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ABSTRACT

The primary and secondary dispersion of arsenic and ‘
other elements related to gold mineralization has been

gtudied at a number of localities in a belt of auriferous
country, 300 miles in length, in central Western Australia.

Arsenic was found to show significant primary anomalies
in the wall-rocks adjacent to gold mineralization at
Norgeman, Kalgoorlie and Agnew., Although there appe ars to
be a cloge relationship between the distribution of arsenic
and gold in each arca, the details of the primary dispersion
patterns differ according to local geology and the type of
minerelization. The important aspect of leaskage dispersion
was studied in detail at Norscman, where the mineralization
congiste of lenticular gold-quartz reefe in inclined
zones of reversc shearing. In this area, strong leakage
halos were found to persist up the shear zones as much as
2000 feet up~dip from blind orebodies and can be detected
in goilg over the barren sub-outcrops of the ore-~hearing
gtructures., '

Anomalies related to arsenical gold mineralization
are detectable in the various types of residual soils
occurring in the area studied, including relict lateritic
soils. Arsenic mainly tends to concentrate with secondary
iron oxides in the coarse sand and silt fractions of the
soils. Appreciable concentrations of arsenic are algo
asgsocinted with the clays, particularly in the alkaline
near-surface horizon of the solonized brown soils. The
distribution of arsenic in the soil profile appears to be
dependent on pH and the abundance of secondary iron
oxides. Lateral dispersion processes under the present
semi=arid climatic conditions are dominantly mechanical,
although appreciable hydromorphic dispersion of arsenic
npparently took place during the development of the
lateritic soils in the Pliocene.

Preliminary studies have shown that trace element
anomalies can be detected in the active sediments of the
intermittent streoms draining mineralized arcas.
Digpersion processes in the drainage are belisved to
consist essentially of the mechanical translocation of
soils, contributed to the drainage by sheetwash and bank
erosion. During this process, the silt and clay particles
travel further in suspension than the coarser soil
material snd are deposited in salt-lakes, which are the
lowest topographic features of the landscape. xtensive
fan-like dispersion patterns are developed in the ’
galt-lake sediments at the mouths of anomalous streams,
largely as the result of the deposgition of metal-rich
fines from the drainage channels,
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CHAPTER 1. INTRODUCTION

I, GENERAL

As a result of a decade of considerable activity
by research institutions and mining companies throughout
the world, the broad principles of geochemical prospecting
are now becoming generally understood and widely applied,
In each new area of application, however, it is necessary
to determine the effects of numerous local factors which
may greatly influence the success or failure of a
geochemical survey. Thus, research is becoming increasingly
concerned with the variations found in dispersion patterns
and processes occurring in differing geologicsal,
physiographic,.climatic and pedologiecal environments,

The research described in this thesis was sponscored
jointly by the Geochemical Prospecting Research Centre,
London, and Western Mining Corporation Ltd ., & company
engaged in gold mining and exploration in Western Australia,
Barly in 1962 Western Mining became interested in the
possibility of using geochemical methods in their
exploration programmes, After negotiations with the staff
of the Geochemical Prospecting Research Centre, it was
agreed that the writer should csrry out a programme of
research under the general guidance of Professor J,8. Webb
of the G.P;R;C. to assess the potential of geochemistry
as appiiedfto exploration for gold in Western Ausiralia.

¥Field work was carried out in two periods ~June to

August, 1962 and July to December, 1963, during which
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suites of rock,; soil and sediment samples were collected
from selected areas in the Western Australian goldfields.
The sampleg were shipped to London where detailed

laboratory studies were carried out.

II. PREVIQUS WORK

Very little is known of the nature of dispersion
patterns formed by gold in the viecinity of auriferous
deposits. The main reason for this has been the lack of
suitable rapid analytical methods, sensitive enougih to
detect aﬁd measure the minute quantities of the element
involved.

Sokoloff (1950), in the course of a brief geochemical
investigation for Western Mining, developed a rough semi-
quantitative test for gold using the colorimetric reagent;
dithizone. Using this test he showed the existence of "gold-
positive bands" in underground cross-cut and diamond drill
traverses in both ffesh and oxidised rock in the Kalgoorlie
and Yilgarn districts. Continuous halog were not generally
observed about known lodes and "gold-positive bands"
frequently occurréd at distances of hundreds of feet from
lodes. Gold anomalies were observed in residual soills
overlying, and in the vicinity of, known lodes. Geochemical
reconnaissance in one soil-covered area located previously
unkown, subeconomic gold mineralization., It was later found
that Sokoloff's dithizone test was not specifie for gold,
due to the interference of other elements. Because of this
and the lack of sensitivity, very little further work was

¢




done ﬁsing these techniques.

Soviet geologists claim success in locating gold
deposits by using spectrochemical methods for the determina-
tion of gold. (Tsaregradskiy 1962), The method is claimed
to give a sensitivity of 0.1 ppm Au but this is not
sufficient to show details of the dispersion patterns
developed about most go;d deposits. Methods of pre-concen-—
tration of gold in samples prior to spectrographic analysis
have been developed with some success (Sofrancov et al,
1960).

Stanton and licDonaid (196 ) have recently developed
a semi-quantitative colorimetric test Tor gold using the
reagent, brilliant grecn. A sensitivity of 0.C> ppm is
claimed and the results agree well with check declterminaiion
by fire assay. This method haé'been used for gold
determination in the present ressarch,

¥uch of the published literavture on geochemical
prospecting for gold concerns the use of "pathfinder"
elements such as argenic, antimony, mercury, tungsten
and molybdenum., Arssnic, because of its very common asso-
ciation with gold in ore deposits is the mocst important.

In the Kolar Goldfield, India, Ne anaswarl (1956) has
found strong arsgenic anomaliesg in coils over ‘the projected
outerops of sulphide-bearing lodes. No anomalies were found
over the imp&rtant Champion gold-quartz lode, which
contains negligible sulphides. Tsaregradskiy (1962) reports

instances of the succesaful use of arsenic dispersion halos
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in the search for gold in Kazakhstan. Erikson et al (196L4)
have shown that arsenic, tungsten and mercury anomaliesg
occur in rocks and soils over arsenical gold deposits at
the Getchell Mine, Nevada. In this area, the highest mstal
contents were found in the oxidized iron-rich material
along fractures and bedding planes in the barren bedrock,
lesser wvalues in caliche coatings on exposed bedrock, and

lowest, but still anomalous wvalues 1in soils.

U

A nunber of detailed studies of arsenic digpersion

[€

in the viecinity of gold mineralization in Africa have beern
undertaken as part of the research programae of the
Geochemical Prosvecting Reszearch Centre, London. C. James
(1957) studied the dispersion of arcenic and aniimony

in rocks, solls and drainszge related to gold mineralizsaltion
in Southern Rhodesia.James' conclusions may he summarized
as follows:-

1, Aureoles of anomalous arsenic are detectable in
ﬂall—rocks surrounding mineralization in the areas
studied. The nature of the anomalies depends
largely on the degree of figsuring of the wall-
rocks., Jn un-Fflgrured wall-rocks, encialies extend
up to 25 feet from the vein, the decline of
araeniec content following & logarithmic pattern.
Where wall-rocks are fisgurecd, anomalies are
more erratic in form and persist for more than
100 feet from veins,

2. The width of arsenic anomalies in residual
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latosols overlying mineralization appears to be
governed by several factors among which bedrock-
type, width of primary dispersion pattern and
climate are the most important,

3.,The fixation of arsenic in soils probably occurs

inter alia by the formation of insoluble iron and

aluminium compounds and by ionic exchange reactions
with e¢lays and other colloids.,

Iy, Iron-rich residual soils show only minor variations
in arsenic content with depth. Iron-poor soils
occasionally show some variation with depth and
there is almost invariasbly a marked increase in
arsenic in the top of the weathered bedrock,

Since 1956, the Geochemical Prospecting Research
Centre has been continuously engaged in geochemical
investigations in Sierra Leame., Mather (1959) showed -
the existence of arsenic znomalies in soils, drainage
sediments and stream waters in the vicinity of an
argenopyrite-gold mineralizatién in Precambrian schists.
Solution processes are believed to have played an i
important part in the formation of the broad dispersion
patterns observed in soils, particularly in Tertiary times,
when laterite was formed under humid climatic conditions
on a peneplain, Elliott (1962) extended Matherts work,
studying in considerable detail the dispersion of arseénic
in the drainage system. It was shown that anomalous

dispersion trains, more than 4,000 feet in length exist in
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streams draining arsenopyrite-gold mineralization. The
magnitude of the drainage anomalies is closely related to
the nature of the host rocks, the form of the mineral-
ization and size of the barren catchment area upstream from
mineralization.

This work led to a regional geochemical reconnaissance
of over 1,000 square miles of potentially mineralized
Precambrian Schist belts based on stream sediment sampling
(Viewing 1963, L. Jemes 1965, Garrett, personal
communication), This work has generally confirmed the
correlation of arsenic anomalies with areas of gold

mineralization.

ITI., THE PROBLEM.

The primary purpose of this research was to study
trace element dispersion occuming in the viecinity of
typical Western Australian gold deposits and, if possible,
to develop effective geochemical methods of prospecting for
gold under the prevailing conditions. The geological and
physiographic environment of Western Australian gold
deposits is somewhat different from those studied in other
parts of the world. In such a project, therefore, some
additional knowledge is obtained on the nature of the
processes controlling trace element dispersion in different
environments. During the preliminary stages of the
investigation it became apparent that problems of more
fundamental interest were also involved. The most important

of these concerns the relationship between arsenic and gold



in the primary environment,

Any method of exploration involving pathfinder
elements must be based on a close fundamental relationship
between the pathfinder and the element being sought.
Experience in various parts of the world has shown that
while many gold deposits are associated with anomalous
concentrations of arsenic, not all arsenic anomalies are
accompanied by gold mineralization. On the other hand,
mineralized structures containing blind auriferous ore~
shoots at depth, have been found during this work to give
rise to strong arsenic anomalies in surface soils. Such
anomalies related to blind orebodies might be neglected
unless the full significance of thc arsenic anomaly
is abpreciated. In this thesis, a detailed study has been
made of the primary dispersion of arsenic in gold-bearing
lodes and the surrounding wall-rocks, Particular emphasis
has been placed on the significance of "leakage" anomalies
in locating blind corebodies.

Another problem of universal interest is that of
prospecting in laterite-covered areas. An attempt has been
made to show that gold minecralization overlain by indurated
laterite can be detected geochemically by analysing

selected fractions of the near-surface laterite soils.

IV, PRESENTATION OF THESIS.

The thesis is divided into eight chapters.. Chapter
2 consists of a genersl description of the geology,

physiography, climate, vegetation and pedology of that
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part of Western Australia in which studies have heen
made. The research technigues used are briefly
described in Chapter 3, fuller details being set out in
the Appendix, Chapters 4 and 5 contain the results of
studies of primary and secondary dispersion,respectively.
Each of these chapters consgists of results from geversal
study areas, and detailed descriptions of local geology,
physiography etc. precede the appropriate ssction on
geochemical observations for each area. Both chapters
conclude with a discussion of the results obtained in
relation to theoretical data and results from other
areas. Chapters 6, 7 and 8 consist respectively of

a summary of the results and conclusions, suggestions
on suitable prospecting procedures, and recommendations

for future research.
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CHAPTER 2, GENERAL DESCRIPTION OF FIELD AREA,

I. LOCATION OF STUDY AREAS.

Geochemical investigations were carried out at a number
of localities in the Bastern and Nerth-Eastern Goldfields
of Western Australia, shown in Fig. 1. The most detailed
studies of both primary and secondary dispersion were
undertaken in the Norseman area, brief studies being made
in the other areas mainly for comparative purposes., Agnew
and Eulaminna occur in the North-Eastern Goldfiélds, the

other 2reas lyingin the Eastern Goldfields.

IT, GEOLOGICAL SETTING.

The following description of the geological setting of
the Western Australian gold dcposits 1s drawn from general .
papers by Prider (1945 and 1955), Forman (1953),Wilson (1958 )
and others. Detailed descriptions of the geology of wvarious
study areas are given where relevant in later sections.

l. Stratigraphy and lithology.

The Western Australian goldfields, without exception,
occur on the extensive Precanbrian Shield area. The
Precambrian Succession in Western Australia is given in
Teble 1., All of the major gold deposits occur within, or
closely related to, inliers of the Kalgoorlie-Yilgarn System
in the otherwise deminantly granitic terrain (Fig. 1). Prider
(1955)considers that these inliers of older metamorphic
rocks are the remnants of a series of "meridional
geosynclinal %belts". Within each belt, the general sequence

of geological events is similar, although it does not
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follow that the rocks in different belts are strictly

contemporanecous. Everywherc, the oldest rocks recognised

are basaltic volcanics (Dlder Greenstones"), These are

often gpilitic in character and exhibit pillow

TABLE 1.

The Precambrian Succession in Western Australia.

Age

Late Proterozoic or )

A

Lower Cambrian.

Proterozoic §

2
Z

— o —— -

— o ——

"Kal-~
goor-
lie-
Yilga
Systen

Deseription.

Basic dykes (epidiorite, dolsrite,
norite).,

igneous contact —=—e—m

"Nullagine Series"({Unmetamorphosed
sediments -not present in areas
studied).

unconformity——=-=-

"Younger Granite" (granite,
adamcllite, granodioritec intrus-
ives and rclated pegmatites,
aplites ctc.

igneous contact ——-=--
"Older Granite!" (gneiss, migmatite
and grenitized sediments).

igneous or granitization contact--

"Younger Greenstone" Phasc (basic
and ultra-basic meta-igneous
(rocks).

—~——— igneous contact -—--
"Whitestone" Phase (metamorphosed
clastic sediments, andesitic,
rhyolite and dacitie lavas and
pyroclastics).

~===(92) unconformity———-

"0lder Greenstone" Phese (metamor-
posedbasic volcanies with minor
sedimentary and pyroclastic beds).
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structure as evidence of their submarine extrusive origin.
Within the flows there is subordinate developnent of thin
bands of slates; pyroclastics and banded iron formations.
The "Older Greenstonesg!" were overlain by varying thicknesses
of clastic sediments, acid to intermediate lavas and
pyroclastics, ("'Whitestones"). A recurrence of basic igneous
activity resulted in the invasion of the earlier rocks by
dykes and sills of hypabyssal gebbros and dolerites ("Younger
Greenstones" ). These events were followed by a period of
orogenesis, represented by isoclinal folding., gr=nitization
and grenite intrusion,

The most important host-rocks of gold deposits ere

the so-called "Greenstones", very few major goll

occurrences being krown in rocks of the "Wiidestonc Faase®
or granites. Low grade regional metaworphism has resulted
in changes in mineralogy, although the original ignecus
textures and structures are often preserved, in spite ol the
intense folding. Original pyroxenes of basic rocks have
generally reverted to trerolitic amphibole and chlorite,
and feldspars bave usually been extensively gaussuritized
and in some cases compleiely repraced by zolslite aggregatss.
Locally, however, ine crfects of sicaring and metasomatism
are more proncunced, particularly in wineralized areas,.
Ultrabasics are generally représented by tremwolite-
actinolite or serpentine rocks, with local developument of

tale and anthophyllite achists. The relationship of the

ultrabasics to the other Vgreenstone' rock-iypes is not
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clear, Some occurrences show relict peridotitic textures
suggesting an intrusive igneous origin, In many areas
ultrabasics occur in a conformable stratigraphic manner
and are thought to be altered magnesian limestones
(Sofoulis, 1963).

"Greenstone" areas are frequently characterised by
dykxes and sills of felsite porphyry, which often seem to
bear an important relationship to the location of ore.
These rocks usually consist of phenocrysts of quartz,
microcline or albite (or all three) in a cryptocrystalline
quart-feldspar groundmass. More basic varicties with
phenocrysts of hornblende or biotite are known. The
development of complex quartz-veining and disseminated
sulphides within porphyry bodies is relatively commnon.
Some of these porphyry bodies have been mined ag low grade
gold deposits. While many porphyries show clear-cut igneous
intrusive features, others are believed to result from
metasomatic alteration of pre-existing rocks.

2. Geological Structure.

The layered rocks of the Kalgoorlie-Yilgarn Systen
have been intensely folded, the dominant axial trends
consistently varying beitween NW and NNW. This feature is
reflected in the NW-NNW alignment of the elongate inliers
of these rocks (Fig., 1). Local deviations from the
regional trend have been atiributed to cross -folding (Ellis
1939, McMatﬁ 1953). The significance of "en echelon" |

folding in some mining centres in Western Augtralia has
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been stressed by Campbell (1958). Paulting is generally of
local rather than regional significance, Cross-folds, en
echelon folds and faulting have been suggested as important
influences in the localization of orc in specific areas.

3., Mineralization,

Gold is the most important and widely distributed
economic mineral occurring in the area under congsideration.
A wide variety of structural and mineralogical types of
gold deposits are represented.The types of or bodies
studied in this investigation are listed below,These will
be described in greater detail in later sections.

1, Simple gold-quartz reefs (Norccman).

2. Complex of gold-pyritc~telluride reniaccmcut 1ndes
in metesdolerites and metabasalts (Kalgoorlie).

3. Arsenical replacement lodes in ultrebsic rocks
with associated auriferous veinlets (Agnew).

Lk, Sulphide-bearing replacement lodes in ultrabsic
rocks related to fclsite porphyries (Surpise
Mine, Coolgardie).

5. Sulphide (-telluride) replacement lodes in
porphyritic metabasalts (Ora Banda).

A brief comparative 1lnvestilgation was also carried
out in the vieinity of a small copper orebody at Eulaminna,
This deposit is =a pyri“ichﬂlcopyrite siliceous replacement
lode in basie and intermediate volcanics. The oxidized
and supergene zones are characterized by strong development

of cuprite, malachite, azurite and chalcocite with known




associated gold contents of up to 0.5 dwt/ton,

The genesis of the Western Australian gold ores is the
subject of congliderable debate. The main period of gold
mineralization is generally believed to have been
associated with the intrusion of the "Younger Granites".
While recognising a granitic origin for some ores, Prider
(1545) refers some sulphide-bearing replacement lodes,
typified by the Kalgoorlie deposits, to the "Younger

Greenstone" phase of basic igneous activity.

ITI. CLIMATE.

Climatically, the whole area under congideration is
semi~arid to arid. The average annual rainfall in all the
centres studied is 11 inches or less, decreasing from south
to north, The wettest period extends from April to August,
when the weather pattern is dominated by rain-bearing
westerly winds. However, a large proportion of the rainfall
in some years is contributed by sporadic downpours in the
summer months, as a result of cyclonic activity extending
inland from the north-west coast.

The average annual temperature variecs from 60-70°F,
High temperatures are experienced in summer, resulting in
extremely high evaporation rates, which range from 80 to

150 inches per annum,

IV. GEOMORPHOLOGY.

All the areas studied occur on a vast inland

plateau which characterizes much of the Precambrian in
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south-western Austraelia., The elevation of the plateau varies
from 1,000 to 2,000 feet above sea level, Local relief,
however, is very subdued, topographic highs seldom rising

more than 100 feet above the broad, shallow valleys. The

area is believed to have been a peneplain in Tertiary times,
when the formation of lateritic soils is thought to have taken
place. Subsequent uplift and erosion under increasingly

arid climatic conditions have resulted in the occurrence of

two distinctive surfaces of erosion, known as the "old"

[
43]

and the '"new" blateauX‘(Jutson 1934). The "old" plateau,
represented by isolated flat-ftopped duricrusted hills,
which are considcred to be the remnants of the dissected
Tertiary peneplain. In some areas, particularly in
granitic terraing more continuous remnants of the "old®
plateau occur, generally characterized by sandplain soils
overlying a gravelly laterite horizon. The "old" plateau
is elevated 30 to 100 feet above the level of the 'new"
plateau, which congists of residual solils developed over
the truncated laterite profile and alluvial deposits in the
lower regionsg of the broad shallow Valleysq Occasional
residuals of more resistant rocks rise above both‘the
"new" and the "old" plateaur: but the total renge of local
variation in elevation seldom exceeds 200 feet. The strong
influence of topograpny on the present-day development
of soils in the area is discussed in a later section,

The Eastern and North-Eastern goldfields are'

characterized by the internal nature of the drainage.
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Stream-beds are usually dry all the year round except after

heavy rains, when they may flow for a few hours or, at the

most, a few days. Sheetwesh 1is an important agent of

erosion on the sparsely vegetated hill slopes. Most of

the surface run-off accumulates in the so-called salt-lakes

which occupy depressiorsin the surface of the '"new" plateau.

The water gquickly evaporates, leaving a surface crust of white

halite and gypsum over silty sediments which may be up to

150 feet or more in depth.

Salt-lakes are the most prominent physiographic
features in the area studied, which Talls into Jutgon's
(1934) "Salt-Take Physiographic Division'. Collectively,
salt-lakes occupy an appreciable area of the land
surface. The largest individual lakes are up to 100 miles
in length. They are generally elongated and their chain-lins
distribution has suggested to some workers (e.g. Gibson, 1909)
that they represeni reimmants of an anciens dismenbered river
system. During periods of heavy rainfall, it has been
knovm for several lakes to be connrected by running waiter.

At the present time, many salt-lakes are characteriszcd
by rocky escarprents on the western nargins and extensive
deposits of wind-blown aaterial on the eastern shores. This
appecars to be the combined result of intense rock
weathering on the western margins and removal of the
weathering products by prevailing westerly winds. The
disintegration of rocks on the floors and at the foot
of cliffs bordering the lakes is promoted by crystallization

of salts originating in the highly saline groundwater.
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In the dry season the resulting detritus is removed by
wind and 1s re-deposited in dune formations on the leeward
side of the lakes. The base levecl of wind deflation is
limited by the shallow water-taeble which coincides with,
or very nearly with, the lake surface. The continuation of
these processes ovor a long period of timc has resulted in
considerable westward (upwind) migration of lakes,

The origin of the depressiors in which salit-lakes
have formed is controversial. There is nmuch evidence to
support the theory that lakes originated as reumants of a
Tertiary or Pre~Tertiary river systein. However, some
occurrences suggcst that the depressions are of teciounic
origin, formed by warping or fauliting related to the
period of uplift of the plateau,

There are two distinet ground-vater provinces in
the arca studied. In the area to the south of an east-westh
line approximately 80 miles north of Kalgooriie and including
the Xalgoo~lie, Norseman and Ora Banda study areas, the
ground-water has a high salt content, Fresh-water
supplies are obtained hy pipeline from the western coast °
and minor rock caizhmenis. Througrouv the aresa to the ncorin
of this line suppliies of potable grovnd-water are readily
obtaindble, althongh saline waters still occur in
salt-lakcs z2nd depressliors.

The widespread disiribution of soluvple salts in the
Eastern Goldfields, as evidcnced by the saline ground-

waters and salt.-lake have a strong influence on
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goll formation and vegetation in the area. There are two
main theories for the origin of the salt. Teakle (1937)
and others have shown that wind and rain-borne oceanic
salt 1s currently being deposited in apprecisble quantities
over the land surface. There is also evidence that a
Tertiary marine transgression occurred, at least in the
southern part of the area, and it has been postulated
that much of the salt has derived from ghe evaporation
of sea-water subsequent to the uplift of the area,
Whatever its ultimate origin, it is clear that the present
arid climate and internal drainage lead to the retention
end accumulation of salt in the area. Recent work (Stephens
1961) has shﬁwn that sealine material is being
recirculated by the action of wind lifting dry residues
from salt-lakes and re-depositing them over the adjacent
landscape.

V. VEGETATION,

The wvegetation of the arearis divided into two
groups, the distribution of which appears to be related
to the difference in ground-water mentioned in the
previous section. The southern saline areca is characterized
by eucalyptus woodlands, the dominant species being the

salmon gum, (Bucalyptus salmonophloia),In the North-Eastern

Goldfields, mulga scrub, typified by various species
of Acacia up to 15 feet in height, predominates. In
both areas, natural grass is rare, cxcept after moderate

or heavy rain. Apsrt from sparse development of saltbush,
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‘and associated shrubs, the ground is bare for most of the

year,

VL, PEDOLOGY.

1. General.

A digtinctive characteristic of Australian
geomorphology is the widespread survival of late Tertiary
and Plelstocene land sufaces on which are preserved
remmaents of ancient soils (Stephens 1961). This is most
pronounced in arid plateau ereas as found in Western
Australia, wahere the linited uplift and low rainfall
have resulted in only partial dissection of such relict
soils, Consequently, many soils reflect not only current
pedogenic conditions but also characteristics inherited
fromjremexisting solls. This is an importat feature of the
solls in the southern part of the area studied in this
thesis, where isolated rewnants of the "old" plateau
of probable Pliocene age are widegpread. Wnere basement
r~cks have bcen exposed by erosion, the dominant residual
soils are the "solonized brown soils". (The soil
nomenclature used in this thesis is that of the Coumonwealill
Scientific and Indusirial Research Organization, Soils
Division, as given in reccent pudlications by Stephens, 19GT
and 1962). Over duricruvsht surfacss,odified lateritic
soils, termed 'calcareous lateritic solls", have
developed. Soils interiiediate between these two types
have formed over the exposed mottled and pallid zZones

of the truncated laterite profiles. The distribution of
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these various soils in relation to the bevelled surface of
a typical lateritc profile is shown diagrammatically in
Fig. 2. In the following scctions, the soil types mentioned
dbove are described in some detail, together with the
"red and brown hardpan soils" which characterize the
northern part of the area (Agnew and Eulaminna).

2. Calcareous Lateritic Soils.

a) Morphology.

A typical profile of this soil-type is shown in
Fig. 3a. The thin surface horizon, 0-12 inchecs deep, of
lateritic gravel is usually reldbrown to brown in colour
and consists of abundant ferruginous laterite fragments in
a sandy loam matrix. Limc accumulation commences at a
depth of 1-3 inches. Below this depth, lime occurs as a
thin coating on the laterite fragments and in a powdery
form in the fine fractions of the soil. The lateritic
gravel is underlain by an indurated, highly ferruginous,
laterite horizon which is vesicular in sitructure and
varies in thickness from 1 to 10 feet. Analyses of the
laterite horizon from several occurrenceés are given in
Table 2, Calcareous material occurs in craqks and
interstices of the laterite and frequently forms a hard
capping up to one inch in thickness at the top of the
horizon. There is usually a fairly gbrupt change at the
base of the laterite to a horizon of mottled texture,
consisting of ferruginous nodules in pale kaolinized parent

rock. The gbundance of the ferruginous nodules decreases
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(after Simpson,1912 and 1916)
Kalgoorliex Coolgardie Ora Banda

Fe, 0z 73,97 80.02 60.61
Al,04 10.41 h.32 16,40
Cr,05 0.18 0,08 0.96
V50 O.41 0.55 6.10
¥no,, 0.23 0,13 0.29
MgO 0.L8 Trace 0.28
Ca0 Nil Nil Nil
710, 3.42 6.06 1.34
510,(qtz) 2.4h2 0.76 0.33
510, (Combined) 1.77 3.16
P205 Trace Trace 0.07
H,O0 8.60 7.06 16.60

100.12 100.75 100.18

TABLE 2.

Composition of Western

Augtralian laterites,

22,

3
Mean of L4 determinations.
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with depth, giving way to a zone of kaolinized parent rock.
The total depth of weathering in laterite profiles at
Coolgardie and Kalgoorlie was found by drilling to Dbe
at least 20 feet and in some cases over 50 feet.

b) Genesis.

The calcareous lateritic soils are polygenctic,
resulting Trom the calcification of an carlicr—-formed
lateritic soil . Both phases in their formation are
briefly discussed below, A comprechensgive survey of
laterites and lateritic soils has been made by Prescott
and Pendleton (1952) and much of the following is derived
from their work.

The sesquioxide-rich horizon, which was originally
termed "laterite" by Buchanan (1807) is now generally
considered to be the exposed illuvial horizon of an
ancient scil., Worldwide evidence indicates that these
soils were formed on flatter surfaces and under more
humid conditions than those in which they now occur. In
Australia, latefite formation is believed to have taken
place dominantly in the Pliocene. The conditions required
for the deposition of iron and aluminium oxides in the
form of laterite involve a high degree of leachirg and

a fluctuating water table. Under these conditions,
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alkalis, alkaline earths and muéh of the conmbined silica
produced in weathering processes would be readily leached
out of surface soils. The conbined effects of 1eachiq;and
the thick vegetation which would develop under the climatic
conditions envisaged would cause increasing acidity.
Kaclinite, iron oxide and resistant minerals would be the
staole residual products of weathering under these
confitions. Under certain conditionsg, however, even
kaolinite decompoges to release alumina, Iron and
aluminium hydroxides would be mobilized and redeposited
deegper in the profile where more favourable ri conditions
obtain. The most Jlikely locus of concentration wovld be at
or near the surface of the water teable,

The increasing abundance of ferruginous nodules
toVards the top of the mottled zone and congiderable
thickness of iron-dcpleted kaolinized bedrock at depth in
profiles, suggest leaching and deposition of iron by
ascending, as well as descending grovnd-waters. The
ferruginous nodules are usually concretionary in form,
implying alternating periods of deposition and leaching
in the mottléd zonc. To explain these features, it has
been suggeshed that the Tevel of the water table was
not constant during lateritization, but fluctuated under
the influence of alternating wet and dry seasons.

The profile resulting from these processes would

consist of a leached sandy 'A' horizon underlain
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successively by an illuvial laterite 'B' horizon, mottled
zone (B2 horizon) and kaolinized zone (Cl horizon) passing
eventually into the unweathered parent rock. The change
to a more arid climate has resulted in the induration of
the laterite horizon to a hard cuirass, highly resistant
to weathering. In most present-day occurrences, the
leached 'A' horizon has been completely stripped by erosion,
but it is still present in the more extensive lateritic-
sand plain arcas,

Modifications to the laterite profile under the
existing climatic conditions include the development of
a superficial lateritic gravel horizon and the extensive
calcification of the profile. The lateritic gravel is
believed to be the product of partial disintegration of
the laterite. This would be aided to a large extent by
the crystallization of secondery carbonate minerals in
cracks and fissures in thc otherwise rcecsistant sesquioxide
mass. The origin of the calcareous material is discussed
in the next section.

3., Solonized Brown Soils.

a) Morphology.

The solonized brown soils of‘Southern Australia have
many unique features. Morphologically, they are comparable
with semi-arid soils of other continents in the marked
accumulation of 1lime in the profile. In addition, however,

the highly alkaline soil reaction and high proportion of

sodium and magnesium in the cation exchange complex of




solonized brown soils indicate a high degree of
solonization. The characteristic structures usually
associated with solonetz soils are generally masked by
the extensive lime accumulation (Stephens, 1961). The
calcium carbonate content of soloaized brown soils is
commonly greater than 20%.

Considerable variation was observed in the type of
solonized brown soill profiles encountered in the areas
studied. The lime occur: variously in crusts, nodules
and powdery forms. The depth of profilec varies from less
than one foot to more than 20 feet depending, apparently,
on the parent material and topography. Typical profiles
of solonized brown soils developed over rocks of basic and
ultrabasic coméosition ere shown in Fig. 3 (b and c).

Fig. 3b is typical of the shallow soils encountered
on hill slopes where active erosion is taking place, A
thin,leached surface horizon is usually prescnt, consisting
of light to medium-brown loam with occasional reddish or
greyish tinges. The zone of lime'accumulation extends from
a depth of 0-3 inches to bedrock, In this upper portion,
calcarcous material occurs dominantly as nodular concretions
and lime-coated bedrock fragments. With increasing depth,
however, the abppdance of nodules decreases and colrse
lime-coated rock fragments are found to make up 50% or
more of the soil, The fine fraction of the soil becomes
lighter brown to buff-coloured due to the presence of

powdery calcium carbonate. Bedrock, represented by close-
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packed lime coated boulders, is encountered at depths
varying from 6 inches to 3 feet,

At the base of hill-slopes and in areas of flatter
topography, the thickness of soil is considerably greater.
The profile differs from that described above in the
general scarcity of rock fragments and the development of
a clay horizon below the zone of maximum lime accumulation.
Therc i1s evidence, in some céses, of transported material in
the topsoils but the residual nature of most of these soils
is shown by the persistence of some resistant bedrock
features, such as quartz veins, to the surface., Fig. 3c
shows such a profile. Light grey-brown loam occurs to
a depth of 3 inches. This grades into a zone of light
brown lcam with off-white patches of soft calcareous
material, giving the horizon a mottled appearence, Lime
nodules are commonly present in this horizon although they
are less gbundant than in the profile illustrated in Fig,
3b. The clay content of the soil increases with depth and
the mottled horizon passes into a horizon of dense red-brown
clay which extends to bedrock. The clay content of a
Norseman soil profile of thc type shown in Fig. 3¢ was
found to be 27% at the surface (leached horizon), 57% at
a depth of 6-12 inches (mottled limy horizon), and 70% at
a depth of 36-L8 inches (red-brown clay horizon). Small
fragments of weathered parent rock occur towards the base
of the clay horizon,

Solonized brown soils are the most alkaline soils in
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Austrelia, ranging from pH 7.5-9.5 (Prescott, 1931), The
pH of the lime-rich horizons of Norseman soils was found
to vary from 8.1 to 9.4. The basal clay-rich horizon has
a lower pH (7-8.5) end in the vicinity of oxidizing
sulphides in the bedrock the pH of the clay horizon drops
as low eas 4.3, even though the lime-rich horizon remains
alkaline (pH up to 9.2), The distribution of pH in the soil
prorfile appears to be closely related to the concentration
of carbonate, which varies from lcss than 1% in the deeper
horizons to as much as 16% (COz™~) in the alkaline ncar-
surface horizons.

Chloride determinations on Norseman soils showed
concentrations varying from 0.2 to 0.9%, with & slight
tendency towards increasing concentration with depth. Much
of this chloride is present as NaCl but it is probable
that other salts e.g. Nay80), NayCOz, MgSOy, CaS0y and
CaCl2 are also present. Small patches of gypsum are
commonly observed in soil profiles at Norseman, Coolgardie,
Kalgoorlie and Ora Banda. According to Teakle (1937) the -
solonized brown soils are low in orgaenic matter and
extremely low in phosphates.

b) Genesis.

Stephens {(1961), in his classification of the Great
Soil Group of Australia; considers the unique features
of the solonized brown soil to be the result of halomorphic
and calcimorphic influences. Solonized brown soils are

a special case of saline soils, which are widely dis-
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tributed, particularly in arid regions. Joffe (1949, p.528)
estimates that 39% of the total dry land area of the earth
is covered by saline soils. The presence and probable
origin of sbluble galts in the soils of Western Austraiia
has been discussed in an earlisr section. In freely drained
soils, soluble salts would be partially lcached down to the
lower parts of the profile by the modest rainfall, Teakle
(1937) has strcssed the significance of the low average
rainfall per wet day and high annual evaporation in the
area as Tactors limiting Tesaching., A state of balance is
envisaged where any loss of soluble salts from the soils
by leaching would be continually made up by deposition
of wind and rain-borne salits from the ocean or the dvy .
salt-lake surfaces.

The Na ions resulting from the hydrolysis of these
salts (and to a lesser degree Mg ions) compete strongly
for positions in the cabtion cuchangc complex of the soils
with the result that Na and Mg ions frequently constitute’
more than 50% of the exchangesble cations present (Stephens
1961). Under conditions of low to moderate leaching; such
that the excess soluble salts are washed dceeper in the
profile, a nurber of subgidiary rcections take place.
N82003 is formed by interaction betwesn the Na-saturated

complex and the wealkly lonized CaCO, according to the

(SN

equation:
2Na-sat. complex + CaCOz == Ca-sat. complex + Ne,CO; {Joffe

1949, p. 549). Similarly, in the presence of Ca (H003)29
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NaHGO3 is formed. The presence of N82003 and possib1§
NaH003 in the Western Australien solonized brown soils
ig indicated by the highly alkaline soil reactions
observed,

The extensive solonization by sodium ion activity
is largely responsible for the type of profile developed.

Joffe (1949, p. 552) states:
"Because of the saturation of the complex
with Na and the presence of Nazcoj, the
solonets becomes highly dispersed,; and
the fine particles move to the B horizon
to be cemcnted, forming the typical
columnar features".

The "typical columnar features" of the solonetz solls
to which Joffe refers are not developed in the Western
Augtralian examples due to secondary modifications in the
upper part of the lime horizon. However, the development of
clay~rich horizons at depth is cliearly the result of
solonization, as distinct from podsolization.

Several theories have been advanced by Stephens
(1961), to explain the origin of the calcareous material
in both solonized brown soils and calcareous laterites.
The two most likely to be responsible for the conditions
in Western Australia are as follows:

(i) The areas covered hy solonized brown soils in

southern Australia lie adjacent to calcareous

desert soils developed over Tertiary limestones
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on the sparsely wvegetated Nullarbor Plain,

The latter area is susceptible’ to dust

storms which, in periods of greater

aridity, transport calecarcous loess towards

the arcas of solonized brown soils,

Congidering the apparently long duration ‘
- of the prcsent arid climatic conditions,

this source could account for the observed ‘
lime accumulation.,

(ii) It has been shown that the calcareous

material in the soils of the Merredin
areas has been derived by westerly winds
lifting calcareous and saline material
from salt-lzkes in the area and sprcading
it over the adjacent landscape. Salt-lakes
are ubiquitous in the areas studied and
this cxplanation could therefore be
extended to include the solonized brown
soils of the RBastern Goldfields.

There is 1little comment in the literature on the
possible role of atmospheric or biogenic CO, in the
precipitation of Cacojn Calcium ions weuld be readily
available in the soils as the result of partial dis-
sociation of cyclic calcium salts (Ca012 and CaSOu).
The disintegration of vegetation under the prevailing

highly oxidizing conditions would produce CO, in gignificant

amounts, which, in the @ esence of moisture, could react




with Ca ions to form Ca(HCOB)Z and CaCO3. The concretionary

forms of calcareous material and the presence of a leached

'"A' horizon are evidence that solution and redeposition of

CaCO3 in the soils does take place. Thig would be possible

only in the presence of COsr-bearing soil solutions. This

eXxplanation seems all the more likely when taking into

congideration the world-wide occurrence of caleium carbonate

accumulations in degert soils. It is clear that the

conditions invoked to explain this paenomenon cannot be

unique to any one particular area.

c) Summary.

(1)

(ii)

(1ii)

The solonized brown soilsg are the result
of normal processes of soll formation
under arid conditions, modified by the
presence of gignificant amounts of
soluble salts and calcareous material

in the profile.

The soluble salts are derived either as
wind-borne oceanic salts or as the
residues ffom a Tertiary marine
transgrcossion and are rctained and
recirculated in the arca by virtue of
the internal nature of the drainage and
arid climatic conditions prevailing,
Extensive solonization of the soil profile
due to the presence of soluble Na and

Mg salts results in the development of
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clay-rich horizons and highly alkaline
soil reaction.

(iv) The accumulation of calcium carbonate
prevents or obscurss the formation of
typical solonetz structures in the
subsoils,

(v) The calcareous material originates either
as calcareous loegss from adjaccnt desert
areas or as wind-borne calcareous residues
from salt-lakes, Chemical precipitation
of Cal0; in situ is also considercd a
possibility.

L, Solonized Brown Soils Developed over Truncated

Laterite Profiles.

In areas where the depth to which the "old" plateau
has been eroded is less thean the former depth of lateritic
weathering, distinctive soils have developed on the exposed
mottled zone of the laterite profile. These solls are
particularly common st Ora Banda and were alsc encountered
at Kalgoorlie and Coolgardie on the lower slopes of
bevelled laterit-capped hills.

a) Morphology.

These goils are similar in most respscts to
solonized brown soils but contain abundant ferruginous
nodules in their profile as well as yellowigh brown
fragments of oxidized psrent rock. Both the nodules and

the bedrock fragments are lime-coated below the thin
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eluvial surface horizon. Bcdrock, wherc exposed in pits and
mine workings, congsists of mottled reddish and yellow=~
brown material, typical of the mottled zone of laterite
profiles, Calcium carbonete is evident as coatings and
fissure fillings in the bedrock,

b) Genesis,

These soils have obviously developed from the
weathering of the mottled zonc of lateritic soils under
arid conditions. Thc¢ ferruginous nodules of the original
lateritic soils are apparently stable under the prevailing
conditions and arec therefore retaincd in the profile.

5. Red and Brown Hardpan Soils.

a) Yorphology.

The Agnew and Eulaminna study arecas lie in an
gxtensive region characterized by red and brown hardpan
soils (%tephens 1961). A generalized profilc of these soils
is shown in Fig. 3d. Therc¢ is almost invariably a surface
pavement‘of desert-varnished siliceous stones, rock
fragments and ferruginous nodules. Beneath the stony
surface, light brown to red-brown sandy loam occurs to
a depth varying from 6 inches to 2 feet. There is little
or no horizon differentiation in these soils. In some
instances a compact vesgicular structure is present and
small (1-2mm) ferruginous pisoliths have been noted in
the deeper portion of the profile. The unconsolidated
soil terminates abruptly in depth at an indurated hardpan,

which direcctly overlics the parent rock, The hardpan
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éonsists dominantly of laminated siliceous material but
minor amounts of calcium carbonate are occasionally present.
Detailed studies (Litchfield and Mebbutt, 1962) have shown
that small smounts offclay, feldspar and other mineral
graing arc includecd in the siliceous crust. Black

manganiferous and reddish ferruginous staining are common.
Mogt of the silica occurs as chalc&hny but a small proportion
is in readily solublec form, indicating that precipitation

is in progress in the upper portion of the hardpan.

Litehfield and Mabbutt (1962), have observed hardpsn
formations more than 50 feet in thickness. However, both

soils and hardpan thin out on hill-slopes undergoing

active erosion, in which environment they may even be

gbsent altogether.

In the near vicinity of the ore dcposits at Agnew
and BEulaminna, hardpan is usually less than 3 inches thick
or completely abscnt. The orebodies in both these arecas
occur on gentle erosional slopes, unfavourable for
extensive hardpan formation. At Eulaminna, the soils on
the hill-slopes consist of shallow stony red earths, often
with compact vesicular structure and small iron pisoliths.
In the fleatter ereas and alluvial vallcy soils, indurated
hardpan was encountercd at depths of approximately 12 inches,
The soils at Agnew are light brown in colour, and the
profile is usually less than 12 inches dceep. There is
frecuently a thin developmont of hardpan overlying the

parent rock. Thc development of stony surface pavements is




widespread in both areas.
b) Genesis.

Teakle (1950) suggested that the hardpan may
represent the remnmants of siliceous duricrust from the
Tertiary latcrite profile. However, the hardpan does not
outwardly resenble the silcrete duricrust of the arez
and hardpan occurs at levels in the landscape well below
remmants of the former laterite platenu., Most of the
evidence suggests that hardpmm is an illuvial horizon
which is still forming at the present time, Litchfield
and M¥aebbutt (1962), however, consider it possible that
silica from the dissection of silicified lateritic soils,
remnants of which occur in thc area, may have contributed
to the sillca in the hardpan. The freguent presence
of iron pisoliths in the soils and surface pavement
suggests a lateritic origin for at least some of the
material in the profile. It has also been postulated that
the abundant siliceous stones of the pavement are probably
derived from the weathering of former silcrete,

The area, although semi-arid, is occasionally subject
to extremely heavy and prolonged rainfall causing flooding
and saturation of the soil above the hardpan. Stephens
(1962) believes that under such conditions, silica might
be leached from the surface horizons end redeposited
in the hardpan. However, no explanation has been offered
for the fact that in other arecas in Australia of
comparable aridity and sporadic heavy rainfall similar

herdpan solls are not common.
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Litchfield and Maebbutt (1962) suggest that the
lensing-out of hardpan on hill-slopes may be due to the
continual dispersion of silica-bearing leach solutions
under the influence of the sloping topography. An
alternative explanation . follows from the observed tendency
for the clays in hill slope soils to be montmorillonitic.
The dominant c¢lay mincrals occurring in the soils of
lower-lying arcas arc illite and kaolinite. More silica
is required in the formation of montmorillonite than in
illite a2nd kaolinite. -As a result, it is thought that

there may bave been insufficient excess silica available in

hill-slope soils for the formation of hardpan,
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CHAPTER 3., TECHNIQUES.

1., COLLECTION AND MARKING OF SAMPLES,

1. General,

During the field studies, some 10,000 samples of
rock, soil and sediment were collected in special kraft
paper envclopes, scealed by non-contaminating metal tabs.
Envelopes were numbered before being taken into the field
and details of location and descriptive data were recorded
directly on field sheets.

2. Collection of Rock Samples,

For studies of wall-rock dispersion, samples were
collected from diamond drill-core and underground Cross-—
cuts along traverses as nearly normal as possible to the
plane of lodes or reefs., Two foot sampling intervals were
used in most cases, but the interval was varied where
necegsary to ensure that each sample consisted of only
one rock type. Each sample was made up of 500 to 1500 grams
weight of chips, so taken as to be approximately representat-
ive of the whole samplc interval. In gome underground
traverses, spot samples of equivalent weight were taken
from each interval for comparison with the composite
chip samples. The results of arscnic analysecs showed
poor correlation between samples collected by these two
methods (Fig. 4). This discrepancy indicates that arsenic
is not uniformly distributed in the wall-rocks., In theory,
accurate channel sampling would be the most suitable

method of sample collection. However, the rcsults indicate
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the sampling techniquec adopted, i.e. taking series of chips
over the whole sample interval, i1s quite satisfactory and
more economical, for the purposes of this research,.

3. Collection of Soil and Sediment Samples.

Soill samples were normally collected from pits dug
to the reguired depth by spade or hoe. For routine
purposés, vertical channel samples were collected from
the freghly exposed soil at 6-12 inches depth. To obtain
data for complete soll profiles, pits were dug to the
weathered bedrock surface and continuous channel samples
taken from the side of the pits, starting at the bottom
to avoid contamination by falling soil particles, The
vertical samplc intervals used varied from 3 to 12 inches
and fresh samples were started at obvious horizon changes.
In some cases it was found that a hand auger could be used’
advantageously to obtain profile samples at depths of
up to 7 fecet. However, this method was ineffective in dry,
powdery or stony soil profiles. Sampling traverses were
laid out by means of prismatic compass and taping or pacing.

A tractor-mounted percussion drill was used at
Coolgardie and Kalgoorlie to sample indurated laterite
profiles. At Norseman, sampling of deep solonized brown
solls to depths of up to 50 feet on one traverse was
carried out by means of a motor-driven zuger drill,

The representativity of anomalous soil sampies
was checked by taking a series of samples in a spiral

pattern with a meximum radius of 10 feet. The mean
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arsenic content (-8Z mesh fraction) was 104 ppm with a
standard deviation of 19 ppm. Since regional background
is of the order of 5 ppm, it was considered that thesampling
technique used would be unlikely to lead to errors in
locating anomalies.

In sampling the dry stream beds, care was taken to
gnsure that only unconsnlidatcd active drainage scdiments
were collected, 50 to 100 gms of this material were
scooped up using a garden trowel,

A hand auger was found to be the most efficient
implement for sampling the moist silty sediments of the
salt-lakes. Samples were normally taken at a depth of
6-12 inches, but at selected localities, continuous profile
samples were collected.

II. SAMPLE PREPARATION.

1, Preparation of Rock Samples.

The preparation of rock samples for chemical
analysis is one of the most time consuming aspects of studies
of primary dispersion. Ideally, a representative portion
of thc¢ sample should be pulverized completely, care being
taken to guard against contamination.

In the present study, samples were reduced initially
to —-+" mesh by mesns of a jaw-crusher with cast-steel
plates. A small chip from each sample was rc¢tained for
preparation of thin and polished sections. In the standard
procedure used at the G.P,R.C., a representative portion

of the -2" mesh material is reduced to -100 mesh by 15
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minutes vigorous shaking in ceramic ball mills. By treating
6 samples simultaneously in this way a productivity of
18 samples per hour can be achieved. The ball mills are
cleaned between samples by brushing. The risk of contamination
using this method is very slight and can be minimized by
treating samples, as far as possible, in order of
inereasging trace element content.

Empirical tests on 12 semples of wall-rocks from
Norseman, with arsenic contents ranging from 0-300 ppu showed
that a morc rapid alternative method could be used, with
closely comparable results. Starting with jaw-crushed
material, four representative portions were taken frou
egach sample and reduced to powder~form in different ways.
Bach portion was analysed in iriplicate for arsenic and the
results werc averaged to minimize any differences due to
analytical errors. The results are shown in Table 3, Eight
of the samples were analysed spectrorraphically to confirm
the results for other elements.

It can be seen from Table 3 that the differences
in arsenic content betwen portions prepared by different
techniques are insignificant compared with the normal
limits of analytical precision (t25%)° Of the methods in
which the sample is totally pulverised (A and B), the
ceramic ball mills are considerabiy more rapid than hand
crushing and of comparable accuracy., Thce close agreement
of the results for the —8233 fraction of jaw-crushed material

(C) with those of methods in which the sample is completely




TABLE. 3.

Comparison of Sample Preparation Techniocues,

Arsenic Contents of Norseman Wall-rock Samples.

Sample % Arsenic Content ppm.
No. Ax B C D
La1lh 29 26 30 35
L215 33 37 38 37
4217 3L 37 35 3k
L1218 7 7 3 6
4219 72 4 79 I
L2ge L1 55 il 56
11293 116 130 176 121
L295 27 27 34 33
L297 56 56 77 75
4298 278 288 389 2110
4299 32 29 38 27
3607 1 1 ; 1 2 1
Notes:
* A, Samples hand-crushed between tungsten carbide nleten
B, Samples pulvcrized in ceramic ball "ille.
C. Jaw-crushed material sieved to -82 mesh.
D. +20 mesh fraction of Jjaw-erushed material pulverizcd

in ceramic ball mills.
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pulverized (A and B) suggests a uscful ancillary method
of sample preparation. Sieving samples to -82%" has the
advantage of being much more rapild than pulverizing in
ball mills, Slight divergence of the results is apparent in
the higher concentration ranges, where there is a tendency
for thc arsenic content to be higher in the -82+ fraction.
The reveree tendency is observed irn the results for the
+20% fraction of the jaw crushed material (D). This is
presumably due to the differentiasl behaviour of arscnic-
bearing minerals in the jaw-crushing stage. (The inaccuracies
due to this cause are to some extent compensatcd by the

fact that the -82""material is more represecntative of
the whole sample than the 5 mg portion pulverized in
ball mills).

Pulverization in ceramic ball mills was used as
the standard technique for preparation of rock samplesin
the @ esent research. All background samples, key traverses
and other impcrtant samples were pulverized in this manncr.
However, preliminary scanning of wall-rock traverses at
Norseman was carried out by analysing the ~82:ﬂfraction
of jaw crushed material. Once anomalies were established
by this method, critical samples from each traverse were
pulverized in ceramic ball mills and check analyses were
made. Fig. 5 shows & comparison between the results of

H

analysis of the -8Z"Ffraciion and check analyses made

on complctely pulverized samples,
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The lincar distribution of results confirmsthe
rcliability of the -82&fractisn "scanning" method. Similar
tests on Kalgoorlic wall-rock szamples showed less favour--
@le correlation in thc lower range of arsenic concentration
(0-30 ppm As) but good agreement was obtained for nore
strongly anomzlous samplcs. Although the —82#fraction
would clearly give satisfactory rcsults as a scanning
method, all Kalgoorlic and Agnew samples were prepared

by the ball mill method.

Mineral separations for sclected rocks wsesre
accomplished by a combination of magnetic and density

methode Very briefly, thc proccdure was as follows:--

a) Crushing and Sieving.

The rock was hand-crushed between tungsten carbide
plates until sufficient matcrial in the —156#+200$rang6
was obtained, usually 20 to 30 gms. (The uesh size collacisa
igs determined by the grain size of the rocks. In this

study, the rocks werc for the most part fine grained).
b) Hand magnct.
After washing and drying the sample, strongly
magnetic mincrals such as magnetite and pyrrhotite werc

collected using a hand magnet.

¢) Frantz Isodynamic Magnetic Separator.




The slope and tilt of the scparator were maintained |
at 10° and 15° respectively throughout the procedure,
(1) The sample was passed through the sevarator with
the current setting at 0,15 amps to removc mineral
graing with inclusions of magnetic pyrriaotitc and
magnetitce and pyrrhotite grains notv removed Dy
the hand magnet.

(ii) Weakly magnctic minerals including guartz, feldspars.
muscovite, prrite, arsenopyrite, scheelite and
calecite were rcmoved as the non-mmagnetic
fraction at a current sctting of 0.95 amps.

(iii) The mafic minerals, biotite, actinolite and
chlorite were rcroved as more or JEss pric
fractions by varying the current betwaen 0.2 and
0.5 amps.

d) Specific Gravity Separations.

Further ecparations to obtain pure mineral frectiome

(8G=2,96), methylene iodide (8.G, = 3.3) and Clerici's
solution (8.CG, = 4.3). These solutions were diluted

(the former two with acetonc arnd the latier with water)

to separatve minerals of similar $.G.

=h

2, Preperation of Scll and Scdiment bamples.

Soil sampies werce lightly crushed i a pestle and
mortar,to destroy soil crumbs,and sieved thrcvgh nylon

or silk bolting cloth. Initially, sclected samplies were

separated into six size fractions, using a nest of oievis.
2 !
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to dctermine the most suiteble sizc fraction for routine
analysis. The —82ﬂ:fraction wag generally found to be most
satisfactory for non-latcritic soils, but the +20ﬂ:fraction
was also found to be useful in the case of lateritic
gravel samples. For more detailed studies, complete separation
of selected samples into sand, =silt and clay fractions was
achieved by wet dispersion. The method used is described
in detail in the Appendix. The rclationghip between the
various mesh sizesg, sedimentation fractions and particle
dimensiong is shown in Tsble L. All size Tractions greater
than<38ifwere ground to pass a ~824tsieve before analysis.
This was done either in ceramic ball mills or, when the
sample was soft enough, in an agate or iron pestle and
mortar,

Mineral separations of sand-sized material were
carried out using a hand magnet, heavy S8.G. liguids and

by hand-picking under a low power binocular microscope.
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ITI. ANALYTICAL TECHNIQUES.

1. Chemical Analysis.

The mcthods of chemical analysis used in this
research are listed in Teble 5, together with the reacents
used, range covered, precision and published source.

Details of the procedure for cach of these methods are given
in the Appcndix. Precision is calculated at the 95%
confidence level by the method of Craven (1954),., Control
samples were included in all sample batches and, from the
results obtained for these samples, a constant check could

be kept on the reproducibility of routine analysis,
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TABIE. 5.

Technigues Used in Chemical Analysis.

éElement Reagent Range i Precision| Published %
. or Ion ag Covered ppm % Source ;
| ' 'Jf
, Antimony Brilliamt Green 0.2 - 110 + 25 Stanton & MCDon-é
% ala (1961-2), !
| Arsenic Mercuric |
i Chloride 0.5 - 10,000 +25 Stanton (1964) |
|
- Carbon- | (Voiumetric- No‘ |
L ate HC1) 500 - 285,000] known Not published
i i
‘ Chloride Silver nitrate 100 - 12,500 Not Not published ?
E known !
z H
i Shromium Dichromate 100 - 3,000 + 25 Wood & Stanton §
! (1956~7) . |
; 1
i . {
| Gopper 2:2 Diguinolyl 5 - 2,000 + 25 AlmwA (1955) |
! Gold Brilliant Green 0,05 - 4.0 Not Stanton & Ncﬂoﬁ%
§ known atd (1o64) ;
g i
 Iron Thiorlycnllic i
Acid 100 - 200,000 | + 25 Sandell (1959) |

Nickel Furildioxime 1 - 18,000 + 20 Stanton & §
Coope  (1953-9) |

sulphate Barium Chloride! 100 - 10,000 Not . §
: known Scott (1955 §

§Zinc Dithizone L5 - 3,500 = 25 Stanton (1962) §
; : :
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A considerable number of arsenic analyses were carried
out in a leboratory at Kalgoorlie during ficld work. The
prceision of these analyses was within the prescribed
limits and the rcsults were useful in guiding the sampling
programme, However, repeat analyses carried out in London
indicated discrepancies between results obtained in the
two laboratories. This was probably due to the use of
different makes of chemical reagents in the two laboratorics.
All important analyses were thereforc repeated in the London
laboratory. Where thc rcsults of Kalgoorlie analyses
are used in the following secctions to illustrate minor
points, mention is made of this fact.

2. Spectrochemical Analysis.

Approximately 600 samples were analysed spectrograph-
ically for the elemcnts Pb, Sn, Ga, Bi, V, Mo, Cu, Ti,
Ag, Ni, Zr, Co, Mn and Cr. Details of thc apparatus used
and conditions employed are given in the Appendix. The
estimated precision is + LO% at the 95% confidence level.

As far as possible, comparisons of spectrographic
with colorimetric results have been avoided. However,
in the case of chromium and nickel, it was necessary to
carry ocut some analyses by spectrograph and some
colorimctrically. The rcelationship between colorimetric
and spectrographic dcterminatiors for chromium is shown
in Pig., 6. There is a tendency for the spectrographic
results to be slightly lower than those obtained by

colorimetry. This is no doubt due to the differcnces in
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determination of chromium in rock samples from Norseman, (Circled points

indicate two or more samples with same valLJes)\.
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attacks to which the sample is subjected in the two methods.
A correction factor, based on the distribution pattern
shown in Fig. 6, has been applicd in the few cascs where
a comparison of the two sets of data has @ oved necessary.
No detailed study has been made in the case of nickel
but results indicate that the spectrographic and
colorimctric determinations arc comparable,

3, Mercury Analysis.

A limited nunber of mcrcury asnalyses were carried out
using o sensgitive mercury vapour mcter described by
James and Webb (1963-L). Basically, the instrument
determines the concentration of mercury vapour in air
by the absorption of ultra-violet light at specific
frequéencies. Details of the specifications of the meter
and operating technique arc given in the Appendix,

IV. MEASUREMENT OF S0OIL REACTION.

1 gm portions of selected soil samples (—82#'fraction)
were vigorously shaken for one hour with 10 mls de-ionized,
CO,-free water in = closed container. The pH of the
resulting slurry wes measurcd by means of a portable pH

meter, previously callibrated with standard pH solutions,.




51.
CHAPTER L. PRIMARY DISPERSION STUDIES.

I. NORSEMAN

A, GEOLOGY OF THE NORSEWAN DISTRICT.
The following deseription of the geology of Norseman
is derived mainly from rccent works by Bekker (1962) and

Hall and Bekker (1965).

1, Stratigraphy and Igneous Activity.

Norseman lies at the southern end of an extensive
inlier of Archaecan grecenstones and metasediments,
surrounded on three sides by granitic rocks (Fig 1). The
main Precambrian rock-types in the arca are bisaltic lavas
and sediments which have been intruded at intervals by
sills and dykes of basic, ultrabasic and acid igneous
rocks. Small occurrences of Tertiary and younger sediments
occur in dcpressions in the Precambrian surface.

The Precambrian rock succession, as defined by Hall
and Bekker (1965) is given in Table 6, starting from the
top of the sequence. -

TABLE 6.

Precanbrian Stratigraphic Succcssion at Norsemen .

Name of Unit Thickness Lithology
(in feet)

Western granite contact,

A, Mt, Thirsty Beds 26,000+ Slates, greywackes, quartz-
ites, breccias, meta-
jaspilites, basaltic lavas
with large masscs of probab-



Thickness
(in feet)

Name of Unit

Lithology

B, Abbotshall Beds 800 to 4,500

C. Woolyeenyer Group 28,000 to

32,000
1. Desirable Pillow 20,000+
Lava
2. Crown Baszalt 600
3, Nulscn Slate 3 to 6

Ly, Royal Amphibolite 370 to 650

5. Bluebird Gebbro 200 to 350

6. Gee Cee Slate 5 to 6

7. Mararos Pillow Lava L4200

ly conformable ultrabasics,

Meta-jaspilites with
interbedded basaltic rocks
and clastic metasediments,

Metsbasaltic pillow lava
with some thin graphitic
gslate beds, occasionally
replaced by quartz (e.g.
in Lake Kirk mining area).

Multiple sill of massive
aphanitic to strongly
ophitic metabasalt with
remnznt bands of slate.

Graphitic slate

Complex sill of meta-
quartzgsbbro,metadolerite
and remnant extrusive
metabasalts characterized
by a weak gchistosity

and by the occurrcnce of
small carbonatec masses.
250 £t. below the top of
the formation occurs the
Empress Slate Mcmber
(max, thickness 10 f£t).

Sill of massivc meta-
quartzgabbro; character-
ized by coarscly
porphyritic lower layer,
Graphitic slate.

Metabasaltic pillow lavas.
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Name of Unit Thickness Lithology
(in fegt)
8. Venture Slate 3 to 10 Graphitic slate, sometimes

partially replaced by
guartz, and sometimes
dilated by intrusions of
doleritié rocks.

9. Xingswood Basalt 1,400 llctabasaltic rocks,
including pillow lavas,

D. Noganyer Group.
1. Bolstein Jaspllite 20 Meta-jaspllite.

2. Iron King Formation 150 lMcta-conglomerate, sand-
stone, graphitic slate.

3. Hopetoun Jagpilite 200 Meta-jaspilite.

L. Lady Mary Formation LOO Multiple sill of mectagab—
bro and metadolcrite.

5. Lady Miller Jaspilite 100 Metagaspilite.

6. Marell Schist 100 Fine-grained gruneritc
schist.

7. Attlee Jaspilite 200 Meta-jaspilite.

8. Raggedy Formation 400 to 1,000 Meta-conglomerate, biotite
andalusitce schist, garnct

chlorite schist, meta-
jaspilite and chert.

9. Bon Accord Jaspilite 350 to 600 leta-jaspilite.

10. Sawpit Formation 200 to 2,000+ Fine to medium grained
mica-schist with prase-
rich bands and thin meta-
doleritic layers.

E. Penneshaw Beds 10,000+ Mecta-basaltic lavas and
other basic igneous rocks,

Eastern granite contact,
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The distribution of the various stratigraphic units

and principal gold-quartz veins are shown on the geological
map of the areca (Fig. 7).

Extensive pectrological investigations have rcecently
helped to elucidate the complex history of Precambrian
igneous activity that occurred in thc area. The oldest
igneous rocks are the basaltic lavas (0lder Greenstonaes').
The widespread devclopment of pillow structure in these
roci's suggests that they were deposited as submarine flows,
alternating with periods of clastic sediment deposition.

The resulting sedimentary-volcanic pile was later intruded
by a co-magmatic sequence of sills and dykes of approximately
tholeiitic composition ("Younger Greenstones").

The Crown—Bluebird Sill “equence compriscs the most
important of the concordant intrusives. The strongly stratig-
raphic habit of the "Younger Greenstone' sills is well shown
by the prominent porphyritic basal zonc of the Bluebird
Gabbro, which has been traced for 10 miles along the strike.
Basaltic,doleritic and gabbroic dykes, striking N.N.W. =nd
dipping 30° to 70°E,, intrude the layerecd rocks. The
"Younger Groenstones" are thought to be approximatcly
contemporancous.

The succecding phase of igncous activity in the area
was the "intrusion' of swarms of albite porphyry dykes which
trend epproximately N,20°E. and dip west at about 65°.
Bekker (1962) considers these rocks to be partly metasomatic
in origin and ascribes the origin of the metasomatic

emanations to the differcntiation of the "Younger Greenstons
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magma,

Fellowing folding, granite intrusion and the
emplacement of gold-quartz veins, dykes of doleritic and
noritic composition invaded the country rocks. The most
important example of this suite is the Jimberlana Dyke
(Fig. 7).

The host-rocks of the major gold-producing reefs of
the arca are the greenstoncs of the Crown-Bluebird Sill
Sequence and the Mararoa Pillow Lava,

2. Geologieal Structure,

The Norgeman area occurs on the west limb of a
major anticline which plunges gently to the north. Within
the mein mining area, the layered rocks strike 12°E and
dip west at about 55°, the trend becoming more north-
easterly in thc northcrn part of the arca. This change
of strike is accentuated by displacements on faults which
strike N,20°W, and dip steeply east. Apparent horizontal
displacements of up to one mile in an east-block-south
direction have been obscrved.

The major gold-quartz reefs in the area ocecur in
zones of reversc faulting which strikc north and dip
approximately 45° east, Normel faults, striking parallel
to the bedding and dipping 60-75° east have alsoc been
encountered in the preoductive scection of the field,

3. Roeck Alteration.

The rockxs throughout the area have undergone

mineralogiecal changes as the result of regional
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metamorphism and, morc loczlly, metasomatic, contact, and
dislocative metamoprphism. The usual mincral assemblages
of the basic mecta-igneous rocks, tremolite-actinolite,
chlorite and saussuritized calcic plagioclasec indicate
the upper greenschist facies of regional metamorphism
(Fyfe, Turncr and Verhoogen, 1959). However, Bekker
(1962, p.137) emphasizes that deuteric alteration could
have produced similar mineral assenmblages, which would have
remained stable under greenschist facies metamorphic
conditions. He cites the characteristic alteration of the
margins of quartz gabbro dykes to an incompetent tremolite-
chlorite-carbonate rock as possibly due to deuteric alteration.
Where unaffected by subseguent locallized metamorphism,
the regionally metamorphosed rocks retain their original
igneous texturcs znd structures. Thus, pillow structure,
amygdales, ophitic texture etc. are commonly obsecrved.

Narrow asureoles of contact metamorphism have bcen
noted in the vicinity of post-gold norite-dolcrite dykes.
While pyroxene hornfelses occur up to 700 fcecet from the
margins of the Jimberlana Dyke, the zone of alteration is
usually two feet or less in width in the vicinity of smaller
intrusives. There is no surviving evidence of contact
metamorphism associated with the pre-gold intrusives.

Strongly schistose chloritic rocks with minor
guartz, albite, carbonate, mica and epidote have devcloped
in major NNW-trending fault zones. This type of alteration

is present but less marked in the cast-dipping zones of
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reverse faulting which beeaome the loeci for quartz reef
formation. The rocks in thcse zones are comprised of
sub-parallel clongated tremolite-actinolite grains with
chlorite; carbonates and patches of biotite.

Extensive biotitization has taken place as a result
of potash mctasomatism associated with porphyry intrusion,
Thesec effeccts arc found most commonly in the altered walls
of guartz gsbbro dykes and zZones of reverse faulting which
later became the channels for quartz reef emplacement.

L, Mineralization.

Two types of gold mineralization occur- minor bedded
guartz-sulphide lodcs in the jaspilites, and gold-quartz-
reefs in the meta-igneous grecnstones. The former type
are rclzatively unimportant and will not be considefed
further.

The most productive guartz reefs strike N-S and dip
about L5° east. A parallel seqguence of such reefs is
developed immcdiately east of Norscman townsite and is shown
in cross gection in Fig. 8. In addition, minor quartz reefs,
striking E=V and dipping steeply south occur throughout
the arca. In the present rescarch, work has bcen
concentrated on the major N-S recfs.

The productions of thc various major reefs up to

the cnd of 1963, arc given in Teble 7.
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TABLE. 7.

Production of Major N-8 Gold-Quartz Reefs,

Norseman.
}Reef Tons of Ore ! Gold Recovered Grade dwt/ton
' - : (0z)
Mararosz 3,104,000 1,078,000 6,9
i
x
Princess Royal] 1,000,000 747,000 4.5 |
. . {
Crown . 1140, 000 260,000 11.7
| Total Ly, 54,000 2,085,000 9.2

Thege orebodics have been developed over strike longths
of up to two miles and as much as 4,500 feet down the dip.
The Norsemen , Northern Star, Lady Jean-Valkyriec, Mt. Barker,
Hinemoa and othcr reefs in the area were worked out in the
earlier days of the ficld.

The N-S rcefs occur as tadbular bodies along the
planes of rcverse faults. The disposition of orebodies
within the reef-shears is largely controlled by reverse faulting
movements, which, in places where the dip of the shear is
relatively flat, have created tensional openings favourable
to quartz deposition. The gquartz lenses out along the
steeper scctions of the shear such that areas of quartsz
alternate with sections of barren shear. Conseguently,
many orebodics do not outecrop at the surfacc; e.g. tﬁe

major orebodies on Crown Reef are blind and were only
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located by deep-drilling from the surface. The average width
of quartz in stopes is 6 feet, but locally, the reef may
swell out and quartz up to 20 feet thick has been
encountcred, Individual ore-shoots pitch gently southwards
within thc plane of the reef but the ore zone as a whole
usually pitches gently to the north.

Both massive and laminated forms of quartz occur,
frequently side by side in the same reef. Gold is distributed
uniformly in association with micro-fracturing throughout
the massive variety. In the laminated quartz, the gold
is concentrated together with small amounts of sulphides
and green hydromica in or neear the laminac. Buck guartsz,
showing no internal fracturing, is always found to be barren,

Gangue mincrals, apart from guartz, are only present
in small quantities, usually totalling less than 1% of the
rcef. The ganguc mincrals observed most commonly are;
sericite, greefhydromica, ankerite or dolomite, pyrite,
chalcopyrite, pyrrhotite, arsenopyrite, galena, sphalecrite,
scheelite and tourmaline. The tellurides sylvanite, hessitc,
petzite, altaitc and calaverite have also becn reported.
Reef mincrals most closely associated with gold, and
regarded as favourable indications of ore are tourmaline,
green hydromica, scricitec, carbonates, galena and
arsecnopyrite.

The reef shears, whether barren or guartz-filleds
generally occur within an ¢nvelope of strongly altered

greenstone locally known as the "recef channel', which
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varies in thickness up to 100 fcet. The altered zone
consists of biotite schist or schistose chlorite-tremolite-
actinolite~carbonatec rock. The tremolite-actinolite occurring
in the altered "reef channels" tends to be more acicular in
habit than the variety which pseudomorphously feplaces
pyroxene in the regionally mctamorphoscd greenstones.
Within two feet of the recef the wall-rocks are often highly
silicified., The schistosity is gcnerally parallel to the
rcefy, but locally the rcef may cut across the foliatilon.
It is thought that the alteration is the result of shear
stresses and metasomatic activity that affected zones of
wcakness and shearing throughout the areca and preceded
the deposition of quartz. Hence, the development of
biotite and tremolite-actinolite-chlorite-carbonate
schists is not in itself indicative of recef channels. The
only mcitasomatic activity direetly related to ore deposition
was minor carbonzte and sulphide impregnation of the |
adjacent wall-rocks.

5. Ore Controls.,

As mentioned earlier, orc-shoots and sections of

barren quartz were dceveloped in flatter sections of the

raeef shears, where reverse faulting had crecated tensional
openings. This relationship between reef attitude and ore
occurrence was convincingly demonstrated by Connolly

(1936). The irrcgularitics in the dip of the reef shears are
probably due to refraction of the shear zone as it passcs

through rocks of differing competence. King (1950)
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postulated a stratigraphic control for the ore occurrences.
It was shown that the flat northerly pitch of the ore
zoncs coincided with the piteh of the intersections of the
stratigraphy on the reef shcars. This theory is apparently
supported by the occurrence of orec on Princess Royal,
Bluebird and Crown Reefs, adjacent to the base of the
Bluebird Gabbro. Although exploration based on the "Favourable
Bed Hypothesis" has resulted in the discovery of several
new ore-shoots, it does not appear to be valid in all cases.
Petrological work has shown that there is no distinctive
stratigraphic control for Mararoa Reef and what seems to be
a favourable zZone on one reef is not always productive on
adjacent reefs,

Hall and Bekker (1965) have pointed out that all
‘the ore-shoots developed in the last 5 ycars occur in the
deuterically altcred zZones in gabbroic dykes (Fig. 8). The
guartz reefs are slightly transgressive to the dykes, the
intersections pitching flatly south. The individual ore-
shoots also pitch gently south and so it is probable that
the prescnce of dykes has influenced the development of
the south-pitching fracture system occupied by the ore-

shoots.

The intersections of the NNW-trending faults with
the reef channels also pitch flatly south and have influenced
orc-ghoot development to some degree. Hall and Bekker (1965)
also consider the fzults which delimit the ore zones on

Crown and Princess Royal Rcefs to be significant. The
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productive areas on both rcefs are terminated on their
northern ends by NNW-trending faults, and up-dip, by
normal faults which strike NNE and dip at right-angles to
the reef,

It is clecar from the above that many factors are
involved in thie control of ore deposition at Norseman.
The detailed study of these factors is still in progress.

B. PRIMARY TRACE ELEIENT DISTRIBUTION IN THE

WALL-ROCKS IN THE VICINITY OF GOLD-RUARTZ

REEFS AT NORSENAN,

1. Preliminary Investigation,

In the early stages of the investigation, samples
from two diamond drill-holes, both intersecting the Crown
Reef, werc analysed for 18 elements in order to determine:
(1) those elemcnts which show anomalous concentration
in the Wall-focks adjacent to the guartz reef,
(ii) the width and gencral form of wall-rock anomalies.
Ag, Biy, Co, Cr, Cu, Ga, Mn, Mo, Ni, Pb, Sn, Ti,
V, and Zr were determined specctrographically whilst As,
Zn, Au, and Sb were determined by the chemical methods
indicated in Chapter 3. Fig. 10 (a and b) shows the results
for C12, a diamond drill-hole intersecting low grade
quartz on the mergin of a major ore-shoot. The abbreviations
and symbols used in figures relating to primary dispersion
studies are shown in Pig. 9. The nature of the
distribution patterns for thc various elements are

summarized in Table 8,
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. Fig. 9. Abbreviations and symbols used in figures relating to primary

dispersion studies.
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TABLE.8.

Nature of Distribution of Trace Elemcnts

in DDH Cl2, Norscman

Elements Remarks,
As, Ni Strong wall-rock anomaly approx. 4O feet wide
surrounding quartz intcrsections.
Cr Hoderately strong but erratic anomaly, approx.

4O feet wide surrounding quartz intersections.

Co, Cu, Mn,

Zn, Sb, Au,

Weak erratic anomalies consisting of onc¢ or nors
high samples in general vicinity of quartz reef.
Mn anomaly persists more than 50 feet in

footwall.

Ga, Ti, Mg,

No significant variation in vicinity of quartz

apart from Jow Ti contcnt of quartz itself,

Negative anomaly or '"trough" in a position
corresponding to the positive As, Ni and Cr

anomalicsas,

Ag, Bi, Mo,}

Sn, Zr,

Less than limits of detcction (see Appendix)

throughout traverse.

Fig... 11 (a and b) shows the trace element

distribution

found in CU 15, an underground diamond drill-

hole intersecting Crown Reef at a point where the quartz
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has locally split into a hanging-wall and a footwall
reef, The salient featurcs of the distribution are given

in Table 9,

TABLE, 9

Nature of Distribution of Trace Elements

in DIH CU 15, Norgeman.

Elements Remarks,

As, Ni, Cr. |, Strong anomalics totalling nearly LO feet in

width sbout the two quartz intcrsections

Cu, Zn, Co. | Moderate to strong, erratic anomalies with
one or morc high samplcs in the viecinity of

guartz intersections.

Mn, Sb. Weall snomalics in the vicinity of quartz
intersections. Levels of concenhtration very

low in the case of Sb.

Ga, Pb, No significant variation in vicinity of quartaz.
Vv + 7i, Weak ncgative anomalies in vieinity of

quartz intcrsections.

Ag, Bi, Mo, Less than limits of detection throughout

Sn, Zr. traverse,
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The results of this preliminery investigation
indicated that wall-rock anomalies arc best shown by
analysing samples for As, Ni and Cr. In subscquent studies
of wall-rock dispersion, emphasis has been placed on the
distribution of these elements. It is of interest to
note that the concentrations of meny elements (As, Ni, Cr,
Zn, Coy Ti, Mn, V) arc significantly lowcr in guartz samples

than in the wall-rocks.

2., Background Data for Norseman Rocks.,

a) Distribution of tracc elements in unmincralized

Norseman rocks,

Enowledge of the trace element contents of
background rocks, unaffeccted by mineralization, is essential
for the interpretation of primary geochemical anomalies.
For this purpose, 90 samples of the vaious rock-types
oceurring in the arca were collected and analysed,

Owing to the poor outecrop and weathering of rock
exposures, the samples were necessarily obtained from
drill-core. Care was taken to ensure that only unaltered
rocks were sampled, aveiding as far as possible the zones
affected by primsry dispersion, which appear to be rest-
ricted to within 100 feet of mineralized recf-shears.

The range of concentrations and arithmetic means for
11 elcments in the main roek-types occurring in the
productive belt are given in Table 10. Apart from As and
Zn, for which chemical techniques were used, spectrography
was used for all determinations. Ag, Bi, Mo, Sn, and Zr,

werc found to be below the limits of detection of the



TABLE. 10

Trace Element Contents of Ummineralized Norseman Rock-Types.

As Pb Cu Zn Ga Ni Co Mn Cr v Ti
Rock-Type ppm | ppm {ppm |ppm (ppm | ppm  {ppm |ppm ppm ppm ppm
=05 | =2 10 50 7 40 25 |800 70 80 1500
Metabasalts (7) | (&) }(115) |(95) {15) J(a31) [(71) [1670) |(286) | (207) | (7600)
(34 samples) 27 7 500 |250 30 | 350 150 lwooo | 500 | 700 10,000
<0.5 2 70 |<50 |10 30 50 | 800 30 250 5000
Metadolerites (5) (4) |(147) |(111) {18) (111) [(69) {1820) {(235) | (445) 8100
(:}9 samples) | a3 | 15 | 700 | 250 |30 | 200 |100 |5000 | 400 | 700 [>10,000
. 0.5 | 1 0 | 50 |7 30 | 30 |700 15 | 120 190
‘FS’Z&EZE‘”;{’ZE) (7) | (10) 1(280) [ (139){(17) {(119) {(78) [1880) {(158) | (435) |(8900)
P 24 | 150 500 200 { 30 | 250 {200 {5000 | 300 700  >10,000
1 4 7 <50 8 <5 <5 100 5 <5 350
Porphyri
Crepyrieesy | (6] (23) [(48) | (72) | (23)] (29) [(9) | (&)} (31) | (8) | (1355)
1200 { 40 |170 150 35 80 |60 1000 | 200 | 200 4000
<1 4 70 100 10 40 |50 300 50 80 3000
Slaty Sediments | (16) (7) 1 (40) | (200) | (16)] (126)[96) 11500 (D (316) | (6000)
(5 samples) 64 12 | 200 | 200 | 30| 300 18 {4000 l150 |80 |10,000
Keys 0.5 = Minimum value

(7) - Arithmetic mean
27 = Maximum value.

*99
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spectrographic mcthod employed in all but a few samples:
Although the main object of this study was the

determination of threshold for gcochemical prospecting
purposes, the results also provide some interesting
“information regarding theé geochemical characteristics of
the different rock-types present. This aspect is

dealt with more fully in thc discussion at the end of
this chapter, but some features require mention in the
present section,

The trace element variations occurring between the
various basic igneous rock~types are relatively minor
with regard to geochemical prospecting but have
nevertheless been taken into account in calculating
threshold values., Slates, although somewhat higher in
the chalcophile elements As, Cu, and Zn,and lower in Cr,
are generally similar in their trace element contents to
the basic igneous rocks. On the nther hand, porphyries,
which are relatively common in the productive belt, show
a nunmber of outstanding differences in trace element
content, which may affect the interprctation of geochem-
ical data, espccially in soil surveys in arcas of poor
outerop, where the bedrock geology is not known. Apart
from the fact that Ni and Cr are generally much lower
in porphyries than in thc other rock-types, some
porphyry samplcs, seemingly unrelated to reef-shears, werc
found to contain abnormally high conccntrations of

arsenic,., Of thc ten porphy:y samples analysed, seven




a8
68.

had argenic contents of 30ppm or less. The remaining
three contained 130, 280 and 1200ppm respectively.
Evidence prcscented in a2 later section suggests that the
arsenic occurring in thesc supposedly background samples
wag present at the time of porphyry cmplacement and was not
introduced by the later hydrothermal emanationg that
accompanied ore-formation. It should be mentioned, Nowecver,
that although thc arsceniceal porphyry samples all occurrecd
some distance from reef—shears, therec is believed to be a
genetic reébtionship between the porphyrics and gold-guartz
mineralization (Bekker, 1962).,
b) Threshold for As, Ni, and Cr in basic igneous rocks.
It was established earlier that the most important
elements with regard to wall-rock anomalies related to
gold mineralization at Norseman are As, Ni and Cr. It has
become a common convention to specify threshold, or upper
limit = of background fluctuations, as the mean plus two
standard deviations of the distribution obtalned by
analysing background samples. However, it is only possible
to apply this criterion in the case of normal or lognormal
distributions. Frequcncy histograms for As, Ni and Cr in
background rocks from Norseman are plotted in Figs. 12,
13 and 1lL. In most cases, thec distribution patterns are
seen to be neither normal nor lognormal. The results for
the different elements are considered in greater detail
below, "

(1) Arsenic,
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The histograms for arsenic plotted on an arithmetic
scalc cxhibit a2 pronounced positive skew. This feature is
attributable to two causes:- the inadequacy of the an-
riytical method to give accurate results below 1 ppm,
and the possible accidental inclusi-n of some anomalous
samples with the background material. The first cause is
self-explanatory in view of the high proportion of samples
witn As contents of less than 1 ppm. The bimodal
distributions obtained when the data is plotted on =
logarithmic scalc support the conclueion that some
anomalous material has unwittingly been samplcd, The
higtogram peaks in thc lower range of arscnic contents
(0-1 ppm) probably reprcosent regional background wnilst
the peaks corresponding to arscnic contents in the range
2.5 ~16 ppm are belicved to represent a local background
appropriate to tha broad mineralized environment,

It ie worth noting that Onishi and Sardell (195%)
obtained similar skewed frequency distributinns fbr
argenic 1ln unmineralized igneous rocks. These authors
attribute thce occasional arscnic-rich samples to the
high mobility of arsenic wiich therefore tends to be
locallized in the upper Yevcels of the crust in concentrations
not typical »f the crust as a wholc. Such local
conccntrations are cven aorc probable at Noreseman, since
it is known to be a centrec »f arscnical hyvdrothermal
activity.

Calculationg of standard deviation are reaningless
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when applied to such distributions. Smirnov (1963) has
suggested the approximation below for establishing a
threshold value:

Threshold = (2 to 3) x mode.

The modes for the arsenic distribution in
metabasalts, metadolecrites and metagabbros have been
calculated at 1,6, 0.5 and 2.5 ppm rcspoctively, Hence,
by Smirnov's method, threshold would be 4.0, 1.3 and 6.3
ppm. respectively for these rock-types.

(ii) Nickel.

The frequency histogramsof background nickel contents
are similar to those of arsenic, showing strongly skewed
distributions when plotted on an arithmetic scale and
bimodal distributions on a logarithmic scale. An exception
is noted in thc case of the metabasalts,where the semi-
logarithmic histogram shows a more nearly normal
distribution than that of the arithmetic plot. In this
casc, thrcshold can be calculated on the basis of the
right hand limb of the distribution curve, givinga result
of 185 ppm Ni for metebasalts. Using thec method of
Smirnov op, cit,., the threshold values for various

greenstones would be in the ranges:

metabasalts 170 - 225 ppm Ni. Mean 200 ppm Ni,

metadolerites 130 - 200 ppm Ni, Mcan 165 ppm Ni.

metagabbros 160 - 240 ppm Ni., Mean ZOO‘ppm Ni.
(iii) Chromium,

The distribution of chromium in metabagalts is
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P9

approximately normal and threshold calculated on this
basis is U480 ppm. The distributionsin the case¢ of
metagebbro and metadolerite are bimodal and no attempt has
been made to calculate threshold. Visual inspection of
Fig. 14 suggests a value of 350 ppm would be appropriate
for both rock-types.

(iv) Local threshold.

The foregoing has shown that the frequency distribution
patterns of arscnic, nickel and chromium in background
samples are, in general, not nathematical in form, making
the calculation of threshold difficult. Examination of
geochemical profiles of wall-rock traverses, to be described
later, shows that it is possible to select arbitrary "local"
threshold values which provide & more suitable basis for
the estimation of anomaly contrast. The arsenic anomalies
associated with Norseman reef-shears are gencrally quite
distinct (e.g. Fig. 10), the arsenic content of the wall-
rocks in the immediate vicinity of the reef-shear
intersection ranging from 20 to several thousand ppm.,

Beyond this anomalous zone, the arsenic content of the
rocks fluctuates between 1 and 15 ppm, with occasional
values of up to 20 ppm. 15 ppn wbuld therofore appcar to be a
suitable local ~hyrsahold level, cxpressing the normal

ST AR

upper 1limit of b-acipround fluctuation in the viecinity of
reef-shears, This figure corrcsponds approximately with
the value suggested on the basis of the bimodal frequency
distribution. Similarly, local threshold values for nickel

and chromium have been obtained. The local threshold
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values for arsenic, nickel and chromium, obtained by

inspcection, are compared in Teble 1. with thc threshold

values calculated on the basis of studies of background

samples. The local threshold valucs have been used in the

ensuing scetions for the calculation of contrast.
TABLE.11.

Regional and Local Threshold Valueg for

Argecnic, Nickel and Chromium in Norseman Greenstonce.

A. Regional B.Local
Rock~-Type Element Threshold Threshold
As L.o 15
Metabasalts Ni 185 250
Cr L&0 300
As 1.3 15
Metadolerites Ni 165 25N
Cr (350) 300
As 603 15
Mectagabbros Ni 200 . 250
Cr (350) 300

3, Wall-rock Anomalics Associated with Crown Reef--Shear,

a) Genecral.

Crown Reef is the most recently discovered of the
recefs in the ereca. It differs from the other N-S reefs in
ite more north-eastorly strikc end somewhat flatter dip
(20°E), Several vecry small, low-grade orc-shoots outcrop

at tho northern end but these were woriked out in the
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garly days of the field., The major blind orebodies were
located by diemond drilling from the surface., Since then, a
number of large ore-shoots have been outlined by
undcrground devclopment. It can be scen from Fig. 15, that
the interscetion of the Blucbird Gebbro on the rcef-shear
appcars to have had an important controlling effect on the
location of ore-shoots. This rcef was considered to be
ideally suited to a detailed primery geochemical investigatior
for two main reasons.

(i) The geology of the Crown Reef is thec least
complicated of the N-S rccfs being worked at present.

(ii) Drill-corc was available for sampling from numerous
drill-holes, wecll-situated for use in such a study.

The locations of drill-~holces sampled are shown in
relation to known ore-shoots on a composite plan of Crown
Recf in Fig, 15, which also shows the¢ major geological
features. Two east-west surface drilling traverses, one
intersecting ore in several holes (L4L4OON traverse) and onc
which intersected no ore (2000N traverse), were sampled
in some dctail to study the variation in wall-rock
dispersion patterns down the dip of thc reef-shear.
Additional drill-holes werc sampled so that the variation
in dispersion patterns could be studicd over a2 total
strike length of more than 12,000 feet. A nunmber of
drill-holes in close proximity to one specific ore-shoot
(A on Pig. 15) were sampled to establish the nature of

wall-rock patterns adjaccnt to ore gradc auartz,
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subeconomic guartz and berren ghear in a restricted
environment. This study was linked with an investigation of
the distribution of trace elements within the planc of the
guartz reef about the same ore-shoot.

b) Wall-rock anomalies on Crown Section at LLOON,

The location of the diamond drill-holes seampled,
and the geology of the LLOON scetion are shown in FPig. 8.
The known ore zone on this secction occurs between the
interscetions of CL7 end CLL. However, CLO is the only
drill-hole which actually intcrsectcd an ore-shoot, CL7,
CL3 =and CLL intersecting low gradc quartz near to the
margins of ore«shoots (Fig. 15). Some minor pockcis of cre
have beon outlined by underground development in the
general vicinity of C52. The rcmeining holes, CL6, CLI,
C51 and C53, encountered only low gradc quartz or barren
shear.,

The distribution of arscnic in the wall-rocils adjacent
to Crown Rcef-Shcar in thc drill-holes sampled, is shown
in Figs. 16, 17 =nd 18, Distinctersenic anomalies were
obtained in cach casc, pcak values rahging ffom 290 to
2125 ppm As. The highest arsenic contents (= 600 ppm) were
found to occur in drill-holes intersecting, or in close
proximity to, ore-shoots and up to 1600 fect up-dip from
the ore zone (CL7, CLO, CLL, CL6, CLY9 and C51)., C52, 1020
feet down~dip from the known lower limit of the ore zone, and
CL3, intersecting low-grade quertz within the ore zonec,

have peak arsenic contents of 357 ppm and 290 ppm As
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respectively. Two strongly =znomzlous zones, were found to
occur in C53, coinciding with greenstone remmants within
the felsite porphyry, which is the dominant rock-type
occurring in this hole.

The widths of the anomalies in the drill-core are,
for thc most part, between 50 and 100 fcet. However, the
anomaly in the casc of CL43 is only 24 feet wide, whilst
in CB3, erratic anomalous values werc obtained over
2 total width of more than 118 feet. The general pattern
obtained is one of & broad zone, or "plateau" of valucs
between 15 and 70 ppm As, from which arise one or more
peaks of higher arsenic contcnt. The full extent of the
anomalies in some drill-holes.(e.g, C53, C51, CL9, CL6 and
possibly C43) was not established due to the fact that
sampling was not extended sufficiently far into the
wall-rocks,

The results obtained for CLO were confirmed by
analyses of samples from two underground diamond drill-
holes (CU335 and CU336), which were drilled from a rise at
a point wvery close to thc intersection of CLO on Crown
Reef. The results for thesc two holes disclosed an
anomaly greater than 50 feet in width with & peak value
of 800 ppm As.

A limited study of thc distribution of nickel and
chromium was undertakcn by analysing 122 samples selocted
in the wvicinity of the pesks of the arscnic anomalies in

each traversc, The results are summarized in Table 12, In




Data Relating to Trace Element Anomalics

TABLE, 12

76.

Associated with Crown Reef-Shcar. LL4OON Scetion, Norscman.?

Caleculated as the retio:- Peak Value:; Local Thresholdf

(Local Thresholds as given on p. 72 ).

D.D.H. Element Peak Value Contrast Width., Sample Description.
ppm rt.
A? 357 2h F-M.g, actinolite-chlorite schist
52 Ni 2500 10 6L ' Schistosc M,g. actinolitic greenstone
Cr 1100 3.7 ditto
As 1100 73 'Schistose, silicificd choritic greastone
Cr 1470 L9 ' Schistose F.*g. chloritic grecnstone
As 290 19 . F-M,g. actinolite-chlorite schist, carbonate
cl3 i, 3000 12 2l e . . bands
o 0 = . C.g. actinolite-chlorite schist.
r 500 7 'M.g. actinolite-chlorite schist.
As 800 53 . T - : :
i - h h
oLo Ni 1500 6.0 58 g actlnollgit%olorlte schist
Cr 800 2.7 ditto
As 1150 77 Actinolite-chlorite schist
cLh Ni 900 3.6 62 ditto
Cr 1170 3.9 ditto
As 750 50 Schistose F.+ Sriti
o6 N 860 3.4 58+ d%%tihlbrltlc greestone
Cr 1100 3.7 . ditto (streaky pyrrhotite)
As 2125 1h0 | T . .
L9 Ni 1800 7.2 8204 ' Chlorite blotlter schist, quartg stringers
Cr 870 2.9 - F.g.chlorite schist, quartz stringcrs
F.g.chlorite schist (pyrrhotite).
o5l ﬁ? 1%88 Zg 88 ;F—M.g.diorite-actinolite-caﬁbonate schist
5 1 3 + i Schistose F.-lM, .chloritic greenstone
As 26 ;
053 Wi 260 3? N 118+ . P*g biotite-carbonate schist (pyrrhotite)
* . Porphyritized biotite-actinolite schist
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gcneral, the pcak Ni and Cr contents occur in the ranges
830 - 3000 ppm Ni and 700-5000 ppm Cr. The maximum value
of 360 ppm Ni cncountcred in C53 is exceptionally low
compared with othcr drill-holes on the 44OON section. A
notable feature is the fact that, in most drill-holes,

the highest As, Ni and Cr contents do not coincide but
occur at different points in the traverse. The results for
nickel and chromium must be considered to some cxtent
provigsional becausc of thc selective nature of the

study.

The characteristics and rclationships to geological
features of the snomalies described in the dbove and
following sections, will be discussed in more detail in
a later part of this thesis,

¢) Wall-rock anomslies in the vicinity of ore-shoot A.

A number of drill-holes were sampled to obtain
information conccrning trace element distribution in the
wall~rocks adjacent to, and in the vicinity of, ore-shoot A
(Fig. 15). The dispersion pattern adjacent to orc-grade
guartz was obtained from samples from CU168 and CU169,
two inc¢lined holes collared at a point near the centre

of the ore-shoot. An arsenic anomaly approximately 4O
feet in widthywith a pcak value of 5i0 ppm As, was found
to be present (Fig. 19). Diamond drill-holes Cl2 =nd
CL7 both intersect low grade quartz on the margins of
the ore-ghoot. Strong arsenic anomalies are associated with
both of these holes (Figs 10 and 16 respectively), with

peak arsenic contents in excess of 1000 ppm and widths of
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L0 fcet in the case of Cl2,and 88 feet in the case of
CL7. An anomaly L8 feet wide and with maximum arscnic
content of 470 ppm was disclosed in diamond drill-holcs
CUL1l71 and CUl72, which werc drilled from a winze at a
point where the Crown Structure is represented by barren
shear only (Fig. 19).

The results of nickel and chromium analyses on
sclected samplocs are summarized in Table 13, with the
cxception of those for CLY7, which have been given in
Teble 12. The maximum valucs for these elemcnts range
from 780-2000 ppm Ni and 800-1L70 ppm Cr.

d) Wall-rock anomalies Associated with Crown Reef-Shear
to the North of LLOON,

Diamond drill-holes CU15%, €29 and CULl7 were sampled
to invegtigate variation in wall-rock anomalies in the
northern portion of the Crown ore structure., Studies were
also made of trace clement distribution in CU6O, an indlined
hole intersecting the fault which bounds the orebody to
the west, to establish thc gcochcmical patterns associated
with this fault. This will bc deserived in a later section,

The trace clement distribution in CULS5 is shown in
Fig., 11, At this point, Crown Rcef is compriscd of two
parallecl mineralized quartz recfs, sebarated by 35 feet of
weakly sheared, slightly altercd grcenstone., CUl5 intersects
an orc-shoot on the hanging-wall vein and subcconomic
quartz on the footwall vein., As decscribed earlicr,

analysis of samples from CULH disclosed strong arsenic,



TABLE, 13.

Data Relating to Trace Element Anomalies Associcted with

Crown Reef-Shear in the Vieinity of Ore-Shoot A and to

the North of the LLOON Secction, Norseman.

D.D.H. Element Peglngalue Contrast Wigﬁl Sample Nescription
CU168- As 510 3h Actinolite-chlorite schist
CU169 Ni 780 3.1 LO ditto
Cr 1170 3.9 ditto
" As 4,300 286 F.*g. biotitic greenstone (arsenopyrite)
i Cc12 Ni 2000 8,0 Lo {F.g. sctimolite-chlorite schist
E Cr 800 2.7 F*g, actinolite schist
ER As 1100 13 Schistosc, silicified chloritic greenstone
_g ?} cL7 Ni 1100 L.b 88 ditto
:{15 S Cr 1470 .9 Schistose F.*g. chloritic greenstone
o
g CU171- As 470 31 F+g. actinolite-chlorite schist.
E cui72 Ni 860 3.4 L& | ditto
cr 830 2.8 | ditto
AS 1100 73 iSchistose actinolitic, chloritic greenstone
E CU15 Ni 2900 12 Lo ditto (biotitic patches)
g Cr 1500 2.0 F-M.g. actinolite~chlorite (-biotite) schist
gé As 600 Lo F-M.g. chlorite (-actinolite) schist.
BZ{OS' C29 Ni 550 2.1 90+ Schistose Ptg chloritic greenstone
§§> Cr 1850 6.2 F*g silicified chlorite schist,
ig As 575 38 F*g, actinolite-chlorite sehist, quartz blebs
g E cul7 Ni 730 2.9 ? ditto
- : Cr 790V 295 - ——— ——ditto- —— o
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nickel and chromium anomalies, approximately LO feet in
total width with pecak values of 1100 ppm As, 2900 ppm Ni,
and 1500 ppm Cr,

The results of arscnic analyses carried out on samples
from C29 are of interest in that they demonstrate the
continuation of the arsenical Crown Shear on the up-dip
side of the major fault vhich limits the orcbody to the
west. The full lateral cxtent of the anomaly has not been
determincd,; due to insufficicnt sampling,but it is at
least 90 feet in width with maximum arsenic content of
600 ppm (Fig. 19).

CU17 was drilled horigontally to intersect ore on
Crown Recf, The results of analysis indicated a weak,
erratic anomzly in the hanging-wall and a strong anomaly
(up to 575 ppm As) in the immediate footwall. The diamond
drill-hole was not extendcd sufficicntly far into the
footwall to engble complcte sampling »>f the anomaly. As
a result of thc good gold values encountered at this point
(60 inches at 21.6 dwts/ton) the drill-hole was followed
up by a cross-cut, This cross-cut was also'sampled and
the results obtzained eornfirmed the drill-core anomaly,

The peak values for As, Ni and Cr obtained in the
above travcrses are given in Taeble 13,

e¢) Well-rock Anomalics on Crown Scction at 2000N.

Drilling on the 2000N secction encountered a shear
zone showing characteristic "reef channcl" alteration,
dipping 35°-U0° to the cast, which was presumed to be Crown

Shear. Only two of the ninc holes drilled on this traverse
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intersected gquartz, which in both cascs was less than 20
inches thick and assayed only 0,1 dwt/ton. Recont
underground development on 22 level has indicated a marked
change to a more southerly strike and it is suspected that,
in the vicinity of 2000N, Crown Shear has becen displaced
by an oblicuc fzult, which may or may not be part of the
pre—-ore fracture gystem,

Four drill<holes from this traversce were sampled
end studied geochemically (C61, C58, C57 and C56). Compared
with the LLOON section, the arscnic anomalics assnciated
with the Crown Shear »n the 2000N traverse arce relatively
weak, peak values ranging from 55 to 120 ppm As (Fig. 20).
The an-malies are groster than 50 feet wide in the cases
of €56, CH7 and C58, In C6l, as in C53, the anomaly is
confined to sections of shecared greenstone, which
alternate with intrusive porphyry of generally low arsenic
content,

Some 50 sclected samples from the arsenic anomalies
in the above drill-holes were analysed for nickel and
chromium (Table 14). Except in the case of C56, in which
a pcak value »f ncarly 800 ppm Ni occurs, nickel contents
arc exceptionally low (< 100 ppm). Chromium is high in
C56 and C58 whilst only background values werc obtained
in €57 and C61.

£) Wall-rock Anomalics associated with Crown Reef-Shcar
to the south of 2000N.

In rccent years, 2 programie of cxploratory drilling

has been carried nut to test the possible extension of the
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TABLE,

Data Relating to Trace Element Anomalics Associated with

Crown Reef-Shear on, and to the South of thc Section at

,
1

2000N, Norseman,

82.

, usions.,

[}
]
D.D.H. Elemont | Feak Valuel gontrast |width Sample Description
As 109 7.3 Chlorite schist
C56 Ni. 790 3,2 10L P-M,g, carbonated actinolite-biotite schist
Cr 1430 5.8 ditto
= , Mineralized quartz with greenstone inclusions
” As 120 8.0 'Silicified biotite schist (pyrrhotite)
g o57 Ni 6L 1.0 56 | Silicifie .10 ite schis pyrrhoti
b Cr 300 1.0 ditto
(93] i
S, As oly 6.% F.g. silicified bintite~actinolitc schist f
23§ 'ChH8 Ni 96 1.0 79 F.g. schistose biotitic actinolitic greenstone !
i or 1030 3. ditto i
]
r...' -
E As 56 3.7 Schistose actinolite chlorite grecnstone
a c61 N4 150 <1.0 - 30 F-M.g. metadolerite
Cp 300 1.0 F.g. silicified bilotite-chlorite-actinolite schist
As 825 55 8ilicified, carbonated, biotite schist (pyrrhotite)
caly i 1400 5.5 72+! P+g, schistose chloritic greenstone
- S Crp 830 2.8 ditto (patches biotite)
g As 1100 73 P.g. biotite-chlorite-carbonate schist
a8 C71A Ni 135 <1 50 | P.g. schistose biotitic greenstone (pyrrhotite)
£§§ Cr 1130 1.4 F.g. biotite-chlorite~-carbonate schist
)
+ A
8 A5 140 9.3 Highly silicified biotitie grcenstone
m§ C71B Ni 155 <1 30 | P.g. silicified biotite schist (pyrrhotite)
%:g Cr 170 <1 ¥F.g. bilotite-chlorite schist.
£ 0
o
] As 525 35 M.g. schistose (biotitic) greenstone
g c82 Ni 640 2.6 95+ Silicified, chlorite-bictite-actinolite schist
Cr 830 2.8 Dark grey quartz with chloritic greenstone incl-
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Crown ore structure in the area to the south of the known
orecbodics, Numerous zones of '"reef-channel"-type alteration
and low grade quartz intcrsections have been encountered,
some of which arc thought to represont the extension of
Crown Rcef-Thear., Samples have becen taken in the wall-rocks
adjacent to four such intersections in the drill-holes C8lL4,
€71, and C82. The distribution of =arsenic in these drill-
holcs is shown in Fig. 21. Thc maximum arscnic, nickel
and chromium contents of samples from these drill-holes
are given in Table 14,

Samples from C8L showed thc existence of a strong
arsenic asnomaly (= 72 feet in width with a pesk arsenic
content of 825 ppm) in the wall-rocks adjaccnt to a quartz
intersection assaying 4.6 awt/ton over 36 inches. This
anomaly was similar in all respects to those obtained in
the vicinity of the Crown ore zone to the north,and subs-
equent underground development has confirmed that this
intersection represents Crown Reecf,

A moderately strong arsenic anomaly approximetely 50
fect in width with one high sample (1100 ppm As) was
found to be associated with a thin, low-grade quartz
intersection in C71l. A sccond, wcaker anomaly,
approximately 30 feet wide and with a maximum arsecnic
content of 140 ppm was found in the vicinity of a quartz
interscetion of 13 inches width carrying 0.1 dwt/ton n
gold at 1792 fect vertical depth (not plotted). Background

nickel and chromium contents were found to be associated
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with this arsenic anomaly.
C82 was drilled at a point well to the south of the

arca shown in Fig. 15, having co-ordinates 42008, 500W,
A broad ( >95 feet wide), strong arsenic anomaly waé
found to occur in the vicinity of a number of close-spaced
low grade quartz intersectiong considered to represent
Crown Reef Shear 2t this point.

L. Wall-rock Anomalies Associated with other Reef-Shear

Structurcs at Norseman,

a) Princess Royal Reef-Shear.

Princess Royal Reef, the richest of the orebodies
worked in recent yeam, is shown in composite plan on Fig.
22. The outecrop of the reef is very insignificant in
size, compared with the major blind ore-shoots (those
in the vicinity of the North Royal Shaft), which were
located by diamond drilling based on the "Favourable Bed
Hypothesis". The ore zone appears to coincide with the
intersection, on the reef, of the base »f the Bluebird
Gebbro, although the main orebodies occur in an cast-dipping
metagabbro dyke., The geological environment is complicated
by extensive faulting and the varisble attitude and
occasional bifurcation,of the quartz rcef. Appreciable
quantities of arsenopyrite, associated with good gold valucs,
occur in the northern cxposures of the reef. Arscnopyrite
is secldom present in sufficient concentrations to be
noticeable in other Norseman orebodies.

Geochemical studies of the Princess Royal Reef-Shear
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werc limited to the sampling and analysis of five holes,
sclected in order to cstablish the tracec elemecnt distribut-
ion patterns associated with this reef in the following
geolngical situations:
(1) Dispcrsion pattern in greenstone wall-rocks
adjacent to a rich orc-shoot (PRS10).

(1i) Dispersionpattesrn in porphyry wall-rocks adjacent
to a rich ore-shoot (PRL69).

(1ii)Wall-rock anomaly associated with high grade
gquartz in greenstones near the northern-most
known orcbody (PRS69).

(iv) Disperaion pattern associated with Princess Royal
Shear directly up-dip from a major gold-guartz
orcbody (PRS65).

(v) Trace element distribution associated with a
north-easterly shear zone., (To be discussed in

a later section).

The distribution of arscnic in the three drill-holes

which intersected ore grade quartz is shown in Figs. 23
and 24. The arsenic anomaly associated with PRSI0 is
greater than 100 feet in width with a peak value in

excess of 1000 ppm As. A very strong arsenic anomaly,

over 70 feet in width, was disclosed in the vertical
undorground dismond drill-hole PRU69. In this hole, the
anomaly is strongest in the porphyry footwall rocks,

where a nunber of erratic high samples occur, with a
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maximum arsenic content of 3400 ppm. Although the arsenic
anomaly is strongcst in the footwall, the highest nickel
and chromium values were obtained in the grcenstonc hanging-
wall, very low values for chromium being obtaincd in
porphyry samples (Cr =35 ppm, Ni not determined). Analysis
of samples from PRS69 showed the existence of an arsenic
anomaly greatcer than 50 fcet in width, the peak of which
(500 ppm As) occurs in the hanging-wall rocks, some 45
feet from the quartz intersection.

The highest arsenic values obtained in wall-rock
studies at Norseman werc found to occur in PRS65, which
intersects the Princess Royal Shear some 40O feet up-dip
from the major ore-shoot intersected by PRL69. The arsenic
anomaly in PRS65 is at least 90 feet in width and has a
maximum arsenic content of 9000 ppm (Fig. 24). Sulphides
are gbundant in the vicinity of the anomaly peak and
mineragraphic studies showed that epproximately 2% of
arsenopyrite is present,

The results for PRS67 are discussed in section 5
of the present sub-chapter.

The peak arsenic values and maximum nickel and
chromium contents deternined from 6L samples selccted
from the vicinity of the arsenic anomaly peaks in the
gbove traverse are tabulated below (Table 15.) In all
the drill-holes studied, thc nickel contents are generally
below or only slightly above the local threshold values,

while, with the cxception of those in PRS65, chromium



400

As PRS67
ppm 200
O ———— I
Tr NETCTTIITLLE MRER
2 MG po chgtzea V1 MG ch \ch\qtz\\\\a\ch\po ca \bi qtz ca po MG kS
T 1 0 \\),\\TY\\’ VAL i 1
200 220 240 260 280 300
¢ Drillhole Footage
9000
2250 4 % X7500
1400 - ’
PRS65
200}
1000~
As
PP™ 800
600+
400
=T \/\
lHI\_\'!l!\\l‘\‘ LI N O DA D |
2MB _po  ch bx\ qtz‘ calpe lch | po bi cu ch bl uspy\po\ \ch cc ca MB ?
] 15131 1 [ R L} 1 1 )
350 370 ' 390 ‘410 430 450

Drillhole Footage

6001
PRSE9
As 400r
ppm
200r
Q
1 \ 1 \ | A3 1« t v v v 1 \l“l]‘l‘_l?pp‘ { W} 1 A i
§MB bi chqtzca po bi chlcalbi bi po qrz\cc F-N}qAM!%
Tt T T
950 970 990 1010 1030

Drillhole Footage

Fig. 24. Distribution of arsenic in DDHs. PRSbG, PRSH7 ¢ PRSES,

. Princess Royal area, Norseman.




TABLE 15

)
i
!
i

e 87.

Data Reclating to Trace Element Anomalies Associated with

|
|

Princess Royal, Mararoa, Bluebird, . Norseman-Northern Star .

Reefs and E-W Vein, Norscmnan.

|
|
|

Reef- Peak value’ Widt
Shear D.D.H Element ppm Contrast lgt? ! Sample Description
As 1050 70 P.g. silicificd biotite schist (sulphides)
FRS10 Ni 300 1.2 100+ |F.g. chlorite (-biotite) schist (sulphides)
Cr 700 2.3 ditto L -
Princ- As 3400 226 Schistose Fg, sericitized porphyry.
| PRLGS N1 290 L.2 70+ 1g9i1icified biotite (-chlorite) schist.
ess .
° cr 830 2.8 Silicified chloritc (-biotite) schist,
Royal As 500 33 —
‘ istosc riti biotitic greenstone
PRS69 Ni 92 <1.0 50+ Schistose Cth,lth? -13 g
Cr 730 2.4 : ‘Schistose F.g. biotitic greenstone
J ditto
As 9000 600 : :
PRS65 Ni 68 <1,0 90+ |(Silicified) biotite schist (sulphides)
Cr 278 <1,0 ' Schistose F.g. carbonated greenstonc
i ditto
Marar— As 160 11 iM.g. actinolite-biotite schist.
ga C52 Ni 320 1.3 96+ Schistose P-Mg. actinolitic chloritic greenstons.
Cr 1500 5.0 aitto
Blue As 65 b.3 P-M.g. schistose actinolitic (biotitic) greenstonc.
e CL7 Ni 76 <1.0 33 Vassive F-Mg, actinolitic greenstone
bird op 200 1.0 : ditto
4 As 85 5,7 Eilici?ieqt(jo%gibiotite schist
Norse- q28 i 156 «1.0 304 F.g. biotite sc. st.
man Cr 370 1.2 ‘ ditto
As 10 =1.0 Metsbasalt
Norse- S35 Ni 143 <1,0 - 'Schistosc biotite-chlorite-actinolite greenstone
man 7 Cr 900 3,0 ditto
As 525 35 Quartz (Pyrite, pyrrhotite)
i CB2 N3 260 1.0 60+ | gilicified biotitic grcenstone
Vein Cr 300 1.0

i aitto
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contents are morc or less similar to thosc obtained in
the vicinity of Crown Recef-Shear, ranging from 700 to 830
ppm.

b) Mararoa Recf-Shear.,

Only one drill-hole intersection (C52) on the
now worked-out Mararoa Reef was sampled in the present
study. This drill-hole intersceted low grade quartz on the
up~-dip mz2rgin of a major orebody. The results of anaslyses
for arsenic indicated an aureole at least 96 feet in
width with arsenic contents between 15 and 160 ppm (Fig.25).
Maximum values of 320 ppm Ni and 1500 ppm chromium were
obtained by analysing 13 samples in the vicinity of the

highest arsenic values (Table 15 ),
c¢) Bluebird Reef-Shear,

Wall-rock samples about a singlc drill-hole
intersection on Bluebird Reef-Shear (C47) recvealed a
weak arsenic anomaly with maximum value of 65 ppm As. The
intersection occurs some 600 feet down-dip from the
mown orebodies, which were worked at shallow depths. The
erratic anomaly occurs over a zone 33 feet wide surrounding
two close-spaced, low grade quartz intcrsections (Fig.25).
Maximum nickel and chromium contents of 76 and 300 ppm

respectively were found to occur in the anomalous zone,

d) Norseman Reef-Shear,
The Norseman Reef is the more southerly of two

major quartz recfs occurring on one recf-shcar structurc,
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Fig. 25. Distribution of arsenic in wall-rocks in the vicinity of Mararoaq,

Bluebird and Norseman Reef-Shears and an east-west vein.
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3 miles in strikc length, known as the Norseman-Northern
Star Reef-Shear. The Norseman Reef was one of the biggest
gold-producing N-3 reefs in the early days of the field
and to the end of 1904 had produced 55,529 oz. of gold at
an average grade of 0.65 oz. Au/ton. However, with few
exceptionsg, the ore-shoots exposcd at the surface did not
persist in depth.

Two drill-hole intersections werc studied to determine
the nature of trace element dispersion pattcrns in the
adjacent wall-rocks.

Diamond drill-hole 828 was originally put down to
test the extension of an ore-shoot on the southern end of
the reef in depth, The drill-hole intersected a quartz
recf, 8 fcet in thickness, which was found to contain
cly a trace of gold. Arsecnic analysis disclosed a weak
anomaly with peak value 85 ppm As in the hanging-wall of
this rcef. The anomaly is crratic but appears to extend at
least 32 feet freom the guartz in the hanging-wall, Only
background arsenic contents were found to occur in the
footwall rocks. The maximum associated nickcl and chromium
contents are 156 ppm Ni and 370 ppm Cr.

A quartz intersection of 10 inches carrying 0.8
dwt Au/ton, thought to reprcsent the Norseman-Northern
Star Reef-Shear, was encountered in S35, which was
collared between the more northerly Northern Star workings
and those on the Norseman Rcef, Background arsenic contents

were obtained in samples of the wall-rocks adjacent to
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this intersectioﬁ. The nickel valucs obtained were similarly
low although relatively high chromium contents were
obtained (Table 15).

A distinet antimony anomaly was established in
s0il samples collected in a traverse over the sub-outcrop
of Norseman Reef-Shear (Fig.55). Both 828 and S35 were
thercfore tested for antimony but no primary anomaly for
this element was found to be present.

e) East-West Vein,

A hipgh grade quartz interscection encountercd in the
South Crown exploratory drill-hole C82, was considered
to belong to the E-W striking vein system on account of
the abnormally steep dip of the guartz and absence
of associated "reef channel" - type alteration., The arsenic
anomaly surrounding this intersection is at least 60 feet
in width with a maximum arsenic content of 525 ppm (Fig.
26), It should be noted, that this maximum arsenic value
nccurs in the quartz itself and the highest arsecnic valuc
obtained in the wall-rock is 100 ppm. Novertheless, the
lateral extent of the anomalous zone is remarkable in
view of the lack of shearing in the basaltic wall-rocks.
Peak values of 260 ppm -Ni a2nd 300 ppm Cr were found to

be associated with thc arsenic anomaly in this drill-hole.

5. Wall-rock Anomalics Associated with Faults, Non-Auriferous

Shcar Zones and RQuartz Interscetions.

Two dizmond drill-holes were sampled to establish



al.

the nature of trace elemcnt distribution patterns associated
with post-ore dislocative faults,

The earsenic distribution within the zone of normal
faulting which bounds the Crown ore zonc on the west
(Fig. 15) was dectermined by analysing semples from CUG0O,
a2 drill-hole which passes through this fault at 7350N,
The geological section and geochemical profile associated
with CU60 in the zone of shearing is shown in Fig. 26.
Anomalous arscnic values ranging from 35 to 4300 ppm were
Tound to occur throughout the shear zone.The highest.
arsenic contents occur in rocks immediztely adjacent to
e number of quartz intersecctions which appear to represent
fractured portions of Crown Reef that have been dragged
into the fault zone., It is therefore probable that the
highly arsenical wall-raéks within the fault zone are
also of "drag" origin., Owing to the lack of other drill-
holes through thc fault it was not possible to test this
hypothesis by sampling the fault zone at greater distance
from Crown Rcef,

The geochemical characteristics of one of the major
north-easterly trending shear zZones were established
by analysing samples from PRS67 (Fig. 22)..The arsenic
distribution in the vicinity of thc shearing in this
drill-hole is plotted in Fig. 24. A zone of weakly anomalous
values (15-40 pom As) approximately LO feet in width was
found to be present., Low nickel contents (up to 250 ppm)

and relatively high chromium contents (up to 1370 ppm) were
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found to be associated with the arsenic anomaly.

Diamond drill-holes at Norseman fregquently encounter
low-grade quartz intersections and shear zonecs which appear
to be similar to those in the vieinity of known mineralized
quartz reefs. The interpretation of these intersections
is difficult for two reasons.

(i) On many occasions, deceptive, low-grade quartz
intersections have been obtained in drill-holes
which have actually penetrated ore zones in close
proximity to economic grade quartz (ec.g. Cl2 and
cu7).

(ii) Schistose chloritic, biotitic and actinolitic rocks.
Which are typical of the wall-rocks adjacent to
reef-shears, are also found to ocecur in shear Zones
unrelated to ore, particularly in zones of weakness
on the margins of intrusive dykes,

A nunber of such intecrsections, known to be unrelated
to auriferous quartz reefs, werc sampled to determine if
the associated trace element dispersion patterns differ
significantly from those in the vieinity of reef-shears.

Details of the sampling and analysisg of a zone of
schistose, altered metagabbro adjacent to a low-grade
guartz intersection some 200 feet vertically below Crown

Reef are given in Table 16,
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TABLE 16.

Trace Element Distribution Associated with Non-Auriferous

Queartz Intersection in DDH 052,‘Norseman.

Drill-hole Footage Description As | N1 Cr.
2213' to 2223! Massive M.G.Metagabbro -} 1 {180 |180
2238 to 2243 F-MG amphibolite, 1] 180 {200
22L8'  to 2253 M.G. massive metagabbro 18 60 18

(pyrite)
2255 to 2257 Sehistose M.G.actinolit-
ichiotitic greenstone 1 75+ LO
(sulphides).

2261' to 2262 M.G. actinolite~-biotite
schist, quartz carbonate |1 | 60| 30
veinlets

2263'3M0  2264'1" | Quartz with actinolite-
chlorite schist inclusions| 1 30 12

It can be seen from this table that background trace
element contents occur up to 50 fect from the quartz
intersection, with thc exception of the one sample
containing 18 ppm As, which is only slightly above threshold.

Similar results were obtained for all thc non-
auriferous shear and quartz intersections tested. Schistose,
actinnlitic and biotitic greenstones adjacent to a narrow,
low-grade quartz vein intersected in C56, showed a
maximum arsenic eontent of 38 ppm. In a shcar zZone, over
60 fect in width, sbout a number of close-spaced quartz
intersections in a hole drilled to the¢ south of the

Princess Royal orebodies (PRS 124), arsenic contents were
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found to range from 2 to 5 ppm, with one sample containing
35 ppm As. The maximum associatcd nickel value in the
vicinity of this intersection, which was deceptively like
that of a major rcef-shcar, was found to be 370 ppm. The
highest arsenic value in the unsheared, sulphide-~impregnatcd
wall-rocks surrounding 52 inches of quartz intersected at a
depth of 376 feet in CLO was found to be 25 ppm., In
addition to the a@bove, a considerable number of spot samples
were collceeted over shcar zmnes and quartz intersections
cncountered in the drill-holes studied., The results in all
cases supportcd the coneclusion that shear zZones and guartz
veins unrclated to known recf-gshears, in general, show
background or only slightly higher than background

trace element contents,

6. Gencral Characteristics of Wall-rock Anomalies at

a) Width of Anomalies,
Wall-rock anomalies assoclated with N-S8 rcef-shears
at Norseman were found to vary in width from 24 feet to more
than 118 feet. However, in most cases, thc snomalies are
between LO and 100 feet in width,
b) Anomaly Contrast.
The anomaly contrast for arsenic with respect to
local background, ranges from 19 to 600 in the vicinity
of , and up-dip from, ore zoncs on Crown and Princess Royal

Reefs, Execluding the very high valucs obtained in Cl2,
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PRS 65 and PR 469, the average contrast is 49. Somewhat
lower contrast values (avcrage 6.3j were obtained in
drill-holes »n thc Crown 2000N section, but the anomalies
are still distinct. Insufficient work was done on wall-
rock dispcrsion patterns associated with the Mararoa, Blue-
bird and Norseman Recf-Shears to permit critical comparison.

An alternative method of expressing thec magnitude of
anomalies is to calculate the average traccec clement content
over the whole of the anomalous zone, Averagc trace
clcecment contents may actually be better than contrast as
a means of represcnting anomalies, since the effect of
erratic high samples is minimised. The avcrage arsenic
contents of wall-rock anomalies studied in this project
are comparcd with peak values in Table 17.It can be seen
from this tablc that there is no consistent relationship

between the average and peak values,

Nickel anomalies related to Crown Shcar (except
at 2000N) vary in contrast from 1.4 to 12.0, the average
contrast being 6,1, With onc exception (C56), background
nickel contents were encountcd in the vicinity of Crown
Shear at 2000N,. Significant nickel anomalics were not
found to occur in the wall-rocks adjacent to any of the
other recefs tested.

Contrast for chromium varies from 2.3 to 16.7
(average 4.5) in the wall-rocks about ore zones, and
up~dip from ore zonecs, on Crown Rcef. Two of the drill-

holes sampled on the 2000N traverse showed chromium



TABLE 17.

Average and Peak Arsenic Contents of Wall-Rock Anomalies at Norseman.

Aver-
Reef-Shear DDHe |age As | Peak Reef Shear DDH Axerage Peak
pOMm S ppm

Crown (In 12 475 4300 | Crown (2000N Section) c58 37 94

vicinity of and '

up-dip from ore 029 134 600 u " " 061 46 56

zone) .

040 86 800 | Crown (Bxploratory Holes) 71 70 1100

u G43 55 290 n " n c82 157 525
n ca4d 454 1150 u I " 84 188 825
n C46 223 750 | Princess Royal PRS 10 96 1050
" 47 iival 11co " " PRS 65 467 9000
" 49 210 225 n n PRS 69 98 500
u c51 142 11c0 n " PR 469 489 3400
u cs52 60 357 | ¥araroa c52 61 160
" 053 58 526 | Bluebird ca7 25 é5
" culs 151 1100 | Norseman S28 17 85
" CUL68/9] 152 510 " 835 <10 10
" oUL71/2| 108 470 | E-W Vein c82 37 525

Crown (2000 N c56 31 109 | Non—puriferous Veins PRS 67 15 40
Section) c57 41 120 | and shears . ' PRS124 =10 35

096
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anomalies with grcecater than threefold contrast, while

the other two contained only background chromium contents
throughout. Three of the four wall-rock anomalies tested

on Princess Royal Recf~Shear had associatecd chromium
anomalics with contrast greater than 2, Background chromium
values were obtained in PRS865H,

Thé low arscnic and nickel contrasts associated with
non-aurifercus shcar and gquartz interscctions distinguish
them from similar structures related to ore, However,
the relatively high chromium content associated with a
weekly erscnical north-casterly fault zone in PRS 67
suggests that high chromium may not be exclusively diagnostic

of reef-shears at Norseman,
c) Form and Homogeneity of Anomalics.

The anomalies obtained in greenstone wall-rocks
adjacent to reef-shears generally consists of a broad
plateau of weakly anomalous valuecs between 20 and 100 ppm
As, within which occur one or more narrower peaks. The
anomalies are thercfore egsentially heterogeneous, with
highly anomalnus sections alternating with weakly anomalous
and occasional background samples (€.g. Chl).

A number of authors studying wall-rock dispersion
pattcrns about orebodies, have reported a logarithmic
deerease in trace element concentration with inereasing
distznce from the lode or vein (sce later). Geochemical

profiles for all the Norseman wall-rock traverscs were
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plotted on a logarithmic scale but no indication of log-
linear concentration gradients was observed.

The distribution of anomalies about actual quartz
recefs is seldom symmetrical, In some cases, the anomaly
is strongecr in the footwall (C52, CL6 and CU168, €29, PRLE9)
and in others in the hanging-wall (CL7, C51, C71). In some
instances, the anomaly pecaks arc assocliatcd with zones
of shearing a considerable distance from quartz intersect-
ions (CL6, C51, and PRS69).

In most casés, it is evident that the trace clement
contents of the actual quartz reefs are much lower than
those of the adjoining wall-rocks. In numerous instances
(¢.g. CU15, C52 Crown and Mararoa, CL7 Crown and Bluebird,’
cL3, C46, chlL, C51, C8L, C71l, C82, PRSI0, PRS67, PRL6EI,
§28) the arscnic content of wall-rocks immediately adjacent
to the quartz intersections are also considerably lower
than those found at distances of 5 feet or more, i.e., there
ig a decline in the arsenic content of the wall-rocks
in eclose proximity to the reefs,

d) Relationship between Anomaliecg and Nature of the Host-

The geochemical profiles (Figs. 16-21 and 23-25)
do not show any obvious differences in the widths and
contrasts of wall-rock anomelics that couXbec related to
the nature of the greenstonc rock-types. However, whcn

average arsenic contents are plotted on the Crown
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Scetion at L4O0ON, it becomes apparcnt that stronger
anomalics arc present in the Crown~Bluebird Sill Scquence
than in the mctabasalts (Fig 28 ). There are three posgible
explanations for this phcenomenon:
(i) the chemical composition of the intrusive rocks
may bc more favourable to the precipitation of
arscnic than that of the mctabasalts.
(ii) the coarse grained rocks of the gill sequence
are presumably morc porous than thc basalts, so that
greater volumcs of the arsenic-rich hydrothermal
fluids may be accomndated.
(1ii) as a result of reversc faulting, the stceper
section of Crown Shear in the sill scquence would
be compressive, impeding thc upwards Tlow of
hydrothermal solutions and possibly lcading to
precipitation,

The presence of porphyry intrusives in the vieinity
of reef-shears also secms to have influcnced the
distribution of anomalous arsenic, nickel and chromium.
Sporadic, weakly anomslous arscnic values were encountered
in porphyry dykes in the vieinity of Crown Shear in drill-
holes CB3%, C56 and C61. However, considcrably higher
arscnic contents occur in the schistose greenstones
edjacent to thc porphyry in these drill-holes. In contrast,
the arsenie anomaly oceurring in the porphyry footwall
»f the Princess Royal Reef in PRL4EY is much stronger

than that in thc greenstone hanging-wall., The essential
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diffcerence between this hole and those intersecting Crown
Shear is that the porphyry in PRL69 is somewhat sheared
and scricitized. The porphyrics sampled in C53, C56 and
C61 showed virtually no shearing but occasional fracturing.
Nickel and chromium values arc invariably very low in
porphyries and anomalics for these elements are confincd to
greenstone wall-rocks in the vieinity of reef-shears,

The above leads to 2 consideration of the significance
of shcaring and micro-fissuring in the localization of

trace element anomelieg in wall-rocks.,

e) Relationship Between Anomalies, and Shearing and

Fracturing in the Wall-Rocks.

The distribution of trace elcments in the wall-rocks
ad jacent to reef-shears appears to bear some relationship
to the degree zand extent of shearing and fracturing in the
rocks. This is basecd on thc somewhat arbitrary assessment
of the degree of shearing, as observed in hand-specimen,
into the categories: massive, weakly sheared, moderately
sheared and strongly sheared. Inspection of Pigs, 16 to
21 and 23 to 25 shows that, in general, the zone of
anomalous arsenic contents coincides approximately with
the zone of shearing. In some drill-holes, howevcr, the
arsenic anomalies were found to extend into the massive
rocks beyond the zone of shearing. In most of these cases,
only weakly anomalous values were obtained in the_massive

rocks but arsenic contents up to 170, 325 and 330 ppm
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were found in C29, C82 and PR U469 respectively, outside
the visible shear zone. The anomaly related to an E.W.
recf in C82 is significant in this connection, since the
zone of weakly =2rsenical wall-rocks in this hole extends
over 60 fect in unsheared grcenatones.

The decpendence of trace element anomalies on
shearing is cvident in drill-holes in which porphyry
occurs in close proximity to reef-shears, as in C53, C56,
C61 and PRLE9, (discussed in the prcvious section),
Continuous arsenic snomalies appear to be developed only
in porphyry wall-rocks in which shearing has taken place
(PRLEY). Occasional snomalous samples encountered in
unshearcd porphyry can usually be related to locel fract-

uring within the rock.

f) Relationship Between Trace Elcment Anomalies and

Mineralogical Wall-Rock Alteration.

In many drill-holes, therec appears to be a close
association between the lateral extent of itrace clement
anomalics and the zone of mineralogical wall-rock
alteration., However, mineralogical alteration of the type
encountered in reef-sghears is commonly found in other
zones of weakness and shearing throughout thc area,
including the margins of gsbbro and porphyry dykes and
non-auriferous faults. Arsenic and nickel occur in near-
background concentrations in these non-zuriferous altered
zZones, (although anomalous chromium values werc sometimes

encountered). Since arsenic and nickel anomalies appear
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to be exclusively rcstricted to those altered zones
associated with known recf-shearg, it must be presumed
that thcsge elements were not closely related to the
agencies which caused the morce widesgpread wall-rock
alteration. Further cvidence is presented in a later
secetion to show that the arsenic and nickel anomalicsg
were, in fact, genetically related to the gold mincraliz-
ation, which, according to Bekker (1962), occurred later

than the wall-rock altcration stage,

It is congidered possible that, although the dist-
ribution of arsenic and nickel was not directly related
to wall-rock alteration processes, both features were
dependent to a large degree on the extent of shearing
in the wall-rocks, thus explaining the apparent assoc-
iation., On the other hand, the available evidence suggests
that the chromium anomalies were developed during the
wall-rock zlteration stage. This is supported by the
studieg of separated mineral fractions, described in thc

following section,

g) Mineralogical Distribution of Trace Elcments.

A number of reprcsentative samples from the diamond
drill-holes €12 and CUl5 were separated into their
constituent minerals, in order to detcrmine the mode of
occurrecnce of arsenie, nickel and chromium in the
wall-rocks. Mineral idcntification was based on

microseopic studies of thin sections and grain mounts.
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The ersenic and nickel contents of the various mineral
fractions were determined from the same leach solutions,
after fusion with potassium bisulphate. Chromium was
determined spectrographically on a geparate sample, In
the case of gsome of the least sbundant minerals, there
was insufficient sample material to produce reliablc data
for chromium, Where this was the case, provisional chromium
values were obtained on a smaller sample weight than
normel, using the dichromate method., In Table 18, which
sets out the results of mineral separation studies, these
suspect chromium values are given in brackets,

It was found from these studies that arsenic occurs
dominantly as arsenopyrite, both in discrete grains and
in intergrowths with pyrrhotite. The most marked arsenic
concentrations were found to occur in a nonmagnetic ore
mineral fraction, which usually consisted of grains of
arscnopyritc, with pyritc and occasionally scheelite and
chalcopyrite., Only very small quantitics of these minerals
(usually 0.3% or less) are prescnt in the rocks, so that
it was not practicable to separate the individual minerals
further, In highly arsenical samples, the non-magnetic ore
mineral fraction was found to be comprised almost entircly
of arsenopyrite, as in 4658, where the arsenic content
obtained corresponds, within the limits of analytical
precision, to that of pure arscnopyrite. Arsenopyrite

had not previously been recognised as widespread in the



Mineralogical Distribution of Trace Klements in Norseman Greenstones.

TABLE 18.

D.D.H. | SAMPLE ROCK TYPE  DISTANCE PYRRHOTITE | ARSENOPYRITE QUART 2~ WHOLE
No. FROM VEIN MAGNETITE PYRITE ACTINOLITE | BIOTITE | CHLORITE | prrpspaR- | ROCK
(¥T) ' CARBONATE
Metadolerite Rock Comp. 3% 459 6% 46%
with biotitic
A 420 1 8
CUl5 ~-3908 streaks 24 Ni 6?) 3 poy “€o 15 6?)
Cr 570 (3600) 40 5 40
Schistose Prg Rock Comp 3% 7% 20% 5%
actinolite- ' As 2290 12500 26 <1 18 60
CUL5 3913 | chlorite 8 Ni 19650 4420 130 325 20 3,000
greenstone Cr (3900) (2900) 400 800 (1400) 600
F.g. chlorite- Rock comp 2% 40% 30% 104 18%
‘ biotite-actin- As 2730 492000 45 10 36 5 1,128
4658 olite schist, 3 Ni 3960 575 35 135 165 <3 120
quartz veinlets Or (5500) (140) 400 400 400 45 200
F.g. to F+g ‘ Rock comp. 2 50 48
4631 | metabasalt 50 As 100 63300 2 10 9
Ni 4250 7000 55 8 10
M.g. feldspathd Rock Comp i 50% 48%
4694 | ic metadoleritd 260 As «8 >4550 3 1 10
Ni 3800 7260 45 3 200
C 1z ‘Mass Fa.g. Rock comp. pid 50% 48% :
4696 | metabasalt 550 As 125 >6000 19 3 10
Ni 1250 300 10 5 80
M.g. metagabbrd Rock Comp. 3% 52% 45%
4698 (pyrrhotitic) 760 As 2 >4580 3 1 3
Ni 780 125 13 3 40
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wall-rocks at Norseman and is only rarely prescnt in the
actual quartz rcefs.

Minute amounts of arsenopyrite were found to occur
in rocks as much as 760 feet vertically from Crown Reef,
28 indicated by the high arsenic contents of the non-magnetic
sre mineral fraction of samples 4631, 94, 96 znd 98, A
distances greater than 50 feet from ore, the amount of
arscnopyrite present is too sm2ll to be effectively concent-
rated., The figures given in Teble 18 for samples 4694, 96
and 98 refer to an impurec fraction containing 1-20% sulvhide,
the remoinder consisting mainly of guartz =nd feldepar. Had
a pure fraction becen obtaincble, the arsenic results
would no doubt have been higher, It should be noted that
scheelite compriscs approximately 50% of the non-magnetic
ore mineral fractisn of sample 3913, but in all the samples
from Cl2, arsenopyrite is the dominant ore mincral in this
fraction, The wall-rocks adjacent to Crown Reef in C12
were tested for tungsten but no anomaly was found to be
prescnt, the concentration of this element in all scmples
being less than the limits of detection ( <200 ppm) of
the spectographic mothod employed. The prescnce of
scheelite in the wall-rocks in CU15 1is thercfore probably
of Jocal gignificanccec only.

As mentioned earlier, appreciable concentrations
nf arsenic also occur in thc pyrrhotite-rich, strongly

magnctic fractinons of the anomalous samples 3913 and
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4658, In concentrating pyrrhotite by magnctic means, it
was impossible ts avoid the inclusion of small quantities
of magnetite and composite grains with silicate impurities,
It was thercfore necessary to find a rcagent which would
sclectively attack pyrrhotite in the prescnce of other
mincrals. Expcriments were carried out using varying
strengths of different acids on test samples of pyrrhotite
and magnetite., 2¥ BCl was found to bec tlemost effcctive,
achieving a virtually total attack on pyrrhotite (the
residue wae found to contain no pyrrhotite) whilst at the
samc time attacking less than 10% of the magnetite (Table
19).

TABLE 19,

Leaching Experiments on (-100 mesgh) Samples of Pyrrhotite

and Megnetite : 20 minutes digestion at 100°C.

Reagent Wt. % Pyrrhotite Wt. % Magnetite
Leached Leached.
1M 8C1 60.4 11.0
2M HC1 90.9 7.7
LM HC1 89.8 36.4
1} HNOg 2.8 6.4
2M HNOB b4.9 Te7
LN HNO 6.0 . 15.0
2M H,80), 90.2 22 .44
LM HZSOH 90.0 33.8
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The results obtained on residues after leaching
by 2M HC1 wecre compared with the total As results obtained
by bisulphate fusion. It was found that in thc¢ case of
sample 3913, 80% of the arsenic present in the pyrrhotite-
magnetite fraction was leached by 2M HC1l, whilst only 10%
_was leached in the case of L658. These apparently conflict-
ing results are beclieved to be due to differences in
grain size. In cases such as L4658, the arsenic presumcbly
occurs as discrete grains of arsenopyritce in intergrowths
with pyrrhotitc. The size of the =zrsenopyrite grains is
apparently sufficient t» resist attack by dilute HC1l. The
more extensive lcecachirg of arsenic from the pyrrhotite-
magnetite fraction in 3913 suggcst a more pervssive distrib-
ution of the arsenic within the pyrrhotite¢, either as
minute exsolution grains or incorporated within the pyrrhoi-
ite lattice,

Polishecd section studies, for which the writecr is
grateful to Mr, G, Hopkins of Western Mining Corporation,
give some support to the results of thc above studies,
with rcgard to pyrrhotite-arsenopyrite intergrowths.

A samplc of highly arsenical biotitic greenstonc from

PRS 65 was found to contain approximately 2% arscnopyrite
as euhedral grains 0.1 to 0.5 mm. in diamcter in quartz-
carbonate-rilled microfractures and smaller grains, 30-40
microns in dizmeter digseminated throughout the rock
fsbric, Pyrrhotite was introduced through a later sct of

microfrascturcs invading and enclosing arsenopyrite grains
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in the vicinity of the fractures. The pyrrhotite has
subsequently rceverted to a granular intergrowth of pyritc
and marcasite but some remnant pyrrhotitc is retained
ag small inclusinsns in arsenopyrite. Minor amounts of
exsnlved chalcopyrite, in thc form of laths and rims,
arc algo present, apparcntly having been introduced with
the pyrrhotite. Sccondary ilmenite, thce devcelopmont of
which precceded that of the sulphidcs, is a minor constituent.
Unfortunately, no information as to the size of the
arsenic inclusions was obtainable on thc samples for
which mineceral separatisns were made,

The silicate mincrals of the greenstone wall-rocks
are rclatively low in arscnic compared with the sulphides.
The highest velues occur in anomalpus samples and it
is thought that, in these cascs the arsenic occurs as
arsenopyritc inclusio-ng or metasomatic replaccment rims on
the margins of the silicatce grains. Renkama and Sahama
(1950, p.739) notec that arsenic does occur in silicates
and phosphates, particularly apatite, a few grains of which
were observed in the suartz-feldspar-carbonatc fraction
of the rocks studied. However, the low concentrations of
arscnic in the silicatce fractions of background rocks
(samples L4631, L6944, 96 and 98) suggest that the
clemcnt was introduced as arsenopyrite, aftecr the rocks
were formed, and was not an important constituent of the
original magmatic rocks.

In contrast with thc dbove results, the silicate fract-
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ions from an arsenical porphyry, which occurred some
500 fect from Crown Reef-Shear, have high arscnic contents
(150 to 500 ppm As: Table 20). The highest concentrations
of arsenic in this samplc, as in grcenstone, are associated
with sulphide minerals and it is again considered probable
that the high arsenic esntents in silicates are due to
minute ineclusionns of arsenopyrite. These results suggest
that much of thehArsenic in porphyrics may have been present
at the time when the silicatcs crystallized whereas, in
greenstones, thc evidence points to the introduction of
arscnic subsceoucnt to the crystallization of silicate
minerals,

TABLE 20.

Mineralogical Distribution of Trace Elemecnts in an Arsenical

Porphyry Semple (3609) from DDH. C61, Norseman.

Mineral Fraction pgﬁ pgé pg;
Pyrrhotite 49,950 125 (1000)
Pyrrhotite + 20% limonitized

magnetite 1,640 115 (2300)
Pyrite - arsenopyritec 254,450 19 (1550)
Biotite + chlorite (impure) 360 <3 (2300)
Musecovite 550 =3 700
Quartz-feldspar-sericite 150 <3 < 2
Whole rock 1,200 5 5

With the oexceoption of wne benskground sample from
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Culs (3908), nickel "is concentrated in the pyrrhot-
ite fraction. The associatisn of nickel with pyrrhotite is
very common and Dana (1957, p.u428) states that the nickel
usually occurs as grains of pentlandite enclosed in the
pyrrhotite, Lecaching experiments carried out with 2M
HC1 showed that only 33% of the nickel associated with
pyrrhntitc in 3913 was attacked by this reagent whercas
nearly 90% of the nickel was leached from thc pyrrhotite
in 4658, This is at ributed to diffcrcnces in the modes
of occurrcnces of the pentlandite in the two cases, part-
icularly with regard to grain size, Pentlaendite itselfl
is only glightly soluble in HCl; This is supporited by
the relatively higher proportion of nickel occurring in
the non-magnetic ore mineral fraction in 3913, where it
presumably occurs as discrete grains of pentlandite.
Pyrrhotite is a common and widely distributed access-
ary mineral in the greenstones at Norseman, occurring in
apprceiable guantities in rocks even hundreds of feet from
reef-shcars. The nicizel contoents of the analysed pyrrhotite
samples from Cl2 tend to incrcase on approaching Crown
Recef (Fig. 27). This suggests that very broad nickel
en-malies, relatcd to ore, may be obtained by analysing
the pyrrhotite fraction »f samples well beyond the limits
of wall-rock alteration and the trace element anomalies
established in carlicr parts of this thesis. This approach

could be very useful, and warrants futher invesgtigation.



3000 r

4000} -~

]
7
-0
~
-
-
>
o
=
v

\; 3000
ppm

]
7/

2000

lOOO i S~
Whole rock ' =

"
o

o

250 SQ0 750 1000
Vertical Distance from Crown Reef (Feet).

Fig. 27. Comparison of nickel contents of pyrrhotite and
- whole rock somples at varying distances from the

Crown Reef, Norseman. Samples from DDH. Ci2.




111.

The nickel contents of silicates are apparently
insignificant compared to those of the sulphide fractions.
However, it should be noted that the bisulphate attack
is inefficient for some silicate minerals (Harden, 1962)
and only part of any nickel held within silicate lattices
would have been detected by the method used. Nevertheless,
the amount »~f lattice-held nickel is unlikely to be
comparable with thegAmount associated with pyrrhotite in
anomalous samplés. Since sulphides appear to be the most
significant nickel-bearing minerals with rcgard to geochemic-
al prospecting, this partial attack for silicate-bound
nickel is unlikely to lead to serious errors of interpret-
ation.

The distribution of chromium differs markedly from
that of arscnic and nickel in that appreciable amounts
of chromium occur in the silicate mincrals. There was
insufficicnt samplc material to obtain reliable chromium
figures for the less abundant ore minersasls. Somec concentrat-
ion of chromium in sulphides is cvident (Table 18), but
the chromium present in silicates would largely account
for the observed snomalies in wall-rocks. It scems likely
that the distribution of chromiumwas related to the early
wall-rock alteration stage o»f the hydrothermal activity
at Norseman and its rclationship to the localization of gold
is more indircet,

Nickel and chromium are both very low in porphyry
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samples, although minor concentrations of these elements
occur in th¢ sulphide fractions, which together make up

less than 2% of the total rock. The high chromium contents
for the mica and chlorite fractions, shown in Table 20

are probably suspect owing to the limited sample material
availlable for analysis. Furthermore, these minerals together

constitute less than 3% of thec rock.

h) Relationship Between Wall-Rock Anomzlies and Grade

and Location of Orchodies.

The following considerations are based mainly on
the results of geochemical investigations in the vieinity
of Crown Reef., The ennclusions are compared with the
results obtained from the limitcd studies of osther reef-
shears and comment is made as to the cxtent to which they
may be applicable to the area in gencral.

It is almost certain from the results of the fore-
going studies that arsenic and nickel wall-rock anomalies
are ckeely related to the hydrothermal emanations
responsible for ore formation. Evidence for this is
as Tollows:

(1) Arscnic and nickel occur almost exclusively in the
sulphide minerals o»f the wall-rocks., The introduct-
ion of sulphides into thc wall-rocks is believed
to have been closcly related to the emplacement

of the mineralized quartz rcecefs (Hall and Bekker,

1965).
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(ii) It has been shown that arscnic-nickel anomalies
are restricted to the wall-rocks surrounding
known reef-shcars. Outwardly similar shear zones
and quartz interscetions, not known to be related
to ore, invariably have low assoclated arsenic
and nickel contents. Cor P
A consideration of the arsenic anomalies obtained
in the vicinity of interscctions on Crown Reef shows that
thcere is no direct relationship between the megnitude of
the anomalics and the grade of ore intersccted. For example,
the anomaly -btained in ChO, which intersected high grade
ore, is less prominent than that in C1l2, which interscctcd
very low grade guartz, Moreover, the anomalies obtained
in many holes which intersectced no quartz at all are of
comparable or greater magnitude to those which did intersect
quartz (e.g. C49 and CUL71-172).
The persistence of arscnic and nickel gnomalies
along the Crown Reef-Shear as much as 1600 feet up-dip
from the known ore z-ne clearly constitutes an example
of leakage dispersion., Leakage halos are formed as the
result »of ore-stage material lcaking upwards from the blind
orcbody via a scries of connected openings in the rock.
In this case, the channel-way for the arsecnical fluids
wag provided by the zone of reverse faulting in which
the orebodies were developed. It is presumed that the

mineralizing hydrothermal emanations moved upwards along
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the reverse fault zone, depositing ore where conditions

of temperaturc, pressure, lithology and structure wecre
Tavourzble. The arsenic and nickel-rich zone above the
known ore znnc marks the path followed by the hydrothermeal
fluids, either before or after the cmplacement of the Crown
orcbndles or bath. It is not known whether the ore-forming
eomponents werc exhaustced or were still in sufficicnt
concentration to form further orc deposits higher up the
shear, which have subsgeguently been eroded away.

The leakage anomaly asscciated with Crown Reef is
besﬁ illustrated by rceference to the Crown Sections at
LLOON and 2000N (Figs 28 and 29). Strong arsenic anomalics
(average > 50 ppm As) were found to occur in the wall-rocks
adjacent to thc reef-ghear structure throughout the LLOON
section (Fig. 28). The strongest anomalics, in terms of
average arsenic content, are associsted with the barren
or low grade shecar, immediately up-dip from the orebody.
The rcason for this is not obvious, although the influence
of stratigraphy may have been significant, It cen be secn
from Fig. 28 that the weakest anomalics (average As <100 ppm)
all nceur in basaltic pillow lavas. The stronger anomalies
(average As>>100 ppm) were found in drill-holes where
Crown Shear occurs in the coarser-grained rociks of the
Crown~-Bluebird Sill scquence, or in the casc of CL7, an
cast-dipping metagebbro dyke (Fig 8). The strongest

anomaly, that in ChlL, occurs in the Bluebird Gabbro. The
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strength of the anomaly decrcases slightly towards the
surfaée, and in C53, the rcef-shear appears to split into
two separate channels. The extrapolated sub-outcrop of
these two branches of Crown Shear coincide in position
with arscnic anomalics found in soil samplcs collected at
the surface (see Fig.52). A third soil anomaly ocecurring
in the vieinity of the collars of C53 and C51, can be
related to an outcropping porphyry dyke. It is conceivable
that this anomaly is due to part of the arsenical mincralizing
fluids' being divcerted by the porphyry encountercd in C53
and moving upwards along zn»nes of shearing and fracturing
within and adjacent to the porphyry. That porphyries have
had somc influcnce on the movement of hydrothermalfluids
is suggocsted by Campbell's (1906, p.37) observation that
"the interscction with felsite and quartz porphyry dykes
ig favourable to the deposition of gold in the reefs...;
probably due to the arresting of the ore solutions'". On
the other hand, the anomaly could be due to a chance local
concentration of arsenic within the porphyry, such as
those found to occur in '"background" porphyries (p.67 ).
In contrast with the scetion at LLHO00N, the arsenic
anomalies associzstced with Crown Shear at 2000N are relatively
weask (Fig. 29), Nevertheless, they are still sufficiently
strong to> delineate the reef~aheér in drill-holes. No
anomaly was found t» occur in soils over the projected

sub-outerop of the shear at 2000N.
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It would appcar from this, that strong leakage
anomalics occur only in an up-dip direction from orecbodies.
Anomalies associated with recef-shcars to one side of oreb-
odies tend to be much weaker, although still sufficiently
strong to enable recognition of the ore structurs,

It should be borne in mind, however, that the interpret-
ation of the shcar at 2000N as Crown Reef-Shear may be
incorrect. Recent cvidence has suggested the existence
of a Fault at 2000N, which displaccs the Crown Shear.

There are thercfore two possible explanations for the
arsenical shear structure encountered on this scction.
(1) If the shear is pre-ore, the trace elument anomalies
are of similar origin to those sncountered on
the LL4OON section and are due to the permecation
of hydrothermal emanations along the shear zone,
(ii) If the fault is post-ore, the anomalies could

be due to the “"dragging'" of anomalous wall-rock

material into the zone of shearing during fault

movements,

Meny factors seem to indicate that the former is
the more likely explanation.

(i) The nature of thc wall-rock alteration is similar
to that associated with the known Crown Reef-Shear
in othcr parts of the areca.

(1i) The widths of the wall-rock anomalies at 2000N
are comparable with those encountered in other

drill-holes intersecting Crown Shear,
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(iii) If the trace elemcnt anomalics were of "drag"
origing ¢ ratiec high values, suech as those obtained
in CU60 (Fig. 26) might be expccted to occur.

(iv) The change of strikc of the shcar at 2000N is
no more marked than the many other changes in
attitude,; both in dip and strike, observed
in other parts of thc Crown Reef-Shear.

(v) The dip of thc shear at 2000N is unifsrm and
comparable with that of the barren shear to the
vest of the Crown orec zone at LLUOON. The absence
of ore is explained by thc lack of "flat" secctions
on the shecar which would have created favourable
loci for quartz deposition during reverse faulting
movements (Connolly, 1936).

It is therefore considered that thc arsenical shecar
at 2000N was part of the pre-ore Crown fracture pattern and
that the weak arsenic anomalies associated with this shear
were formed at the time of gold deposition, The possibility
of additional post-ore faulting cannot be ruled out, but
this would not &ffect the =bove conclusions recgarding
lecakage dispersion.

The only other Norscman reef studied in any dctail,
the Princess Rayal Reef, was found to have consistently
high ersenic contents in the wall-rocks in the vicinity
of, and up-dip from, ore., No evidence of associated

nickel anomalics was found in the drill-holes studied,
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but a weak nickel anomaly was obtained in soils in the
vicinity of the outerop of the rcef (Fig. 53 ). Nickel
anomalics in general, do not secm to be as cheracteristic

a feature of reef-shears as arscnic, sincc the nickel
anomalies associated with Crown Reef-Shear are also insign-
ifieent in some holes where strong arsenic anomalics were
obtained (e.g. C53, €29 and C71). In addition, & strong
nickel anomely was found in C57 on the 2000N Crown ssction,
where it is acecompanicd by only wcakly anomalous arsenic
values, Chromium contents are likcwise somewhat erratic in
the vicinity of Princess Royal Reef, being relatively

high in PR810, PRS69 and PRL69, but low in PRS65. It has
already been suggested that chromium is probably only
indirectly related to minecralization at Norseman.

Wenk arsenic anomalics were found to occur in drill-
holes intersecting thc Fararoa and Bluebird Recfs, an BE-W
vein and in one holc drillcd to intcersect the Norscnan
Reef. This implics that thcsc reefs have similar geochemical
characteristics to the C-own and Princess Royal reefs.
However, in view of the results obtained on Crown Reef,
it is obvious that more detailed work needs to be done
to establish the relationship, if any, betwsen the
naturc of the anomdlies and gradc and location of ore~
bodies on the reefe. The interscctions on the Bluebird
and Norseman (8S28) Reefs were both down-dip from the
known orebodies., Since, in the absence of suitable drill-

core, no dctailed information could be obtained on Crowm
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Shear below the ore zone, it cannot be stated whether

the Bluebird and Norseman Reef anomalies are abnormally

low for this environmcnt, It is not certain that the reef
intersceted in 835 was actually the Norseman-Northern Star
Reef, and the background arsenic and nickel contents obtained
seem to suggest that the intersection is not related to

any major reef-shear,

The relatively weak arsenic anomaly associated with
the Mararoa Reef-Shear, is somewhat surprising in‘view
of the fact that the intersection occurs immediately up-dlp
from an orebody. Soil samples (p.177) demonstrate that
-leakage halog do occur on the Mararoa Reef-Shear and hence,
a stronger primary arsenic anomaly might have been expected
in this hole,

The arsenic anomaly in the wall-rocks adjacent to
the E.W, vein is considerably weaker than those related
to high grade ore in the Crown and Princess Royal Reefs,
However, high arsenic values were obtained in the reef
quartz itself and it is suggested that the arsenical mineral-
izing fluids were largely confined to the quartz due to
lzck of shearing in the adjacent wall-rocks,

Chromium anomalies were found to ocecur in the vicinity
of the Mararoa and (?) Norseman-Northern Star Reef-Shear (S35),
but with these exceptions, nickel and chromium anomalies
were not generally found to be present in other reefs.

To summarize:
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(i) Primary arsenic wall-rock enomalics were found to
be characteristic of all the reef-shecars tested,
There appecars to be a definite relationship between
the magnitude of the arsenic anomalies and ore
occurrence on the Crown,and possibly Princess
Royal Reef-Shears, but the significance of the
anomalies related to other reef-shears has yet vo
be cstablished.

(i1) Nickel anomalies are fairly consistently associated
with the Crown Recf-Shear but were not cncountered
in drill-core samplcs from intersections on other
reefs, High nickel in wall-rocks may be a usceful
indication of proximity to orebodies on Crown Recef~
Shear when used in conjunction with arsenic. Determ-
inations of the nickel c¢ontents of pyrrhotite appear
to give very broad anomalies rclated to mineralizat-
ion on Crown Recf-Shear and hence may be of consider-
able use in prospecting by deep drilling,

(iii) Chromium anomalics arec usually, but not always,
associated with all reef-shears, ag well as many
zones of rock alteration unrelated to ore and are
therefore only of minor importance with regard

to the search Tor ore occurrcnces,

C. TRACE ELEMENT DISTRIBUTION IN GOLD QUARTZ REEFS

AT NOR®EMAN,

Composite chip samples of the quartz reef werc
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collected at 20 foot intervals from undcrground workings,
to determine the nature of trace clement distribution in
the vicinity of orc-shoot A (Fig. 15) on Crown Reef. The
ore-shoot outline and trace element distribution in quartz
samplcs are ghown in Pigs. 30 to LO. The range and average
concentrations of the elements determined are given in
Table 21, With the exception of As and Zn, which were
analysed colorimetrically, spcctrography was used for
all the determinations.

TABLE 21,

Concentration of Trace Elecments in RQuartz Reef in the Vicin-

ity of Ore-Shoot A, Crown Reef, Norgeman.

Elem~ | ¥inim- | Arith-|Maximum [Elem~| ilin-{Arith- Maximum
ent um ppm metic ppm ent imummetic ppm
Mean ppm |Hean
ppm ppm
Ag < 0.2 26 =>1000 | Mo <2 2 i5
As <2 L3 800 | Ni 5 211 1500
Bi <5 L 60 Pb <2 116 3000
Co <5 19 100 Sn == 6 150
Cr 15 125 800 Ti Lo 923 =10 ,000
Cu b 58 200 |V <5 36 Loo
Ga <2 5 15 Zn <3 50 1200
Mn 15 L2 1800 Zr <200 =200 =200

It will D¢ noticed from Table 21 that the average

levels of conecentration of Co, Cr, Cu, Ga, Mn, Ti, V and
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Zn in the quartz reef are apprcciably lower than those in
backgrounad grecnstonc. As, Ag, Ni and Pb appear to have been
concentrated in the quartz, relative to background grecenstones,
although the As and Ni contents are appreciably lower in the
quartz than in the anomalous wall-rocks adjacent to the ore-
shoot (c.f. diamond drill-holes Cl12, C47 and CU169). The
concentrations of Bi, Mo, Sn and Zr are, with few exceptions,
less than the limits of detection of the analytical mcthod
in both quartz and greenstone,

The distribution patterns shown by most eclements,
(Ag, As, Pb and Zn excluded) are erratic and bear little
relation to the distribution of gold wvalues.,.

The distribution of Ag, As, Pb and to a lesser

cxtent, Zn, is more regular and appears to follow that of
gold, in that the highest conccentrations for thcse elements
arc generally found within thce estimated outline of the
nro-shoot (Figs. 30, 31, 32 and 33), although sporadié
high values also occur outside the ore zone. The actual
rclationship between these elemcnts and gold is obscure. When
data for As, :g, Pb and Zn from ore-shoot A and a large nunmb-
er of drill-hole intersections are plotted against the corresp-
onding gold values z random distribution is obtained (Fig.Llae),
Nevertheless, the geochemical evidence generally supports
Hall and Bekker's (1965) observation thas the presence of
galena and arsenopyrite in the quartz reef is an indication

of gold wvalues.
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Campbell (1906) reported that the galcna in Norseman
quartz reefg is silver-bearing, which would explain the
similarity in the distribution patterns for these two elem-
ents. A vaguely linear rclationship between silver and lead
has been found to exist in samples from oreshoot A (Fig.hlb).

The distribution patterns for arscnic and zinc are
somewhat different from thosc of silver and lcad, bearing
out the essentially independcnt mode of occurrence of the
minerals, arsecnopyrite, sphaleritc and galena. Some of
the high arsenic values occurring outside the ore-shoot can
be attributed to inclusions of highly arsenical greenstonc
wzll-rocks in the guartz,

The highest concentrations of the elements Co, Cr,

Mn, Ni, Ti, and V almoet invarisbly occur in samples with
included grcenstone remnants., Those elemcnts all occur

in appreciably higher concentrations in the wall-rocks than -
in the actual reef. There is no evidence of a relationship
between the chromium and vanadium valucs and the occurrence
of the green hydromica, mcentioned by Hall and Bekker as an
indiecator of gold values, This micaeous mineral is apparently
neither fuchsite nor roscoelite,

Copper valucs appecar to be erratic and unrelated to
other geolngical features., The concentration of gallium
within the quartz rcef does not show significant variation,
whilst the nature and significance of the distribution

patterns for B, Yo, Sn, and Zr remains unknown due to the
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low concentrations present and poor sensitivity of the

spectrographic method for thesc elements,

II.KALGOORLIE.

A, GEOLOGY OF THE KALGOORLIE DISTRICT,
1, Genersal,

Kalgoorlie is currently the foremost gold-mining
centre in Australia, the total production since the dise-
overy of the field in 1893 to the end of 1962, amounting
- to 33,853,215 oz gold from 80,556,572 tons of ore, an aver-
age grade of 8.4 dwts/ton. The present annual production
is approximately 500,000 oz. gold at an average grade of

5 awt/ton,

2. BStratigraphy and Lithology.

The rocks at Kalgoorlie consist of a sequence of
Precambrian sediments, ultrabasics, lavas and pyroclastics
that have been intruded by sills of doleritic composition
and small dykes of acid and intermediate porphyritic
rocks. The rocks have suffered grecnschist facies regional
metamorphism and extensive propylitization has taken

place in the vicinity of mincralization.
The rock succession at Kalgoorlie is given in

Tablec 22,
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Stratigraphlic Succession at Kalgoorlic

(Aftcr Woodall,1l965)

Rock Unit Thickness

Lithology

Black Flag Beds 10,000 £t (approx) Tuffs, acid to intcrmed-

Golden Mile
Dolerite 1000-2500 ft.

Paringa Basalts 1000-~3000 f't,

Williamstown
Dolerite 500-1000 ft.
Kapai Slate 10 ft.

Devon Consols Basalt 200-300 f't.

Hannan's Lake

Serpentinite 1000--3000 ft. .

iate lavas end agglomer-
ate, sandstone, shale,
slate and quartzite,

Sill of meta-guartz-dol-
eritc and meta-quartz-
gebbro with minor, more
basic sections, .

Metabasaltic lavas, in
part pillow lavas, with
minor interbedded slates.

Sill of metadolerite and
metagabbro, transitional
to meta-guartz-dolerite
near top and hornblendite
near base,

Graphitic slate.
Mectabasaltic lavas, typ-

ically pillow lavas.

Massive fine-grained
secrpentinite.

The doleritic rocks are broadly stratigraphic but

evidence of rclict igncous texturcs, locally transgressive

A

contacts and possible magmatic differentiation imply that

they are intrusive sills. These rocks are equivalent to the
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"Younger Greenstoncs" and the basaltic rocks to the "Older
Greenstones" of Wecstern Australia (p.11 ).

Thc most important host-rocks of gold deposits
are thonse of thce Golden ¥ile Doleritec but important miner-

alization =2lso occurs in thc Paringa Basalt,

3. Geological Structurc,

The area has becen folded into a series of steeply
dipping isoclinal folds, trending north-north-west, with
which are associated several major strike faults. Obligue
faults with more northerly trend have secgmented éome
sections »f the fold structurec.

| The main ore deposits are concentrated about a tight
infold of the Black Flag Beds, known as the Kalgoorlie
syncline. This fold, which has been extensively invaded
by albite porphyry, divides the main mineralized area

into the Bastern and Western ILode Systems (Fig. 42). The
Kalgoorlie anticline~syncline systcm has a consistent
plunge of 20° to the south throughout the mincralized

areca., !

L4, Mineralization.

Two types of gnld mineralization occur at Kalgoorlie.
The most important group, from which 98% of the total
gold prnduction has comc, are locally known as "lode
formations". These are essentially pyritic replacements

along steeply dipping shcars and fracturcs. They exhibit
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varying degrces of silicificetion, carbonation and
sericitization and ecarry both free gold and gold tellurides.
The occurrence of gold tclluride mineralization is restricted
to the southern three milcs of the =surifcrous belt, known as
the Golden }Mile, Apart from auriferous pyrite and tellurides
of gold, silver and mercury, Simpson and Gibson (1912) note
the frecuent occurrcnece of small amounts of tourmaline,
arsenopyrite, chalcopyrite, sphalerite and minerals of the
tetrohedrite-tennantite scries in the lodes,

The sceond type of deposit occurs spofadically over
a2 total strike length of ten miles, but has bcen exploited
mainly in the northern part of the areca. Tellurides arec
absent and quartz is more sbundant in this type, which
occurs both as replaccment lodes and as stockworks of
quartz veins., The Mt. Charlottc and Hannan's North Lodecs
are cxamplcs of this type.

Both types of mineralization oscecur only in chloritized
host-rocks. The present rescarch has only becn conccrned
with the former type of deposit.

Finucane and Jensen (1953) rccognise four differcnt
types of lodes in thce Golden Mile, on the basis of structure:
(1) Main Lode Scrics, which strike 3150 to 3300 and dip
eithcer vertically or steeply to east or west.

(1i) Nn. 2 Lode %erics, which strike 300° to 305° and
dip 65° to 75°W,
(iii) Caunter Lodes, which strike 270° to 290° and dip

south at 55° to 70°, the mean dip being in the
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vicinity of 65°.
(iv) Cross Lodes, which strikc 40° to 70° and dip steeply

to the north or south,

Woodall (1965) has shown that the three main
structural lode-types, thc Main, Caunter and Cross lodes,
were develaped in response to stresses resulting from
movement along the major obligue faults, the Golden
Pike and No. 1 Faults, which form the northern and southern
boundarics of the Golden Mile mineralizestiomn, . e

Fig. 42 shows only the major gold-telluride lodes and
gives no indications of the intensity of mincralization.
Near the centre of the ficld, lodes and minor minéralized
structures frequently occur at intervals of less than

100 ft. across the strike,

5, Wall-rock Alteration.

All the known mineralization at Kalgoorlie occurs
in broad areas whcere the tremolite-actinolite and plagiocl-
‘ase of the barren greenstones have becen converted into chlor-
ite and carbonate. This rcgional alteration is believed
t> have preccded the gold mineralization (Bartram, 196L4).
Zones of more intense alteration, varying in thicknessg, oc-
cur in the wall-rocks immediatcly adjacent to the lodes.
Bartram has studicd this aspccet in deotail and shows that
the main process involved thce introduction of potassium

to form sericite, at the expense of chlorite, and the
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removal of calcium and some sodium and magnesium,., Sericitic
alteration is usually associated with visible bleaching

of the wall-rocks. The =zltered wall-rocks commonly grade
imperecptibly into the lodes and, as Stillwell (1929) points
out, thc only critcrion as to whether a given rock is

altered wall-rock or ore is the test by assay.

B. PRIMARY TRACE ELEMENT DISPERSION
PATTERNS RELATED TO GOLD MINERALIZATION,

KALGOORLIE,

1. General.

A dctailed investigation of primary trace element
dispersion at Kalgoorlie was hot possible in the time
available, owing to the complexity of the mincralization.
The objcet of the prescnt brief study was to eetablicsh
the genersl nature of trace element dispersion patterns in
the vicinity of represcntative Kalgoorlie lodes, for
comparison with the Norscman data snd to provide a basis
for further studies. Accordingly, twelve sampling traverses
were carried out to test the wall-rocks in the wvieinity of
lodes of the various types and of varying grade, both in the
Golden Mile Dolerite and the Paringa Basalt.

The results of early work, in which samples from a
drill-hole which intersected a lode assaying 18.8 dwt/ton
over 14 inches (P295) were analyscd for As, Sb, Pb, Sn,

Ga, Bi, Mo, V, Cu, Ti, Ag, Ni, Zn, Co, In, and Cr, indicated
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arsenic to be the most useful pathfinder clement. In
subseguent work, cmphasis was therefore placed on the

dctermination of arsenic in wall-rock samples.

2. Background data for Arscnic.

Insufficient background samples were collected in
the Kalgoorlie ares to permit rigorous definition of
theshold values. The arsecnic and mercury contents of six
samples of propylitic metadolerites and metabasalts from
exploratory drill-holes locatcd more than one mile to the

south of the Golden Milc, are given in Table 23,

TABLE 23,

Arsenic and Mercury Contents of Background Greenstones,

Kalgoorliec.
Sample No. Degeription Hg ppb.{As ppm.
2979 Propylitic metadolerite 960 1
80 Propylitic, leucoxenitic
metadolcrite 810 L
81 Propylitic metabasalt 570 2
82 Slightly propylitized
metabasalt 860 1
83 Propylitic albite-leucox-
ene meta-dolerite 600 1
86 Semi-bleached, propylitic,
ilmenitic metadolerite 550 19
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These results, together with results from walle-
rock traverses on the outskirts of the mineralized area

(see Kelly and Main ILode traverses Fig., U4L), suggest that

reginnal threshold is in the vieinity of 5 ppm.

3. Wall-rock Anomalies Associated with the Main Lode Series,

The results of arscnic analyses on samples colleccted
in the vicinity of nrebodics of the Main Lode Seriesg are
shown in Figs. 43 and LlL. Anomalics were found to occur
in 211 traverses, the maximum arscnic contents varying
from 60 to 550 ppm.

The few lode samples analysed were found to be higher
in areenic than the surrounding well-rocks., However, 1t
was not poseible to obtain lode samples in all cases
owing t» the gencral practice at Kalgoorlic of assaying
all the drill-core from lode intersections.

The wall-rocks adjaccnt to the important Leke View
Lode were sampled at three localities where the ore
gradc was rcspectively high (BP83), moderate (10 Level
cross-cut), and low (BP 57), in order to test the possib-
ility of & relationship between thc gradec of ore and the
nature of the wall-rock dispersion patterns. The distribution
of arscniec was found to be similar in 2ll three traverses,
(Fig., L3), consisting »f a broad z-me of weakly anomalous
arscnic valucs between LO and 100 ppm with occasional

higher values. The Tull lateral extent of the anomalies was
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not determined due to inedequate sampling but anomalous
values appear ito persist mhre than 5 feet from the lode
in each case,

The arscnic distribution appears to be unrelated
to the vieiblc wall-rock alteration which, in the examples
studied by Bartram (1964) seldom cxtends more than 20
fect from the Lake View Lode. The zone of bleaching inters-
ceted in BP 57 is somewhat wider than normal, a fact
accounted for by extensive distribution of mincralized
strinrers,; wvhich arc themsclves bleached.

Mercury determinations on selected samplcs from the
10 Level Cross~cut showed an erratic distribution, with
values ranging from 210 t» 1430 ppb Hg. Background samples
(Table 23) had mercury contents ranging from 550 to 960
prb and so only one sample, within the lode, can be
rcgarded as anomalous -n the 10 Level Cross-cut traverse,

It is significant to note that the mercury recsults
for the samples in the vicinity of the Lske View Lode
are in close agrcement with the rcsults of a brief study
carricd out on ¥algoorlie lodes and wall-rocks by the
Corderoa Mining Cn. for Western Mining Corporatio-n. How-
cver, the Cordern instrument rccorded valucs betwecn 23
and 124 ppb Hg for samples »~f Kelgoorlie rock-types
from areas sevceral miles from mincralization. These
background figures are consistent with published

estimates of the abundance of mercury in basic ignheous
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rocks (80 to 100 ppb, according to Rankama and Sahama,
1950, p. 716). It iz thercfore probable that the baeXground
values given in Table 23 are too high. This may be duc to
the fact that the "background" samples for the prescnt
study were taken from drill-holcs which were put down

to test the poesible extension of the Falgoorlie ore
structure, Although the actual samples were not associated
with mineralization, the high mercury contents may reflect
proximity to a brnadly mineralized zone,

Seven sclected samples from the 10 Level Cross-cut
travcerse were also analysed for gold by the methnd of
Stanton & MeDonald (1964). Values of 6.4 and 13,0 dwt/ton
were found to nccur within the lode itself., Low, but
detectable, eoncentrations of gold were found to occur
in the wall-rock as much as 12 feet from the margin of the
lodey, but in a sample taken 29 feet from the lodc, the
gnld content was less then the limits of detection of the
analytical method used. The presence of gmall amounts
of gold in the wall-rocks is not unexpected, since the lode
boundaries are essentially gradational and are defined
only on the arbitrary basis of assay values. The lateral
extent of gold dispersion appcars to be ennsiderasbly less
than that of either arsenic or mcrcury.

The No. 3 Lode (Fig. LL) is typical of the lHain
Lode Series, as developed in the Yestern Lode System.

The wall-rock snomaly was found to be essentially similar
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to those obtaincd in the vicinity of Lakc Vicew Lode,
an-malous values between 30 and 100 ppm As extending at
least 40O fcet from the lode zone and the peak value of
210 ppm in highly bleached mineralized mctadolerite, a
short distance tn the east »f the 1londe,

Qamples were enlleceted about a mnderate to high
grade intersecti-n »n Kelly Lode (P3), mainly for
comparison with studies of scenndary dispersion in
80ile in the wviecinity »f the sub-outcrop of this lode.

A weak arsenic anomaly, approximately 10 feet wide, with
maximum arsenic content of 50 ppm, was found to ocecur on

the eastern side of this ~rebody. The anomaly is‘much

more extensive on the western side of Kelly Lode, with
arsenic contents generally between 40 and 100 ppm and

higher wvalues assnciated with numerous mincralized stringers.

A cross—cut to the west off Main Lode (Fig. 4kt) .
was sampled in order to study the dispersion of arsenic
adjacent to an nrebody »f the Main Lode Serics in meta-
basalts. The grade of nre is not known preciscly, but
the cross—cut was started on the southern wmargin of a
high~-grade nre-ghonot, The rocks are moderately bleached
far a2 distance of 15 feet from the lode. A weak anomaly,
nnly 5 feet in width, was found to be present. The maximum
arsenic content ~f 80 ppm was found in a sample of

the actual lode,

L, Wall-roeck Anomelies Asgocisted with the Caunter Lode

Scries.,



135.

The dispersinn of arsenic in metadolerites in the
vicinity ~f a moderate to high grade intersection of
Perseverance Lode (BP78), an important representative
of the Caunter Inde “eries,is shown in Fig. 45. The arsenic
content of the wall-rocks increases gradually from
approximately 15 ppm, 50 feet from the lode, to 98 ppm
in the middle of the mineralized gone. The anomaly
persistsat least 26 feet beyond the lode, with arsenic
contents in the vicinity of 50 ppm and a peak value
of 130 ppm assnciated with a minor mineralized stringer,

It was not possible to sample the actual lode
in BP78 but 22 samples of Perseverance Lode, collected
by Mr. G.¥,., Hopkins, were found to c-ntain bectween
50 and 900 ppm As (arithmetic mean 270 ppm). Hopkins
(1965) has found that the arsenic content is related to
the abundance of tennantite in the ore, in which mincral
the arsenic presumably osccurs, According to Hopkins,
there ig a linear relatisnship between arsecnic and
gold in Pergeverance Lode samples containing up to
8 dwt gold/ton. The relationship bresks down in samples

containing more than 8 dwt/ton due to the presence of free
2old.
The dispersion of arsenic in metabasalts associcted

with a Caunter Inde was studied in samplcs from SK3u45, a
drill-hole which intersects ore »f moderate grade »n the
No. 6 Caunter Lode. A weak erratic arsenic anomaly

extends over a zone more than 70 feet in width (Fig. 45),
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The highest arsenic contents were found to occur in the
1nde itself, but minor genchemical peaks also occur
over a number of narrow intersecctinns of low grade

mineralization,

5. Wall-rock Anomaliecs Assonciatced with the Cross Lode Scries.

The dispersion of arsenic in metabasalts adjacent to
the Greenhill Cross Lode is shown in Fig, L5, The samples
were cnhllected partly from underground workings and
partly from a drill-hole (P3L7), collared approximately
20 feet from the margin »f the lnde. An an-maly extends
approximatcly 4O fect from the lode, the maximum values
nceurring in the altered mincralized rocks on the immediate
margin »f the nrebody, The lateral cxtent of this
anomaly is comparable with thosc obtained in the wvicinity
of 1lodes ~f the Main and Caunter type in mectadnlerite,

The ~nly example of a Cross ILode in metadolerite
was studied in samples from P295, a hole drillecd from
an opening Hn sub-ceonomic mineralization of the Cross-
Inde type, The samplce from this travorse were analysed
for 16 elements, including arscnic, but no significant
distribution patterns werc found in the viecinity of

the Crhasg-Inde,

6. Wall-rock Dispersion Associated with Unclasgified Drill-

Hole Interscetinns,

As mentioned above, P295, which was drilled from a
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sub-ecnnomic Crogs Lnde, intersectel a narrsw zone of
mineralized metadolerite which assayed 18.8 dwt/ton sver
1L inches, Bazckground arscnic contents predominate
throughout this hnle, except for 2 zone approximately 30
fcet in width about the interscctinn, where erratic,
weakly an-malous values between 15 and 25 ppm As were
nbtained. Wone of the »ther clements determined showed
gignificant distributi-n patterns.

P3L7, which has been mentioned in conncetion with
Crnas Inde diepersinn patterns, alsn interseccted two
mineralized bands in metabasalt, which tecgether eassayed
9.9 dwt. /ton n~ver 26 inches. Arsenic concentration shows
no significant variastion in the vicinity of this intcrsection.
A subsement drill-hole failed to cornfirm the existence
~f a lode at this point and it was concluded that the
mineralization cnenuntered in P3L7 was a small isolated

patch of little cHonseaucnce,

7. Summary »f Results.

a) Distinct anomrlies were fHund to occur in the wall-
rocks in the vieinity »f all thce lodes which weore
cexamined,

b) In the traverses wherc full sampling was possible
(i.c. Iake View Inde 10 Level Cross-out, P3, Main
Lode 4 Level Cross-cut, and SK345), the highest
arsenic contents were found to occur within the

actual 1lnde, with lower -but still anrmalous values



a)

£)

g)

138,

in the adjacent wall-rocks, Minor mineralized string-
ers were also frequently accompanicd by high arsenic
contents.

Wall-rnck anomalies vary cnnsiderably in width.
Anomalies more than 100 feet wide werc found to
exist in the vieinity »f major lodes in the most
intensely mineralized part »f the Golden Mile,

but background arsenic contents werc obtained
within 5 to 15 feet »f strong lodes on the margins
of the area, |

The variations in the widths of anomda ies were
found %o be similar in both metadolerites and
metabasalts,

There appear to be nn significant differences in
the nature of the wall-rock an-malies asgsnciated
with the different lode-types.

In some cases, ©.g. the Perseverance, Kelly, Main
and Greenhill Lode traverses, the arsenic concent-
ratinn in the wall-rocks increases steadily, with
only minor fluctuations, n»n approaching lodes. In
nther cases, a broad zone »f more or lecss constant
arsenic content surrnunds the lodes, with minor
peaks which are gcncrally related to sub-economic
mincralized stringers.

The Lake View Lnde traverscs indicate that the mog-

nitude »f the wall-rock sn-mal ies does not vary
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gsignificantly with the grade »f ore,

h) Hopkins' (1965) work shows that the bulk of the

J)

k)

arsenic assnciated with the Perseverance Lode occurs
as tennantite. This is the mnhst eommonly occurring
arscnical mineral at Kalgoorlie and probably accounts
for the an-malous arsenic associatocd with most of
the nther lodes studied. Small amounts of arseno-
pyrite have been reported as being present in some
Kalgonorlie lodes but according to Simps-n ard
Gibsnn (1912), this mineral is more commonly assoc-
iated with cecrndary non-auriferous shears than
with the main gold lodes.

The limited work d-one to date suggests that mercury
e-uld prove a useful pathfinder elcment for gold.
Most ~f thc mercury probably nccurs as coloradoite,
which is onc »nf the moyst abundant tellurides in the
Kalgoorlie lodes (Stillwell, 1929).

Apart from arscnic and mcrcury, none of the other
trace elcments dctcrmined showed significant
enneentration variations in the wall-rocks adjacent
to lodes. However, the nnly intersection tested

for gecnoral clements (P295) was probably not
typical of thc Kalgonrlie lodes, and further work
might indicate additis-nal path-finder elemcnts.

The dispersion of gnld about the Lake View Lode
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appears to be of limited lateral extent compared

with that of arcsenic and mercury.

ITT, AGNEW

A very limited study of primery dispcrsion was
carried out in the vicinity of the Emu L-de at Agnew,
mainly tn supplement the sec-ndary dispersion studies,
which are described in the next chapter. Although only
one rock-sampling traverse was undcrteken, the results
are given here f-r comparison with the rcsults for

Norseman and Kalgoorlie.
A, GEOLOGY AND MINERALIZATION AT AGNEW

The genlogy of the Agnew area is shown in Pig. L6,
The major Emu Lodc Line closely follows the contact
between ultrebasics (talc-chlorite rocks) on the esast,
and meta sediments (dominantly quartz-biotite-actinolite
gneiss) on the west, Go1ld mineralizatison is known over a
total strike length of 10,000 feet t» the south of the
Kim Shaft. The main workings occur in the vicinity o»f
the Emu Shaft, which produced 411,000 nz. from 1,297,000
tons of ore. In this area, two parallcl lodes are
developed on the margins ~f 2 band »f coarse-grained
chlorite-actinolite schist, varying in thickness from
25 t» 100 feet, which occurs on the ultrabasgic-metasediment

c~rntact. Both hanging-wall and fontwall lodes have dlps
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parallel to that of the contact, which averages 60° to the

west.

The actual lodes are not clearly defined and
consist merely of a concentration of thin mineralized
cuartz veins and lenses in thc chlorite-8ctinolite schist.
Arsenopyrite chalcopyrite, pyrite and free gold are present,
~both in the quartz veins and in the adjacent schigt.
Although gold enrichment occurs predominantly on the
hanging-wall and footwsllecontacts, gold values are
frequently associated with mineralized quartz veins
throughout the chlorite-actinolite schist band. Recent
develnpment t» the north of the Kim Shaft has shown the
presence of a further parallel series of transverse gold~
bearing quartz veins in a north-trending zone to the west
of the contacty, and within the gneissic sediments. This
is known as the Kim Shaft hanging-wall lode. Although the
individual quartz veins are highly auriferocus, they are so
thin and widely spaced that the overall grade of the
lode is low. Coarse crystals of arsenopyrite occur in the

gneiss associated with these veins.

B. PRIMARY DISPERSION OF ARSENIC IN THE VICINITY

OF MINERALIZATION

The distribution »f arsenic in rocks about the
Emu Lode is shown by analyses of samples from the diamond

drill-hole A3 (Fig. 47). This hole was drilled a2t an
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inelination of 70° from the XKim Shaft hanging-wzll lode
in the gneiss to intersect the chlorite-actinolite schist

horizon,

The levels of concentration of arsenic are seen
to be considernably higher than those normally encountered
at Norgeman and Kalgoorlie, reaching a maximum of more
than 6000 ppm. This was not unexpected in view of the

abundant visible arsenopyrite in the roclks.

It was not poseible to collect fresh background
rock samples for comparison with the results Tfor A4A3..
However, two slightly weathéred samples of metasediment-
ary gneiss and talec-chlorite rock from the background
soils area were found to contain 2ppm and <2ppm respect-
ively. The A3 traverse would therefore appear to be
strongly anomalous throughout, very few samples containing

less than 200 ppm As.

Arscnic eoncentrations are generally higher through-
out the chloritce-actinolite schist horizon than in the
gneiss, with the exceptinn of the first 25 feet of the
hole where values up to 3600ppm are associated with the
hanging-wall 10&6. Within the chlorite-acbinolite schist,
a close relationship between asrsenic and gold is
apparent, the highest arsenic values (up to 6800ppm)

being cloneely associated with high gold contents.
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- IV, DISCUSSION : PRINMARY DISPERSION,

A, THEORETICAL CONSIDERATIONS,

The primary geochemical anomalies deseribed in this
thesis are believed to be epigenetic, in that they are
related to hydrothermal mineralization and were formed
later than the rocks in which they are enclosed, as
distinet from syngenetic anomalies, which are formed
concurrently with the enclosing rocks (Hawkes and Webb,

1962).

Safronov (1964) in a review of primary epigenetic
trace element halos, proposes two mechanisms by which
primary dispersion may take place - infiltration and

diffusion, which may occur separately or in combination.

Igfiltration may be regarded, from the geological
view-point, as the process of seepage, or flow, of a sol~
ution thnugh a system of connected pore-spaces or
fractures in the rocks, The velocity »f the solute in inf-
iltration is generally less than that of the solvent, the
velocity difference depending on such factors as the
diameter of the solute particles relative to the
dimeneions of the openings in the rock, the viscosity of the
solvent, the chemical mobilities of the solute particles,
reactions with the wall-rocks ete. As a result of these

differences in velocity, the solute "lags" behind the
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solvent by an increasing increment such that a logarithmic
concentration gredient is set up within the moving

system, Precipitation may occur when the concentration
exceeds the saturation level under the conditions
obtaining or by reactions forming insoluble compounds,
This preeipitated material ultimzately constitutes

the primary halo,

Diffusi»n involves the movement of the snhlute
through a stationary solid, liguid or gaseous medium.
Because the medium 1s stationary, the ratelof diffusion
is controlled essentially by chemical factors. Safronov
explains the process in terms of the general concept of
"ehemical potential" which is a function temperature,
prespure and the concentrations of the various components
in the system, Matter i1s diffused from rock with high
chemical potentials, in most cases the locus of mineralizat-

ion, to rock with low chemical potentials.,

Ag a result of the concentration gradients set up
during infiltration and &iffusion, the variation in con-
centration of any one component with distance from the
vein would be expected to follow a logarithmic decay
pattern. The existence of log-linear concentration gradients
has, in fact, been established in a number of studies
of wall-rock dispersion (YMorris, 1952; James, 1957; Walker,

196l;; Nicolls, 196L).
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Although the factors governing thc dispersion of
trace elements are similar in both processes, infiltration
differs from diffusion in that thc system as a whole moves,
so that in a similar time, the distance travelled by each
component ig likely to be greater than if dispersion took
place entirely by diffusion, Safronov considers that in-
filtration velocities should be at least ten times greater
than diffusion velocities; so that the extent of anomalies
where the former mechanism is dominant, should be greater

by a similar factor.

In hydrothermal gsystems, the solute invariably con-
sists of numerous components, each with differing physical
and chemical properties. The concentration gradients re-
sulting from infiltration and/or diffusion would therefore
differ for each comprnnent, resulting in the development
of zoned halos. The most widely dispersed elements would
be thnse with the greatest mobilities under the existing

conditions.

Very little data has been published regarding the
zoning of trace elements across the strike of ore deposits.
James (1957) found that antimony formed a broader dispers-
ion pattern than arsecnic in the wall-rocks adjacenﬁ to
gold mineralization in the Bell-Riverleca Mine in Rhodesia.
Morris (1952), however, found only slight differences in

the distances travclled by lcad and zinc in the wall-rocks
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of mineralization at Tintic, Utah. The widths of wall-
rock an-malieg fnr Pb, Zn, g, Cu, o2nd Mn at Broken Hill,
New Znuth Walce, are all =imiler, despite the widely
differing proportics of thesce metals (Walker 196L). Walker,
hrwever, bclieves that the trarce elecment distribution in this
arca reflects the »riginel distributi-on in the sediments

and is not the result »f cepigenetic dispcrsion.

Safronnv believes that the conditions governing the
vertical zoning »f elements in hydrothermal deposits
should be similar to those controlling thc znning of
clements in wall-rock anomalies. He precsents the following
generalized seouence of metals in osrder of decreasing
depth »f sccurrence (or increasing mobility) based on
observatisns in numerous mineralized arcas: Sn (5.4),
W (5.9)5 Mo (5.9), As (4.3), Bi (2.5), Cu (1.05), zn (2.4),
Ca (21.05), Pb (1.5), Ba (1.4), Ag (0.9), Au (0.7), Sb (3.3),
As (4.3), Hzg (1.8) and Te (0.7). In general, the inferrcd
mobilities of these elements follows the order of decreas-
ing innic potentisl (given in brackets)., This is believed
tn be due to the tendency for clements with high ionic
potentials t» be hydrated in agueous systems, with a
rcsulting decrcecase in mobility. However, numerous
cxceptions occur, thcse being gencrelly attributable to
the formation ~f highly mobile combinatiosns with other
iong present, In particular, arscenic, the osccurrencc

»f which »ften suggests high mobility, is known to form
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volatile halidcs and may be disperscd in the gascous Torm
(Onishi and =andell, 1955). Mercury vapourises at relat-
ively low temperatures and is probably traznsported in

gasecous elemental form,

YMention should alsgo be made, at this point, of the
later~1l rmeceretion theory of ~re gcnesis, as advocated
by Boyle (1961 and 1963) to explain the development of
the gnld depnsits of the Yellowknife District, Canada,
(which in many rcspects closely resecmble thosg of Western
Australia). According to Boylec, the clements in veins
and similar epigcnetic depoeits come from the enclosing
country rocks and ere crncentrated by diffusion processes
undcr the influences of free encrgy gradients, The trace
clement dispersion patterns belicved to form as a rcsult
A% this process may, under certain circumstances; be
similar +- those formed by outward dispersion from hydrother-

mal veine and both interprectations are often applicable,
B. PRIMARY DISPERSION AT NORSENAN

1. Geochemical Characteristics of Norseman Rock-Types.

A full gceochemical study ~f the rocks occurring at
Norseman is beyond the scope of thc present study. Never-
thelees, the results of dectecrminetions »n background rocks

show s-me features which =are rclevant in the discussion of
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trace clement dispersions related to mineralization which
Tfollows thc present section., The validity of any observat-

iong drawn from thie work may be limited for threc reas-nes:

(1) The mcthods of trace analysis used in this rescarch
were only somi-cuantitative and may not be suffic-—
icntly scnsitive to detect subtle differences
in enncentration.

(ii) The rocks of the area have suffered low grade
regional metamorphism, during which the trace
element contents of the »riginal rocks may have
been mndified,

(iii) The trace element concentrations in the rocks
may have been further affected by the hydrosthermal

activity assnciated with go0ld mineralization,

Bearing these limitati-ns in mind, the avcrage trace
element concentratinon in Forreman rocks are compared with

the published clarkes for similar rock-types (Table 24),
a) Basic Igneous Rocks.

On the whole, the Adiffcrences between the tracc
element contents ~»f the meta-igneous greenstoneg at
Norseman and clarke values are relatively small. However,
in the case of arscnic, the abnormally high values are
probably related to the hydrothermal mincralization in

the Norsomen area. This is supnorted by the bimodal



TABLE 24.

Comparison of Trace Element Corents of Background Norseman Rock-Types with

% Data from Hawkes and Webb (1962) and Rankama and Sahama (1950).

Clarke Values.
Norgseman Rocks Clarke for]l Norse. | Abundance|| Norseman Clarke for
1 em— || Metabagalts| Metadolerites| MetagabbrosiiBasic Ig- {iSlates in black H Porphyries Felsic Ig-
it neous Roc- shales % neous Rocks %
ks = (5
(34 samples | (19 samples) [(22 samples) samples) (10 samples)

As 7 5 7 2 16 4225 ? 169 1.5
Ph 4 4 10 2 7 20~400 23 48
cu 115 147 180 140 a0 | 20-300 48 30
Zn 95 111 139 130 200 100=1000 72 60
Ga 15 18 17 T2 16 ?7-50 23 15-74
Ni 131 1m 119 160 126 20-300 14 8
Co 7 69 78 45 96 5~50 9 5
Mn 1670 1820 1880 2200 1500 890 278 600
cr 286 235 158 300 90 10~500 3 25

v 307 445 435 200 316 | 50-2000 28 40
Ti 7600 8100 8900 9000 6000 4400 1355 2300

eBhT
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freouency distributisn for srsenic (Fig. 12). The modal
values for all three rock-types (2.5 or less) ere comparab-
le with the clsrke znd probably reflet the arsenic

contents of the »riginal igneous rocks. The higher average
values are caused by a small population of relatively ars-
enic-riech samplces, containing from 6 to LO ppm arsenic.
Thesc 1local concentratinons »f arsenic are believod to have
forrmed during the hydrothermal phasge during which gold

mineralization to0k plzce,

It ecan be seen from Table 24, that the concentrations
nf some elements appear to show distinet trends with ine-
reasing grain size in the Norseman greenstones. Pb, Cu,

Zn, ¥n, V and Ti all tend to increase in concentration in
the coerser grained intrusive rocks. Cr shows the reverse
tendency, whilst As, Ga, Ni and Co show no definite trend

c¢ither way.

Threce possible hypotheses can be advanced o
explain these fecatures:

(i) The sgimilar bulk eomprsitions and close field
asshciatisn of the pillow lavas ("0lder Greenstones")
and intrusives ("Younger Grecnstones") suggest
that they were co-magmatic, although the field
and petrographic evidence offers no definite
proof of this, If this was the case, the observed

trends may be the result »f gradual differentiztion
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within the magma chamber, causing variations in the

concentrati-nsg of s-me elements in .the bodies of magma

eijected

at different times., ~lternatively, the trends

may be due t» heterogeneity within the common parent

magma,

(ii)

The differences may be due to the cnditions of
cmplaciment which actually caused the grain size
variations., However, if this were the casc, elements
such as Pb, Zn and !n could be expected tn be

more sbundant in the metabzsgalts then in the meta-
gabbroas, since, in the crystallization »f a basic
megma at depth, these elements are usually conc—~
entrated in the residucl fluids and either removed
from the system or retaoined in pegmatitic schlieren
within the rock mass. In suites of co-magmatic
extrusive and intrusive rocks, such elements are
usually trepped in greater concentrations in the

lavasg duc to the rapid eonling and crystallizatiosn

0

of the extrusive rncks,

Selective mobilizetisn and cHnecentratisn »f clements
in certain rock~types eould conceivebly have

takzen place during post-magmatic metamorphism

and metasomatism, However, there is no apparent
reas->n why such differentisl c-neentratiosn should
favour coarse grained rocks for some clements and

fine grained rocks of similar bulk composition for
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others. In particular, this could not account for
the oppoging trends shown by the genchemically

gimilar elements Cr and V.

It is concluded that the observed trends are due
larpgely to differcnecs in the coneentratiosnsg of trace
elements in the magmas which formed the different rocii-
types. These aifferenccs are probebly the result »f sub-

crustal differentiation.

b) Slates

According to Bekker (1962) the slates interbedded
with basaltic lavas at Norscman are of scedimentary and
partly pyroclastic »rigin. The abundance of graphite
and beddcd sdphides (mainly pyrrhotite) show that they
were originally of the black shale variety. The concentrat-
ions of trace elements in black shales are typically highly
variseble and =average values are of little significance

except in areas of limited extent.

Not unexpectedly, the Norscman slates show abnormally
high eoncentrations in a nunber of chalcophile elements,
with respect to the basic igneous rocks in which they
secur. As, Cu, and Zn arc cignificantly higher, whilst
a loeal corncentratinn »f 8 ppm Ap and 5 ppm Mo was found in
nne. slate specimen, thesec latter elements being below the

limits of detectinsn (<0.2 ppm Ag and <2 ppm Mo) in all
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other background samples snalysed. Pb, Ga, Ni, Co, ¥n, V
and Ti are prceent in eoncentretions similar to those in
the grcenstones and published ranges > abundance for
black shalcs, The co-necentration of chromium is considerably

lower in the slates than in the basic igneous greenstones,

¢) Felsite Porphyries.

Bekker (1962), ~n the basis »f £icld relations, pet-
rography and major element chemistry, has postulated
thet the felsitc porphyries werc formed by metasomatic
refdacement ~f pre-existing rocks by the residual fluids
resulting from the differentiation »f the "Ynunger Greenst-
~ne! magma. He further proposes that the formation of
porphyries is part of a genetic series:

"Younger Greenstones" - porphyrics - gold-guartz reefs.

If these rocks are in fact of hybrid metasomatic
srigin, it is clear that the comparison of the trace
clement data with the clarke for fulsic igneous rocks may
be irrelevent. Nevertheless, a broad similarity is shown
by most elements in Table 24. It should be pointed out
that the major discrepancy in thc case of arsenic in the
Nargeman rockes is due to abnormally high concentrations
(130 to 1200 ppm) in only three of the ten porphyry

samples analysed.

Bekker's proposed relationship between the porphyrices
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and gold mineralization is supported by thc occasional
ocecurrences »f high arcsenic concentrations and small
amounts »nf gold in the porphyrics. In particular, the

high arsenic contcnts in the silicate minerals of arscnical
porphyriecs (Table 20) suzgest that arsenic was present

in the metasomatic solutions invohlved in the development

of the porphyrics, and was not introduced during the

later hydrothermal phase associasted with gold mincralization.

With rcgard tn the possible relationship between the
porphyries and the "Vounger CGreenstonec' magma, it may be
noted that the porphyriecs are enriched in As, Pb, and
Ga relative tn the meta~igneous greenstones, and
depleted in V, Ni, Cr, Cn», Ti, Cu, Zn, and }¥Mn., The
concentration of As, Pb and G2 in porphyries is in
accord with thc known genchemistry of these elemcnts,
which tend t~ he enriched in the gsiliceous residual
differentiates of basic magmas (Rankama and Sahama, 1950).
b and Ga ore commonly concentrated in feldspars, substit-
uting for K* and A13+ respectively. As is capsble of
substituting for A1S*, Silt+, Fed+ and Tilt* vut the greatest
concentratisns in the arsenic-rich Norseman porphyries
secur in the sulphide fractions,0f the elements which are
relatively deficicnt in porphyries V, Ni, Cr, Co, and Ti
usually tend to be more abundant in basic igneous rocks,
in which they conecentrate in the early crystallates.'Mn

and 2Zn, however, freocuently tend to bc concentrated with
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iron in thc later-formed minerals of igneous rocks or
cnriched in the residusl fluids., ¥ven 8o, only ¥n is
significantly l»swcr in the porphyrics than the clarke
for felgic ignenus roecke. Thus, apart from ¥, the trace
glement data are generally consistent with Bekker's
thesls that thc porphyrics are at least partly derived
from the late differentiates of the "Younger Greenstone

magma,

2 Development of Wall=-Rnck and Lecakage Anomalies at Norg-

CMEN o

The list of features which suggest a genetic relastion-
ship between the arsenic and nickel wall-rock an-melies
and the gold-cuartz mincralizaetion a2t Norscman, given on

.

page 112, may now be expanded as follows:

(i) Occurrence »f =rsecnic snd nickel in the wall-rocks
predominantly as sulphide minerals, which Hall
and Bekker (1965) believe were introduced during
the mineralization stage.

(ii) The exclusive associstion »f arscnic and nickel
anomaliecs with known rcef-shears and absence of
anomalies for these clements in outwardly similar
zones of non-zuriferous schistose, altered rocks.

The general associatiosn on 2 broad scalec, of

—~
l_la
e
}—I‘

~

strong arsenic anomalies with ore zones, as dist-

inet from non-auriferous parts of the reef-shears,
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which are characterized by weak anomalieé.

ivj The apperent conecentration of arsenic with gold
in the guartsz reefg.

v) The fact that tho averase concentrations of arsenic
and nickel are higher in the gquartz reefs than in

background groenstoncs.

Before proceeding to a discussion of the various
mechanisme by which the anom=zlics may have been formed,
a brief review of the currcntly accepted theory of the

genesis of the pold-quartz recefs is appropriste.

Bekker (1962) sees the emplacemcnt o»f the gold-
cu=zrtz reefs as the culmination »f a more or less continuous
series of igneous-mectasomatic events, which were broadly
contemporaneous with mechanical deformation in the arca.
According to Bekker, the concurrence of magmatic different-
iation with tectonic activity was a strong influence in
bringing about the c-nditinns favourasble for orc deposit-
ion at Norsceman. The secguence of events at Norseman
included the following phascs, in approximately chronolog-

ical order (after Beiker, 1962) :

(i) Deposition of basaltic pillow lavas.
(Time interval)
(ii) Intrusion of "Younger Greenstone" sills and
dykes, probably during late folding and penecont-

emporancous with late regional metamorphism.
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(?) Development of reverse fault zones,

iii) Metasomatism by siliceous alkaline diffcrentistes
of the "Younger Greenstone’ magme, rcsulting
in biotite schists in reverse fault zones (and
ather zones of weakness) and porphyry dykes,

iv)huartz recf emplacement and sold deposition in

reverse fault zones by hydrothermal solutions
derived as a result of further differcntiation
(1 assimilation) of the soluti-ns responsible for

biotitization and porphyritization.

safronov's (1964) theoretical consideration »f the
Teztures to be expected in primery wall-rock anomalies
was based »n the sssumption that the trace clements were
dispersed laterally from the focus of mineralization (i.e.
the vein or lode). However, the observed distribution of
trace elements in wall-rocks at Norseman is not consistent
with an origin involving latcral dispcrsion =2s the major
process., If lateral dispercion had taken place the resulting
an-malies would be cxpceted to be symmetrical and show 2
log-linear decay with 4distance from the rcef. Instesad,
the anomalies arc markedly crratic and often assymetrical
with respcet b ore, pesk valucs frcecuently nccurring some
considerable distance from the reef. The appsrcnt lack of
lateral zoning for clements of Aiffering mobility also

conflicte with the theory of lateral dispersion., It is
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apparent from Figes. 10 z2nd 11 that the wall-rnack anomslics
for arsenlc, nickel znd chromium are of almost egual

widths,

The form nf the wall-rock anomalies is also contrary
to what one would expcct if lateral secretion was the
mechanism controlling trace element distribution, Ideally,
in lateral secretion, thc geochemical profile for any
¢lement should show a zone »f iwmpoverishment in the
wall-rncixs with 2 very maried increase in the actual
reef (or in the near vicinity of the reef). Although
continuous sampling was not cxtended sufficicntly far
into the wall-rocks to definitely prove or disprove the
existence »f zones of impovcrishment, the results suggest
that there is no such zone, at least in the case of arsenic.
The concentration »f arsenic ahows 2 gencral, though
erratic, increase from the rcgional threshold (<5 ppm)
to local threshold (approximately 15 ppm) resching a mexim-
u betwcen 500 and 2000 ppm within 50 feet or so of the
recf, ™n the zsctual ouartz reef, the valucg drop to much
lower levels, This does not preclude the possibility that
lateral secrefinn was an imnortant factor in controlling
the distribution of some of the other elcrents. For
example, the ultrabasic composition of the altered tholeiitic
rocks in the cshear zones suggest that the 5102 in the

ouartz rcefs may have boen derived from the wall-rocxks.
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The geochemical results at Norseman suggest that
the trace element anomalies were developed largely as the
result of the movement of hydrothermal fluids in an up-dip
direction along the shears in which the guartz reefs were
smplaced, This is stroncly implied by the prcsence of
leakage halos in the shears, up-dip from blind orebodies,
Howevcer, this theory would also account for a nunber of
asther features of the troce elemcnt data, which cannot
be explained in termg of outward lateral dispersion from the

aguartz reefs or latcral secretion from the country rocks,.

It was pointed out in an earlier scction that the
zone of an-malousg arscnic‘contents, in general, coincides
with the zone »f shearing, as observed in drill-core,

“ince the foliation nf the schistoslity is parallel to the
plane of the reef-shear, permeability in this zone would
presumably be at a maximum for soclutions moving uwp the
structure, It is therefore rcasonable to assume that the
widths of =snomalies were governed by the lateral extent of
the permeable zone, through which percolation was possible,
and that this permcable zone was defined essentially-by the
extent of shearing. If this was the case at Norseman, the
effcetive width of thce permesble zone would have becn the
samc Tor cvery componcnt of the hydrothermel system moving
up the shear and no lateral zoning of elements could be

expected.
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The marked varistisns in concentration and freguent
assymetry obscrvced in geochemical profiles are brobably
related to local variations in permeability within the
shear zone. This is supported to some cxtent by the fact
thet the highest arsenic contents are associated with the
most intense shearing in many drill-holes in which the
degree of shcaring is variable., However, considering that
it was only poseible to make qualitative cstimates of the
depree of shearing, it is not gurprising thot some exceptions
occur (e.g. Ch6, C82, CU169, PRLEY, PRSEG and PRS65). There
are other porssible reasons for these apparent discrepancies,
such as post-mineralization shearing and locally varying
concentrationg of chemical precipitants of trace elements

in the host-rocks.

It follows from the above that log-lincar corncentration
gradicents would not be in evidence in geochemical profiles

if up-shear dispcersion was the dominont process.

The fact that wall-rocfngé;kage anomalics are strongenr
ad jacent to and up-dip from blind-orebodies than in bother
parts of the shear has already becn cited as evidence for
the upward movement of hydrothermal fluids. The strong
development of such anomalics was no doubt influenced by
the fact that orcbndics were formed in zones of relative
tension »n the chears. It is probable that the reef-shears

in such tensional zones (e.g. the section =t LLOON) were
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more permeable, favouring grcater pcnetration of hydrother-
mal fluids, than scctions in which the shear was compressive

(c.g. the section at 2000N),.

The appreciable distances travclled by trace elements
alang the shear in forming lezkage halos are consistent
with the theory »f infiltration. Diffusion is thought
to have been of relatively minor importance, but ceuld
accnunt for the occasglonal pcnetration of anomalous arsenic
into apparently massive rocks on the margins of the
shear zone. Diffusinn was probably responsible for the very
broad dispcrsisn shown by nickel in pyrrhotite and the
wide distribution of tracecs »f arsenopyrite in the wall-
rocks. However, in both these instances, thc amount of
material disporsed was so small that the anomalies could not

be detected by analysing whole rock samples,

There is some evidence to suggest thet the develop-
ment of wall-rock annmalice prcceded the emplaccment of
the quartz rcefs. The features leading to this conclusion

are as fnllows:

(1) Although arsenic was ghown to be concentrated
with gold in the nreshoot studied, the levels
of concentration in the gquartz reef arc con-
siderably lower than in the anomalous well-
rocks., Furthermorec, thc magnitude of the aorscnic

well-rock anomzlies bears no relationship to
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the grade of ore or arsenic concentration in the guertz,

to which they are adjacent. This is interpreted as the
rcsult of changing composition of the hydrothermal

solutions during mincralization, It is considered probable
that the emanatisns werc highly arsenical in the early
stages of mineralizing activity but became somecwhat

depleted in this element and enriched in others, cspecial-

ly gold, prior to quartz recf emplacemecnt.

The disparity betwsen the trace celemcnt concentrations
in the quartz rcefs and wall-rocks may alternatively be
explained in terms of a lack of precipitants for arscnic
and nickecl in the cuartz. However, this explanation is
considered unlikely in view of the fact that sulphides
(mainly pyrrhntite and pyritc, but also somec galena, sphaler-
ite, chalcopyrite and arsenopyrite) are equally, if not
more abundant, in the quartz reefs as in the wall-rocks.
Furthermore, srscnopyrite-rich quartz veins are by nNo means

a geological rarity (Dana, 1932).

(ii) Further evidence for the ecarly development of
the wall-rock on-malies is thc fact that arsenic
and nickel conccntrations were frecouently found
to be very much lower in the wall-rocks immediately
adjacent to the quartz reefs than elsewhere in
the anomalous 2Zone. This suggcsts that later,

arsenic-dcpleted fluids, probably those rcgponsible
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for quertz deposition, have leached some of the
earlier, fixcd arsenic in thc well-rocks and re-
depnsited it clsewhere (possibly within the actual
quartz reefs).

(1ii) Silver and lead, which were econcentrated with gold
in the guartz reefs, do not show anomalous dispers-—
ion patterns in thc¢ wall-rocks. Silver, theoretically,
has a very high mobility and lead also has been
found to be caopable of forming wall-rock anocmalies
comparable in cxtent to those of zinc (Morris 1952).
Therefore, if silver and lead had been introduced at
the same time as the bulk of the arsenic and nickel,
wall-rock anomalies for these elements could also
be expected, whereas in fact, no significant
concentration variations were found for silver or

lead near ore,

It must be emphasized that the above hypothesis
does not imply that the development of trace element anomal-
ies and quartz reef cmplacement were independent processes.
The featurcs enumcrated on page 155 strongly suggest that
the two phasecs were closely inter-related, but do not

necessarily imply that they were contemporaneous,

The visuallized sequence of cvente leading to the
development of »rebodies and associsted trace clemecnt

anomalics is shown diagrammatically in Pig., 48. Following
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Bekker's propnsal, it is considered that the different
phases were part of one more or less continuous process of
deformation and metasomatism, end thce stages illustrated

probably overlapped each nther tn some extent.

The carliest phase involved reverse faulting,
with asgociated metasomatism, to form the schistose
znnes of altered rocks, and tensional openings on the
flatter sections of the inclined shears, in which the
gold-quartz orebodics were subscguently emplaced., Chromium
wag probably introduced during this pre-mineralization
metasomatic stage, and was incorporated in thcé secondary
silicate minerals (% sulphides and oxides) formed. The
stege at which the other snomalous elements (Co, Cu, Zn
and ¥Mn) were introduced is not known. However, thc fact
that these eiements,like chmmium, are less abundant in
the cuartz reefs than in background greenstones, possibly
indicates they aceompanied chromium. It should be noted,
however, that the presence »f small amounts of chalcopyrite
and sphalerite in the ouartz reefs shows that the later
mineralizing fluids wcre to some extent cupriferous and
zinciferous (unless the copper and zinc were derived

from the adjacent wall-rncks).

In the succeeding phases of hydrothermal activity,
arsenic and nickel-rich solutions were introduced,

forming wall-rock and leakage anomalies, followed by the
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emplacement of the gold-guartz reefs with no eppreciable

lapse of time.

Insufficient date was obtained to permit any conclus-
ions on the posgsibility »f vertical zgoning along the
rcef~shcars., The variability of nickei with respcet b
arsenic might poseibly be due to 2zoning. On the LLOON sect-
ion, thc nickel content drops considerably in the shallowest
intersection on the Crown eef (C53), The absence of
nickel annmalies 2djaccnt to the sther recef-shears
studied, could bec due to the grecater distances of these
nrcbodiecs from the hypothetical decp-secated source of
the hydrothermal emanations., With the possible exception
»f the Mararoa Recf, all the orebodies on dher rcef-shear
structures were mined at considerably shallower depths than

the Cr-wn nrebndies.

C. PRIVARY DISPER?ION AT KALGOORLIE AND AGNE

The limitcd studies carried out at Falgoorlie and
Agnew do not permit a full discussion of primary dispersibn
in thesge areas., In this scection, it is only intended to
briefly mentinn some »f the more important features of the

reasults in reclation t» the Norseman data.

One of the most significant findings of the invest-
igation of primery dispersio-n ig the fact that arsenic

was found to be a pathfinder for gold in all three areas
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studied. Furthermore, ot Norseman and Kalgoorlie, there
appears to be g~me quantitative rclationship between arsenic
and gold in the orebndies. This relationship is somewhat
vague in the guartz recefs at Norseman, being indicated

~nly by the reletively higher nunmber »f arscnic-rich samples
within thc outlines »f the orc-shoot studied, than in the
sub-economic gquartz. However, it should be noted that

the geochemical sampling was not zs through or clese-spaced
as the routine minc semplirg and arsenic determineatinns

s the actual samples assayed for gold might revecal a

closer relationship between the tws elements.

At Kelgnorlie, a linear relationship between arsenic
and gold in o~re sawmples assaying up to 8 dwt/ton has been
established for at least »ne lode (Hopkins, 1965). Below
this grade, the 517 osccure in very fine granular inter-
growths with tetrshedrite-tennantite,; in which form most
~f the arsenic dctected apparently occurred. Hopking'
mineragraphic studies showed that thc ore minerals were
depositcd simultanecously, suggesting crystallization from
a eutectic solution, In ore samples with grades in excess
~f 8 dwt/ton, larger particles »~f free gold werc generally
sbserved and the relationship bresks down, No definite
relatis~nship between arsenic and gold in the winor miner-
alized shears at ¥elgoorlie has been observed. Arsenopyrite
is probably the dominant arsenic mineral in these structures
end it is considered possible that this type of mineral-

izatinn was nnt contemprraneous with the development of the
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major lodes,

It is obvious from Fig. 47 that there is a close
rclationship botween arsenic and gold at Agnew. Within
the mineral ized chlorite-—actinolite schist band, the
peak arscnic values cnincide with, or sccur adjacent to
high m51d valuecs, the highest arsenic contents being assoc-
lated with the highest m71d assays. However, insufficient
lode samples werc chllected t» fully establish the nature

of the relationship.

Thege coneidecratiosns indicate that thure is a close
genetic reletionship between arscnic and pold sver a broad
arca of auriferous country in Western Australia, despite
the varying levels of concentration of arscnic in each

arca studied,

Degpite the clnse associatisn between arsenic and
gold in ore sgauples, the results from bath Kalgoorlie and
Nrraeman show that the magnitude »f wall-rock an-malices
in drill-core and cross-cuts bears little »r no relation
to the grade Hf nre intersected. The Norescman data have
bcen interpreted in terms »f tw- separate, but related,
phases of hydrothermal activity, the earlier rcsulting
in the development of wall-rnck and leakage anomalics,
and the later in the cmpleccrent »f gnld-quartz reefs.
However, a number »f fcaturcs »f the geHrlonpy and trace e€l-

ement distributi-n patterns at Kalgoorlie, surgest that



168.

the nrigin of the an-malics in this arca is somcwhat diff-

erent tn theat postulated for the Norseman minéralization.

The wall-rock annmelics at “algonrlie arc more var-
iable in width than at Norsemsn, where the widths »f anom-
alics were secen t» be renerally related tn macro-shearing,
Shearing is »nly of local gignificance at Kalgonrlie, being
restricted esscntially to thc actual lodes and faults.
However, the rocizg throughout the arca are clogely frac-
tured and this could account £~r the zppreciable penctra-~
tion of hydrothermal fluids into the wall-rocks, The limited
work d-ne suggeste that the variation in the widths of
the wall-rock annmalies at Xalgoorlie were related t» local
differences in the intensity »f mineralization, The broad-
est anomalies in the EBastcrn Lode System were generally
found tn be assnciated with 1ndes in the vieinity »~f the
Perseverance Lease, where the concentration »f londe-shears,
and hecnce, intensity »f mineralizstion, was at a maximum.
The narrowest an-malies (XKeclly and iain Inde traverscs)

were encountercd nn the margins »f the mineralizcd area.

The mechanism by whieh the Xaelgnorlie wall-rack
ennmalies were CGevcloped cammnt be ascertained »n the
basis of the present results. The oradual increase 1in
ecrncentreation of arsenic apprrachim® mineralization in some

traverses is consistcnt with outward laterel dispersion



169.

from the lode shears,., This is supported by the greater
lateral extent of arsenic wall-rock anomalies compared
with those shown by gold. This is believed to reflect

the different mobilities >f gold and arsenic during primary
digpereio-n, On thec other hand, the broad, weskly an-malous
z~rnes, in which arcenic crncentration vary consistently
between 30 =2and 100 prm, are more sugfestive of & pervasive
saturati-n ~»f the rocks abnut lodes with arscnic-rich
fluids, prcsumably ascending from a2 deep-seated source
(e.g. Leke View and No.3 Lodec traverses), It is probable
th=at both mechanisms were involved to a greater or lesser

extent in pr-ducing the obsgcrved annmalics.
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CHAPTER 5. SECOEDARY DISPERSION STUDIES.

I, INTRODUCTION.

Secondary dispersion studies have been concentrated
in the Norsemen area, in order to complement the detailed
investigation of primary dispersion carried out in this
area. Additional brief studies were also mzde in a number
of other areas for comparison with the Forseman results
and in order to extend the applicability of the conclusions
reached over as wide an area as possible, Emphasis has
been placed on the dispersion of arsenic, which was found
t0 be a pathfinder element for gold in all the areas
gtudied.

Contamination due to past or present mining
activity constituted a serious problem in orientation
studies in most areas. In order to avoid the effects of
contamination, it was often necessary to conduct soil-
gsampling traverses over the sub-economic extensions_of
orebodies rather than over the orebodies themselves. It
wag reasoned that if an anomaly could be proved to occur
over the strike extension of an orebody, an anomaly of
comparable or greater magnitude could be expected to occur
over an economic orebody. Where sampling was carried out
close to dumps of mine waste, special samples were
collected in order to assess the extent of contamination.

for conveﬁience, the secondary dispersion studies
are considered in three sections, corresponding to the
dominant soil-types occurring in the areas examined.,

These categories reflect the glightly differing
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rhysiographic, climatic and pedological environments and
hence, indirectly, the factors .controlling secondary

dispersion in the different study areas.

IT., _AREAS OF SOLONIZED BROWI SOILS.

A. NORSEMAN,

1. Degeription of the Area,

he geology and mineralization of the Norsecman
area have been described in detail in the previous chapter.

The topogrephy of the area is much more varied
than in the more northerly study arcas. The productive
section occupies a north-south trending belt of hilly
country between two large salt-lakes, Lake Cowan on the
west and Lake Dundas on the east. The maximum elevation
of the hills above the gilt floors of the salt-lakes is
of the order of 400 to 500 feet. On the higher ground,
the soil cover ig very thin (generally less than 1 foot)
with frequent rock exposures. Considerable thicknesses '
of soil (up to 50 feet or more) occur on the more gentle,
lower slopes of the hiils. The soils are egsentially
residual solonized brown soils;as described in Chapter 2.

The typical vegetation of the area is of the
Eucalyptus woodland type,with saltbush scrub forming a
gperse covering at ground level, Samphire vegetation is
comnon on the drier portions of the salt-lakes and dune
formations on the eastern lake shores.

2. Trace clement Dispersion in Resgidual Soils, Norsemnan.

a) Background Data.

To obtain an indication of the range of
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concentration of arsenic in background soilz, =a
gsanpling traverse was carried out over the Crown-Bluebird
stratigraphy in an unmineralized arca some 5 miles
gouth of Norseman. Most samples were collected at a
depth of 6-12 inches, but several full soil profiles
were sampled to determine if significant concentration
variationg occurred in depth.

The argenic concentration in the =82 mesh
fraction of 18 samples from depths of 6-12 inches range
from <1 to 8 ppm with an arithmetic mean of 2 ppm.
Since more than 70% of the samples analysed had arsenic
contents <1 ppm, the frequency distribution of the
results is non-mathematical in form and no attenpt
has been made to calculate standard deviation. The
value of 5 ppm has been sclected as a safe approximation
of local threshold, although regional background is
probably of the order of 2 ppm.

The variation in arsenic content for two
s0il profiles is given in Table 25. There is no
apparent fluctuation in the values over greenstone
bedrock and even the value of 5 pp:m in the topsoil of
the profile over porphyry is probably not significant

when the overall levels of concentration are so low.
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TABLE 25, Variation in Argenic Content with Depth

in Background Soil Profiles, Norseman

Depth ! Description %s f Depth Description As

Ins. @pm Ins. DD
O - 3 {Light to medium 0 - 3 {Medium-red brown
5
brown loam + <1 organic~rich top-
lime-coated rock soil,

fragments.
3 - 6 |Light grey brown 3 - 6 |Hedium to red-
Jloam + lime brown loan 1
<1
coated rock

fragments.

6 ~12 Ditto <] " Ditto <1
12-18 jPowdery buff loam o+ Kaolinized
+ lime coated porphyry 1
<1

rock fragments
18-25 Ditto <1
25+ Weathered F-~lig

actinolitic

"lzreenstone 1

Antimony contents of background solls at
6~12 inches show an approximately normal distribution.
Values range between <«0.2 and 4.5 ppm, and threshold has

been calculeted at 4 ppm.,
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b) Trace Blement Anomalics in Soilg in the Vicinity

of Sub-Qutcropping Gold-Quartz Mineralization

at Norscnman.

(i) Particle mife distribution of arsenis
in prcfile samples.

A brief study of the digtribution of arsenic in
Norseman soils was made in order to determine the optimum
sampling depths and size fractions for routine analysis.
Samples taken at various depths in an anomalous profile,
near the outcrop of Crown Reef;and & background profile
were separated, by dry sicving, into six size fractions.
The results of arsenic determinations on these samples
are given in Table 26. Although a thorough separation
of the silt and clay particles from the coarser fragments
of the soilw s not achieved, as shown by more detailed
gtudies (p 1939, dry sieving is an adequate means of size
gseparation for routine prospecting purposes.

It can be seen from Table 26, that there is a
marked tendency for the maximum arsenic concentrations
to be associated with the coarser fractions in both
anomalous and background samples. A secondary concentra=-
tion of arsenic is often prescent in the -197 mesh fraction.

The concentration of arsenic in all fractions
of the two decper sanples of the anomalous profile is
appreciably greater than that in the surface soils, Ko

gignificant variation in arsenic content with depth is
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TABLE 26, Comparigon of Arsenic Distribution in
Size fractions of Anomalouz and Back-
ground Profile Samples, Crown Reef
Traverse, horsenan,
Sampleésize Anomaloug SoilsBackground Soil {Contrast
Depth.| Fraction
Ins. Wt.% As ppnl Wt.% As ppm
+20 19 10 25 5 2.0
~20 +38 13 20 14 3 6.7
O0~3 -38 +R2 29 13 21 2 6,5
-82 +125 {23 15 22 1 15.0
=125 +1¢7 {11 15 15 1 15.0
L -197 5 25 3 1 25.0
=82 39 16 40 1 16.0
+20 35 53 44 5 10.6
20  +38 27 33 19 8 4.1
6=12 -38 +82 21 30 18 5 6.0
=32 +125 9 33 9 <2 16.5
=125 +197 6 33 7 2 15.5
-197 2 35 3 2 17.5
-82 17 33 19 1.5] 22,0
+20 T2 30 40 10 3.0
Qver -20 +38 13 55 14 3 18.3
bede~ -38 +82 7 30 19 1 30.0
rock -32  +125 3 30 12 =<1 30.0
@epth (=125 +197 3 28 11 1 28,0
36-60 =197 2 33 4 3 11.0
inches
-82 8 31 27 1 31.0
Bed~ (Pulverized) - 20 - 2 10
rock }
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evident in the background profile,

Contrast is scen to be at a maximum in the
Tiner size fractions of the soil at all three depths.
The calculated values for the -82 mesh fraction indicate
that this is the most suitable size range, giving con-
sistently good contrast, combined with adequate sample
material and good representativity. ,

On the basis of contrast alone, the best
sampling depth would appcar to be immediately over the
weathered bedrock. However, the requirements of econony
and speed make sampling at this depth (which nmay be up
to 50 feet at Norseman) impracticable except in very
detailed surveys. There would appear to be little to
choose between the samples at 0-3 inches and 6-12 inches,
both showing adequate contrest in this traverse. The
depth of 6~12 inches is usually preferable to surface
samples, since the latter may be affected by locally
transported overburden and/or contamination.

Az a result of these studies, samples were
provisionally collected at a depth of 6-12 inches and
nieved to =82 mesh in all soil gampling at Norseman.

In come traverscs, the initial results indicated the
need for more detailed sampling of the soil profile, as

will be secn in subsequent gsections.

(ii) Lateral digpersion in soils in the vicinity
of the Crown Reef outcrop.
The lateral dispercion of arsenic and other

elemente in soils in the vicinity of outcropping
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gold~quartz minerglization is illustrated by a traverse
in the vicinity of Crown Reef. The datum of this traverse
ic situated over a stope on the small om-shoot outcropping
at coordinates 8250N, 1660W  (Fig.l5), The terrain over
which the traoverse was collected is relatively flat, as
indicated in the sketch section in Fig.49. The thickness
of =moil averages 1 to 2 feet but thicknesses up to 7 feet
were encountered in the immediate vicinity of the reef,
where the ultrsbasic compogition of the altered rocks and
presence of oxidiwing sulphides have presunably promoted
nore intense weathering.

A very strong arsenic anomaly, approximately
200 feet in width and with e peak value of 210 ppm As.
occurs in soils over and adjacent to the Crown Reef. A
second moderately strong anomaly occurs at the eastern
end of the traverse. THo anomaly coincides in position
with the projected sub-outcrop of the lMararoa Reef-Shear
and is ascociated with outcrops of schiastose rocks.
Apart from these two anomalies, the arsenic content of
the soilg varies from 1 to 5 ppm throughout the traverse.

Strong anomalies are also shown by cold-
extractable arsenic in the vicinity of Crown Reefl and
lMararoa Reef-Shecar. ILocal background for cold-extractable
arsenic, based on the results for several traverses in
the areca, is approximately 0.5 ppm, and 5o the peak
values of 23.0 and 27.0 ppm cxAs indicate slightly better

contrast than for total arsenic. The plateau of weakly
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anonalous cxAs values (0.5 to0 2.0 ppm) between 200W and
900W, asgociated with background total arsenic contents,
indicates a marked departure from the normal cxha/total
As ratio of approximately 10-20%. This may be related to
higher than normel organic contents in the soils, the
gignificance of which is discucced in a later scction.

Nickel exhibits a distinct but weak anomaly,
of similar width to that of the arsenic anomaly, in the
vicinity of the Crown Reef outcrop. Bacliground for
nickel in Norseman soils 1s not accurately known but it
would appear from Fig. 49, that the anomaly contrast is
somewhat less than 2. Chromium contents vary randomly
between 250 and 750 ppm throughout the traverse and no
significant anomaly is apparent in the vicinity of Crown
Reef.

Selected size fractions of seven sampleg from
the Crown Reef traverse were analysed for gold to gee if
significant anomalies could be obtained. The results
(Table 27) showed no consistent concentration of gold in
any particular fraction.

Although nieagurable gquantities of gold occur
in the soils over and in the vicinity of_Crown Reef,
relatively hizh values also occur in 211 fractions at
considerable distances from the reef, such that the
anomaly agsociated with the reef is indistinct. The
relatively high gold contents at 700E could hardly be due
to dispersion from Crown Reef, since thic location is

topographically higher than the outcrop of the recf.
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However, it has been noted previously (p.54 that porphyry
dykes frequently contain low grade gold mineralization.
Hence, the gold could have been derived from the underlying

porphyry bedrock,

TABLE 27. Gold Content of Selected Size Fractions

of Soile,Crown Reef Travcrse, Norgeman,

Location Au  ppnm
on +20 mesh -20 +82 -82 mesh

Traversge fraction mesh fraction
(£t) fraction

T25W 0.05 0.20 ' 0.35
T5W 1.20 0.05 0.05
25W 0.05 0.07 0,05
10W 0.05 0.05 0.90
0] 0.80 0.05 0.05
258 0.10 0.30 0.30
75K 0.05 0.50 2,00

700E 0.50 0.45 1.00

P6sgible reagong for the erratic distribution
of the results, both laterally and in the different size
fractions, are :- inadequacy of the analytical method;
fundamental variations in the mode of occurrence of gold
in soilg; non~revresentativity of the samples due to the

small weight (1 gn) taken for analysis.
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The possibility of contamination from a small
nine dump, situated 20 fcet north of the datum of the
Crown Reef traverge, wagc tested by a scries of traverges
radiating from the edges of the dump. Profile samples
were collected at varying distances from the dump and the
~82 mesh fraction was analysed for arsenic. The inter-
pretation of the results (Table 28) is somewhat
complicated by the fact that the soils, on which the
durmp stands, could be expected to be anomalous in any
case, being in close proximity to the Crown Reef outcrop.
However, the results become intelligible if it is
assumed that contamination would be at a meximum in the
surface soils in close proximity to the dump. It can be
seen that, in all four traverses, the highest arsenic
contents in the profile samples within 10 feet of the
dump occur in the uppermost 3 to & inches of the soils.
In the profiles sampled ot distances of 25 feet or
more from the dump, the arsenic content of the topsoil
is generelly ginilar té or less than;the argenic values
obtained at greater depths. It hes been seen (Table 26)
that in uncontaminated profiles, arsenic tends to be
concentrated in the deeper horizons, Hence, the high
arsenic values obtained in the surface soils of profiles
nearest the dump majfbe regarded as being due to

i
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contamination from the dump. It is eoncluded theat
contamination ig restricted to within a radius of less
than 25 feet from the dump and that only the upper
6 inches of the goil profile is affected to any extent.

TABLE 28, Contoemination Study: Arsenic Contents of

Profile Samples Collected in the Vicinity
of a Hine Dump¥*

Locotion(Feet 9] 10 25 50 75 100 -

from nargin

of Dunp)

Bearing Depth

of (Ins) | As As As As As As

Traverse ppm | ppm [ ppm | ppr | ppm | ppm

360° 0-3] 381} 13 3 5 | n.d. 3
3 - 6 5 n-d.' 5 3 3 n'd'
6 =12 5 5 10 3 20 3
12-18 5
18624 3

90° 0 - 31125 10 3 3 |n.d. 8

3 -6 1|125 8 n.dJ 5 20 3
6 =12 45 5 10 3 10 N,Ca
12-18 | 38

163° 0 -3 451 15 8 n.d. 3
3 - 6 8 3 10| 10 3 n.d.
6 12| 201 15 13 3 8 n.d.
12-18 | 18

270° 0 - 31| . 45 8 20| 18 5
3 ~-61 231 15 30| 20 15
6 =12 18| 13 551 20 15
12-16 | 30

* Analytical data from Xalgoorlie Laboratory.
¢) Trace Element Anomalies in the Vicinity of
Sub-Outcropping Reef~Shears at Norseman.
The Crown Reef {traverse demongtrateg that
gub~outcropping gold-quartz reefs can be recdily

located by analysing the near surface soils for traces
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of arsenic., However, the application of this in
prospecting is likely to be limited, since quartz veins
are usually obvious in the field and their potential
readily assessed by conventional methods. Nevertheless,
geochemical testing of soils could help to distinguish
between mineralized quartz and non-auriferous buck quaftz.
A mueh more important prospecting problem at Norseman,
however, is the location of unsilicified reef-shears,
which might possibly contain blind orebodies at depth.

It has alrendy been shown that strong primary arsenic
anomalies are associated with the Crown and Princess Royal
Shears and that the anomalies persist considerable
distences up-dip from orebodies. Hence, sscondary
anonelies ghould occur in residual soils over the sub-
outcrops of sheaxy of thig type, even though these
structures rercly have any vieilble surface expresgions.
The present section deals with an invegstigation of the
soll anomalies associated with known reef-ghears,

(i) Crown Shear.

A soil-sampling traverse was carried out over
the presumed sub-outcrop of the Crown Shear at 4550N,
approxinately 150 feet to the north of the 4400N
drilling traverse, which was sanpled in detail in the
studies of primary dispersion. The terrain slopes gently
to the west over most of this traverse, which is
characterized by marked variation in the thickness of the

801l profile. At the eastern end of the traversc, the
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aoil cover is generally 1 to 2 fect in thickness but

drilling in the central and western parts of the traverse
hags chown thicknesses up to 60 fecet of unconsolidated
overburden to be present.

The results for the =82 mesh froction of
goils teken at = depth of 6 - 12 inches depth are shown
in Fig.50. The location of the sub-outcrops of the (?)
two branches of Crown Shear (sce Fig.28) can only be
inferred approximately by projecting the structure up-dip
from the shallowest drill-hole intersection. The soil
traverse was set out in such a way that anomalies could
be expected to occur in the vieinity of the datum and
200 to 400 feet west of the datum. In fect, only high
background values occur at these points with a maxinum
of 7 ppm at the dotum. Somewhat greater contrast was
obtained in these positions by analysing for cxAs.
Considerably stronger As and cxAs anomzlies {(up to
34 ppm As) were found to occur in the eacstern part of
the traverse, associated with ocutcrops of porphyry and
with a silicified glate horizon, which itself is
closely associated with porphyry. It was sugrested in an
earlier section (p115) that the anomalies associated
with this porphyry ney have been formed as a result of
the diversion of gome of ths hydrothermalleﬁanations
by the porphyry dykes, which interscct the Crown
Reef-Shear at shallow depth.

The lack of any appreciable anomaly in the :

vicinity of, and to the west of, the traverse datum could
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be due to the pogsibility that Crown Shecar dies out
completely to the west of C53 and does not sub-outcrop.
Alternatively, if the shear does sub-outcrop it is
pogsoible thot the expected anomaly is suppressced by some
factor related to the abnormal thickness of soil which
occurs in the area of interest. In order to test these
hypotheses, profile samples were obtained by means of
a motor-driven auger drill over the central 800 feet
of the traverse, The sampling intervals were varied with

depth as follows:

Depth Sample Interval.
0 = 4f% 1 ft.
4 =10ft 2 ft.
10 ~30f% 5 ft.
30ft+ 10 ft.

The distribution of arscnic in the -82 mesh fraction of
the resulting samples is shown in Fig.51.

It can be seen from Fig.51 that although the
upperogt ° foot of the profile almost invariably contains
only background arsenic values, there ig an increase in
arsenic content with depth in the majority of holes.
Anomalous subsgoils occur more or less over the whole
width of the drilling traoverse, although several
background profiles occur within this broad anomalous
zone. A striking concentration of arsenic occurs at a
depth of 1 to 2 £t. in profiles between 2600W and 2700W.

Examination of rock fragments obtained in
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drilling indicates that porphyry dykes occur at intervals
in the greenstone between 2200W and 3000W,although the
only outcrops of porphyry were geen to occur to the cast
of 2500W, It is also apparent that anomalous arsenic
values are not exclusively restricted to those profiles
in which porphyry fragments occur. Hence, the anomalous
subgsoils are probably not entirely due to the prescnce
of arsenical porphyry dykes.

Quartz fragments were recovered from many of the
holes., In a number of these, (e.g. ¥, Q, L, I, G, F, B, A)
the quartz is ascocinted with high arsenic contents,
possibly indicating the presence of reef-shears.

Four main soil horizons were recognised on the
bagis of the colour and texture of the samples recovered,
Thege are listed below in order of increasing depth of
occurrence,

(i) Buff to light grey-coloured loam with calcrete

Tragments (A & B)

(ii) Brown friablec loanm (32).

(iii) Puggy red clay (BB)

(iv) ©Powdery clay - colour variable: white, yellow—

brown or pinkish (?C).

All four horizons are not necessarily represented in any
one profile. It wag intended to drill through to
weathered bedrock in all cases. However, in some profiles,
the drill was unable to penetrate the puggy red clay.
Horizon (iv) probably represents, at least in part, the

highly weathered, crumbly bedrock., The soils are
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apparently residual although the thickening of the solum
at the western end of the traverse suggests that some
downslope colluvial movenent has taken place.

In an attempt to obtain & clearer interpretetion
of th¢ results, the arsenic results for each soil horizon
were averaged and replotted in Fig,52. The maxinum velues
obtained in cach horizon are also plottcd., Thc results
indicate threc more or less distinct snomalies occurring
between 400W and 100W, 50W and EOOE;and 350E and 500+E.
The ecasternmost anomaly corresponds to the anomaly
egtablished in surface soilg (Fig.50) which was seen to
be asgociated with porphyry outcrops. The other two
anoralies coincide approximately with the inferred position
of the sub=~-outcrops of Crown Shear. However, the anomalous
subsoils at the western end of the drilling traversec
could also be explained as the result of secpage of
arsenic-rich material from the topogrophically higher
anomaly near the datum (sce p.261). It is therefore
concluded that Crown Shear does ecxtend to the surface
of the weathered bedrocl and gives rige to arsenic
anomzalies in the overlying soils.

An interecting feature of the drilling rcsults
ig that although all three anomalies persist in depth,
the westernmost anomaly is not evident in the upper
calcarcoug goil horizon whilst the central anomaly has
its strongest develoﬁmént in the base of this horizon.
These variations in thevdistribution of argenic in the

soil profile are of considerable importance since it is
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clear that the anomaly asgociated with Crown Shear
gub-outcrop night have been nissed in prospecting if the
poor results obtained for near-surface soils had not
been followed up by deeper sampling. A more detailed
discussion of the distribution of arsenic in the soil

profile is given in a later section.

(i1) Princess Royal Shear,

A relatively weck arsenic enonely, approximately
125 feet in width occurs in goilg in the vicinity of the
Princess Royal Reef-Shear (Fig.53). The datum of this
traverse is situated over a number of thin quartz
stringers in shearcd metagabbro, exposed by trenching,
approximately 50 feet south of the southernmost knowm
orebody. Although the peek value of 30 ppn Ac is
considercbly lower than the values encountered in the
Crown Reef traverse, the anomaly is still distinct when
comparcd with the threshold value of 5 ppm.

Cold-extractable arsenic shows an anomaly of
greater width and contrast than total arsenic. Since
local background for cold-extractible arsenic is 0.5 ppm,
the pecak value of 4 ppm reprosents a contrast of at least
8. The cxAs anomaly is asgymetrical, with a sccondary
peak occurring some 200 feet to the west, and downslope,
from the traverse datum.

This asgsymetry is confirmed by total arscaic

analyses on profile sanples collected in the central
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portion of the traverse (Fig.54). As in Table 26, it

can be seeh from Pig.54, that the arsenic content of the
topsoils is appreciably lower than in the decper soil
horizons. liaximun contrast was obtained ~t 6 - 12 inches
althouzh the gensral level of values is sinilar at both

6 - 12 inches and immedictely over bedrock. The anomaly
width 1s slightly grecter at the latter depth. The highest
arsenic contents occur in the weathered bedrocl.

The low arsenic contents obtained in the solum
in this traverse, which are very much below the
concentration levels found in primary dispersion patterns
about Princess Royal Reef-Shear, may be partly due to the
blaonket of Tertiary and Recent sediments which at one
time unconfornably overlaid the Precambrian orchbody. It
can be scen from Fig.53 that the prescnt crosion surface
liecs only 2 short vertical distance below the inferred
former pogition of the unconformity. Hence, only limitcd ;.
erosion of the arsenic-rich Precambrian rocks about the
recf-ghear has taken place in the development of the
present soil profile -~ probably insufficient Hr the
accunulation of appreciable concentrations of arsenic in
the solumn,

The assymetry of the erscnic and cold-extractable
arscnic cnomalies could be due to recent sheetwasgh erosion.
There is very little vegetation present in the area and
considereble evidence to suggest that recent downslope

novement of the topsoils has taken place. It is also
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poseible, however, that the displacement could be of
more ancient origin since deep lead (buried placer)
depogits of gold, presumably derived from the We&%hering
of the Princess Royal outcrop, have been worked in an
areo opproxinately 500 feet west of the detum. The deep
leads were overlain by gome teng of feet of transgported
overburden, indicating o considerablc period of erosion
and deposition in the topographic lows to the west of
the reef--shear.

Chromium and nickel both show relatively weak
anomalics with contrast «2 (Fig.53). The chromium anomaly
hag a fairly sharply defined peak, coinciding approximatcly
in position with the arsenic anomaly. It is of interest
to note that the distribution of chromium in the soil
profile ig similar to that shown by arsenic, the naximum
concentratinns occurring in the weathered bedrock (Table 29).
The anomaly in the cazc of nickel is more vaguc and
further analysis would be required to delincate the
anomaly more accurately. The presence of a nickel

anonaly in ils is somewhat surprising in view of

[0}

o
the fact thot no nickel anomclies were encountered in
the brief sgtudy of primary dispersion about Princess
Royal Recf-Shear.

A sharply defined antimony anomaly of twofold
contrast occurg in soilg immediately to the west of the
reef~shedr gub-outcrop. Mercury determinations on soils

from the Princess Royal traversc ranged from 100 to
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300 ppb, with no significant verietion in the vicinity

of thc shear.

TABLE 29. Digtribution of Chromium with Depth in

Soilsg (-82 megh Traction) in the vicinity

0T the Princess Royal Reci-Shenr, Norgeman*

Pogition on | 500L 100k 60k 10E 0] 510W
Traverse (£t) j

Depth (ing) | Cr ppm | Or ppm | Cr ppm |Cr ppm Cr ppni{Cr pni
0 -3 350 850 600 700 850 650

3 -6 300 600 600 500 600 650

6 =12 280 600 660 4°70 720 600
12-18 350

18-24 300

Weathered

Bedrock 350 4200 2100 3000 2200 2400
gzgg&cﬁf 24ins. 121ns.4 12ins. 121ng.‘12in5o 10ins.

¥ Colorimetric cdeterminations.

(iii) Norsewman Sheat

.

The digstribution of arsenic and antimony in
soilg in the vicinity of the Norsemon Recf-Shear is
shown in Fig.55. The detum of this traversc is over a
short unsilicified séofion of the shear between old
workings on gold~quartz ore-shoota. The terraln over
which the troverse phsses ig hilly with relatively
shallow soils of the type shown in Fig. 3b.

Background arsenic values predominate in the

central and western parts of the ftraverse with a maxinmun

velue of 8 ppnm at the datum point. Somewhat higher
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values (up to 30 ppn As) were obtained towards the
castern ehd of the traverse, where they are associa{ed
with outcrops of silicified, mineralized porphyry dykes.
There is no known reer-~-shear at the eastern end of the
traverse ond it is considered that the anomaly is due

to an accumulation of arsenic within the porphyry. A
value of 280 ppm Ags wos obtained for a "background”
porphyry sample from this same porphyry swarn in a
drill-hole intergeccting the Norscmen Reef gsome 2,300 fect
to the south of the present traverse. In view of the
westerly dip of the porphyrieg, it is almost ccrtain
that the porphyry intersccts the Norsemeon Reef at depth.
The anonaly may therciore bs indircetly related to the
reef-shcar structure in the manncr suggested in the
discussion of the leakage enomaly associated with the
Crown Reef-Shear on pagellh .

Cold-extractable arsenic shows greater
contrast in the immediate vicinity of the reef-shear
sub-outcrop than total arsenic and is also high at the
castern end of the traverse.

The weak arscnic anomaly in soils in the
vicinity of the Norseman Reef~Shear is in cccord with
the rclatively weak primary anomelies found to be
"associnted with this ore structure. It night be con-
cluded that the Norseman Reef is of a different
geochemical type to the other reefg in the arca,

However, the insignificant nature of the arscnic
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dispersion patterns assgociated with this reef-shear may
also be explainable in terns of veritical gcochemical zoning
wentioned on poge 165.

A gtrong antinony anomcly with o width of
200 fect and z pealk value of 31 ppm occurs adjacent to
the sub~outcrop of the recf-shear. In view of the fact
that no primary antinony anomaly wes encounterced in the
two drill-hole intersections on Norgemen Reef gtudied,

antimony caonnot be regarded ag o significent pethfinder
clement. It iz considered likely that a chance locel
accumulation of antimony was agsocicted with the reef
at this point but the associction probebly does not
persist a2long the gtrike.

Sompleg from the Forsenen Reef traversc were
also analysed for Ag, Bi, Co, Cr, Cu, Gea, In, Mo, Ki, Pb,
Sn, Ti, V and Zn. No gignificaont wvorictions in these
clenents were found to ccecur in the vicinity of the
rccf-ghear,

d) Mode of occurrcncc of argenic in Torgenian Soils.

A conplete size geparation of the three

d

(.)

anomaloug pamples referred to on pazelTd waos carri

C)

out uging the wet dispecrsion method described in detail
in the Appendix, The tenor of crsenic in the vorious
gizc fractions is shown in relation to the mechanical
composition in Fig. 56. While high arsenic contents

occur in the cosrse froctions, particularly those of the
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topsoils, it can be seen that the bulk of the argenic
occurs in the -197 mesh, 5ilt and clay fractioms, The
5ilt fraction shows the highest arsenic tenor of these
thrce size ranges.

An interesting feature of Fig.56 is that
more than 60% by woight of all threc samples consists
of particles in the =197 nesh size. Thus, wet dispersion
denongstrates that the coils are considerably finer in
texture than was indiceted by the resulte of dry~-gsieving
(Table 26), thig being due to the difficulty in
geparating the clay and silt from the coarser particles
prior to dry-sieving. From Fig. 56 it can be seen that
the cley content varies from 27% to 70%;showing o marked
increage with depth. The amount of matericl in the
~10 nesh to 482 nesh size range shows a corresponding
decrease with depth, from 8.7% ot the surface to 2.7%
in the deepest sanple.

Analyses of ninerals separated from the
coarse mnd fractions of the 6 -~ 12 inches sanple
clearly show that arsenic is concentrated with the iron
oxide graing, rather than the carbonates or quartz which
together make up the bulk'of the coarge froctions

Table 30).

In order to test the'extent of this association

between arsenic and iron oxides, all size fractions

were onolysed for total iron (Fig 57). It can be seen
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that there is a close sinilarity in the distributions
of thesc two elements, suggestingnthat arscnic is closely
asgocinted with iron in 211 sizc fractions., This is
nost marked in the silt fractions of the two decper soil

sanples where both arsenic and iron show naxina.

TABLE 30 Arsenic Content of linersl Fractiong

Seperated from an Anomaloug Soil Sanmple,

Horseman.
Size Fraction Iron oxides | Carbonates Quartz
As ppm Az ppm As ppn.
-~10 +20 393 : 10 1
-20 +38 270 ‘ 26 0.5
-38 +82 165 24 5

v

The cxAs/total As ratioy in general, incrcases
with diminishing particle size, reaching a maximum of

one

0]

20% to 35% in the clay frection. This givces
indication of the proportion of the arsenic that is
weakly ottached to soil particies in exchange positions,
The main hogts of sxchangeable arsenic in the Norseman
soils are presumpbly colloidal iron oxides and clay
ninerals in the silt and clay froactions. The high
cxAs/total As ratios in certain of the coarsc sand
fractiong ig explained by the fact that the cxAs attock
ig virtually complete for the rclatively minor amounts

of arsenic associoted with carbonate minerals. Some
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workers believe that the arsenic fixed by carbonates
is in adsorbed form (see in discussion). Horeover, the
carbonatc gronules scparated from the Horgeman soils
were found to consist of looge, cellular aggregates and the
vigorous effervescence shown when the highly acid stannous
chloride solution was added to samples suggests that o
complete break-down of the carbonates occurs.

It was concluded from this work thet the bulk
of the arsenic in the soils is associated with the
secondary iron minerals, pertly by chemical combination
and partly by weaker adsorption bands. A lesser
proportion occurs as exchangeable arscnic asgociated with
clay ninerals and possibly with carbonates. Thesc results
are largely consistent with the known geochemicel
characteristics of arscnic, which will be discussed in a
later section.

e.) Relationship Betwecn Arscnic, Iron and Other
Fectors in the Soil Profile.

The cloge association of arsenic with secondory
iron oxides in the soils suggests that the observed
variability of argenic concentration in the soil profile
might be related to the vertical distribution of iron.
Thig is cvident to sone degree in four anonalous profiles
studied in some detail (Fig 58). In 2ll cases, there is
a concentration of arsenic in the deeper ferruginous-
clay horizons of the profile. The distributions of

arscnic and iron arc broadly similar in thesc horigzons
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in threc of the profiles studied, the maximum arscnic
concentration coinciding with that of iron. In the
profile shown in Fig. 58d, however, the highest arsenic
content occurs somewhaot deeper than the naxinun
concentration of iron.

In three of thce profiles studied, there is
alséaéoncentration of arsenic in the relatively
iron-poor soils between the depths of 3 inches and
2 Tect. This generally coincides approximately with
the zone of naximum lime accumulation which is
reflected in the high pH values near the top of the
profile., It ig significant to note that the only profile
not showing such a concentration of arsenic in the
calcareous topsoils is thet in which there is a poor
correlation between arsenic and iron at depth (Pig.584d).
These results suggest that some additional factors are
involved in the control of arsenic dispersion.

The roles of the various factors influencing
the distribution of arsenic in the goil profiles are
discuased in some detzil in o later section of the
thesia,.

3. Arsenic Dispersion in Dralnage Sedinments,Norgenan.

a) Introduction,

A bricf gtudy was carried out to determine
if the presence of arscnical gold mincralization could
be detected by analysing sanples of the active streanm

sediments and the salt-lalke muds in the vicinity of the
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stream delta, All of the drainage chonnels in the
vicinity of known minerulization are prone to
contamination so that some difficulty was expcrienced
in finding a suitable study crea. Although anomalous
strecam sediment samples werc found to occur in a
drainage channel in the vicinity of the Crown Reef
outcrop, there would have been some doubt as to whether
or not the anomnly was enhanced by material shed from
the - wbiguitous nine dunps.

The onomelous arce studied in detnil was

J

sclectcd on the results of a drasinage recconnaissance

survey carried out some 7 miles south of Norseman, whcre

very little mining had been carried out. The anomaly

is associated with a complex of arsenicol quartz veins

which, at the surface, carry only traces of gold.

However, it is quite possible, in view of the results of

primary dispersion studies, that ore night be present

at depth. The soils in the area are not typical of

Norseman in that remnants of lateritic soils are

prescnt in the vicinity of the quortz veins. Background

stream ond sclt-lake sedliment samples were collected

from an unminerslized area ninc niles north of Norsenan.

)

Active strenm sediments were collected at

100 foot intervels along drainage channels, Salt-lake

sediments were sompled at a depth of 6-12 inches at

100 foot intervals on a square grid pattern centred

ebout the debouchement of the streanms.
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b) Background Data.

The range of concentration, arithmetic mean
and threshold for arsenic in the -82 mesh fraction of
stream and galt-loke sedinments from the background area
are given in Taﬁle 31, The frequency digtribution of
arsenic values is approximately normal for both types
of sample and threshold has been calculeted as the ncan

plus twice the standard deviation.

TABLE 31. Background Argenic Data for -82 mesh

Froction of StMam and Salt-Loke Sediments,Norscman

Semple type No.of As ppm i
Samples| iiin, | Arith.Mean.{Max.| Three-
hold.
Stream sedinments 13 1 4 8 8
Salt-lake sediments| 21 1 4 8 7

¢) Particle Size Digtribution of Arsenic in

Drainage Secdiments.

Four representative sauples were dry-sicved to
ceternine the particle size distribution of arscenic in
anomalous and backzground stresm and selt-lake sediments
(T2ble 32).

In the anomelous strcam scdiment samplc, there

is a morked concentration of arscnic in the abundant

coarge fractions, the arsenic tenor decrcasing with
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diminishing grain size. No gignificant variation in
argenic concentration occurs in the background stream
gcdinent sample so that contrast appears to be at a
maxinmum in the coarse fractions. The difference in the
naturec of the partition of arscnic in thess two gamples
is undoubtedly related to the diffcrent Soil-types
occurring in the anomalous and background areas. The
anomalous sample was collected in an arca of truncated
lateritic soils and coorse ferryinous - laterite
fragnents constitute the greater part of the stream
sediments., It will be scen in o later scection that, in
weathered lateritic soils, arsenic tends to concentrate
in the coarse scsquioxide fragments rathcr than the
fine earth fraction. The backzground sanple was
collccted from an arce of typical solonized brown soils
and ferryginous ~ materisl is present only in small
smounts in the coarse fractions. The two samples
arc tlorcfore not strictly comparable and the contrast
values given in Table 32 may, in the light of further
work, prove to be mislcading. Unfortunately, no
background streom scdinment garples were collccted from
arens of loteritic soils for comparison with the
anonalous sample. For convenience, the -82 mesh fraction
was used in the present investigation, clearly giving
adequate contrast for purposcs of prospecting.

There is no apparcant varietion in the
digtribution of arsenic according to particle size in

the salt~lake sediments. Any gignific-nt variations
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TABLE 32. Particle Sizc Distribution of Argenic

in Drainage Sediments, MNorsgeman,

Sample Size Anomalous Sample| Background
Type Frection Sample Contrast
Wt% As- Wt% As '
ppm PR
+20 42.4 65 25.0 <1 >65
-20 +38 26,7 68 17.0 1 68
Stream ~-38 +82 20.4 28 28.0 1 28
Sediments | -82 +125 5.8 28 16.0 <1 >28
-125 +197 2.8 8 9.0 1 8
~197 2.0 5 6.0 1 5
_ao 10.6 18 [30.0 | 1 18
- {
+20 14.8 45 4.2 3 15
-20 +38 15.4 38 16.8 1 38
Salt-lake | -38 +82 21.0 33 11.6 <1 >33
Sediments | -82 +125 35.8 30 26.3 <1 =30
-125 +197 10.8 35 33.7 1 35
-197 2.3 50 7.4 1 30
-82 48.9 31 657.4 1 31
i

present would, however, probably bc masked by the very
poor gseparation of silt and clay particles achieved by
dry sieving. The results are neverthcless adequate for
prospecting purposes. Good contrast is evident in 2ll
fractions., The -82 mesh fraction wag sclected for use in
the present study.

d) Dispersion of Argenic in Drainage Near

Mineralization,
The distribution of ersenic in stream znd

salt-lake scdiments and bank soils in the vicinity of the
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quartz reef complex is shown in Fig.59.

A stream sediment anomaly of better than
twofold contrast occurs in the short northern tributary
of the main cast-flowing drainogce system. Banl: goils
collected on the eastern gide of this tributary are
generelly higher in arsenic than on the western side,
indicating that the anomalous material was derived
from the quartz reef arce. The arsenic content of the
gtrcam sediments decrenses slightly on mersing with
the main droinege channel, which is charactcrized by

background arsenic contents throughout. The anomaly

©

gain increases in contrast for a very short distance
immediately before the drainage channel reaches the
galt-lake,
Contouring of the arsenic values obtained
in the salt-lcke sampiing indicated a very broad area of
weekly anomalous sediments (up to 20 ppm) off~ghorec lic.u
tre quartz rcef area., Arsenic contents greater than
21 ppm (eontrastznj) occur in comparatively,gmall arcas
in the immediate vicinity of stream 'deltas"and
following the shorc of the lake adjacent to the quartz.
The anomalous argenic in the lake sediments is
no doubt partly due to regidual arscnic-rich soil left
behind during the westwerd migration of the lake shore
(p.18 ) and partly due to the discharge of argsenical

sediments by the streams durine periods of heavy rainfall.
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The limited effect of lake migration is probably seen

in the high arsenic values occurring along the shore-line
near the quartz outcrop. Stream discharge would appear
to be the more cffective dispersion process of the two.
The scattered occurrences of wceakly anomaloué gediments
ag much as 900 fect south-east of the stream mouth must
be almost entirely due to this source, perhapg aided 1o
gsome cxtent by the sluggish southerly flowing intm -lcoke

drainage.

B, KALGOORLIE

1. Description of Area

The high density of old mine shafts and
surface workings at Kealgoorlie makes it virtually
impogsible to corry out critical geochemical studies to
agsess the nature of secondary dispersion in soils near
mineralization. Because of this, only onc sampling
traverse was carried out, in an area where contamination
was thought to be at o minimum. This traversc crosses
the sub-outcrop of the Kelly Lode (see page 134 at
rightongles. |

The geology and mineralizotion at Kalgoorlie
has bceen described in some detail in the previous chapter.
Topography in the area is subdued, the Golden HMile
mineralization occurring on o low ridge with occasional

laterite-capped hillocks. Apart from these smoll areas

<4
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of laterite, the soils of the area arc solonized brown
goils, containing relict latcritic frogments on the
higher ground.

2. Digtribution of Arscnic in Residual Soils 2t Kolgoorlies

The distribution of arsenic in the -82 mesh
fraoction of soils in the vicinity of the Kelly Lode is
ghown in Fig. 60, The soils were sampled at three
depths -~ O to 1 inches, so0il over bedrock (or 9 - 12
inchcs where the soil was occasionally nore than one
foot in thickness) and the weathered bedrock itself.
Digtinect anomelies werc obtained in the vicinity of the
Kelly Lode and othcr known mincralized zones, the
anonalies in the weathered bedrock being reflected in
the overlying solum. The arsenic contents of the soils
immediately over bedrock are lower than those of both the
topsoile and the weathcred bedrock itegelf. Background
samples collected at sgimilar depths over unmincralized
greenstones some miles north of Kolgoorlie were found to
heve arsenic contents of 1 ppm. or less. The Kelly Lode
traverse may therefore be considered anomalous throughout
its length. The form of the geochemical profile for
soils over bedrock suggests o locel threshold of
approximately 20 ppm for the area, the presence of lodes
being indicated by locally highcr values.

The bedrocl valucs are largely consistent with
the results of primary dispersion studies at Kalgoorlie,

although the anomaly is somewhat broader than the primary
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halo on the eastern sidc of the Kelly Lode (Pig.44).

This is probobly due both to gscondary surfoce enrichment
and the development of cnother perallel lode 100 fect
cast of the Kelly Lode betwecn the No.3 Level and the
gurfoce. The apperent enrichment in arsenic shown by the
bedrock with regpect to the goils immediately overlying
bedrock ig similor to the results obtained for the
Princess Royal troverse ot Norseman (Fig.54). Samples

of the lime-rich material accreted onto bedrock frogments
ot Knlgoorlie were found to be low in arsenic, sugygesting
that the orsenic in ﬁhe bedrock is largely concentrated in
the ferruginous weathered rock.

The high crsenic contents of the Kolgoorlie
topsoils arc not in cgreement with the results obtained
for similar soils ot Forseman, where the arsenic contents
of the topsoils arc almost invariably less than or equal
to those of the subsoils. It is considered thot the
highly arsenical topsoils are due to contomination from
one or both of two probable sourcss - crsenicnl smelter
fumes and enomelous moterial derived by erosion from
dunmps of mine gpoil. In view of the fact thot mine
dumps arc concentroted in the immedicte vicinity of
lodes, one would expect conteomination from this source
to be ot 2 meximum ncor the leodes. Thig moy portly
nccount for the very high volues in the vicinity of the

Kelly Lode outcrop. The rcsults, however, also suggest
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that there hos been 2 more or less uniform eddition of
orgenical moterinl over the whole traverse. This
indicates that smelter fumec cre probobly the most
important source of contamination. There aore at present
three ore-rocsting plants in the area immcdiately to

the gouth of the present travers: but in the past, many

more were operating in the srca. No attenpt was nmeode to

(]

ssess the contonination from this source but James
(195i p.72) found that smelter fumes caused gignificant
contamination of topsoils at distances up to one mile
from o plant treating arsenicnl gold ore in Rhodesia.
It is possible that some smelter-derived arsenic has
becen leached down from the topsoils to contribute to
the arsenic content of the sub-soils. However, the
extent to which this has taken place cannot be judged
on the bagis of the present results.

ITT. AREAS OF CALCAREOUS LATERITIC SOILS

A. INTRODUCTION

The exploration geologist has always been
confronted with specizl probleme when prospecting in
areag of latcritic goil~cover. In such arcas, the
bedrock is often completely obscured by a considerable
thickness of material of great hardness. The abscnce
of surface indications of mincralization severely
limits the chances of guccess of conventional

exploration techniques .and the cost of pitting eond

A
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trenching through the indurcted laterite to exposc
bedrock would clearly be prohibitive. A brief
investigotion wog made as part of the present research

to ascertain whether or not arsenical gold mineralization
underlying indurated laterite, could be located |
geochemically by analysing samples of the ncar surface
lateritic soilg for arsenic.

Occurrencesg of laterite in the vicinity of
known Western Australian gold depogits are generally of
limited letercl extent, as o result of which the areas
avalilaoble for orientation studies were not completely
suiteble. However, therec are considerable expanses of
potentially auriferous country in Western Australia
which are covered by laterite, where the resultg of
this rescarch might be usefully applied. During this
investigotion, fiecld studies were underizken at three
localitics in the Westorn Australicrn Goldfields., The
first lies closc to the Surprise Mine, near Coolgardie,
where the inferred extension of o smell gold-bepring
orcbhody passes under o laterite-copped hillocz. A
comparative study was corried out near an ebandoned
prospecf wwhich lies about thrce miles north of Kalgoorliec,
The third study -~rea was at Ora Banda, where solonizcd
brown soils over gold mineralizetion hove developed on

the exposced mottled zone of the truncated leoterite profile.
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B. SURPRTISE AREA, COOLGARDIE

1. Degcription of the Arca.

The Surprise Minc, situated 6 miles cast of
Cooclgaordie occurs in an arec of folded ultrabasic
rocks with associated sill-like lenses of felsite
porphyry (Fig.61l). Two types of orcbodies occur, both
of which are arscnicel (¢re specimens from the
oxidized gzone wcre found to contain 85 to 1500 ppm As).
Most of the gold produced has come from mineralized
actinolitic sheor zones in the ultrabasics, adjocent
to porphyry bodies. Saanll, rich orebodies are also
found in silicified Ffrocture zones within the porphyries.
inerelization is widespread throughout the arca and
apart from two major mines, whose joint production wes
139,000 oz. gold from 271,000 tons of ore, numcrous
small prospects om minor shear zones have been
exploited. In the area of principsl interest, a porphyry
gill, in which sever~l small orebodies are known to
occur, passes under a2 snall laterite-capped hillock,
100 feet south of the Yellow Lode (Pig. 61).

2. Background data for Soilg at Coolgardie

The resultg of orsenic anclyses on lateritic
and non-lateritic soils collected ot 6-12 inches depth
over unininerclized ultrabasics is summarized in
Table 33.

The frequency distribution of arsenic in non-

lateritic soils is approxinmaotely normal and threshold

has been calculated as the mean plus twice the standard
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TAZLE 33 Bocksround Arsenic Date for Lateritic

and Non-Lateritic Soils, Coolgardie.

Sample Type No. of As ppm

Samples Min. [ Arith. Mean.|Max, | Threghold
Solonized
brown soils
- 15 8 11.5 18 18
fraction
Lateritic
soils =82 5 8 10.4 13 ?13
fraction
Lateritic
soils +20 5 35 50.8 ?58
fraction
deviation. Insufficient samples of

background lateritic soils were collectcd to cnable

gimilar calcuations of threshold.

The tentative values

given in Table 33 may be glightly too high in the case

of the +20 mesh fraction and too low for the -82 mesh

fraction in the light of results obtained in traverses

in the Surprisc Area.

3. Arscnic

Digpersion in lion-Lateritic Soils near

Minerel

ization.

of soloniyu

along a sc

Arsenic onalyses on the ~82 mesh frection

ed brown soils

ries of traverscs in the arca between

collected at 50 foot intervals

Yellow Lode and the lateritic area disclosed a broad
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enomaly acssociated with the porphyry body (Fig.61).

3]

wWithin this anomaly, the peak values were found to rise
t0 between 50 and 80 ppm, which correspond closely with
the results for zamples colleccted from open cuts over
the Yellow Lode. This represents a contrast of
cpproximately 4.5 compared with background soils.

A more detailcd investigation wos made in an
cttempt to establish the source of the arsenic anomaly
in solonized brown soils. Seampling of the full soil
profile at 5 foot intervals zlong the anomalous portion
of traverse C indicated on arsenic-rich zone in the
ultraebasic bedrock (Fig.62). A short trench was dug
to obtain chennel somples of the bedrock over this
zoné. Arscnical lode-type moterial was cncountered in
the rock under the peaok of the soil anomaly, although
only traces of gold were found to be present. (0.1
dwt/ton). Despitec the absence of significant gold
values at this point, it is clear that the arsenic
anomaly in the goils is esgociated with mireralized

shearing in the ultrabasics.

4, Arsenic Dispcrsion in Lateritic Soils Near

Minersolization.

a) Poarticle Size Distribution of Arsenic in

€8]

Near-Surfoce Lateritic Gravel Samples.

Preliminary studice of ~argenic distribution

in the various size froctions (obtained by dry~sieving)
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of lateritic gravels indicated a very narked
concentration in the coarscer particles (Table 34).
Comparison with background sanples showed that maximum
contrast occurs in the finer frections, but, in view

of the much higher arscnic contents of the coarser
naterial, both the +20 mesh and ~82 mesh fractions were

enalysed in subsequent work.

TABLE 34 Comparison of Argenic Distribution

in Anomalous and Background Loteritic

Gravel Samples, Coolzardie

( 8ize Fraction Anomalous Sample (Background Sample

Wt% As ppn Wt% As pom Contras

+10 56.5 240 4.0 53 45

-~10 +20 12.8 230 2.1 35 6.6
-38 +82 11.6 115 6.7 23 5.0
~-82 +125 4.4 130 5.7 15 8.6
~125 +197 3.0 160 4.4 28 10.7
-125 - 0.9 160 1.6 28 567
+20 69.3 238 76.1 52 4.6

b) Leteral Dispersion of Arsenic in Lateritic
Soils Near Mineralization,
Initially only the surface lateritic gravel

horizon was sampled to a moximum depth of 12 inches




211

nlong treverse A, Comparison of the anomalies
obtained by n~nolysing the +20 mesh and -82 mesh fractions
(Fig.63) confirms the merked concentrotion of arsenic
in thc coorser particles, which are comprised pre-
dominahtly of lime-coated sesquioxide fragrionts. The
ferruginous sesquioxides and calcareous coating from
the coarsc frection of one anomalous sanplc were
analyscd separately and were found to contain 220 pom
and 40 ppm As respectively, showing that the arsenic is
largcly aossocicted with the former,

It can be seen from the local threshold
volues plotted in Fig.t53 thot, in contrast to the

1

results indicated in Table 34, slightly better anonmaly
controst and definition is obtoined by ecnalysing the
+20 mesh fraction in preference to the -82 nmech materizl.
The anomnly for the +20 mesh fraction would appnear to
be morc than 500 fect in width.

The ersenic anomaly is also clcarly
indicated by cnelysing lateritc fragments collected
on the dayliht surfoce. Arsenic values are found to
be gensrally hizgher in this matcrial than in the +20
mesh froction ot 6 to 12 inches depth, presumably
due to the absence of arsenic-poor coatings on the
surfoce fragments. However, the form of the
#seochemical profile in Fig.63 suzsgests that considerable

mechanical translocation of the surfacc fragments has
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occurred and under thcsc circumstences, the ononaly
peaks may not be specially releted to bedrock sources,
¢) Vertical Dispersion of Arsenic in Loteritic
Frofiles.

The distribution of crscnic in percussion
drilling semples from a typical anomalous lotcrite
profile ig shown in PFig.64. The maxinum concentration
of arsenic occurs in the nassive latcrite horizon,
corrcsponding with the maximum iron concentration. As
mentioned earlier, this horizon is thouzht to represent
a zone of illuviation in the origincl lateritic soil
profile. A4 further high arsenic value occurs at a
cepth of 10 to 12 feet. Thigis probably related to
prinery dispersion cbout the auriferous zone intcr-
sected botween 16 and 20 feet. The actunl gold inter-
gection is ccconpanied by an increasc in iron content,
2lthough the arsenic content docs not incrcase above
100 ppm. pH verics only slightly betwecn 7.3 and 8.0
throuzhout the profile. |

d) lMode of Occurrence of Arscnic in Lateritic

Soils.,

A deteoilecd gize seporantion of an anomalous

i

lateritic gravel sanple was carried out in an attempt

<

to obtain more information on the mode of occurrcence of

crscnic in this materisl. The distribution of crgscnic
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(Flo.éE) showg o merked concentration in the coarse
fractions, which consist predoninantly of sceccondary
iron oxidcs, and o lesser conccentration in the gilt
froction. The distribution of iron varies sympatheti-
cally with that of arsenic. Although this does not

prove o definitc association between 1lron and aprscnic,

token with the rcsults for scparated wmincrals (p 211 )

m

and profile studics, thes ulte strongly supgest

that the arscnic in latcrite ig largely held by the
gecondary iron oxides. As in sgolonized brown soils,
the cxhAs/total As ratio reaches o maximum in the
811t and cley froctions, reflecting the increascd
amounts of arscnic held by weok adsorption bonds to

the finer colloidal particles.

B. Relotionship betwecn Arsenic Anomalies and Gold

Mineralization.

A brief percussgion-~drilling progranme was
carricd out to tcst the arsenic anomaly in laterite
for underlying gold ninerclization. he location of
drill-~holes is shown in Fig.63. Low grade gold
intersections were obtoined in most of the holes,

uggesting the existence of a zone of low grade
minerelization, approximately 100 feect in width, undcr
the anomalous zone dctected at the surface. The

best interscction (0.4 dwt/ton) was obtained in a

hole drilled on the peak of the arsenic anomaly,
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Doapite the low gold values obtained, these results

confirm the closc rclotionghip between thse crsenic

=
o

ancmely in the ncar-surfocc lotcritic grovel horizon
ond undcerlyins gold wmincraolizotion,

C. XALGOORLIE STUDY AxAEA

1. Description of the Arca

Thg reculte obtainced in latesritic soils ot
Coolgordie were corrobornted by studies carricd out
in an arcae 3 miles north of deolzgoorlic. In thig arce
an orgenic anomely weog found to occur in soils in the
vicinity of o scrics of old prosnect workings clong

contoct bLetwcon nete
netadolerte (Fig.66). The contect is accompanied
vy congiderable shearing and o scrics of thin
Jaspilite bands. The rocks in this arce arc
straticrophically contiguous with thome of the Golden
Mile, some & milca to the south, where metabasalts ond

metadolerites are the principel host-rocks for gold-

u

tellurice nincrolization. In the Kaolgoorlic mining

arca, 1t has bcen shown thrt miony so-collod jospilites

latc
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bands, which frequently crarry sulphide mineralization
and occasgionally some gold (Peldtmaan, 1916),
The jespilite-shear zonc passges under o

By

laterite~capped ridge to the enst of the prospocting

>
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shofte, The dispcersion pattern reloted to this
argenical structure hns been studied in saaplesg of
l~teritic gravel colleeted along troeversc A on this

ridse

I

Solonized brown soils of the type shovm in Fig 3b
predominate over the rest of the area.
There is no record of any past gold

production from this arcn and subscquent work has g0

iy

ar foiled to locate any orc. It is congidcred that the

Y

rscnic anomelies to he deseribed arc related to

o]

crsenical sulphide minernlizetion which is non-aurifcrous,

a

ct

cost at the surface. HNeverthelegg, the results of
geochenmical studies in this ercs are of interest for the
useful informeotion they contribute regording the
digpersion of arsenic in laterite over an arscnical

bedrock source.

2. Bockground Data

Bockground samples of golonized brown sgoils
over grecnstones in the Kalgoorlic area wers found to
ontzin 1 ppm As or lcso. The regults of arsenic
analyses on the +20 mesh and -82 nesh froctions of
lateritic zravel sanples collected over the motobogelt-
metadolcerite contoet in sn vamincralized crea 1 mile
cast of the study arce arc given in Teble 35. A

significant fecaturs of the results is the relatively

=
ot
iy
6]

low argenic content of coarsc laterite frogments

over greenstoncs of basic compogition at Ianlgoorlie
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compared with those over ultrobasics at Coolgardie.

TABLE 35 Argenic Dats for Backeround Lateritic

Grovel Sampleg, Kalgoorlie

Size Fraction | No. of As ppm.

Oo
Sampleg | Min.|Arith.Mcen.|lMax {Threshold

+ 20 17 1 3.1 8 7.0
~-82 16 1 2.4 5 5.0

3. Arsenic Disgpersion in Non-Lateritic Soils near (?)
Mineralization

The distribution of arsenic 1n the -82 mesh
froction of solonized brown soils genpled at a depth
of 6 - 12 inches (or over bedrock where the woils
arc legs than one foot thick) is shown in Fig.6T7a. A
broad cnomaly is present, extending assynetrically to
the north in the direction of & minor drainage chonnel.
Profile samples collected at 10 Tfoot intervals up to
50 feet ceach gide of the traverse datum indicated o zone
of highly arsenical.bedrock betwesn 10 feet and 25 fect
north of the datum. Channel samnples of the bedrock over
this section of the travergec showed thet the arsenic
anonlaly was assocliated with oxidized schistose rocks
containing abundent ferruginous and siliceous stringers.,
It is thought thot the ferruginous moterinl probably |

rcpresents the remnants of sulphideg., In support of this,
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anomelous soils were found to contain up to 1600 ppm
SOZ compared with values df 200 ppn obtaincd in
background sections of the traverse. Although arsenic
contents of more than 250 ppm were obtained for =211
thege sampleg, only traces of gold were found to be
present.

4« Arscnic Digpersgsion in Lateritic Soils near

Mineraglization

The results obtained for lateritic gravel
samples collected at depths of 6-~12 inches show a
strong anomaly, at lcast 600 feet in breadth, associated
with the inferred strike projection of the arsenical
jespilite-ghear zone (Pig.76b). A marked concentration
of arsenic 1is azain apparent in the sesguioxide-rich
+20 mesh fraction compared with the -82 mesh fraction,
In this troversc,superior contrast was evident in the
recsults for the coarsc fractions of the lateritic
gravel.

As in the Surprise area, the arscnic content
of surface latcrite fragments, which are frce fron
calcrete, is gomewhat higher than the +20 mesgh froaection
of deeper lateritic gravel samples. The anomaly
obtained in the casc of these surface laterite fragments
ig wider and more erratic than that obtained for samplcs

from greater depth, Secondary peaks occur at the base
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of the laterite-covered slopes, suggesting that some
downslope movement has taken place cduring the breakdown
of the laterite profile. Such movemecnt would obviously
be ot a moximum near to the surface.

The distribution of arsenic and iron according
to particle gize in an aonomelous lateritic gravel
soample was found to be similar to the results obtained
in the Coolgerdic study (Fig.65b). However, the
concentration of arsenic in the coarsc fractions ig
less marked than in the sample from Coolgardie.

This is attributed to the fact that the Kalgoorlie
semple wag teken at the margin of the laterite-covered
~reca and probably includes some material weathered
out of the mottled zone. It will be scen that the
concentration of arsenic in coarse ferruginous
material from the mottled zone is not so marked as
that in material weathered from the laterite horizon.
The highor cxAs/total As ratio obtained for the
Kalgoorlic somple is presumed to be due to the
different exchange capacities of the matcrials making
up the =197 mesh fractiong, there being gimilar
quantities of fine sand, silt and clay (50 to 60%

by weight) in both samples.

Percugsion drilling in the vicinity of the
peak of the anomaly in the lateritic gravel horizon

intcrsected by arsenic-rich gtructure in the C horizon,
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as shown by geochemical contours of the arsenic content
of the drill~hole semples (Fig.68). Samples of
arscnic~-rich material from this structure werc found

to contain only traces of gold. However, it 1s clcar
that prospecting on thc bagig of arsenic dstferminations
on samples of the surfacc lateritic grovel would have
located arscnical gold mineralization if any were

present.
D. ORA BANDA STUDY AREA

1. Description of the Arca

A bricf study of arsenic dispcrsion was
carried out at Orz Banda in order to detcrmine the
nature of orsenic anomalies in soils developed on the
mottled zmone of truncated laterite profiles. The
semples for this study werc collected by the writer
and laboratory work was carried out by Western IMining
Corporation at Kalgoorlie.

The gold mineralization at Orz Banda consists
of an cast-west striking scrics of siceply-dipping

1

¢ replocement lodes in porphyritic metabasalts.

-~

sulphi
Orec semples were found to contain between 100 and
10,000 ppm arsenic, indicating the suitability of
arsenic as o pathfindcr element in the area.

The arca is one of gentle relief and
ingpection of open~cuts shows that soils are largely

developed on the mottled zone of former laterite
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profileg, Thesc zoils are of the type described

on page 33, being eseentielly similar to golonized
brown soils but containing 2 high proportion of
ferruginous pisolites of loteritic origin, Patches
of calcareous loteritic soils, of limited cxtent,

occur on the higher ground throughout the area.

2. Results of Brief Geochemical Studicsg at Ora Banda

The results of arsenic determinations on
samplcs collceted at a depth’of 6 to 12 inches along
a traverse over the Golden Gimlet Lodc are shown in
Pig.69. A gtrong anomaly ncearly 800 fecet in width
ig evident in the -82 mesh frﬁctioa with peak values
of up to 125 ppm As in the immediate vicinity of the
workings on the two parallel Golden Gimlet veins,
The arscnic coantent of background soil samples
collected over sinilar lithology, several milecs from
the Ors Banda mincralization, wasz found to vary
between <1 to 3 ppm. It would thersfore scem, from
the comparatively high arsenic values which appeaxr
to persist as far as 700 feet from the Golden Gimlet
Lode, that there is a loccl threshold of approximetely
20 ppm in the arcao.

The lcvels of concentration of arsenic ncer

re arc similar both in the -82 mesh and +20 mesh

o]

fractions, the latter congisting largely of lime-

coated ferruginous concretions. Only one arsenic

2



200
As
ppmy o
10k = =TT v
N - +2d*Frucr'xon
“’ ~~\~

- . —
- -
- -
- N Y

~82Fraction

GOLDEN GIMLET

Lurerite\ : /LODE
T T Mottled Zone t . L T T T T Ty T T L I e ==
PORPHYRITIC METABASALT : : PORPHYRITIC METABASALT
— T 1 T T t —! T T ) T
N 1000 800 600 400 200 e} 200 ' 400 600 800 100§

DISTANCE (FT)

Fig. 69. Lateral dispersion of arsenic in soils (782#; 6-12" depth) in the vicinity of the Golden Gimlet
‘Loc‘le, Ora Banda. )



221,

determination wag mads on the +20 megh fracitlion of a
background sanple, giving o valuc of 5 ppm. If this
sample is reprcsentative, it would appear that the
anomaly obtoined for the +20 mesh frection is broader
than that in the case of the ~-82 mesh fraction, even

though contrast is somewhat lower. This result is more

£
or legs consistent with those obtained in lateritic soils
at Coolgardie and Kalgoorlie. "Colours" of gold have
been detected by a progpector betwecn 200 and 400N on

this traverse and the minor peak in the geochemical

profile at 300 N ghould be further investigated.

IV. AREAS OF HARDPAL SOILS

A. AGNEW

1. Description of the Agnew Arca.

A description of the Precambrian geology and
mineralization at Agnew haos been given in the previous
chapter.

One of the major prospsccting problems in the
orce stems from the fact that the metasediment-ultrabasic
contact is obscured by supcrficial deposits for
~approximately three miles to the north of the Kim Shaft
beforc further outcrops of Precambricn rocks enable
its position to be established (Fig.46). Small
scattered exnosures of tillite of probable Permian age

occur in the intervening arce but the extent to which
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the Prccambrian is overlain by thesc glacial deposits

]

ig uncertain becaouge of the poor cxposure.
In the area studied in detail, the terrain

very flat with a thin cover of hardpan soils, as

[MN
al

described on page 35. However, occagional remnants of
the lateritic "old" pleteau, bounded by steep esearpments,
are olgo present throughout the arec shown in Pig.46.

The mein object of the present brief study
wags to investigate the noture of the arsenic digpersion
patterns in the hardpan soils of the Agnew district.
A gecondery aim was to determine if the northern
extension of the mineralization asgociated with the
netasediment~ultrabasic contact zone could be followed

in the soil-covered area by geochemical methods,

2. Baclkground Data for Agncw Soils

The results of arsenic determinations on
the ~82 mesh fraction of soil sampleg collected over
the metasediment-ultrabagic contact cpproxinately 4
miles south of the Emu Shaft (just off Fig.46) indicates
that the regional threshold is in the vicinity of 2 pnm.
All but one of the samples collected were found to
contain 2 ppm As or less. Full soil profiles sampled
over ghneiss and ultrabasics showed no significant
vorigtion in argenic content wi th depth.

3. Arsgenic Digpersion in Soils ncar Xnown Mineralization

The lateral dispersion of arsenic in soils in
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the vicinity of mineralization is illustrated by
traverse A, the results for which are ghown in Fig.T7O.

The datum of this traverse is on the gouthern 1ip of a

[

arge opcn~cut, where the chlorite-actinolite schist
horizon is at its narrowest and has becn mined as one
lode. The terroin slopes very gently to the west,
towards a prominent drainage channel approximately
900 feet from the lode. The goil cover is generally
less than 6 inches thick and samples were collected
over a thresc inch vertical channel immediately above
the weathered bedrock/hardpan surface.

It can be scen from Fig.70 that the goils
throughout traverse A are anomalous with regpect to
regional threshold. 4 value of 165 ppm As occurs at
the traverse datwn and erratic high values up to 400 ppm
are present in the wegtern half of the traverse, which
on the wholec, is higher in ersenic than the castern
half. These high values arc thought to be largely
due to downslope dispersion from the arsenical lode.
In such sheallow goils, sheetwash would probably be
an importont factor influcncing trace clcment digpersion,
Howevecr, the posgsibility of local arsenic highg in the
bedrock cannot he overlooked.

The values obtoined betwecn the datum and
500E suggest that o local threshold of approximately

30 ppm may be typical for the area. This could be due
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to a wide aurcole of fecbly minecralized rock surrounding
the contact zone. The limited study of primary diepersion
carried out gives no information as to this possibility. -
The enomaly in diamond drill-holc A3 corresponds to a
horizontal width of 40 feet. However, the total width

of the anomely related to both the hanging-wall and
footwall mineralization was not established in this

hole ond would probably have becn considerably more

than 40 fceet., Assuming o local threghold voalue of

30 ppm, the anomaly duc to the Emu Lode would gtill be

in excess of 800 feet wide ond shows o marked assymetry

in the downslope direction. The two additional highs

of 80 ppm As at 550E and 950E cannot be due to

secondary digpersion rclated to the Emu Lode and warrant

further investigotion.

4. Vertical Dispersion of Argsenic ncor Minerolization

The distribution of arsenic in profile
semples collected over the fooitwall lode necar the Emu
Shaft is ziven in Table 36. Although the arsenic
content of the bedrock is somewhat grcoter than that
of the golum, good contrast was obtained in all three

samples.

5. Uigpergion of Argenic¢ in Soils over the Inferred

Northern Extension of the Emu Lode Line

Geochcmical profiles for traverses B and C

are shown in Pig.71l, In Traverse 3, which 1is only
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TABLE 36, Distribution of Argenic with Denth

Mincralizeotion, Asncw,

300 feet north of known minerpligzation, o very strong
anonaly was obteined with peak ersenic values up to
300 ppm occurring between 225W and 300W, Frofile
gamples collected in this arca confirmed that the
goll anomaly is related to an arscnic-rich source in
the bedrock, almost certainly the extension of the Hmu
Lode line. A second, weaker anomaly is agsocisted with
porallel line of lode, workings on which occur
between 700W ond 1,000W. Sempleg from dumps of nine
spoil on this weaker lode were found to contain more
thon 1,000 ppr As,

Traverse C, carried out nearly 2,000 fect

]

north of the Xim Shaft, disclosed the'existence of an

anomaly to the weat of 500W. The full exte

n
anomaly was not established due to inadoquate saapling.

i
Scmple depth |
inches Degcription As ppm
0 -3 Lizht hrown loeom,sbundant quartsz,
rock froghents and ferruginous
concretions. 220
3 -6 Light brown loam,fragmnents of
wcathered bedrock , 1565
6+ White oxidized tole gchist,
limonite pseudomorphs n1tcr
conrge actinolite 450
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Soils on the western helf of the traverse directly
overlie Precombrion rocks, whercas the ccstoran pert of
the troverse was largely over Permian sediments. It
~cannot be judged from these results whether the anomaly
in troverac © is rclated to the Emu Locde or to the
minor lode line detceted in Traverse B. If the Emu
Lode linc does;‘in feoet, intorgcet the westcecrn cnd of
traverse €, it must be preoguncd thet it has diverred
somc digtancece to the west of the metogediment~ultrabosic
001tact, which con be placed with some certeinty at,

or to the cast of, the traversc detum. This is not

improbable ginece the honging-wall lode in the Kiun

Shaft appears to have o more westerly strike than the
contact and this divergence is sven more pronounced in
traverse B However, it is =2lso possible that the B
Lods line
(i) peters out between troverses B and C.
(ii) occurs undcr o cover of Permisn sediments
to the cast of the traversce datua ond
doce not give rise to an anomcly in the
ovirlying soils.
Thease problems connot be resolved on the

bogis of the prescnt results but the foet that an anomaly

o]

wag obtaincd at 211 in troversce € showg thot there is

A

abls scope for mors cdetoiled geoochemicel tosting

o]

inuation of the Emu Lodc linc in

b

of the northsern con

this potentially aurifcrous areao.
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B. BULANTTNIA

1. Dcsceription of the Arca,

A bricf gstudy wos carricd out at Bulominna
W

roace clement dispersion

b
(@}

in order to investigate the

batterns agsocicted with on aurifcrous base metal deposit,
the Anaconda Lode,

The .‘ ral geology of the crea consists of o

typlcel "Greoonstone’ ssquence - weakly metamorphoscd
laves ond intrusives of basic to intcrmediate compogition,
ultrobasice cnd scliments which locally strike north-
north-cegt and dip stceeply to the cast (Fig.72).
The Ancconde Lode, which gtrikes porallel to the
stratigraphy and dips 70° to thc east, is a siliccous
pyrite-chalcopyrite rcplacement body in basaltic ﬁnd
andesitic lovas. Four main oreghoots have bcen
developed over a strike length of meorc than 1,000 fcet.

<

In the most cxtensive worlkings, on th
southern end of the lods, the grade is reported to have
hesn 15-25% Cu to a vertical depth of 192 feet. The
ore from thig zonc of seccondary cnrichment consisted
of native copper, cuprite, malachite, azuritc and h
cholcocite. S3etween the 192 fect and 250 fecot levels,
the gradc‘varied from 1 to 10% ond helow this level,
the orchody wos worked for pyrite, In addition to

their copner content, ore mamples colleciced from surfeoce

workings ond nine dumpg werce found to contoin up to
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N

»500 ppm Pb end 7000 ppm Zn. Therc is no record

of any zold production from the cupriferous orc but

[

samplcs of gubeconomic ore from the oxidized zonc,
taken during the nresent investizeotion, werc found o
contain up to 0.5 dwt/ton.

The terrein slopee gently to the weot fron

a low ridze of ultrabasic rocks occurring to the cast
of the lode. As o rcooult of active crosion, the soils

in the

jos]

rae

{3

(descrited on poge 35) are immature and
senerelly lesg than one foot in thickness. It is of

intercet to te thot gsurfrce indicationsg of thwe thrce

=]
o]

northcrn ore-ghoots wcre nc
soil cover snd morked scceondary cnrichiient in the
oxidizcd zone, Althouzh weally cnomnlous arscnic valucs
were obtained for ore ganples and solils near nincrelizo-
tion, it beeamc obvious at on enrly stage thot the
dispersion pattcrns of copper eond zinc wers more

significant and work was concentrated on thesc clements

2. Trace Rlement Dispersion in Soils ot Eulominna,

a) 3Baclkzround Data.

The rezional thrcoshold valueg for copper and
zinc wers cclculoted on the bosis of detoerminations

on the -82 mesh froction of 12 samplcs from o

zcochemicnlly sinilor, but wnincralized arce, five
niles north of Bulaominna (Toble 37).
The digtridbution of copper and zine with depth ~nd

ey
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TADLE 37. Coupper aad Zinec Dato for Baclkzround

So0il Seomplceg, Buleminna Arca

[}
Cu ppm n prn

Low value 15 40
Arithmctic meaon ' 38 50
High value 55 90
Regional thrcghold

Cznc—an +25 ) 58 95

|

sorticle size for background soils are shown in Tableg 38

o«

and 39.

(o

) Distribution of Coppor and Zinc with
Depth in Soil Profiles at Eulaminne
The digtribution of copper and zinc with

depth in a number of znomalous and bockground profilcs

]

ic mhown in Tablc 38.

TARLE 38. Digtribution of Copper aud Zinc in

Soil Profiles, Bulaminne(-82 mcgh froction for

Solwn Samples).

Cu pnm k Zn poo

Sample [PFG= PTG~ |Pro= JEr0={fro- Iro- [Fro= (Irro-
Depth  File 1!file 2(file 3i{filc{file file [file [file

| 4 1 2 | 3 4
0 -3 1400 | 180 290 i 70 [3250 | 90 305 | 50
3 -6 1200 | 250 140 i 65 12150 | 75 75 | 45
6 =12 E £5 4
12-18 . 45 45
Weath- i
crad i ) :
hedrock | 2000 700 -100 | 55 (5500 55 ¢+ 70O 55
iDopth of !
ihedroclk 6w 6w Gn . 18w gn fu gl 1a8m !




Profile 1l: Anomalous soils over subecononic
ore, Anaconde Lode.

Profile 2: Anomalous soils on projccted
Anceonda Linc (Datua of traveroce
shown in Fig.73),

Profilec 3: Anoncloug soils, 100 feet casgt of
Ancconda Lode.

Profile 4: Background soils, 5 milces north of

02

Copper and zinc do not appear to vary
gignificantly with depth in thoe background profilc
somples. Anomalous profilces 1 and 2 show congiderable
enrichment in the hedrock with rcspect to the solum,
There docs not appear to be any sigrificent voariation
within the solls over the wcathered bedrock. In profile
3 howgver, copper end zinc show o marked concentration
in the uppermost horizon with respect to both the subsoilg
ond bedrock. This ig thought to be the result of
contamination., It is unlikely to be duc to noatural
digpergion processes since the profile sgite is upslope
Trom the lode.

¢) Particle Sigc Distribution of Cownncr ond

Zinc in Soilg, Euvlanminna,
Table 39 comporcs tlhe distribution of copper

and zine in the various sizc froctions of anomalous and



background saxmplcs, schorcted by dry-sicving. Both

&)

gomplcs were from depths of 6 to 12 1n01us, gonple A
from onoannloug soils in the vicinity of the Anoconda
worlktings, and gample B from the backzround arca. No
gignifTicant variction in copncr content is o
the bockrround ganple clthough zinc shows o distinet

tendency to concentrate in the coorscer froctiors.

TASLE 39. Porticle Sizc Distribution of Coppcr and

Zinc in Soilgs ot 6-12 inchcs Denth,Bul-ainna.

Wt % Cu ppnm Zn i
Size Fraoction| A 5 A B8 Con~- | A B | Contrast
trost

+20  {11.0{56.7345{ 75 4.6 1600|130 12.3
-20 +38 19.3] 7.91290 | 110 | 2.6 800 {140 5.7
-38 +82 24,8 7.91245 1130} 1.9 700100 7.0
-82 +125 {22.1(10,2{200 951 2.1 600 80 7.5
-125 +197 (11.7] 7.97240 | 110} 2.2 700 70 10.0
~187 11.0} 9.4(410 { 135 3.0 1200 | 60 20.0
-82 44,8{27.5{260 1 115 | 2.3 | 7701 70 11.0

i i

rection

Hly

(1) The +20 =mcsh freoction - in this
coprer and zinc probkably occur in partly

woothered rock and nincral frognents ond

ngoocinted with scgquioxides, whick occur

og nodulee and cootingz on othcr soll and

rock particles,.



(ii) The =197 mcsh fraction - o large proportion
Qi
prohably occurs cg iong adsorbed onto cla "y
nincrals-and other colloids, particularly
hydrated iron oxides which arce cbundant in

the fine fractions.

d) Laternl Dispersion of Copnor and Zinc

in Soils lcar Iiineralization.

Copper and zinc show very strong anonclies
in the =82 mogh fraction of moils over bedrock aslong
a troverse 200 feot north of the northern worlkings on
the Ancconda Lode (Pig.73). Tho zinc onomaly is the

00 Tcot in width ond

(o}

more pronounced, beilng morc thon
with contrast better than 10, One copper soiaple shows

“

similar controct with respeet to reglonal threghold but
the exretic distribution of coprer throuzhout the
traverse suggests o local threshold grcater than 60 pum,

E0i5

which cdocrcenscs the apparent width and controast of the

‘T_S

anomely. Arscnic determinetionsg showed low values
throughout the troversce except for onc smnple, in the
vicinity of the copper and zinc cnomalies, which
was found to contoin 20 ppa As.

The anomaly necakg for copncr and zinc ore
dignloced arvout 250 feet west of the projccected Anaconds
Linc. This is consisgtent with the ohscrvation that ot

tihc northern cnd of the Lode linc, svecessive orc-shoots
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Fig. 73. Lateral dispersion of As, Cu ¢ Zn in soils (—82#) over bedrock in the vicinity of the inferred

extension of the Anaconda Lode, Eulaminna.
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arc offget to the west going north, However, it is

<

~lzo pozositle that the soll cnomaly i agsynetrically

(“;

cXtended downslope from the copper and zince-rich

cdrocik wmourcc, which might thereforc liec betwecn

250 and the troversc cotun. In this conncetion, it
is possidbly sigpificant that the noximun for orsenic,
vhich is probably the leasgt mobile of the three clencnts
gtudicd in the iron~rich soile of the arca, occum to
the gogt of both the zinc and copner onomaly peoks.
Bedrock sampling over the onomalous zone should be
carricd out to rosolve thig,

Scleetcd samples from o troversce crogging the

Anaconda lode in the nidst of workings showcd very

high copper and zinc contents, Although the whole
troverss was not ~nnlyscd, bocousce it wog thought that
the an mrly would be enhaonced by contomination from
mine spoil, tho work donc suggests that the anomaly
would be of gimilar or greater megnitude to that shown
in Pig.73. Two other goil traverscs, 600 fect north
and 1000 fect south of the Anaconda workings showed

very weak anomclies with lcoos than twofold controst.

3. Dispersion of Copper and Zinc in Draincsc Scdinentg.

o) Background Dta.
Prequency histogransg heove been drawn to
show the digtribution of coppcr and zine vealues in the

~82 mesh froction of astrcom scdiments collected from
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drainegc ch-nnels, both in the background areca and

n the general vieinity of the Anaconda Lode (Fig.T4).

e

b

Data for gamples from the major drainage channcl

r
[

(B in Fig.75), irmedictcly south of the Ancconda
worikkings, werc not included becausc of probable con-
tamination,

Plotted arithmeticnlly, the distributions
show a pronounccd pogitive skew, no doubt due to the
inclusion of = smell proportion of anomalous sanples.
The distributions approxinate more nearly to the normel
type when plotted on o logerithmic scele and 2
lognornal diztribution hasg becn ogsuncd in colculations

of threshold, which gave the followingzg volues:

i

Copper threshold 70 ppm

Zinc threshold = 95 ppm
b) Particle Size Digtribution of Copper and

Zinc in Stream Sediments.

=

he distribution of copper ond zinc

cccorling to particle sizc in stream sedinents (Teble 40)
follows nuch the sane pattern os thot in soils, with
mazina in both the coarsc ond fine froctions of the
anomalous sanplc. The rcasons advaonccd to cxplain

the bimodal digtribution in goils orc cquelly applicable
to the strcam scdinent doteo.

c¢) Dispersion of Coppcr and Zinc in Streonm

Sediments Ncoar lincrzlization.
Samples of active streom gediments were
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Fig. 74. Frequency distribution of Cu ¢ Zn in the ~-82% fraction of active stream

sediments, Eulaminna.
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TABLE 40. Particle Sime Distribution of Coppor

and Zinc in Active Strcon Scdinents, Euleminna,

?ize . Wt% L Cu ppm Fn ppn
raction A B A | B [Con~ | A B Contraost
trost

+20 | 5.1 9,9 230{ 45] 5.1 600 90 5T
~20 138 12,5 10,7 | 165| 35| 4.7 500| 80 6.3
-38 482 |60.4 32,81125] 35| 3.6 360| 90 4,0
-82  +125{18.5 40.5 | 125] 30| 4.2 280| 45| 6.2
-125 4197] 2.5 . 4.6 | 140| 35| 4.0 4401 70 6.3
~107 1.0 1.5 240 35| 6.9 640 110 5.8

~-82 22.0 46,6 | 130} 301 4.3 3151 50 63

collceted from draincge channels crogsing the Anaconda
Lode line over o total strike length of approximately
2 miles. The results of analyses on the -82 mesh fraction
of these samples are shown in Pig.75.

The very strong cnomaly in stream B was to be
expected since mogt of the Ansconda workings arc
situated in the cotchment. Profile samples of the
culluvial banks were collegcted in conjunction with the
strecam scdiment sampling. In the vicinity of the

Ansconda Lodc, where the strean prcsumebly recelives
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Fig. 75. Drainage dispersion patterns for Cu ¢ Zn in the Eulaminng area.
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anomalous material from the mine arco, the uppermost
horizons of the colluvium on the north boank are
considerndly ecnriched in copper and zinc, as ghown in

K )

Table 41. It cnn bhe scon from this table that th

[

topsoils on the bank nearcst the minc are strongly
enriched in both copper and zine with respect to the
subsoils and goils on thce opposite bank., Thisg sugscsts
thet some form of mechaonical disporsion, probably

wsh, 1s the dominant means by which anomalous

ot
)
Q
o
[
_.4
U!
s

copper and zinc are contributed to the drainage. It

o

seems likcly thoat this contribution would hove been in-
crcascd as a result of the ﬁlnlnw operations carried out
in the areca but it 1s not possible at present to assess

the extont to which this has taken place.

TABLE 41. Zinc and Copper Content of the -82 megh

Froction of Bark Colluvium Near the Anaconda

Lilnc, Stream B, JTuleominna.

Elenment Sauple Wo. of North South
Depth Semple sites aink Bank
Averogc Zn ppm 0-3 2 750 190
" " " 6-~12 4 180 170
Avcro:e Cu ppnm 0-3 2 : 1200 145
n n 6-12 4 120 130
! . -

The stream sediment anomaly in the south fork

of gtreaom C is of considerchle 1ntcrest with regerd to




N
)
-

prospecting. Thig strcaom doce not drain any of the

mine workings and, as far cs is known, is uncontaminctcd.

W

Peak values of 800 ppm Zn and 390 ppm Cu were found in
follow-un work and therc is o sharp cut-off, approximately
500 feet cest of the railwoy line where the zine content
drope from 700 ppm to 190 ppm. Aé in soils ot
Bulaminnn, copper shows o more errctic distribution and
samples showing better than thresfold contragt altcrnate
with somples of lower but still anomalous copper content
ag much as 800 fect cast of the railway linc. Samples
of colluvium from both banks in the vicinity of the
streom sediment anomaly cut-off points contain over

1000 ppm Zn and 650 ppm Cu. These values quickly drop

to background to the cast of the stremm sediment cut-off€

points.

V. DISCUSSION: SECONDARY DISrERSION OF ARSELIC

A. GEUERAL

The development of sccondary dispersion
patterns may be regarded as the nct result of three
mutually reloted procesgscs - the mobilization, trans-
portation end fixotion of the clements concerned. In

.

the cose of orsenic, the cffectiveness of these
processcs is governed by the mobility of arsenic under
the vorying environmental conditions occurring in the

zone of weathering and soil formation. In the subscquent
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poges, o gencral discussion of the verious mechonicel,
chemical ond biolozical factors which may effect tho
mobility of arsenic is undertaken.  This is followed by
an agsessment of the extent to which these factors offcct
ispcrsion processeg in the environnents of the arcas
studied, DBefore this con be done, however, it is
neceggary to congider the forms in which arscnic noy

occur in thc zone of wcathering.

3
dmref
» —-ql

B, MODE OF OCCURRENCE OF ARSENIC IN THE ZOKE
OF WEATHERING,

Argenical sulphides are readily omidized in
the zone of weathering. Blanchard (1942) showed that
arsenopyrite . 1s oxidized to limonite and scorodite
(FGASO4,2H20). he lattcr elowly deconmposcs further
forming limonite aond rcleosing argenic to the soil,
Arsenic may be present in goils in both the trivalent
and pentavolsnt states. However, the trivalent form
is unstable, except in the most gtrongly reducing
environments ag found in poorly-drained swampy conditions,

3+ is quickly

Undcr most soil-forming conditions As
oxidized to the pentovalent gtate. The relatively
smoll ionic radive of the As”T ion (0.46A°) and high
positive charge favours the formation of the arsenate
radicle (ASO43—). It ig probable that =211 the arsenic

prescent in the soils of the arca under consideration is

in the form of arsenates.
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Yor the purposes of the following discussion,
ihe nmode of occurrcnce of arscnatcs in the zone of

weathering mey be genernlly clogsificd as follows:

(1) Arsenates in frce soil solution
(ii) Adsorbed orsenates associated with colloids.
(1ii) Fixzed arscnates present in the form of
difficultly soluble compounds of iron,

aluminiwn ete.

C. FACTORS AFFECTING THE MOBILITY OF ARSENIC
I% THE SECONDARY ENVIRONMENT.

1. dechonical Factors

a) Soil Creep.

Under the influence of gravity, the solid
particles of the overbhurden tend to move downslope,
normally causing the anomaly to extend assymetrically
in the downslope direction. The very subdued relief
and dry conditions cncountered in scmi-arid Western
Australia, suggest that dispersion due to soil creep
would be imperceptibly slow. HNevertheless, over a
long period of weathering, even under the present
conditions, so0il creep could be a significant factor,

The weathering of an inclined arsenic-rich
bedrock feature moy result in dispersion patterns
aprerently similar to those due to soll creep. In

this case, other factors being cqual, the digpersion
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pattern would be more extensive on the footwall gide
of the source of arsenic than on the hanging-wall side.

b) Shectwash.

Trhere ig considerable cvidence in 2ll the

e

arcas studied to dindicgte that shecetwash is an important
agent of erosion affecting the surfacs goils. During the
occasional torrential downpours to which the area is
subject, the clay-rich subsoils, and sghallow impervious
laterite and hardpen formations, prevent the rapid
obsorption of the water, and the sconty cover of

vezetetion ig insufficient to prevent erogsion bx
ped Bhy

running water, cven on gentle slopes.

¢) Groundwatcr movement.

Ground-water movcement is a mejor factor
in the dispersion of readily soluble or dispersed
goil components in humid climates. In semi-arid
Western Australic, howsver, the permonent water~table
generally les some tens of feet below the solum-hedrock
boundary and lateral movement is ot a minimum, owing
to the low rainfall, high svaporation and subdusd
topogrophy. DHNeverthcless, the movement of soil moisture
and disgsolved subgstances could heve an imnortant
bearing or secondary dispersion,

During periods of heaovy roinfall, dowaward

percolation of metecoric watcr nay be resisted by the
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impervious clay-rich basal horizons of the solonized
brown gsoils or the induratcd horizons of lateritic and
hardpan goils, Thig would lead to the development of
& "perched? water~toble, within which limited latcral
nigzration of soluble and colloidal matericl could toke
nlace for short periods.

In dry =casons, the movement of ground-watcr
solutiong iz predomincntly upward, to reploce soil
moisture lost by evaporation ncar the surface. This
may occur in pert by capillary action, which is
cffective up to a maxinum vertical distance of 30 fcet
above the water-table. It has also been shown, however,
that upward movement of ground-weter is possivle for
conaiderable distences above the capillary fringe
(Eawkes and Webb, 1962, p.132). The mechanisn is
belisved to involve the migration of water along the
surfaccs of mincrol groins., This type of movenent

s 1likcly to lead to increased dispersion, both

.

vorticnlly and latcrally. The prescnt-day deposition
of concretionary cclcium corbonate (part of which is
belicved to be derived from ground-water) in the upper
horizons of solonized brown aond cclcareous lateritic
gsoils, is evidencce for the presence of soil-moisture

well above the woter~table.

2. Chenical Factors

o) Teperature and Water.

Apnrt from their effect on the physical
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conditions of the secondary environuent, temperature
and water together have an important bearing on the
chemical reactions taking place in soils and dreinage.
According to Jenny (1941), chenical reaction rotes
incrcase exponcntionlly with temperaturse. It has been
cstimated that for every 10°¢ rise in temperature, the
rate of ¢ chemical reaction increascs by a factor of
two or thrce. Thus, under Western Australian conditions,
501l rcactions might be expccted to proceed at
congiderably faster ratcs than in cooler tenperate
regions,

Water affects chenical recactions in soils in
three capacities = ag =& reacting component in many
goil rcactions, a2s a catalyst, and aos the medium in
which the reacting components circulate. In the absence
of water, chemical weathering proceceds very slowly,
to the extent that, in low-latitude descrt arcaos,
physical weathering procesges are dominant, dcespnite the
high temperatures (Jenny 1941, p.183). Thus it is
clcor theot the cffects of tempecraturc and water must
be considered together. It has becn pointed out above
that, despite the low roinfall, significont amounts
of soil nmoisture arc present in the Western Australian
zoldfields and there is considerable evidence

ugzesting that chemical processes play an important

[os]
C q

part in secondary dispersion in the area, as will be

gscen latcr,
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The influences of temperature and moisture
eréc also important in the control they exert on the
abundence of active organic substances in the soils,
The orgonic content of soils in high-temperature semi-arid
areas is generally very low for two recgons. Firstly,
the low rainfall limiteg the growth of vegetation which
is the meain source of organic matter in soils.
Furthermore, the dead vegetotion is quickly oxidized

and deconmposed os a rcsult of the high summer temperatures

2

ond is lergely "burnt up® so thet very 1little orgenic

¢

-

netter is imparted to the soils (Joffe, 1949, P.242).

]

In genercl, climatic factors, of which
temperature and water arc important parameters,profoundly
influcnce the chemicel composition of soils and thus
are indirectly related to most of the chemical factors
influencing arsenic dispsrsion, which arc to be
discusgsed. The effects of climatic foctors in relation
to so0il genesis in the crcas studied have been
mentioned in Chapter 2.

h) Oxidation Potential and pH

The oxidotion potonticl ( Bh) and hydrogen
ion potentizl (pH) are important factors, in that they
determine, to a largc cxtent, the nature of chemical
rcactions which will occur in any cnvironaent. The
natural environnent is characterized by Eh values

between 4.0 and 0.8 volts and pH.valucs between 1.0 ~nd
9.0 (Krauskopf, 1955). This field is
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shown in Fig.76 together with the stability Ffields
of the ionic spccics of intcrest.

pH velues were found to vary widely in
Western Australian solonized brown soils (between 4.3
and 9.3) but were more constant in laterites (7.3 to
8.0). Teakle (1937) reports pH values varying from
5.6 to 8.7 in hardpan soils from an area in the
vicinity of Eulaminna. The higher pH's in this area
wers associated with calcarcous soils which, howcver,
are not common at Agnew and Eulaminna,

Eh is known to vary with pH, temperature
and the partial presgsure of oxygen., Although no
determinations of Eh woere moade on Western Australian
soils, highly oxidizing soil conditions arc probable in
the areas studied in view of the high summer temperatures,
frecly drained character of the soils and relatively
high pH values, cspecially in the lime-rich horizons
of the solonized brown soils. Even wherc pH values
are very low, os in the b-sal clays of thesc soils, the
abundance of ferric iron, as reflected by the strong
reddish coloration of the soils in this horizon
indicotes Bh values in excess of 0.4 volts (Fig.76).
From this it may be inferred thet local conditions
favour arscnatcs as the stable form of arsenic in
soils.

¢) Chemical effect of major solil components

(1) Iron and Aluminium Oxides.
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Fig. 76. Stability of ionic species in relation to Eh and pH-
at 25°C and | atmos. pressure (after Krauskopf, 1995

and Elliott, 1962).
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Arsenates =2nd arscnites cxhibit o strong
offinity for iron and alwninium oxides, to which they
may be bound by adsorption and the formation of insoluble
compounds such as scorodite (Krauskopf, 1955).

A nuzber of workers haove called attention %o
the importance of iron oxides in fixing arscnic in soils,
Keaton and Kardos (1940) found thot arscenic poisoning
of soils by spray residues could be reduced by the
eddition of iron, which effectively fixes the arsenic.
The addition of aluminium oxide, on the othcr hand, only
slizhtly increascd the fixation of arsenic.

Wiklander ond Frederikson (1946) consider
that the wide variation in arsenic sorption shown by
different soil-types is due, among other things, to
diffcrences in the amounts of iron and aluminium
oxides present. Laboratory experiments by these authors
showed theot hydrated iron oxides achicved virtually
100 percent sorption of arscnate in synthetic solutions
containing up to 1600 mg As per 100 g, iron oxide,
Aluminium oxide was also found to be.capable of sorbing
arsenate, though to 2 lesser extent than iron oxide.

James (1957) found only minor variations in
arscnic contont with depth in iron-rich soils in
Rhodesia, the arscnic content in soils corresponding
clogely to that in the bedrock, Iron-poor soils, on the

other hand, occagionally showed some variation in depth,
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there being in most csses o marked concentration in
the top of the weathered bedrock. James attributes the
voriation in iron-poor soils to leaching, the effects
of which werc restrictcd to iron-rich soils, due to
arscnic fixation.

The strong adsorption of the arscnate anion
by iron and aluminium oxides has been explained by the
fact thot these oxides form positively charged colloidg
in most gecologic environments (Erauskopf 1955). There
is probably some interchange between arsenate ions held
by adsorption bonds and arsenic in the form of combincd
iron and aluminium arsenaztes. However, there is evidence
to suggest that drying of soils tends to moke the change
from adsorbed to combined arsenates irreversible (Jancs
1957, Elliott, 1962).

Wiklander and Alvelicd (1950) have investigated
the solubility of ferric and aluminium arsenates. Both

compounds show similar variation in solubility with pH,

-

1aving minima at pH 2.3 and 4.1 respectively (Pig.77a).
The risc in solubility on the zlkeline side of the
minima 1s attributed to replacement of arsenate ions

by hydroxide lons. Below the pH of minimum solubility,
the rise in the solubility of arsenic is believed to be
due to the formation of undissociagted arsenic acid, which
is comparetively week. Prom this datr, it would anpear

that iron end aluminium arscenetes should be eppreciably
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soluble under the comparatively high pH conditions
cncountered in Western Australian soils.

Wiklander and Alvelid alsoc gtudied the

]

effects of other ions on the solubility of ferric ond

aluminium arsenates (Fig.77b). The precscnce of XC1

and Coll, tends to decercasc the solubility of arscenates

2
in both the iron and a2luminium systoms. CaCl,, in

causcs o markced dceccecrcase in solubility in

e
c+
p.
}.l
{3
a]

the higher pH range, due to the formation of insoluble
calcium arsenate,

The prescnce of phosgpate wos found to incrcasc
the solubility of arsenic., This is exp lw ined by the
similarity betwecn the phosphate and arsenate Radicles,
which are therefore in competition with each other
and the equilibrium status is detcrmnined by their
relative replacing powers and the concentration ratios.

Experimcnts on soils, instead of gynthetic
hydroxides, showed that the solubhility of arscnatcs

deécreascd by the addition of KNOB, K2804,K01, HaCl
and Ca"‘l2 but incrsased »y the addition of phosphatces.

Very low concentrations of phosphatc ar

©

o

present in Western Austrclisn solonized hrown soils

(Teekle, 1937) ond laterites (Table 2). Howcver, the

cbundance of soluble selts in the semi-oarid soils of

Western Australis could influence the solubility of
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et al (1956) sugzested
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that hydroted mengonese oxides arc copablc of scavenging
arsenic from natural solutions. However, Elliott's(1962)
studies of drninage sediments in Sierra ‘eone showcd that
there was no direct corrclation between mangonese and
arsenic. Although no detailed studies were made of
the distribution of mangansse in the particle sizc
fractions of Western Australien soils, analyses on the
-82 megh fraction of soil sawples from traverses at
Norgeman and Kelgoorlie showed no obvious corrclation
between mongancse and arsenic. It is therefore thought
thet mangonese does not affect the dispersion of arscnic
in Western Australian soils to ony great extent.

(1ii) Calcium

The precipitation of insolublc colcium arsennte
has already been mentioned in connection with Wiklander
and Alvelids® (1950) studies of the solubility of ferric
and aluminium arscnates., Mergulis and Bourniquel (1949)
found that calcareous goils fixed large amocunts of
arsenic. Boischot and Hebert (1948) state that the
fixation of azrsenate by calcarcous soils is by
adgorption and not by comhinaition.

Hattson et al (1950) hove ghown that the
presence of neutral salts promotes the solubility of
calcium phosphate. It is therefore probable that the

solubility of calcium grsenate would also be incrcased
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by the precsence of neutral salts.

Erikeon et al (1964), studying the dispersion
of arscnic necor the Getchell iline, Nevada, found
appreciable concentrations of arscnic in the caliche
accreted to thce weathered hedrock, with rcespsct to the
overlying soils, althouzh both the caliche and the solls
were lower in arsenic than the oxidized iron-rich
netericl associated with bedroclkt fractures z2nd bedding
planes.

From this data, it would thereforc appear
that calcium may be an important factor in the fixotion
of arsenic.

(iv) Cloys.

Arscnate mny be fixed in soils by adsorption
onto colloidal clay minerals. Accordings to James (1957)
the most probeble mechonism for cnion adsorption by cley
ninerals involves the rceplacement of accessiblc ~OHT ions,
A consideration of the structurcs of cley minerals
leads to the conclusion thot single-layer clays of the
koolinite type, which exhibit onc face of hydroxyl ions

™

gach unit, should be morc capable of anion exchange

e
i}

than the double-loyer clays (e.z. montmorillonite),
in which hydroxyl lons are only exposed at the broken
lattice edge.

In the cose of clays like keolinite, where

cation exchange is duc to broken bonds, the anionic
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and cationic cexchange capacities ghould be approximately

equal., In montmorillonite, on the other han@, where cation
exchange also involves lattice substitutions, the anion
exchange capacity would be only a fraction of the cation
cepacity. However, since the cation exchange capacity
of montmorillonite is approximately 12 times that of
kaolinite (Grim 1962), limited anionic exchange probably
tokes place in both clay types.

Bxperimental studies carried out by Sieling
(1946) on the role of kaolin in anion sorption suggest
that the anion exchange capacity of kaolinite is very
low, Sieling found that natural kaolinite did not sorb
arsenate even under optimum conditions at pH 3. However,
appreciable sorption occurred when the kaolinite was
ball=milled or treated with hot KalOH. Sieling believes
that the increased sorption shown by this Yactivated”
kzolinite is due to the breakdown of the kaolinite
structure and the development of a partially hydrated
alumina, similar to ¥--AlOOH. Arscnates adsorbed on
clays were found to be readily displaced by phosphates
and it was considered that the presence of pnions such
as citrate, oxalate, tartrate and silicate in the g0il
would have a similar effect,

The results obtained in the present resecarch
showed that significant amounts of arsenic are present
in the clay-sized material, especially in the calcareous

near-gsurface horizons of the solonized brown soils.
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The tenor of arsenic in the clay fractions is, however,
invariably lower than in the iron-rich silt-fractions
(Figs. 56 and 65), It is probable that part of the
crsenic in the clay froction is asgsociated with iron
oxides but gomc clay cdsorption isg suspcected.

The clay types occurring in tiie areas studied
in this project have not becn determined. Litchfield
and Mabbutt (1962) havc found that montmorillonite.is the
dominant clay mineral occurring(in hardpan soils on
hill-slopes. Since the orcbodies at Agnew and
Bulaminna both occur on hill-slopes this is probably
true of the soils studied in the prescnt project.
Theoretically, the olkaline, near-surface soils and
limited leaching of bases from the solonized brown
soils, elso favour the development of montmorillonite
(or illitic) clays (Hawkes and Webb, 1962, p. 86).
Jenny (1941, p.138) shows thot the Si0,: Al,04 ratio
of colloids from arid soils liecs between 2.9 and 4.7
The geme ratio for montmorillonite is theorctically
4:1 as against 2:1 for keoolinite so it seems likely
that the clays in present-day soils in scmi-arid Westcern
Augtralia would be largely montmorillonitic in
character., Howsver, the strongly leaching conditions
belicved to have been prevalent during the period of
laterite-formation would have favoured the development

of koolinite ags the most stable cloy minecral.
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3. Biolozical Faoctorse.

a) Vegctation,

Although arsenic is not essential to plant
growth, gome plants srowing on arsenic-rich soils have
been found to incorporate apprecisble quantities of
the clement in the living tissues. Goldschmidt cond
Peters found up to 500 ppm As in the ash of beech humus
and reported high arscnic contents, generally 500 to
2000 ppm, ond sometimes much higher, in the ash
of meny coals (Onishi and Sondell, 1955). Warren and
et-al (1964) have shown appreciable cccumulation of
arscnic in Dougles Fir needles. Biogcochemical
prospceting based on arscnic determinations on prescnt
yecar tips is claimed by thesc authors to give better
anomaly contrast in the vicinity of arsenical gold and
base-metel mineralizetion in Cam'da then soil sampling.
On the othecr hand, Iather (1959) found only 0.2 to 5.0 ppm
and 0.1 to 2.0 ppm As in the leaves and twigs

réespectively of the plant Ricinodendron &fricanus,growing

in s0il with crsenic contents of 9 ~ 1140 ppm As in
Sierra Leone.

No dctecrminations of the arscnic content of
vegetation growing in the vicinity of gold minerclization
have becn made in the present study. However, vcegetation
must be regorded cs o possible means of redistribution
of arsenic in soils. Theoretically arsenic may be token

up from cnomelous soils.by means of the roots and
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incorporated in the aericl parts. On dying, the leave
and bronches digintegrate, relecsing arsenic back into

e surface soils. Over s long period, opprociable
lateral tronslocotion of arscnic may occur by this ncong.

b) Microorganisms

Certain soil bacteriao hnve the ability to
oxidize crscnite to arscnate (Quastel and Scholefield,
1953). However, probobly the main influence of micro-
orgonisms on the mobility of arsenic ig in the production
of chelating agents from organic matter, which are
capable of releasing arscnic from seséuioxides.

¢) Orgonic liatter in Soils.

Ag mentioned above, chelating substonces
dzrived from orgonic mattcr may be important influences in
the mobilization of sesquioxide-held arscnotes. The
mechanism involves the combination of thesc orzanic
anions with iron ond alunminium to form soluble compounds,
simult~neously rcleasing arsenotes. This mechanism isg
also held to be an important factor in accounting for
the movement of iron from the surfaée to the subsoils
(Yarshad, 1955). HMather (1959) considers the
substitution of organic ions for arscnatecs to be the
dominant Toctor in accounting for the obscrved lsaching
of arscnic from the surfacs horizons of vlei profilcs

contaninated by arscnical matericl.
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The extent to which chelating agents affect
scilg in the arcas studied is probably limited, since

the sceai-arid climate militatcs agoinst ths Tormation

]

<

of lorge quantitice of active orgonic substances.

[

>

Arsenic is known to concentrate in sonc orgonic-
rich materials. In »lack sholes, arscnic is eanriched to
Between 15 ond 45 times itg crustal abundance. 1In coal
ash thc enrichment factor ie commonly betwesn 20 and
100, and in agpheolt ond petroleum ash, approximntcly 300
(Krauskopf 1955), Vinogradov (1948), on the other hand,
found that highly organic soils have abnormally low
arsenic contcnt, and Elliott (1962) found no apperent
relationship betwecn the organic carbon and arsenic
contents of Sicrra Leone drainage ssdiments. These
data probably rcflesct the highly sclective nature of
arsenic chsorption by living organisms,.
No dircet detecrminations of orgeonic corbon

in soils werc mode by the writcr. It is possibly
gignificant that in most of the study arecas, the arscenic
concentrations in topsoils, in which orgonic matter
appears to be most abundent, ore generally lower than
those in the subhsoils, sugresting that orgonic matter
cithcr does not accumulate or retain arscenic to any
extent.

D. DISPERSION IROCESSES IN SOLOWIZED BROWH SOILS

1. Digpersion in the Soil Profile

The levels of conmentration of arsenic
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encountered in the soils and the upper part of the
weathered bedrock ot Norseman are generally much lower
than those found in the primary dispersion halos about
rcef-shears., Since the soil thickness at any point
nrowably represcnts the residue of the wcathering

of congiderably greater thicknesses of rock, it is
clecar thot considerabls overall leaching of arscnic has
token place during soil-formation,

The variation in arscnic concentrotion with
depth in coloniged brown goil profiles in Western
Australia is problematical, both from a theoretical
point of view and also from the aosjpect of developing
a satigsfactory prospccting method. Detailed studies of
typical soil profiles at Forseman show two distinct
loci of arsenic concentration ~ the iron-rich basal
cloy horizons (and/or the ferruginous weathered bedrock)
and¢ the ncer-surfoce colcorcous horizons (Fig.58).

This suggests thot therc arc ot lecst two separate
mechonismg governing the distribution of arscnic in the
soil profile., Thesc will be discussed in turn.

o) Concentration of Arsenic in Iron-Rich

dorizons,

The apperently closc associantion of arsenic
and iron in Norseman soils, susgested by particle size
distribution, mineral separations and profile studies

(FPigs. 57,58 and Table 30) is in accord with theorctical
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considerctions and experimental results from numsrous
other arcas. Due to the high degree of golonization,
the Norsemaon soils are in 2 hizhly dispersed condition
and colloids such as iron hydroxides ond clays are
rcadlily lcached from the surface, lecading to the
development of the iron-rich clay horizon at dopth.
During this process, arscnic bound 1o these colloids

by combination nnd adsorption would algo be removed

from the surface and rcdeposited in the decper horizons.
Some additional arsenic may wsll be mobilized near the
surface and fixesd in the decper horizons by iron oxides
and, to a2 lesser extent, clay. It has already been
pointed out thot ferric arsenatc should be apprcciably
soluble undcr the high pH conditions preveiling in the
near-surface soils. The mobilizing effect of phosphates
ancd organic substonces may also contribute to the
golubility of arscnates, but the effects of these
agcneies would, however, be minimised by the deficicncy

of phosphates and orgonic matter and the abundance of

)

salts in the soils.

o

In the Princess Royal Traversc, the shallowness
of the s0il profile militates ~goinst the accumulation
of appreciable amounts of ferruginous gilt ond clay ot
depth and the meximun crscnic concontration occurs in
the iron-rich weathcred bedrock (Figs 54 and 58b), This

feature is less noticeablc in profiles where the basal
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clay horizon is present. Thce mechaonism enviscged is
esgentially similer to that described nbove, i.c.
the fization by iron oxidcs in the bedrook;of arsenic
leached from thce surfoce soils. It should zlso be
remembered, however, that at leost part of the arsenic
in the weathercd bedrock no doubt results from the
weathering of arsenopyritc in situ and has not been
trengported from the upper horizons,

b) Concentration of Arsenic in Calcarcous

Horizon .

From the discussion on page248, it might
have been expected that fixation by calcium was
recspongible for the concentration of arsenic in the
celenreous horizon of solonized brown soils. However,
sond-gized calcium carbonate grains separated from a
semple containing 33 ppm As in the -82 mesh fraction at
6-~12 inchcg depth werc found to contoin only small amounts
of arsenic (<210 to 26 ppm) comparcd with values of 165
to 393 ppr As for iron oxides from the same sample.
The celerete coating on bedrock ot Kalgoorlie contained
only 2 ppm As ag azoinst 45 ppm in the soils over bedrock.

Similar results were obtained for calcrete in o latcritic

3

rravel sample from Coolgardie (p 211 ). Hence, it is

G

apparent that canlcium has no significnnt effect on the

fixatior of arsenic in calcareous goils in the arces

gtudied,
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The concentration of arsenic in the calcareous

horizon can be cxplained by one or both of two possible
mechanisms:

(1) It can be seen from Fig.Sé that the arsenic
concentration in the clay fraction of the sample at
6-12 inches depth is more than twice that in the clay
fractions of the samples at 0-3 inches and 48-60 inches.
Purthermore, in view of the abundance of clay in the
sample, the clay~held arsenic would clearly account for
a congiderable proportion of the total arsenic present
and could explain the obscrved concentration in the =82
mesh fraction of samples from the calcareous horizon.
The apparent increase in anion exchange capacity shown
by the clays in this horizon is presumably due to the
abnormally high soil pH, which may "activate" the clay
minerals, as in the experiments of Sieling(see page 250).

(ii) It is evident that the calcareous horizon
ig the locus of maximum deposgition of carbonate, part
of which is believed to be precipitated as the result of
evaporation of ascending ground~water in the dry scason.
It is possitle that some water-soluble arscnate, brought
up from the deeper horizons, would also be deposited in
this zone in o similsr manner. During the long dry
periods, this arsenic would revert to difficulilysoluble
iron (or aluminium) arsenate and would not he readily
~vailable for re-lsaching. For the same recason, its

presence would not necessarily be indicated by a high
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highcr thon normal cx4s/total As retio. The proportion
of Watér—solublo argenic in soils is usually very low,

go the rate at which such enrichment by eveporation could
occur would be very slow. Howcver, the cumulative effect

over 2 long period could be quite appreciable.

Anonglous profiles, such as thet in Fig.58d,
in which there is no concentration in thce necar-surface
cnlcareous horizons, may be explained in one of two ways:
(1) The anomelies in the dsepcr clay horizons
are duc to lateral (probably hydromorphic)
dispersion (scec page 261 )
(ii) liuch of the adsorbed arsenic has becn
mohilized and lcached from the near-surface
soils by the action of local concentrotions

of phosphates or chelating substonces.

2. Loteral Dispersion in Soils

The widths of acnomelous dispersion patterns
in near-surface solonized brown soils are not usually
much larger thon the observed undcrlying primery dispersion
patterns., At Yorseman, for cxample, primary .
anonalies, 40 to 100 féet in width, give risc to
anomalies 125 to 200 fect in width in near-surface soils,
This suggests that 1atéra1 dispersion ig linmited. On
the other hond, there is somc evidonce to suggest that
anomalies in tho decper iron-rich horizons are congidcrably

broader and stronger than those in the ncar-surfaoce
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goils (Figs. 51 and 54). The various factors thought
to influence lateral dispersion in golonized brown soils
arc discussed below with special emphosis on their

effecte in the different soil horizons.

a) Inclination of Orchodies.

» waatherinzg of the cost=dipping reefe-sheor

I
4

=
[¢3)

structures at Norseman could be expcocted to lead to
agsymetrical anomalies, broader on the western, Or up~-dip,
side of the sub-outcrop. However, there is very little
evidence to suggest thot this is on important factor
contributing to the width of the anomclies in near=-surfacc
soils. In the case of the Princess Royal traverse, the
cxAs anomaly shows some assymetry but the westward
prolongation might =2lternatively he related to the
Tertiary period of decp lead formation. This
interpretation however cannot be aopplicd to the results
for the Crown Reef troversc ond the onomaly in this
casc shows no signs of nssymetry. It is considered
that the strong lceching of arsenic from the surface
soils countercets any tondency for accumulation of
arsenic cdue to this cousec.
b) Sheetwash.

. There is considerable evidence to indicate
that shcetwash is an active ogent of erosion in the
arens studicd. However, since the effcects of sheciwash

are, for the most part, confined to the uppermost three
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incheg of the soil profile, which are usuclly depleted
in arsenic by strong lcaching, this can only have
limited cffect in creating a wider distribution of
cnomalous arsenic. The meosurable effects of shectwash
would be Turther reduced by dilution with arsenic-poor
sollg and by subsequent leaching of any arsenical
material tronsported by this means.

¢) Movement of Ground-ilatecr

It has heen indicoted previously thot under
the prevailing orid climatic conditions, ground-watcr
movement is dominantly in o verticol dircction.
However, ot times of heovy rcinfall, it is possible
thot the basal cloy-rich horigzons may act as an
impermeable barricr to the downwards pcrcolation of
water and limitcd lateral movement of watcr might take
ploace for short periods. Thig is suggcested by the fact
thet, the upper part of the clay horizons wes almost
invariably found to be moist and puggy when sampled,
gven in the dry season. If such latersl movement docs
take plcoece, soluble and colloid-bound arscnate might
be robilized and tr-nsported sone digtance before being
re-depogited., Such arsenic mizht be derived both from
the surface, by lcaching, and also from the decper
arsenic-rich clay horizon., Hydromorphic dispersion of
this type could account for the very broad anomaly in

the subsoils at the westorn end of the Crown Shear
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traverse ot 45500 (Fig.52).

d) Vezeiation.

Although no expcrimental data were obtained,
vegetation must be regoardsd as o possible neans of

cdigtribution of arscnic in soils. In view of the
strong lcaching of arscnic from the necar-surface
gsoloniged brown soils, deev-rooted vegetation is
likely to be most effesctive.

e) Chemical liigration of Arsenic.

It is theoretically possible that free
arsenic ilons could migrate laoternlly in the direction
of dccrcaging concentration. However, the cxtent to
which this process occurs, if ot 2ll, cannot be
judged on the basis of the present results. In any
cnse, it 1s bteligved that chemical migretion would be
subordinate to dispersion resulting from the other

mechanlisme suggested above,

3. Summary

The dispersion of arsenic in golonized brown
goils appecrs to be donirated by the marked leaching
of the surface horizong, which tends to limit and
digguise the c¢ffects of lateral dispersion. Arsenic
ig beliceved to be tronsported principally as colloid~
bound asenates. A minor cmount of arsenic is probably
mobilized os free crsenote ions in the surfoce soils,

mainly os o result of the high pH levels. The
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solubilizing effects of chelating agents and phosphatcs
are presumebly at o minimum due to the supposedly
low concentrations of thesc substances in the soils.
The abundonce of ncutral galts in these solls also
reduces the solubility of orsenic.

Th

®

fixation of arsenic is accomplished by
adsorption and chemical combination with iron oxides
and by adsorption onto clay minerals. This is believed
to be responsible for the two zoncs of maximum arsenic
concentration obszrved in the soil profile. The main
factor in the Tixation of arsenic in the decper horizons
ig undoubtedly the abundence of iron oxides, most of
which ig in very fine~-groined form, favouring maximum
adsorption. Clay adsorption appcars to be the main
cause of arssnic concentration in the ncar-surfacc
calcareous goils. The increased anion éxchange copacity
of the clays in this horizon is considered to be due
to the high pH levels but it is also possible that
the precipitation of arsenctes from ascending ground-
water, as the result of evaporation, contributes to the
concentration in this horizon.

liechenical processesg cousing lateral
dispersion in ncar-surface soils, such as soil-creep
and sheetwash, appear to have had little effect, as
witnessed by the limited brcadth of the anomalies

detected in sanples from shellow depths. However, it
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is poseible that the argcnic which has been laterslly
translocated by these agents has been subsecquently
leached from the surface and has contributed to the
apparently broader dispersion patterns in the decper
horizons. ILateral secpage dispersion during wet
periods is also belioved to play some part in the
development of the broader anomalies in the clay-rich

gubsoils.

E. DISPERSION PROCESSES IN CALCAREOUS
LATERITIC SOILS.
In assessing the effects of dispcrsion
procegsesg in calcarsous iatcritic goils, both the
ﬁresent scmi-arid environment and the more humid
environment which prevailed at the time of lateritization,
must be taken into consideration.

1. Dispersion During Latsrite-Tormation

ne high roinfall and low relief, believed
to hove characterized much of Western Austrclia during
the period of laterite-formation, would have Tostered
conditions in which chemical dispcrsion processes
were morc prominsnt than mechanical processcs. The
mein chemical factors affecting the mobility of arsenic
during loteritization were presumcbly pH, active
organic substances, and the presence of zbundant iron
and nluminium oxides and clay minerals.

The observed pH values in Western Australian
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laterites (7.5 to 8.0) arc consistent with the
opproximately neutral pH lovels cncountered in
non~indurated latecritic soils found at the present time
in sub-tropical and tropical Africa (Jomes 1957,
Mather,195S). Since these values are on the alkaline
side of the solubility minime for iron ond aluminium
arsenates, a significaont proportion of free arsenate
ions would be expected,

In view of the high roinfall, the role of
chelating agents in surfoce soils would have been
considerably more important than in the preseant-doy
semi-orid conditions. This would tend to increase the
mébility of arsenic., On the other hond, the effects of
neutral salts and phosphates would have been at a
minimunm due to the extreme lcaching.

The mobility of arsenates would have becn
limited by fixation by hydrated iron and aluminium
oxides and c¢clays, which were the main residual products
of lateritic weathering.

In the profile, the distribution of arsenic
was evidently dominated by the marked concentration
of the element in the sesquioxide-rich loterite
horizon (Fiz.64). It is considered likely that this
arscnic was derived both from the A horizon by lcaching
end from the C horizon by asccnding ground-water during
the dry scason. Mgch of thse arsenic may have been

trongported with the scsquioxidce colloids but some was



no doubt in the form of frec arsencte ions. The
lotter would have been readily odsorbed by the abundent
segquioxides on entering the B horizon. It is
considercd probable thot much of the adsorbed arsenate
wos irreversibly fixed by chemical combination with
the scequioxides during the intermittent dry periods
end gsubsequent period of eridity.

The concaontration of arsenic in the mottled
zone of the laterite profile is somewhot lowsr than
in the sesquioxide horizon. It is probable that
arsenic was fixed both in the ferruginous nodules ocnd
cloy mincrals present in this horizon. The results
from Kalgoorlis and Ora Bonda (Figs. 55 and 69)
suzgest that the'tendeﬁcy for arscnic to concentrate in
the iron oxides rother thon the cloy minerals was
less marked in the mottled zone than in the lateritic
sravel., However, this mey be due to the friable nature
of the iron-rich nodules in the mottled zone, which

on weathering, appear to readily disintegrate, rcleasing

0

reenical iron oxide particles in both the coarse
and fine size ranges.

Thers is some evidcnce to suggest that
considerable lateral dispersion of arsgenic occurred
during the period of lateritization. Ilather(1959)
found indications of lateral migration of the order of

500 feet in indurated lateribe in Sierra Leons.



However, no definite conclusicns could be draown

because of lack of knowledge as to the primary
distribution of arsenic about the minerslized source.
Although some ideca of the extent of primary dispersion
in the study creas described in this thesis was
obtained by drilling, the full extent of the sccondary
dispersion pattern could not be agsessed because of
the lack of continuous laterite cover. At Coolgardie,
the ersenic onomaly in loterite is greater than

500 feet in width, compared with o primary dispersion
pattern approximately 100 fect in width. A primary
anomaly approximately 150 fecot wide has given rise

to o secondary anomaly in 1utur1tb at least 600 feet
in width in the “algoorlie study area., Despite the
paucity of data, it is apporent that lateral
digpsrsion of crsenic was more extensive during
loteritizotion than it is in the prescnt-day solonized
brown soils. (The broad enomalies in solonized browa
soils in the Surprise and Keolgoorliec lateritc study
arces are exceptional in that they result portly from

the weoth of the broad ancnalies in letecrite which

(?7

formsrly covcred the whole arco).
Owing to the supposcdly subdued topography,
on which the latcrites were formed, and the dense
egetation, shectwash and soil creep presumably played

only a small part in the lateral tronslocation of
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arscénic. The most probable mechanism of lateral
digpersion is belicved to have involved the transportation
of dissgolved and dispersed arsenic by slugsish ground-

water movement.

2., Dispcrsion Congscquent on Weathering of Laterite

Under Semi-Arid Conditionsg.

The indurcted laterite resultant on the
change to morc arid conditiong is highly resistant to
weathering, This is evidenced by the cheracteristic
occurrence of latecrite aos o protective capping on the
elevated rcmnants of the "old platcau?. Heverthcless,
weathering and srosion under the pressnt conditions
appeers to have caused partial disintegration of the
upper port of the laterite horizon to Torm o shallow
lateritic gravel horizon in place of the original
gsandy leached horizon, which in the arees studied, has
been completely removed by erosion.

The brealkdown of thce tough leterite horizon
is considsred to have been achieved by nmoinly
mechanical processes, the foremogt of which was related
to the extcneive calcification of the upper part of the
profile. The limited naturc of the chemicel breakdown

loterit

O
bty
(O]
(6}

is indicated by the marked concentration
of arsenic in the coarse scaquioxide Iroguents in the
lateritic grovel, with respect to the fine fractions

and calerete in this horizon.
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Appreciable lotercl dispersion of
scsquioxide~bound crsenic appears to haove token place
under the preveiling crid conditions. Shectwasgh and
soil creep are considered to be the most important
factors involved. During the gradual erosion of
the lateritic ploteau, arsenic-rich sesgquioxide frogments
would migrate slowly in o downslope dircction and
aceuwmulate around the base of the low laterite-capped
hillocks, During the occasional downpours which
occur, it is also probable thot surface laterite
frogments would be transported in a downslope direction

by shectwash. The effects of thesc processes can be

)

inferred from the erratic distribution of arsenic
in scsquioxide fragments collected from. the surface
at both Coolgardic and Kalgoorlie. In both areas, high
velues occur at the base-of-slope,in addition to
the peoks over the anomalies established by decper
gsampling. The onomalies obtained at depths of 6-12
inches were found to be more homogeneous and closely
related arsenic-rich sources in the C horizon, as
outlined by drilling.

F., DISPERSION PROCESSES IN RED AND BROWHN HARDPAW

SOILS.
A detailed discussion of the dispersion of

argcnic in herdpon soils is not possible in view of
the limited work carried out. However, the following

comments may be made.
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Although the pH lcvels in herdpan goils aore
probably slightly lower than those in solonized brown
gsoilg, in the abscnce of large concontrations of neutral
salts, the chemical nobility of crsenic at Agnew should
be at least comparable to that in other areas. This is
supported by the fact that arscnic concentrations in
the soils near mineralization are considerably lowcr
than the concentrations cncountered in primary dispersion
studies (=400 ppm in soils, os against more than
6000 ppm in rocks). This indicates that, as at Norscman,
the soils are generally depleted in arsenic with
regpect to the rocks from which they were developed,
sugegesting an overall leaching of arsenic during
soil=formation.

It is rcasonable to assume that as in the
othcr areas studiced, arsenic is fixed by both (2)
adgorption and combination with iron(and aluminium)
oxides and (b) adsorption by clay mincreols.

Prom the work done, there appcars to be no
gignificant variation in the digtribution of arsenic
in the solum. The same may be said of copper and zinc
in hardpan goils ot Bulaminna, although in both arcas
there is an appreciablc impoverishment of trace elements
in the golum with respect to the bedrock. The lack of
variation in the trace element content of the solum
is believed to he due to the ilmmature character of the

30ilg in the areoag studied, there being no visible



2 T1

indications of horizon differentiation., There is
therefore no tendency for the preferential concentrations
of trace elements at any specific depth.

The work ot Agnew suggests that very broad
enomalies are developed in hardpan soils in the vicinity
of mineralization, even though the chemical mobility
of arsenic ig unlikcly to be apprecicbly greatcer then
in solonizcd brown goils. A number of reasons con be
advanced to explain this.

(i) The widths of the anomelies in residual
soils may closely reflect very broad primary dispersion
patterns in the underlying rocks. It was not possible
to determine the full extent of primary dispersion ot
Agnew owing to the lack of suitable drill~core or
cross~cuts but it was considered likely to be
congiderably in excess of the 40 feet established in
diamond drill-hole A3 (Fig.47). This is suggested by
the wide distribution of weakly anomalous values in
soils, cven upslope from the sub-outcrop (Fig.T70).
However, the broad local threshold could bs cxplained
in at lecast two other waoys. (Sce (ii) and (iii) bolow),

(ii) The scattered remnants of the lateritic
"old platcau™ in the topogrephically subdued Agnew
area and abundant ferruginous pisoliths in the soils
suggest thot the Emu Lode was formerly overlain by

laterite and that the present land surface is only some
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tens of feet, at the mogt, below the now-croded loterite
surface. It hos been shown that broad cnomalics were
devcloped in lateritic soils at Coolgardic and Kelgoorlic
and the ocnomalies in prescnt-day soils after crosion of
the overlying laterite are of gimilar Widths. Thus, the
broad anomalies at Agncw could be inherited from the
weathering of broad anomalies in pre~existing lateritic
goils,

(iii) The importaonce of flooding and
saturation of the soils above the hardnon during the
occagional periods of prolonged hecavy rainfall has
already beeh mentioned in connection with the gcenesis of
these soils. It would seem quite possible that dissolved
and disperscd arscnic might be transported laterally
within the "perched” water-table that would exist during
thesc periods,

(iv) Sheetwash hes alsoc been suggested ag an
important egent causing secondary dispersion, This process
could be expected to be particulorly effective in the arcos
studied in view of the shallow soilg and apparent abscence
of surface lecching. The prominent stony pa&ement ot the
gurface of hardpon soils ottests to the action of sheetwash
in selectively tronsporting the fine fraction of the
surface soils, Shectwash is considered to have been the
doninant mechanism {hvolved in the development of the
erretic, qssymetrical anonaly downslope from the Emu

\

Lode (Fig.70).
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G. DISPERSION IN DRAINAGE

Preliminary studies have shown that trace
element anomalies can be detected in the active sediments
of streams droining creas of anomalous soils,

The active stream gediments theoretically
cpproximate to a compositc sample of the soils occurring
in the catchment area. This should be particularly true
for the intermittent streans of semi-arid Western
Australia, In view of the very few occasions when
running water is present in the drainage channels and
the sghort durction of these active periods, reactions
between the woter and the solid perticles are unlikely
to occur to any significant extent. Hence, the trans-
portation of arsenic im the drélnage channels of the area
is beliecved to be effected almogt entirely by the
mechanical translocation of arsenic-rich soil particles.

Differences in the tenor n~nd distribution of
arscnic betwecn stream sediments and soils are thought
to be the result of selective transportation, leading
to the sorting of dreinage sediments. Stream scdiments
were gencrally found to be coarser in texture than
soils, owing to the removal of the fine fractions in
suspension, these being corried further and deposited
in salt lakes. This tends to reduce the anomaly
contrast shown in the =82 mesh fraction, by virtue of
the rclative increasgse of metal-poor quartz in this

fraction.
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Owing to the depth of the water-table, it
nmust be concluded that sheetwash and bank erosion are
the dominant mechanisms by which anomalous materiol is
introduced into the droinage chennels, The efficiency
of shestwash in contributing anomalous copper and zinc
to the drainage has been demonstrated at Eulaminna and,
although profile studies were not carried out at
Worsciian, it was shown that the bank soils nearest to
the source of =anomclous arsenic are higher in the
clement than the soils on the opposite bank,

The prescent studies were carried out on sireoms
with very limited catchment areas. The size and
reclative proportions of anomalous and background soils
in the catchment areas can have an important bearing
on the nature of the anomclous drainage trains developed
and further investigations should be carried out to
fully asscss the potential and limitations of drainage
dispersion anomzlies in the secrch for mineralized arcase.

The andmalous dispsrsion pattern found in
salt-lake sediments ot Norseman may be explained in
terng of two dominont mechanisms.

Firstly, during periods of prolonged heovy
rainfall, the streans dreining the area of anomalous
goils, dischorge their load of transported soil particles
in a broad fon pattern over the surface of the laxe.
Coarse rock debris and sand are deposited first,

generally within 100 feet of the debouchement, but
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arsenic~rich silt ond clay particles arc dispersed over
a wider arez, thug accounting for the extensive cnomaly
shown by the -82 mesh fraction of the loke scdiments
(Fig.59).

Since the example studied lies near the
westcrn margin of the laoke, the westword migration of the
laoke moy also inereasc the arcal extent of the anomaly,
both as 2 result of increcasing the ecst-west cextent of
the fan~out pattern and by cctively croding anomalous
soils on the western shore., The latter process is
belicved to be the cause of the high values occurring
within 100 fcct of the edge of the loke ncarest to the
quartz vein complex (Pig.59). It should be noted,howevér,
that the ground-watcr table comes to within inches of
the surface in the salt-lokes and hydromorphic dispersion
could cccount for this marginal concentration of arsenic..
It has been pointed out that much of the arsenic released
during the weathering of orebodies has been lecached out
of the soils ond is probably dispersed in the ground-water,

Icke migration would, in theory, also incroasec
the arecsl extent of cnomalous fon-out patterns on the
castern sides of galt-lakes but the resulting anomelies
moy be larsely buried by cccunulations of wind-borne
material,

Further hydromorphic dispersion of arsenic ng

take place alter deposition in the salt lakes, as o
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result of the high weter-table., However, as the
chemicel environment within the salt lake has not been

studied, no further comment can be made at this stage.

H. SECONNDARY DISPERSION QOF OTHER ANOMALOUS ELEMENTS
Although thig study of sccondary dispecrsion

has been primarily concerned with arsenic, it is intended
herc to give o very brisf rcvioew of the dispersion of the
other clementes showing anomglous distributioms in the
arcas studied. Table 42 summarizes dota relevant to
the sccondary dispersion of the elements As, Cr, Sbh, Au,
Ni, Cu end 2Zn, drawn from various sourccs (Rankoma and
Sahama, 19503 Hawkes and Webb; 1962; Dana, 132;
Zviogintzev, 1941; Jamcs, 1957).

1. Chromium and Antimony

Chromium and antimony show certcin broad
geochemical similarities to arsenic in that 211 three
clements possess two possible oxidation states and
relatively hizh ionic potentials (particularly in the
higher stotes of oxidation). They therefore tend to
occur =g anions in environments of high Eh and pH.

It can be seen from Fig 76, that the chronate
ion (Cr04"_) could be present in the near-surface
horizong of soils ot Norseman, where pH is in excess
of 8 and Eh is probably greater than +0.4 volts,

Hawkes and Webb (1962) state that, in this form, chromium
possesses considerable mobility. In the lower pH lovels

6+

encountered in the decper horizons Cr” " would probably
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PROPERTY ARSENIC CHROMIUM ANT IMONY GOLD i NICKEL COPPER ZING
Atomic Number 33 24 51 79 28 29 30
Atomic Weight 74.9 52.0 121.8 179.8 58.7 63.5 65 .4
Periodic Group v VI v I VIIT I IX
Oxidation 34+ 5+ 3+ &+ 3+ 5+ + 3+ 2+ + + 2+
States As As Cr Cr Sb Sb Au Au Ni Cu Cu 7n
Jonic Radius
(A°) 0.9 0.47 0.64 0.35 0.90 (0.02)1 1.37 (2) 0.78 (0.96) 0.83 0.83
Ionic Poten—
tial 4.3 10.6 | 4.7 17.2 3.3 8.1 0.7  (2) 2,6 1.0 2.4 2.4
Primary Arsendpyrite, | (?) substitu- (?) Stibnite, Native Au and{ Pentlan- Chalcopyrite
Minerals FeAsS;Terman~{ ted in sili- Sb2535 Tetra- tellurides dite,(Fe CuFeS» (?) Sphalerite
tite, . cate & oxide hedrite, e.g. Calaver-; Ni)S,Assoc- 7ns
3CusS. Ass5 lattices 3CupS. SboSj. ite, Au Te iated with
2 273 223 2 .
pyrrhotite
Secondary Scorodite, (2) (?) Fative Au (2) Native Cu,Cup- (?)Smithsonite
“inerals FeAsOy .2H, 0 rite, Gus0, Chal- ZnC0,
cocite, CuS,
Malachite CuC0Oj.
Cu%OH}gz 3
Azurite CuCo3.
Cu(0H) o
Aqueous Phase (As03),As0.> Croa®™ (2) Complex 1 (9)ma* ou*, Cu?*, and oo™ and
(near- ions,eg.Aullq soluble organic soluble organic
surface) stable coll- complexes comples.
oids,soluble
organic com-
plexes
Soil Phase Limonite, Limonite (?) Fative gold Probably, Limonite, clays Limonite, clays
clays Limonite (?) organic limonite MnOgz ard organic
matter clays matter.
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3+

revert to Cr”" which has an ionic potential in the
intermediate range (Frauskopf, 1955). Tons of
intermediatc ionic potential tend to be precipitated as
ingoluble hydroxides and chromium would therefore tend
to concentrate with the secondary iron oxides in the
déeeper horizons. This is supported by cxperimental
evidence from the Princess Royal traverse (Table 29),
whicb shows that chromium has been leached from the
surface horizons and rc-deposited in the iron-rich
bedrock. -

Very little is known of the bchaviour of
antimony in the sccondary environment. Goldschmidt (1954)
states thot trivalent antimony is more common in nature
thon the pentavalent form, despite the computed stabilify-
reloations (Fig 76), which suzgest thot Sbog should occur
alongside ASO4%— According to Goldschmidt's vicwo, antimony
would be expected to form insoluble hydroxides in soils.
James (1957) found that antimony, in general, behaves
gimilarly to arsenic in soils in the vicinity of gold
mineralizotion in Rhodesia, but that cntimony shows an

cven stronger tendency than ocrsenic to be fixed in iron-

The results of the very limited amount of work

done on gold dispersion in golls were inconclusive.

Gold is beliceved to be fairly mobile in the sccondary
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environment under gome conditions and geochemical
methods using gold may yet prove to be effective in
locating mineralization. However, further orientation
work nceds to be done, preferably in the vieinity of
virgin orebodies. Becaouse of the risk of contamination
in the aorecs cxonined by the writer, sampling was only
pPossible in the vicinity of sub=cconomic mincrolization,
where the gold concentrations in soils were too low to
show significent dispersion patterns.

Mony writcrs have drawn attention to the
combined action of acids, oxidizing agents (such as
MnOz)band chlorides in mobilizing gold as the soluble
chloro-auratec complex (AuClZ). However, it can be
gscen from Fig.76, that this complex would have a very
limited field of stability in soils and could only be
important in the highly ccid cenvironments of oxidizing
or¢-bodics. Even then, gold may be precipitated by
numerous mincrcls, sulphides being among the most
cffeetive (Zviagintzev, 1941).

According to Zvicgintzev, the migration of
zold as a colloid is far moré prbbable. Solg of zold are
gssentially unstable in the presence of naturel meterials
but stobility moy be achieved if '"protective? colloids
such as sgilico, hydroxides of ironm etc., arc prescnt,
Ficld ond cxpewrimenial evidemeu has olse beon brought
forward to show that gold may be transported by solutions

containing humic substaonces,
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3. Nickel, Copper and Zinc

The behaviour of nickel,coﬁper and zinc in the
sccondary environment differs from that of the other
clements described in that they occur as cations, rather
than aniong. All three eloments are highly mobilc a
low pls but ere hydrolysed at pHs approaching neutrality
(5.5 for Cu++, 6.5 for Nitt and 7.0 for zn*™"). Thus the
chemical mobilities of thesc elements are likcely to be
Jow in the areas studied, zinc being the most mobile.
Copper ions cre only likely to occur in solution in the
ncar vicinity of oxidizing sulphides. The diffcring
mobilities of zinc and copper are roflected in the
results obtsined at Eulaminne, whcere, olthough the
gharply defined soil anomalies suggest minimal lateral
dispersion, the geochenical profile for zinc is nore
homogeneous than that for copper, the distribution of
which dis highly erratic., Similarly, the zinc cnomely
in the streem sediments et Bulaminna is also more
homogeneous than the corresponding copper =nomaly. The
conparative homogeneity of the zinc cnomalies is
attributed to limited chemical traonslocotion of zinc,
tending to minimisc the irregularitics of the dispersion
pattern.

All thrce clemcnts arc strongly éorbed by
limonite and clay mincrels., The high cation exchange
capacitics of the montmorillonitic clays occurring in the

arcas studied could lead to appreciable fixation by clays.
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1

> anc car»oonatcs hove been

)

T
L

In 2ddition, manganesc oxi
cited ag important procipitants of copper and zine in
various cress (FWiehlls, 1964). Vegetation is known to
tokes up appreciazble gquantities of copper and zine and
probably also nickel (Ronkeoma and Schama, 1950), This
fenture may be on important influence in controlling
secondary dispcrsion,

In this study very little work was done on the
sccondary dispersion of nickel, opart from establishing
the existcnce of narrow anomeliecs of low contrast, in
the vicinity of Crown and Princess Royal Recfs ot
Norgemen, |

Wwhile zinc mey be mobilc to o limited cxtboent
2t Euloninne, it is conmgidered that, beecausc of the
dry conditions expcrienced most of the year, very little
hydromorphic dispersion takes place. Copper and zinc
arc more likely to be tronsported mcchanicolly, in the
form of copper and zinc-rich limonite, claoys and

-

cuprifcrous nineresl fragments in soils. Dispersion in

the drninage is also considered to be dominantly
mcchenical, The significence of sheetwash as the meoin
foctor contributing enomalous materinl to the drainege

has alrcedy been mentioned.
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CHAPTER 6., SUMMARY OF CONCLUSIONS

I. GEFERAL

Arscnic wag found to be a geochemical pathfinder

for gold mineralization in five sselected study arce
occurring over o belt of auriferous country, threc
hundred miles in length, in Westcrn Austrelia. Primary
diancrsion studieg in threc of these arces indicate

o goenetic relationship between anomelous crsenic ond
gold which nrobably holds for the wholc of the area

under congideration.

Anomaloug arsenic dispersion natterns related to gold
mineralization can be detected in rocks, various types
of soils (including relict lateritic soils) and strean
and salt~lake sediments by systematic sampling and

rapid gemi-guantitotive aonolytical techniques.

Although the main featurcs of the digpersion patterns
arc broadly similar in 2ll arcas, the details differ
according to the nature of the geology, minernlization
ond soil-type. The results obtained and conclusions
reached for each environmment are summarized in the
following poges. .

IT. PRIMARY DISPERS ION.

A. KORSEMAN

Strong arsenic cnomalies, gonerally hetwecn 40 and
100 fect in width and with avercge contrast of

approximately 50 -(with respect to local threshold),
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occur in the wall-rocks codjacent to gold-quartz ore-

bodies in flatly~dipping reverse shears.

The onomalies persist in the form of leakage halos for
considerable digtances along the shear structures,
up=dip from blind orehodies. The leakoge onomely
aggociated with o major blind orebody on Crown Recfw~
Shear can be detected in soils over the sub-oubcrep of

the shear, 2000 fect up-dip from the ore zonc.

Barren scctiong of the ore-becring sheors, clong-strike
from orebodies are characterized by wecker anomalies
(average contrast = 7). These sccetions con neverthcless
be distinguished geochemically from outwardly similar,
but non-auriferous shears, since the latter are

accompanicd by near-background arscnic conccentrations.

The anomalous arsenic in the wall-rocks occurs in the
form of finely disseminated arsenopyrite, which is
believed to have been introduced during, or immediately

prior to, the emplocement of the gold-quartz recfs.

The form ~nd mognitude of the znomalices aoppcars to

heve been controlled by a combination of factors,
including the nature of the original rock-types, the
extent and intensity of shearing, and whether the shecar

2

wag locally dilational or compressive.

Although the arsenic znomclies often appear to
coincide with the zone of nincrclogical wall-rock

alteration, the two fecturcs are not closely
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inter-rclated. The tyne of wall-rock clteration
encountered in recf-ghears is widely distributed through-
out the arec ond, unlike arscnic anomalies, is not
regstricted to ore structures. The wall-rock alteration
stoge is believed to have preceded the development of

arganic anomeolies.

In edlition to arsenic, Ni, Cr, Co, Cu, Zn, iin, ond Sb

were all found to form anomclous dispersion potterns in
the vieinity of recf-shecars. Of these, only Fi and Cr

(which show the strongest anomalies) werc studied in

any detail.

Nicel is concentrated dominantly in pyrrhotite in the
woll-rocks and is believed to have becn i roduced with,
or slightly aofter, arscnic, Hickel cnomnlies are best
developed in the vicinity of the Crown Reef-Shear, where
they generally reflect the nature of the corresponding
arsenic cnomaly. The concentration of nickel in
pyrrhotite in the wall-roclks shows o morked increase on

approaching the Crown Reef ond may form cnomalies

meagurable in hundreds of feet.

Chroniun anomclies werc found to occur in most of the
recf-gheer interscetions cxomined, as well as 1n a
number of non-auriferous shcar zones. The poor
corrclation of chromium cnomalics with thosc of arscnic
and niclzel, oand the high chromium contents of the
secondary silicates in the altered woll-rocks suggest

L4
thot chromium wes introduced during the well-rock



285
alteration stege, which probebly preceded the fTornation

of arsenic-nickel anomclies ond 5o0ld mineralization.

10. The feotures of the well-rock and lesaokage snomalies

suggest an origin involving the movement of hydrothcermal
fluids up the inclined pormeable chear zones, Infiltro-
tion is believed to haove been the dominont mechenism,
but diffusion must be invoked to acccount for the pene-
tration of smell quentities of anomzlous noterial into

the nosgive impsrmeable rocks outside the shcar zone.

11, As, Pb, Ag, and Zn werce concentrated with gold in the

org=-ghoots within the quartz reefs, although no direct
rclotionship between the concentrations of these
slenents and the grade of ore cppecars to occur. The
concentretions of arsenic and nickel in the actunl
quartz reef, clthough generclly much lower than the

everage for the sheared wall-rocks, are higher than in

@

cckground greenstones, implying o genetic relationship
between the wall-rock anomclies and the gold mincraliza-
tion, Silver and lecd are, on the averoge, more
abundant in the quartz than either the wall-rocks or
bocksround grecnstones. The absence of wall-rock
anomalies for these elements and compercatively low
concentrotions of arsenic in the quartz, and grecenstones
imnediately adjacent to the reefs, suggest the emploce-
ment of the quortz reefs loter thon the wall-rock

anomalies (ses page 163).
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The trace element dato are gensrally consistent with
the hypothesgis that the orcbodies are dominantly of
hycdrothermal origin ond were genetically related to
the "Younger GreenstoneV mogma,., However, the possibility
that some of the elements concentroted in the vicinity
of the reef-shearsg were mobilized from the country

rocks ig not excluded,
B, KXALGOORLIE.

Arscnic anonalies werc found to occur in the wall~rocks

adjacent to 211 the major curifcrous lodes studied,

The concentration of arscnic varies between 30 and
100 ppm in anomanlous wall-rocks,but higher concentro~-
tiong are aossocinted with major lodes and minor

mineralized shears.

relationghip between

There appears to be 2 quantitative

o
o

arscnic and gold in the Ferseverance LOUG, although
the present results do not suggest that the relationship

ig the same for diffcecrent lodes within the "Golden Milel

The anomalous aorscnic present in the Perssveraonce Lode
oceurs clmost entirely in the form of tennaontite, which
ig o common constituent of many Kalgoorlie lodes.
Arsenopyrite is comparcatively rare at Kalgoorlie, but
moy contribute some of the cnomalous arsenic,

narticularly in the minor minerclized shears.

The widths of anomeclies are highly vorioble ond apnpear

to be relaoted to local varictions in the intensity of
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mineralization., The doto obtained suggests the
existence of very extensive anomalies of low contrast
in the most intensly minerczlized parts of the lode

complex.

The variastion in $he wicdths ond contrast of woll-rock
cnomnlies ware found to be similar for the different

lode~tynes and in different host-rocks.

The magnitudes of wall-rock anomnlics are apporently

unrclated to the grade of ore in the lodes.

In addition to arsenic, anomnalous digspersion patterns
were found for mercury and gold in the wall-rocks. The
dato obtained in the vicinity of the Lade Vicew Lode
sugpest thot the lateral dispersion of gold was nore
limited in extent than that of arsenic or mercury, but
the full extent of the anomalies for the latter two

clements has not been cstaoblished.

Preliminary studies showed the existence of very strong
crsenic anomalies of undisclosed width in the wall-

rocks oggocicted with the Emu Lode.

The gencrel level of arsenic concentration is higher
thon at Kdlzoorlie or Norscman. There appcears to be
o close correlation betwecn the concentrotions of

arsenic and gold in the minerclized chlorite~actinolite

o4}

schist horizon,
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The anomalous arsenic occurs as arsenopyrite, coorse
crystols of which are abundent in the wall-~rocks and

guartz veinlets.

IIT. SECCUDARY DISPERSION I SOILS.

A. SJLONLIZED 3ROWIT SCILS,
The golonized brown soils of semi-arid Western Austrelic
arc charactcrized by marked accumulations of lime in
the profile (with associcted highly olkcline soil
reaction), the frequent development of iron-rich cle

subgoils, and abundont soluble salts.
]

Arsenic anomolies were estaoblished in residual solonized
brown soils in the vicinity of sub-outcropping orebodies

and srsenical structurcs related to gold minercalizotion.

The highest concentrations of arsenic in soils are
agsocicted with secondnry iron oxides in the coersc mnd
ond gilt froctions. Lower orsenic concentrations occur
in the clay fractions, although the clay-bound arscnic
compriscs a considerable proportion of the total arsenic
present in the near-surface calcareous horizon . Arsenic

shows no tendency to concentrate in coleclum carbvonecte.

Cold-cxtractable arsenic shows maximae in the clays and
cecrtain of the coarsc fractions, reflccting respectively
the rclatively high proportion of adsorbed arsenic agsoc-
iated witn Pthe clovs, cond the complete attack achieved
by the cxAs technique for the ninor amounts of arsenic

associnted with carbonates in the soand-gized material.
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Comparison of the arsenic date for soils.with the
results of primery dispersion studies at Norsemon
guzgegtes that congiderahle leaching of arsenic has taken

place during wecathering ond soil formation.

lo]

The distribution of arsenic with depth in the profile

B

1d

(¢}

of the solonized brown soils is highly variabl
apusars to be mainly controlled by the abundonce of
seccondary iron oxides and pH. The profile is gencrally
characterized by o leached surface horizon (0-6 inches
depth) with moarked concentrations of arsenic both in the
near-gurfnce colcarcous horizon (3-24 inches depth) and
the basal iron-rich clay horizon (end/or the weathered

bedrock).,

The concentration of arsenic in the calcareous horizon
ig considered to be due mainly to "activation™ of clays
as o result of the high pH of the soils at this depth.

result of the eveporation

0

Precipiteotion of arscnic as
X

of ascending sround-woter mey be o minor contributory

faCtOI'-

The concentrotion of arsenic in the decper horizons

ig ottributable to adsorption and combination with the

)

bundant secondary iron oxides present.

o

Mechanicol dispersion proccsses affecting neor-surface
soils such as soil creep, the weothering of inclined
orebodigs, and sheetwash, appesar to have had little

effect, in view of the limited lateral extent of
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anomalies, This is poartly dus to the fact that the

surface soils are generally low in crsenic ond partly
the result of further leaching of zrsenic transported by

these agenciles.,

Broader anomclies appear to be dsveloped in the decper
horizons, partly as the result of the fixation of arscuic
which has been transported by the cgencies mentioned in

9 chove and subsequently lcached from the surface.
Hydromorphic disporsion, taking ploce in o pcrched water-

table during occasioncl wet periods, may also contribute

to the obsecrved broad anomnlics in the subsoils.

Arsenical felgitic porphyries and contaminetion from
mine dumps and smclter fumes may give rise to spurious
anomalics in soilg. The effects of mine dumps appear

to be rcestricted to the near-surface soils within a
radius of approximately 25 feect of the source, Smelter
fumes affect ncar-surface soiis for considcrably greater

distances, probably measurable in miles. Anomalics due

o

to arscnical porphyries may not be entirely spurious,

in that, at Norscman, they appecr to be genetically
related to gold mineralization. However, until more deote
arc obtained regarding ths Spaciai relationship between
the porphyries and orcbodies, the anomalies due to this

gource may lead to erroneous interpretations of

geochemical prospccting data.
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B. CALCARECUS LATERITIC SOILS.

The calecorcous loteritic soils are modified latosols
occurring as elcvated remnants of a former Terticry
peneplain. They congist of 2 thin surface horizon of
lime~-rich lateritic graovel, overlying an indurated,
ferruginous loterite horizon, which is underlain
successively by o mottled zone, kaolinized zone and
finclly fresh parent rock. In some arcas the lateritic
soils cre gradetioncl towards solonized brown or hordpan
soils, thc charactcer of the intermediate soil-tynes
dcpending lorgely on the depth to which the laterite

profile has been eroded,

Anomolies releted to ersenicol bedrock sourcegs can be
dcteccted in the nsar-surface horizons of calcarecus
lateritic soils, despite the depth of weathering, which

comnonly excceds 50 fcet.

In the surface lateritic gravel horizon,arsenic shows
a nmorked tendency to concentrate in the coarser fractions,
in which it is closely associated with the ferruginous

gesquioxides, presumably occurring as scorodite (FeAsO4).

Only minor amounts are asgsociated with the cbundant

calcrete, but much of this orsenic is solubilized by
dilute ccids, thus cccounting for the relatively high
cxAs/total As rotios in some of the coorse fractions.
In the fine fractions of the lateritic gravel, the

maximum concentrations of arscnic occur in the iron-rich
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silt fraction with lesser concentr~tions in the cloy
frections., An appreciable proportion of the arsenic present
in the silt ond cloy fractions is in absorbed form, as

evidenced by the relatively high cxls/totzl As ratios.

The tendency for crsenic to concentrate in the coarse
ferruginous pisoliths with respesct to the finer fractions
of sgoils cdeveloped on the mottled zone is less moaried than
in the goils directly overlying indurated loterite. This
may be cn origincl feature of the arsenic distribution in
the leterite profile or posgsibly due to the peortial
digintegration of the friahle pisoliths of the mottled

zone during weathering.

In the profile, arsenic concentrates mainly in the
indurated loterite horizon, which is the locus of
maximum iron concentrction. pH ghows only minor

fluctuations with depth, varying between 7.3 and 8.0,

The anomalous dispersion patterns formed during laterite-
formation were more extensive thon those encountered in
present-day solonized brown solls, Arsenic is believed

to have been more mobile under conditions of letcritic
weothering ond lateral tronslocation within the shallow
water-tohle wos nrobably the dominant mechanism of

lateral dispcrsion.

. .

Although anomnly controgt is similar for both the +20
mesh freoction (dominantly Fferriginous laterite fragments)

and the ~&# mesh fraction of the lateritic gravel, the
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anomalies shown by the coarsc material are more homogzeneous
end show better definition. The anomalies in the ncar-
gsurfoce lateritic gravel clogaly reflect argsenic distribu-
tion in the indurated loterite horizon and are spacially

reloted to the underlying bedrock source.

Anomolies are detectable in scmples of laterite fragments
collected on the deylight surfeace. However, the geochemical
profiles for this matericl are more erratic and not so
closely related to the bedrock source, owing to the latercl

translocotion of these frogments by soil creep and sheetwash,

Although the cnomaly studied ot the Surnrisc Area,
Coolgordie, was shown by drilling to be rclated to gold
minerclizntion, the Kalgoorlic example appears to be
releoted to o non-aurifcrous but arsenical hedrock source.
Howeover, sulphate analyses indicated that sulphide
mincreolizetion is present in the Kalgoorlie study aorea and,
in view of the results of primary dispersion studies at
Norscman, the possibility thot the cnomaly is rclated to

£old minerclizetion at depth connot be dismissed.

C. LRED AWD BROWE HARDPAY SOILS
The red and brown hardpaon soils are immature soils

cheracterized by stony surface povements and the presence

of o giliceous hardpan formotion at the basc of the solum.

Strong orsenic anomalies are detectoble in the ~82 mesh
froction of soils in the vicinity of arsenical gold

minerclization.
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The concentration of arscnic (and copper and zinc) shows
no significant variation with depth in the profils, apart
from the foct thot the soils are, on the whole, depleted
in arsenic with rcsgpect to the rocks from which they were
developed. The lack of veriation in the solum is
attributcd to the absence of horizon differentintion in

the soils,

The broad anomalies in soils in the vicinity of mineroliza=-

tion may be due to one or more of the following:

(i) brooad primory dispersion patterns,

(ii) the weathering of anomalous laoterites, which
formerly blanketed the area, |

(iii) 1oteral dispersion in perched ground~weter,during
occasional period of prolonged heavy rainfall,

(iv) shectwashe.

Although weak arsenic anomalies were found to occur in

soils in the vicinity of o basc metal depogit at

.Cla

Bulaminneo, stronger cnomelics are shown by copuer an
zinc. Concentration maxima for thesc elementy occur in
hoth the coaurge and fine fractions of the soils, the -82
mesh fraction giving satisfactory results for prospecting
purposes. The nature of the geochemicel profile indicates
thot copper hos negligiblechenical mobility, but very
limited scline dispersion of zinc may take place. The
dominant dispersion processes, however, arc mechanical,

i.e. shectwash cnd soil creep.
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IV SECCIDARY DISPERSION TN DRAIVAGE
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anomalies (As, Cu, and Zn) can be detected
in the cctive scdiments of intermittent strcams drainling

crcas of anomnlous soils.

Droincge dispersion processes in the arca studied are

Anomeclous material is contributed to the drainage mainly

by shcetwash cnd bank erosion.

‘

Anomaly contrast in the -82 mesh froction of streom

se

Y

‘iments is genereolly lower than in soils due to the
seclective removal of metal-rich fines during transporta-
tion. Controst is Turther reduced down-streom from con-
flucnces with background draincge chennels, presunably as

a result of dilution.

Brond dispersion patterns core present in salt-lake sedi-
ments in the vicinity of the debouchements of anomalous
droinoge channels. The anomalies are largely due to the
fan~out of cnomalous moteriol contributed by the drainage
but the cxtent of the cnomaliss is increased by the goncral
wegtward migration of the lakes cnd possible redistribution
within the laoke as o result of the sluggish intra-lelc

dreinaze during periods of exceptionally heavy rainfall.

]

In the cxomple studied ot Norseman, the erosion of
anomalous bank soils on the western morgin of the lake
probably contributes gsome anomalous arsenic. The

rclatively high arsenic conccontrations ot the western
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marging of the lake mey clso be partly of hydromorphic
origin, due to the emersgcence of arsenic-rich ground-water
near the surface of the salt-loke, which coincides very

nearly with the water-taoble,
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CHAPTER 7. APPLICATION OF THE GEOCHELMICAL

DATA TO FROSPECTING I WESTERW AUSTRALIA

L. ROCK~-SAMPLING SURVEYS

1. Scoge.

The results of primary dispersion studies indicate
that rock-sampling surveys may provide useful information
with regard to prospecting in all three areas studied. The
‘nature and significance of the geochemical dispersion
patterns related to mineralization, however, differ in each
area, apparently reflecting fundamental differences in
geology and the nature of the mineralization. Consequently,
the purpose and interpretation of geochemical prospecting
investigations must be based on appropriate orientation
surveys in each ares.

At Norgeman, rock-sampling surveys could have
congilderable application in the current deep exploratory
drilling programme, testing for new orebodies on known
reef-shears and possible new reef-shears. In particular,
the results indicate that ore-bearing shears can be
distinguished geochemically from outwardly similar, but
non~auriferous shear zones and quartz intersections, even
where assay data are inconclusive. This fact could be
an appreciable aid to structural interpretation where the
positions of reef-shears are not accurately known,., IHoreover,
the magnitude of the anomalies (preferahbly expressed as an
average value for the whole anomalous zone) may indicate
the direction in which ore occurrenceg are likely to be

found. Since the presence of strong and extensive leakage
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halos has been established up-dip from three orebodies on
known reef-shears, isolated strong drill-hole anomalies
should be followed up by more intensive prospecting down

the dip of the structure. It is suzgested that the present
study should be extended by geochemical sampling of all the
drill-core obtained in the past at Norseman. Apart from the
fact that such a study might possibly bring to light ore-
bodies which were narrowly missed by past drill-holes, the
results would provide a firmer basis for the programming and
interpretation of future exploration. Sampling should be
concentrated in the vicinity of shear zones and quartz
intersections, but widely spaced samples should also be
taken over the whole length of drill-holes to further
investigate the nickel content of pyrrhotite as a possible
means of locating reef-ghears,

Further orientation work needs to be done at
Kalgoorlie and Agnew to assess fully the potential of
primary dispersion patterns as a guide to mineralization
in these areas. However, the preliminary results suvuggest
thatAarsenic determinations on samples from exploratory
drill-cores and crogs-cutg may give some indication as to
the proximity of mineralization. A& geochemical re~examination
of unsuccessful drill-holes and cross-cuts may indicate some
areas where further exploration is warranted. IMoreover, in
view of the gradational lode boundaries and cloge relation-
ship between arsenic and gold in mineralized rocks, arsenic
determinations may serve as a useful adjunct to the test by

assay.
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The broad anomalies sbout the clogely spaced
lodes near the centre of the Kalgoorlie field suggest that
there may be a large—scéle geochemical anomaly associated
with the Golden ¥ile mineralization as a whole, within
which the profiles associated with individual lodes are
only minor features. This could be very important with
regard to exploratory drilling for a blind repetition of
the Kalgoorlie ore position along the strike, It is
suzrested that a seriegs of east-west sampling traverses
acrogs the whole lode complex should be carried out at
varying depths and distances along the strike to test this
hypothesis.

2. Techniques.,

a) Sampling Procedure.

Since in most cases anomalies are measurable in
tens of feet, sample intervals of 5 or 10 feet should
normally be adeguate to detect wall-rock anomalies., Sample
intervals should be varied to ensure that each sample
consists of only one rock-type. ilineralized faults and
shears should be sampled separately. Broader sample
intervals (up to 50 feet) may be used in testing the major
dispersion pattern at Ialgoorlie and fof the study of the
broad dispersion pattern shown by nickel in pyrrhotite at
Norseman, In each case the samples should be made up of a
series of gmall chips taken over the whole interval.

b) Sample Preparation.
Initially rock samples should be jaw-crushed and

representative portions of the material obtained
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pulverized for analysis. The pulverization stage may be
satisfactorily carried out by means of ceramic ball mills,
However, greater productivity may be achieved using a disc
pulverizer with ceramic plates or a Siebtechnik rotary or
swing mill, Both types of equipment can be quickly and
efficiently cleansd betwesn samnples, and the latter,
particularly, has bcen found to give optimum reproducibilily
of grind.(Rewling and Greaves, 1954). The writer found
that 10 g. portions of jaw-crushed material were pulverized
in less then 30 seconds in the Siebtechnik mill and the
disadvantages inherent in the ball mill method, such as
compaéting of the sample and the small load handled (and
hence poor representativity), were avoided. A rapid
preliminary assessment of the wall-rock patterns may be
masde by analysing the -82 mesh fraction of jaw-crushed
ma‘cerial; thus reducing the time and work involved.

¢) Analysis.

A1l wall-rock samples should be analysed for
arsenic, which was found to give consistently good results
in all three areas. In addition, other trace elements
may give useful information in specific areas, such as
nickel at ﬁorseman and mercury at Kalgoorlie. Further
research may indicate that other elements show significant
dispersion patterns at Kalgoorlie and Agnew. At
Kalgoorlie particularly, the potential of copper,tellurium
and antimony as pathfinder elements should be investigated,

since minerals containing these elements are frequently

assoclated with lodes. In new areas, preliminary work
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should include the spectrographic analysis of selected
traverses in order to determine the trace elements showing
significant dispersion patterns near mineralization. In
routine analysis, the work involved can be greatly reduced
if more than one element can be determined from the same
sample attack. The bisulphate attack appears to give
satisfactory results for arsenic, nickel, copper ( and

probably antimony) in wall-rock sauples.

II. SOIL SAMPLING SURVEYS

1. Scope.

The present results indicate that soil sampling
surveys may be of considerable use in the search for
mineralization in areas of residual overburden. It is
clear from the investigation of primary leakage halos at
Worseman, that significant arsenic anomalies in soils need
not necessarily be accompanied by gold in the weathered
bedrock, even when blind orebodies are present at depth.
In many such cases interpretation may be aided by
investigafions of the soil anomalies by geophysical methods.
Geophysics may also be useful in eliminating spurious
anomalies due to arsenical but non-auriferous bedrock
gsources. In some cases, spurious anomalies mayv be
distinguished geochemically by analysing for other
elements besides arsenic. Tor example, the arsenical
porphyries at Norseman were almogt always found to have
very much lower nickel and chromium contents than the
rocks in the vicinity of the ore-bearing shears, and

analysis for these elements may aid the recognition of
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such features.,

The possibility of contamination must also be
borne in mind when working in areas where mining has been
carried out in the past. The results to date indicate
that spurious anomalies‘due to contamination can be
avoided by careful selection of sampling depths, based on
gtudieg of the extent of contamination from any probable
sources.

It should be stressed that the present studies
were confined to areas of residual soils and that the

ollowing recommendations are not necessarily applicable
to the extensive areas of alluvial soils present in the
Western Australian goldfields. Further research needs
to be done in these areas, and in localities where the
Precambrian is overlain by a thin veneer of post-Cambrian
sediments, (as in the Agnew and Princess Royal areas) to
assess the effectiveness of soil-gampling surveys in these

types of terrain,

2. Technigues.

a) Sampling Procedure,

A consideration of the widths of anomaslies
encountcred in the solonized brown Boils indicates that an
interval of 50 feet should be adequate for detecting
geochemical anomalieg in most cases. A broader interval,
e.ge 100 feet, may be used at Agnew and in areas of
lateritic soils since the anomalies appear to be congider-
ably broader in these zreas. Samples should be collccted

along traverses normal to the prevailing strike direction



303
of mineralization, where this is known, the spacing between

traverses being such that any potentially intercsting
anomalies would be intersected by at least two traverses,
Any anomalies encountered should be followed up by closer
sampling, together with more detailed sampling of the full
goil profile to accurately pinpoint the bedrock source,
The results obtained susgest that samples taken
at depths of 6 to 12 inches would be adequate for routine
nrospecting in areas of lateritic and hardpan soils.
Similar depths were found to give satisfactory results in
solonized brown soils where the soil cover is relatively
thin., However, in the decper solonized brown soils,
anomalies may not always be detectable in the near-surface
horizoms; e.g. the anomaly at the western end of the
traverse over the Crown Shear at Norseman (Fig.52). The
results obtained show that anomalies sometimes occur in
the necar-surface calcareoug horizon, and a composite
sample of this horizon to a depth of approximately four
feet, (obtained by means of a bucket auger) might be
satisfactory for detecting anomalies in these soils.
However, until more data is obtained, full sampling of
the profile to the top of the red-brown clay horizon is
recommended. This would entail sampling to depths of up
to 15 feet. In view of the high labour costs in Australia,
a vehicle-mounted mechanical auger would probably be the
most satisfactory compromise between economy and the
effectiveness of the survey. Each horizon ghould be

sampled separately, major horizon changes usually bheing
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easily recognisable on the basis of colour and texture.
b) Sample Preparation.

As a general rule, the -82 megh fraction of soil
samples should be taken for analysis as this fraction gives
good anomaly contrast in all soil-types. However, in
laterite~covered areas; the +20 mesh fraction appecars to
give better resulte and it is recommended that both the +20
and =82 mesh fractions be analysed. The +20 mesh fraction
requires pulverization, which may be carried out by the
methods used for rock samples,

c) Analysis.

In prospecting for gold in these areas, all
samples should be analysed for argenic. Additional elements
which may be useful in specific areas, include nickel,
chromium and antimony, at Norseman, and copper and zinc, at
Eulaminna., Cold-extractable techniques may be used, in the
field if required, to make a rapid appraisal of samples
prior to confirmatory determinations by the f.0tal method.
In some cases, e.g. at Norseman, cold-extractable analyses
may even show better anomaly contrast than the results
obtainecd by "total’ methods, depending apparently on the

mode of occurrence of the element sought.

III., DRAINAGE SURVEYS
1. Scope |

Systematic sampling of stream and salt-lake
sediments would appear to have considerable potential in
the gearch for mineralized areas in Western Australia. Ilore

detailed research needs to be done on the effect of the sgigze
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of catchment area on the length and conirast of the
anomalous drainage traein in streem sediments and the extent
and contrast of the anomalies in the salt-lakes. However,
if early indications are confirmed, it might be possgible
to delineate areas of maximum interest by sampling salt-
lake sediments necar the mouths of drainagze chamnels. 1In
this way large areas could be covered very guickly since
the galt-lake surface at the margins ig hard enough in
summeyr for wheeled vehicles to be used. Anomalies in
the galt-lakes would be followed up by stream sediment
sampling along the anomalous drainage channels, The
hedrock source could then be located more accurately
goil sampling in the vicinity of the anomaly cut-off in
the stream sediments.

2+ Techniques,

a) Sampling Procedure.

It is recommended that salt-lake sediments should
be sampled at 100 feet intervals along parallel traverses
100 and 300 feet from the shores where streams enter the
lake. Traverses should extend 500 feet cach side of the
debouchement. Although the optimum sampling depth has not
been determined, samples from & to 12 inches depth,
obtained by means of a hand auger, appear to give good
results.

Active stream sediments should be sampled just
above conifluences and otherwise gt intervals of 500 feet,
In the vicinity of the anomaly cut-off in the drainage

chsnnels, cloger sampling should be carried out and
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samples of bank soils taken to determine the direction from
which anomalous material is entering the drainage.

b) Sample Prenaration.

The present results indicate that adequate
contrast is shown by analysing the -82 mesh fraction of
both types of sediment. However, more detailed work may
show that gtrecn sedinent cuonallés nay be better shown by
using the coarser fractions, particularly in lateritic
arcas, where arsenic is gtrongly concentrated in the cosrse
ferruginous laterite fragments, which are highly resictant
to abrasion during transportation.

¢) Anslysis., ‘
Analytical techniques would be essentially the

ggmne ag those sug-ested for soil samples.
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CHAPTER 8, RECOIAEDATIONS IMOR FUTURE ?ESE HCH

It is recommended that the present study of primary
dispersion at Norseman be extended by studying arssnic and
nickel dispersion patterns associated with quartz and shear
intersections in all past driil-holes, theredby providing a
better bagls Tor the interpretation of future drilling
results. As mentioned earlier, this could form part of a
general programme, one of the objects of which would be to
re-aszegs the prospects of areas abandoned on the results

of past drilling,.

Mirther studies should be made of the nickel content of
pyrrhotite as a possible broad-scale guide to ore~bearing

reef-ghears at Horseman,

A detailed investigation of the petrology, structure and
geochemistry of the porphyry bodies at llorseman (and other
auriferous areas) is recommended in an attempt to establish
their relationship, if any, to gold mineralization.
Particular emphasig should be placed on the spacial
relationships between arsenical porphyries and reef-shears,

to assist in the interpretation of soil anomalies related

to porphyries.

Further orientation work is needed in the study of primary
digpersion at Kalgoorlie. 1In particular, the possible
existence of very broad primary arscanic and mercury
anomelies associated with the whole lode complex should

be tested. A series of long sampling traverses across



5e

308
the mineralization is suggested, to study the veriation in

LoD

the major pattern along strike and down dip.

The primery distribution patterns of antimony, copper and
tellurium in the vicinity of mineralization at Kalgoorlie
should be investigated to determine if additional pathfinder

elements might provide useful data for prospecting purposes,

Further study of the distribution of arsenic in dsep
solonized brown soil profiles is recommended, with the object
of developing a more rapid and economical prospecting
procedure in this type of overburden, An investigation of
the origin of the anomaly in the subsoils at the western end
of the Crown Shear drilling traverse (Fig.52), which is not
expressed in the near-surface calcareous horizon, would be
important in this respect. 3Bedrock sampling should be
carried out to estahlish whether this anomaly is superjacent
or laterally displaced from its bedrock source. Phogphate
and organic carbon analyses may help to assess the importance
of leaching in accounting for the apparent impoverishment

of the lime-rich horizon over the anomaly.

The applicability of geochemical prospecting methods in
areas of transported overburden should be investigated.
Biochemical prospecting may be found to be useful in this
connection and it is suggested that the arsenic content
of vegetation samples should be studied in the vicinity

of known orebodies and in background areas.
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As mentioned in the lagt chapter, more detailed studies

of drainage dispcrsion patterns need to be made to confirm
the applicability of the present conclusions under a wider
variety of conditions. In particular, the particle size
digtribution of arsenic in stream sediments, ana the
variation in the nature of the dispersion trains in streams
drd ning catchment areas of different sizes, should be

Turther investigated.

Although the present results regarding the dispersion of
gold were not very encouraging, further rescarch, pre-
ferably in the vicinity of virgin orebodies, might be
rewarding. In its present form, the analytical techunique
(see :Appendix) is probably too slow to be an economical
proposition in large scale soil and drainage surveys, but
gold determinations might be useful to confirm anomalies
established by analysing for other pathfinder elements.
Further analytical development should be aimed at

increasing the productivity of the method.
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APPENDIX

1. DETATILS OF ANALYTICAL TECHUIQUES

A. DETERNIFATION OF ANTIHONY

l, Procecdure:

a)

b}
c)
a)

&)
£)

g)

h)
i)
i)
k)

Woigh 0.5 g. of sicved sample into 2 Pyrex tegt tube
: (18 x 180 =m. ).

Mix thorouzghly with 1 g. of emmonium chloridc,
Heot until 211 the ammeonium chloride hes sublinmcd,

Allow to cool, add 5 ml. of b6ii-hydrochloric acid,
and heet until the sublinate hag dissolved.

Mix well and ollow to cool and settle.

Pipette o 2 ml. aliquot of the clear solution into a
test tubce (18 x 180 mm.) previously calibreted at

3, 10, 13, 17 and 21 ml., and dilutc to 3 ml. with
61—hdeOCh10rlc acid.,

Add 0.1 ml. of sodium nitrite ond wmix.

Dilute to 10 ml, with sodium hexametaphosphete solution.

Add 1 ml. of 0.05% brilliant green solution and shale
vigorously for S0 sec.

Compare with standards.

If grcater than the top standard, dilute with tolucne
until within the range.

Antimony in ppm. = 5 x (ug.of matching standard) x
(ml. of solvent phasc ).

2. Standords:

To clcven test tubes (18 x 180 mm.) 2dd

respectively 0, 0.2, 0.4, 0.6, 0.8, 1, O 1.2, 1.4, 1. 6 1.8
and 2.0 ng. of untlmony. D11ch to 3: w1th GM-thro—
chloric acid ond add 0.1 ml. of sodium nltrltc solution,

Mix,

then dilute to 10 ml. with socdium hexanmctaphosphate

solution. Add 1 ml, of 0.05% brillisnt grecn solution and
shake vigorously for 90 gcconds.
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3. Reagents:

2) Amaonium chloride: A.R,

b) 6l~hydrochloric acids mix 240 ml. of the concentratcd
acid (sp.gr., 1.18) with 200 ml, of water.

c) Sodium nitrite s olution: dissolve 25 g. in 500 =1,
of water.

d) Sodium hexametaphosphate solution: dissolve 80 g.

ol sodlum hexamctepnosphate 1n 1 litre of watcr,

¢) Standard antimony solutions: 100 ug. of antimony
per ml. ~ dissolve 59 mg. of antimony trioxide in
500 ml. of 6M-hydrochloric acid.

2 ng. of gntimony per nl., - dilute 2 ml., of the
100 mg. per ml., solution to 100 ml. with
6li-hydrochloric acid.

f) [Toluene: shake onc litre of sulphur-frec grade
with I0 ml. of 1N potagsium dichromatc, discard the
agqucous phese, ond wash the toluene four times with
500 ml. quantitics of water, Toss thce tolucne
throuzh a filter ponper to remove watcer.

g) 1 N potassium dichromate: digsolve 49 g. of potassium
dichromate (&%, ) In onc litre of weter.

h) 1% brilliant grccn solution: dissolve 1 g. of
brilliant green inm 100 ml. of ethyl alcohol (absolute).
Store in the derk.

i) 0.05% brilliant grecn solution: dilute 5 ml. of the
1% solution To 100 ml. with tolucne., Procperc
freghly each week and store in the dark,

4. Renmarks:

a) The renge covered is 0.2 -110ppm as described,
but it may be extended to 2200 ppm by using an
aliquot 0.1 nml.

b) Rosults may be obtained within ¥ 25% ot the 95%
confidence level over the ronge 0.2 - 2200 ppm

c) If 1 ppm ig an adcequate scneitivity, teke 0.2 g,
at stage a)and usc o 10 ml. leach at stege d) of the
proccdure.

d) 100 samples can be anclysed per man-day of 8 hours.
¢) For further infTormation refer to R.E.Stanton and 4A.J.

McDonald,Trans. Instn. Min.Metall.,Lond., 1961-2,
71, 517-522, '
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B. DETEIMINATION OF ARSENIC

1. Procedure:

) Weigh 0.1 g. of sicved somplc into a pyrex test
tube (18 x 180 H. ) e

b) Mix with 0.5 z. of potassium bisulphatc and fusc.

¢) Leach with 5 ml. of 1lM-hydrochloric acid.

d) PFipette o 1 ml. cliquot into 2 ml. of 2.5% potassiunm
iodide solution conteincd in =2 19 x 150 mm, test
tubc previously calibreted ot 2 ond 10 ml.

e) Dilute to 10 ml. with 0.75% stannous chloride
solution.

f) Add 2-4 g. of zinc pcllets aond connsct a Gutzeit
tube to the test tube without delay, having
previously placed & mercuric chloride paper in
the head of the Gutzeit tube.

g) Leave for one hour, then remove the mercuric
chloride paper and comparc with artificisl stondards

Arsenic in ppm = 50 x aug. of arsenic in metching
standard.

2. Standards:

Pipette four aligquots coch of 0, 0.1, 0.2, 0.3,
0. 4 0.6, 0.8 and 1.0 vl.’of standard arscnic solution

(5 ag. pbr ml.) into 2 ml. of 2.5% potassium iodide
golution coat01ncd in 2 19 x 150 mm. test tube previously
calibrated at 2 and 10 ml. Treat as described for the

semple in f) and g) ahove. After onc hour, remove the
mercuric chloride papsrs and select the averocge spot
for cach quentity of arsenic., Preparc artificiacl stendards
by motching these spots with painted filter paper,

3. Reagonts:

a) Potassium bisulphate: fused, powder.

b) 1lli-hydrochloric acid: mix 40 ml. of acid (sp.gr.
L1877 with 400 =L, of water.

oS

c) 2 5% potassium iodide solution: digsolve 10 g. of
rysvels in 400 ml, of woter.

d) 10% stonnous chloride solution: dissolve 25 g. of
the dlhydrote in 250 ml. of concentrated
hydrochloric acid,




e)

£)

h)

k)
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0.75% stocnnoug chloride golution: mix 75 ml. of the
10% solution with 375 ml, of concentrated hydro=-
chloric zcid and 550 ml. water. Do not keep this
solution for longcr than two days.

Lead acctatc solution: disgolve 15 g. of the tri-
hydr~tc iIn 100 ml, of watcer containing 1 ml. of
glaecial accetic acid.

Stondard arsenic solutiong: 100 ug. of arsenic

per ml, -~ dilssolve 42 mgz. of sodium arsencte

(Na,HAsO »,TH,0) in water, add 0.1 ml. of concentrated
nydfochl8ric acid and dilute to 100 ml. with water.

5 ug. of arsenic per ml. - dilutc 5 ml. of the

100 ug. per ml, solution to 100 ml. with watecr.
Meke up this solution only when it is necded to
préparce or check standards.

Hecrcuric chloride papers: Commercially available,

Lead acetate wool: saturate glassc wool with the

lead acetate golution and z2llow to dry. Pack a

loosc plug of thig into each Gutzeit tube, and re-
prenight when it is discoloured along half its longth.

Zinc: pellcts, activated with copper, A.R,

Paintg: Winsor and Newton's water colourg: lemon
yc1Tow, aurora yellow, and ycllow ochre provide an
adequate range of colour for the preparation of
artificial standards.

4, Remorks:

a)

b)

c)
a)

The range covered is 5-250 ppm ag described
above, but this may be extended to 2500 ppm
by using on 2liquot of 0.1 ml.

Results within I 25% confidence level may be
obtaincd over thc range 5-2500 ppm

80 samples can bc analysed per man-day of 8 hours,

For further informction rcfer to Ii.Stanton. Dedn.
Geelss 1964, 59, 1599~1602.

A

C. DETERMINATION OF COLD-EXTRACTABIE ARSENIC,

1. Proccdure:

a)

Weigh or meesure by scoop 250 nmg. of siecved(or in
the field,unsicved) sanple, and place in the test
tube of o Gutzcit spparatus nmarked at 10 ml,
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b) Make up to the 10 ml. merk with 0.625% stannous
chloride solution.

c) Add 2 to 4 g. zinc pellets, and connect the Gutzeit
apparatus conteining o mercuric chloride paper to
the tcst tube. Leave to stand for ons hour,

d) Remove thc mercuric chloride paper and compare
imnediately with the artificicl standards.

2. Standards:

Proparc ag in B above,.
3. Hcopents.

) 0.625% stennous chloride solution: Add 25 ml. of
thne 168%. stannous chioride solution to 100 ml. of
concentrated hydrochloric acid ond dilute with
275 ml. of water,

OCtherwise, as for d) and f) to k) under Rcagents
in B. above.
. D. DETERHINATION OF CARBOIATE IN SOIL SAMPLES
1. Procedure:

a) Weigh 0.3 g. or 0.1 g. of sieved sample into a
16 x 150 mm, test tubc.

b) Add (cautiously) 10 ml., of 0.1 N.hydrochloric acid.
¢) Digcet for 30 minutes just below boiling.

d) When cold, take o suitable aliquot ond dilute to
50 ml1, with water.

@) Add 2 or 3 drops of 0.5% phenolphthalein indicator.
f) Titratc with 0.1 N. sodium hydroxide until pink.
2. Hoogents: |
2) 0.1 N, HCl: dilute 9 ml. concentrated acid
(8D, £Tr. L1.18) to 1 litre with water, Standardise

by using this solution to titrate 1056 ng. anhydrous
gsad ium carbonate. ‘

b) 0.1 N NaQH: dissolve 4 g. sqlium hydroxide in 1
11%re orf water. Standardisc by titration with the
0.1 ¥, HC1l.
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¢) ZPhcnolphtholcin solution: dissolve 50 mg. in
100 ml. of 50% cthyl alcohol.

% Co§ = 2 (b~-t) N 0,03 100
3

N = normnclity of NaQOH

b = blenk titration in mil,.
t = samplc titration in ml,
g = sauple weight in g.

3. Concentration ranze coversd,

0.3 g. of somple ond 1 ml. aliquot 0.5 - 9.5% co;
0.1 7. of samplec and 1 ml. 2liquot 1.5 =28.5% co;
B. DETERMINATION OF CHLORIDE IN SOIL SAMPLES
(6.P.R.C. Tech. Comm. 29, modified,)
1. Proccdure:

o) Weigh 1 g. of sieved sample into o test tube
(18 x 180 mm. ).

b) Add 10 ml. of water, cork and shake
mechonically for 1 hour,

c) Centrifuge until supernatant liquid is clear.
d) Pipette suitable aliquot into a calibrated
tegt tube (18 x 180 mm.) and moke up to
20 ml. with water.
g) Add 1 ml. of 0.1N~-silver nitrate solution and nix,

f) Stand for 10 min. in the dark and conpare the
turbidity with standards ageinst a dark background.

z) Cl = in ppm = ag of matching stendard x 10
~liquot (in nl.)

2. Proparation of gtandards.

a) To 11 tcst tubes (18 x 180 mm. calibrated at 20 ml)
c8d recspectively 0O, 5, 10, 20, 30, 40, 50, 100,
150, 200 and 250 ug of chloride.

b) Add 1 ml. of 1% gelatine solution.

c) Dilute to 20 ml. with woter.

a) Add 1 nl., of Q.1N~gilver nitrate solution.
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¢) Mix and stend for 10 min., Xecp in the dark when

not in usc and ovoid direct sunlight at oll times,
3. RBcogontsg:

a) 0.1¥-gilver nitrote solution: dissolve 17 g. of
3llver nitrate in water, add 10 nl. of nitric ecid
(sp.gr. 1.42, Analar) and dilute to 1 litre with
water. Store in a darkened bottle.

b) 1% gelatine golution: dissolve 1 g. in 100 ml. of
boiling woter,

¢) Standerd chloridc solution: dissolve 82.5 mg. of
gsodiun chloride in woter and dilute to 1 litre.

4. Renarks:

a) The dark backzround required at Procedure f) nay
be provided by the black paper used for wrapping
photoscnsitive materials.

F, DETERIINATION OF CHROMIUN

1. Procedure:

a) Weigh 0.1 g. of sieved sample into o 15 ml.nickel
crucible.

b) Add 0.5 . of sodium hydroxide pellsts and 0,25 g.
of godiun peroxide.

¢) Hszat gently until molten, cond maintain ot o bright
red heat for 1 min.

d) ‘#hen cold, add 10 nl, of 10% ethyl alcohol.

¢) Bring to boiling, and scrape the botton of the
crucible with a nickel spotule to ensurc that the
nelt has disintegrated; heat further if this was
not the caesc.

f) Filtcr through o dry Whatman Nol.540 paper (llem.diam)
into o dry test tubec.

z) Comparc with o gtandard scries.



325

h) If the test solution has o norc intcense yellow
colour than the 300 ag. stoandard, toke a2 suitoble
aliquot, dilute to 10 nl. in o calibrated test-tube
with 0.4 M-godium Hydroxide, and comnpare with the
standard scries A.

i) When the chromium content of the saxaple is less
then 100 ppm pipettc an aliquot of 2 ml., into
a tost-tube calibrated ot 10 ml., oand boil for a
fecw seconds,

Jj) Add 1lM-hydrochloric acid, dropwise until the
solution is just accid., This is indicated when the
initial precipitate of aluminium hydroxide is just
re-dissolved, When the aluminium is not present
in gufficient quantity to serve as an indicctor,
usce o few dropg of phenolphthzolein solution
(0.05% in 50% cthyl alcohol).

k) Add 2 ml. of EDTA solution.
1) Add 1 =ml. of diphenylcerbazide solution,
m) Dilute to 10 ml. with water ond mix.

n) Compare with the standard series B after lesaving
for 10 nin.

o) If thc tcet solution heos a morc intensc violeot-red
colour than the 4.5 ug. stendard, repeot with a
sneller samplc aligquot.

p) Chroaium in pPm = 10 x (ug. of matching standard,
scries A)

or 100 x (ug.of natching standard,
scries B)
(ml. of aliquot.

2. Standards:

A = To ecach of 9 test-tubes (celibrated at 10 ml)
odd respectively 0, 25, 50, 75, 100, 150, 200, 250, and
300 ug. of chromium. Dilute to 10 ml., with O.4M-sodiunm
hydroxide, cork thce tubes, ond nix.

B - To each of 12 test-tubes (calibrated to
10 =ml.) add respcetively 0, 0.25, 0.5, 1.0, 1.5, etc. to
3.5, 4,0, 4,5 and 5.0 ag. of chromium., Add 2 ml. of
EDTA solution, 1 =1, of diphenylearbazide solution, dilute
to 10 ml, with water, cork the tubes, mix, and lecave 10
stand for 10 @in. before usec,
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3. Reagents:

a) Sodium hvdroxide: pcllets, A.R.

b) Sodiun peroxide: A.R.

c) 10% cthyl alcohol: dilute 50 ml. of absolute
ethyl alcohol to 500 nml, with water,

d¢) 0O.4d-sodium hydroxide: digsolve 8 g. of pclkts
in water ond dilute to 500 ml,

e) 1lll~hydrochloric acid: mix 40 nl. of concentrated
acid (sp.gr. 1.18) with 400 ml. of woter.

f) EDTA solution: dissolve 2.5 g. of ethylencdiomine
tctra-acctic acid (disodium salt) in 410 ml, of
water and mix with 90 ml. of hydrochloric acid
(gp.gr. 1.18).

z) Diphenylcarbeozide solution: dissolve 0.2 g. of
réaszent 1n 10 ml, of glacial acctic acid and 9C nl.
of acctone, This solution will kecp for only 2
or 3 deys ond it must be discarded as soon as
discolouration is epporent,

h) Standard chromiun solutions: 1000 mg. of chromium
per ml. - disgolve 283 ng. of potasszium dichromate
0.4 N sodium hydroxide and dilutc to 100 ml. with
Oe¢iM-sodium hydroxide,

100 nz. of chromiunm per ml. - dilutc 5 ml. of the
1000 ng. per ml. solution to 50 nl, with |
0.4li~godiun hydroxide.

50g, of chromium por ml. = dilute 5 ml, of the
100 nug. per ml. solution to 100 ml, with 0.4li-sodiun
hydroxide

4., Renarks:
a) The rongc covered is 100-3000 ppm . using standard
goeries A, o2nd 5-250 ppm with standard scrics B.
By working with o sanaple aliquot of 0.1 nl,, the
first ronge may be cxtended to 30,000 ppm.

b) Rosults may be obtained within I 259 ot the 95%
confidence lcvel over the range 5-30,000 ppm

c) By the chromatc procedurc, 75 sanples con be
analysed per mon-day of 8 hours, but only 50
scmples when the diphenylcardazide method is used.

d) Tor full detanils rofer to G.A.Wood and R.E.Stanton,
Trang.Instn.Min.lieta2ll,, Lond.,1956-57,66, 331-240,
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G. DETERI:IFNATION OF COPPER

1. Proccdurc:

o) Weigh 0,1 g. of sigved somplce into o Pyrex test
tube (16 x 150 zma).

B) Mix with 0.5 g of potessium bisulphate snd fuse.

c¢) Leach with 5 ml. of lM-hydrochloric ncid.

d) Add 5 ml. of water and mix.

¢) Pipette a 2 ml aliquot into 10 ml of buffer
gclution contained in an 18 x 180 mm test-tube,
previouvsly calibratced ot 10 and 12 ml.

f) Acd 2 ml of 0,02% 2,2'-diquinolyl solution.

%) Cork the tube ond shake vigorously for 30 scc.

h) Comparc with stondards.

i) If abovc the top stondard, add anothecr 2 ml of
diquinolyl solution and sheake for o further 30 secc,

Jj) If still above the top stondard, ropcat with o
sarnple aliquot of 0.1 wml and dilute to 12 ml with
0.5 Il-hydrochloric acid at stoge a).

50 x (ug of copper in matching
Coppor in ppm = _ stondard) x (ml of solvent phase)

(ml of sazmple aliquot)
2. Staniards:

To twenty test-tubes, colibrated ot 10 and 12 ml,
~nd cacn containing 10 ml of buffcer golution, add - :
respectively, O, 0,2, 0.4, 0.6, 0.8, 1,0, 2.0, 3.0, 4.0,
5.0, 6,0, 7.0, 8.0, 9.0, 10, 12, 14, 16, 18 ond 20 mg of
copper. Dilute to 12 ml with 0.5 M~hydrochloric acid, add
2 ml of diguirolyl solution, cork the tube and ghake
vigorously for 30 scc.

3. Reagcents:

o) Potassium bisulphote: fuscd, powder,

mix 40 21 of aeid (sp.gr.l.18)

as

b) li-hydrochloric ocid
with 400 ml of water.

c) 0O.5H-hydrochloric acid: mix 20 ml of acid
(sD.gr.l.18) with 420 71 of waicr.
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)
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0.02% 2,2'=diquinclyl golution: dissclve 40 mg in
200 ml of amyl olcohol.

0.01% cdithizone: dissolve 40 mg in 400 ml of carbon
Tectrochloride and store in o voacuum flasik,

Buffer solution: dissolve 200 g. of sodium acctate
(Trinycrate), 100 g of potassium sodium tortrotce
(tetrahydrote) ond 20 g of hydroxylomine hydro-
chloridc in wotcr, and dilutc to 1 litre. Dxtrect
with 0.01% Aithizone until frcce fro: copper and
then roemove the cxcess of dithizonc by extraction
with carbon tetrachloride.

Stondord copper golutiong: 100uz of copper per nl -
J1d50Ive 200 ng of cupric sulphate (pentchydrote)

in 0.5ll~hydrochloric acid and dilute to 500 ml with
pig acid.

10 ug of copper per nl - dilute 10 ml of the 100 ag
per ml solution to 100 ml with 0.5M-hydrochloric
acid.

1 nmz. of copper per ml - dilute 10 ml of the 10 aug
per ml solution to 100 ml with O.5M-hydrochloric
C.Cido

4, Renorks:

o)

c)
d)
e)

The rangce covercd ig 5-2000 ppiz with on aliquot of
2 ml and 100 - 40,000 ppm with an aliquot of 0.1 ml,

Results may be obteined within % 25% at the 95%
confidsnce level over the range 5-20,000 ppm.

100 szmples can be annlysced per man-day of 8 hours.
The buffer solution should be at pH 6.05 £ 0.15.
For furthcr inforaction secc¢ H,Almond, U.S.Gcol,.

Survey Bull., 1036-4, 1955.

H. DETERMINATIOR OF GOLD

1. Procedure:

a)

b)

Weigh 1 g. of semple into o t¢
with rim, celibrated ot 5 2

A28 5 ml. of acid mixturc and evaporate to dryncss
: ¥

in an oven.



k)
1)

I

»)

q)

s)

329

When cold, add 5 ml, of 2M hydrochloric acid and
boil gently for 15 min,

AGd 5 ml., of 2 hydwechloric acid, mix and cllow to
scttlc.

Pinctte o 5 ml. aliguot of the clcar solution into
a beoker ond dilute to 50 ml. with 2M hydrochloric
acid.

Add 2 ml. of copper-tecllurium solution.

Wiz well, ond add 17 ml. of stonnous chloride
golution.

Brins to the boil, and mointain just below boiling
for 30 min.

443 onc or two drops of stonnous chloride solution
to check that precipitation is complcte,

Piltor through o Filter stick (porosity 3) whilc the
solution is still hot ond wash the beoker and
precipitate with 2M hydrochloric acid.

Digsolve the precipitate in 1 ml. of hot aqua rcgie.

Tinse the procipitation becker with anothecr 1 ml
of hot oqua regic.

Pour the solution through the filter stick and wash
the stick with o few ml. of water,

Eveoporatc to dryness in o test-tube (19 x 150 mm.
with rim, calibratcd at 2.5 and 10 ml.) using an
oven, and dissolve the residuc in 2.5 ml. of

21 hydrochloric ccid by warming gently.

Dilutc to 10 ml with water,

484 1 ml., of 0.05% brilliant grecn solution, cork
thc tube ond shoke it vigorously for 30 scce,

Allow the phoses to settlce, transfer the tolucne
phosc with on cutometic pipette to ¢ tost=-tube
(19 x 150 mma., calibrated at 10 ml.) containing
10 nl, of 0.5 hydrochloric acid and 0.05 ml. of
1% brilliant gzreen solution.

Cork the tube and shoke it vigorously for 2 min.

Compare with stondards.
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a) Pipectte 0, 0.05, 0.2, 0.2, 0.3, 0.4, 0.5, 0.75,
1.0, 1.5, ond 2,0 ag. of bolc, rbspbctlvblg, into
cst-tubes (19 x 150 mm., calibrated at 10 m=1.).

b) Dilutc to 10 nml. with 0,5H hydrochloric acid.

¢) Comtinue as described in stages p) - r) of
Proceldure.

¥.B. The gtandard scries is stable for only 3 hours.
Store in thse dark when not in usc.

3, Reagents:

o) Concentrated hydrochloric acid: sp.gr. 1.18, A.R.

b) 2l hydrochloric acid: mix 80 ml, of conceatrated
oCid with 360 ml, of wotcr.

c) i hydrochloric acid: mix 40 ml. of concentrated
aclc with 400 ml. of woter.

d) 0.5 hydrochloric acids: mix 20 ml. of concentrated
acid withn 420 ml, of woter.

e¢) Concentreted nitric acid: sp gr. 1.42, AWR.

nix 400 ml, of conccantrated hydrochloric
00 ml., of concentrated nitric acid.

) Acid nmixture: mix 500 ml. of agua regia with 500 ml.
o water,

h) Copoer-telluriun solution: digsolve 2 g. of cupric
sulphatec (pen tahydrﬂ%e) ond 210 mz., of tellurium
tctrachloride in 100 ml. of 2¥ hydrochloric acid.

i) Stannous chloride golution: dissolve 200 g. of
THG dinydratc in 1 Iitre of 2# hvdrooalorlc acid.

j) Brilliant grecn: Revsctor grade.

i Ethyl alcohol: cbhsolutc.

1) 1% brillicnt grcen solution: dissolve 1 g, of
brilliont grocn solution in 100 ml of uthyl alcohol.

m) 0,05% brillisnt green solution: dilute 5 ml. of the
T% solution to 100 =@l. with toluene.

n) Potessium dichromate solution: dissolve 5 g of
potoesiun dicnroncte in 100 ml. of water,




o)

Y
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Tolucne: sulphur-free grede. Shoake 1 litre for

2 min. with lO =1, of wotﬂsulun dichromnote solution,
discard the agqueous phnse ond wash the tolusnc four
tines by shekln~ with successive 500 =1, volumes of
water. Piltcr the toluenc through o Whotmon FNo,l
poper.

Standord zold solutions: Smg. of zold per ml -
Moo Ive 504 1. of sodium chloroauratc (dihyirate)
in 25 ml. of M.hydrochloric acid and dilute to

50 ml. with weter.

50 ug. of zold per ml. - dilute 1 mi, of tThe
I hydroch
“U

per ml. aolublon to 100 ml. with 0.5k
ocid,

5 I
hlo rﬁc

1 az. of #0ld per ml. - dilutc 2 ml. of the 50 ag.
per nl. solutlop to 100 M1. with 0.5 hydrochloric
acid.

The 50 ug. and 1 ag. poer ml. solutions must be

preporcd freshly as ryqulfbd

4, Notes:

a)

b)

c)

d)

The ronge covercd is 0,05 - 4 ppm as described above,
but thls upper limit may bhe extendcd by usging o
smoller cliquot ot stoge e) of the Proccdure.

Results within % AO0% ot the 95% confidecncce level
mﬂy bc obtoined over the ronges 0.05 -~ 4 pon.

One person con anclyse an averoge of 25 samples
pecr 8 hr, -~do

Referencs: R.E.Stonton and A.J.llaDonzlc, Analyst,
1964" 89, 767_7700

I. DETERiIVATION OF IRON

1, Procedure:

a)

b)

c)

-

Weigh 0.1 g. of sieved semple into 2 beaker
(30 or 50 ml.).

e

48d 0.5 ml. of concentrated nitric acid. If o
vigorous rcaction occurs, odd further snoll
quentities of acid while hcating on o hot-plate.

Add 5 ml. of perchloric scid aond cvaporate to
fumes, obtoining o white rcsidue. :



a)

c)

i

)
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When cold, transfer to o calibrated test—-tube ond
dilute to 10 ml. with water washings from the beaker.

Pipette o 1 ml. aliquot into 2 test-tube (colibreted
at 5 and 10 ml.) containing 5 nl,., of reagent solution,

Dilute to 10 ml. with woter oand nmix,
Compare with stendards.

Iron in ppm = 100 x (ug. of iron in natching
standard).

2. Stondards:

To cach of twelve tust-tubes conteining 5 ml., of

reeogent solution, ad” respectively O, 5, 10, 20, 30, 40, 50,
60, 80, 100, 150 =nd 200 mg. of iron, dilute to 10 ml.
with watcr nnd mix. Xecp in the dork when not in use,

3. Roogents:

o)
b)
c)

A

a)

b)

Nitric acid: sp. gr. l.42, A.R.

Perchloric acid: 60% J

Rengoent solution: dissolve 40 g. of tartoric czeid
(&KUY 1In. coout 200 ml, of water, acd 50 g. of
thioglycollic acid and 200 ml. of ammonia

(s1. zr. 0.880 A.R.) ond dilute to 1 litre with
water,

Stondard iron solutions: 100 ag., of iron per ml, -
disgolve 432 mz. of cmmonium ferric sulphate
crystols (A.R.j in about 50 ml. of watcr and 5 ml.
of hydrochloric acid (sp.gr.1.18, A.R.) ond dilute
to 500 nl., with water.

10 ug. of iron per ml.- dilute 10 ml. of the 100 uge.
por ml, solution to 100 ml. with water.

Lo Hemarks:

A range of 100 ppn to 2% is covcorcd by the
method as descrioed above. It moy be amended to
dctermine iron <100 ppm by toking up to 0.5 .
of sample, or Tor concentrations % by mcking o
greater dilution ot Procedurc d) and using a
smellcr sample aligquot.

Results con be obtaincd within £ 25% at the 95%
confidence level for the range 100 ppm to 2%
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]

c¢) About 80 samples con be analysed psr mon~doy of 8 hrs,

d) The method has becn odapted from the procedurec
dcgeribed by E.2. Sandell, "Colorimetric Dectermirotion
of Trocces of ictrls,” Third Edition, Interscience
Publishecrs Inc., Ncw York ond London. 1959.

X

J, DETERMIFATION OF I'ICLEL

Procodure:

o) ieigh 0.2 g. of sicved sample into a 16 x 150 mm.
tcst tube.

b) Iix with 1 g. of potassiumb.isulphate and fusc.

c) ILeocch with 5 ml. of 0.5M-hydrochloric acic,

d) Pipette o 2 ml. aliquot into 5 nl, of buffer solution
contrincd in o test tube (18 x 180 mm) previously
calibroted 2t 5, 7, 8, 10, 12, ctec. to 20, 22 ml.

e) Add 1 ml. of x-furildioxims solution, cork thc tube
and ghoke vigorously for 2 min.

£) Compare with standords.

g) If above the top stondard dilute with o Znown wolumc
of benzcone until within thce range.

pPpm = 12,5 x (ag. of nickel in maotching stondord)
x (ml. of solvent phase),

-

2. Standaoras:

To cack of eleven tcst tubes, ceolibroted ot 5, 7 and
ml., ond coataining 5 ml. of buffer solution, add :
spectively 0, 0.25, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5,
0 ond 5.0 ng. of nickel and cilute to 7 ml. with
Sli-hydrochloric acid. Add 1 ml. of x-~furildioxime
lution and shoke vigorously for 2 min.

Hoogcnts:
Lo live .

a) Buffcr solution: digsolve 20 g. of tri-ammonium
citrats 1in wotor, oad 130 ml. of ammonic (8.£.0.880)
ond dilute to 1 litrc with weter.

b) Potassiun bisulphate: fuscd, powder,.

¢) 0,5M~hvdrochloric acid: 20 ml. of acid + 420 ml, of
vater,
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d) w-=furildioxime: 0.3 z. digsolved in 90 ml, of

@
S

Denzene ond 10 ml. of ethyl clcohol (absolute).

Stondard nickel gsolution: 100 amz. of nickel por =i,
I Jissolve B0 mg. of nickel (metal, powder) in 10 ml.
of 25% nitric ccid ond dilute to 500 ml. with watcr,

5 pe. of nickel por ml, - 2ilute 5 ml. of the 100 ug.
per ml. solution to 100 ml. with O.5li-hydrochloric
ocid.

4. Romorks:

a)

b)

c)
a)

)

)

he method as dsscribed will cover the range 1-900

pPm. By using o scmplc aliquot of 0,1 ml. o
Stage d) of the Precedure, the ranzge can be
cxtendcd to 18,000 ppm. If this sizge of aliquot

ig useld dilute to 7 ml. with 0O,5il-hydrochloric
ncid beforc procceding to Stoge ¢).

Results can be obitoined within £ 20% at the 95%
confidencs level over the ronge 5 ~18,000 ppm,

80~100 somples can be onclysed per man-doy.

Covper will interfcere by giving o brown colour
when the copper to nickel rotio cxecceds 30:1.

When maximum toleraonce towards this metal is
desirablc, o solution contoining 400 g. of the
citrote per litre should be trcated with o carbon
tetrachloride solution of dithizone until frce

from copper; usc 50 ml. of this solution instcad of
weighing 20 g. of the solid rceagent.

If the zero gtandard is yellow the buifer golution
must be purified with respcct to nickel. This moy
be accomplished by using dithizone ocs in d) abovec,
but with the pH 8.9, or by cxtraction with
w-furiliioxinc, using a zolution cs in Reagonts

d) but contoining carbon tetrachloridc in place

of benzene,

Ferrous ions form a purple complex withw—furildioxzime

and may oceur from inadequnte fusion of the gample with
potassium.

o

(S ]

)

The b$ffer golution should have o pH valuc of
10.3 -~ 0,1.

Por furthcr information sec R.E.Stanton ond J.Coone
Trong., Instn, Min. letoll., Lond., 1958-59, 68,
9"'14 .
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K. DETERMINATION OF SULPHATE IN SOILS

1. Procedure:

a) Weigh 1 g. of sieved somple into o tost tube
(16 x 150 ma) ond digest for 1 hr. on a sond-treoy
with 5 ml. of 1lii~hydrochloric acid.

b) Allow to scttle ond pipettc a 1 ml. aliquot of the
cloor solution into o colibratod test tube (18 x
180 mm.) and dilute to 10 ml. with ecid-salt solution.
c) Add 250 mg. of bariun chloride crystals.

d) Shake for about 30 sec. to dissolve the crystals.

¢) Comparc with stondards, agoinst o dark background.
Sulphete in ppm. = 5000 x mg. of matching stondard.

2. Standards:

To tweclve test tubes ald respectively 0,0.05, 0.1,
0.2, 0.3, 0.4, 0.5, 0.75, 1.0, 1:25, 1.5_ané 2.0 mg. of
sulphate. Add 1 ml. of gum ccacic solution and dilute
to 10 ml. with acid-sgalt solution. Add 250 ngs. of
Loriun chloride crystals and dissolve them by sheking
for about 30 scec.
3. Reogents:

a) Acid-gelt solution: dissolve 48 z. of sodium chloride
in water, odd 4 ml. of concentrated hydrochloric
acid (sp.gr. 1.18), 125 ml. of orthophosphoric

acid (sn gr. 1 79) ond dilute to 1 litre with wotcr.

b) lil-hydrochloric acid: @ix 40 ml. of concentrated
01uﬁisp.5r. 1.13) with 400 ml,., of watecr.

c) Cum ~cocic soluti01 disgolve 5 g. of thce rcezcent
in I00 al. of Doiling watcr, and filter throuhh
o Fo.Al Whotnon paper when cold.,

&

d) Standard sulphatc solution: 0.5 mg. of Su per mle
c3ssolve 907 mg. of potassium sulphat %n water
and dilute to 1 litre.

I

4. Rcemorks:
n) The dark background rcquirbd ot Procedure e¢) mo
be provided by the black peper used for Wropplag

photosensitive mate rislg,
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b) The rongze covered is 100 ppm to 1%,
c) 100 samples con be onclysed per non-dey .,

L)  Only thos¢ sulphetcs soluble in the hot, dilute
ceid will be determined by this procclurc. In
particular, borium cand strontiws sulphotes will
remoin uncdissgolved, and lead and caleiunm sulphotes
may be partislily alusolved. The cfficiency of the
attack may very considerchbly with the nature of the
nincrals contoining the sulphotce redical.

[¢)
~

This mcethod is an application of the determinotion
of sulphate in woter, descridbed by N.W.Scott,
"Standard fethods of Chenical Analysisg,® The
Technicel Prcss, London, 5th edition, 1955, Vol.II
Pe. 2091.

L. DETELIIFEATION OF 2ZILC

1, Procedurc:

a) Weigh 0.1 g, of

o

(16 x 150 mm).

ieved ganple into o Pyrex tcst-tube

0

b) Iix with 0.5 g. of potassiun bisulphote ond fuse.
c¢) Leach with 5 ml. of lii-hydrochloric acid.
d) Add 5 ml. of water and nix.

e) Pipette o 1 ml. aliquot into 5 ml. of buffer
golution containbd in 2 tegt-tube (18 x 180mm),
nreviously celibrated ot 5 mil.

f) Add 5 ml. of 0.001% dithizone solution.
g) Cork the tube and shake vigorously for 1 min,

h) Com»nare with standards.
Zinc in ppm = 100 x ug. of zinc in notching
stondard.

2. Stondards:

: 70 nins tecst-tubes cach containing 5 ml, of builer
golution, add rcspectively O, O. 25, 0.5, 1.
2.5, 3.0 an¢ 3,5 mg. of zinc. Add 5 ml, of %
dithizonc, corl the tubes and shoke v1~orouslj for
1 min.
3. Rcagentss
o) Fotassium bisulphote: fused, powder.
Lk s I




b)

c)

a)

e)

)
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~

h)
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lil-nydrochloric acids: mix 40 ml, of acid (sp.zr.

1.18) with 400 ml. of waoter.

0,5M~-hydrochloric acid: mnmix 20 ml. of acid
(sp.zr. 1.18) with 420 al. of watcr.

0.01% dithizons in cerbonbetrochloride: dissolve
I0 mg. in 400 ml. of corbon tctrachloride and store
in o vocuun flask,

0.01% dithizone in bonzcne: dissolve 40 mg. in 400 ml.
of benzenc cond storec in 2 vacuum flask.

0.001% dithizonc in benzcne: =ix 40 ml. of the
0.0I% solution 1in benzchne with 360 ml. of bcnzcne
and gtore in o vaocuuwm flask.

Buffer solution: digsolve 5 gz. of sodium Fluoride
in T Iitrc of water, and then digsolve 500 g. of
godium acetate (tri-hydratc) and 125 g. of sodium
thiosulphate (ponta~hydr-te) in this solution.

Acd 15 ml, of acetic acid (glacial) ond extract
with 0.01% dithizone in carbon tetrachloride until
froc from zinc. Remove thc excess of dithizone

by extraction with carbon tetrachloride and dilute
the aqueous phease to 2 litres with water.

Stondard zinc solutions: 100 mz. of zinc por mle =
disgolvc 220 mzg,., or zinc sulphate hepta-~hydraote

in 0.5li-hydrochloric acid and dilute to 500 uml.
with thig strength of acid.

5 agze. of zine ~cr ml., - dilute 5 ml., of the 100 iz,
per ml, solution to 100 ml. with O,5k-hydrochloric
acid,

Renmorks:

a)

b)

c)

a)

e)

A range of 5-350 ppm is covcred, but it may be
extend.d to 3500 ppm by using an aliquot of
0.1 =1,

Regults can be obtoined within f 25% at the 95%
confidence level over the range 5 =~ 3500 Ppm

100 samplcs con be cnzolyscd per man-day.

-
poy

he Quffer'solution ghould havc = pH vealue of
O hand 00150

[OaY S

Por further information sec R.E.Stenton, Tech.
Cormi. No.19, G.P.R.C. Impericl College, 1962.
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M. DIETERMINATION OF MERCURY.

1. Description of Instrument.

HMercury determinations were carried out by means
of a sensitive mercury vapour meter described in a paper by
James and Webb (1963-4). A very brief description of the
operation of the instrument is given here, further details
being obtainable from the above reference.

The mercury present in the sieved or pulverized
sample is vaporized by strong heating in an iron retort,
and thc air and vapour is drawn into the spparatus by means
of a suction pump. The sample is dehydrated in a silica gel
column before splitting into two equal fractions. One half
of the sample is drawn into a reference chamber, after
passing through a column of glass wool impregnated with
palladium chloride, where mercury is removed as a result of
the formation of HgCl,. The other half of the sample is
drawn through a balancing column of plain glass wool on its
way to the gample chamber,

Two photocells (RCAS35) are arranged to receive
the light from a fused-gilica low-pressure mercury vapour
lamp after passing through the two chambers. The lamp
(Hanovia Special) radiates predominantly at 2357 AO, at
which frequency mercury shows the strongest absorption.
It is necessary to use & lamp made of slightly impure
fused silica, e.g. Vycor, which filters out undesirable
low frequency radiation.

The electrical circuitry is such that variations
in the intensity of light falling on either of the two
photocells causes corresponding variations in the current
flowing through a voltmeter. Since the output of both
cells will be equally aeffected by varietions in the output
of the lamp and by the presence of similar interfering
substances in both chambers, the reading on the voltmeter
will Dbe related specifically to the amount of mercury
passing through the sample chamber.
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The limiting sensitivity of the instrument in its

4ug. Hg.

o

present form is approximately 10~

2. Procedure for Determination of llcrcury in Samples.

a) To demercurify retorts, heat bulb to dull red
heat and then drew clean air through by means
of & pump.

b) Weigh 0.1 g. of sieved or pulverized gzmple
into bulb of retort.

¢) Connect up instrument and zero according to
operating instructions.

d) Insert retort into end of 100 ml. manual air
pump, fitted with a clean filter.

e) Heat retort in a bunsen flame at full meins
pressure for 30 gseconds, at the same time
drawing out the pump handle. At the end of
30 seconds the pump handle should be at full
extension,

f) Remove retort from pump, inject vapour from
pump into instrument and record reading.

g) Samples should be run in batches in which
are included a complete series of standards of
known mercury content.

h) After a complete batch has been analysed,
congtruct a calibration curve for the standards
and convert meter readings into ppm or ppb Hz,

i) At the same time, calculate the mean precision
of the batch of analyses.

j) If a sample contains more than 10 ppb Hg,

repeat in a new batch, using a smaller sample
weight.

N. SPECTROGRAPHIC ATALYSIS

The followins information was provided by Dr. I.
Nichol of the G.,P.R.C., London. All sasaples are prepared
as outlined previously and only the minug 82-mesh material
is used for analysis.
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l. Ignition:

Samples are ignited in a gilica crucible at
400-500°C for 3 hours to oxidize organic matter and
eliminate combined water.

2. Sample preparation:

100 mg. of sample are then mixed with 100 mg,.
of a 1:1 mixture of L12603 and carbon with germoanium added
ag an internal standard to give a concentration in the

fingl mixture of 400 ppm Ge, The mixture is homogenised
by shaking in a Wig-L-Bug for 30 seconds.
3. Spectrographic eqguipment and conditions:

Source unit : Hilger I'S 131
Spectrograph Hilger Large Quartz FS 55
Arc stand Hilger FS 56

Comparator Hilger JA Co L.90
Wavelength Range A 2800 - 4950

Emulsion Ilford .30

Anode Vorganite SG,305H ~ 5 mm.

carbon, 2.91 mm. diam.crater
5 mm. deep crater.

Cathode tlorganite Sg.305H~flat ended

Exposure 20 secs.

Gap 3 mm.

Arc current 12.5 amps

S1it 15 u

Collimator Internal

Step sector Two steps giving three
intensities in proportion
1:1/4:1/16

4., Egtimation

Estimation of the concentration of an element
in a gample is made by comparing the spectra of the
sample with spectra of synthetic standards on a standard
plate.

5. Wavelengths and usable concentration ranges of

spectral lines:

0

Element Wavelength, “A Range, ppm
Ag 3382.9 0.2 -~ 1000
Bi 3067.7 5 ~ 200

Co 3453.5 5 -~ 10000
Cr 4254.3 5 10000
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Element Wavelength %4 Range, ppm
Cu 3274.0 1 - 500
Cu 2961.2 500 -~ 10000
) 2943.6 2 ~ 10000
kin 4034.5 5 ~ 500
Mn 2933.0 500 - 10000
o 3170.3 2 - 10000
Ni 3414.8 1 - 1000
Ni 3050.8 1000 ~ 10000
Pb 2833.,1 1 - 1000
Sn 2840.0 1 - 10000
Ti 3377.6 50 -~ 10000
v 3185.4 2 - 10000
in 3345.0 50 - 10000
ir 3438.2 200 -~ 10000

6, Precisgion:

The precision of the results obtained is controlled
by including one control sample with each plate of 13 semples.
The analytical precision at the 95 percent confidence level is
in the range 35 - 45 percent.

II SIZE ANATYSIS OF SOIL SAMPLES

The following procedure is based on that given by
Piper (1950), modified by using sodium hexametaphogphate
(Calgon) as a dispersant as recommended by Tooms (1955).

1. Dry sieve the sample to minus % inch and place 100 g.

into a one litre beaker (50 g. for a predominantly
clay-size sample). '

2. Add 300 ml. of 1% sodium hexametaphosphate solution and
place the beaker into a hydrosonic tank containing water,

3. Switch the machine on for 15 minutes, stirring the sample
periodically with a glass rod to prevent packing down,

4, Decant the supernatant liquid (A) to another beaker and
add 300 ml, of water to the sample (B).

5. DVigperse B for a further 15 minutes.

6. Add A to B and cohtinue digpersion for a further 10 minutes.

e
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11.

12.
13.

14,

15.
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Wash the gample and liquid into & one litre stoppered
cylinder and add water up to one litre. This should
leave at least 30 cm. of liquid above the gediment
surface,

Obtain z uniform suspension by turning the cylinder
end-over-end for one minute. Place cylinder down and
start stop-watch.

After exactly 5 minutes and 5 hours, carefully place

a Bouyoucos hydrometer in the suspension and read., At
the same time, record the temperature. The reading
after 5 minutes gives the number of grams of gilt +
clay present in one litre of suspension and the
reading after 5 hours gives the number of grams of clay.
The silt content may be calculated from the two
readings. Temperature differences requipe an addition
of 0.3 units for every degree above 19.4°C and a o
subtraction of 0.3 units for every degree below 19.4°C,

In order to separate the silt + clay fraction from the
sand and gravel, the work follows on from stage 9 abozg.

Reshake the cylinder as in stage 8.

The top 10 cms, ig siphoned off azccording to the
second column in Tabhle 43.

Top the suspension up to its original level with water.

Repecat stages 10 to 12 until no material remains in
suspension in the upper 10 cms. of the cylinder after
the specified time interval,

Separate the clay-size material from the silt + clay
suspension by the same method, using the third column
in Table 43,

Dry the sand and gravel, the silt and the clay
fractions in a low oven. Sieve the sands and gravel
into the required mecgh sizes. Pasm the silt and clay
fractions through a minus 8 -mesh nylon sieve after
gently breaking up the azgregations with a pestle and
nortar.
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TABLE 43, THE SETTLING TIIE ALLOWED BEFORE
DECANTATION OF 10 CiM, of SILT + CLAY, OR

CLAY ONTY, (FRON PIPER, 1950, P.76)

TEMP., °C | SETTLING TIME: SETTLING TIME:
SILT + CLAY CLAY ONLY
MINS.  SECS. HOURS . MINS.
17 5 10 8 35
18 5 0 8 25
19 5 0 8 10
20 4 48 8 0
21 4 40 T 50
22 4 30 7 40
23 4 30 7 25
24 4 20 T 15
25 4 15 7 5
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