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Radiogenic Isotope Geochemistry 101

Applies isotopes to
As_thenosphere

understanding development of & Rigid mantle
chemical reservoirs and their Crust o

. . i Continental crust (grai tcﬁ?

Interactions through lime Oceanic crust {basaﬁic');i;-?

._If:.ﬁ »

Examples:

= Formation of the crust

= Addition of new material from
mantle to crust

= Origin of fluids that generate | ~ Atmosphere

Continent — " Hydrosphere

ore deposits —
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(Radiogenic) Geochronology & Isotope Geochemistry:
two sides of the same coin

» Often measure the same isotopes, on
the same equipment

» Geochronology — radiogenic isotopes
give the age

» Isotope geochemistry — time-calibrated
geochemical (isotopic) data

* eg. U-Pb geochronology and Pb-Pb
Isotope geochemistry use the same
isotopes — but applied in different ways
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Exploration challenges
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Radiogenic Isotopes Applied to Mineral Prospectivity

Empirical € - - === > Conceptual

» determine age of known deposits » understand favourable tectonic

L ‘ingredients”
* look for more in similar aged rocks g

* reconstruct past tectonic history

(A) Subduction  Volcanic arc (compressional ~ Back-arc
or extensional) extensional basin

Continental e o oun” " 2 ot + predict favourable time and place for
| porphyry Cu-Au VHMS 4 iooma-type VHMS associated
Ocean crust ~ L W NiCu

undiscovered deposits

Lithospheric North Australian| . - —
mantle _ Element (NAE) i
1810-1790 Ma 7
West Australian : |
Asthenosphere EIementhA_E) 4
(B) Orogenesis Orogenic Orogenic belt Foreland basin
gold . (contractional)

Cobar-type
Cu-Au-Zn-Pb-Ag \ S MVT Zn-Pb

Continental

crust Rare metal m"ﬂ;""ﬁ: 1810-1740 Ma

\pegmsﬂfo:

4 .| | South Australian
- Element (SAE)

Lithospheric
mantle
East Antarctic ...
Shield
Asthenosphere

Huston et al., 2016
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Permgability
Preservation \ _
Why should you care? - Erergy |\ Gaboromea
| critical window L \Dw —|

« Mineral deposits are formed by et

processes operating over T Throttle

various spatial scales and o

timeframes =
» |sotopes can help at most of

these scales

Globe Craton Province District Deposit

Scale —>»

Hagemann et al 2016
doi: 10.1016/j.oregeorev.2015.12.012
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Craton-scale:
Nd-isotopes

0 200 400 800 km

Nd-isotope map of Australia n,

Champion 2013. doi: 10.11636/Record.2013.044
I
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Nickel mineralisation o, Eee
A >05Mt [ 2.97-3.05
. . . . +  Ndsample ] 3.05-3.12
* Ni deposits in Kalgoorlie Terrane, wod— T el NN e e
Yilgarn Craton in Western Australia Easterr | =) 2 Eiziiﬁiiﬁ
oz B 323
» hosted in rocks from the mantle —Nomer  Ioere
(komatiites) (Barnes & Fiorentini, 2010)
« Map: age of lower crust from Sm-Nd
isotope analyses on granites: |
old in the west, younger in the east B
i _YILGARN
. . . . . . CRATQ)N =
* Ni deposits align with isotopic \\“‘__
boundary 1 S
92 | oythwes ;
« Understand why deposits develop e i 4
‘} o o -.er\r,jr*"\/‘/ '
* Predict location of undiscovered 1 e i ¥
deposits \Hj., e (15 Froser i
Champion & Cassidy 2007
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Deposit-scale: Pb-isot

Zeehan field, Tasmania:
geology

 Historical silver mining
e Current tin exploration
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Deposit-scale: Pb-isot

Zeehan field, Tasmania:
Pb-isotopes

« Spatial variations in
Pb-isotopes correlate
with location of buried
Heemskirk Granite
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Problems with isotopes in exploration & mining

Data is hard to access

High bar for non-experts

Needs baseline datasets for context

Not enough discovery examples (relative to potential)

What's the plan?
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Geophysics — convertlng data to maps
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Example geophysics workflow:
Australian Fundamental Gravity Network (AFGN)

QAQC
‘ Survey Acquisition, Collating data
AFGN Processing, | Database Entry  New Gravity
Survey AFGN Tie Grids
Planning

Creating accessible geoscience data is complex — but it can be done

Slide courtesy Phillip Wynne (GA)
-
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Isotope Geochemistry — converting data to maps
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Problems with isotopes in exploration & mining

 Data is hard to access
* High bar for non-experts
 Needs baseline datasets for context

* Not enough discovery examples (relative to potential)

Part |: increase access to data & knowledge
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New GA-GSV geochronology
compilation for Victoria

IS
. . % K/Ar
Available via portal.ga.gov.au & @
doi: 10.11636/Record.2021.024 S
KZ)
|
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Next: GA/MRT geochronology lA
compilation for Tasmania

s I

®
7
Q Rb/Sr
o
9
& Re/Os

Sm/Nd

U/Pb
0 100 200 300 400 500
Number of ages
500
400 Geological event
coolin
é | ﬁegos:i:gion—rellatlcted i
rothermal alteration

.f 300 | ig);eous crystallisation
) metamorphism
2
£ 200
>
P4

100 T

0 Ll__h_-_i -
Dark red = old (c. preCam.), pink = c. Cam-Sil, white = young (Cen.) 0 500 1000 1500

© Commonwealth of Australia

(Geoscience Australia) 2021 Isotopes for mineral systems and exploration: Discoveries in the Tasmanides 2022




Isotopes in economic geology, metallogenesis and exploration
Huston, D.L., and Gutzmer, J., eds Coming in 2022

Part | — Radiogenic isotopes — age of mineralisation

* Overview, U-Pb, Re-Os & Pt-Os

Part Il — Radiogenic isotopes — crustal and metallogenic mapping
« Sm-Nd, Pb-Pb, Lu-Hf

Part Il — Light stable isotopes

- HB,CNO,SiS

Part IV — Metallic stable isotopes

* lron, copper, zinc
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Problems with isotopes in exploration & mining

 Data is hard to access
« High bar for non-experts
 Needs baseline datasets for context

* Not enough discovery examples (relative to potential)

Part |I: more baseline datasets
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Lead Isotope Map of
Australia (LIMA)

| A Geosuence Austraha Curtin collaboratwe prOJect
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LIMA - Project motivation
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LIMA: Baseline data from basement rocks
Map: Pb-isotopes in ore: Tasman Element

 Give context for ore + water +
soil data

* Map structures and terranes

« Can Pb-isotopes be used for
pathfinding?

« Can you explore using Pb-
isotopes in basement?

« Can reliable datasets be
collected quicker and cheaper?
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Pb in basement

* 43 samples so far

» Feldspar LA-ICPMS +
Whole rock TIMS =
similar results

 Initial results make sense
— but lots of geological

gaps High-p = high-U
-40°S
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Permeability
y . Preservation \\ -
What We re dOIng e TR Energy \ dispergion
__ ] citkalwindow _ i g
v' Making it easier to access data | Depositional
"“. gradient
T Throttle
v Reducing barriers to isotopic ;
understanding £
v Providing baseline datasets
« What | hope to be talking about
next time: discovery examples
Globe Craton Province District Deposit

Scale —>»

Hagemann et al 2016
doi: 10.1016/j.oregeorev.2015.12.012
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Links to isotope compilations are in the extended abstract volume

Thanks to all the geological surveys for their data custodianship and
collaboration

Thanks to the isotope geochemists and geochronologists — we stand on
your shoulders

Web: www.ga.gov.au
Email: Kathryn.Waltenberg@ga.gov.au
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