Scale-reduction MT studies to link deep source regions to deposit scales
for IOCG and Au deposits in Australia
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Scale-reduction from deep source regions to
deposit scales in Three Acts

Setup Confrontation Resolution
Disaster
& Crisis
First |
Culminati «ac\e® D
uimination 02 ;\S‘:\o\s (; “(bo
- o V.
Second s ,?{',.
Thoughts ‘. %,
AN
Inciting

Incident

Plot-Point 1 Midpoint Plot-Point 2 Climax
(Big Twist)

by Philipp Triibiger



|

Act |

¢:

Three-Act Structure

Tr TrY
Confrontation Resolution
AL ALR

Disaster
& Crisis

First |
Culmination ac\e®’
0\5’:“ PO

Second

S,
‘0, %
Y. 1,
‘Thoughts sl e
8! c\es! )
Inciting sut
Incident

Plot-Point 1 Midpoint Plot-Point 2 Climax
(Big Twist)
by Philipp Triibiger




To convert UK’s 31.5
million hydrocarbon
vehicles to EVs
requires 207,900 t
Co, 264,600t Li,
7,200 t of Nd and
2,362,500t Cu.

Equivalent to twice
current global
production of Co
(battery electrodes),
an entire year's
production of Nd
(motor magnets)
and three-quarters
global production of
Li (battery
electrolyte)

World’s demand for metals doubles every 20-30 years
Primary copper production for World: 1900-2050

Mt pa Cu
40 - Forecast cumulative
demand over next 26 years 32.8 Mt pa
35 - (2017-2042) in 2042
=689 Mt Cu
30 - .
Cumulative copper
25 - production for all history
(1000 BC to 2016 AD)
20 - =687 Mt Cu
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9.3Mtpa
10 - in 1991
5 25Mtpa Historic Demand Forecast Demand
in 1941 Average growth rate of Based on 1.8% pa growth
3.2% pa over last 25 years
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Over the next 26 years the world is going to mine

more copper than what has been mined in all history. o
Sources: Historical data from USGS and BREE March 2017

https://www.minexconsulting.com/publications.html



Exploration expenditures are going up ...
Australia : March 1990 to March 2020
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... but the number of discoveries is going down
Number of significant discoveries in Australia : 1990-2019

Number of Discoveries
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The cost of finding a given-sized copper deposit
Size-Frequency distribution of primary copper deposits discovered: 1997-2016

Cumulative Number of Deposits found
per $1 Billion (in June 2016 US$) of Exploratio
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Discoveries by Tier : 2007-2016

N =226

Over the same time there
were 12 Tier 2 discoveries
and 60 Tier 3 discoveries

@ Tier
Tier 2

© Tier3

Nova [Ni: 2012]
Bollinger [Ni: 2013]
Athena-Hamlet

[Au: 2008]

o Unclassified

https://www.minexconsulting.com/publications.html Source: MinEx Consulting © June 2017
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Discoveries by Tier : 2007-2016

-y -

Minera
sands
@ Tieri
O Tier2
o Ter3

http://www.frogtech.com.au/australia-ozseebase/



Depth of cover versus discovery year:
Gold and Base Metal discoveries in the World : 1900-2016

1900 1920 1940 1960 1980 2000 2020
| e © 3 :
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... but this is a
2000 . . “slow-burn” story
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Size of the bubble refers to Moderate, Major and Giant discoveries Source: MinEx Consulting © March 2017
Analysis excludes Nickel laterites



Needle in a Haystack.... UpSIK
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nature FOCUS | PERSPECTIVE

PUBLISHED ONLINE: 13 OCTOBER 2013 | DOI: 10.1038/NGEO1954
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Maybe we need to find the haystack first...
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AusLAMP — Australian Lithospheric Architecture
Magnetotelluric Project

Program to map
the Australian
lithosphere 20 —
200 km depth

~55 km sites (0.5°)

Long-period MT
three-week
deployments

~3000 sites! (12
years!)
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Sub plot: Long-Period MT arrays

Three-Act Structure

Confrontation Resolution
AL ALA

Disaster

First
Culmination <gac

OpS s
b

Second
Thoughts ous"‘c\t;l

Inciting PR

Incident

R — '..~’-'~_ s
Plot-Point 1 Midpoint plot-Point 2 i - & . - ST s 2 " . ; - ~.,\:'.1’_ ax ‘ £ ht '-:‘. - ./,‘-, :
(Big Twist) - ; x . 2 5 ‘P t J J d’.‘l:_l =
: : S - 53 Photgi-Jarred*Eloyd: - =
. ) . . ; . A — e : - . (% Y " —— " ’ - o on .,__:

- & e R A



Yilgarn
Craton

1000 km

Basi
PR
N Amadeus Basin
N
[
< S
N e

Orogen

|:| Sedimentary Basins

- Paleozoic Tasman Orogen

ic craton

—+ 40°s

150°E

Tasmania

]

—

Northing (Km

6550

6500

6450

6400

6350

6300

200

250

300

350

400 450
Eastina (Km)

650

m.a.s.l.

960

880

800

720

640

560

480

400

320

240

160

80

Aydessodoy pue sa1IS | A



Pilbara [eey
© N\
W

Craton

A\baﬂ‘i‘?

40°s

120°E

1000 km

sy
@"e

Arunta Inlier
gall
Orogen asin

Amadeus Basin

N\
(Gawler ™~
|

=~
Delamerian

Orogen

|:| Sedimentary Basins

-I Paleozoic Tasman Orogen

ic craton

Tasmania

Northing (Km)

(o))
wul
u
o

6500 4

6450 -

6400

350

400 450
Easting (Km)

550

600

650

— 631

4.0

1.0

|I9A3| B3S MO[2q W 000T



ohm.m

- 158
120 s River Intiar 1000.0
=k > |
"N Inlier
) s #
)
a3
D
)
e B
. 251.2
o
A\ba“"‘?‘a -
| )
" B e | m
1000 km P Achacans ic oraton Tasmania ||
g 6550 — 631
2
m —_—
£
£ |
£ 6500
Z —_—
— 158
6450 ||
6400 -
4.0
6350
6300 1.0

200 250 300 350 400 450 500 550 600 650
Easting (Km)

|I9A3| B3S MO|2g WY OT



ohm.m

1000

= 251
A\ban‘!,g'b"’e 8e|amerian ). B
4o=s1/\2;us N B
o [P o | (O 0
£ 6550- 6
(@]
<
=
o
Z 6500 -
16
® Copper
occurrences 6450
Copper resources
6400 - .
6350 -
1

200 250 300 350 400 450 500 550 600 650
Easting (Km)

|I9A9| E9S MO|9q W) O¢



Arunta Inlier

Pilbara
Craton

Hasin

Amadeus Basin

X Delamerian§!
oy elamerian
o Orogen

40°s |:| Sedimentary Basins
120°E
-I Paleozoic Tasman Orogen

1000 km ZI Archaean/F ic craton

° g +40s

150°E
Tasmania

Diamonds

(o))
wul
u
o

6500

Northing (Km)

6450

6400

350

400 450
Easting (Km)

500

550

600

650

ohm.m

1000.0

251.2

— 631

4.0

1.0

|I9A3| B3S MO[2q WY OST



Northing (m)

6200000 -

6100000 ‘

D

\ Western(LachIan Oroger;

6000000 -

7

5900000 -

/ L

5800000 -

5700000 -

Vg Delamerian Orogen

0O OC0NNN

20N

%

R 5

’

7 Melbourne Zone

& *w"\
‘\&Q\"@@))

Tabberabbera
Zone

5 (R Q Libourni!

VR

W
ﬁ

100000

300000 400000

500000 700000

Easting (m)

800000

900000

Observed
50s

deg

Lpdap yum aAnsisal alol  Yidap Yim SAIONPUOD S0



) @ w ‘ ) ohm.m
. ® ¢« { 5kmdepth |
- 10000
3162
1000 km ] 1000
: =
g’ —
Z 5900000 =
g 316
Z P —
5850000 N -
~ — 100
5800000 -
32
5750000 4 | \\ [

350000 400000 450000 500000 550000 600000 650000 700000 750000 800000 850000 900000

Easting (m)



I 10000
= = 3162

E -
% 5900000 - — 1000

zZ e
5850000 - E 316
—— 100

5800000 - ==
32

5750000 - 30 krn d e pth

10

350000 400000 450000 500000 550000 600000 650000 700000 750000 800000 850000 900000
Easting (m)



10000

1000 km ~ . I
g““‘_‘“ ' ’-". | T VN = 3162
> °\ —

é 5900000 - (ol B(end.'o [ () —— 1000
< - O —
_ —— 316

5850000 . 126 —— — B

® -
n v, Ballarat n — 100

5800000 4 . ® ® o -

Mouift Gabi& 0% ¢ Milbourne —
32

5750000 -

150 km depth |, I
R 10

350000 400000 450000 500000 550000 600000 650000 700000 750000 800000 850000 900000
Easting (m)



In bl\
Mt Isa New

nier A\ England

Georgina

<
Pilbara
Craton

Delamerian
Orogen

0
40°s -+ Sedimentary Basins ? -+ 40°s .
120°E 150°E .
Paleozoic Tasman Orogen W N, R
Tasmania ~ - N,
(E—CLS i G
1000 km Archaean/Proterozoic craton P h ase te nsor ‘., )
= .. . e,
o - minimimum
£
£ phase
5 ‘ te. .
z " te, .
»

5850000 - ‘0 i G,b "l\‘
(b

ohm.m

- N .
5800000 ° \ L

10000

3162

1000
5 Moho 126 %0
-40?00---------ﬁ-“-\---- A 316
H 126 50
5750000 1 e ———

—
[=)
(=]

— w
o ro

36— \
-50000 - -
- .
' + i 3D Model Slice
- ' ' 50000 L, — ‘ . L
'6'5'@000--....-..., 100000 720000 8000 20000 40000 60000 80000
e Fasting ()

100000 120000 140000 160000 180000



Three-Act Structure

T TYY
Confrontation Resolution
AL ALA

Disaster
& Crisis

First |
Culmination 0b$‘“c\c§‘,
P

Second

Thoughts e c\t;'
Inciting §““°\°
Incident

Plot-Point 1 Midpoint Plot-Point 2
(Big Twist)

Climax

by Philipp Triibiger




Pibara g

Paterson
Qalon NN
x “«

g

o
o
)
©

Northing (Km)

g

T

-—

---- N\
- N
---- y (Gawler~
que L™ - y L Craton

—----- V! &
—ay

erie Volcanic Suite S~ ————

z
o

=8
Delamerian'y

. . " >-~-~~___-- Oroge|n
o Nlpnerle Suite I e
VY VVYVVVVVVVVVVVVVVVVVVVV VVVVVVVVVVVVVVVYVY VVYVYYY —§ ooy

2

== =———————x&———0) ( ) °

e m' ' E’ 10000
Error floors Z \T@W
-10000
of 5% app. ol ¢ g
P/ & > . 1000
res., 2.5% ~15000 mvl/ @) .
= © [
phase : K /y 8 il
. ©20000 - 63 -
SmOOthIng 158 M; B 10.0
0.1.. Starting 250y o : u
modelwasa _ | |
100 €2.m half- rd De
-35000 :
space. RMS
0.1

misfit was 1.3

30000 37500 45000 52500 60000 67500 75000 82500 90000 97500 105000 112500 120000 127500 135000 142500 150000



Broadband Stations
Long Period Stations a YTy o ac — v o

880000 “\

a

Magnetometer-only Stations 5
03GA-OD1 and OD2 Seismic Lint0

| = g

Reprocessed Seismic Extent 15

6720000

Cambrian-Neoproterozoic: Stuart She_Eazs
N
Arrowie Basin - 30

Callanna Group ‘é 35
o 40

45
Burra Group 50

Umberatana Group

6680000

Wilpena Group 55

Undifferentiated Neoproterozoic kuuns

200 km

Mesoproterozoic

Hiltaba Suite (b) o? oD VC

s e e e — Y XY Y rxvrvryy Y XY Y XY YY Y YV Y Y ¥ YrYYYYYYYY YYYY Yrryrrrrrrrxrrrr_vrrrrrrx_v)

(=]
[=]
(=]
(=]
<
&

Gawler Range Volcanics

Archean-Palaeoproterozoic

Undifferentiated Gawler Craton & il ‘ » B4 R2
0 15 30 Kilometers E
=
5 10
[
L (a]
Emmie Bluff
‘ ° 15
o Carrapateena %/
. °, ot e i
® ¢ 1€ ®e
.. e [ ] A 0 0 o <
; ; : { 100 km
Cambrian-Neoproterozoic  Crystalline Basement v 75000D7000
Cover Gawler Craton e T

Depth (km)

15

20




Olympic Dam line
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Scale reduction?

Long-period arrays maps regions of low-resistivity in lower
crust that have spatial correlation with deposits

Broadband transects appear to map discrete ‘pathways’ of low
resistivity between lower crust and upper crust

AMT grids map structural hosting of deposits in upper crust
BUT: what does this mean in e Act Structure

terms of fluids, chemistry, temperature, melt: N S

metal provenance and preservation?
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Lomagundi-Jatuli Event ~2300-2000 Ma
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Lomagundi-Jatuli Event ~2300-2000 Ma

Lomagundi-Jatuli Event
~2300-2000 Ma: C isotope
ratios of carbonates
increased by ~10%o0 and O

increased rapidly

Significant increase in the
fraction of C buried as
organic C relative to
carbon buried as
carbonate CO*
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Cambrian Explosion Event ~800-500 Ma
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Temperature (°C)

Damien Gaboury (2019): Applied Earth Science, DOI:

10.1080/25726838.2019.1583310

0 100 200 300 400 500 600 700 800
| | | | | | | | 0
. """I‘r"' TGA
a"' "y, dtip =
— . r"" '”l,""" . |
ﬁ\'\\, *f"' ' ””"l..‘1ltll ¥ =
’, LT
-\\\‘ ';rﬁ“ 'iu,"ln," o, i — 10
S, "ay,, H
4 - s "a, . . ""rn |
S, Fluid generation ey,
¥ - £
oo, Chlorite to hornblende !
» . .
—_ '?%f_ ‘o, Pyrite to pyrrhotite |
%, " “, (HS"and Au) S 0
fé/ u\ """f - SP‘
;47 \\ ’.r"} | ‘\“’ [
8 4 \‘\ “, \":" N
' ™ \1~ “’: PM 3 o f" é@'& H
. u, ax o e .
Greenschist facies . o b_"? \1\"’1 '
s a"' "b(\ (}q} l.-
— Amphibolite facies “:* ""QPQ Q,"N :
+ []
J" ’b‘ L]
,«**  Wet melting limit & & :
. @"S‘ o~ '
@ T Max Maximal temperature i@P Y
12— @® P Max Maximal pressure :
L vy -
4

Depth (Km)

0



Temperature (°C)

Damien Gaboury (2019): Applied Earth Science, DOI:
10.1080/25726838.2019.1583310
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Paleoproterozoic accretion

Betts et al. (2016) suggest sutures
along margins of Mount Isa
Province (Gidyea Suture), the
Curnamona Province and the
Kalinjala Shear Zone formed a
contiguous boundary

Rapid accretion of several micro
ribbon continents commenced
2200 Ma to 1850 Ma along eastern
margin of proto-Australia while it
was in the Nuna supercontinent
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And so....

Spatial mapping of lower crust conductors show significant
correlation with surface economic mineral concentrations

Transect slices suggest that a spatial connection marked as a
low-resistivity pathway between deposits and lower crust

Thermal and fluid processes that transport metals can be
related to enhanced conduction methods

Three-Act Structure

We need many more examples for
known mineral deposits

Setup Confrontation

Disaster




Finding mineral deposits
may turn out to be an
excellent way of
discovering a low-resistivity
lower crustal anomaly......

Thank You

e Data were collected over three
decades by many institutions.
So, too many people to thankin a
slide, you know who you are.
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FOSSICKERS IN THE CREEK, NERRENA.



