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Presentation in five parts:

Geochemical fingerprints of potassic igneous rocks (1
In target generation;

Tectonic settings of potassic igneous rocks; (2

Halogen geochemistry of potassic igneous rocks; (3

Examples of porphyry Cu-Au and epithermal Au (4
deposits hosted by potassic igneous rocks,;

Using magma fertility in target generation. (5
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Alkaline rocks and Gold

Part 1: Geochemical fingerprints of potassic
igneous rocks in target generation
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[Photo provided by A. Wurst]



Target Generation in order to tackle
these challenges by:

More efficient and cost-effective exploration
Systematically select prospective areas/projects
Ranking of the most prospective areas

Efficient area size reduction



Target Generation Criteria:

Favorable tectonic setting; (1

Favorable structural framework; (2
Endowment with known mineral deposits; (3
Presence of ancient workings/pirquineros; (4
Fertile intrusive belts. (5
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Alkaline rocks are
defined by both

high K,O and Na,O

[Le Maitre 1989]
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Alkaline rocks and Gold

Part 2: Tectonic settings of potassic igneous rocks




Continental arc versus oceanic island arc

ocean continent
stationary or stationary or
moving piate continental moving piate
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Post-collisional arc (PAP)

A

CAP Active Passive

margin margin
9 Sediments 9

Asthenosphernc flo

[lvanov et al. 2019]



Within-plate tectonic settings:

Lithosphere

(1) Rifting (e.g. East-African Rift)

Volcanoes are progressively older S E

Wihau Kausl O'ahu Moloka Maui Hawaii
15.6 - 4.9Ma) (3.0 (1.8Ma) (1.3Mn) (0.7-0 Ma) Mauna L&'ihi
o

: ...- -
3.4Ma) o Klauea  guamount

PACIFIC PLATE _

(2) Hotspot or plume
magmatism (e.g. Hawaii)

-»Mantle Plume
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Bajo de la Alumbrera
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[after Muller & Groves 2019]
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Alkaline rocks and Gold

Part 3: Halogen geochemistry of potassic igneous
rocks




Formation of hydrothermal Au deposits
critically depends on:

« Availability of water and other volatiles (H,O, CI)
« Availability of sulfur (S)
« Availability of metals (Au)



Subducted serpentinites and altered oceanic crust are responsible for
transporting the largest amount of halogens into the mantle wedge

Oceanic = —

. e —
Subducting OCea,\"“‘
lie

Asthenosphere




Phlogopite-rich mantle nodule in kimberlite, Arkhangelsk, Russia

[Kargin et al.
2018]




“mineralized”

“barren”
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Biotite halogen
contents from
mineralized and
barren intrusions

[Muller & Groves 2019]




¢ Chahfiruzeh
Daralou

Biotite samples

m Keder
Reagan

F (Wt%)

Recent case
study on
porphyry Cu
deposits In
southern Iran
(Chahfiruzeh con-

tains about 100 Mt
@ 0.7 wt% Cu)

[after Zarasvandi
et al. 2019]
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Alkaline rocks and Gold

Part 4: Examples of porphyry Cu-Au and epithermal
Au deposits hosted by potassic igneous rocks
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(51 billion pounds of Cu, 63 Moz of Au, 136 Moz of Ag)
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Grasberg

Shoshonte Senes

High-K caic-alkaline
Senes

Calc-alkaline
Senes

[data from Freeport 1993]




Grasberg porphyry Cu-Au deposit, Irian Jaya, Indonesia
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Grasberg porphyry Cu-Au deposit,
Irian Jaya, Indonesia

[Photos taken
by P. Warren]






Grasberg copper-gold deposit, Indonesia:

Age: 3.33-3.01 Ma (Pliocene)

Wall rocks: andesites and limestones

Intrusions: high-K calc-alkaline Mnzdio

Mineralization: porphyry Cu-Au and skarn

Resource: 51 Mio pounds Cu, 63 Moz Au,
136 Moz Ag

I} [ Ke) D =



Ladolam gold deposit, Lihir Island, P.N.G.

(total resource of 56 Moz of Au)
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Ladolam,
Lihir Island

Shoshonte Senes

High-K caic-alkaline
Senes

Calc-alkaline
Senes

[data from Miiller et al. 2001]




Ladolam gold deposit,
Lihir Island, P.N.G.




Transition from porphyry Cu to epithermal Au mineralization

Ladolam Au
deposit,
Lihir Island,
P.N.G.

[Photos taken
by D. Muller]



Ladolam gold deposit, Lihir Island, PNG:

1. Age: 0.10-0.35 Ma (Pleistocene)
2. Wall rocks: trachyandesites

3. Intrusions: high-K calc-alkaline Mnzdio
4. Mineralization: epithermal Au

5. Resource: >56 Moz Au
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Alkaline rocks and Gold

Part 5: Using magma fertility in target generation




Selection criteria for fertile intrusive
belts in target generation:

o SrlY
 La/Yb
 Eu/Eu*
 V/Sc

* Fe,0,/FeO



El Abra intrusions
(Cocker et al. 2016)

SrlY

Proxy for the
volatile content
(H,0O, CI)







