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SUMMARY

Examination of phyllosilicates, oxide phases, alunite and, where
present, sulfides and carbonates in 10 samples of fresh and
weathered shale from the Panglo area has helped elucidate how
elements are retained during weathering. Chalcophile elements
are strongly retained by Fe oxides and Sr and Ba (plus As and Cu)
are retained by alunite. Micas, which are essentially unaffected
by weathering, appear to have low Na and Fe contents in

mineralized profiles and higher contents elsewhere.

By comparing mineralized and barren shale profiles, Fe and
chalcophile elements (As, Mo, Sb and W) appear to be enriched and
Na, Ba and Sr depleted in weathered shales above secondary gold

mineralization at Panglo.




1. INTRODUCTION

In a previous report Scott (1989%9a) has shown that shale profiles
along Section 4200N have more extensive development of alunite
and less paragonite above mineralization than in barren shale
profiles. The mineralized profile also tends to have higher Fe,
As, Cr, Sc and W but lower Sr than the barren profile. However
the barren profile, being located only ~40 m from mineralization,
does contain sub-economic gold. Thus shale profiles well to the
north of the Panglo mineralization (Section 6500N; Fig. 1) have
been studied in an attempt to better define background

characteristics of shales affected by weathering.

Results from these northern shale profiles and analyses of fresh
shales (obtained from diamond drilling) are compared to results
from shale profiles on Section 4200N to define better the changes
which occur during weathering of shales at Panglo. Thus this
report complements that on the weathering effects on mafic and

ultramafic rocks at Panglo (Scott, 1990a).

2. SAMPLES AND METHODS

Reverse circulation holes PSRC 171 and 172 were drilled 40m apart
along Section 6500N i.e. almost 2km N of the Panglo
mineralization (Figs. 1 and 2). Both holes were drilled at 60°E
and depths throughout this report are actually distances along
these drill holes unless otherwise indicated. The samples
studied were 1 metre composites from the drilling (samples

between 0 and 4 m from PSRC 171 however could not be found).

Six samples of black carbonaceous to grey dolomitic shale from
deep diamond drilling (PSRCD 309 and PSRCD 310) into fresh shale

in the deposit area have also been analysed.




Mineralogical and chemical analytical methods (including electron
microprobe methods) are as described by Scott (1989b) and Ramsden
and French (1990). The Au contents of reverse circulation
composites were determined by Pancontinental Mining Ltd. during
the course of exploration. Four samples of unweathered shale had
their Au content determined by Neutron Activation Analysis by

Becquerel Laboratories, Lucas Heights.

3. RESULTS

3.1 PSRC 171 - a barren hole

The mineralogy down this hole from 4 to 60m is shown in Fig. 3.
It is characterized by the presence of quartz, kaolinite, mica,
Fe oxides and halite throughout. However the interval 4-16m is
identified as the hematite/alunite/paragonite zone. It is white
to pale brown in colour with hematite in the uppermost portion
and hematite and goethite below 8 m. The underlying
goethite/alunite/paragonite zone (16-26 m) is similar in colour
but contains only goethite (without hematite) and some smectitic
clay. Between 26 and 39 m the goethite/paragonite zone is more
white to grey in colour and does not contain the alunite of the
zones above. Deeper material from 39-60 m (goethite zone) is
more yellow in colour due to its increased goethite content and

paragonite is not present (Fig. 3). Quartz veins are present in

this interval (Fig. 2).

Chemical analyses reveal a progressive decrease in Si and Sr down
the profile (Tables 1 and 2). The hematite/alunite/paragonite
zone also tends to be slightly enriched in Fe and B, with S also
significant. Arsenic contents are however quite low. The
goethite/alunite/paragonite zone also has high S contents but low
Fe, Mg and As contents. Goethite/paragonite and goethite zones

have lower S than the zones above but As, Ni and W tend to be



higher in these two zones. K, B and Cr are lowest and Pb highest

in the goethite zone (Table 2).

3.2 PSRC 172 - a mineralized hole

The minerals present in this hole from 0 to 60m are similar to
those in PSRC 171. However their abundances vary with paragonite
only intermittently developed in PSRC 172 and goethite and
hematite more abundant in PSRC 172, especially above 27 m (cf.
Figs. 3 and 4).

The interval 0-18 m (goethite/alunite zone) is brown and grey in
colour and is relatively goethite rich. Paragonite is only
present in one sample at the base of this zone (Fig. 4). Quartz
veining is present throughout this zone (Fig. 2). 1In the
interval between 18 and 27 m hematite is strongly developed in
addition to goethite. Quartz veining is also present but alunite
is not. This hematite/goethite zone is brown and grey in colour.
The interval 27-43m is more pale in colour (grey-white) due to
its lesser Fe oxide content than above but other mineralogical
abundances are not significantly different. The basal paragonite
zone (43-60 m) is also grey-white in colour but some black
(fresher) material occurs at the base of this zone, where minor

chlorite and moderate amounts of paragonite occur (Fig. 4).

Despite the presence of quartz veining in the interval above 27m,
S$i0, contents appear lower there than deeper in the profile due
to dilution by the abundant Fe oxides in the upper part of the
profile (Tables 3 and 4). The goethite/alunite zone is
characterized by high Fe, S, As, Cu, Ni, Pb, V, W and Zn
contents. Au appears to be enriched in the uppermost 6 m but
mainly due to one highly anomalous sample (29635; Table 3). Fe
and associated As, Ni and Zn contents are greater in the

hematite/goethite zone than in the goethite/alunite zone, but Si,




K and Ba are low in this Fe-rich zone. The Fe-poor zone has
concentrations of most elements, intermediate between the Fe rich
zones above and the underlying slightly fresher material of the
paragonite zone which is characterized by high Na and Sr but low

Cr, Sc and V (Table 4).

3.3. Unweathered Shales

The six samples of unweathered shale from DDHs PSRCD 309 and
PSRCD 310 are both mineralized and unmineralized. The
mineralized samples (105681 and 105682) consist of quartz,
muscovite, chlorite, pyrite, * dolomite and siderite.
Unmineralized samples (108074-76 and 105683) contain all these
minerals plus albite % smectitic clay * talc * apatite although
calcite may be present in place of dolomite and siderite in some

cases.

Although there are some chemical variations due to variable
carbonate development (both compositions and abundance), the
mineralized shale contains higher Si, Fe, S, Ag, Au, B, Co, Cu,
Mo, Ni, Pb, Sb, Sn and W contents. Al, Ti, P, Ga, Sr, Tl, V, Zn
and Zr are however lower than in the barren shale (Table 5). The
enriched elements are essentially the chalcophile elements
although Tl and Zn might have been expected in that group too
(see discussion). Arsenic contents in all these samples are

quite low (Table 5).

3.4. Electron microprobe studies of shale-hosted minerals

The white micas (muscovite, paragonite, illite and brammallite)
have generally low abundances of trace elements except for Ba and
Sr, the latter only being significant when the Na content of the
white mica is greater than 0.36 mol (Table 6). Na contents are
low (<0.36 mol) in the white micas from mineralized profiles in
PSRC 341 and PSRC 172 and in the fresh material below

mineralization i.e. from PSRCD 309 and PSRCD 310 (Fig. 5). These




samples with the exception of one of the micas from PSRC 172 and
one of the fresh samples also tend to have lower Fe* ratios (i.e.
Fe/(Fe + Mg + Mn)) than micas from unmineralized profiles. High
Cl contents relative to F occur in most of the Na-rich micas from

the barren profile, PSRC 340 (Table 6).

Of the other phyllosilicates, chlorite is only present in
unweathered samples. It has relatively low trace element
contents except for Zn (>300 ppm). Cr and Ni, which are high in
ultramafic rocks, are quite low. Kaolinite may have significant
Cr and Ba contents - the latter, as implied by its relationship
to K, reflecting illite contamination/intergrowth in the

kaolinite (Table 7).

Tourmaline (dravite) bears a significant Cr content (Table 7).

Albite from unweathered shale in PSRCD 309 contains < 1% (An +
Or). It also contains 340 ppm Sr, but its Ba content is <100

pPpm.

Goethite may contain up to 2000 ppm Cr, 610 ppm Ni, 950 ppm Cu,
1900 ppm Zn, 1.99% As and 190 ppm Sb. Hematite, from more
limited data, appears to contain lower levels of these elements
(Table 8). Thus goethite is usually the major host for

chalcophile elements in weathered material.

Rutiles and ilmenite have up to 1600 ppm Cr (Table 8) - levels
similar to those in these minerals in mafic volcanics but well

less than those in ultramafic rocks (Scott, 1990a).

Both dolomite and calcian siderite occur in fresh samples of
shale. The earlier generation of dolomite is more ferroan than

later dolomite in sample 105682 (Table 9). Mn contents are also



quite significant in the dolomites and siderites. Traces of Sr

(up to 200 ppm) may be present in dolomite but not siderite.

Alunite has the general formula K Al3 (804) 5 (OH)6 but that in
weathered shales at Panglo contain 0.15 to 0.36 mol of Na in K
sites and minor Fe and minor to trace Cu in the Al sites. Trace
AsO, and significant PO, may also occur in the SO, sites (Table
10). The alunite from above Au-mineralization contains less Na,
Sr and Ba than alunite from barren profiles. However the Sr
content of alunite from the As-rich profile through PSRC 172 is
similar to that in the Au-mineralized profile, PSRC 341 (Table
10).

Pyrite in the fresh samples below secondary mineralization
contain variable Co, Cu and Ni contents, but As and Zn are
uniformly low (Table 11). Although on the basis of size and
composition, several generations of pyrite appear to be present
in these two samples, because of the small number of analyses, no
detailed paragenesis can be established. Sphalerite from sample

108074 contains 7 mol$% FeS.

4. DiISCUSSION

4.1 Evaluation of weathered shale profiles

PSRC 171 provides a good background profile for shales of the
Panglo area. Comparison of PSRC 171 with the mineralized
profile, PSRC 342, suggests that Fe, K, As, Mo, W and Zn are
enriched in the profilé above secondary Au mineralization with
Ag, Co and Sn also enriched in the mineralized zone and for 10m
above. Na, Ba and Sr are depleted in the mineralized hole
relative to the barren hole (cf. Tables 2 and 12). These
differences between a well mineralized profile and completely

barren profile confirm the findings of Scott (1989a), derived by




comparing well-mineralized and poorly mineralized profiles (PSRC

342 and PSRC 340, respectively).

PSRC 172 differs from the PSRC 171 by having more abundant
goethite but less abundant paragonite and alunite in its upper
part (Figs. 2 and 3). Thus Fe contents are greater and Na
contents lower in PSRC 172 (Tables 2 and 3). Siderophile and
chalcophile elements, especially As, Co, Cr, Ni, Pb and Zn are
also associated with the Fe in PSRC 172 (Table 3). Furthermore
Sr is depleted relative to PSRC 171 (Tables 2 and 4). Thus this
profile appears to have many of the characteristics of the
mineralized profile (PSRC 342; Table 12). However the alunite
abundance in PSRC 172 is quite low, even relative to the barren
profile, PSRC 171 (cf. Figs 3 and 4). Therefore PSRC 172 is
distinguished from the mineralized hole PSRC 342 by its low
alunite content and the lack of secondary Au at a vertical depth
of 40 m (Scott, 198%a). However some significant Au does occur
associated with extensive quartz veining higher in the profile in
PSRC 172 (Fig. 2; Section 3.2). Because As is intimately
associated with Au and the quartz veins above 27m, it is assumed
that this Au is essentially in situ (see also below) i.e. this
hole is mineralized but not—with secondary Au at ~40 m vertical

depth.

4.2 Mineralogical features of shale profiles

White micas have Na <0.36 mol and generally Fe* <0.4 when present
in fresh shales from beneath mineralization or within weathered
but mineralized shale profiles as in PSRC 341 and PSRC 172.

These features allow a line A-B to be drawn to separate the

" fields of micas from mineralized and unmineralized profiles (Fig.
5). However, because Na-rich micas also tend to be enriched in
Cl and Sr (Table 6), it is possible that the saline groundwaters

(which occur in the weathered profile at Panglo) have reacted




with the micas to enrich them in Na, Cl and Sr during post-
Tertiary times, as suggested in an earlier report (Scott and
Dickson, 1989). Closer inspection of the data reveals that the
Na-, Cl- and Sr-enriched micas are almost exclusively those from
the barren profile PSRC 340 (Table 6). Because the micas from
barren profiles are unlikely to be more susceptible to alteration
by saline solutions than those from mineralized profiles, mica
compositions are considered to be essentially those derived
during the primary mineralization event and to have remained
relatively stable during subsequent later lateritic and arid
weathering events at Panglo. Where the original muscovite or
paragonite is altered to an illitic composition during weathering
whether illite or brammallite forms depends upon whether the
parental mica was K- or Na-rich (e.g. Table 6). Thus mica
compositions offer potential as an indicator of mineralization,

as previously suggested at Mt Magnet (Scott, 1990b).

Chlorite is unstable during weathering of shales and hence its
substantial Zn content (Table 7) is dispersed during weathering
processes. Fe* ratios of chlorites do not reflect those of co-

existing micas unlike the case at Mt Magnet (Scott, 1990b).

Kaolinite generally has low chalcophile element contents but Cr
and Ba contents may be significant (Table 7). Ba contents in the
kaolinite correlate with K content and probably reflect the
presence of admixed micaceous phases. Intergrown Fe oxides are
also often present in kaolinite and responsible for the high Fe¥*

ratios recorded in Table 7.

The Fe oxides, goethite and hematite provide hosts for
siderophile (Cr) and chalcophile elements (Ni, Cu, 2Zn, As, Sb)
which may be freed during the breakdown of silicates and sulfides
during weathering. Rutile and, perhaps ilmenite, remain stable

during weathering processes and hence their contained Cr is kept
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immobile during weathering. The Cr within these Ti-phases is
similar to that in similar phases in mafic volcanics at Panglo

(Scott, 1990a).

Alunite may contain substantial amounts of the chalcophile
elements Cu and As (0.01 mol = 1000 ppm Cu or As). However the
most significant feature is the higher Sr and Ba contents in the
alunite in drill hole PSRC 340 relative to that in the more
mineralized drill holes PSRC 172 and PSRC 341 (Table 10).
Together with the Sr in the micas in barren profiles, alunite
thus appears to explain the high Sr lateral to mineralization
(Scott, 1989a; Scott and Dickson, 1989). However, whereas mica
is essentially unaffected by weathering processes, alunite is
formed by them. 1In fact the significant Na content of the
alunites (0.15-0.36 mol, Table 10) suggests that the alunites may
be in equilibrium with the current Na-rich groundwaters at Panglo
(cf£. Parker, 1962). Thus if the Sr within the micas was always
there (as argued above) that in the alunites has been derived
during weathering. The most likely sources are carbonates and
feldspars which may contain several hundred ppm Sr at Panglo
(Section 3.4). Because Sr contents are generally higher in
calcite than in dolomite and-—siderite (due to its greater
abundance of Ca) more Sr might thus be released during weathering
of barren profiles (where calcite and dolomite occur) than during
weathering of mineralized profiles where dolomite and siderite

occur (Section 3.3).

Carbonate and pyrite data is restricted to two samples (Tables 9
and 11). However, because of the relationship between these two
types of minerals (e.g. Fig. 6), even this small amount of data
suggests that their compositions may be useful in exploration.
Indeed features like the Fe and Mn contents of the various
carbonate minerals can reflect proximity to mineralization in the

Yilgarn Block (e.g. Neal and Phillips, 1987; Scott, 1990a).
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Results also suggest that carbonate and pyrite compositions have
varied with time (e.g. Figs. 7 and 8). However, because of the
susceptibility of these minerals to weathering such applications
can only be made with unweathered material. With weathering of
the carbonates, the freed Ca and Mg are generally lost but Fe, Mn
and any Ba and Sr from the carbonates are at least partially
retained as oxides and in alunite. The chalcophile elements
freed when pyrite weathers are substantially retained by

incorporation into/adsorption onto Fe oxides (Table 8).

4.3 Relevance to exploration in shale sequences

Features of mineralized and barren shale profiles are summarized
in Figs. 9 and 10. These show the greater development of
paragonite in the barren profile and the greater K and Fe
contents in the mineralized profile. Soils above shales at
Panglo are usually thin and have a large introduced/transported
component within them, reflected by the presence of minerals
(plagioclase, calcite, chlorite and talc) which are not found in
underlying leached saprolite (Figs 9 and 10; Scott and Dickson
1989). Thus the Au contents of such soils do not give a good

indication of underlying Aumineralization.

The Cr content of such soils may not be significantly different
from those over volcanics. However the much lower Cr contents of
weathered shales than weathered volcanics clearly distinguishes

the two major rock types at Panglo (cf. Fig. 9 and 10; Scott,
1990a) .

The composition of the micas from mineralized drill holes (PSRC
172 and PSRC 341) and the fresh shales are characterized by low
Na contents and often low Fe contents (Fig. 5). (Note however

that in highly weathered material, Fe* ratios may be influenced

by intergrown Fe oxides). These features of micas are as found
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in the volcanic rocks at Panglo (Scott, 1990a). The association
of K-enrichment with Au, As and quartz=-veining in the upper 27 m
of PSRC 172 also suggests that the K enrichment is closely
associated with Au and pyrite in quartz veins prior to
weathering. In PSRC 172, the effect of weathering has been
destruction of pyrite and mobilization of primary Au (probably
Ag-bearing, by comparison with other primary Au in the region
e.g. Robertson et al., 1988) and its reprecipitation as pure
secondary Au nearby. It is also possible that such Au has been
armoured against weathering by the quartz and has not moved at
all. (Unfortunately no suitable samples to examine the Au were
available). Nevertheless this study seems to confirm the
suggestion that K~-enrichment of the rocks, developed during
mineralization processes, is preserved during weathering (Scott,

1990a) .

If this paragenesis is substantially correct the high level
occurrence of As and quartz-veining in PSRC 172 represents Au
mineralization which has not been mobilized very far and is thus
perched well above the level where secondary mineralization is
generally encountered at Panglo. Similar perched Au
concentrations occur associated with quartz veining in PSRC 312
along Section 4200N (R.W. Howard, pers. comm. 1988). The
presence of such occurrences may also suggest that most of the
secondary Au mineralization which occurs at 40m depth is derived
from deep in the weathering profile i.e. not by downward movement
from high level occurrences. Therefore As, W, Mo and Sb should
be considered reliable pathfinders for Au in weathered shales
even though this study reveals that the Au so indicated may not
necessarily be the higher grade supergene variety being sought in

the Panglo area.
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5. CONCLUSIONS

Of the minerals (mica, chlorite, albite, pyrite, carbonates and
rutile) present in fresh shales at Panglo, only mica and rutile
are relatively resistant to weathering. The destruction of the
other minerals frees elements like Ca, Mg and Na to be widely
dispersed but Fe and Mn form oxide phases which are responsible
for retaining many chalcophile elements e.g. As, Sb, Cu. The
formation of alunite as a breakdown product of pyrite also
results in the stabilization of normally mobile Sr as well as Ba

and some chalcophile elements (especially Cu and As).

Because of the stability of micas, some of their compositional
features like low Na and Fe contents in weathered mineralized
profiles may be useful as pathfinders to mineralization at

Panglo.

With the completely barren profile provided by study of PSRC 171,
mineralized shale profiles are verified as being enriched in Fe
and chalcophile elements (As, W, Mo and Sb) and depleted in Na,

Ba and Sr relative to barren shale profiles (Scott, 1989%a).
The presence of high Fe and As contents in the upper part of PSRC
172 is considered to reflect high level quartz- and pyrite-

associated Au mineralization in that hole.
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Table 1. Chemical composition of samples, barren hole, PSRC 171
(majors, wt%; minors, ppm)

Sample 29571 29575 29583 29587 29593 29599 29607 29611 29623 29629
No.

Depth (m) 4-5 8-9 15-16 19-20 25-26 31-32 38-39 42-43 54-55 59-60
8i0, 75.2 66.7 63.5 67.3 67.6 65.7 63.0 67.8 61.6 59.3

Al,04 14.8 16.5 18.9 17.9 20.2 17.4 19.8 19.7 20.0 22.5

Fey03 2.50 1.63 1.36 0.80 0.86 2.51 0.97 1.23 2.30 0.86
MgO 0.28 0.54 0.51 0.29 0.25 0.36 0.52 0.27 0.49 0.60
Ca0 <0.04 0.09 0.04 <0.04 <0.04 <0.04 0.09 <0.04 <0.04 <0.04
Na,0 1.13 3.42 3.07 2.13 1.37 2.87 2.57 1.12 2.66 2.78
K,0 3.02 2.12 2.51 2.06 2.60 2.27 2.88 1.95 1.41 1.31
TiO, 0.53 0.47 0.52 0.50 0.58 0.51 0.57 0.38 0.48 0.66
503 0.05 0.44 1.07 1.20 0.27 0.21 0.19 0.07 0.22 0.17
Ag <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 0.2
As 79 21 31 28 48 66 140 110 790 180
Au <0.02 <0.02 0.04 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
B 80 70 100 40 90 50 80 40 30 40
Ba 830 260 700 570 660 600 840 730 590 550
Co <5 <5 <5 <5 <5 8 <5 5 6 8
Cr 200 220 260 160 250 210 240 68 170 160
Cu <5 6 6 <5 9 28 14 17 26 16
Ga 30 20 20 20 30 20 30 30 20 30
Ge 1 0.3 0.5 0.3 0.3 0.3 0.1 0.1 0.1 0.3
Mo 3 3 5 1 2 3 3 1 2 2
Ni 20 28 46 22 35 83 37 52 52 50
Pb <50 <50 <50 <50 <50 55 <50 <50 95 67
Sc <5 11 15 13 6 <5 <5 6 11 7
Sn 2 1 2 1 2 2 2 1 3 4
Sr 190 210 240 180 180 120 110 64 46 33
v 110 84 96 68 96 91 98 54 88 97
W <10 <10 <10 <10 <10 <10 20 15 30 40
Y 7 7 7 7 8 9 8 7 10 21
Zn <5 <5 <5 <5 <5 5 <5 <5 14 10
Zr 200 140 170 190 200 190 190 180 190 340
Ti/Z2r 16 19 18 16 18 17 18 13 16 12

Note: P,0g5 < 0.1, MnO <0.04%; Sb < 10 ppm
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(major elements, wt%; minors, ppm)

Table 2 Average compositions for zones, PSRC 171 (Barren)

Zone Hem/al/parag Goe/al/parag Goe/parag Goe
Depth (m) 4~16 16-26 26-39 39-60
No. of

Samples 3 2 2 3
5i0, 68.5 67.5 64.4 62.9
Al,04 16.7 19.1 18.6 20.7
Fey05 1.83 0.83 1.74 1.46
MgO 0.44 0.27 0.44 0.45
Cao 0.05 <0.04 0.06 <0.04
Na,y0 2.54 1.75 2.72 2.19
K,0 2.55 2.33 2.58 1.56
TiO, 0.51 0.54 0.54 0.51
503 0.52 0.74 0.20 0.15
Ag <0.1 <0.1 0.1 0.1
As 44 38 100 360
Au 0.02 <0.02 <0.02 <0.02
B 83 65 65 40
Ba 600 620 720 620
Co <5 <5 5 6
Cr 230 210 230 130
Cu 5 6 21 20
Ga 23 25 25 27
Ge 0.6 0.3 0.2 0.2
Mo 4 2 3 2
Ni 31 29 60 51
Pb <50 <50 <50 62
Sc 10 10 <5 8
Sn 2 2 2 3
Sr 210 180 120 48
v 97 82 95 80
W <10 <10 13 28
Y 7 8 9 13
in <5 <5 <5 9
Zr 170 200 190 240

Note: P5,0g5 <0.1, MnO < 0.04%




(majors, wt%; minors, ppm)

Table 3. Chemical composition of samples, mineralized hole, PSRC 172

Sample

No. 29631 29632 29635 29639 29645 29647 29653 29655 29661 29673 29679 29685 29691
Depth (m) 1-2 2-3 5-6 9-10 15-16 17-18 22-23 24-25 30-31 42-43 47-48 53-54 59-60
5105 73.6 65.6 52.8 64.2 66.5 56.4 57.6 58.4 68.5 75.5 70.7 73.6 62.3
Al,045 8.41 18.6 13.8 18.7 16.3 15.6 12.1 18.6 19.6 12.7 17.7 15.1 18.4
Fey03 11.4 3.94 20.5 4.19 5.76 16.8 20.8 11.4 1.51 4.40 1.88 0.58 1.08
MgO 0.22 0.42 0.39 0.42 0.44 0.31 0.23 0.32 0.28 0.16 0.24 0.32 0.59
cao 0.22 0.15 <0.04 0.06 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 0.69
Nay0 0.09 0.58 1.13 1.42 1.19 0.86 0.70 1.12 0.81 0.77 0.70 1.36 2.01
K0 1.5 3.08 1.78 1.66 2.81 1.95 1.55 2.25 3.02 1.15 2.26 2,00 2.48
TiOp 0.34 0.81 0.62 0.70 0.51 0.44 0.32 0.54 0.50 0.43 0.32 0.42 0.48
503 0.18 0.49 0.62 0.14 0.94 0.44 0.10 0.15 0.05 0.05 <0.03 0.13 0.32
As 1100 500 2500 350 410 1100 2200 910 60 160 52 32 58
Au 0.05 - 0.96 <0.02 <0.02 <0.02 <0.02 0.03 <0.02 <0.02 <0.02 <0.02 0.04
B 40 50 40 60 60 60 50 80 50 40 30 40 80
Ba 440 970 650 640 760 520 400 560 700 340 660 700 640 .
Co 11 9 12 8 8 9 12 7 7 5 6 6 6
Cr 220 350 310 270 300 300 160 450 270 350 110 84 210
Cu 75 42 110 17 34 34 23 9 <5 <5 6 <5 11
Ga 10 30 20 30 20 20 15 20 20 15 20 10 15
Ge 0.3 0.3 0.1 2 0.3 1 0.5 1 0.1 0.5 <0.1 <0.1 1
Mo 2 3 2 3 3 5 3 2 2 3 2 2 3
Ni 110 91 140 74 61 120 210 79 70 44 60 57 46
Pb 64 71 93 54 61 74 76 <50 <50 <50 <50 <50 <50
Sc 11 27 19 16 12 13 12 23 23 21 8 <5 14
Sn <0.3 2 1 2 2 1 1 2 1 1 0.5 0.5 2
Sr 35 64 45 35 81 62 36 53 80 37 70 78 170
v 100 180 170 130 110 120 78 140 98 130 S8 55 86
w <10 10 20 50 10 <10 <10 <10 <10 <10 <10 <10 <10
b4 8 13 11 11 9 8 7 9 10 7 7 8 10
Zn 92 41 200 20 19 79 280 14 7 <5 < <5 <5
2r 81 170 140 180 150 150 100 120 150 100 160 170 180
Ti/zZr 25 28 26 24 20 18 18 26 19 25 12 14 16

Note: P,05 <0.1, MnO <0.04%; Ag <0.1, Sb < 10 pPpm

81
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Table 4. Average compositions of zones PSRC 172 (mineralized)
(major elements, wt$%; minors, ppm)

Zone Goe/al Hem/goe Fe-poor Paragonite
Depth (m) 0~-18 18-27 27-43 43-60
No. of

samples 6 2 2 3
5i0, 63.2 58.0 72.0 68.9
Al,04 15.2 15.4 16.2 17.1
Fe,04 10.4 16.1 2,96 1.18
MgO 0.37 0.28 0.22 0.38
Cao 0.08 <0.04 <0.04 0.24
Na,O 0.88 0.91 0.79 1.36
K50 2.13 1.70 2.09 2.25
TiO, 0.57 0.43 0.47 0.41
803 0.47 0.13 0.05 0.16
Ag <0.1 <0.1 <0.1 <0.1
As 990 1570 110 47
Au 0.21 0.02 <0.02 0.02
B 52 65 45 50
Ba 660 480 520 670
Co 10 10 6 6
Cr 290 310 310 130
Cu 50 16 <5 6
Ga 22 18 18 15
Ge 0.7 0.8 0.3 0.4
Mo 3 3 3 2
Ni 929 140 57 54
Pb 70 <50 <50 <50
Sc 16 18 22 8
Sn 1 2 1 1
Sr 54 45 59 110
v 140 110 110 66
1) 17 <10 <10 <10
Y 10 8 9 8
Zn 75 150 <5 <5
Zr 150 110 130 170
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Table 5. Compositions of fresh shales, drill holes PSRCD 309

and PSRCD 310

(majors, wt$%; minors, ppm)

Sample hole 105681 108074 108075 105683 Average
Drill hole 310 309 309 309 Barren Shale
Depth (m) 154.1 217 219.5 222.1
nmineralized emem—— barren ————————
8i0, 68.3 60.5 56.5 43.3 53.4
Al,03 8.11 21.7 17.1 12.5 17.1
Fe,04 8.48 1.24 4.85 2.45 2.85
MgO 1.23 1.08 1.62 5.27 2.66
Ca0 <0.04 0.94 3.27 13.0 5.74
Na,0 0.16 3.30 5.49 3.24 4.01
K50 1.92 5.26 1.88 1.79 2.98
Ti02 0.33 0.62 0.65 0.44 0.56
MnO <0.1 0.23 0.17 0.23 0.21
S 5.73 0.53 1.44 0.50 0.82
Ag 2 0.3 0.3 0.2 0.3
As 14 13 16 18 16
Au 0.96 <0.01 <0.01 <0.01 <0.01
B 100 80 40 50 57
Ba 310 660 370 370 470
Co 92 12 25 13 17
Cr 70 45 83 50 59
Cu 260 45 87 33 55
Ga 15 40 : 30 20 30
Ge 3 4 3 3 3
Mo 6 2 3 2 2
Ni 190 36 48 43 42
Pb 88 12 10 10 11
Sb 12 1 2 0.4 1
Sc 21 26 11 <5 13
Sn 15 6 4 2 4
Sr 8 210 360 230 270
T1 <3 8 5 4 6
v 56 84 120 70 91
174 6 <2 <2 <2 <2
Y 8 8 10 9 9
Zn 90 220 540 200 160
Zr 74 210 150 120 160
Ti/Zxr 27 16 25 22 21




Table 6. Structural formulae (based on 22 0) and trace
element contents for white micas, Panglo Shales

‘Sample No. 29635 108074 105682 50371 50371 50381 50381 50381 50381 50420 50420 50428

Drill hole 172 309 310 340 340 340 340 - 340 340 341 341 341
Depth (m) 5-6 217 173 19-20 19-20 28-29 28-29 28-29 28-29 6-7 6~7 12-13
No.of analyses 6 8 7 6 3 2 .6 5 3 5 4 5
K 1.50 1.69 1.55 1.28 0.63 0.48 0.81 0.67 0.53 1.62 1.19 1.28
Na 0.13 0.11 0.14 0.37 0.76 1.04 0.71 0.70 0.37 0.13 0.11 0.35
Ba 0.01 0.01 0.01 0.01 0.01# ot 0# 0.01# o* 0 0 0.01
X 1.64 1.81 1.70 1.66 1.43 1.55 1.55 1.41 0.91 1.75 1.30 1.64
Al 3.75 3.61 3.49 3.88 4.03 3.98 3.93 3.83 3.66 3.79 3.95 3.70
Fell 0.20 0.07 0.20 0.06 0.04 0.06 0.06 0.04 0.05 0.05 0.05 0.06
Mg 0.15 0.29 0.31 0.11 0.04 0.07 0.08 0.07 0.05 0.21 0.19 0.15
Ti 0.03 0.02 0.03 0.01 0.01 0.01 0.01 o 0.01 0.01 0.02 0.02
Y 4.13 3.99 4.03 4.06 4.12 4.12 4.08 3.94 3.77 4.08 4.21 3.93
Si 6.31 6.53 6.67 6.31 6.27 6.20 6.32 6.86 7.90 6.26 6.26 6.73
Al 1.69 1.47 1.33 1.69 1.73 1.80 1.68 1.14 0.10 1.74 1.74 1.27
OH 3.97 3.92 3.92 3.89 3.92 3.88 3.88 3.80 3.94 3.98 3.90 3.84
F 0.05 0.05 0.05 0.09 0.05 0.03 0.02 0.09 0.03 0.04 0.04 0.06
cl 0.01 0.01 0.02 0.02 0.06 0.15 0.11 0.11 0.07 0 0.03 0.08
Cr (ppm) 210 100 140 190 210 240 150 240 120 150 <100 <100
Ni (ppm) <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100
Cu (ppm) <100 130 170 110 150 380 230 230 120 <100 120 230
Zn (ppm) <100 100 170 <100 <100 <100 <100 <100 <100 <100 <100 <100
Sr (ppm) <100 <100 <100 250 620 550 510 480 250 <100 <100 160
Ba (ppm) 2400° 970 1650 1660 750 570 700 1000 530 <100 <100 820
Fe*$ 57 20 39 35 51 49 46 38 54 20 22 27
Mineral Musc Musc Musc Na musc Bram Parag Na musc Bram Na Illite Musc Illite Na musc

Profile ¢ Mineralized -+ ¢ - Barren 9y ¢~-- Mineralized ----»

4

# Ca=0.02 sr = 0.01
+ Ca = 0.03
* Ca = 0.01
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Table 7. Minor and trace element contents of chlorite, kaolinite

and tourmaline, Panglo shales (ppm)

Mineral Sample Drill Depth Fe* Cr Ni Cu Zn Sr Ba
No. hole (m)
Chlorite 108074 PSRCD309 217 54 <100 <100 <100 400 <100 <100

108074 PSRCD309 217
(vein) 64 100 <100 <100 300 <100 <100
105682 PSRCD310 173 61 <100 120 200 670 <100 <100
Kaclinite 29635 PSRC172 5~-6 93 340 <100 <10 <100 <100 500
29645 PSRC172 15-16 40 350 <100 <100 <100 <100 960
29655 PSRC172 24-25 84 120 <100 <100 <100 <100 190
Tourmaline 29655 PSRC172 24-25 37 640 <100 <100 110 110 <100
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Table 8. Minor and trace element contents in oxide phases,
Panglo shales (ppm)

Mineral Sample Drill hole Depth Cr Ni Cu Zn As Sb
No. (m)

Goethite 29635 PSRC172 5-6 (diss) 310 200 950 900 1.66% 100
29635 PSRC172 5-6 (coll) 120 610 190 19200 1.99% 150
29645 PSRC172 15-16 2600 120 280 190 1.87% 180
29655 PSRC172 24-25 700 <100 130 140 0.34% 190
50371 PSRC340 19-20 - - - - 0.09% -
50381 PSRC340 28-29 <100 - - 160 0.42% -

Hematite 50371 PSRC340 19-20 - - - - 0.16% -
50381 PSRC340 28-29 <100 - - <100 0.22% -
50420 PSRC341 6-7 - - - - 0.01% -

Rutile 29645 PSRC172 15-16 1600
50428 PSRC341 12-13 2490
108074 PSRC309 217 360

Ilmenite 29645 PSRC172 15-16 900

diss = disseminated coll = colloform




24

Table 9. Composition (at%) of carbonates, Panglo shales

Sample Drill hole Depth Ca Mg Fe Mn Sr Mn/Fe
(m)
atomic %

Dolomite
108074 PSRCD309 217 50.6 45.6 3.54 0.46 - 0.13
105682 PSRCD310 173 late stage 49.9 43.6 5.52 0.96 0.02 0.18

earlier " 51.3 33.4 14.5 0.82 0.01 0.06
Siderite
108074 PSRCD309 217 11. 1.01 87.2 0.61 0 0.007
105682 PSRCD310 173 12, 1.89 84.5 1.04 - 0.012
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Table 10. Compositions of alunites, Panglo shales
(mols, based on 2 mols (XO4))

Sample No. 29645 50363 50420 50428 50428
Drill Hole 172 340 341 341 341

Depth (m) 15-16 11-12 6-7 12-13  12-13
K 0.63 0.66 0.79 0.72 0.61
Na 0.18 0.19 0.15 0.19 0.36
Sr 0.01 0.04 0.01 0.01 0.01
Ca 0 0.02 0 0.01 0.01
Ba 0.01 0.01# 0 0 o#

Al 2.89 2.93 2.91 2.55 2.82
Fe 0.05 0.06 0.05 0.30 0.03
Cu 0 0.01 0.01 0.01 0.01
SO, 1.98 1.91 1.95 1.96 1.98
PO, 0.01 0.09 0.04 0.04 0.02
AsO, 0.01 0 0.01 0 0

OH (calc) 5.65 5.91 5.79 5.48 5.74
Sr (ppm) 1400 6500 1200 1900 1400
Ba (ppm) 1100 3100 500 170 <100

Note # 0.01 mol Pb also present
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Table 11. Minor element contents of pyrite, Panglo shales

(wt %)
Sample No. 108074 108074 108074 108074 105682 105682 105682
Drill hole —— PSRCD309 PSRCD310
Depth (m) 217 173
No. of analyses 4 5 6 9 7 6 3
As <0.01 <0.01 0.01 0.02 0.01 <0.01 0.04
Co <0.01 0.03 0.18 0.07 0.04 0.13 0.08
Cu 0.02 0.02 0.03 0.38 0.05 0.01 0.54
Ni 0.07 0.19 0.45 0.22 0.07 0.29 0.14
zZn 0.02 0.01 0.01 0.02 0.01 0.02 0.03

Size (Um) <50 <100 <100 >100 10-100 5-100 10-100
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Table 12. Average compositions for zones, PSRC342 (mineralized)
(major elements, wt %; minors, ppm)

(1989%a) but with XRF-derived As and Ba contents

Zone Kaolinite Alunite Musc/kaol Musc/kaol (min)
Depth (m) 0-6 6-29 29-40 40-43
No of

samples 3 12 8 3
5i0, 42.0 68.5 64.3 67.8
A1203 31.0 15.2 18.2 12.5
Fey04 9.86 6.70 6.15 6.89
MgO 0.36 0.35 0.46 0.61
Ca0O <0.04 <0.04 <0.04 <0.04
Na,0 0.86 0.58 0.74 1.23
Ko0 3.55 2.67 3.34 2.31
TiO, 1.98 0.41 0.58 0.55
504 0.26 0.91 <0.1 <0.1
Ag 0.1 0.2 1.4 9
As 290 200 330 260
Au 0.01 <0.01 <0.01 1.5
Ba 390 310 490 490
Co 7 <5 49 17
Cr 330 110 300 99
Cu 88 60 190 190
Ga 57 22 26 28
Ge 2 2 4 5
Mo 5 9 8 10
Ni 52 <20 24 46
Pb <50 <50 87 74
Sc 59 24 28 29
Sn 2 3 7 15
Sr 36 39 63 53
W 22 18 14 <10
Y 13 5 8 31
Zn 130 59 69 97
Zr 130 110 120 190
Note: Data from Scott
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Eig. 6. Siderite (light grey) rimmed by pyrite (white). BSE
image, Scale bar = 10 pm (Sample 105682).

Fig. 7. Zoned dolomite, brighter portions are more Fe rich.

10 pm (Sample 105682) .

BSE image, Scale bar

Eig. 8. Porous Cu- and Ni-rich pyrite about brighter Ni-rich
pyrite. BSE image, Scale bar = 100 pm (Sample 108074) .






