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Outline of talk

Key reference: Clark, D.A., 2014. Magnetic effects of hydrothermal alteration in porphyry
copper and iron-oxide copper—gold systems: A review, Tectonophysics, 624-625, 46-65.

1. Magnetic petrology of igneous intrusions associated with
mineralisation

* Importance of oxidation state

* Influence of host rocks on alteration zoning
* Alteration in porphyry copper systems

2. Predictive magnetic exploration models
3. Exploration criteria
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Importance of oxidation state

MINERALISATION ASSOCIATED WITH MAGNETITE AND ILMENITE SERIES GRANITOIDS

(&) ib)
o 10 Mess suscaptibiity (Gem?/Op)
10 ? w0 w™?
STRONGLY OXIDISED % T T,
[ v gnolite serios Hmenite soclns
Mt + sph i hm = Volume susceptibitity |G/Owl 'v.._-m‘ it
o
i I UL rHUR CQuaternary!
Q
Ti-mt £ ilm (high Fe3* or Mn) 5 [F———
1 OXIDISED 1 § I 1 2HCURY
o g N OO0
@ £
& § T GILVER
Q, & T COPPUR
& &
REDUCED g I LCAD
01 [lm W/O mt 01 ¢ S 7iNC
\ & ) /0Ly BOENUM
g N TunasTEN (RS
STRONGLY REDUCED § A "
> a
& s i i L {RRVT T S ——
llm (low Fe3* & Mn) + po 8 50 =
0.01 0.01 = = FLUORINE [ —_—
0 1 2 3 a 5 6 7 8 9 10 H ~9— PEOMATITE T
Total Fe as FeO (wt %) 0.01 0.1 T wo% ° T To0%

Opaqun minerals {vors!

Magnetic effects of alteration| David Clark @




Importance of oxidation state

« Significant differences in magnetic susceptibility, at equivalent degrees of
differentiation, are found for mantle-derived (M-type) intrusions, found typically
in island arcs, and I-type granitoids in continental arcs.

* Intrusions associated with gold-rich porphyry copper deposits are more oxidized
than those associated with gold-poor porphyry copper deposits, and accordingly
contain more abundant igneous (titano)magnetite and produce greater
quantities of hydrothermal magnetite during early potassic alteration.

* An empirical association between Au-rich (> 0.4 g/t) porphyry copper deposits
and abundant magnetite in the potassic core has been documented by Sillitoe
and others. The corresponding magnetic signatures also differ profoundly, with
more prominent anomalies associated with gold-rich porphyry copper deposits
than with gold-poor deposits
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Redox state of iron in rocks is a useful indicator of hydrothermal
alteration.

e Studemeister (1983) pointed out that the redox state of iron in
rocks is a useful indicator of hydrothermal alteration. Large
volumes of fluid or high concentrations of exotic reactants, such as
hydrogen or oxygen, are required to shift Fe3*/Fe?* ratios.

* When reactions associated with large water/rock ratios occur, the
change in redox state of the rocks produces large changes in
magnetic properties due to creation or destruction of
ferromagnetic minerals.




Example -

Goonumbla Volcanic Complex:
Ordovician Shoshonitic Volcanics and
Comagmatic Intrusions
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GOONUMBLA
Schematic Intrusives - Alteration - Mineralisation
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Goonumbla Detalled
Aeromagnetics

Large anomalies and strong
gradients arise from intrusive
stocks and variably magnetised
volcanics, obscuring the sig-
natures of the narrow miner-
alised spines and associated
alteration zones
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Type Magnetic Model for eastern GVC
Deposits, associated with Endeavour Linear
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Distortion of Deposit Signatures by Strong Gradients

Isolated anomaly Regional gradient




Predictive geophysical exploration
models

e.g. Porphyry copper and I0CG deposits




Idealised cross-section of porphyry copper system

After Sillitoe
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PROTHERMAL ALERATION ZONES, MINERALS,
D ORES IN A PORPHYRY COPPER DEPOSIT

e
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ARGILLIC
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Chl-Epi-Carb

A
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RTP TMI signature of an Au-rich

MAGNETIC SIGNATURE OF A COPPER porphyry Cu deposit that
PORPHYRY SYSTEM conforms to the idealised pattern
eriiwpbrrr
magnetite-rich 3 Noisy magnetics from
potassic zone .\jmt inhomog Icanve
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™~ Non-magnetic porphyry

Idealised magnetic anomaly associated with a porphyry copper
system, showing the noisy background associated with magnetic
volcanics, the ‘alteration low' associated with the propylitic and
phyllic alteration zones, the high arising from the magnetic
porphyry plus, in the case of gold-rich copper mineralisation, the
magnetite-bearing potassic alteration zone.
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Type example of a gold-rich porphyry copper deposit with a classic
zoned magnetic signature

1 ‘ - 4 -3‘ I - E RTP TMI of Bajo de la Alumbrera,
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Bajo de la Alumbrera, Argentina




Why does the “archery-target” RTP signature of Bajo de la Alumbrera
conform so well to the idealized model?
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Phyllic (qtz-ser-py)
— shallow argillic
k =0.003 SI

T2Block Diagram

T Olx'
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Outer potassic
(bio-Kfsp-gtz-mt) —~—~—
k=0.173 SI

Oxidized intrusion + potassic
(qtz-mt-Kfsp veins) k =0.351 Sl
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Strong propylitic
k =0.007 Sl

— Weak propylitic

k=0.027 SI

Mafic igneous/
mafic granulite
k =0.043 Sl



Effect of host rock composition: uneroded Au-rich
porphyry Cu deposit in homogeneous host rock
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Effects of erosion level




Tilted 60° and eroded 1 km East half faulted out and eroded 1 km
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Andesite/carbonate Andesite/quartzite
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Mount Leyshon Intrusive Complex geology and TMI

Puddier Creek
Melasediments
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Mount Leyshon alteration zoning
Clark & Lackie, GJI, 2003
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Magnetic properties of MLIC

AMIRA P700 Database: Clark & Geuna (2004)

Early Permian (285 Ma
i ( ) Fenian Diorite: k=0.14, NRM=4.2 A/m, Q=2

remanence direction

(Clark & Lackie, 2003) (Permian direction)
' Ord. Granite: k =0.001, NRM =0.06 A/m,Q=1.2
N (Silurian direction)

Phyllic alteration zone

Felsic porphyries & intrusive breccias of MLIC:
k <0.001 SI

Potassic alteration zone

Dolerite: k =0.06, NRM =7.5A/m,Q=3.1
Puddler Ck: k =0.048, NRM =4.2 A/m,Q=2.2

Unaltered (lower susceptibility; weak NRM)
Dec =196°, Inc = +77° Dolerite: k = 0.008; Puddler Ck: k = 0.00025
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Conclusions and some exploration criteria
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Conclusions and some exploration criteria

Indicators of favourable structures

Indicators of fractional crystallization

Predictive magnetic exploration models
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Conclusions and some exploration criteria

Understanding effects of primary composition and alteration on magnetic properties
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