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Abstract

The Paleaogene Skaergaard intrusion, 68°N, in East Greenland hosts a large tonnage, low-
grade, precious metal mineralisation. The Pd5 level of the mineralisation contains more
than 20 million ounces of palladium and minor platinum and gold. The Pd:Pt:Au ratio is ca.
88:7:5.The report presents the results of mineralogical investigations of sample 90-18 1010
(core 90-24 from 1057 to 1058 meters) from the most palladium-rich one-meter interval in
the main Pd-level in the mineralisation.

The non-magnetic heavy mineral concentrates from sample 90-18 1010 (0.80 kg) were
subjected to separation using the HS-01 Hydroseparator technology. From the concen-
trates enriched in platinum group and Au minerals were prepared polished thin section. The
thin sections were investigated under the scanning electron microscope and the electron
micro probe. The magnetic concentrates contain no precious metal grains, except for rare
grains intergrown with Fe-Ti-oxides. The assay of the sample suggests a combined Pd-Pt-
Au concentration of ca. 2.1 g/t.

The sample was found to contain 180 precious metal grains, including 173 grains of plati-
num group minerals (PGMs) and 7 grains of Au-minerals. The absolutely dominant PGM is
“unnamed-PdCu” (63%) followed by vysotskite (24%) and minor vasilite (3%). The grain
size of PGMs and Au-minerals varies between 1 and 53 um with an average of 16 um.

The HS-concentrates contain spherical sulphide grains identified as sulphide droplets. They
are composed of one or more of the Cu-sulphides bornite (dominant), chalcopyrite, chalco-
sine and digenite. Minor pentlantdite, cobalt-pentlandite and possibly covellite have been
observed. Some of the sulphide droplets contain grains or crystals of PGMs. The droplets
occur mainly in relation to amoeboidal oxide-rich parts of the matrix and occasionally in the
rims of liquidus phases.

Based on the petrographic observations the primary paragenesis consisted of sulphide
droplets with grains of unnamed PdCu. Some of these grains appear to be immiscible
metal melts inside the immiscible suphide droplets; others are very well develloped crys-
tals. The observations suggest that immiscible Cu-Fe sulphide droplets formed as immisci-
ble melt in iron-rich insterstitial melts, cooled and crystallised mainly bornite contempora-
neously with the formation of immiscible Pd-Cu melts. The latter cooled to crystallise “un-
named PdCu” and other phases from the elements not hosted in “unnamed-PdCu”, e. g.,
Pd-arsenides. Re-equilibration during cooling may have resultet in redistribution of S and
the formation of Pd-sulphides like vysotskite.
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Introduction

The report describes the mineralogy of sample 90-18 1010 from the lower Pd5 palladium
horizon in the "Platinova Reef” of the Skaergaard intrusion. The report consists of an intro-
duction to the mineralisation and the investigated sample and a mineralogical report. The
mineralogical report has been prepared by N.S. Rudashevsky, Ju.L. Kretser and V.N. Ru-
dashevsky on the request of the geological Survey of Denmark and Greenland. Electron
microprobe data collected in 1993 by H. Rasmussen (Geological Survey of Denmark and
Greenland and Department of Geology at University of Copenhagen) are included as an
appendix.

The mineralogical report is based on concentrates of platinum group metal phases pro-
duced using the patented Hydroseparator HS-01. Mounts with concentrate have been
studied using electron microscopy and electron microprobe. The report gives descriptions
of the analytical techniques, the grain characteristics, the parageneses and the composi-
tional variation within the identified groups of minerals, alloys and sulphide droplets.

T.F.D. Nielsen has edited the report.

The Platinova Reef of the Skaergaard intrusion

The Skaergaard intrusion precious metal mineralisation, often referred to as the “Platinova
Reef”, is a gabbro-hosted, stratiform Au and PGE mineralisation in the macrorythmic Triple
Group of the Skaergaard intrusion (Bird et al., 1991). The Triple Group forms the upper c.
100 meters of the Middle Zone in the Layered Series of the intrusion. The host rocks are
well-preserved oxide-rich tholeiitic gabbros.

The mineralisation was located in 1987 by Platinova Resources Ltd. Exploration was con-
ducted by Platinova Resources Ltd. and partners from 1986 to 1990. Exploration drilling
was carried out in 1989 (DDH 89-01 to DDH 89-9b) and in 1990 (DDH 90-10 to DDH 90-
27). Exploration results are summarised in Watts, Griffis and McOuat (1991).

The general structure of the Platinova reef mineralisation is described in Andersen et al.
(1998) and in Nielsen (2001). Peak concentrations of Au and Pd are separated by less that
1 meter at the margin of the intrusion, but by >60 meters in the south, central, part of the
intrusion.

The mineralisation consists of a series of levels enriched in Pd. The lower Pd5 level
reaches across the intrusion. Pd-levels above have ever-decreasing lateral extend from a
central axis in the south central part of the intrusion. Gabbros between the Pd-levels are
not mineralised. The structure is best visualised as a series of bowl-shaped Pd-levels of
decreasing size. Gold is concentrated at the edges of the bowls. Nielsen (2001) gives fur-
ther descriptions.

The Pd5 level in the mineralisation is estimated to contain in excess of 300 million tons of
gabbro with c. 2 g/t PGE over a width of 5 meters. The Pd5 mineralisation alone is sug-
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gested to contain > 20 million ounces of precious metals equivalent to >600 tons of palla-
dium, >40 tons of platinum and >30 tons of gold (Nielsen, 2001).

The Pd5 level

The Pd5 level contains the main Pd mineralisation and is located within a macrorythmic
layer located below L1 of the Triple Group. The leucogabbro layer in the megacycle below
L1 is unofficially named LO.

The Pd variation across Pd5 is quite characteristic and paralleled in all investigated cores
and chip lines from the intrusion. Relative changes in Pd/Pt can be correlated across the
intrusion (see Nielsen, 2001).

The hanging wall 1 g/t cut-off of the mineralisation is located in the middle of LO and the
foot wall 1 g/t cut-off is located at the density peak below LO. In most cores the distance
between foot wall and hanging wall is 5 meters (based on 1-meter average concentrations
of Pd). The Pd variation over the 5-meter mineralisation interval is paralleled in all cores
from a 19 km? area (Nielsen, 2001). The Pd concentration increase slowly from 1 g/t over
the first 3 meters, to levels of 3-6 g/t at c. 4 meters above the foot wall before Pd rapidly
decreases to less that 1 g/t above the hanging wall 1 g/t cut-off (Nielsen, 2001).

Sample 90-18, 1010

Sample 90-18 1010 was collected from BQ drill core # 90-18. The core was drilled with an
azimuth of 320° and an inclination of =70 from a location at 2 meters a.s.l., on the eastern
shore of Skeergardsbugt. The Hanging wall of the mineralisation (1 g/t cut-off) is located at
1010 meters and the foot wall at 1013 meters.

Sample 90-18, 1010 collects the 1 m interval in the Pd5 level between 1010 and 1011 m.
The average Pd concentration between 1010 meters and 1011 meters is 1.7 g/t Pd and an

average of combined PGE plus Au of 2.1 g/t.

The recovery between 1010 and 1011 m is c. 80 %. The core has previously been sampled
for other purposes. The sample collects 1/3 of the diameter of the preserved core.
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Sample From To Length Au Pd Pt
GEUS m m m average average average
ppb ppb ppb
90-18 1008 1008.00 1009.00 1.00 25 412 31
90-18 1009 1009.00 1010.00 1.00 48 692 102
90-19 1010 1010.00 1011.00 1.00 126 1747 196
90-18 1011 1011.00 1012.00 1.00 96 1766 194
90-18 1012 1012.00 1013.00 1.00 46 1240 175
90-18 1013 1013.00 1014.00 1.00 17 703 91
90-18 1014 1014.00 1015.00 1.00 19 1571 95

Data from Watt, Griffis and McOuat, 1991

The mineralogical report

The mineralogical investigation has been carried out by N.S. Rudashevsky, Yu.L. Kretser
and V.N. Rudashevsky on request from the Geological Survey of Denmark and Greenland.
The mineralogical report has been prepared by N.S. Rudashevsky, Yu.L. Kretser and V.N.
Rudashevsky and edited by T.F.D. Nielsen.

Additional electron microprobe data

During a Ph.D. study Henrik Rasmussen (GEUS) collected a suite of microprobe analyses
from a thin section at 1010.48 meters (thin section # 90-18 1010.48). The data is shown in
Appendix 2a-2c. In these appendixes names of phases are suggested purely on the basis
of their compositions.
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Mineralogical investigation

Rudashevsky, N.S., Kretser, Yu.L. and Rudashevsky, V.N.
Edited by T.F.D. Nielsen.

Introduction

The sample

Drill core sample 90-18 1010 (0.80 kg by weight) of oxide-rich tholeiitic gabbro with Pd
mineralisation from the Skaergaard intrusion was provided for the investigation by T.F.D.
Nielsen (Geological Survey of Denmark and Greenland). Assays reported by Watts, Griffis
and McOuat (1991) indicate concentrations of 196 ppb Pt, 1747 ppb Pd, 126 ppb Au in that
particular core interval. In addition, one thin section (90-18 1010.48) was provided for opti-
cal investigation.

Sample preparation and analytical techniques

Details of preparation and analytical techniques are described in Nielsen et al. (2003a):
PGE and sulphide phases of the precious metal mineralisation of the Skaergaard intrusion,
Part 1: sample 90-23A 807.

The whole volume of the sample was crushed up to size —500 pm. After complete grinding,
the sample was passed through standard sieves on "Retsch” classifer: -45 (180 g), 45-75
(122 g), 75-125 (110 g) and +125 um (370 g).

Powder samples (free of magnetic minerals after wet magnetic separation): -45 pum, 45-75

pm and 75-125 um — were passed through hydroseparator HS-01. Two polished sections
were produced from the heavy concentrates.
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Results

Rock forming minerals and sulphide mineralogy

Silicates and oxides

The only well crystallised cumulus crystals observed in sample 90-18 1010 is ferrous py-
roxene. It has typical exsolution textures (Plate 1, #1 and 7-9; Table 1, analyses 5-22). Pla-
gioclase (Table 1, analyses 1-2), Fe-Ti-oxides (Table 1, analyses 31-44) and Cu-Fe sul-
phides (Plate 1, #3 and 8-9) are mainly intercumulus phases and fill the space between
cumulus pyroxene.

Fe-Ti oxide grains and aggregates fill the spaces between pyroxenes and plagioclase
grains. Fe-Ti-oxide aggregates are anhedral and 1-3 mm in size. As a rule, Fe-Ti-oxides
grains and aggregates are rimmed by silicates:

1) pyroxene in contact with Fe-Ti oxide may be rimmed by fayalite (Plate 1, #2; Plate
2, #5-8; Table 1, analyses 23-30) and plagioclase, enriched in anorthite (Plate 1,
#4-5: Plate 2, #7; Table 1, analyses 3-4),

2) plagioclase in contact with Fe-Ti oxide may be rimmed by hornblende (Plate 2, #2;
Table 1, analyses 49-53).

Fe-Ti-oxides are often associated with H,O-bearing minerals such as:

1) biotite (Plate 1, #4-6: Plate 2, #9 and 11; Table 1, analyses 45-46 and 50-51),

2) hornblende (Plate 2, #2, 7, 10 and 12-13),

3) actinolite and ferrosaponite (Plate 1, #4 and 5; Plate 2, #8 and 13; Table 1, analy-
ses 47-49, 58 and 59). Ferrosaponite, a mineral recently approved by IMA, has the
formula Cao_g(Fe2+,Mg,Fe3+)3(Si,AI)4010(OH)2*4H20. It is a secondary mineral and
replace mainly olivine (Plate 1, #3-4; Plate 2, #8).

Note should be taken that ilmenite contains inclusions of baddeleyite (Plate 2, #1).

Sulphides

Description
Sample 90-18, 1010 is poor in sulphides (0.1 vol. %). The aggregates of sulphides, usually

less than 0.1 mm and up to 0.2 mm in size, occur between grains of primary rock-forming
minerals. The sulphide grains are mostly found at the boundaries of Fe-Ti-oxides, pyrox-
enes (Plate 1, #6 and 9) and plagioclase (Plate 1, #3). Inclusions of sulphides are common
in titaniferous magnetite and ilmenite crystals (Plate 1, #9), as well as in aggregates of py-
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roxenes (Plate 1, #8). Exsolution textures in two-pyroxene grains (grains with clinopyrox-
ene-orthopyroxene exsolutions) are always absent in a halo round inclusions of Fe-Ti-
oxides and Cu-Fe-sulphides. The clinopyroxene exsolution is lost. H,O-bearing silicates are
common at the rims Cu-Fe-sulphide aggregates. As a rule, the hydrous silicates do not
replace the primary silicate and oxide matrix minerals.

As is observed in the polished sections sulphides aggregates usually have irregular shapes
(Plate 1, #3, 6 and 9), sometimes rounded or droplet-like (Plate 1, #7-8). In concentrates of
sample 90-18 1010 are found many irregular (Plate 3, #11-21), as well as droplet-like mi-
cro-globules of sulphide grains and aggregates (Plate 3, #1-10), some of which are spheri-
cal (Plate 3, #3). Numerous examples of intergrowths between Cu-Fe-sulphides and rock-
forming minerals (Plate 3, #11-17), as well as with late H,O-bearing minerals are found in
the concentrates (Plate 3, #9 and 18-21). Calcite is occasionally found at the margins of
sulphide micro-globules.

The concentrates of sample 90-18, 1010 yielded 180 grains of precious metal minerals and
sulphide grains with precious metal phases. Of these are 150 particles and grains of PGE-
bearing sulphide aggregates. They are dominanted by bornite and chalcosine-group miner-
als (Plate 3, #1 and 4-10). The volume proportions of these minerals vary significantly (see
Plate 3-7).

Mineral chemistry
The average composition of bornite (Table 2; 13 analyses in 13 particles) is stoikiometric
with (wt. %): Cu 62.1; Fe 11.7 and S 25.1 (sum 98.9) equivalent to the structural formular
Cug.gsF€1.06S3.98. Chalcosine-group minerals (Table 2; 29 analyses in 29 different sulphide
globules) are represented by 24 analyses of chalcosine and 5 analyses of digenite (see
also Plate 3, #1 and 4-10; Plates 4-5 and 6-7). The average compositions of chalcosine
and digenite are:
1) chalcosine (wt%): Cu=77.3, Fe=1.1 and S=20.5 (sum=98.9); equivalent to the
structural formular (Cuy.gsF€0.03)s1.98S1.02,
2) digenite (wt%): Cu=75.8, Fe=1.3 and S=22.0 (sum=99.1) equivalent to the struc-
tural formular (Cug 7s5F€0.17)s8.92S5.0s-

In addition to bornite and chalcosine group minerals the sulphide globules also contain mi-
nor:

1) chalcopyrite (Plate 3, #1; Plate 4, #32; Plate 5, #24; Table 2, analysis 4),

2) covellite (?) (Plate 5, #17; Table 2, analysis 13),

3) pentlandite (Plate 4, #49),

4) cobalt pentlandite (Plate 5, #3; Plate 6, #44 and 45; Table 2, analyses 47 and 48).

Note should be taken that cobalt pentlandite (Table 2, analysis 47, grain #75-2, 5) associ-

ated to unnamed-PdCu, vysotskite, atokite and chalcosine (Plate 5, #3) contains 7.8 % of
Rh (Table 2, analysis 47).
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PGMs and Au-minerals: recovery, grain size and relations to host rock

Several PGM grains (2-7 um in size) were found in thin section (# 18-1010.48) using SEM.
They were all in the close relationship with Cu-Fe- sulphides or as inclusions in titaniferous
magnetite, ilmenite (Plate 1, #3) and pyroxenes (Plate 1, #8-9). They were all grains of un-
named-PdCu (Plate 1, #3 and 9) except for one grain of (Pt-Fe-Pd)-alloy (Plate 1, #8).

The characteristics of the PGMs and Au-mineral paragenesis are shown in Table 3 and Fig.
1 and 2. SEM images of the different groups of PGMs and Au-minerals are shown in
Plates 4-5 and 6-7. The chemical compositions of all PGM and Au-mineral phases are
listed in Tables 4-7. Compositional variations in the main Pd-phase unnamed-PdCu are
illustrated in Fig. 3.

Recovery

The HS-concentrates of the sample (90-18, 1010) contained 170 PGM grains and 10 grains
with Au-minerals (Table 3). In total 17 different precious metal mineral phases were found
in sample 90-18, 1010. The volume proportions of PGM and Au-minerals are shown in Ta-
ble 3 and Fig. 1.

The dominant phases are:
1) unnamed-PdCu (63 %) and variants thereof,
2) vysotskite (24%),
3) vasilite (3.2 %).

Other rare PGMs include:
1) keithconnite,
2) atokite,
3) unnamed (Pd-Cu-Sn)-alloy and variations thereof,
4) zvyagintsevite,
5) isomertieite,
6) guanglinite,
7) (Pt-Cu-Fe)-alloy and variants thereof,
8) unnamed-Pd;Cu and variants thereof,
9) unnamed-PdCuszand variants thereof.

The observed and analysed Au-minerals include:
1) unnamed-PdAuCus,,
2) tetra-auricupride,
3) bogdanovite,
4) (Au-Ag)-alloy.

Grain size of PGMs and Au-minerals
Grain sizes (E.C.D.) for the selection of the sample 90-18, 1010 of precious metal mineral
grains vary from around 1 to 53 um, with an average of 16 um (Table 3; Fig. 2).
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Petrographic observations

PGMs and Au-minerals generally occur in intergrowth with sulphides (n=150), mainly bor-
nite and chalcosine group minerals (see above). These include rare intergrowth with Cu-Ni
sulphides and many polymineral intergrowths of different PGMs (Plate 5, #1-36; Plate 6,
#39-42 and 44-47; Plate 7, #1, 6, 13-15 and 18) and intergrowths with (Au-Cu-Pd-Ag)-al-
loys (Plate 4,#53; Plate 5, #19; Plate 6, #43; Plate 7, #1-11).

Intergrowths of PGMs and Au-minerals with rock forming silicates and Fe-Ti oxides (no Cu-
Fe sulphides present) were observed in 7 grains (Plate 4, #46-47 and 49-50; Plate 7, #1-2
and 13). Totally liberated grains of precious metal minerals were encountered 23 times
(Plate 4, #53, 55-68; Plate 5, #2 and 19 and 21-22; Plate 7, #6-7 and 15).

Intergrowths of PGMs and Au-minerals in the presence of Cu-Fe sulphides are quite com-
mon. Intergrowths with the following minerals have been observed:
1) orthopyroxene (Plate 4, #1, 2, 47 and 49-50; Plate 6, #1, 2, 39 and 52; Plate 7,
#13),
2) magnetite (Plate 4, #3, 7; Plate 5, #3 and 11; Plate 6, #3 and 27; Plate 7, #1 and
13),
3) ilmenite (Plate 4, #46; Plate 7, #1-2 and 22),
4) clinopyroxene (Plate 4, #48),
5) plagioclase (Plate 4, #10),
6) chlorite (Plate 4, #5; Plate 5, #13; Plate 6, #12, 41 and 49),
7) hornblende (Plate 7, #13),
8) biotite (Plate 6, #4).
9) apatite (Plate 4, #4 and 46),
10) calcite (Plate 7, #14).

Description and chemistry of PGMs and Au-minerals

Unnamed-PdCu

Description

The dominant PGM — unnamed-PdCu - is found in the concentrates as 1 to 46 um sized
grains, with an average of 18 um (Table 3). The majority of unnamed-PdCu grains occur as
inclusions in Cu-Fe-sulphide aggregates. Many totally liberated grains of unnamed-PdCu
were also found (Plate 4, #46-68).

PGM-bearing sulphide aggregates often retain classic droplet-like forms even after crush-
ing (Plate 4, #1and 5-8; Plate 5, #12, 14-15, 17-18, 24, 27-28, 33, 35 etc). As a rule, PGE-
phases are localised at the margins of the host sulphide globules (Plate 4, #1-7, 9-28 and
30-37; Plate 5, #1, 5, 10, 23-24, 35, etc). Some very fine “droplets” (1-3 pm) can be distrib-
uted throughout a sulphide grain (Plate 4, #8). In general, PGM grains have shape of:

1) droplets (Plate 4, #8-11, 14, 18, 42-45; Plate 5,#9, 21, etc),
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2) isometric shape with the round outline (Plate 4, #3, 16, 19, 21, 26, 28, 31, 35, 46,
48 and 51-55; Plate 5, #1, 5, 8, 10-12, 30-32, 35, etc),

3) euhedral crystals (Plate 4, #14-16, 23 and 39-41; Plate 5, #7, 18-19, etc),

4) anhedral grains (Plate 4, #2, 5-6, 17, 20, 29-30, 37-38, 49-50 and 56-68; Plate 5,
#2-6, 22, 26, etc).

The volume of PGE-phases in the sulphide globules varies significantly:
1) globules with fine inclusions of PGMs (Plate 4, #1 and 3-16),
2) PGE-phase(s) form half of the grain or more (Plate 4, #36, 3 and 39-43; Plate 5,
#17 and 24),
3) globules dominated by the PGE-phase(s) (Plate 5, #11, 18, 20, 27 and 33).

The grain boundaries between PGE- and sulphide-phases in the droplets are normally
sharp and protuberant for PGE-phase and concave for Cu-Fe-sulphides (see Plates 4-5).
However, in several PGM-sulphide globules (Plate 5, #15 and 18) Cu-Fe-sulphide are ob-
served to fill the space between crystals of PGMs.

At the margins of PdCu-bearing sulphide globules (Plate 4, #1-3, 5, 7 and 10) and in some
liberated unnamed-PdCu grains (Plate 4, #46-50) have different rock-forming minerals
been identified:

1) orthopyroxene (Plate 4, #1, 2, 47 and 49-50; Plate 7, #13),

2) clinopyroxene (Plate 4, #48),

3) plagioclase (Plate 4, #10),

4) ilmenite (Plate 4, #46; Plate 7, #1-2),

5) magnetite (Plate 4, #3 and 7; Plate 5, #3; Plate 7, #1 and 13),

6) chlorite (Plate 4, #5; Plate 5, #13),

7) hornblende (Plate 7, #13).

About 2/3 of a total of 100 grains are associated with Cu-Fe sulphides (Plates 4-5). The
remaining PdCu grains occur in a variety of intergrowths with the following PGMs and Au-
minerals:

1) atokite (Plate 5, #1-6), Pd-Cu-Sn-alloy (Plate 5, #7-17),

2) keithconnite (Plate 5, #17-21; Plate 7, #1),

3) vasilite (Plate 5, #20 and 22-26; Plate 7, #1 and 6),

4) vysotskite (Plate 5, #27-29; Plate 7, #6 and 9),

5) zvyagintsevite (Plate 5, #30-34),

6) (Pt-Fe-Cu-Pd)-alloys (Plate 5, #35-36),

7) unnamed-PdAuCu, (Plate 7, #1, 2 and 5),

8) bogdanovite (Plate 7, #8 and 9),

9) unnamed-Pd;Cu (Plate 7, #10, 13 and 15),

10) unnamed-PdCu; (Plate 7, #18),

11) tetra-auricupride (Plate 7, #11).

All the above mentioned precious metal minerals usually occur at the boundaries, or as

very small inclusions in unnamed-PdCu. This suggests that PdCu predates all these
phases and minerals.
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Mineral chemistry

The composition of unnamed-PdCu was determined in 108 different grains (Table 4). Nine

elements were found to be incorporated in the phase:

element Range (wt%) Average (wt%)
Pd 39.9-63.9 55.05

Pt <16.7 3.83

Au <23.9 5.02

Cu 26.5-34.4 30.38

Fe 0.7-7.6 3.22

Zn <4.0 1.63

Sn <4.7 0.63

Te <2.9 0.42

Pb <5.8 0.70

The average composition corresponds to the chemical formula:

(Pdo.912AU0,045P10.035) £0.992(CUo.842F€0.102ZN0.044SN0.009 T€0.006PD0.006) x1.009.

In intergrowths with Au-minerals, unnamed-PdCu is always enriched in Au (see e. g., Plate
7, #1-2, 4-6; Table 4, analyses 104, 6, 37, 3, 66). In intergrowths with (Pt-Fe-Cu-Pd)-
alloys, unnamed-PdCu is enriched by Pt (Plate 5, #35-36, Table 4, analyses 76 and 101).

Vysotskite

Description
The grain size of vysotskite varies from 3 to 53 um. The average is 15 um (Table 3, Fig. 2,
Plate 5, #27-29; Plate 6, #1-46; Plate 7, #3, 6, 9 and 14).

Vysotskite occurs almost always as inclusions in Cu-Fe sulphide aggregates. Vysotskite
grains are always anhedral. Vysotskite-bearing aggregates of Cu-Fe-sulphides can form:
1) irregular grains (Plate 6, #1, 3-4, 15-20, 22-25, 27-32 and 35-46; Plate 7, #3, 6
etc),
2) grains with rounded outlines (Plate 5, #27-29; Plate 6, #2, 5-10, 12-14, 17, 18-21,
26, 32-3 and 40; Plate 7, #9 and 14).

As a rule, grains of vysotskite are located at the rims of Cu-Fe-sulphide aggregates (see
Plate 6, #1, 2 and 4-40). Sometimes, these grains have inclusions of rock-forming minerals
such as:
1) orthopyroxene (Plate 6, #1, 2 and 39),
2) magnetite (Plate 6, #3 and 27),
3) H,O-bearing silicates including chlorite (Plate 6, #12 and 41) and biotite (Plate 6,
#4).

In general, visotskite-bearing sulphide grains contain no other PGMs (see Plate 6, #1-38).
Exceptions are relatively rare intergrowths of visotskite with:

GEUS 14



1) unnamed-PdCu (Plate 5, #18 and 27-29, Plate 6, #42, 45; Plate 7, #6),
2) keithconnite (Plate 5, #18 and 27; Plate 6, #39-42 and 46),

3) vasilite (Plate 6, #46; Plate 7, #6),

4) atokite (Plate 6, #45),

5) unnamed-PdAuCu, (Plate 6, #3 and 6),

6) bogdanovite and tetra-auricupride (Plate 6, #9),

7) (Pt-Fe-Pd)-alloy (Plate 6, #40),

8) (Au-Ag)-alloy (Plate 6, #43),

9) unnamed-(Pd,Au);Cu (Plate 7, #14).

Mineral chemistry
The chemical composition of vysotskite (44 microprobe analyses in 43 grains) is shown in
Table 5, analyses 1-44. In vysotskite Pd can be replaced by:

Element Max substitution (wt%) | Reference to Table 5
Ni 8.6 analysis 6

Cu 5.2 analysis 39

Fe 1.4 analysis 9

Vysotskite may be strongly zoned. Different zones of can have contrasting compositions, e.
g., Ni content (Plate 6, #21 — Table 4, analyses 1-2). The average chemical composition of
visotskite (n = 44; wt. %) is:

Pd Ni Cu Fe S sum
vysotskite 71.8 1.9 1.5 0.5 23.5 99.2

The composition corresponds to the structural formula:
(Pdo.92Ni0.04CUo.03F€0.01) £1.00S1.00-

Vasilite

Description
In the HS-concentrates the grain size of vasilite varies from c. 2 to 22 um. The average size
is 14 um (Tabl. 3). Vasilite is found as:
1) droplet-like grains (Plate 5, #20; Plate 6, #47-48),
2) anhedral grains or aggregates (Plate 5, #22-26; Plate 6, #46 and 49-52; Plate 7,
#land 6-7).

In some Cu-Fe sulphide globules vasilite seems to be the only PGM (Plate 6, #48-52), but
occurs generally together with other minerals. In the grains of the HS-concentrates vasilite
is found to coexist with PGMs and Au-minerals including:

1) unnamed-PdCu,

2) keithconnite,

3) vysotskite,
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4) unnamed-PdAuCus,,
5) bogdanovite.

and with the Cu-Fe sulphides:
1) bornite,
2) chalcosine,
3) digenite,
4) chalcopyrite.

Vasilite-bearing aggregates (with or without Cu-Fe-sulphides) sometimes includes silicates
and oxides including:

1) orthopyroxene (Plate 6, #52),

2) ilmenite and magnetite (Plate 7, #1),

3) chlorite (Plate 6, #49).

As mentioned above, vasilite and vysotskite are some of the last formed PGMs of the pre-
cious metal paragenesis (see Plate 7, #1 and 6-7).

Mineral chemistry
The chemical compositions of vasilite (10 microprobe analyses in 10 grains) is given in
Table 5 (analyses 45-54). The average chemical composition of vasilite is (wt. %):

Pd Cu Fe S sum
vasilite 71.8 14.1 0.4 12.6 98.9

The average composition corresponds to the structural formula:
Pd11.97(CU3.93F€0.13) x4.0656.97-

Keithconnite

Description
Keithconnite is found in 14 grains (Table 3; Fig. 1). The grain size varies from 2 to 20 pum.
The average grain size is 10 um (Table 3). Keithconnite-bearing grains are either:
1) classic micro-globules (Plate 5, #17-18 and 20-21; Plate 6, #40 and 47),
2) irregular shaped grains (Plate 5, 19; Plate 6, #39, 41-42 and 46; Plate 7, #1 and
15-17).

As a rule, keithconnite occurs in association with other PGMs, Au-minerals and Cu-Fe-
sulphides (Plate 5, #17-18 and 20; Plate 6, #39-42 and 4-47; Plate 7, #1 and 16-17). Some
rare grains with keithconnite as the only PGM are also found (Plate 5, #19 and 21; Plate 7,
#15). Keithconnite is closely associated to:

1) unnamed-PdCu (Plate 5, #17-18 and 20-21;Plate 6, #42; Plate 7, #1),

2) vysotskite and vasilite (Plate 5, #18 and 20; Plate 6, #39-42 and 46-47; Plate 7,

#1),
3) Au-minerals (Plate 5, #19; Plate 7, #1),
4) (Pt-Fe-Pd)-alloy (Plate 6, #40).
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Rock-forming minerals are found as inclusions in keithconnite-bearing grains or aggre-
gates. They are generally found at the rims of the grains or aggregates and include:

1) orthopyroxene (Plate 6, #39),

2) ilmenite and magnetite (Plate 7, #1),

3) chlorite (Plate 6, #41).

In all studied grains keithconnite has formed later than unnamed-PdCu (see Plate 5, #17-
18 and 21), and contemporaneously the above-mentioned Pt- and Au-minerals. Keithcon-
nite, however, predates the crystallisation of the Pd-sulphides vysotskite and vasilite (see
Plate 5, #18; Plate 7, #1).

Mineral chemistry
Compositions of keithconnite are shown in Table 6 (analyses 19-32). The following substi-
tutions have been observed:

Site Substitution | Max. (wt. %) | Analysis in Table 6
Pd Cu 4.6 27 and 32
Pd Fe 20 26
Te Sn 5.1 29
Te Pb 7.7 22
Te As 1.0 24
Te Sh 1.2 30

The compositions divide into two groups:
1) keithconnite with limited substitution in the Te site (Table 6, analyses 19, 21, 23-28
and 29-31). The average structural formular (4 cations) would be:
(Pd2.88CU0.12F€0.04)3.04(T€0.91SN0.03PP0.02AS0.01)0.97,
2) keithconnite with significant substitution in the Te site by Sn and Pb (Table 6,
analyses 20, 22 and 29). The average structural formular (4 cations) would be:
(Pd3.11CUo.06F€0.02)3.21(T€0.49SN0.18Pb0.15)0.85.

GEUS 17



Au-minerals

Au-minerals are not common. In total only 13 grains have been found. The grain size of Au-
minerals varies from 1 to 25 um. The average grain size is c. 10 um (Table 3). Au-minerals
in sample 90-18, 1010 are represented by 4 phases (Table 3; Fig. 1):

1) unnamed-PdAuCu, (Plate 7, #1-6; Table 7, analyses 1-6),

2) bogdanovite (Plate 7, #7-9; Table 7, analyses 7-9),

3) tetra-auricupride (Plate 5, #19; Plate 7, #8-11),

4) (Au-Ag)-alloy, small inclusions (Plate 6, #43; Plate 7, #12).

Some of the Au-minerals occur in complicated aggregates composed of Au-minerals and
PGMs with/or without Cu-Fe-sulphides. These composit grains are irregular (Plate 7, #1-7
and 11) or characteristic micro-globules (Plate 7, #8-10). Some of these aggregates have
inclusions of rock-forming minerals, such as ilmenite and magnetite (Plate 7, #1-2). Au-
minerals are closely associated with:

1) unnamed-PdCu, Au-rich,

2) unnamed-Pd;Cu,

3) vasilite,

4) vysotskite,

5) keithconnite.

Other PGMs
Other relatively rare PGMs in sample 90-18 1010 include:
1) braggite (Plate 6, #53; Table 3; Table 5, analysis 55),
2) atokite (Plate 5, #1-6; Plate 6, #44-45; Table 3; Table 6, analyses 1-6),
3) (Pd-Cu-Sn)-alloy (Plate 5, #7-14; Plate 7, #20-21; Table 3; Table 6, analyses 7-
18),
4) zvyagintsevite (Plate 5, #30-34; Table 3),
5) guanglinite (Plate 7, #23; Table 3; Table 6, ananalysis 34),
6) isomertieite (Plate 7, #22; Table 3; Table 6, analysis 33),
7) (Pt-Fe-Cu-Pd)-alloys (Plate 5, #35-36; Plate 6, #40: Table 3; Table 7, analyses 14-
16),
8) unnamed-Pd;Cu (Plate 7, #10 and 13-15; Table 3; Table 4, ananalyse 106-108),
9) unnamed-PdCus; (Plate 7, #18; Table 3; Table 4, analysis 105).

At first glance, all of these minerals can be divided into two groups:
1) PGMs enriched in Sn, Pt and Pb and related to unnamed-PdCu. They include ato-
kite, Pd-Cu-Sn-alloy, zvyagintsevite, and (Pt-Fe-Cu-Pd)-alloys,
2) PGMs including Pd-Cu-phases (unnamed-Pd;Cu and unnamed-PdCus) enriched
in Au and (Pt-Fe-Pd)-alloy. They are closely associated to Au-rich unnamed-PdCu,
keithconnite and vysotskite (see Plate 6, #39; Plate 7, #10, 13-15 and 18).

The first group of minerals probably formed from amounts of minor elements excluded from
early crystallising unnamed-PdCu. Excess Sn formed atokite and (Pd-Cu-Sn)-alloy (see
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Plate 5, #1-17), excess Pt formed (Pt-Fe-Cu-Pd)-alloys (see Plate 5, #35-36) and excess
Pb formed zvyagintsevite (see Plate 5, #30-35).

The second group of rare PGMs picked up elements exceeding the solubility in unnamed-
Pdz;Cu and unnamed-PdCus;. Excess Au resulted in the Au-minerals, Te led to crystallisa-
tion of keithconnite and Pt was picked up by (Pt-Au)-alloys.

The associations of braggite (Plate 6, #53), guanglinite (Plate 7, #22) and isomertieite
(Plate 7, #23) have not been studied in detail.

Bulk composition of sample 90-18 1010

Below the assay concentrations of Pd, Au and Pt are compared to relative bulk concentra-
tions for these element calculated from the recovered precious metal minerals and phases:

element Assay (ppb) Mass balance (ppb)
Pd 1747 1774
Au 126 188
Pt 196 106

The assay sum of Pd, Au and Pt is 2069 The assay proportion of Pd has been reproduced,
but significant deviations are observed for Au and Pt. These deviations are not explained,
but may be due to “nugget effect” due to the relatively lower number of Au-mineral and Pt-
mineral grains. However, the main part of Au and Pt appears to be substituted into un-
named-PdCu.

Discussion

Systematics in the Pd5 level of the mineralisation

Sample 90-18 1010 is collected in the in the Pd peak of the Pd5 level of the precious
metal mineralisation. A previously described sample (90-24 1057; Nielsen et al.,
2003b) was collected almost at the same level in the Pd5 peak in core 90-24. The dis-
tance between the two cores is app. 2 km.

The two samples are here compared in a attempt to define the general characteristics
of the Pd-peak in the Pd5 level of the mineralisation in the central parts of the Skaer-

gaard intrusion.

The characteristics of precious metal mineralisation of the samples 90-18 1010 and 90-
24 1057 are summerized as follows:
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Characteristics of the sample Smaple 90-24 1057 | Sample 90-18 1010
Pd, ppb (assay) 2800 1747
Pt, ppb (assay) 170 196
Au, ppb (assay) 97 126
Pt/Pd 0.06 0.11
Au/Pd 0.03 0.07
PdCu, % 94 63
Pd-sulphides, % 0.1 27
Au-minerals, % 1 4.5
Pt-minerals, % <0.1 0.1
Ptin PdCu, % 11 3.8
Au in PdCu, % 2.2 5.0

The bulk compositions of the two samples are best compared looking at the ratios
Pt/Pd and Au/Pd. The table shows that sample 90-24 1057, apart from having a higher
total Pd concentration, has relatively lower Au and Pt concentrations and lower Pt/Pd
and Au/Pd ratio than sample 90-18 1010. The reason for this is, in part, that sample 90-
24 1057 collects the absolute Pd-peak in the Pd5 level, whereas sample 90-18 1010
collects a slightly higher section in the Pd-peak (see page 5). As observed in many Au-
bearing PGE mineralisations Pt and Au are vertically displaced from the possition of
the lower Pd-peak (e.g., Oberthir et al., 2003). This may explain the relative enrich-
ment in Pt and Au in sample 90-18 1010. The lower bulk concentration of Pd may re-
lated to the sampling-bias caused by the use of 1-meter average samples.

Unnamed-PdCu is the dominating Pd-mineral in both samples. However, sample 90-18
1010 contains, as opposed to sample 90-24 1057, significant amounts the Pd-
sulphides vysotskite and vasilite (27 %) and Au-minerals (4.5 %). The latter reflects the
relative enrichment in Au. The enrichment in Au and Pt in the bulk composition is also
reflected in the composition of unnamed-PdCu. Unnamed-PdCu in sample 90-18 1010
is 3 times as rich in Pt and at least twice as rich in Au compared to unnamed-PdCu in
sample 90-24 1057.

The proportion of Pt-rich minerals is quite small in both samples (<1% of the Pt) as Pt
is mainly substituted into unnamed-PdCu. By contrast, a significant proportion of Au is
allocated to Au-minerals. In sample 90-24 1057 20% of the Au and in sample 90-18-
1010 40% of the Au forms Au-minerals.

In both samples the predominant Au-minerals have comparatively low concentrations
of Au:

1) unnamed-PdAuCu, (av. Au = 42.5 %; 15 analyses),

2) tetra-auricupride (av. Au = 49 %; 4 analyses).

Ag-rich minerals have not been found. Ag is contained in rare small (<5um) grains of
(Au-Ag) alloy occurring as inclusions in other minerals and phases.
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The PGM and Au-mineral paragenesis

The unnamed-PdCu association
The observations show that unnamed-PdCu is the dominant PGM in the studied sample.
Unnamed-PdCu shows a wide compositional range (Table 4). Its composition depends on
the PGM and Au-mineral paragenesis. As described in Nielsen et al. (2003b) the composi-
tional groups of PdCu are:
a) PdCu that is not related to any other precious metal minerals has, as a rule, the
most simple compositions — (Cu,Fe,Zn)Pd,
b) PdCu that coexists with unnamed-PdAuCu,, bogdanovite and keithconnite is en-
riched in Au-(Te),
c) PdCu that coexists with atokite, unnamed-(Pd,Cu,Sn)-alloy and zvyagintsevite is
enriched in Sn-(Pb),
d) PdCu that coexists with (Pt-Fe-Cu-Pd)-alloys is enriched in Pt.

All the observations and the inter-grain relations (Plates 1-7) suggest that all these PGMs
and Au-minerals associated with unnamed-PdCu are part of a single paragenesis. This
conclusion is shown by the correlation between the chemical composition of the PdCu and
its associated precious metal minerals. Further more, the chemical composition of PdCu is
in sample 90-18 1010 as well as in sample 90-24 1057, correlated to the bulk concentra-
tions of Pd, Pt and Au of the sample (see table above).

Vysotskite and vasilite

About 1/3 of PGM-bearing grains in sample 90-18 1010 are the Pd-sulphides: vysotskite
and vasilite (Table 3). In the majority of the studied grains of Pd-sulphides form monomin-
erallic inclusions in Cu-Fe-sulphide globules (e. g., Plate 5), but they do also, to a minor
extend, occur in aggregates composed of several PGE(Au)-minerals. In these aggregates
Pd-sulphides are always formed later than unnamed-PdCu and other phases related to the
unnamed-PdCu paragenesis. Pd-sulphides seems to be the last formed group of precious
metal minerals in the sample and they are suggested to form part of a re-equilibration par-
agenesis.

Parageneses and order of crystallisation
Many observations document that unnamed-PdCu was the first PGM to form. Unnamed-
PdCu crystallised from PdCu metal droplets formed by immiscibility in immiscible Cu-Fe
sulphide melt-droplets. Dependent on the concentrations of the minor elements in the
PdCu-droplets, crystallisation of unnamed-PdCu is followed by crystallisation of:
a) atokite and/or unnamed-(Pd,Cu,Sn)-alloy, zvyagintsevite in PdCu-droplets carrying
Sn and Pb;
b) Au-minerals (unnamed-PdAuCu,, bogdanovite, tetra-auricupride, unnamed-
(Pd,Au);Cu, and keithconnite in PdCu-droplets carrying Au and Te;
c) (Pt-Fe-Cu-Pd)-alloy in PdCu-droplets carrying Pt.

Pd-sulphides, mainly vysotskite, appear to postdate all of these minerals. The late forma-
tion of vysotskite and vasilite could be linked to the liberation of sulphur during re-
equilibration of Cu-Fe paragenesis. The S-depleted and re-equilibrated Cu-Fe mineral par-
agenesis is characterized by chalcosine rather than bornite (e. g., Plate 5, #18). Sulphur
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expelled during re-equilibration of bornite to chalcosine could combine with pure metal
phases (f. ex., unnamed-PdCu) to form Pd-sulphides such as vysotskite and vasilite and
other low-temperature phases.

Summary

1. 180 grains of PGMs were were found in the HS-concentrates of sample 90-18 1010.

2. The dominating PGM is unnamed-PdCu (63 wt. % of PGMs). In addition, 16 other
precious metal minerals were identified: vysotskite (24 %), vasilite (3.2 %), and minor
proportions of keithconnite, braggite, atokite, zvyagintsevite, guanglinite, isomertieite,
unnamed-PdAuCu,, tetra-auricupride, bogdanovite, (Au,Ag)-alloy, unnamed-Pds;Cu,
unnamed-PdCus, unnamed (Pd-Cu-Sn)-alloy and (Pt-Fe-Cu-Pd)-alloy.

3. Two precious metal mineral parageneses are identified:
a) Unnamed-PdCu and related PGE(Au)-minerals,
b) Pd-sulphides including vysotskite and vasilite.

4. The primary paragenesis dominated by unnamed-PdCu crystallised from immiscible
droplets with a bulk composition close to PdCu. Minor elements, that were not substi-
tuted into unnamed-PdCu resulted in a suite of minerals associated to unnamed-
PdCu. The PdCu metal droplets formed inside immiscible Cu-Fe droplets.

5. During re-equilibration in Cu-Fe droplets bornite was substituted by chalcosine. Free
sulphur reacted with Pd-rich primary PGMs to form Pd-sulphides such as vysotskite
and vasilite.

6. Compared to the assay for sample 90-18 1010 the Pd concentration and the total
(Pd+Au+Pt) is reproduced in the mass balance calculation. Significant and unex-
plained deviations are seen for both Pt and Au.

References

Mineralogical report only.

Nielsen, T.F.D., Rasmussen, H., Rudashevsky, N.V., Kretser, Yu.L. , Rudashevsky, V.N.
2003a): PGE and sulphide phases of the precious metal mineralisation of the Skaer-
gaard intrusion. Part 1: sample 90-23A 807. Danmarks og Grgnlands Geologiske Un-
dersggelse Rapport 2003/47, 20 pp.

Nielsen, T.F.D., Rasmussen, H., Rudashevsky, N.V., Kretser, Yu.L. , Rudashevsky, V.N.
2003b): PGE and sulphide phases of the precious metal mineralisation of the Skaer-
gaard intrusion. Part 2: sample 90-24, 1057. Danmarks og Grgnlands Geologiske Un-
dersggelse Rapport 2003/48, 20 pp.

GEUS 22



Oberthdr, T., Weiser, T.W., Gast, L. 2003: Geochemistry and mineralogy of platinum-group
elements at Hartley Platinum Mine, Zimbabwe. Mineralium Deposita 38, 344-355.

GEUS 23



Abbreviations

Abbreviations used in figures and tables.

Rock-forming minerals

PL1 = plagioclase

PL2 = anorthite

CPX = monoclinic pyroxene (clinopyroxene)
OPX = orthorhombic pyroxene (orthopyroxene)
ILM = ilmenite

TIMT = titaniferous magnetite
MT = magnetite

BDL = Baddeleyite

FSPN = Ferrosaponite

ACT = actinolite

HB = hornblende

BT = biotite

EP = epidote

CHL = chlorite

oL = olivine

AP =Apatite

Sulphides

BORN = bornite

CP = chalcopyrite

CHC = chalcosine

DGN = digenite

PN = pentlandite

cov = coverlite

COPN = cobalt pentlandite

Precious metal minerals

AT = atokite

BGD = bogdanovite
BRG = braggite
GNG = guanglinite
ISM = isomertieite
KTH = keithconnite
VYS = vysotskite
VSL = vasilite

VA = zviagintsevite
Au, (Au,AgQ) = native Au
(Au,Pd)Cu = tetra-auricuprite

Abbreviations; Precious metal minerals continued:
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(Au,Pd,Cu,Pt)

(Pd,Au)Cu

PdAuCu,

(Pd,Au);Cu

PdCu

Pd(Cu,Sn)

(Pd,Cu,Sn), (Pd,Sn,Cu), (Pd,Sn,Fe)
PdsCu

(Pd,Pt)Cu

PdCus

(Pt,Cu,Fe), (Pt,Fe,Pd), (Pt,Fe,Pd), (Pt,Fe,Pd)

GEUS

= (Au-Pd-Cu-Pt)-alloy

= unnamed-PdCu with Au sustitution
= unnamed-PdAuCus,

= unnamed-Pd;Cu with Au substitution
= unnamed-PdCu

= unnamed-PdCu with Sn substitution
= unnamed (Pd-Cu-Sn-Fe)-alloys

= unnamed-Pd;Cu

= unnamed-PdCu with Pt substitution
= unnamed-PdCus;

= (Pt-Cu-Fe-Pd)-alloys
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Table 1: Chemical composition and formulas of silicates and oxides of oxide-rich tholeiitic gabbros (sample 90-18, 1010)

Association of

An. Object minerals Mineral SO, TiO, | AlLO; | V.03 | Fe0s FeO MnO | MgO Cao Na,O K50 Cl Tota
L | peog | PLI*CPX¥OPX+ | | Wt% | 568 | - | 279 | - - - - T [ 100 | 59 - - 100.6
S P ILM+TIMT F.c. | 253 ; 1.47 } ; } ; - 048 | 051 - ; 0=8

> | pegg | PLIFCPX¥OPX+ | . | Wt% | 681 | - | 264 | - - - - - 85 | 66 | 03 - 100.0
SP ILM+ F.c. | 260 : 1.39 - : - : - 041 | 057 | 002 ; 0=8
ILM+TIMT+OL+PL2 W% | 488 | - | 326 | - - - - T 156 | 26 - - 99.6

3 | Pspl +PACU+CHL Pl Fc 224 | - 176 | - - - - - 076 | 023 | - - O=8
1251, Wt% | 438 | - | 356 | - - - - T 189 | 10 - - 99.4

4 sR | \LM¥OL+PL2HHB | PL2 = "= 00 T - [ 105 | - - - - - 004 | 005 | - - 0=8
e | pooy | PLCPXIOPX(@E®* | ooy | WL% | 522 | - 14 - T [ 124 | 04 | 131 | 202 | - - - 99.7
P ILM+TIMT Fc | 197 | - | 006 | - ~ [ 039 | 001 | 074 | 082 | - - - 0=6

6 | pooy | PLYCPXIOPK@E®* | oy | W% | 508 | 07 | 17 - T [ 133 | 04 | 123 | 206 | - - - 99.8
P ILM+TIMT Fc | 193 | 002 | 008 | - [ 042 | 001 | 070 | 084 | - - - 0=6

| peos |CPXHILM*BORN | | Wt% | 507 | 08 | 16 - T 131 | 03 | 123 | 201 | - - - 98.9
P +PdCu Fc | 194 | 002 | 007 | - [ 042 | 001 | 071 | 083 | - - - 0=6

Wi% | 507 | 04 | 09 - T 127 | 03 | 133 | 203 | - - - 98.6

8 | Pspa | CPX+OPX(exs) | COPX "9 001 | 004 | - ~ [ 041 | 001 | 076 | 083 | - - - 0=6
o | 1251, | CPX+OPX+BORN | . | Wt% | 505 | 06 | 10 - T [ 144 | 04 | 126 | 204 | - - - 99.9
AR +CP Fc | 193 | 002 | 004 | - ~ [ 046 | 001 | 072 | 084 | - - - 0=6

o | 1252 | PLY¥CPX+OPX+ | o | Wt% | 518 | 074 | 079 | - T 131 | - | 126 | 207 | - - - 99.73
7R ILM+TIMT Fc | 197 | 002 | 002 | - [ o042 | - | o071 084 | - - - 0=6

125-2, Wi% | 491 | 08 | 14 - T [ 145 | 03 | 121 | 207 | - - - 98.9

11 7R | BORNFCHCHCRX | CPX - == =191 [ 002 | 007 | - T [ 047 | 001 | 0.70 | 086 | - : - 0=6
1p | 1252 | ILM+OL+CPX+OPX | oy | W% | 508 | 04 | 07 - T 140 | 04 | 113 | 221 | - - - 99.7
12R (ex9) Fc | 195 | 001 | 003 | - ~ [ 045 | 002 | 065 | 091 | - - - 0=6

Wi% | 506 | 08 | 09 - T [ 137 ] 03 | 125 | 211 | - - - 99.9

13 | 75-2,3R | BORN+CHC+CPX | CPX == =53 1002 | 004 | - T 1044 | 001 | 071 | 086 | - - - 06
Wt% | 504 | 06 | 11 - T 140 | 04 | 122 | 212 | - . - 99.9

14 | 7525 | BORN+CPX CPX | Fec | 19 | 002 | 005 | - -~ 045 | 001 | 069 | 087 | - X X 0=6




Table 1continued: Chemical composition and formulas of silicates and oxides of oxide-rich tholeiitic gabbros (sample 90-18, 1010)

Association of

An. Object minerals Mineral SiO, TiO, | AlLO; | V5,05 | Fe,0s FeO MnO | MgO CaOo Na,O K,0 Cl Total
5 | peoq | PLLFCPX¥ORX+ | oo | W% | 515 | - - - ~ | 268 | 08 | 189 | 15 - - ~ | 995
P ILM+TIMT Fc | 198 | - - - T 1086 | 003 | 109 | 006 | - - [ o=6
TIMT+BORN+OPX+ Wi% | 521 | - 16 - [ 247 | 07 | 185 | 10 - - ~ | 986

16 | Psp3 PL+BT OPX ¢ ¢ 1200 | - [ o007 | - T 079 | 002 | 106 | 004 | - - = o=6
6 | peoa | ILMFOPX+BORN | o~ | W% | 504 | - 0.6 - [ 272 | 05 | 183 | 18 - - ~ | %8s
P +CHL Fc | 196 | - | 003 | - T 1088 | 002 | 106 | 007 | - - = o=6

7 | peo7 | ILMFHBROPX+CPX | o | Wt% | 500 | 04 | 12 - {278 | 07 | 178 | 13 - - | 992
P +BORN Fc. | 194 | 001 | 006 | - T 1090 | 002 | 103 | 006 | - - = o=6

Wt% | 519 | - 17 - = | 256 | 05 | 189 | 11 - - | 997

18 | Psp8 | OPX+CPX(exs) | OPX == g9 | - - - T 113 | 002 | 086 | 004 | - - [ o=6
Wt% | 502 | 08 - - 1331 | 06 | 141 | 10 - - | 998

19| 1251 | BORN+CHC+OPX | OPX 2= =158 T 003 | - - T 100 | 002 | 083 | 004 | - - = o=6
1251, Wt% | 506 | 04 - - ~ 1 285 | 05 | 189 | 06 - - ~ | 995

20 IR ILM+OPX+BT | OPX =" 106 | 001 | - - 1002 | 002 | 109 | 002 | - - [ 0=6
b | 1251, | OPX+CPX@)r | ooy | WE% | 499 | - - - T 12890 | 07 | 174 | 23 - - - | 982
4R BORN+CP Fo | 196 | - - - T 1095 | 002 | 102 | 009 | - - [ o=6

1252, Wt% | 507 | 07 - - {272 | 05 | 193 | 10 - - = | 994

22 8R ILM+OPX OPX I F ¢ 196 | 002 | - - T 1088 | 002 | 141 | 004 | - - [ 0=6
ILM+TIMT+OL+PL2 Wt.% 33.7 - - - - 443 0.5 20.1 - - - - 98.6

23 | Pspl +PACU+FSPN oL Fc | 100 | - - - T [ 110 | 001 | 089 | - . 5 [ o=4
ILM+TIMT+OL+PL2 Wi% | 338 | - - - ~ | 244 | 06 | 205 | - - - = | 993

24 | Pspl +PACU+FSPN oL Fc | 100 | - - - T [ 109 | 001 | 006 | - - 5 T o=4
ILM+TIMT+OL+PL2 Wi% | 342 | - - - ~ | 474 | 06 | 189 | - - - ~ 1011

25 | Pspl +PACU+FSPN oL Fc | 100 | - - - T [ 116 | 001 | 082 | - - 5 T o=4
ILM+TIMT+OL+PL2 Wt% | 335 | - - - ~ | 473 | 07 | 180 | - - - ~ | 995

26 | Pspl +PACU+FSPN OL ¢ 100 - - - T 118 | 002 | 080 | - - - [ 0=4
Wi% | 342 | - - - ~ | 453 | 06 | 202 | - - - ~ 11003

27 | 1251, 51 ILM+QL+PL2 OL —F¢ T100 | - - - T 111 | 001 | 088 | - - - T o4




Table 1continued: Chemical composition and formulas of silicates and oxides of oxide-rich tholeiitic gabbros (sample 90-18, 1010)

Association of

An. Object minerals Mineral SiO, TiO, | AlLO; | V5,05 | Fe,0s FeO MnO | MgO CaOo Na,O K,0 Cl Total
1252, Wi% | 339 | - - - ~ | 465 | 07 | 190 | - - - ~ 1001

28 3R | WMEMTROL#FRSPN | OL = =0 - - - 115 | 002 | 083 | - - - [ 0=4
1252, Wi% | 336 | 14 - - ~ | 410 | 05 | 233 | - - - | 998

29 11R ILM+OL+FSPN L —F¢ T o097 [ 003 - - = 1099 | 001 | 100 | - - - [ 0=4
1252, Wi% | 342 | - - - ~ | 462 | 05 | 197 | - - - ~ | 1006

30 1R | [EMHOLFCPXFOPX | OL 2= —T700 | - - - ~ [ 113 | 001 | 086 | - - - [ 0=4
s | pooq |ILMPTIMTIOLPLZ | | [ WE% | - | 508 | - 07 | 80 | 396 | 05 | 10 - - - ~ | 1006
P +PdCu+FSPN F.c. - 0.96 - 001 | 015 | 0.83 | 0.01 | 0.04 - - - - YK=2

5 | pooa | ILM*OPX+BORN | | = [ Wt% | - | 507 | - 13 | 37 | 425 | 04 | 15 - - - [ 1001
P +FSPN F.c. 1095 | - | 003 | 007 | 089 | 001 | 005 | - - - T zK=2

w5 | poos |LM*BORM+PdCU | | = | Wt% | - | 502 | - 18 | 18 | 418 | 33 - - - - 1 989
P +CPX+OPX F.c. (o097 | - | 004 | 003 | 089 | 007 | - - - - T | zK=2

1251, Wto% | - | 517 | - 06 | 18 | 437 | 04 | 13 - - - T 995
34 1R ILM+HB+PL O 1098 | - | 001 | 003 | 092 | 0.0 | 005 | - - - T | TK=2
1251, Wt% | - | 509 | - 05 | 42 | 419 | 06 | 19 - - - 11000
35 2R ILM+OPX+BT O 1095 | - | 001 | 008 | 087 | 001 | 007 | - - T | zK=2
1251, Wt% | - | 510 | - 04 | 38 | 427 | 05 | 14 - - - 1 998
36 3R ILM+HB O 109 | - | 001 | 007 | 000 | 0.0 | 0.05 | - - - T | zK=2
1251, Wt% | - | 518 | - 04 | 25 | 440 | 06 | 08 - - - 11001
37 5R ILM+OL+PL2 O 1098 | - | 001 | 005 | 092 | 0.0l | 003 | - - - T zK=2
1252, Wi% | - | 514 | - 04 | 35 | 418 | 06 | 21 - - - 1 098
38 w.n. ILM+OL M . = | 097 | - | o001 | 006 | 087 | 001 | 008 | - - - T 3Kk=2
1252, Wi% | - | 503 | - 04 | 45 | 420 | 08 | 14 - - - ~ | 994
39 AR ILM+BT+BORN LM —F - | 095 | - | o001 | 009 | 088 | 002 | 005 | - - - T 3K=2
1252, Wi% | - | 509 | - 04 | 36 | 428 | 06 | 14 - - - | 997
40 1R | ILM*OLFCPX+OPX | ILM == | 096 | - | o001 | 007 | 090 | 001 | 005 | - - - T 3K=2
TIMT+ILM+OL+CP Wi% | - 83 | 31 | 21 | 475 | 396 | - - - - - [ 1006
41 | Pspl X+OPX TIMT == : 023 | 014 | 006 | 133 | 1.24 - ; ; - - - | =K=3




Table 1continued: Chemical composition and formulas of silicates and oxides of oxide-rich tholeiitic gabbros (sample 90-18, 1010)

Association of

An. Object minerals Mineral SiO, TiO, | ALO; | V5,053 | Fe,0s FeO MnO | MgO CaOo Na,O K,0 Cl Total
i2 | psoi | LMTIMT:OLsPL2 | | | W% : 28 : 19 | 622 | 314 - - - - - - 983
P +PACU+CHL F.c. - 0.08 ; 006 | 1.97 | 1.08 - - - ; - - k=3
PL1+CPX+OPX+ Wt.% - 06 - 06 | 673 | 314 - - - - - - 99.9

43 | Ps,p8 ILM+MT MT F.c - 0.02 - 002 | 1.95 | 1.01 - - - - - - | =k=3
Wt.% - 0.9 - - 673 | 319 - - - - - - | 1001

44 | 125-2,4 | PACu+BORN+MT | MT = - 053 - - o T 10 - - - - - ks
45 | popq |METIMT:OL+PL2 | o | Wt% | 398 | 20 | 151 - - 135 - 189 | 08 - 83 - 98.4
P +BT+PACU+FSPN Fc | 282 | 011 | 127 : . 0.80 - 200 | 0.06 - 075 - | o=11

46 | psog | ILMAMT+BORNYBT | - | Wt% | 394 | 23 | 154 - : 118 - 203 - - 101 - 993
P +CPX+OPX Fc | 278 | 012 | 1.8 : . 0.70 - 214 : . 001 - | o=11
ILM+TIMT+OL+PL2 Wt% | 337 - 9.4 - 66 | 268 - 39 | 26 - - - 83.0

ar | Pspl +FSPN FSPN ¢ 1 303 ; 0.99 ; 045 | 2.01 ; 052 | 025 - ; - | o=11
46 | psog | TIMTOL+ESPN+ | _ | Wt% | 27.8 ; 146 - 142 | 204 - 35 | 26 ; - ; 83.1
P PL2+BT+HB Fc | 250 - 155 : 046 | 153 . 047 | 0.25 ; ; - | o=11

Wt% | 372 | 05 | 85 - - 282 - 60 | 35 - - - 83.9

49 | Pspd | ILM#ESPN+OPX | FSPN == 35217 0.04 | 0.87 : : 2.05 : 077 | 033 : : - [ o=11
125-1, Wt% | 37.0 | 36 | 147 - - 16.7 - 179 | 03 | 19 | 59 - 98.0

50 2R ILM+OPX+BT BT Fc | 268 | 020 | 1.25 : . 1.01 - 193 | 003 | 026 | 055 - [ o=11
125-1, Wt% | 392 | 30 | 148 - - 12.0 - 207 ; - 94 - 99.1

51 5R ILM+BT BT Fc | 276 | 016 | 123 | - T o | - | 218 | - 084 | - |o=11
52 | psos | 'M*BORN+HB+ 5 | Wt% | 428 | 29 | 102 - - 16.1 - 119 | 111 | 33 | 1.0 | 035 | 9965
P OPX+CPX Fc | 635 | 032 | 1.79 : . 2.00 . 263 | 1.76 | 095 | 020 | 009 | 0=23

125-1, Wt% | 413 | 28 | 105 - 43 | 114 - 127 | 120 | 21 | 1.0 - 98.1

53 1R ILM+HB+PL HB Fc | 614 | 031 | 184 : 048 | 1.43 . 281 | 1.01 | 058 | 0.19 - [ 0=23
125-1, Wt% | 429 | 06 | 115 - - 158 | 02 | 116 | 127 | 24 | 02 - 97.9

54 3R ILM+HB HB Fc | 642 | 007 | 203 : . 197 | 003 | 258 | 2.04 | 067 | 003 - [ 0=23




Table 1 continued: Chemical composition and formulas of silicates and oxides of oxide-rich tholeiitic gabbros (sample 90-18, 1010)

Association of

An. Object minerals Mineral SiO, TiO, AlL,O; | V,03 Fe,O4 FeO MnO MgO CaO Na,O K,0 Cl Total
1252, Wi% | 414 | 20 | 101 | - 63 | 94 T 1134 | 126 | 19 | 10 1 981

55 10R ILM+HB HB Fc | 647 | 022 | 177 | - | o071 | 116 | - | 29 | 201 | 052 | 018 | - | 0=23
o5 | 750 7n | BORNTCHCHBr | o | Wt% | 436 | 32 | 83 - 37 | 108 | - | 108 | 120 | 12 | 09 AT
: ACT Fc. | 652 | 037 | 147 | - | 042 | 241 | - | 241 | 192 | 033 | 047 | - | 0=23
BORN+CHC+HB+ Wi% | 522 | - - - - 1280 | 03 | 67 | 113 | - - ~ | 985

57 | 15-2,7R ACT ACT —F ¢ 800 | - - - T [ 359 | 004 | 153 | 185 | - - T 0=23
1252, Wt% | 305 | 08 | 85 - | 189 | 178 | - 50 | 18 - - = | 842

58 3R | IWMHMTHOL+ESEN | FSPN 0= =520 [ 005 | 088 | - | 126 | 132 | - | 078 | 018 | - - T [ 0=11
125-2. Wi% | 294 | 09 | 62 T 273 | 130 | - 70 | 12 - - ~ | 850

59 11R ILM+OL+ESPN | FSPN 2 =559 | 006 | 064 | - | 182 | 096 | - | 093 | 012 | - - T [ 0=11

P. s. — polished section, f. c. — formula coefficient; FeO and Fe,O; — are colculated from tipical formula of minerals, K — sum of kations.




Table 2: Chemical composition and formulas of Cu-Fe-Ni-Co-sulphides in PGM-bearing aggregates of the heavy concentrates
(sample 90-18, 1010)

Association of minerals

An. Grain in the grain Mineral Cu Fe Ni Co Rh S Total
1 | 451,12 | VYStBORN+DGN | BoRN |—Hero i 80T L L4 4 - : - 2 "o
2 | 451,12 | VYSHBORN+DGN | DoN et IOT L LS L : - S e
3 |12 | eiowoen G 2 - N S I )
4 | 45125 (Pd,Pt)Cu+\é_|§L+BORN+ op Vgt;% iSé S%g : : - ?;39(2’ 102'1
A i el A
6 | 451,47 | VYSDGN+BORN pon (A TS | L - : aoe 7y
7 | 451,47 | VYSDGN+BORN sorn (% | 018 | L8 L - - : 407 )
8 | 451,50 | VYS+CHC+BORN CHC Vgt;% 169; 01_ §5 - - - ioog 924
I I T i o
el B et I e - B
11 | 451,64 | (PdAu)CU+CHC+CHL CHC Vgt;% 1892 g §2 - - - i%g 9%9
2 |10 vrsc e e e T ioe
13 | 451,72 | POOHKTIREASACAY | oy, V6L TOS 1 L8 ; - ; 057 2




Table 2 continued: Chemical composition and formulas of Cu-Fe-Ni-Co-sul phidesin PGM-bearing aggregates of the heavy concentrates
(sample 90-18, 1010)

An. | Gran |ASocaionof minerds | .o cu | Fe | Ni Co | Rh s Total
inthe grain

[0) - - -

14 | 451,74 |  PdCu+AuCHC cic (AL ES L 28 | - . . 22 %3

] (PdAU)CU(AU, PA)Curr Wt% | 777 | 13 : : . 20.6 99.6

15 | 451,78 CHC i TFec [ 194 [ oo4 | - . . 102 3
[0) - - -

16 | 451,82 | (Pd,CuSn)}+CHC cic (AL o4 L 08 L - . . 209 %
[0) - - -

17 | 451,83 PACU+CHC cic (AL HA L LD L - . . 204 %8
[0) - - -

18 | 451,85 | VYS+CHC+BORN cHe [ty TRZ L . . o %3

] VY S+(Pd,Sn Fe)+CHC+ Wto% | 770 | 13 : : i 204 98.7

19 | 451,89 BORN i TFec [ 194 [ o004 | - x x 102 3
[0) - - -

20 | 451,95 |  (PdCuSn)+CHC cic (AL H2 L 08 | - . . 203 %3
[0) - - -

21 | 451,96 | PACU+CHC+BORN cic (AL B2 L 08 | - . . 200 B4
[0) - - -

22 | 451,96 | PICUrCHCHBORN | BORN |[—weoe Wl | 3 L - . . =0 2

W% | 774 | 12 i i i 20.3 98.9

2 |41 VYSHCHC CHC ITFe [ 19 [ 003 | - . . 101 3
[0) - - -

24 | 451,110 | VSL+CHC+BORN cHe [ty 82 L OS L - . . 298 %0

Wt% | 778 | 07 i i i 20.9 99.4

2 | 4521z VYSHCHCHMT CHC ITFe [ 185 [ 002 | - . . 103 3

1| (PaAwICUH(AUP)CU+ Wto% | 616 | 121 | - : i 25.9 99.6

% | =Lt BORN BORN "Fc | 486 | 108 | - . X 4,06 10

Wt% | 762 | 06 i i i 217 98.5

27 | 751,15 | VYSHAUAQ#DGN | DGN (o THE D8 | - . . = >




Table 2 continued: Chemical composition and formulas of Cu-Fe-Ni-Co-sul phidesin PGM-bearing aggregates of the heavy concentrates
(sample 90-18, 1010)

An. | Gran | Asodaon g‘;ﬂ”erajs Mineral Cu Fe Ni Co Rh s Total
] (PAAL)CUKTHHVYS W% | 774 | 04 - - - 21.0 98.8

28 | 1521 +CHC CHC Fc | 194 | 001 - - - 1.05 3
] (PA.AU)CU+VSL+KTH+ Wt% | 774 | 18 - - - 106 98.8

2 | 7522 BORN+CHC CHC ¢ T 19 | 005 - - - 0.99 3
VY S+PACU+AT+COPN Wt% | 776 | 07 - - - 20.8 99.1

30 52,5 +CHC CHC F.c. 1.95 0.02 - - - 1.03 3
W% | 621 | 1.7 - - - 25.6 99.4

sl | 7528 VYSHBORN+CHL BORN —F ¢ T 492 | 105 - - - 2.03 10
W% | 622 | 118 - - - 244 98.4

82 | 1529 PACU+BORN BORN —F ¢ T 502 | 108 - - - 3.90 10
] (PAAL)CU+VY STBORN W% | 631 | 1.4 - - - 241 98.6

33 | 752,10 CHC BORN —F ¢ T 510 | 104 : : : 3.86 10
] (PAAL)CU+VY SFBORN+ W% | 766 11 - - - 201 99.8

3 | 5210 CHC CHC ¢ T 196 | 003 - - - 101 3
W% | 631 | 119 - - - 244 99.4

3 | 5211 VYS+BORN+CPX BORN  —F ¢ T 500 | 109 - - - 301 10
Wt% | 79.0 - - - - 20.8 99.8

3% | 752 15 VYS+CHC cHe oL 2 . . . . 28 -
Wt% | 617 | 1.6 - - - 25.2 98,5

37 | 75216 VYS+BORN+BT BORN —F ¢ T 495 | 105 - - - 2.00 10
W% | 618 | 1.8 - - - 24.7 98.8

8 | 21 VYS+BORN BORN  —Fc T 494 | 107 - - - 3.9 10
W% | 7741 1.7 - 201 98.9

40 | 752,21 | PdCw(PdCustCHC | CHC il ThA L LT : 201 :
W% | 772 1.4 - - - 107 98.3

41 | 752,22 |  PACU+BORN+CHC cHe N TR L S . . . =L :
Wt% | 753 1.7 - - - 21.9 98.8

42 | 752,23 | VYSIBORNADGN4OPX | DGN |[—wi? i 158 L LT : : : 2 :




Table 2 continued: Chemical composition and formulas of Cu-Fe-Ni-Co-sul phidesin PGM-bearing aggregates of the heavy concentrates
(sample 90-18, 1010)

An. | Gran Assoc'if]“tﬂg g‘;ﬂ”erajs Mineral Cu Fe Ni Co Rh S Total
Wi% | 630 | 102 - - - 252 98.4

43 75-2, 23 VY S+BORN+DGN+OPX BORN Fc 506 0.93 - - - 201 10
Wt% | 621 | 1.7 - - - 253 99.1

44 | 752,24 | VYSHBORN+CHC | BORN % 0624 | 1L - - - s >
Wt% | 783 | 1.1 - - - 204 99.8

4% | 752,30 VYS+CHC CHC ¢ T 196 | 003 - - - 101 3
An. | Gran Assoc'if]“tﬂg g‘;ﬂ”erajs Mineral Cu Fe Ni Co Rh S Total
_ (PA.POCU+(PLCUFE)+ Wi% | 628 | 1.8 - - - 253 99.9

46 | 752,32 BORN BORN ¢ T 297 | Lo08 - - - 3.7 10
VY StPACU+AT+COPN Wt% | 15 68 | 173 | 344 | 78 318 99.6

ar | 1525 +CHC COPN T 020 | 099 | 240 | 474 | 061 0.06 17
PACU+AT+COPN+CHC Wto% | L1 66 | 138 | 445 - 333 99.3

48 | 75213 MT COPN —Fc T 013 | 093 | 18 | 594 - 8.15 17




Table 3: PGE and Au minerals of heavy concentrates of the sample 90-18, 1010

Number | Grainsize (E.C.D), um
N Mineral General formula of min max |average| Vol.%
grains

1 Unnamed PdCu (Pd,Au,Pt)(Cu,Fe,Zn) 100 1 46 18 63
2 Vysotskite (Pd,Ni,Cu)S 46 (6%) 3 53 15 24
3 Vaslite Pd;,(Cu,Fe),S; 9(6%) 2 22 14 3.2
4 Braggite (Pd,Pt,Cu)(S,Te) 1 - - 31 14
5 Keithconnite (Pd,Cu)z4(Te,Pb,Sn) 3 (11%) 2 20 10 1.8
6 Atokite (Pd,Cu)3Sn (8) 2 10 5 0.5
7 Zvyagintsevite Pd;Pb (5%) 1 4 3 0.1
8 Guanglinite Pd3(As,Sn,Sh) 1 - - 12 0.2
9 Isomertieite (Pd,Cu)11As,(Sh,Sn), 1 - - 4 <0.1
10 Unnamed PdAuCu, (Pd,Pt)Au(Cu,Fe), 6 10 25 15 2.0
11 Tetra-auricupride (Au,Pd,Pt)(Cu,Fe) 4(1%) 2 25 15 1.6
12 Bogdanovite (Au,Pd,Pt)s(Cu,Fe) 2 (1%) 5 19 11 0.8
13 Au-Ag-alloy (Au,AQ) 1(1%) 1 3 2 <0.1
14 Unnamed PdsCu (Pd,Au)3(Cu,Fe) 1(3%) 3 15 8 0.5
15 Unnamed PdCus PdCu, 1 - - 11 0.1
16 Pd-Cu-Sn-aloy (Pd,Cu,Sn,Fe, Te,Pb) 2 (12%) 2 9 5 0.5
17 Pt-Fe-Cu-alloy (Pt,Cu,Fe,Pd) 2 (1%) 4 8 6 0.1

Total 180 16 100

*Asinclusionsin grains of other precious metal minerals.




Table 4: Chemical composition and formulas of the unnamed mineral phase PdCu, PdCus; and Pd;Cu compositions in PGM-grains of the heavy
concentrates (sample 90-18, 1010)

An. Grain Association of mineralsin the grain Pd Pt Au Cu Fe Zn Sn Te Pb Total
Wt% | 595 - 15 313 15 - 15 - 36 98.9

1} 413 PACu+AT+(Pd,Cu,Sn) Fc | 100 : 002 | 088 | 005 : 0.02 - 0.03 2
Wt% | 464 | 150 - 285 6.4 24 - - - 98.7

2 | 414 (Pd.P)CU+BORN Fc | 078 | 014 : 081 | 021 | 006 - - - 2
Wt% | 60.8 - 23 312 24 33 - 06 - 100.6

3 | 415 PaCu+ZV+BORN+CHC Fc | 097 : 002 | 084 | 007 | 009 : 0.01 : 2
Wt% | 504 15 115 | 320 1.6 09 - 16 - 995

4 | L6 (Pd.Au)Cu Fc | 086 | 001 | 011 | 092 | 005 | 003 : 0.02 : 2
Wt% | 58.8 32 1.0 28.9 38 27 - 06 - 99.0

5 | 4L7 PoCu+KTH Fc | 097 | 003 | 001 | 079 | 012 | 007 : 0.01 : 2
Wt% | 431 54 164 | 309 15 - - - 15 98.8

6 | 418 (Pd.AU)Cu+PdAUCLHLM Fc | 078 | 005 | 016 | 094 | 005 - - : 0.02 2
Wt% | 62.8 - - 305 40 27 - - - 100.0

[ POQu+BORN+CHC Fc | 100 : : 081 | 012 | 007 : : : 2
Wt% | 59.7 - 23 319 21 15 - 07 - 98.2

8 | &L1s POQU+BORN+CHC Fc | 09 : 002 | 088 | 007 | 004 : 0.01 : 2
Wt% | 59.2 11 1.6 297 16 07 31 - 26 996

9 | 4L14 Bdcy Fc | 100 | 001 | 001 | 084 | 005 | 002 | 005 : 0.02 2
Wt% | 554 33 3.0 336 13 - - - 23 98.9

10| 451,15 PACU+AT+BORN+CHC Fc | 094 | 002 | 002 | 095 | 004 - - : 0.02 2
Wt% | 482 71 85 307 27 - 2.0 - - 99.2

11 ) 451,16 PaCu+BORN Fc | 084 | 007 | 008 | 089 | 009 : 0.03 : : 2
Wt% | 518 17 112 | 292 42 08 - - - 98.9

12 45117 (Pd.Au)Cu+(Pd,Au)3Cu F.c. 088 | 002 | 010 | 084 | 014 | 002 ; ; ; 2
Wt% | 614 - - 312 21 13 - - 39 99.9

13 ) 4119 PaCu+BORN Fc | 101 : : 086 | 007 | 003 : : 0.03 2
Wt% | 57.0 - 47 305 35 1.9 - 15 - 99.1

14 ) 451,20 PdCu+BORN Fc | 094 : 004 | 084 | 011 | 005 : 0.02 : 2
Wt% | 618 - - 319 45 - - - - 98.2

154121 PoCu+DGN Fc | 100 - - 086 | 014 - - - - 2




Table 4 continued: Chemical composition and formulas of the unnamed mineral phase PdCu, PdCus; and Pd;Cu compositions in PGM-grains of
the heavy concentrates (sample 90-18, 1010)

An. Grain Association of mineralsin the grain Pd Pt Au Cu Fe Zn Sn Te Pb Total
Wt% | 465 1.0 169 | 318 15 08 - 0.9 - 99.4
16 | 451,22 (Pd.Au)Cu Fc | 082 | 001 | 016 | 093 | 005 | 002 : 0.01 : 2
Wt% | 60.2 - 12 284 38 08 45 - - 98.9
17| 451,23 PdCu+(Pd,Cu,Sn)+CHC Fc | 100 : 00L | 078 | 012 | 002 | 007 : : 2
Wt% | 532 95 - 293 5.0 1.8 - - - 98.8
18 | 451,24 (Pd.P)Cut+CHC+BORN Fc | 089 | 008 : 082 | 016 | 005 - - - 2
Wt% | 474 | 11.0 5.0 28.4 35 27 - 08 - 98.8
9 ) 45125 (Pd.P)Cu+VSL+BORN+CP Fc | 082 | 010 | 005 | 083 | 012 | 007 : 0.01 : 2
Wt% | 535 76 - 298 57 21 - - - 98.7
20 | 451,26 (PAPOCU+BORN +CHC Fc | 08 | 007 : 082 | 018 | 005 - - - 2
Wt% | 63.9 - - 338 12 06 - - - 995
21 4L PaCu+DGN Fc | 103 : : 091 | 004 | 002 : : : 2
Wt% | 54.1 77 1.0 294 2.9 13 - - 34 99.8
2 | 451,29 (Pd.P)CU+ZV+BORN Fc | 092 | 007 | 001 | 084 | 009 | 004 : : 0.03 2
Wt% | 56.9 38 1.0 297 35 2.0 - 21 - 99.0
23 | 451,30 Py +BORN Fc | 094 | 003 | 001 | 082 | 011 | 006 : 0.03 : 2
Wt% | 575 54 1.8 274 45 2.9 - - - 993
24 | 4518l (Pd.PHCU+BORN+CHC Fc | 09 | 005 | 002 | 076 | 014 | 008 : : : 2
Wt% | 595 13 21 295 16 1.0 25 0.9 13 99.7
25 | 451,35 PCU+CHC+BORN Fc | 100 | 001 | 002 | 083 | 005 | 003 | 004 | 001 | 001 2
Wt% | 613 - - 29.0 37 40 - - - 98.0
26 | 451,36 PdCu+CHC+BORN Fc | 099 : : 079 | 011 | 011 : : : 2
Wt% | 59.8 - 11 303 2.9 0.9 1.0 - 25 985
27 | 4L 81 Bdcy F.c | 099 : 00L | 084 | 009 | 002 | 002 : 0.02 2
Wt% | 59.7 | 1.00 13 29.0 1.7 1.0 47 - 14 98.8
28 | 451,38 | PdCu+(Pd.Cu,Sn)+BORN+MT Fc | 100 | 001 | 001 | 082 | 005 | 003 | 007 : 0.01 2
Wt% | 613 - 1.0 313 1.7 23 - 13 - 98.9
29 | 451,39 Bdcy Fc | 100 : 00L | 086 | 005 | 006 : 0.02 : 2




Table 4 continued: Chemical composition and formulas of the unnamed mineral phase PdCu, PdCus; and Pd;Cu compositions in PGM-grains of
the heavy concentrates (sample 90-18, 1010)

An. Grain Association of mineralsin the grain Pd Pt Au Cu Fe Zn Sn Te Pb Total
Wt% | 532 47 52 301 1.9 - 37 - - 98.8
30 | 451,40 PaCut+ AT+BORN+CHC Fc | 092 | 004 | 005 | 087 | 006 - 06 - : 2
Wt% | 43.8 27 192 | 309 14 05 - - - 985
sl | 451,42 (Pd.Au)Cu Fc | 079 | 003 | 019 | 093 | 005 | 001 : : : 2
Wt% | 55.0 11 6.2 311 27 1.7 - 13 - 99.1
32 | 451,48 PoCu+Zv+CHC Fc | 091 | 001 | 006 | 087 | 008 | 005 : 0.02 : 2
Wt% | 54.7 25 6.2 300 36 05 - 18 - 993
33 | 451,49 Pocy Fc | 092 | 002 | 006 | 085 | 010 | 001 : 0.02 : 2
Wt% | 57.3 - 54 312 40 07 - 12 - 99.8
34 | 451,52 Pocu+PdAUCU,+CHC+BORN Fc | 094 : 005 | 085 | 012 | 002 : 0.02 : 2
Wt% | 519 9.4 - 296 47 14 - - 1.9 98.9
35 | 451,53 (Pd.P)CU+BORN+OPX F.c. | 087 | 009 : 083 | 015 | 004 - - 0.02 2
Wt% | 39.9 21 239 | 321 07 07 - - - 99.4
36 | 451,55 (PdAu)Cu+BORN Fc | 073 | 002 | 023 | 098 | 002 | 002 : : : 2
Wt% | 418 2.0 217 | 317 0.9 05 - 06 - 99.2
37 | 451,56 | (PAAUCUHPIAUCU+CHCHBORN = =026 0065 | 021 | 096 | 003 | 001 : 0.01 : 2
Wt% | 445 | 167 - 28.7 76 12 - - - 98.7
38 | 45157 (Pd.POCU+BORN Fc | 075 | 016 : 081 | 025 | 003 - - - 2
Wt% | 551 6.2 - 295 42 22 - - 13 985
39 | 451,58 (Pd.POCU+BORN Fc | 092 | 006 : 082 | 013 | 006 - - 0.01 2
Wt% | 56.8 36 - 311 25 07 44 - - 99.1
40 | 451,59 | PdCu+(Pd,Cu,Sn)+BORN+CHC Fc | 094 | 003 : 086 | 008 | 002 | 007 : : 2
Wt% | 59.8 28 - 288 55 18 - 08 - 995
41 | 451,60 PaCuy+VSL+BORN Fc | 097 | 002 : 078 | 017 | 005 : 0.01 - 2
Wt% | 50.2 1.7 107 | 316 16 0.9 - 15 12 99.4
42 | 41,61 (PdAu)Cu Fc | 087 | 002 | 010 | 091 | 005 | 002 : 002 | 001 2
Wt% | 43.8 21 190 | 327 08 07 - - - 99.1
8 | 4163 (Pd.Au)Cut+OPX Fc | 078 | 002 | 018 | 097 | 003 | 002 : : : 2




Table 4 continued: Chemical composition and formulas of the unnamed mineral phase PdCu, PdCus; and Pd;Cu compositions in PGM-grains of
the heavy concentrates (sample 90-18, 1010)

An. Grain Association of mineralsin the grain Pd Pt Au Cu Fe Zn Sn Te Pb Total
Wt% | 463 | 157 - 292 55 16 - - 13 996
44 | 45164 (Pd.POCU+CHC+CHL Fc | 079 | 015 : 083 | 018 | 004 - - 0.01 2
Wt% | 57.2 47 - 309 43 22 - - - 993
4% | 4165 PdCy +CHC+BORN Fc | 093 | 004 : 084 | 013 | 006 - - - 2
Wt% | 575 - 3.9 295 34 3.0 - 13 - 996
46 | 451,66 PdCu+BORN Fc | 095 : 003 | 081 | 011 | 008 : 0.02 : 2
Wt% | 58.9 - 27 28.9 46 34 - 08 - 993
4r | 41,67 Bdcy Fc | 095 : 003 | 078 | 014 | 009 : 0.01 : 2
Wt% | 54.7 - 65 336 07 08 - - 1.9 98.8
48 | 451,68 | (PAAUCUHATHBORNFCHCHCHL "~ —7o7 : 006 | 095 | 002 | 001 : : 0.02 2
Wt% | 56.0 25 35 29.9 27 24 - 26 - 996
49 | 41,69 Bdou+CHC Fc | 093 | 002 | 003 | 083 | 008 | 007 : 0.04 : 2
Wt% | 57.6 21 31 28.9 42 18 14 - - 99.1
- ?
50 | 451,72 | PdCu+ (Pd,Sn,Cu)+KTH+COV" Fc | 100 | 002 | 003 | 080 | 013 | 005 | 002 : : 2
Wt% | 62.4 22 13 272 12 04 18 - 31 99.6
51 | 45173 BdCu+AT+BORN Fc | 107 | 002 | 001 | 079 | 004 | 001 | 003 : 0.03 2
Wt% | 610 - 2.0 292 35 2.9 - - - 98.6
52 | 45174 PoCu+Au+CHC F.c. | 099 : 002 | 080 | 011 | 008 : : : 2
Wt% | 58.8 14 1.8 29.9 31 3.0 - - 1.0 99.0
53 | 4L BlCu+VYSHKTH+BORN Fc | 097 | 001 | 001 | 082 | 010 | 008 : : 0.01 2
Wt% | 52.8 - 8.8 313 3.0 2.9 - 07 - 995
5 | 4178 (Pd.AU)CUHAU,P)CL+CHC F.c. | 087 : 008 | 087 | 009 | 008 : 0.01 : 2
Wt% | 60.7 - 14 296 15 11 41 - - 98.4
%5 | 45179 PdCu+(Pd,Sn,Cu)+BORN Fc | 102 : 00L | 083 | 005 | 003 | 006 : : 2
Wt% | 613 - - 297 36 3.0 - - 15 99.1
5 | 451,83 Pocy +CHC Fc | 099 : : 081 | 011 | o008 : : 0.01 2
Wt% | 614 - - 319 1.9 14 15 - 11 99.2
57 | 451,86 PaCu+BORN Fc | 100 : : 087 | 006 | 004 | 002 : 0.01 2




Table 4 continued: Chemical composition and formulas of the unnamed mineral phase PdCu, PdCus; and Pd;Cu compositions in PGM-grains of
the heavy concentrates (sample 90-18, 1010)

An. Grain Association of mineralsin the grain Pd Pt Au Cu Fe Zn Sn Te Pb Total
Wi% | 434 | 31 | 172 | 320 | L7 - - - 22 | 996

58 | 4>L87 (PdAUCU+VSL Fc | 077 | 003 | 017 | 095 | 006 - - - 0.02 2
Wt% | 478 | 157 - 280 | 56 15 - - - 98.6

59 | 451,88 (Pd.P)Cu Fc | 082 | 045 - 08L | 018 | 004 - - - 2
Wt% | 521 | 86 13 | 302 | 41 1.9 - 06 10 | 998

60 | 45-1,90 (Pd.POCU+BORN Fc | 087 | 008 | 001 | 084 | 013 | 005 - 00L | 001 2
Wt% | 583 | 25 13 | 310 | 22 2.0 08 - 10 | 991

61 | 451,92 PdCu+OPX Fc | 097 | 002 | 001 | 086 | 007 | 005 | 001 - 0.01 2
Wt% | 59.0 - 19 | 305 | 38 15 - 14 - 981

62 | 451,93 Pocy Fc | 097 - 002 | 084 | 012 | 004 - 0.02 - 2
Wt% | 596 - 20 | 314 | 27 2.2 - 1.0 - 99.8

63 | 451,94 POQU+BORN+CHC Fc | 097 : 003 | 085 | 008 | 006 : 0.01 : 2
Wt% | 606 - 18 | 307 | 37 25 - - - 99.3

64 | 451,96 PdCu +CHC+BORN Fc | 0098 - 002 | 083 | 011 | 006 - - - 2
Wi% | 578 | 12 34 | 311 | 37 13 - - - 985

65 | 451,97 PdCu +AT+BORN Fc | 095 | 001 | 003 | 086 | 012 | 003 - - - 2
Wi% | 427 | 44 | 169 | 321 | 09 0.7 - - 19 | 996

66 | 451,98 | (PAAUCUHPAAUCILHVSLAVYS —= "—=—0=71"004 | 016 | 096 | 003 | 002 - - 0.02 2
Wi% | 404 | 23 | 213 | 333 | 09 05 - 08 - 995

67 | 451,100 (Pd.Au)CU +BORN Fc | 072 | 002 | 031 | 100 | 003 | 001 - 0.01 - 2
Wi% | 593 | 34 - 279 | 60 21 - - - 98.7

68 | 451,102 PdCu +BORN Fc | 097 | 003 - 076 | 018 | 006 - - - 2
oo | 451 104 | (PUAUCUTPAAUCUFKTHHVSLY | Wt% | 497 | 26 | 130 | 204 | 43 - - - - 99.0

: ILM+MT Fc | 08 | 003 | 012 | 085 | 014 - - n n 2
Wi% | 518 | 16 07 | 318 | 19 11 - 23 - 100.2

70 | 451,105 (PdAu)Cu Fc | 088 | 001 | 009 | 090 | 006 | 003 - 0.03 - 2
71 | 451,107 (Pd,Pt)Cu+V SL+BORN W% | 8.1 71 2.6 344 0.9 0.7 - - - %88

F.c. 0.89 0.07 0.02 0.97 0.03 0.02 - - - 2




Table 4 continued: Chemical composition and formulas of the unnamed mineral phase PdCu, PdCus; and Pd;Cu compositions in PGM-grains of
the heavy concentrates (sample 90-18, 1010)

An. Grain Association of mineralsin the grain Pd Pt Au Cu Fe Zn Sn Te Pb Total
Wt% | 60.1 : 23 30.1 38 2.8 - : - 99.1

721 451,109 Pocu+ZV+BORN Fc | 097 : 002 | 082 | 012 | 007 - - - 2
Wt% | 562 : 77 33.0 14 0.9 - - - 99.2

73 145110 (PA.AUCUAPHLM Fc | 094 : 007 | 092 | 005 | 002 : : : 2
Wt% | 518 | 113 - 295 48 0.8 - - 1.0 99.2

4 141112 (Pd.P)CU+CHC +BORN Fc | 088 | 010 : 083 | 016 | 002 - - 0.01 2
Wt% | 54.9 9.6 14 265 3.0 - 34 - - 98.8

75 451,113 (Pd.P)Cu++BORN CHC Fc | 09 | 009 | 001 | 078 | 0.0 : 0.06 : : 2
6 | 451 114| (PAPOCU(PLFePdCU)+CHC | Wt% | 486 | 128 2.2 285 47 13 - - - 98.1

' +BORN Fc | 084 | 012 | 002 | 083 | 015 | 004 : : : 2
Wt% | 59.7 - 35 29.1 40 0.7 - 14 - 98.4

o) 42,2 PoCu+PN+OPX F.c. | 099 : 003 | 081 | 013 | 002 . 0.02 : 2
Wt% | 521 52 42 29.3 53 21 : - - 98.2

8 | 4528 PoCu+BORN Fc | 087 | 005 | 004 | 082 | 016 | 006 : : : 2
Wt% | 60.0 - - 324 40 1.8 - - - 98.2

79 | 452,10 | PdCu+PdCus+(Pd,AU)CU+BORN o : : e PR - - - >
Wt% | 46.9 - 173 | 326 0.7 - - 0.7 11 99.3

80 | 452,10 | PdCu+PdCus+(Pd.AU)CU+BORN Fc | 083 - 017 | 09 | 002 - - 001 | 001 2
Wt% | 54.4 6.6 1.7 29.1 34 14 - 13 15 99.4

8l | 452,13 (Pd.P)CU+BORN Fc | 092 | 006 | 002 | 082 | 011 | 004 - 002 | 001 2
Wt% | 403 - 239 | 338 0.9 04 - - - 99.3

82 | 7~L3 (Pd.AU)Cu+CHC+BORN Fc | 072 - 023 | 101 | 003 | 001 - - - 2
Wt% | 618 - 13 28.8 44 1.9 11 - - 99.3

8 | 7514 PACu+BORN Fc | 100 - 00L | 078 | 014 | 005 | 002 - - 2
or | 7510 | PACUH(PACUS)+CHCHBORN+ | Wt% | 619 - - 28.6 53 22 - - - 98.0

’ MT Fc | 100 5 5 078 | 016 | 006 5 5 5 2
e | 7518 PG BORN Wt% | 621 - - 30.3 36 05 1.9 - - 98.4

F.c. 1.02 - - 0.83 0.11 0.02 0.02 - - 2




Table 4 continued: Chemical composition and formulas of the unnamed mineral phase PdCu, PdCus; and Pd;Cu compositions in PGM-grains of
the heavy concentrates (sample 90-18, 1010)

An. Grain Association of mineralsin the grain Pd Pt Au Cu Fe Zn Sn Te Pb Total
Wt% | 50.9 1.7 112 | 294 37 - - - 14 98.3
86 | 751,10 | (PAAUCUHPAAU)CHMTHOPX 2= 585002 | 010 | 086 | 012 - - - 0.01 2
Wt% | 582 23 12 29.7 57 - - 1.8 - 99.1
87 75-1, 13 m+CP F. c. 0.96 0.02 0.01 0.81 0.18 - - 0.02 - 2
Wt9% | 522 | 107 - 318 37 0.7 - - : 99.1
88 | 7>114 (Pd.PHCU+CHC+BORN+AP Fc | 087 | 010 - 089 | 012 | 002 : - : 2
Wt% | 593 - 2.0 313 34 25 - 0.7 - 99.2
89 | 75116 PaCu+BORN Fc | 097 - 002 | 084 | 010 | 006 - 0.01 - 2
Wt% | 47.9 31 157 | 318 15 1.6 - - - 101.6
0 | /521 (PAAUCUHKTHHVY SHCHC Fc | 082 | 003 | 014 | 091 | 005 | 005 - - - 2
Wt% | 59.1 - 11 31.9 2.8 12 - 22 - 98.3
9 | 7524 Pdcy Fc | 097 : 001 | 087 | 009 | 003 - 0.03 - 2
Wt% | 552 1.9 43 314 0.7 - 14 - 32 98.1
92 | 1525 PoQu+VY SHAT+COPN+CHC Fc | 09 | 002 | 004 | 091 | 002 - 0.02 : 0.03 2
Wt% | 52.8 8.0 - 29.3 43 18 - - 1.8 98.0
9B | 7526 (Pd.POCUHILM Fc | 089 | 007 - 083 | 014 | 005 - - 0.02 2
Wto% | 497 | 116 1.7 273 71 1.8 - - - 99.2
94 | 7529 (Pd.P)CU+BORN Fc | 083 | 011 | 001 | 077 | 023 | 005 : : : 2
Wt% | 618 - - 295 5.0 2.7 : : : 99.0
9% | 75212 PaCu+BORN Fc | 099 : : 079 | 015 | 007 - - - 2
Wt% | 603 - 1.8 295 38 1.8 1.6 - - 98.8
% | 75213 PACUHAT+COPN+CHC+MT Fc | 099 - 001 | 08l | 012 | 005 | 002 - - 2
Wt% | 60.0 - 1.6 29.3 37 2.0 14 - - 98.0
9 | 752,14 PdCur(Pd,Cu,Sn) Fc | 099 - 00L | 08L | 012 | 005 | 002 - - 2
Wt% | 60.6 - 13 29.2 45 25 - - - 98.1
98 | 75221 PdCut(Pd,Cu,Sn)+CHC Fc | 099 - 00L | 079 | 014 | 007 - - - 2
Wt% | 613 - - 325 32 21 - - - 99.1
9 | 75222 PACu+VSL+BORN+CHC F.c. | 098 - - 087 | 010 | 005 - - - 2




Table 4 continued: Chemical composition and formulas of the unnamed mineral phase PdCu, PdCus; and Pd;Cu compositions in PGM-grains of
the heavy concentrates (sample 90-18, 1010)

An. Grain Association of mineralsin the grain Pd Pt Au Cu Fe Zn Sn Te Pb Total
Wt% | 60.2 - 17 297 53 1.9 - - - 98.8
100 | 752,31 BdCu+BORN Fc | 098 : 00L | 081 | 016 | 005 : : : 2
Wt% | 510 8.4 - 316 22 08 - - 5.8 99.8
101 | 752,32 (Pd.POCU+(PL, Cu,Fe)+BORN F.c. | 087 | 008 : 090 | 007 | 002 - - 0.05 2
Wt% | 612 - 12 309 3.0 32 - - - 995
102 | 12521 PoCu+CHC+ BORN+MT Fc | 098 : 00L | 083 | 009 | 009 : : : 2
Wt% | 585 - 33 302 37 21 - 07 - 985
103 | 12511 POCu+BORN +CHC Fc | 09 : 003 | 083 | 012 | 005 : 0.01 : 2
Wt% | 535 6.8 14 303 37 21 - 06 - 98.4
104 | 12513 (Pd.P)CU+CHC+BORN+PL Fc | 09 | 006 | 001 | 085 | 012 | 005 : 0.01 : 2
Wt% | 36.7 11 - 605 06 - - - - 98.9
105 | 45-2,10 | PdCu+PdCug+(Pd,Au)Cu+BORN O By ey - ST 03 - - - - 4
Wt% | 66.4 1.0 110 | 122 1.0 - - 38 37 99.1
106 | 752,10 Pd.AW;CU+VY S+HBORN+CHC Fc | 265 | 002 | 024 | 08L | 008 : : 012 | 008 4
Wt% | 33.8 1.9 459 | 11.2 25 - - - - 98.8
107 | 451,17 (Pd,Au)Cut+(Pd.Au);Cu F.c. 160 | 005 | 126 | 087 | 022 ; ; ; ; 4
Wt% | 33.7 11 516 | 111 21 - - - - 996
108 | 751,10 | (PdAUCUHPAAUCUMT+OPX "= —ea™ 1503 | 132 | 087 | 0.19 : : - - 4




Table 5. Chemical composition and formulas of vysotskite, vasilite and braggite in PGM-grains of the heavy concentrates (sample 90-18, 1010)

An. Grain Association of mineralsin the grain Pd Pt Cu Fe Ni Te S Tota
Wi | 64.0 - 16 05 76 - 247 | 984

1| 4112 VY S(zone 1)+BORN+DGN Fc. | 079 - 003 | 001 | 017 - 1.00 2
Wt% | 706 - 21 05 23 - 237 | 992

2 | 4112 VY S(zone 2)+BORN+DGN F.c. | 090 - 004 | 00L | 005 - 1.00 2
Wi% | 675 - 19 0.6 438 - 242 | 99.0

3 | 413 VYS+BORN Fc | 084 - 004 | 001 | 011 - 1.00 2
Wi% | 738 - 0.7 0.6 0.4 - 236 | 991

4 | 4133 VYSHKTH+BORN+CHL F.c. | 095 - 002 | 001 | 001 - 1.00 2
Wi% | 736 - 1.0 05 05 - 236 | 991

5 | &L4 VY S+PAAUCU,+BORN F.c. | 095 - 002 | 001 | 001 - 101 2
Wi% | 631 - 13 0.7 8.6 - 252 | 98.9

6 | 451,46 VYS+BORN F.c. | 076 - 003 | 002 | 0419 - 101 2
Wi | 741 - 2.2 05 - - 229 | 997

T LA VYS+DGN+BORN Fc | 096 - 005 | 001 - - 0.08 2
Wi% | 735 - 0.8 0.4 05 - 237 | 939

8 | 451,50 VYS+CHC+BORN Fc | 095 - 002 | 001 | 001 - 101 2
Wi | 62.8 - 31 14 73 - 253 | 99.9

9 | 4181 VYS+BORN Fc. | 075 - 006 | 003 | 011 - 1.00 2
Wi | 741 - 05 05 11 - 236 | 998

10 | 451,62 | (AuPACU+BGD+VYSHBORN F.c. | 095 - 00L | 001 | 003 - 1.00 2
Wi | 744 - 0.6 0.4 05 - 237 | 996

11 ] 4170 VYS+CHC F.c. | 096 - 00L | 001 | 001 - 101 2
Wi | 746 - 0.4 0.4 05 - 239 | 998

12 1417 VYS+CHC F.c. | 096 - 00L | 001 | 001 - 101 2
5 | s51 75 | VYSHPLFEPACU+KTHICHCY | Wt% | 737 - 14 0.4 - - 229 | 984

: BORN Fc | 096 - 003 | 001 - - 0.99 2
Wt% | 740 - 0.9 - - - 233 | 932
14 | 451,76 VYS+BORN+MT Fc | 097 - 0.02 - - - 101 | 002
15 | 451,77 PACu+VY S+KTH+BORN Wt | 14l - 0 0.6 04 - 233 993

F.c. 0.96 - 0.02 0.01 0.01 - 1.00 2




Table 5 continued. Chemical composition and formulas of vysotskite, vasilite and braggite in PGM-grains of the heavy concentrates (sample 90-18, 1010)

An. Grain Association of mineralsin the grain Pd Pt Cu Fe Ni Te S Total
Wi% | 738 - 11 0.7 06 - 232 | 994
16 | 451,80 VYSHBORN+CHC Fc | 095 - 002 | 002 | 002 - 0.09 2
Wi% | 732 - 15 08 - - 231 | 986
17| 418l VYS+CHC+BORN Fc | 095 - 003 | 002 - - 1.00 2
Wi% | 745 - 06 05 - - 230 | 936
18 | 451,84 VYS+BORN Fc | 098 - 00L | 001 - - 1.00 2
Wt% | 731 - 24 04 05 - 226 | 99.0
19 | 451,85 VYS+CHC+BORN Fc | 095 - 005 | 001 | 001 - 0.08 2
Wt% | 73.0 - 1.2 05 11 - 231 | 939
20 | 451,89 | VYSH(Pd,SnFe)+CHC+BORN Fc | 095 - 002 | 001 | 002 - 0.99 2
Wt% | 72.0 - 14 13 07 - 228 | 932
21 | 451,91 VYS+CHC+BORN Fc | 094 - 003 | 003 | 001 - 0.09 2
Wi% | 744 - 0.9 05 - - 228 | 936
22 | 451,98 | (POAUCUPIAUCVSL+VYS [TeX | T84 : 25 05 : : 228 2
Wt% | 750 - - - 09 - 230 | 939
23 | 451,106 VYS+CHC F.c. | 098 - - - 0.02 - 1.00 2
Wi | 745 - - - 13 - 231 | 939
24 | 451,108 VYS+BORN Fc | 097 - - - 0.03 - 1.00 2
Wt% | 753 - - - 0.7 - 229 | 989
25 | 4524 VY SHKTH+VSL+DGN LY | 158 : : : 2L : 228 .
Wt% | 705 - 0.9 - 5.8 - 244 | 1016
6 | 4527 VYS+BORN F.c. | 086 - 0.02 - 013 - 0.99 2
Wt | 72.0 - - 05 3.6 - 228 | 989
21 | 45212 VYSHCHCHMT F.c. | 093 - - 001l | 008 - 0.08 2
Wt% | 717 - 26 0.4 0.4 - 237 | 938
8 | 7512 VYSHBORN+CHC Fc | 092 - 005 | 001 | 001 - 101 2
Wi | 663 - 31 05 6.2 - 238 | 99.9
2 | 7~L9 VYS+CHC+BORN Fc | 082 - 006 | 00l | 014 - 0.07 2




Table 5 continued. Chemical composition and formulas of vysotskite, vasilite and braggite in PGM-grains of the heavy concentrates (sample 90-18, 1010)

An. Grain Association of mineralsin the grain Pd Pt Cu Fe Ni Te S Total
Wid | 722 - 2.9 - 14 - 235 | 1000
30 | 75111 VYS+CHC+BORN Fc | 092 - 0.06 - 0.03 - 0.99 2
Wi% | 731 - 11 - 16 - 237 | 995
sl | 751,15 VYSHAUAQG+DGN Fc | 094 - 0.02 - 0.04 - 101 2
Wi% | 746 - 14 - - - 229 | 939
2 | 7321 (Pd,AU)CUHK TH+VY SHCHC e 140 - = - - - 22 .
Wi% | 737 - 1.0 - 04 - 237 | 9338
33 | 7525 PACU+VY SHAT+COPN+CHC e 1] - - - o4 : 2 .
Wi% | 714 - 2.2 08 0.9 - 236 | 939
34 | 7526 VYSHBORN+CHC Fc | ool - 005 | 002 | 002 - 1.00 2
Wi% | 685 - 15 08 47 - 244 | 999
3% | 7528 VYS+BORN+CHL Fc | 084 - 003 | 002 | 011 - 1.00 2
Wi% | 737 - 13 05 05 - 231 | 991
36 | 752,10 | VYSHPAAWCHBORN+CHC  —===——55¢ - 003 | 001 | 001 - 0.99 2
Wt% | 711 - 32 0.7 05 - 234 | 939
3t | 75211 VYS+BORN+CPX Fc | ool - 007 | 002 | 001 - 0.99 2
Wi% | 658 - 4.4 0.8 46 - 241 | 997
8 | 715217 VYS+BORN F.c. | 08l - 009 | 002 | 010 - 0.98 2
Wi | 646 - 5.2 1.0 3.6 - 243 | 937
39 | 152,23 VYS+BORN+DGN+OPX F.c. | 080 - 011 | 002 | 008 - 0.99 2
Wi% | 693 - 41 11 15 - 230 | 99.0
40 | 752,24 VYSHBORN+CHC F.c. | 088 - 009 | 003 | 003 - 0.07 2
Wi | 742 - 0.6 05 15 - 240 | 1008
a2 VYS+BORN Fc | 097 - 00L | 00l | 004 - 1.00 2
Wi% | 734 - 0.4 0.4 1.2 - 245 | 99.9
42 | 15228 VYS+BORN F.c. | 093 - 00L | 001 | 003 - 1.02 2
43 | 125-2,2 VY S+KTH+BORN+OPX Wri | 121 - 14 - 2.9 - 23:2 996

F.c. 0.92 - 0.03 - 0.07 - 0.98 2




Table 5 continued. Chemical composition and formulas of vysotskite, vasilite and braggite in PGM-grains of the heavy concentrates (sample 90-18, 1010)

An. Grain Association of mineralsin the grain Pd Pt Cu Fe Ni Te S Total
Wt% | 73.0 - 17 - 12 : 23 | 982

4 | 12512 VYS+HBORN+CHC Fc | 09 - 0.04 - 0.03 : 0.97 2
Wt% | 717 - 13.8 - - - 128 | 983

o | 4L VSL+KTH+BORN Fc | 1200 : 3.87 : : - 713 23
Wt% | 70.6 - 16.2 06 : : 127 | 1001

46 | 4L25 (Pd,POCU+VSL+BORN+CP Fc | 1152 : 442 | 019 : : 6.87 23
Wt% | 721 - 13.8 05 - - 124 | 988

ar | 4L28 BGD+VSL F.c | 1208 : 386 | 0.16 : : 6.88 23
Wt% | 716 - 144 07 - - 126 | 993

48 | 4134 VSL+BORN Fc | 1187 : 399 | 022 : : 6.93 23
Wt% | 724 - 12.7 08 - - 127 | 986

49 | 4187 (PdAu)CutVSL F.c. | 1211 - 357 | 025 ; ; 7.07 23
Wt% | 724 - 13.8 05 - - 129 | 996

50 | 451,98 | (PdAUCU+ POAUCUMVSLHVYS  (—r=t = - s 048 - - s 23
1 | 251 104 | (PHAUCU+POAUCUZFKTH+VSL+ | Wt% | 724 - 13.2 05 - - 127 | 988
' ILM+MT F.c | 1210 : 369 | 0.16 - : 7.05 23

Wt% | 711 - 14.7 - - - 122 | 980

52 | 451,110a VSL+CHC+BORN F.c | 1200 - 216 - - - 684 | 23
Wt% | 718 - 141 - - - 123 | 982

58 | 75L12 VSL+CHC+BORN Fc | 1214 - 3.08 - - - 6.88 23
Wt% | 712 - 143 - - - 126 | 981

54 75-2, 12 (Pd,Au)Cu+KTH+VSL+CHC+BORN = 11.98 - 201 - - - 201 >3
Wt% | 336 | 337 6.1 16 - 6.4 172 | 986

%5 | 752,29 BRG+BORN Fc | 052 | 020 | 016 | 005 - 008 | 090 2




Table 6. Chemical composition and formulas of atokite, alloy (Pd,Cu,Sn), keithconnite, isomertieite and guanglinitein

PGM-grains of the heavy concentrates (sample 90-18, 1010)

Association of minerals

An. Grain in the grain Minerd Pd Pt Au Cu Fe Sn Te Pb As Total
Wi% | 745 | - T 107 | 09 | 216 | 09 | 16 | - 1003

1] 4513 | PdCurAT+(Pd.CuSn) AT Fc | 302 | - = 1005|008 | 079 | 003 003 | - 4
W% | 732 | - T [ 15 | 04 | 237 | - - - 98.8

2 | 4L 15 | PACU+AT+BORN+CHC AT Fc | 300 - ~ (010 | 003 | 087 | - - - 7
W% | 72.6 | - T [ 14 | 07 | 51 - - - 99.8

3 | 45140 | PACU+AT+BORN+CHC AT Fc | 204 | - ~ (010 | 005 | 001 | - - - 7
W% | 712 | - T [ 17 | 07 | 255 | - - - 99.1

4 | &L7s PACLHAT+BORN AT Fc | 200 | - ~ (0411 | 006 | 003 | - - - 7
W% | 7.6 | - T[40 | 11 | 229 | - - - 99.6

5 | &L PACLHAT+BORN AT Fc | 284 | - ~ (026 | 008 | 082 | - - - 7
VY S+PACUHAT+COPN+ Wt% | 766 | - - - - 20| - - - 99.8

6 | 525 CHC AT Fc | 315 - - - o085 | - - - 4
W% | 659 | - T (147 ] 08 | 159 | - | 11 | - 98.4

7| 45L3 | PACWATHPACUSY) | (PACUSY) = e 1023|001 013 - o001 - 1
Wt% | 569 | 27 | 90 | 106 | 1.3 | 168 | 17 | - - 99.0

8 | 45110 (PACUS)+BORN (PACUSY) = ""657 [ 0.0L | 005 | 018 | 0.03 | 015 | 0.0L | - - 1
W% | 689 | - ~ [ 97 | 18 | 186 | - - - 99.0

9 | L2 | PACHPISNCUFCHE | (PASNCU)  —F= =1 e ~ (015 ] 003 | 016 | - - - 1
] PACU+(Pd,Sn.CL)+BORN Wit% | 683 | - | 1.6 | 92 | - | 183 | 12 | - - 98.6

10 | 451,38 MT (PASN.CY) " 1067 [ - | o001 | 015 | - | 046 | 001 | - - 1
PACU+(Pd,Sn.Cu)+BORN W% | 780 | - ~ | 40 | 13 | 148 | - - - 98.1

11 | 451,59 +CHC (PdSnCY) " T 078 | - T [ 007 | 002 | 013 | - - - 1
] PACU+(Pd.Sn,CL)+CHC+ W% | 760 | - | 1.4 | 26 | 06 | 132 | 09 | 45 | - 99.2

12 | 451,68 CHL (PASN.CY) " 1679 [ - | 001 | 004 | 0.0L | 012 | 001 | 0.02 | - 1
PACU+(PA.Sn.CU)+KTH+ Wt% | 713 | - ~ | 50 | 06 | 218 | - - - 99.6

13 ) 45172 cov? (PASN.CY) " 070 [ - ~ (010 | 001 | 019 | - - - 1
W% | 737 | - [ 73 | 05 | 168 | 15 | - - 99.8

14| 451,79 | PACu+(PASn.CU+BORN | (P.Sn.Cu) == =57 o012 | 001 | 015 | 001 | - - 1




Table 6 continued. Chemical composition and formulas of atokite, alloy (Pd,Cu,Sn), keithconnite, isomertieite and guanglinite in
PGM-grains of the heavy concentrates (sample 90-18, 1010)

Association of minerals

An. Grain in the grain Minera Pd Pt Au Cu Fe Sn Te Pb As Total
VY S+(Pd,Sn.Fe)+CHC Wi% | 698 | - 11 | 85 | 201 | - - - 995

15 | 451,89 +BORN (PASNFe) T 066 | - ~ 1002 | 015 | 047 | - - - 1
Wt% | 685 | 13 | - | 118 | 06 | 74 | 33 | 71 | - 99.7

16 | 451,95 (Pd.Cu,SM+CHC (PACUSY 2= "067 [ 001 | - | 019 | 0.0L | 006 | 0.03 | 003 | - 1
Wt% | 71.0 | - T 51 | 16 | 207 | - § § 98.4

17| 75214 PACL+{(Pd.Sn.Cu) (PASN.CY) 2 T 070 [ - ~ [ 009 [ 003 | 018 | - - - 1
Wt% | 705 | - T 109 | 28 | 152 | - § § 99.4

18 | 752,21 | PACuHRACUSN+CHC | (Pd.CuS) = 556 - T 017 [ 005 | 013 | - - - 1
Wt | 712 | - T 07 | 05 | - |22 - § 98.6

19| 417 POCU+KTH KTH Fc | 29 | - T 1005 004 - o092 - - 4
Wt% | 720 | - T 16 | 07 | 36 | 136 | 7.0 | - 98.8

20 | 451,11\ VSL+KTH+BORN KTH Fc | 305 | - T [ 011 | 006 | 014 | 049 | 015 | - 4
Wto% | 707 | - § - 108 | - | 282 - - 93.8

21 | 451,18 KTH KTH Fc | 295 | - - o007 - [oe8 | - - 4
] BGD+KTH+(AUPA)Cu Wt% | 733 | - § § - [ 50 | 185 | 73 | - 99.2

2 | 451,54 BORN KTH Fc | 316 | - - - T 1020 | 048 [ 016 | - 4
] VY S+(PLFePd.Cu)+ Wt% | 701 | - 11 | - | 15 | 244 | 12 | - 98.3

23 | 4L75 | (THHBORN+CHC KTH Fc | 298 | - 1008 | - |005]| 08 | 003 - 4
_ (Pd,AU)CU+PAAUCU* Wt% | 704 | - § ~ [ 00 | 06 | 269 | - | 10 99.8

24 1451104\ Thvsi vt | KTH Fc | 292 - - ~ 1007 0021093 - |o006 7
VYSHVSL+KTH+ Wt% | 675 | - T 16 | - - 304 | - - 995

25 | 4524 DGN KTH Fc | 283 | - T o1l | - 1106 | - - 7
Wt% | 683 | - § = [ 20 | 31 | 262 | - § 99.6

26 | 4525 (AuPA)CL+KTH KTH Fc | 282 - - 017 [ 041 [ 090 | - - 4
_ (PAAUCIHKTH+VYS Wt% | 67.8 | - T a6 | - | 20 | 51 - - 995

2r | 7521 +CHC KTH Fc | 276 | - T o031 | - |oo08|o08 | - - 7
] (Pd.AU)CU+K THSzonel) Wi% | 712 | - " 06 | - | 22 | 51| - § 99.1

28 | 7522 | 7 VS +CHC+BORN KTH Fc | 300 - T To004| - |o008| o088 - i 4




Table 6 continued. Chemical composition and formulas of atokite, alloy (Pd,Cu,Sn), keithconnite, isomertieite and guanglinite in
PGM-grains of the heavy concentrates (sample 90-18, 1010)

Association of minerals

An. Grain in the grain Minera Pd Pt Au Cu Fe Sn Te Pb As Sb Tota
: (Pd,Au)Cu+KTH9zone2)+ Wt% | 72.6 - - 0.9 - 5.1 13.6 6.2 - 98.4

29 | 7522 VSL+CHC+BORN KTH TFec 312 - ~ (006 | - | 020 | 049 | 0.14 : 4
] KTH(zonel)+BORN+ Wi% | 67.2 | - [ 20 | 06 | - | 249 | 27 12 | 985

30 | 75218 CHC KTH ¢ T279 [ - T [ 020 | 005 | - |08 | 006 | - | o004 4
] KTH(zone2) +BORN+ Wi% | 682 | - [ 28 | - ~ [ 253 | 24 -~ | 987

31 | 75218 CHC KTH I T 28 | - T To20 | - T [ 089 | 005 - 4
Wt% | 660 | - = [ 46 | - ~ [ 255 | 27 Y

32 125-2, 2 VY S+KTH+BORN+OPX KTH Fc 274 : ; 0.32 ; ; 0.88 0.06 ; 4
Wt% | 704 | 15 | - | 31 | 10 | 41 | - - | 96 | 93 | 990

33 | 451,101 ISM+BORN ISV Fc 11017 012 | - | 076 | 027 | 053 | - 197 | 148 | 15
o | 251 103 CNGABORN NG | Wt | 728 [ 19 | - ~ [ 07 | 51 | 18 | - | 124 | 40 | 937

F.c. 2.85 | 0.04 - - 0.05 | 018 | 0.05 - 069 | 014 4




Table 7. Chemical composition and formulas of Au-Pd-Cu-Pt and Pt-Fe-Pd-Cu alloys
in PGM-grains of the heavy concentrates (sample 90-18 1010)

An. | Grain | Associationof minerals Pd | Pt | Au| cu| Fe | Ni | Tota
inthe grain

W% | 25.0 | 3.3 | 406 | 295 08 | - | 992

1| 4518 | PIAUCLHPAAUCHILM 1 = 6577007 [ 0.88 | 1.98 | 0.07 | - 2
W% | 23.6 | 3.2 | 41.6 | 296 | 09 | - | 98.9

2 | 4518 | PAAUCLH(PAAUCHILM 1 —F =5 52170 07 [ 0.01 | 2.00 | 0.07 | - 2
W% | 194 | 3.7 | 482280 - | - | 993

3 | 4514 ) PAAUCULHVYSHBORN 3551000 [ 110 [ 199 | - | - 2
4 | 451 o6 | PUAUC(PAAUCUCHC | Weo | 266 | 2.6 | 394 [300| - | - | 986
: +BORN Fc. | 107006085 202] - | - Z

e | 45 op | PUALCU(PAAUCVSL | Weo | 239 | 21 | 436 [29.2| 06 | - | 991
: HYS Fc. | 096005096199 002| - 4

6 | 451104 PAAUCU,+(Pd,AU)CU+KTH | Wt% | 25.2 - 456 | 249 | 2.3 - 98.0
: AVSLHLM+MT Fc | 105] - | 103|174(0418] - Z

Wio% | 26.7 | 2.7 | 552 | 136 | 11 | - | 993

7| 4L28 BGD+VSL Fc | 129|007 | 144 | 110 010 | - ]
o | 450 o4 | BEDHAUPACUKTH+ | Wioe [ 182 35 |64l [127] - | - | 985
: BORN Fc. | 096|010 | 182 112] - | - 4

o | 45 cp | BEDHAUPACUVYSH | Wioe (109 26 636 [127] - | - | 988
: BORN Fc. | 103|007 | 179 110] - | - 4

10 | 451 on | BODHAUPACUKTH+ | wess [18.2 | 40 | 519 (248 - | - | 989
: BORN Fc. | 040|005|062]092] - | - 2

11 | 451 cp | BODHAUPACHVYSH | wese [192| 38 483 [27.6| - | - | 989
: BORN Fc. | 041004056099 - | - 2

W% | 188 | 1.1 | 514 | 273 05 | - | 9941

1214515 | (AuPd)Cu+KTH Fc. | 040 001|059 098] 002]| - 2
3 | 751 1 | (AUPOICUH(PAAL)Cur | Wess | 233 | 33 [445 (281 - | - | 992
: BORN Fc. | 048004050 098] - | - 2

4 | so17s| VYSHPLFePdCu+ | wise [191|6L1] - | 51 [133] - | 981
: KTH+BORN+CHC | Fc. |022]039| - |010|029| - 1

1 | wsasa | (PAPOCUFH(PLFEP.C) | Weos [ 197 [611] - | 49 |131] 04 | 9.2
: +CHC+BORN Fc | 023]038| - |009]020]001| 1

W% | 16.2 | 648 | - | 59 | 110 04 | 983

16 | 452,6 | (PLEePA.CWHFBORN I 175001042 - [042] 025|001 1




24%

Fig. 1. PGE, Au and Ag minerals relative contents of the sample 90-18, 1010.

1: unnamed PdCu, 2: vysotskite, 3: vasilite, 4: braggite, 5: keithconnite,
6: unnamed PdAuCu,, 7: tetraauricupride, 8: bogdanovite, 9: others.
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Fig. 2. Grain sizes of precious metal mineral grains (N=180), extracted in the heavy concentrates of
the sample 90-18, 1010.
a: histogram, b: lognormal probability plot.
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Fig. 3. Histograms of PdCu mineral-forming elements for data of the Table 4, n = 108.




Appendix

Sample 90-18 1010.48

Electron microprobe analyses of sulphides and precious metal phases.
Analyses collected at Department of Geology, University of Copenhagen Denmark using a GEOL Superprobe and metal and sulphide standarts at 20 kV and 15nA.
by H. Rasmussen.

Cu-sulphides

Thin section level type grain mineral Cu Fe S Au Pd Pt Sn Bi Zn Te Sb As Ag Ni TOTAL
18-1010.48 Pd5 S 2Sc bornite 64,27 9,62 2574 0,20 0,09 0,01 0,04 n.a. n.a. 0,03 0,02 0,01 0,01 0,01 100,05
18-1010.48 Pd5 S 2sd bornite 63,30 10,47 26,05 0,25 0,01 0,01 0,05 n.a. n.a. 0,01 0,01 0,01 0,01 0,01 100,19
18-1010.48 Pd5 S 4Sa bornite 62,74 11,49 26,32 0,07 0,02 0,09 0,01 n.a. n.a. 0,01 0,01 0,01 0,01 0,01 100,79
18-1010.48 Pd5 S 4Sh bornite 62,59 11,65 26,28 0,01 0,04 0,11 0,01 n.a. n.a. 0,01 0,01 0,01 0,01 0,01 100,74
18-1010.48 Pd5 S 10Sa bornite 62,58 10,98 26,39 0,01 0,03 0,07 0,01 n.a. n.a. 0,01 0,01 0,01 0,39 0,01 100,51
18-1010.48 Pd5 S 7Sa bornite 62,36 10,45 26,26 0,10 0,01 0,02 0,01 n.a. n.a. 0,01 0,02 0,01 0,01 0,01 99,27
18-1010.48 Pd5 S 1Sa bornite 62,12 11,82 25,83 0,15 0,01 0,06 0,03 n.a. n.a. 0,01 0,02 0,01 0,01 0,01 100,09
18-1010.48 Pd5 S 1Sb bornite 62,10 11,65 25,73 0,21 0,01 0,07 0,02 n.a. n.a. 0,01 0,01 0,01 0,01 0,01 99,85
18-1010.48 Pd5 S 3Sh bornite 61,69 10,70 25,90 0,04 0,01 0,11 0,03 n.a. n.a. 0,01 0,01 0,01 0,24 0,01 98,76
18-1010.48 Pd5 S 14Sb bornite 61,67 11,96 26,05 0,10 0,01 0,20 0,01 n.a. n.a. 0,03 0,02 0,01 0,20 0,01 100,27
18-1010.48 Pd5 S 3Sa bornite 61,58 10,59 25,59 0,01 0,01 0,39 0,05 n.a. n.a. 0,01 0,04 0,01 0,24 0,01 98,52
18-1010.48 Pd5 S 5Sa bornite 61,15 11,40 25,40 0,33 0,02 0,03 0,01 n.a. n.a. 0,01 0,01 0,01 0,01 0,01 98,39
18-1010.48 Pd5 S 14Sa bornite 58,17 12,35 24,23 0,01 0,03 0,07 0,03 n.a. n.a. 0,07 0,01 0,01 0,01 0,03 95,02
18-1010.48 Pd5 S 1sd digenite 77,34 1,98 22,69 0,01 0,07 0,14 0,01 n.a. n.a. 0,01 0,01 0,01 0,19 0,01 102,47
18-1010.48 Pd5 S 1Sc digenite 77,05 1,88 22,68 0,01 0,01 0,01 0,01 n.a. n.a. 0,01 0,01 0,01 0,01 0,01 101,70
18-1010.48 Pd5 S 2Sa digenite 78,09 0,56 22,88 0,01 0,11 0,11 0,01 n.a. n.a. 0,03 0,02 0,01 0,01 0,01 101,86
18-1010.48 Pd5 S 2Sb digenite 77,54 0,58 22,92 0,01 0,01 0,09 0,09 n.a. n.a. 0,01 0,04 0,01 0,01 0,01 101,33
18-1010.48 Pd5 S 4Sc digenite 73,60 3,85 23,09 0,08 0,03 0,10 0,07 n.a. n.a. 0,01 0,02 0,01 0,01 0,02 100,89



Precious metal phases

Thin section level

18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48
18-1010.48

Pd5
Pd5
Pd5
Pd5
Pd5
Pd5
Pd5
Pd5
Pd5
Pd5
Pd5
Pd5
Pd5
Pd5
Pd5
Pd5
Pd5
Pd5
Pd5
Pd5

type

PGM
PGM
PGM/Pb?
PGM
PGM
PGM
PGM
PGM
PGM
PGM
PGM
PGM
PGM
PGM
PGM
PGM
PGM
PGM
PGM
PGM

grain mineral
11PGM1 PdCu
11PGM3 PdCu
14PGM1 PdCu
13PGM2 PdCu
13PGM1 PdCu
11PGM5 PdCu
11PGM4 PdCu
10PGM1 PdCu
13PGM3 PdCu
12PGM1 PdCu
13PGM4 PdCu

11PGM6 (Cu,Fe,Pd,Pt)-alloy
7PGM1 (Cu,Fe,Pd,Pt)-alloy
3PGM2 (Cu,Fe,Pd,Pt)-alloy
3PGM1 (Cu,Fe,Pd,Pt)-alloy

2PGM1 vysotskite
2PGM2 vysotskite
4PGM1 vysotskite
5PGM1/S vysotskite
11PGM2 kotulskite

Cu

31,97
32,03
24,08
30,68
30,51
29,33
29,41
32,09
28,83
40,28
34,25
3,45
5,05
8,34
9,33
2,27
2,61
3,89
1,69
1,01

Fe

2,48
2,08
1,63
8,80
8,51
6,61
6,75
1,52
9,11
5,92
13,69
13,09
12,07
12,92
13,30
0,20
0,23
111
3,06
0,58

0,06
0,16
0,01
0,06
0,07
0,01
0,13
0,63
0,45
1,53
4,23
0,06
0,01
0,39
0,01
23,07
23,27
23,65
20,53
0,01

15,12
11,30
0,77
1,65
1,78
4,67
4,79
0,39
2,15
7,17
4,00
15,82
0,21
0,16
0,26
0,13
0,13
0,01
0,15
0,39

Pd

44,99
49,11
63,29
61,49
61,13
59,03
58,88
58,81
58,20
44,49
41,40
63,85

0,33

4,88

4,59
77,32
76,96
68,38
58,21
69,51

Pt

4,84
2,94
0,04
0,09
0,02
1,13
1,18
0,01
0,24
0,63
0,15
4,37
80,43
72,18
70,35
0,01
0,01
0,35
0,83
0,06

Sn

0,01
0,07
3,71
0,02
0,01
0,07
0,01
0,36
0,01
0,02
0,01
0,13
0,05
0,07
0,06
0,03
0,01
0,01
0,01
1,01

Bi

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

zZn

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

Te

0,74
3,11
0,01
0,01
0,01
0,31
0,31
0,08
0,01
0,08
0,01
0,41
0,06
0,01
0,01
0,01
0,01
0,06
0,04
27,94

Sb

0,01
0,04
0,03
0,01
0,01
0,01
0,01
0,14
0,01
0,01
0,01
0,01
0,01
0,05
0,01
0,01
0,01
0,01
0,01
0,23

As

0,30
0,01
1,76
0,01
0,01
0,24
0,23
2,26
0,01
0,01
0,05
0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01

Ag

0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01
0,01

Ni

0,01
0,01
0,01
0,01
0,03
0,02
0,04
0,01
0,03
0,01
0,01
0,07
0,24
0,27
0,32
0,18
0,14
4,76
4,34
0,02

TOTAL

100,54
100,86
95,36
102,84
102,11
101,44
101,75
96,32
99,05
100,18
97,82
101,28
98,48
99,29
98,26
103,26
103,41
102,25
88,89
100,78
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Plate 1. Relationships of rock-forming minerals, Fe-Ti-oxides, sulphides and PGMs of oxide-rich
tholeiitic gabbros, the sample 90-18, 1010 (1-9); thin polished section # 18-1010.48, SEM-image
(BIE).

2 and 3: parts of 1; 5: part of 4.



90 18 1010 125-2 9R Jopn

YT —

I0PA e

90 18 1010 75-2 90 18 1010 125-1 IR

R —

90 18 1010 125-2 2R

90 18 1010 125-1 2R

JOPA  —

(R L T T —

90 18 1010 125-2 5R 90 18 1010 125-1 3R 90 18 1010125-2 Lopm ——

Plate 2. Relationships of Ti-oxide mineralization with rock-forming minerals of oxide-rich tholeiitic
gabbros, the sample 90-18, 1010 (1-13); polished sections of grains, extracted in the heavy
concentrates; SEM-image (BIE).
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Plate 3.1. Globuls and grains of sulphide mineralisation from oxide-rich tholeiitic gabbros, the
sample 90-18, 1010; polished sections of grains, extracted in the heavy concentrates; SEM-
imaae (BIE).
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Plate 3.2. Globuls and grains of sulphide mineralisation from oxide-rich tholeiitic gabbros, the sample 90-18, 1010;
polished sections of grains, extracted in the heavy concentrates; SEM-image (BIE).
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Plate 4. Monomineral PGE mineralisation represented by grains of PACu unnamed phase from heavy concentrates
of the sample 90-18 1057 (1-68); polished sections, SEM-image (BIE).
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Plate 4 continued. Monomineral PGE mineralisation represented by grains of PdCu unnamed phase from heavy concentrates of
the sample 90-18 1057 (1-68); polished sections, SEM-image (BIE).
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Plate 5. Grains of polymineral PGE mineralisation, represented by PdCu unnamed phase, atokite, Pd-Cu-Sn
alloy, keithconnite, vasilite, vysotskite, Pt-Fe-Pd-Cu alloy and zvyagintsevite which were extracted in heavy
concentrates of the sample 90-18 1057 (1-36); polished sections, SEM-image (BIE).
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Plate 5 continued. Grains of polymineral PGE mineralisation, represented by PdCu
unnamed phase, atokite, Pd-Cu-Sn alloy, keithconnite, vasilite, vysotskite, Pt-Fe-Pd-
Cu alloy and zvyagintsevite which were extracted in heavy concentrates of the sample
90-18 1057 (1-36); polished sections, SEM-image (BIE).
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Plate 6. Grains of vysotskite, vasilite and braggite, extracted in heavy concentrates of the sample 90-18, 1010 (1-
53); polished sections, SEM-image (BIE).
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Plate 6 continued. Grains of vysotskite, vasilite and braggite, extracted in heavy concentrates of the
sample 90-18, 1010 (1-53); polished sections, SEM-image (BIE).
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Plate 7. Grains of Au mineral phases (unnamed PdAuCu,, bogdanovite, tetra-auricupride),unnamed minerals phases
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concentrates of the sample 90-18, 1010 (1-23); polished sections, SEM-image (BIE).
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