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PREFACE

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

This Report presents results of research conducted as part of Module 2 of
this project (AMIRA Project 241). "Gold and Associated Elements in the

Regolith - Dispersion Processes and Implications for Exploration”.
The objectives of this module are:

i. . To obtain a better understanding of the nature and genesis of

lateritic and supergene gold deposits.

ii. To determine characteristics useful for exploration, espectially in
areas of transported overburden for: a) further lateritic and
supergene deposits, and b) primary mineralization - including that

with no expression as appreciable secondary mineralization.

iii. To increase knowledge of the properties and genesis of the

regolith.

iv. To provide data applicable for exploration for other commodities in

and beneath the regolith.

In particular this report (a) documents geochemical and mineralogical
features of profiles through barren and mineralized felsic volcanic rocks,
(b) evaluates the usefulness of gold pathfinders found in a previous
study, (c) suggests geochemical discriminants for distinguishing mafic

from felsic rocks.
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SUMMARY

Study of profiles through felsic rocks below thin a soil in the
southern portion of the Parkinson Pit at Mt Magnet shows zonation:
goethite * muscovite/kaolinite »* muscovite/kaolinite/goethite
albite/goethite + fresh rock. Calcrete may also be developed at the
soil/rock interface. Bands of mafic rock within these profiles are
similar mineralogically to adjacent felsic rocks but they do have greater

Ti, Co, Cr, Ni, Sc and V contents than the felsic rocks.

The elements, Co, Cu, Ni, Sc, W and Zn which were found to be
strongly associated with ferruginous rocks in mafic profiles are similarly
associated in the felsic profiles. Of the pathfinders, Ag, As, Mo and Sb,
associated with Au in mafic profiles, only As has been found useful in
felsic rocks. However, in these rocks W and B also appear to be

associated with Au.




1. INTRODUCTION

A previous study of the rocks within the Parkinson Pit at Mt Magnet
(500 km NNE of Perth) concentrated on the weathered and altered basalts
present within the northern and central parts of the pit (Scott, 1989a).
Although the mineralogy of a more southern profile was considered in that
report, this report presents both mineralogical and geochemical results
from two additional profiles through felsic rocks from the southern highly

mineralized portion of the pit.

2. SAMPLES AND ANALYTICAL METHODS

Fifty-two samples of weathered to fresh altered rock were selected
from diamond drill holes NMS D7 (29 samples) and NMS D8 (23 samples),
located about 60 m apart (Fig 1). The hole NMS D7 was drilled for 120 m
with a declination of 60° to the west but NMS D8 was vertical for
71.5 m. Samples were selected to include representatives of each major
visually distinctive zone within the profiles. Thus sampling frequency

was irregular but averaged 3 to 4 m.

A representative portion of each sample was crushed to -75 pm in Mn-
steel jaw crushers and a ring mill. The resultant powders were then
analysed mineralogically by X-ray diffractometry as described by Scott
(1989a). Using these results, 17 samples from NMS D7 and 13 from NMS D8

were selected for chemical analysis.

Major elements (except Na) were analysed by X-ray fluorescence
spectrometry (XRF) using fused discs, with the minor elements, As, Ba, Pb
and Zr also being analysed by this method using pressed powders. Sodium
and the trace elements, Co, Cr, Cu, Ni, Sc, Sr, V, Y and Zn were
determined by inductively coupled plasma emission spectrometry (ICP). The
elements Ag, B, Bi, Ga, Ge, Mo, Sb, Sn, Tl and W were estimated
semiquantitatively by optical emission spectroscopy. Gold values
(determined by Metana Minerals N.L.) for the 1 m composite about the
samples used in this study have been used to provide a better estimate of

gold grades than the spot samples would have provided.
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3. RESULTS

3.1 Mineralogy NMS D7 and NMS D8

As quartz and rutile have relatively constant abundances through the
profiles, they are not discussed further in this section. The term

"muscovite"” is used to include both muscovite (sensu stricto) and illite

throughout this report.
Six mineralogically distinct zones were recognized in NMS D7 (Fig 2):

(i) The uppermost goethite/kaolinite zone (0.4 to 3.3 m) consists
of yellow brown weathered felsic volcanics with the uppermost sample
actually an indurated soil containing grey lithic fragments. The samples
are characterized by low mica contents, abundant goethite and kaolinite.
The soil sample has plagioclase (albite) due to its relatively fresh

lithic fragment content. Minor talc is also present in the soil.

(ii) The muscovite/kaolinite zone (5.5 to 24 m) is composed of
white friable rock. Besides muscovite and kaolinite, smectitic clay is

present but Fe oxides are generally only present in trace amounts.

(iii) Goethite is however quite abundant in the underlying
muscovite/kaolinite/goethite zone (27.7 to 58.5 m). Rocks of this zone
are white to purple and brown in colour and although friable often have
brown Fe-rich bands through them. Goethite increases in abundance toward
the base of this zone. Apart from the dominating minerals which define

this zone, smectitic clay, chlorite/vermiculite * hematite also occur.

(iv) Partially weathered material of the albite/goethite zone (62.5
to 75.5 m) is buff to pink-grey in colour. It is often schistose with
brown Fe oxides along fractures. Black Mn oxides may also be present.
Kaolinite occurs in the uppermost samples of this zone but smectitic clay
and disseminated dolomite in the lower part. Chlorite is developed
throughout this zone.

(v) Fresh grey felsic volcanics characterized by assembluges of

albite, dolomite and pyrite occur between 79.9 and 93.1 m. Veins of




quartz are present but both pyrite and dolomite are disseminated.
Chlorite and muscovite are also present in this zone but Fe oxides are

absent.

(vi) Green—grey mafic volcanics with disseminated pyrite and white
dolomite bands occur at the base of the hole (103.8 - 115.3 m). These
rocks are characterized by more chlorite and less muscovite than the
overlying felsic volcanics but the mineral phases present are similar to

those in the zone above (Fig 2).

Six mineralogical zones were also recognized in NMS D8 (Fig 3):

(1) The soil zone (0.2 m) contains lithic fragments and black
ferruginous pisoliths. Mineralogically it is dominated by goethite and
kaolinite (as in NMS D7) but it also contains muscovite, tourmaline, talc

and smectitic clay.

(ii) Calcite as calcrete occurs between 0.6 and 1.3 m. It cements
soil and lithic fragments near the surface and white kaolinitic saprolite
at 1.3 m. Goethite and chlorite occur in the soil sample with muscovite,

kaolinite and smectites in both samples.

(iii) The muscovite/kaolinite zone (3.2 to 24.5 m) consists of
white friable saprolite with patches of fuchsite and minor goethitic

staining. Minor smectite and vermiculite are also present.

(iv) The white rocks of the underlying muscovite/kaolinite/Fe oxide
zone (26.5 to 44.9 m) are more competent than those of the zone above and
red to brown ferruginous staining is more abundant. Apart from the more
abundant goethite and hematite in this zone, it is mineralogically similar

to the zone above.

(v) Partially weathered albite/goethitic zone (49.6 to 56.6 m)

rocks are buff coloured with red to yellow ferruginous areas. Black Mn
oxides are also present as veins. Kaolinite and smectitic clay are not as
abundant as in the zones above and chlorite/vermiculite and plagioclase

are present.



(vi) Fresh grey felsic volcanics with disseminated pyrite and
dolomite occurs from 58.9 to 69.0 m (albite/dolomite/pyrite zone).
Chlorite is consistently developed in this zone (Fig 3) and is actually

more abundant than muscovite.

3.2 Geochemistry NMS D7 and NMS D8

Detailed chemical analyses are presented in Tables 1 and 2 with

averages from the zones delineated above in Tables 3 and 4 respectively.

3.2.1 NMS D7 The rock and soil of the uppermost goethite/kaolinite zone
are characterized by high Al, Cr, Ni, Pb, Sb, Sn, V, W and Zr contents and
low Si, K and Ba contents. Rocks of the muscovite/kaolinite zone have
high Si and K contents and low chalcophile element contents, especially
Fe, Co, Ni and Pb. The underlying muscovite/kaolinite/goethite zone again
has high K but it also has high Fe, As, Au, B, Cu and Zn. In fact the Au
contents of these rocks represent rich ore. Albite/goethite zone rocks
have high Na, Mn, As, Au and Zn. Fresh felsic volcanics
(albite/dolomite/pyrite zone) have high Mg, Ca, Na, S, Ag, Au and Sr and
low Ti, Co, Cr, Sc, V, Y and Zr contents. Fresh mafic volcanics from the
base of the hole have higher Fe, Mg, Ca and lower Si than the felsic

rocks. Their S and sometimes their Au contents are also significant
(Tables 1 and 3).

3.2.2 NMS D8 Goethitic soil from the top of this hole has high Fe, Ti,
Cr, Cu, Ga, Ge, Ni, Sc, V, W, Y and Zr contents and low K, Ag, Ba and Sr
contents. The calcrete has high Mg, Ca, Ba and low Fe, As, Co, Cu, Sc and
W. Underlying muscovite/kaolinite-rich assemblages are rich in Si but
depleted in Fe, As, Co, Cu and W like the calcrete above. The
muscovite/kaolinite/Fe oxide zone has more Fe and Mn than the zone above
and more associated trace elements especially As, Cu, Mo, Ni, Pb and Sb.
Boron is particularly high in this zone and the partially weathered zone
below. Albite/goethite zone (partially weathered) rocks have high Fe, Mn,
Au, Co, Mo, Ni, Pb and Zn contents but low Cr, Sb and Sc contents. Fresh
dolomitic and pyritic felsic volcanics from the base of the hole have high
Mg, Ca, Na, S and Sr contents but low B, Cr, Sb, Sc, V and W relative to
rocks higher in the profile.



Gold contents 20.5g/t occur in all the zones except the calcrete and
muscovite/kaolinite zones with the partially weathered rocks of the
albite/goethite zone having the highest values (Table 4).

4. DISCUSSION

4.1 Rock identification and its implications

Geochemical study of the fresh rocks from the base of NMS D7
indicates that basic rocks have higher Fe, Mg, Ca, Ti, Mn, Co, Cr, Ni, Sc
and V but lower Si, K, Ba and Zr contents than the more felsic rocks
(Table 3). When the compositions of the weathered rocks in the two holes
are examined, samples 108334, 108337, 108339 and 108341 from NMS D7 and
108356 in NMS D8 all have TiO, > 0.6%, Cr > 200 ppm, Co > 30 ppm, Sc > 30
ppm, V » 170 ppm and generally Ni > 100 ppm, i.e. higher abundances of
these elements than other weathered rocks suggesting that these rocks may
be mafic rather than felsic. Furthermore Ti/Zr ratios for these rocks are
greater than 40 (usually > 60) suggesting that they are basaltic, using
the criteria of Hallberg (1984).

The occurrence of such mafic rocks in the predominantly felsic
sequence in the southern portion of the Parkinson Pit does not affect the
mineralogical variations recognized but does mean that variations in the
abundances of the elements Ti, Cr, Sc, V, Co and Ni may be due to
lithological differences. Thus these elements cannot be used to derive

information about Au occurrences.

Some of these mafic-associated elements are high in the soils,

possibly reflecting a mafic—derived component in the soils (see below).

4.2 Soil/calcrete overburden

The uppermost samples from both holes are soils and are characterized
by abundant goethite and kaolinite (Figs 2 and 3). The elements Fe, Au,
Cr, Cu, Ga, (Ge), Ni, Pb, Sb, Sc (Sn), V, W and Zr are high in these soils
with the mafic-associated elements Cr, Ni and V, attaining their maximum
abundance there. Barium and Sr contents are low, reflecting low mica

content relative to the underlying rocks.




The abundance of the mafic-associated elements, the presence of talc
(Section 3.1), the poor development of mica and the presence of albite in
the soil from NMS D7 (Fig 2) suggest an introduced component within the
soils. Although the high abundance of mafic—-associated elements could
reflect a contribution from mafic rocks, the low Ti/Zr contents of the
soils (Tables 1 and 2) suggest that the contribution from felsic rocks is

dominant.

Surficial enrichment of Au is often found in ferruginous lateritic
caps in the Yilgarn Block (Butt, 1988) and its presence in soil at
Mt Magnet may reflect incorporation of such material into the soil. The
presence of elevated amounts of As, Cu, Mo, Pb, Sb, Sn and W in these

samples is also consistent with this interpretation (cf. Lawrance, 1988).

The calcrete horizon in NMS D8 is only weakly developed so that
although it results in increased Ca, Mg and Sr contents in the calcite
zone, soils and rocks in which it is present are not otherwise different
from their non—-calcareous equivalents above or below (Table 2, Fig 3).

There is no association of Au with calcrete (cf. Scott, 1989b).

4.3 Geochemical variations through the felsic rock profiles

Below the soil and calcrete the profiles through NMS D7 and NMS D8

are similar except for the persistence of the goethite/kaolinite zone into
saprolite in NMS D7. The zone is rich in As, Cr, Cu, Ni, Sb, V and W
relative to the underlying rocks (Table 3). These elements are expected
to be mainly present in goethiﬁe as found previously in the Parkinson Pit
but Cr ~ 1200 ppm is present in rutile and Cu and Cr contents ~ 200 ppm
are present in the kaolinite (Scott, 1990).

White muscovite/kaolinite zone rocks are present over a vertical
interval of about 20 m. These minerals so dominate the zone that it
contains little else. Thus the K and Ba contents of this zone are high
and Fe and chalcophile elements low (Table$ 3 and 4). Hence even though
the Ti content of this zone is similar to that in the zone above (Table
3), the Cr content of the rutile here is only ~ 300 ppm (Scott, 1990 ).
However despite the absence of chalcophile elements, some thin intervals

of Au mineralization are present in this zone (Figs 2 and 3).



The underlying muscovite/kaolinite/Fe oxide zone has greater
chalcophile element contents (in particular As, Cu, Mo, Ni, Pb, Sb and Zn)
than its less ferruginous equivalents above. The presence of manganese
oxides, particularly cryptomelane, in this zone may account for the
stabilization of some of the Co, Cu, Ni, Pb and Zn (Scott, 199Q ).

Sources of the Mn are not easily identified but weathering carbonates.
particularly Mn-rich siderite as found in fresh mafic rocks from NMS D4
(Scott, 1990 ), may represent potential sources. The occurrence of Mn in
this interval where mafic rocks are also present (Section 4.1) may thus be

significant.

Gold is well developed in this zone, especially in NMS D7 (Table 3,
Fig 2). Although Ag, As, Mo and Sb were found to be associated with Au in
weathered material in the northern part of the Parkinson Pit (Scott,
1989a) these associations (with the exception of As) are not obvious
here. Perhaps the elevated B in this zone reflects the strong association
of this mineralization with quartz-tourmaline-pyrite veins. Tungsten also

appears to be associated with the gold in this interval.

Partially weathered felsic volcanics characterized by the presence of
albite and goethite but lower kaolinite than the rocks above, are
consistently mineralized in both NMS D7 and NMS D8 (Figs 2 and 3). The
presence of B and W with Au in this zone and the poor development of Ag,
As, Mo and Sb relative to the mineralized zones in oxidised mafic rocks
(Scott, 1989a) may also suggest that this ore is related to quartz-

tourmaline-pyrite veins.

Fresh felsic volcanics consist of assemblages of albite, muscovite,
dolomite and pyrite with some chlorite (Figs 2 and 3). The lack of B with
Au in these rocks suggests that the Au is associated with pyrite rather
than quartz-tourmaline-pyrite veins (Table 1). Silver is also present in
the highly mineralized sample but at least some of the silver is likely to
be present in tetrahedrite which is also present as inclusions in pyrite
(Scott, 1989b). Of other potential pathfinders only W is present. The
rutile, muscovite and chlorite of these rocks all have low Cr contents.

Dolomite in these rocks is ankeritic (Scott, 1990 ).




4.4 Comparison of weathered felsic and mafic rocks

Comparison of of zonation through mafic rocks (as in NMS D4, Scott,
1989a) with that in NMS D7 and NMS D8 reveals a greater abundance of
kaolinite in the felsic rocks. Furthermore the presence of calcrete above
such rocks in NMS D8 indicates that calcrete development is not controlled
by lithological factors (cf. Scott, 1989a). Despite differences in the
abundance of kaolinite, broad changes in profiles through mafic and felsic
rocks are similar i.e. ferruginous rocks + lighter coloured rocks *+
ferruginous rocks above partially weathered rocks. Although Na- and Ca-
substitution in the micas is significant in the mafic rocks, especially in
the poorly mineralized profile (Scott, 1989a), such substitution is quite
minor in the felsic rocks (Scott, 1990).

The elements Co, Cu, Ni, Sc, W and Zn which were found to be
associated with ferruginous rocks in mafic profiles (Scott, 1989a) are
similarly associated in the felsic profiles. In both types of profile
however some of these elements are actually more strongly associated with
Mn oxides than Fe oxides (Scott, 1990 ). The elements, Ag, As, Mo and Sb
which appeared to be good pathfinders for Au in the weathered mafic rocks
(Scott, 1989a) are not strongly associated with Au in the weathered felsic
rocks, perhaps because the Au association with tourmaline veins is more

dominant in these rocks (see above).

5. CONCLUSIONS

The weathered profile in the southern portion of the Parkinson Pit
consists of a thin soil (with a transported component) above felsic
rocks. Zomes in the rock change from goethite/kaolinite +
muscovite/kaolinite * muscovite/kaolinite/goethite + albite/goethite +
fresh felsic volcanies. A calcrete horizon may also be present at the

boundary between soil and rock.

The elements Co, Cu, Ni, Sc, W and Zn are strongly associated with
ferruginous rocks. Some of these elements are actually stabilized by
adsorption onto and/or incorporation into Mn oxides in the interval up to

20 m above fresh rocks. Potential pathfinder elements (Ag, As, Mo and Sb)



identified in mafic profiles do not appear to be useful in the felsic
profiles, except perhaps for As. However W and B do appear to be

associated with Au in the lowest two ferruginous zones.
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Z1

Table 1. Chemical composition of samples, NMS D7 (major components, wt %; minors, ppm)

108321 108323 108325 108328 108329 108331 108333 108334 108337 108338 108339 108341 108343 108344 108345 108347 108348
Depth (m) 0.4 3.3 10.5 18.9 24.0 31.2 38.7 44.2 53.1 58.5 62.5 69.6 75.5 79.9 85.5 103.8 112.5
$109 58.2 48.7 69.8 70.6 70.1 65.0 69.7 54.5 53.6 66.3 59.6 57.7 68.1 76.2 60.3 46.6 40.3
Al,04 18.2 27.0 19.1 18.4 17.6 17.3 17.2 17.3 19.0 15.6 17.8 19.1 15.4 10.8 13.8 13.2 11.3
Fey04q 6.49 8.02 0.74 0.75 1.84 7.41 3.30 16.9 13.8 7.43 9.14 8.11 4.53 2.60 3.37 9.42 7.52
Mg0 2.40 0.20 0.36 0.42 0.33 0.37 0.24 0.46 0.51 0.59 1.20 1.60 1.13 1.47 2.48 6.28 5.19
Ca0 0.13 <0.04 <0.04 0.17 <0.04 <0.04 <0.04 <0.04 0.09 0.09 0.12 0.11 0.75 1.55 4.89 7.23 14.5
Na,0 0.45 0.19 0.18 0.24 0.17 0.16 0.16 0.14 0.17 0.21 1.77 2.32 4.10 0.37 2.82 1.13 0.96
K50 0.70 0.11 4.42 3.42 3.68 3.62 3.17 3.39 3.85 3.03 2.92 3.66 1.93 3.07 2.63 1.99 1.98
Ti0, 0.46 0.44 0.44 0.42 0.41 0.41 0.42 0.78 0.88 0.42 0.62 0.80 0.37 0.26 0.34 0.63 0.44
P50g <0.1
MnO <0.04 > 0.21 0.17 0.15 0.44 0.09 <0.04 0.04 0.06 0.15 0.21
S04 <0.1 2.17 0.85 <0.1 2.48
Ag 0.2 1 0.3 0.5 0.5 0.5 0.8 0.8 1 1 0.8 0.3 0.3 3 0.8 0.6 2
As 41 160 13 18 35 270 89 140 220 84 120 140 62 34 38 10 46
Au 0.90 0.06 0.04 0.05 0.57 2.66 4.09 27.0 0.53 1.22 2.60 2.36 0.96 28.0 1.07 0.01 2.08
B 150 150 200 80 150 350 150 200 200 250 150 200 50 80 150 60 100
Ba 280 14 630 580 650 610 560 600 630 520 610 740 420 660 570 410 300
Co 16 37 <5 <A <5 6 6 110 46 24 40 38 10 7 10 37 30
Cr 960 500 93 84 130 120 96 370 400 150 220 360 42 38 37 260 410
Cu 78 130 <5 15 59 150 62 120 180 97 60 40 61 28 21 100 46
Ga 30 15 40 30 40 35 30 30 30 35 30 40 15 20 20 15 15
Ge 3 2 4 3 2 2 3 3 3 3 3 3 2 2 1
Mo 4 2 0.3 0.3 10 3 3 2 4 4 4 2 1 0.3 2
Ni 180 360 <20 <20 28 59 66 210 170 96 150 93 34 29 36 150 160
Pb 36 93 <5 9 8 35 11 9 12 n 26 13 32 20 11 <5 <5
Sb 100 1000 30 30 80 60 <30 <30 <30 80 40 30 40 40 <30 <30 <30
Sc <5 42 6 15 13 12 13 45 39 14 30 32 <5 <5 <5 23 17
Sn 4 4 2 2 2 1 2 2 2 1 2 3 1 2 1 3 3
Sr 51 10 32 30 36 41 32 38 41 47 150 150 230 180 350 170 130
v 140 400 82 96 110 130 110 320 290 130 170 200 68 73 57 190 180

40 40 10 10 30 30 20 10 30 40 30 30 30 30 20 10 10

Y 11 9 6 7 8 6 6 16 14 7 12 10 7 4 6 9 8
Zn 36 13 9 12 21 28 28 260 140 130 140 110 91 36 38 73 46
Zr 120 200 110 110 120 120 120 79 85 90 92 78 110 78 100 45 39
Ti/Zr 23 13 25 23 21 21 21 58 62 28 40 62 20 21 20 84 69
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Table 2.

Chemical composition of samples, NMS D8 (major components,

wt %; minors, ppm)

108350 108352 108353 108355 108356 108359 108361 108364 108366 108367 108369 108371 108372
Depth (m) 0.2 1.3 3.2 8.2 12,0 245 32.2 385 449 49.6  S6.6  62.0  69.0
s10, 52:2 67.0 718 784 65.4 710 70.4 617 547  57.5  52.3  64.7  64.9
AL,0, 16-116.9  17.5 13.7 211 181 157 183 17.0 172 13.8  13.6  13.1
Fe 504 19-0 071 0.55 0.57  0.96 1.5  4.98 9.9 15.0 12.8  20.9  3.37  3.04
MgOo 0-51 1.20 0.35 0.1 013 013 0.15 019  0.27  0.32  0.27 1.63 1.78
Ca0 0.12  2.46  <0.04 0.16  0.15  3.12  3.82
Na,0 0-43  0.49  0.56 0.4 0.48  0.36  0.28  0.24 0.3  0.43  1.31  2.10  2.10
K40 1-023.37 299 2.82 3.5 3.29 3.3 272 245 2,93 2.99  2.82  2.76
110, O-BL  0.38  0.39 032 0.87  0.43  0.39  0.44 0.3 0.42  0.33 0.3 0.3
P,05 <0.1 : —> 0.2 0.12  <0.1  <0.1  <o.1
MnO 0.10  <0.04 0.17  1.00 0.81 1.83  0.06  0.05
505 0.12  <0.1 — 253 1.2
Ag 0.1 0.6 1 0.6 1.5 1 0.8 0.6 0.5 0.4 0.5 1 1
As 100 12 12 12 17 26 120 490 210 110 110 67 51
Au 0-53 011 0.02  0.03  0.06 0.20 0.22 115 0.3  1.00 1.24  0.63  0.60
B 150 200 100 200 150 200 200 400 80 300 150 60 60
Ba 30 770 520 530 660 560 500 480 540 580 650  s40 480
Co 28 < — 10 14 68 48 84 12 9
cr 470 58 69 51 310 60 66 9 57 26 2 37 3s
Cu 96 7 5 < 10 33 63 120 83 25 18 19 15
Ca 40 30 30 20 30 30 30 30 30 40 30 20 20
Ce 4 2 2 2 2 1 2 1 3 2 2 1
Mo 5 1 1 1 3 1 3 3 20 5 10 2 2
N 110 <20 —s 56 40 100 110 36 28
Pb 28 5 < 6 2 8 24 50 49 21 70 12 12
sb 40 30 30 30 50 30 100 80 100 <30 <30 <30 <30
Sc 20 5 11 13 38 < < 14 24 10 < 8 <
$n 4 4 3 2 2 1 2 1 1 1 1 1 2
St 48 140 74 63 77 77 79 81 130 110 170 200 200
v 330 73 73 53 220 75 77 130 120 79 72 52 52
W 40 10 10 10 10 10 30 30 60 30 30 10 10
Y 13 4 4 3 10 6 5 7 13 12 11 6 6
Zn 64 6 < 5 7 14 16 45 160 160 150 37 33
zZr 200 86 89 78 75 120 120 140 240 120 110 100 93
Tt/2r 25 27 26 24 69 22 19 19 9 21 18 20 20




Table 3. Average composition of zones, NMS D7 (major components, wt %; minors, ppm)

Zone Goethite/kaol Musc/kaol Musc/kaol/goe Albite/goe  Albite/dol/py Albite/chl/dol
Soil/rock ——————— Felsic Rock Mafic Rock
Depth (m) 0.4-3.3 10.5~24.0 31.2-58.5 62.5-75.5 79.9-85.5 103.8-112.5
510, 53.5 70.2 61.8 61.8 68.3 43.5
Aly04 22.6 18.4 17.3 16.8 12.3 12.3
Fey04 7.26 1.11 9.77 7.26 2.99 8.47
MgO0 1.30 0.37 0.43 1.31 1.98 5.74
Ca0 0.08 0.07 0.05 0.33 3.22 10.9
Na,0 0.32 0.20 0.17 2.73 1.60 1.05
KZO 0.41 3.84 3.41 2.84 2.85 1.99
Tio0, 0.45 0.42 (0.58) (0.60) 0.30 0.54
MnO <0.04 <0.04 0.11 0.18 0.05 0.18
SO3 <0.1 <0.1 <0.1 <0.1 1.51 1.24
Ag 0.6 0.4 0.8 0.5 1.9 1.3
As 100 2 160 110 36 28
Au 0.48 0.22 7.10 1.97 14.9 1.05
‘ B 150 140 230 130 120 80
Ba 150 620 580 590 620 360
Co 27 S (38) (29) 9 34
cr 730 100 (230) (210) 38 340
Cu 100 26 120 54 25 73
Ga 28 37 32 28 20 15
Ge 3 3 3 3 3 2
Mo 3 2 4 3 3 1
Ni 270 16 (120) (92) 33 160
Pb 65 7 20 24 16 <5
Sb 550 47 37 37 <30 <30
Sc 22 11 (25) (21) <5 20
Sn 4 2 2 2 2 3
Sr 31 33 40 180 270 150
270 96 (200) (150) 65 190
40 17 26 30 25 10
Y 10 7 10 10 5 9
Zn 25 14 120 110 37 60
Zr 160 110 100 93 89 42

NOTE: Values in parentheses affected by mafic rocks in zone
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Table 4. Average composition of zones, NMS D8 (major components, wt %; minors, ppm)

Zone Goethite Calcite Musc/kaol Musc/kaol/Fe oxide Albite/goe Albite/dol/py
Soil Calcrete ————  Felsic rock
Depth (m) 0.2 1.3 3.2-24.5 32.2-44.9 49.6-56.6 62.0-69.0
SiOz 52.2 67.0 71.7 62.3 54.9 64.8
Al,04 16.1 16.9 17.6 17.0 15.5 13.4
Fe,04 19.0 0.71 0.78 9.98 16.9 3.21
MgO 0.51 1.20 0.17 0.20 0.30 1.71
Ca0 0.12 2.46 <0.04 <0.04 0.16 3.47
Na,0 0.43 0.49 0.45 0.29 0.87 2.10
K,0 1.02 3.37 3.06 2.77 2.96 2.79
Ti0y 0.81 0.38 (0.50) 0.40 0.38 0.33
MnO 0.10 <0.04 <0.04 0.40 1.32 0.06
S04 0.12 <0.1 <0.1 <0.1 <0.1 1.83
Ag 0.1 0.6 1.0 0.6 0.5 1.0
As 100 12 17 270 110 60
Au 0.53 0.11 0.08 0.57 1.12 0.62
B 150 200 160 - 230 230 60
Ba 380 770 570 510 620 510
Co 28 <5 <5 31 66 11
Cr 470 58 (120) 72 25 36
Cu 96 7 13 89 22 17
Ga 40 30 28 30 35 20
Ge 4 2 2 1 3 ;
Mo 5 1 2 9 8
Ni 110 <20 <20 170 110 32
Pb 28 5 10 41 46 12
Sb 40 30 35 93 <30 <30
Sc 20 5 (16) 13 6 5
Sn 4 4 2 1 1 2
Sr 48 140 73 97 140 200
v 330 73 (110) 110 76 52
40 10 10 40 30 10
13 4 6 8 12 6
Zn 64 6 7 74 160 35
Zr 200 86 91 170 120 97

NOTE: Values in parentheses affected by mafic rock in zone
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