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Aims

 Provide a common set of data as an evidence base for evaluation, further studies and
monitoring: Multi-element environmental geochemical baseline

» Establish if the presence of mineral sands, and the critical minerals contained within,
can be detected in the natural geochemistry of the region: REE + TiO, + Zr

Motivation
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HyLogger mineral match with TIR or SWIR library
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Weighted
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mg/kg
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Lead (Pb)

Partial Digest
Near surface soil
(sub-2 mm) chemistry
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N 12.33-13.22
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Titanium (TiO,)

Total Digest

Titanium (TiO,)

Mildura Partial Digest

—, Mildura

Inverse Distance Near surface S?ll Inverse Distance Near surface 39"
Weighted (sub-2 mm) chemistry Weighted (sub-2 mm) chemistry
interpolation interpolation
TiO, N TIO, B
mglkg A A wt % A
I 0.0048 - 0.012 S Km [ 0.043-0.329 Km
[ 0.0128-0.0133 0 25 50 75 I 0.330-0.348 0 25 S0 75
I 0.0134-0.0135 L1 1 1 I 0.349 - 0.367 L1 1 1
I 0.0136 - 0.0137 . 0.368 - 0.386
0.0138-0.0141 0.387 - 0.420
0.0142-0.0145 0.421 - 0.446
0.0146 - 0.0149 0.447 - 0.465
I 0.0150- 0.0155 I 0.466 - 0.492

[ 0.493-0.530 A

[ 0.0156 - 0.0690
I 0.531-1.027 ¥

[ 0.0170 - 0.0590
Sample sites
A 0.043-1.027

Sample sites
A 0.0048 - 0.0590

~ Study area ~ Study area

Mineral Sand Mineral Sand
s occurrences s occurrences
. Structural Structural
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ZONE ZONE
Bendigo o Bendigo o
STAWELL STAWELL
ZONE ZONE
GRAMPIANS @ Ararat GRAMPIANS @ Ararat
STAVELY STAVELY
ZONE . ZONE
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ZONE ZONE -_
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7 I ° 10 —- -
- /
(=
4o
3
T 12
0.14 18
s v A 8
I TiO, 1= TiO,
=
0.01 wt% 1E wt %
0l°. - Total Digest
T T T
Partial Digest Total Digest 0.1 0.5 0.9
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REE +Y

Partial Digest
Near surface soil

REE +Y

Total Digest
Near surface soil

Inverse Distance . Inverse Distance X
Weighted (sub-2 mm) chemistry Weighted (sub-2 mm) chemistry
interpolation interpolation
REE +Y i REE + Y N
mg/kg A mg/kg A
I 8.3-60.0 Km I 120-76.3 Km
I 60.1-64.1 0 25 50 75 I 76.4-80.1 0 25 50 75
I 64.1-678 L L | ! I 80.2- 838 L | I I
67.9-70.7 183.9-87.6
70.8-745 87.7-926
74.6-80.3 92.7-98.8
80.4-86.8 98.9- 106 \
I 86.9-96.5 N 107 - 115 A
I 96.6 - 110 I 116- 132 N
I 111 -252 I 133-336 *
Sample sites Sample sites ;
A 88-252 A 120-336

~ Study area ~ Study area

Mineral Sand Mineral Sand
4 occurrences s occurrences
. Structural . Structural
zones b BENDIGO zones [ BENDIGO
Rivers A ZONE ~ Rivers ZONE
Roads : ~~ Roads ‘
4 y ‘ s A 3 . AN ;
- : Bendigo o = Bendigo o
\ STAWELL STAWELL
| ZONE A ZONE
GRAMPIANS @ Ararat GRAMPIANS @ Ararat
STAVELY STAVELY
ZONE . ZONE
GLENELG . GLENELG 2
ZONE ZONE f -l. { ©o °
Hamilton Hamilton
I (] 1.0: 3 e =
18
100 3
1T
42
05 ¢
REE +Y 1% REE+Y
=
2 ° o mg/kg 1E mag/kg
10 43 :
& 0 & : : Total Dllgest
Partial Digest Total Digest 100 200 300
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REE +Y

Total Digest
Near surface soil
(sub-2 mm) chemistry

Inverse Distance
Weighted

interpolation
10000 -y Partial digest [ Total digest : -

mgkg

I 120-763
I 76.4-80.1

1000

&
I 80.2- 8338
L ! % O jiimm} %9_—111056
v
(©)

O I 116- 132
10 :

I 133-336

Sample sites
A 120-33%

~ Study area
E Mineral Sand
@ ccurrences “a
L .., Structural |
0.1 : 4 . {  eEMwo
3 O
3 v 9 > -
0.01 % . 4 Z
@

>REE TiO, Zr SREE+Ti+Zr
mg/kg wt % mg/kg mg/kg

rutile, anatase, ilmenite, zircon, monazite and xenotime

GRAMPIANS
STAVELY
ZONE

« Local Geology

« Weathering of parilla-sand derived heavy mineral occurrences
« Anthropogenic

* Fertilizer addition (e.g. Bispo et al. 2021, Enviro. Pol. V289)
« Distal Geology

» River catchment geology
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REE +Y

Total Digest
Near surface soil
(sub-2 mm) chemistry

Inverse Distance
Weighted

interpolation
REE +Y N
10000f ——m Partial digest [N Total digest i A
] N 120-763 Km
I 76.4-80.1 0 25 50 75
N 80.2-838

O I 116 - 132
I 133- 336

Sample sites

A
1000 4
% é o pa.us
4 927-988
1 00 ! O == 32,79_-111056
3 v
o)

10 :

A 120-336

1 4 ~ Study area
E Mineral Sand
] @ ccurrences
E .., Structural |
0.1 : 4 BENDIO
3 O
3 v
0.01 1 %
Bendigo o

STAWELL
ZONE

>REE TiO, Zr ZREE +Ti+ Zr
mg/kg wt % mg/kg mg/kg
GRAMPIANS ' ® Ararat

STAVELY
ZONE

rutile, anatase, ilmenite, zircon, monazite and xenotime

« Local Geology
« Weathering of parilla-sand derived heavy mineral occurrences
* Anthropogenic

et al. 2021, Enviro. Pol. V289)

Distal Geology
River catchment geology
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Alluvium-colluvium
signal dominates
southern study
area

Other analytical
approaches
required for critical
mineral
exploration

Normalisation
factor varies
geographically
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Z
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=
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m
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Inverse Distance

I 12.0-76.3
I 76.4-80.1
[ 80.2-8338

I 107 - 115
I 116 - 132
I 133-336

A

~ Study area

o

zZones

/i of

Weighted
interpolation
REE +Y
mg/kg

|
A
A

83.9-87.6
87.7-926
92.7-98.8
98.9- 106

Sample sites
12.0- 336

Mineral Sand
occurrences

Structural

GLENELG
ZONE

Glenelg Zone

REE +Y

Total Digest
Near surface soil
A (sub-2 mm) chemistry

River Flow Direction

A
. BENDIG
ZONE
‘ \ Bendigo 4
STAWELL
1‘\

Loddon River

Avoca River
Richardson River
= \Wimmera River

GRAMPIANS
STAVELY
ZONE

Hamilton

Grampians
Stavely
Zone

Stawell Zone Bendigo Zone
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Groundwater

« 163 groundwater samples were
collected from the state bore network
across the study area

* Major, minor, trace elements
analysed, including for Ti, Zr, REE

Murray ﬁiver

8
Mildura

= \Wimmera River

N km
A 0 50

GEOLOGICAL
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Groundwater
conceptual
model &

“C ages '

infiltration
3,000 yrs
I

7’0_09 Groundwate
recharge

Groundwater
mixing

occurrence

Groundwater flow
direction

Groundwater
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Groundwater
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Groundwater "~ Soil | ey

Total Digest
Near surface soll
(sub-2 mm) chemistry

Inverse Distance
Weighted
interpolation

REE +Y
mg/kg
Bl 12.0-763
I 76.4 - 80.1
I 80.2-8338
83.9-876
87.7-926
92.7-988
98.9-106
B 107 -115 X
B 116- 132 v
I 133-336

Sample sites
A 120-336

~ Study area

Mineral Sand
occurrences

.. Structural
zones

BENDIGO
ZONE

Parilla Sand
@ 2REE+Y |.lg/L Bendigo o
° 9 e 010-076
o ® 0.77-215
5 O 216-M7
. 1.8 - 685 GRAMPIANS ) © Ararat
® o585 2,230 oy
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Bringing it all together

» A snapshot of soil geochemistry of northwest Victoria in 2025
« Soil parent material = fluvially derived in the south or calcareous dune deposits
in the north
« Soil mineralogy assessed by Hylogger and differences between partial digest
and total digest
» Factors influencing soil geochemistry
» Geologic (mineralogy)
« Anthropic (fertiliser, urban centres)
» Physiographic (rivers)
« Soil REE, Ti and Zr anomalies primarily reflect changes in river catchment
geology, c.f. weathering from underlying heavy mineral occurrences
« Groundwater REE anomalies associated with acidic water and the link to
mineral sand occurrences is being investigated

Aim 1: The geochemistry in soil baseline data, in conjunction with the other
sample mediums, can be used as a basis for future monitoring and evaluation
Aim 2: Other approaches required for soil critical mineral exploration but
groundwater may be of use

Future Other Victorian regions, new techniques, integration with NGSA, refine
survey design, integrate chemistry across sample types

Conclusions
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