CRCLEME

Cooperative Research Centre for
Landscape Evolution & Mineral Exploration

@[FJIE[N] [FOLE

() i

CSIRO

EXPLORATION
AND MINING

AMIRA

Australian Mineral Industries Research Association Limited  ACN 004 448 266

AND GEOCHEMISTRY
ERITIC PROFILE,




i
_

AMIRA S8 CRCLEME

Coaperative Research Centre for
Australian Mineral Industries Research Association Limited  ACN 004 448 266 e Landscape Evolution & Mineral Exploration

()

CSIRO

EXPLORATION
NDMIN

MORPHOLOGY AND GEOCHEMISTRY
OF GOLD IN A LATERITIC PROFILE,
BEASLEY CREEK, LAVERTON,
WESTERN AUSTRALIA

Ph. Freyssinet and C.R.M. Butt

CRC LEME OPEN FILE REPORT 6

November 1998

(CSIRO Division of Minerals and Geochemistry Report MG60R, 1988.
Second impression 1998)

© CSIRO 1988

CRC LEME is an unincorporated joint venture between The Australian National University,
University of Canberra, Australian Geological Survey Organisation and CSIRO Exploration and Mining
Headguarters: CRC LEME c/o CSIRO Exploration and Mining, Private Bag, PO Wembley, Western Australia, 6014




© CSIRO Exploration and Mining

RESEARCH ARISING FROM CSIRO/AMIRA REGOLITH GEOCHEMISTRY PROJECTS. 1987-1993
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PREFACE

The CSIRO-AMIRA project "Exploration for Concealed Gold Deposits, Yilgarn Block, Western
Australia® has as its overall aim the development of improved geological, geochemical and
geophysical methods for mineral exploration that will facilitate the location of blind, concealed or

deeply weathered gold deposits.

This Report presents results of research conducted as part of Module 2 of this project (AMIRA
Project 241):

"Gold and Associated Elements in the Regolith - Dispersion Processcs and Implications for

Exploration®.
The Objectives of this Module are:

I To obtain a better understanding of the nature and genesis of lateritic and supergene gold
deposits. |

Ik To determine characteristics useful for exploration, especially in areas of transported
overburden, for:
(@) further lateritic and supergene deposits, and
(b) primary mineralization - including that with no expression as appreciable secondary

mineralizaton.
. To increase knowledge of the properties and genesis of the regolith. -
\% To provide data applicable for exploration for other commodities in and beneath the regolith.

The aim of the study reported herein has been to obtain information concerning the nature and origin
of gold in the regolith by examining the morphological and geochemical characteristics of gold
particles. The location, shape, degree of corrosion and composition of the particles may indicate the
aspects of the genetic history not only of the gold itself but also of the regolith in which it occurs. The
results will be compared with those of similar studies conducted in West and Central Africa, where

lateritic weathering profiles have not been modified by a change to arid conditions.

C.R.M. Butt
Project Leader
November 1988
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MORPHOLOGY AND GEOCHEMISTRY OF GOLD IN A LATERITIC PROFILE,
BEASLEY CREEK, LAVERTON, WESTERN AUSTRALIA
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* Centre de Sedimentologie et de Geochimie de la Surface, 1 rue Blessig, 67084 Strasbourg
Cedex, France.
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ABSTRACT

The morphology and geochemistry of gold grains was studied in panned concentrates from several
depths in the weathering profile of gold mineralization at Beasley Creek, near Laverton. At 70 - 80m
depth, the mineralization is only partly weathered and both primary and secondary gold grains are
present. The former are characterized by high Ag contents (maximum 48%), whereas the secondary
gold is of high fineness. Above 60m, only secondary grains were found, but with several
morphological types including flat polygonal forms, euhedral prismatic crystals and pseudo-
hexagonal crystals. Most of the grains are etched and corroded. Above 20m, a further generation of
secondary gold appears, as irregular rounded grains that are only weakly corroded. No trace
elements were detected in the primary gold, but Fe and As are present sporadically in the secondary

grains, probably as micro-inclusions of Fe oxides.




INTRODUCTION

The objective of this study was to examine the morphology and chemical composition of gold grains
in a lateritic weathering profile as part of the broader research programme of the‘Weathering
Processes module of the CSIRO/AMIRA Gold Project. The techniques are essentially the same as
those used for similar studies in West Africa by one author (P. Freyssinet). The results from studies
in Western Australia and West Africa will permit comparison of the behaviour of gold in areas which

have a common history of lateritic weathering followed by different post-lateritic regimes, namely arid

and humid savanna.
GEOLOGICAL SETTING AND SAMPLING

The Beasley Creek gold deposit is situated in the Mt. Margaret anticline, which has granite at the
centre overain by ultramafic rocks, komatiites and amphibolites. Some banded iron formation

occurs along contacts. The mineralization seems to be confined to a mixed basaltic and komatiitic

suite.

The gold deposit is located in an intensely weathered zone some 200m wide, apparently associated
with a sedimentary unit. The ore zone and some of the country rocks are extensively oxidized. The
mineralized zone itself is 15 to 40m wide and dips east at 45 degrees. Gold appears to be associated
with quartz veins within a biotite alteration zone. The highest gold grades lie in dark, iron oxide-

quartz rocks.

The deposit is on a slight rise capped by patchily developed ironstones and calcretes, with colluvial-
alluvial plains to either side. The gold is dispersed in a 400m wide secondary halo of 20-40ppb in the

surface.

SAMPLING, SAMPLE PREPARATION AND METHODS

Eight bulk samples, 10-15kg each, were collected; six were percussion drill samples, representing
the high grade zones of the mineralization at different depths (KGL 36-40) and two samples were
from the ferruginous pisolitic horizon in the surface halo (KGL 34-35). Brief sample descriptions are

given in Appendix A. The samples were processed as follows:

Crushing: the total sample was jaw crushed to about 5mm, then ground in a disc mill to 1.5mm.




Panning: sample were washed to remove clays, and panned to 5-10g or less. The residue was
panned further on a micropanner. It should be noted that the data discussed in this report refer only
to the grains that can be recovered by this procedure. A high proportion of grains smaller than

10 um will have been lost, with moderate losses of those between 10 and 20 ©wm.

Optical examination: the gold grains were removed, and examined and measured using a binocular

microscope.

Scanning_electron microscopy: grain morphology was examined by SEM and the Ag contents
determined semi-quantitatively using an energy dispersive spectrometer.

Polished sections: selected gold grains were examined in polished section.

Cameca SX50 electron microprobe: selected grains were analysed for Au, Ag, Cu, Ni, Fe, S and As.

GRAIN SIZE DISTRIBUTION

All gold particles have been measured and, although there were Insufficient grains to obtain
significant statistics, the following distribution is apparent:

fresh mineralization, 72-80m, grain size 25-200 i m;

oxidized mineralization, 10-60m, grain size 50-100 4 m;

surface halo, in the ferruginous horizon and calcrete concretions, grain size 30-70 & m.

MORPHOLOGY OF GOLD GRAINS
Partly weathered mineralization, 72-80m

Gold grains at this depth are of several types:

1. Primary grains. These are Ag-rich grains that are either xenomorphic (photo 1), with large
faces derived from the impression of surrounding crystals, or euhedral (photo 2).

2. Etched primary grains. These are very rounded grains with surfaces covered by numerous
etching pits. Such grains are Ag-rich, although some faces have a layer of gold of high
fineness - possibly due to secondary precipitation (photo 3). Small (1 £ m) spherules of high
fineness gold can also be observed adhering to the surfaces of the corroded grains. This
feature seems characteristic of early stages of secondary gold development near the primary

source.



3. Secondary gold. These are grains 15-30 um in size that have no detectable Ag on their
surfaces. The grains are flattened with highly corroded surfaces, but appear to be euhedral,

with characteristic polygonal forms (photo 4).
Oxidized mineralization, 30-60m depth

All the grains are of very high fineness and are probably secondary. No Ag-bearing, and hence
probably residual, primary grains, were found. Most of the grains are xenomorphic, with large faces
from the impression of the surrounding crystals (photo 5-6); however, their general polygonal form
could be euhedral. This morphology is characteristic of gold precipitating among in quartz crystals.
There are also some euhedral, prismatic crystals (photo 8). Most of thé grains are weakly etched,
but usually only particular crystal faces are attacked so that the original morphologies are still

recognizable.
Oxidized mineralization, 10 - 30m depth

There are two groups of gold grains, both secondary. The first group consists of strongly etched
pseudo-hexagonal (photo 9), prismatic (photo 10) or flat, polygonal crystals. The second group
consists of uncorroded or only weakly etched rounded (photo 12-13) or irregular grains (photo 11).

Surface halo

The pisolitic soil, derived from underlying lateritic duricrust, has numerous indurated ferruginous

fragments in a red clayey matrix. Onfy two grains were recovered, both being highly corroded

prismatic crystals (photo 14).

The calcrete contains numerous ferruginous pisoliths. Again, only two grains were recovered. One
grain is almost completely corroded and has a "spongy" form, although some crystal faces are partly
preserved (photo 15). The other grain is polygonal and possibly euhedral, but has smooth

uncorroded surfaces (photo 16).

The presence of two morphological types in the top 30m could indicate at least two generations of
secondary gold. There is an older generation, mostly of well crystallized grains, that has been partly
dissolved and a second generation that has precipitated in rounded and irregular shapes and

appears to be unweathered.




CHEMICAL COMPOSITION OF GOLD PARTICLES

Analytical conditions

The chemical composition of the gold particles has been determined by electron microprobe
analysis of polished sections of grain mounts. The following seven elements were determined: Au,
Ag, Cu, Fe, Ni, Asand S. The detection limits and counting times are shown in Table I. (NB. Only a
very small number of samples was available for analysis, so that the results can only be treated

qualitatively in determining compositional trends.)

Ag Cu Ni Fe S As
Detection
limit (ppm) 720 180 160 160 200 160
Counting
time (seconds) 40 40 40 40 100 140

Table 1: Detection limits and counting times for electron microprobe analysis. Counting time for Au:
20 seconds. The results for S are not reliable at this level.

Gold and silver distribution

Silver is the only element, other than gold, present as a major component. There are two clearly
separate populations of gold grains (Figure 1), those with 16 to 48% Ag and those containing
<720ppm Ag (ie below detection limit). The few grains containing 16 to 48% Ag are from the
deepest samples at 72-80m, in which the mineralization is only slightly weathered. Although there is
some variation between grains, the Ag distribution within each grain is uniform, varying by less than

1% Ag. Higher in the profile, all grains are of very high fineness, containing <720ppm Ag.

Trace element distributions

The results of the trace element analyses are given in Table Il, subdivided into the two classes of
particles indicated by the Ag content. Whereas the distribution of Ag is generally uniform within the
grains, that of trace elements such as Fe, Cu and Ni is erratic and seems to represent discrete
inclusions of iron oxides or even sulphides. The Ag-rich grains are not enriched in any particular
element, whereas several of the Ag-poor grains have localized high concentrations of Fe and As in
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particular. A possible interpretation is that these grains have inclusions of fine Fe oxides or even As

oxides, incorporated during the precipitation of secondary gold.

Class No. Au Ag Cu Fe As Ni S
(Ag%) Samples % % ppm ppm ppm ppm ppm
>0.5% 10 68 30 0 19 0 0 15
<0.5% 27 100 0 17 195 9 47 77

Table 2: Average chemical composition of gold particles classified according to silver content.

CONCLUSION

Study of the morphology and geochemistry of gold particles from several depths in the weathering

profile leads to the following conclusions:

1. At 72-80m depth, mineralization is only partly weathered and both primary and secondary
gold particles are present. The former are characterized by high Ag contents (maximum
48% Ag), whereas the secondary gdld is of high fineness.

2. Between a depth of 60m and the surface, all grains seem to be secondary but there are
several morphological types present, including flat polygonal formé, euhedral prismatic
crystals and pseudo-hexagonal crystals. Most of the grains are etched and corroded. The
corrosion Is particularly evident at 20-10m depth; however, at that depth, weakly corroded
rounded and irregular grains appear. The presence of these two different grain types
suggests that there are at least two generations of secondary gold, the first comprising well
crystallized particles that have subsequently been partly dissolved, and the second of only
slightly corroded rounded and irregularly shaped grains.

The chemical analysis of secondary gold particles shows that trace elements, mainly Fe and As, are
present only sporadically, probably as small inclusions of Fe or As oxides within the gold matrix.

The trace elements were ali below detection limit in primary gold.




Photo 1:

Photo 2:

Photo 3:

Photo 4:

Photo 5:

Photo 6:

PLATE 1

GOLD GRAINS IN PARTLY WEATHERED MINERALIZATION AT 72-80m

KGL 48. Xenomorphic primary grain characterized by large square and smooth faces
representing the impression of surrounding crystals. The striations on one face

suggest these crystals were probably pyrite. No corrosion. High silver content.

KGL 48. Euhedral prismatic primary grain. Some rounding, weakly etched on the
edges but with mostly smooth crystal faces. One face has a large etching pit. High

silver content.

KGL 48. Compact xenomorphic primary grain. Strongly corroded on one side (right)
so that the primary features have disappeared, but primary faces are observable
though rounded on the left. A patchy surface coating of secondary gold (light grey)
is present overlying the primary gold (dark grey). Small spherules of secondary gold

are adhering to the surface.

KGL 48. Flat polygonal crystal of secondary gold with the large face showing the
impression of the adjacent crystal. No detectable silver.

GOLD GRAINS FROM OXIDIZED MINERALIZATION AT 30-60m

KGL 38. Secondary gold similar to photo 4. Flat polygonal crystal with the large face
showing the impression of the adjacent crystal. No corrosion. No detectable silver.

KGL 37. Secondary gold similar to photo 5, but corroded. The surface is covered by

numerous etching pits. No detectable silver.
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PLATE 2
GOLD GRAINS FROM OXIDIZED MINERALIZATION AT 30-60m

Photo 7: KGL 37. Xenomorphic secondary gold, rounded and with large etching pits. An
iimenite crystal is adhering to the gold grain. No detectable silver.

Photo 8: KGL 37. Euhedral prismatic crystal of secondary gold with only one corroded face.

No detectable silver.

GOLD GRAINS FROM OXIDIZED MINERALIZATION AT 10-30m

Photo 9: KGL 36. Flat pseudohexagonal crystal of secondary gold. Strongly corroded. Cavities
are filled with iron oxides. No detectable silver.

Photo 10: KGL 36. Euhedral prismatic crystal of secondary gold. Strongly corroded and
rounded. No detectable silver.

Photo 11: KGL 36. Aggregate of several crystals of secondary gold, including a pseudo-
hexagonal crystal towards the bottom. The grain has a gold coating which seems to

post-date the euhedral crystals. No detectable silver.

Photo 12: KGL 36. Partly corroded globular grain of secondary gold. Some small spherules of
secondary gold are present in the large depression at the centre. High fineness gold.
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PLATE 3

GOLD GRAINS FROM OXIDIZED MINERALIZATION AT 10-30m

Photo 13: KGL 36. Secondary gold. Similar to photo 12 but less corroded.

GOLD GRAINS IN THE SURFACE HALO

Photo 14: KGL 34. Secondary gold from the ferruginous horizon. Euhedral prismatic crystal

strongly corroded and rounded. No detectable silver.

Photo 15: KGL 35. Secondary gold from the calcrete. The grain is more or less euhedral, but
has a “spongy" appearance due to extreme corrosion and the development of
numerous etching pits. However, some crystal faces are partly preserved. No

detectable silver.

Photo 16: KGL 35. Polygonal grain of secondary gold from calcrete. Probably euhedral, with

smooth, uncorroded surfaces. No detectable silver.
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KGL 35:

KGL 36:

KGL 37:

KGL 38:

KG1 39:

KGL 40:

KGL 48:
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APPENDIX A

SAMPLE DESCRIPTIONS

BCP 40 0-3m. Ferruginous horizon. Pisolitic layer with a red clayey matrix. Anomalous

surface halo. Gold grade about 40ppb.

Calcrete nodules on the surface, enclosing ferruginous pisoliths. The calcrete matrix is

partly silicified.

BCP 40. Mineralization at 17-21m.
BCP 40. Mineralization at 29-48m.
BCP 41. Mineralization at 43-52m.
BCP 42. Mineralization at 66-74m.
BCP 43. Mineralization at 66-74m.

Similar to KGL 40. Mineralization at 72-80m.





