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Understanding the nature of geochemical signals and generation of
anomalies represents one of the important advances in modern
geochemistry.

Issues considered in this presentation include:

» The impact of the regolith on geochemical redistribution of signal in surface rocks;
the need to know your geology and sample site attributes,

» Making use of low levels of detection available from partial leach geochemistry
and ICP-MS to resolve the often subtle nature of surface field geochemistry related to

deeply buried mineralisation in weathered terrains,

» Resolving anomaly character — what anomalies really look like in detail in terrains
with deep cover,

» Alternative methods of defining or resolving anomalies.

“New Exploration Technologies”, SMEDG Symposium, Sydney, 11t September 2009



Fracture controlled Metal cations, neutugd ions mobile,
. a gecchemical profile oxyanions red mobility,
Anticipated “normal” “nolsy WM {eg alunite-jarosite) ewnnm

Change in character of
geochemical signal with
source depth and

intensity of weathering.

Weathering
front

Ore body

Geochemical Dispersion Patterns in “Low” pH Environments
(abundant pyrite bearing systems)

Anticipated “normal” Fracture controlled Metal cations precipitate below surface,
outcrop geochemical profile  neutral fons and oxyanions remain mobile,
geochemical profile, “noisy profile” sulphate (eg gypsum) enriched in

limited lateral dispersion

negative metal anomalism zones of evaporation

From a geochemical perspective AN
a “signal” rapidly breaks down to s
look a bit like a geophysical L
conundrum ....noise.....
but as geochemists we are not
put off by this and we can handle
it....like geophysicists somehow

manage to do. Geochemical Dispersion Patterns in “High” pH Environments
(carbonate-low pyrite bearing systems)

Pallid

Weathering
front
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The geochemical landscape

Regolith &
landscape control

Analytical control

> Landform mapping
> Regolith mapping

> Weathering history
» Landscape evolution
> Underlying geolog

> Sampling methodology
» Extraction techniques

Interpretation control

» Pattern recognition
» Signal isolation

» Anomaly detection
> Anomaly scale

After Cohen et al., 2002

...... strongly influences sampling outcomes.
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The regolith, weathering and erosion and
its influence In geochemistry.

A quick digression

The geochemical problem lies in the often forgotten reality that when we
sample in the natural environment we are sampling materials that are
formed by inherently chaotic processes. Simply, this means that thereis a
high rate of natural variability in the landscape at all scales of sampling.

However we need to make sense from this.
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What we are dealing with............

Fe-oxyhydroxides
overprint upper parts of

thered fil Ground surface —Surficial material [RENCUSFSENEL
weathered profile Aerated zone oo 0 0o 55 5 o8 .
. B8rm. s .8 es sa =.o |“Ferricrete formed from
H*ions break down Water table : = -
. . erosion of mottled
minerals in rock
Mottled zone zone
Fe redox zone L
- kaolinite
Groundwater + ferruginous Upper saprolite

movement : fragments dominated by kaolin,
removes soluble Saturated de-graded_llllte clays,
salts, Ca, Mg, Na, K, micas, oxides

sulphate, chloride
etc

Zone

Lower saprolite contains
mixed kaolin, illite,
smectite clays and at its
Weathering front ——2* * V\ _ _ base remnants of

. rimary minerals
Rock weathering ceases P y

where groundwater flow - Bedrock
stops USRI N

Key features of the “classic” weathered profile.

The chemistry is essentially one of hydration, cation

. . . ) (after Mann, 1991)
exchange driven by H*ions and oxidation of Fe. SR

! E

Sulphides only modify this process locally. g
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Osborne and Kulthor
Regolith Setting

Tertiary
palaeochannel
bleached Cretaceous

shales and pedogenic
silcrete armour

unweathered Cretaceous
shales
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Osborne Regolith

| Pattern of evolution
B o e of the landscape.

@ Upper backslope
(3 Mid backslope
@ Lower backslope
® Plains

Q Yellqvqish brown goethite— © Reddigh brown to brown * Black hematite—
kaolinite-rich fragments of hematite —goethite— maghemite-rich
mottled saprolite and kaolinite nodules and pisoliths without
fragments of ferruginous pisoliths with cutans; cutans
duricrust some have chipped

cutans

..., transpiration

precipitation

i E | evaporation
v o

Patterns of surface and near surface
ground water flow Osborne area. percolation ursayaisd=
This erodes old and gives rise to new —¥_water table__VouaIow
generations of siliceous and ferruginous

duricrust which form in the valleys.
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At Osborne, as elsewhere, the physical break up of surface rocks can be a rapid
and dynamic process...... siltstones and silcretes reduced to rubble and eroded.

RUTHERFORD
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Removal of components from the profile and changes in mineralogy
reduces volume resulting locally in collapse breccia “pipes” that extend to
some 5-10 metres depth at Osborne.
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Fe-oxide infill and overprint

along vein-filled fracture in

mottled zone of weathered
sediment.

The overprinting illustrates the
dynamic and ongoing nature of
the chemical weathering
process and movement of iron
oxides by groundwater.

These features illustrate the
“chaotic “ nature of material
available for sampling in
weathered terrains.
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A most important and too Surface values vary significantly

often forgotten aspect: depending on depth of eros.lon through
a weathered profile

—a low value might be just as significant
as a high one!!
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Geochemistry through weathered profiles
- variation in surface geochemical values with erosional depth -
(after Da Costa, M.L., 1993)
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The setting of the Osborne Cu-Au deposit and
the geochemical problem.

5 - [\ Osborne Mine
hloLint IEQ_;—_. Cloncurry i

Queensland, Australia

Malbor,_

Starra Mine
[ ]
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Ruckh amplon

Osborne Mine Barc nI-T{\_"" \
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View 2002

Osborne Cu-Au Mine

~39 Mt @ 3% Cu, 1.3 g/t Au
Geochemical and geophysical target.

Proterozoic-age epigenetic
deposit hosted in multiply
deformed amphibolite grade
metamorphics and quartz-
magnetite ironstone.
Capped by 30 -50 metres of

marine Mesozoic sediments.
View about 1994
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Original Osborne discovery site
with 1992 pSirogas sample holes.

View toward Kulthor area from
Osborne waste dump
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Deposit originally discovered in 1989 by drilling magnetic ironstones
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1100 metres

Vertical projection position

OSBORNE MINE
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Osborne Ore
Structure
hosted
cpy-mt-silica
in folded and
faulted BIF
units.

HHEr A

“New Exploration Technologies”, SMEDG Symposium, Sydney, 11t September 2009




50 - 60 metres cover Mesozoic cover

sequence
Psammite- Migmatite-
porphyroblastic rocks- amphibolite Granofels-
migmatite migmatite
KUlthOF 350 metres
. Eastern
Cross-Section = below surface

Bounding faults Hergirgal

Veins

Main Cu-Au | Eastern ore lens
ore lens

Eastern
Shear
Zone

Kulthor is not
magnetic nor is it e
associated with a
magnetic banded
iron formation. “\ i

Granofels- psammite

migmatite
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Kulthor cpy-py-po-carbonate-quartz-biotite mineralisation

The first ore intercept encountered was 5m @ 3% Cu and 5 g/t Au and the best ore
intercept was 9m @ almost 6% Cu and 10 g/t Au.
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A Tale of Two Ore Bodies

A Dilemma and a Please Explain

“New Exploration Technologies”, SMEDG Symposium, Sydney, 11t September 2009
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2002 trial lines
for pSirogas and
partial leach on soils

What is surprising is
that with careful
sampling the anomalism
IS reproduced
and is multi-element
in character
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Following the “success” of Regoleach over the Osborne
“deeps” mineralisation Osborne Mines undertook a
similar soil survey over their new discovery, named

Kulthor, located some 1.8 km to the west.

.......... no anomaly was detected at all......and drilling at
Osborne “deeps” got nothing.

So what is going on?.......

Lets look at some facts.

Soil sampling - 50 metre spaced sample sites, 25-30 cm deep samples -1.8mm
(-10#, 1.68mm) fraction.

“New Exploration Technologies”, SMEDG Symposium, Sydney, 11t September 2009
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As a geochemical method radiometrics can be used to model the
regolith and erosion in the terrain.

Thorium accumulates in secondary minerals with Fe-oxides in the

mottled zone of weathering so the thorium channel can indicate

where the mottle zone and ferruginous duricrust are present and
exposed at the surface.

Similarly, the potassium channel can highlight areas where bedrock
or K-bearing clay persists at the base of the saprolite zone.

Uranium channel has less value in this exercise, but black areas
(effectively lacking any radiometric response) are frequently
indicative of areas with silcrete.
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Osborne
~open pit location

i’
!

Linked by
50 ppm Cu
contour

Cu distribution at Mesozoic-Proterozoic unconformity at 30-70 metres depth
from RC drilling.
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pSirogas the ultimate sampling method......

...... no leach
.............. no soil or rock samples
.................... but measurable signal

measuring temporal data — and rates of signal
transmission

“New Exploration Technologies”, SMEDG Symposium, Sydney, 11t September 2009



In 1992 an AMIRA-CSIRO project was undertaken to assess the
potential application of the Swedish GEOGAS technique in Australia.
The method is able to detect very low levels of an analyte (ng/cm?).

The project, named pSirogas, was initiated by Chris Johnston who
developed the field program and the methodology and undertook the
original surveys.

| subsequently re-activated the procedure in 2002 to help resolve the
Kulthor conundrum. By this time ICP-MS had to a large extent filled the
niche for very low level analyses.

The method was essentially experimental and because of practical
difficulties with its execution is probably not viable for general use.

It did however give some very unique information, particularly

temporal data that hints at the character and rate of anomaly formation
and variations in geochemical signal with the seasons and other things.
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The pSirogas program suggested:

Water aerosols and condensates
........ as new sample media

and for partial leaches
......... control of values by lithotype

............... and influence of local variations in
soil salinity on values measured

“New Exploration Technologies”, SMEDG Symposium, Sydney, 11t September 2009
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Osborne Pit Wall Studies

Control of Geochemical Signal and
Distribution by Fractures

Seismic and barometric pumping, evaporation and
capillary movement of water following periodic inundation
of fracture systems seem most likely drivers for
geochemical signals.

There is a high vertical gradient to signal dispersion.
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Schematic Plot of Molybdenum Distribution
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So what is controlling the
anomaly patterns at Osborne?

Primary control would seem to be
hydromorphic barriers in the
landscape — notably silcrete with
lateral groundwater transport beneath.

Where erosion intersects the edge of these

hydromorphic barriers salts are precipitated
producing a surface anomaly.
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Kulthor Geochemistry

pSirogas v Regoleach Partial Leach (ICP-MS)

“New Exploration Technologies”, SMEDG Symposium, Sydney, 11t September 2009



Transported siliceous
hematite gravel derived by
erosion from mottled zone
up slope. Gravels silicified
into massive aggregates by
opaline silica sourced from
saprolite zone

Transported soil

Siliceous hematitic
gravel

Gypsiferous
saprolite zone

(clay).
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There are distinctive, albeit weak, patterns shown
by the ore metals — both higher and depleted

signals over the ore position at Kulthor.
Those in the top sample (25 cm) may derive from Osborne and could have been
transported over the Kulthor position in the cover.
Lower is true bedrock saprolite sample.

What do the “bulk” alteration elements give — namely the
Ca from the carbonate and S from the sulphide (pyrite).

“Poston | Au_[ Ba [ Ca | cd | Co |
e |0 | wis[metee | 72 | 265w
“Wiadie | 1| o4t | G0gs0 | os | 410 |
CTower | 72 [ o7 esoimeo| o | 738 |

| Position | cu | Fe | Hg | Mg | Mn_ |
[ Upper | 396963 | 3680-6810 10-16 463-1040% 38-126

[ Middle | 427946 | 5950-8180 947-3220 67-106*
218-7.09 | 3290-7470 | 08 | 1240-5820 18-61

| Positon | Na | Ni [ S | se | Te |
[ Upper | 124-510° 1.17-3.48 41-135" 92-236
[ Middle | 1030-4050% | 3.02-4.12 | 272-2530 44-268 15-39
1090-2690* | 1.65-2.33* | 5730-11710* | 84-163° 20-34
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Sulphate defines ore and alteration zone B Ca(ppm) O S(ppm)

14000 - Ore Zone Alteration Zone

120001 << Hydraulic gradient to left

10000 Silcrete  Background Bgnd "’ 1 B ' Background
8000 4
6000 f
4000 —I I I I nl
1
2000 ‘ I | (W

Le

KOO1 K003 KDUD KOo7 KDDQ KO11 : K019 K021

Sample Number
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At Kulthor we have:
High gypsum levels at about 1 metre depth above ore zone

Lateral dispersion of soluble elements down hydraulic
gradient with subsequent concentration at bottom of
drainage slope along with amorphous silica probably during
the wet season.

Elevated chlorine determined by pSirogas might suggest
metal chloride complex transport for some elements (or
possibly thiosulphate at depth).
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Kulthor sulphur
isotope values in ore and soil

Ore values
cpy =+7.0to +8.0
po = +6.6
py = +7.8 (main ore)
py = +7.2 (2" zone)
py = +7.9 (halo zone)

Gypsum in soil
+7.2 to +10.7

Regional background
+11.1to+12.3

S __—""'—..:__l“
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+10.7 value in soil is in drainage wwmzase 1 Sin soil & S isotope values
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line and is ||ke|y mixed with 200 0 15500 ) Kulthor Regoleach Soil Geochemistry

o L 3] Cwer Alteration Envelope and Topography
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background ISOtOpIC values. 20 fo 3100 (4] Sulphur values (ppm) and Sulphur Isotope Value (No)
w W {lowest isotopic values nearest ore values)
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Sulphur isotopes
mixed through
weathered zone

Sulphur isotopes
unmixed at surface

Lateral
dispersion duricrust scree

Mesozoic cover_ | \

periodic inundation

unconformity \

anomalism unconformity
Geochemistry
highly orebody .
constrained | H~34
ow pH ~ 3-
by host 2low buffering
structures
Osborne
?neutral pH
carbonate buffered

* = surface anomalies
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