANF

167 Wentworth (0.66) Sovereign 6.7 Ma

Exploration from the 1980s resulted in several
Golden Cross 7 Ma brownfields discoveries:

—Waihis.2-5.8 Ma Golden Cross (early 1980s)

Moonlight 6.2 Ma
169 Maratato (0,25} 1887-1943, 1970

170 Komata [0.25) 1891-1942 b’i bavona 6 IMg . | Moonlight (1987), Favona (2000), Trio (2003) and

Karangaohaoke B 4 g =
I71 Goldan Cross (0.37/0.32)1875-1998 ;o 181 artha 5.9-6.2 Ma

72 Waitekauri (0.90) 6.97 — 6.1? Ma = '\ 182 o Corenso (2009) in Waihi
73 Owhasca (0.81) 7

I75 Karangahake (0.3) 1882-1939 5.8 Ma .

78 Mastha, Waini (0.23/0.15) 1875-present Waiorongomai 5.7 Ma /M o] o Wharekirau ponga

177 Favona, Walhi (0.22)

178 Waihi Beach Eliza 4.5 Ma %

181 Tui

182 Waiorongomai {0.70) a 25 km o 26 km
e |

183 Eliza (0.52 1 ; -m@
184 h.::shml‘;, Ta Puke (3.4) I Muirs Reef 2-1‘1-ﬁ Ma GNS Science




* Relationship with intrusive rocks - porphyry Cu deposits

e Ore mineralogy

e High salinity fluid in fluid inclusions
e Sulphur isotopes

e Lead isotopes

e Positive gravity anomalies

 Abundance of metals deposited
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Brathwa|te etal. (2001) 17533E

Brathwaite et al. (2001) Liokadik Baks
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Sl +~ W+ - 1 +  +fll + ; i . .
200m @0.12% Cu, y TR N, g pyroclastics ) Houraki
0.23 g/t Au ‘ : | & | [ Dacitic vent breccias g
B 330m @0.74% Cu, 0.40 gitAu ~— and andesite flows
S .

Dacite porphyry

& :
- 200 m 4 o . R g
+ + +

+ + + - -

Drill hale

Mineralised ; 0 1km
intercept N | S|

e, Late Miocene ~ Faults
. - - Quaternary alluvium hﬂ dacite porph
Dacite stock and surrounding breccia T Lo S GaCiicDIECHE® i Quartz-sulphide-gold veins
ate Miocene dacitic flows
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Late Miocene and flows
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Brathwaite et al. 2001 greywacke 0C5 ® Drill hole




Sulphide minerals

*Bismuthinite — Bi,S,
— Thames and Tui
*Bornite — Cu_FeS,

— Tui
*Molybdenite — MoS,

— Thames, Neavesville
and Waihi

Sulphide minerals

Common sulphides
pyrite (FeS,)
Te Awumata sphalerite (ZnS)
pyrrhotite galena (PbS)
stibnite ! chalcopyrite (CuFeS,)
acanthite-argentite (Ag,S)

Coromandel-
Colville

arsenopyrite o
(FeAsS) . &

90 ke X°
& “>-#"Kuaotunu pyrrotite (FeS)
~~'Opitonui‘stibnite (Sb,S;)
s

molyDe
bismuthinite Kauaeranga
stibnite Qg O cinnabar (H.S)

K

< 8

maolybdenite
(MoS,)

Macetown yrrhome, molybdenite
cinnabar (H,S)
o

® Owharoa
cinnabar (H,S)

bornite (Cu.FeS;
bismuthinite (Bi,S.)
cinnabar (H,S)

Telluride minerals

*Altaite — PbTe

— Thames
Tetradymite — Bi,Te,S

— Thames and Tui
*Tellurobismutite — Bi,Te,

— Thames

Telluride minerals

altaite (PbTe

hessite (Ag,Te)

sylver\\ite (AuAgTe,)e~t® _ :

petzite (Ag.AuTe;,) ieg, Neavesyille

stutzites(Ag,Te,). ~=* hessite

tetradymite!(BT, Te’S) N

tellurobismutitie (Bi,Te,)

native (Te)

coloradoite (HgTe) Maratoto @R

hessite

Kai - @ Ros: ,mont, Waihi
rangahake i

hessits 1 hessite

.;eiradymite

°

Wairongomai
hessite
stutzite
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Tui 11.9 NaCl wt.%

Simpson (2017) ‘
A

A T8a (qtz)

A T8b (sph)

O OC_b (sph)
¢ 2045 (sph)
¢ 2045 D (qtz)
© 58750 (sph)
+ Tui003 (gtz)

O Boat Harbour
@ Broken Hills
Christie et al. (2007) ® Colville

~ Favona
<> Golden Cross
Thrange 4 Karangahake
4 Komata
+ Maratoto
A Martha Hill
A Neavesville
A Sylvia
¥ Te Ahumata
[JTokatea
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Sphalerite (Fyfe, 2014) Tui Ty range ooy

Martha 4.5 to 5.9 NaCl wt.% Quartz 253°10291°C 0.0 to 6.45
Trio 6.8 NaCl wt.%

Sphalerite 240° to 287°C 4.34 t0 11.93




Magmatic sulphur is ~0 per mil 5S> ___

A

394 analyses: -3.1 to +4.6 per mil 8S*___

(Robinson 1974; Robinson & Christie 1980; de Ronde &
Blattner 1988; Robinson & Merchant 1989; Christie &
Robinson 1992)

B

Fractionation with temperature
(chalcopyrite and sphalerite histograms
would be between galena and pyrite)

Average fluid composition of +2 per mil,
consistent with magmatic sulphur, possibly
with some minor crustal contamination

h
QO
(=]
E
o
w
[T
o
| =
o
L
E
=
Z

per mil 58> ___

Christie & Robinson (1994)

ALL HAURAKI

SULPHIDE MINERALS
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] 1 |
Data from:

"~ Cooper & Richards (1969)
- Armstrong & Cooper (1971)

Lead from igneous or greywacke sources? | | Aﬁ

//
Cooper & Richards (1969) — galena and volcanics ~ A2

P
Armstrong & Cooper (1971) - greywacke : /O/ & VEIN GALENAS

RHYOLITES
LESS ALTERED ANDESITES

Robinson (1974) noted that vein galena ot Arohia

samples plot on the same linear trend as MORE ALTERED ANDESITES

u]
v
®
&
Te Aroha O
greywacke and rhyolites but different from Coromande! 3

. MESOZOIC GREYWACKE and ARGILLITE
the trend of andesites

o
He concluded that the lead in galena is | O____,.,M,f
probably from greywacke - 5

18-5 186 187 188 189 19-0
Robinson (1974) 2085y, /204 Pb
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389 .
+ Gabites & Christie (1993, 1994)

28.85 * Galenas from 30 vein deposits

*Separation of deposits on different trend lines
suggesting different lead batches or mixes of 88 +
different sources

208Pb/204Pb
w
&
&
1

Most radiogenic

‘Paritu (Doctors Ck, Sorry Mary Stm)

Paritu
38.65 + A °
Coromandel area (Tokatea, Preeces Pt, Petote Stm, Tiki L
Stm) 386 : : e : 1 1 : |
'TLIi 18.78 18.8 18.82 18.84 18.86 18.88 18.9 18.92 18.94

206Pb/204Pb

Waiorongomai
Gabites & Christie (1993, 1994)

Galenas from 30 vein deposits

*Waihi-Karangahake (Talsiman)-Waitekauri

*Thames (Monowai, Zeehan, Comstock, Sylvia,
Watchmans, Australian, Karaka Ck, May Queen)

Least radiogenic

207Pb/204Pb
o o o
D o] (2]
15,3 [s)] ~

Paritu = strongest magmatic signature?
*Decreasing radiogenic = decreasing magmatic TBIER
signature? - Not that simple 1563
*VVariable mix of sedimentary and igneous sources 1562
likely between different deposits 15.61 ‘ J : : ;

18.77 18.79 18.81 18.83 18.85 18.87 18.89 18.91 18.93
206Pb/204Pb




D Recent sediments
Whitianga Group
Younger
Older
Coromandel Group
Younger
Older
g Quartz vein/stockwork -

4 outcropping and at depth
*11:% Hydrothermal alteration

Fault observed
— — Fault inferred

- 6417000mN £

Morrell et al. (2011): positive gravity anomalies suggest twin magmatic intrusion heat and
hydrothermal fluid sources beneath Waihi
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Huaraki Goldfield geology

Andesite and dacite

Rhyolitic flows and pyroclastic rocks

Andesite and dacite -

Rhyodacitic pyroclastic rocks

Andesite and dacite -
Quartz diorite

Late Miocene - Pliocene
Mid Miocene - Pleistocene
Late Miocene

Mid Miocene

Mid-Late Miocene

Mid Miocene

Greywacke [ Jurassic

Histograms of Au
and Ag production

Au = yellow bars
Ag = grey bars

Waihi production is
off scale.

Thames, Golden
Cross, Karangahake
and Waihi are the
large producers.
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Seven possible criteria for magmatic fluid input:

e Spatial and temporal relationship with porphyry Cu deposits
 Ore mineralogy features

* High salinity fluid in fluid inclusions

e Sulphur isotope values near 0 per mil

e Lead isotopes

* Positive gravity anomalies

 Abundance of metals deposited
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None of these suggested criteria of magmatic input are definitive

However, high temperature mineralogy and high salinity fluid inclusions
provide the strongest indication of magmatic fluid pulses

Revisit lead isotopes:
— Better bracket the lead isotope magmatic signature?
— Are andesitic or rhyolitic magmas the best source for mineralisation?

Positive gravity anomalies could be due to an intrusion as speculated at
Waihi. Are there more examples?

We are some way from developing and applying an exploration tool for
calibrating magmatic input
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