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Genetically indicative features of Pt-Fe and Os-Ir-Ru alloy
crystals from placers in SW Bulgaria
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Abstract. Pt-Fe and Os-Ir-Ru alloy crystals from sediments of the Kyustendil, Blagoevgrad and Gotse Del-
chev grabens, SW Bulgaria, were investigated. Pt-Fe alloy crystals are presented by simple cubic a{100} or
octahedron 0{111} forms, or as combinations of both forms, sometimes also with {110} faces. The crystals
of Os-Ir-Ru alloys include osmium and ruthenium minerals, and are presented by combinations of hexagonal
prism, hexagonal bipyramide and pinacoid. The primary morphological features of the crystals, the relatively
homogeneous and constant composition and the character of the inclusions (Pt-Fe alloys, osmium, cuprorhod-
site, bowieite, bornite, chromian spinel and clinopyroxene) in them show that they have magmatic, high-
temperature origin, as Pt-Fe alloys are formed first. Some secondary morphological changes are connected
only with the mechanical transportation in the placer. Dunites and peridotites from the surrounding massifs of
the grabens are the most probable sources of the crystals investigated.
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Huunos, 3ap. 2001. Ocobenocture Ha Pt-Fe u Os-Ir-Ru cmiaBu ot pascunu va 103 Bwirapus xato
TCHETUYHU UHIUKATOPU. — [ eoxum., munepan. u nempoi., 38, 35-44.

Pe3tome. Uscnensanu ca kpucranun Ha Pt-Fe u Os-Ir-Ru cmmaBu ot amyBuanuu cemumentu (Q) Ha
lonenenuenckus, bnaroesrpaackus n Krocrenaunckus rpade, 103 bearapus. IIspure ca npencraBeHu oT
npoctute ¢popmu Ky6 a{100} u okraensp o{111}, unu ot TexHuTe KOMOMHAIMU, Psako U ¢ d{110} cTeHu.
Os-Ir-Ru cruraBu BKIIIOUBaT MUHEPATHUTE BUIOBE OCMUM M PYTEHHH M ca MPEACTaBEHM OT KOMOMHAIMU Ha
XeKcaroHaJIHa IpU3Ma, XeKCaroHanHa OUnupamMuaa 1 nuHakoun. ITbpBUYHITE MOPQOIOKKH 0COOCHOCTH Ha
KPHCTAINTE, CPAaBHUTEIHO MOCTOSIHHUS M PaBHOMEPEH ChCTaB M XapakTepa Ha BkimodeHusra (Pt-Fe crurasmy,
OCMHH, KYyIPOPOJACHUT, OOYHUT, OOPHUT, XPOMOB INNHMHEN ¥ KINHOIUPOKCEH) B TSAX IIOKa3BaT, 4e TE€ MMaT
MarmatuieH (BUCOKOTEMIIEpaTypeH) IPOU3X0A, KaTo bpBHU ca oOpasyBanu Pt-Fe cruaBu. Bropuunure um
MOP(OJIOKKH MPOMEHH Ca CBBP3aHM CaMO C MEXaHWYHUs TPaHCIOPT B pascunure. Karo Hali-BeposTHH
U3TOYHULM Ha PA3rIeKAAHUTE KPUCTAJIN Ca AYHUTH WIN NEPUAOTHTH OT OIPAJAHUTE MACUBH Ha IPAOCHUTE.

Kniovosu oymu: Pt-Fe crumaBn, Os-Ir-Ru crimaBu, pascunu, [yHUTH, IEPUIOTHTH
Aopec: llentpanna nabopatopusi 0 MHHEpAIOTUsl U Kpuctajorpadus, bbarapcka akageMus Ha HayKHTe,
1113 Codust

Introduction

Investigations using original gravitational con-  chev grabens (Tsintsov, 1994). Some samples
centrators revealed the presence of platinum-  of the individual grains of the Pt-Fe and Os-Ir-
group minerals (PGM) in alluvial deposits (Q) Ru alloys are everywhere presented by crystal
of the Kyustendil, Blagoevgrad and Gotse Del-  forms. The morphology is the basis to consider
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these minerals as low-temperature products,
formed by agglutination of the elements in
exogenic conditions (Augustithis, 1965, 1967;
Cousins, Kinloch, 1976; Bowles, 1986; Bowles
et al., 1994, etc.). Recently, however, numer-
ous studies have proved that they are formed in
magmatic conditions and are concentrated in
the placers only along their mechanical trans-
portation (Hagen et al., 1990; Nixon et al.,
1990; Weiser, Schmidt-Thomé, 1993; Krstic,
Tarkian, 1997, etc.).

The aim of the present paper is to charac-
terize the features of the crystal forms of the
platinum-group elements (PGE) alloys from
the above-mentioned deposits and to clarify
their genesis. Such investigations are basis for
various genetic reconstructions (Kostov, 1993).
Crystals from placers help, in addition, to clar-
ify the conditions of their transportation and
deposition. This is a good reason to consider
that the mineralogical characteristics of Pt-Fe
and Os-Ir-Ru alloy crystals isolated from the
sediments of SW Bulgaria provide basis for
some assumptions about the processes, which
led to their formation and consequent changes
in exogenic conditions.

Detailed data on the geology of the region
are given by Bakalov (1977), Zagorcev (1992),
Bakalov and Jelev (1996), etc.

Material and methods of study

Samples from different areas of the grabens
with volume >1000 m’ each were processed
with gravitational concentrators. They were
further panned to obtain a superconcentrate
with a predominant content (>55-60%) of
placer gold. Each superconcentrate was passed
through a sieve complect (BDS - 5641-75) and
Pt-Fe and Os-Ir-Ru alloy crystals were isolated
from the fractions between 80 and 500 pm.

The morphology of the crystals was stud-
ied by a scanning electron microscope Philips
SEM-515. The chemical composition of the
samples and the mineral inclusions in them
were analyzed by quantitative point analyses,
scanning along profile lines and total surface
scanning. The analyses were performed by an
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Fig. 1. Frequency distribution of Pt-Fe alloy crystals
from deposits of SW Bulgaria in different grain-size
fractions

®ur. 1. Pasnpenenenue Ha kpuctamu ot Pt-Fe
culaBd  oT ceguMmeHTH Ha O3 bBwirapusa no
3BPHOMETPUYHH (paKIuH

energy dispersive  analytical attachment
(EDAX PV 9100) at 30 kV, 0.5 nA and time of
80 sec. Pure metals were used as standards for
the PGE, a marcasite standard for Fe and S,
and a cuprite standard for Cu X-ray diffraction
data from single grains were obtained by a
Gandolfi camera (57.3 mm diameter).

Mineralogy

The crystals from the Blagoevgrad graben
depositions predominate because greater vol-
umes from these sediments were processed.
The samples of certain mineral and morpho-
logical species display similar features and,
therefore, no subdivision in respect to deposits
is made. The results of X-ray phase identifica-
tion of the studied alloys was published earlier
(Tsintsov, 1999). The data showed that Pt-Fe
crystals (73 samples) are represented by native
platinum and isoferroplatinum. This summa-
rized notification for the two minerals is ac-
cepted following the recommendation of Cabri
and Feather (1975). The crystals of Os-Ir-Ru
alloys include osmium (3 in number) and ru-
thenium (8 in number) minerals, which display
identical combination forms.

Grain size and morphological features. The
distribution of Pt-Fe alloys in grain size frac-
tions is represented in Fig. 1 and, of Os-Ir-
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Fig. 2. Frequency distribution of Os-Ir-Ru alloy
crystals from deposits of SW Bulgaria in different
grain-size fractions

@ur. 2. Pasnpenenenue Ha kpucramure oT Os-Ir-Ru
ciaBd  oT ceguMeHtd Ha O3 bbarapus no
3BPHOMETPUYHH (HPAKIUI

Ru alloys — in Fig. 2. The former are distrib-
uted in the fractions from 80 to 315 um while
the latter — in the fraction from 160 to 500 um.

The crystals of Pt-Fe alloys are repre-
sented by simple forms of cube {100} and
octahedron o {111}, as well as by combinations
of both forms, rarely complicated by rhom-
bododecahedron d4{110} (Fig. 3, a-d). The
combination forms are dominating (56%), fol-
lowed by cubes (25%), and octahedrons (19%).
The combinations are predominantly isometric,
rarely elongated along one of the crystallo-
graphic axes. In the latter case all the faces are
distorted to a certain extent. Well-developed
{100} faces are most frequent. Single crystals
elongated along one of the axes and attaining
pseudotetragonal habit rarely occur. Best de-
veloped in the studied crystals are the octahe-
drons.

The natural surfaces of the crystals are
coarse and with white to light-gray colour and
metal luster. Very often they are eroded by
singular oval caverns with sizes from 3 to 12
pm or by scratches caused by harder particles
during the mechanical transport. Rarely, some
negative relief forms are filled up with Fe ox-
ides. The polished surfaces are dense, homoge-
neous, isotropic, and without disturbances.
Only the surface of one bowieite octahedral
crystal contained many elliptical caverns sized
6-8 um.
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The crystals of osmium and ruthenium

display the following combinations: hexagonal
prism, hexagonal bipyramide and pinacoid
(Fig. 3, e, f). The hexagonal prism is often
rounded and only separate parts from it are
preserved. The pinacoid is well expressed but
in the majority of cases it is disrupted by fis-
sures. The natural surfaces are coarse, dense,
and homogeneous. They can be perfectly pol-
ished and the obtained surfaces are homogene-
ous and weakly anisotropic.
Composition. The composition is presented in
Table 1. The Pt-Fe crystals display insignifi-
cant variations in composition. All samples
predominantly contain Pt, Fe, and Cu. The con-
tent (at.%) of Pt in the different crystals is from
69.48 to 80.21; of Fe — from 11.28 to 24.49;
and of Cu — from 0.59 to 1.93. The rest of the
elements in the composition of the crystals are
those of PGE — Rh and Ir. Rh is detected in
almost two thirds of the analyzed samples
reaching in some of them up to 11.35 at.%. Ir
(up to 1.75 at.%) is contained predominantly in
the octahedral crystals. Correlation between
composition and morphology was not found.

The Os-Ir-Ru alloys are composed en-
tirely of PGE with the only exception of the
osmium crystal which contains insignificant
quantities of Fe (1.04 at.%). These composi-
tions are disposed in the mineral regions only
of Os-Ir-Ru triangular diagram (according to
Harris and Cabri, 1991). About 73 % of these
compositions fall in the field of ruthenium (8
compositions) and 27% (3 compositions) — in
the field of osmium. Except for the three main
elements in the composition of one osmium
crystal, presence of additional Pt (1.51 at.%)
was found. For the osmium crystals, the con-
tents of the elements vary as follows (at.%):
Os, from 51.84 to 57.03, Ir, 22.68-30.68, and
Ru, 11.25-25.48. For the ruthenium crystals the
variations are: Ru 58.94-65.02, Os 7.14-26.75,
and Ir 14.31-27.84.

The distribution of the elements in the
studied crystals is relatively uniform. Devia-
tions from this tendency exist for the Os-
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Fig. 3. PGE alloy crystals from deposits of SW Bulgaria: Pt-Fe alloys (a-d); Os-Ir-Ru alloys (e, f). Natural

surfaces. SEM. Scale bar - 100 pm (a-f)

@ur. 3. Kpucranu Ha criau Ha ET'TI ot cenumentu na FO3 Boarapus: Pt-Fe crutaBu (a-d); Os-Ir-Ru crnasu
(e, f). EcrectBenn noBbpxHocTu. CEM. Mapkep - 100 pm (a-f)

Ir-Ru alloys but without definite regularities.
The variance in the element distribution be-
tween rim and core in the Pt-Fe alloys is negli-
gible. In this sense, the variation in the content
of the elements in the different parts of Os-Ir-
Ru alloys does not display a local character
from the type “rim-core” which is an indication
that these samples are not a result of exogenic
processes.

Inclusions of other minerals in the samples
were observed mainly in the crystals with
combined forms. In Pt-Fe alloys they were pre-
sented by osmium, cuprorhodsite, bornite,
chromian spinel and clinopyroxene, and in Os-
Ir-Ru alloys - by Pt-Fe alloys and bornite. Bor-
nite was found in one cubic crystal and
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bowieite, as many inclusions in an octahedral
crystal.

The osmium inclusions have elongated,
rod-like shapes and rounded ends (Fig. 4, a, b).
The length of the largest inclusion reaches 70-
75 um with width up to 8-10 um. During pol-
ishing osmium obtains a positive relief with
respect to the matrix which is due to its greater
hardness. Most of the inclusions are of pure Os.
Admixtures of Rh (up to 7.68 at.%) and Ir (up
to 3.96 at. %) are sometimes observed.

The inclusions of Pt-Fe alloys most frequently
have irregular form with rounded edges. A rare
finding with crystal faces and dimensions of 6-
7 pm was observed in osmium (Fig. 4, ).
Spherical cuprorhodsite inclusions (with



Table 1. Composition of Pt-Fe and Os-Ir-Ru alloy crystals from deposits of SW Bulgaria, wt.%

Tabmuua 1. Cvcmas na kpucmanu na Pt-Fe u Os-Ir-Ru cnnasu om ceoumenmu na KO3 Bvaeapus, mean.%

N [ pe [ Rn | v | R | Os | Fe | cu | Toul
Pt-Fe alloy
1. 88.39 6.45 - - - 4.38 0.24 99.46
2. 90.65 4.61 - - - 4.19 0.31 99.76
3. 91.79 2.86 - - - 5.00 0.42 100.07
4, 86.20 7.43 - - - 6.48 0.38 100.49
5. 88.25 2.65 - - - 8.58 0.28 99.76
6. 89.48 3.87 - - - 5.90 0.41 99.66
7. 90.95 3.90 - - - 4.22 0.65 99.72
8. 91.28 1.18 1.83 - - 4.61 0.74 99.64
9. 91.46 - - - - 7.89 0.51 99.86
10. 90.74 - - - - 8.53 0.42 99.69
11. 91.02 1.44 - - - 7.13 0.21 99.80
12. 92.59 - - - - 7.21 0.24 100.04
Ruthenium
13. - - 19.43 42.59 37.85 - - 99.87
14. - - 31.42 43.61 24.55 - - 99.58
15. - - 29.02 47.61 23.15 - - 99.78
16. - - 28.14  48.69 2298 - - 99.81
17. - - 3541 48.84 15.36 - - 99.61
Osmium
18. - - 27.81 15.29 56.49 - - 99.59
19. 1.64 - 29.32 10.45 58.11 - - 99.52
20. - - 32.61 6.94 59.34 0.38 - 99.27

Analyses NN 1-3, 13, 14 and 18 are of samples from the Kyustendil graben; NN 4-9, 15-17 - from the Blago-
evgrad graben and NN 10-12, 19, 20 - from the Gotse Delchev graben

Anammsun NN 1-3, 13, 14 u 18 ca Ha oOpasuu ot Krocremgunckus rpaden; NN 4-9, 15-17 - or
bnaroesrpanckus rpaden u NN 10-12, 19, 20 - ot 'onenenyeBckus rpadex

sizes up to 8 um) dominate near the rims of the
samples (Fig. 4, d). They take a good polish but
at the boundary with the matrix it is coarse and
irregular. Under reflected light they are iso-
tropic, dark grey with slight colour variations.
Cuprorhodsite is homogeneous in composition
within a given inclusion, while the Rh/Cu ratio
varies between inclusions in different host
grains. The S content in the samples is con-
stant. The composition of the inclusions is from
Cuyg.94Rhy 068400 to Cuy oRh; 98400, and often
includes small quantities of Fe and Ni.

The bowiceite inclusions are rounded or ir-
regular, nearly isometric in form (Fig. 4, e, f),
with dimensions from 3 to 12 pm. Their sur-
face is rough, uneven and is badly polished.
They are formed only by Rh, Ir and S with a
composition from  (Rhjs,It048)2.0053.00 to
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(Rh1‘591r0,41)2‘0083,00. Slngle inclusions have a
metal deficiency, similar to that described by
Desborough and Criddle (1984).

Bornite inclusions have isometric or slightly
elongated shapes with sizes from 8 to 25 pm
(Fig. 5, a, b). Under reflected light their surface
is smooth, well-polished and with dark brown
colour. The composition of most bornite inclu-
sions is close to the mineral stoichiometry. No
other admixture elements were found in the
bornite grains. The chromian spinel inclusion
has a rectangular shape and size 7.5x4.8 um
(Fig. 5, c). Its surface is smooth, without de-
fects, with dark and semi-dark areas, most
probably due to its various thickness. Its com-
position is with high content of of Cr (43.56
wt.% Cr,03) and relatively low content of Fe
(19.84 wt.% Fe,03) and Al (7.19 wt.% ALLO3).
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Fig. 4. Inclusions of other minerals in PGE alloy crystals from deposits of SW Bulgaria: osmium (a), cupror-
hodsite (d) and bowieite (e) in Pt-Fe alloys; Pt-Fe alloy crystal in osmium (c); single element scans for Os (b)
and Rh (f) in samples, respectively “a” and “e”. Polished section. Scale bar - 10 pm (c, d), and 100 um (a, b,
e, f)

®ur. 4. Brmouenus ot apyru muHepanu B cmiaBu Ha EI'TI ot pascunu na FO3 Bwarapus: ocmuit (a),
kynpopozcurt (d) u 6oyuur (e) B Pt-Fe crumaBu; kpucran ot Pt-Fe cruaB B ocmuit (¢); pasnpenenenue Ha Os

(TP L]

(b) 1 Rh (f) B 06pasmy, crorBeTHO “a” 1 “‘e”. [lommpanu nmdu. Mapkep - 10 um (c, d) n 100 um (a, b, e, f)

Clinopyroxene (probably augite) is in- mechanical influence than the coarser fractions.
cluded in the rim of crystals with combined Their bounding elements (apexes, edges, and
forms (Fig. 5, d), well-shaped, with dimensions  faces) are mechanically processed to a different
of the faces between 8 and 12 um. Its surface is  extent. The apexes are most influenced while
irregular, badly polished and concave. A part the faces are weakly corroded which is well
of it probably eroded during polishing. demonstrated by the octahedral crystals.
Exogenic morphological changes. All crystals Among Pt-Fe crystals the combinations are
display common secondary marks caused by most processed. Some of the combinations are
the mechanical transport. Crystals from the rounded and even attaining the shape of
finer fractions are less affected by the exogenic  spheres.
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Fig. 5. Inclusions of bornite (a), chromian spinel (¢) and clinopyroxene (d) in Pt-Fe alloy crystals from depos-

its of SW Bulgaria; single element scans for Cu in sample

100 pum (a, b)

@,

a”. Polished section. Scale bar - 10 um (c, d), and

@ur. 5. Bxiroyenus ot 60pHUT (a), xpomoB minunen (¢) u kiuHonupokce (d) B Pt-Fe critaBu ot pascumu Ha
103 Boarapust; pasnpenenerue Ha Cu B 06p. “a”. [Tonupanu mmdu. Mapkep - 10 um (c, d) u 100 um (a, b)

Discussion

A vigorous discussion emerged among the re-
searchers on PGM from placer deposits con-
cerning the conception about the formation of
native platinum in laterite weathering crusts
(on the example of Yubdo deposit, Ethiopia)
through agglutination of the elements (Au-
gustithis, 1965, 1967). Based on data from the
study of Pt-Fe alloys, this idea has been lately
accepted and further developed (Cousins,
Kinloch, 1976; Bowles, 1986). Bowles et al.
(1994) state that the large size (0.5-3.0 mm)
and the crystal forms of PGM representatives
prove that no mechanical transport of the
grains had taken place. According to these au-
thors, PGE can be transported in laterite condi-
tions by solutions, and in case of suitable envi-
ronment they form PGM “in-situ”.

The studies of Evstigneeva et al. (1992)
on PGM from Yubdo did not confirm such
conception. These authors consider the proofs
of Augustithis (1965, 1967) for the formation
of these minerals in “cool” media as not
enough and that the “angular” edges do not
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witness for “freshly-formed” crystals in laterite
conditions.

There are also a lot of studies on placer
PGM which prove that these minerals had been
formed as a result of high-temperature (mag-
matic) processes (Cabri, Harris, 1975; Nixon et
al., 1990; Augé, Legendre, 1992; Hagen et al.,
1990, etc.). The isotopic homogeneity of Os
and the low values of the '®’0s/'®Os ratio gave
reason to Hattori and Cabri (1992) to conclude
that placer alloys of PGE are a product of
magma from mantle origin. According to these
authors the exogenic influence is of mechanical
character and their only role is to concentrate
the grains in the placer.

Main arguments concerning the origin of
PGM in placer deposits must be based on their
grain size, habit, composition, and characteris-
tics of PGM and silicate inclusions established
in their matrix (Augé, Legendre, 1992). In the
light of such considerations the studied crystals
display the following peculiarities:

e The prevailing part of crystals is distrib-



uted in fractions <200 um, forming the cate-
gory of the so-called “floating” particles
(Shillo, 1985). Our observations show that
crystals from fractions 200-500 pm (some of
them with weight >2 mg) also “float” stably.
Their hydrophobic properties and the surface
strain of water are the reason for this state in
which the grains can be transported to a great
distance. According to Hagen et al. (1990),
crystals of PGE sized up to 200 pm can be
transported in alluvium to a distance of hun-
dreds of kilometers without serious disturbance
of their primary forms.

e The secondary morphological changes of
the crystals are result mainly of the abrasive
action of the water stream containing floating
particles. The different speed and the turbulent
motion of the stream components have pol-
ished the crystal surfaces to a different extent.
The more expressed the elements are, the
stronger the abrasive influence upon them is.
The fissures on Os-Ir-Ru alloys are formed
during cooling of the grains but not as a result
of the mechanical pressure on them. This is an
indication for a high-temperature genesis.

The composition of crystals of Pt-Fe alloys
indicates that their sources have been enriched
in Rh and Cu. The high values of Rh are in-
dicative for a series of solid solutions between
Pt and Rh, the latter lowering its content with
the decrease of crystallization temperature
(Slansky et al., 1991). Thus, it can be stated
that the process had continued in a wide tem-
perature range, which had probably caused the
variations of Rh content in the composition of
the crystals. Cu had played a significant role in
the formation of the composition both of the
crystals and Cu-containing inclusions. Accord-
ing to Rudashevskii (1984), copper concen-
trates in Pt-Fe alloys of the dunite-
clinopyroxenite complexes. Enrichment with
Rh and Cu is typical for Pt-Fe alloys of Alaska
type intrusions (Johan et al., 1990).

e The absence of Ru in the composition of
Pt-Fe alloys indicates that they are not related
to ophiolite and stratiform chromites for which
increased concentration of this element is typi-
cal (Stockman, Hlava, 1984). Regardless of the
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presence of Os inclusions in these crystals, this
element was not detected in their composition,
which indicates for a restricted solubility of Os
in Pt-Fe alloys (Slansky et al., 1991). Enrich-
ment with Rh and missing of Ru is a tendency
for Pt-Fe alloys from Kamchatka and Australia
(Johan et al., 1989), and the lack of Ru and Os
is typical for Pt-Fe alloys from Tulameen com-
plex, British Columbia (Nixon et al., 1990).
The high activity of Cu during the forma-
tion of crystals of Pt-Fe alloy is reflected in the
composition of a part of the inclusions in them.
Cuprorhodsite and bornite indicate the pres-
ence of a complex of solid solutions of Pt, Fe,
Rh, Cu, and S at high temperatures (Johan et
al., 1990). Their drop-like form suggests that
they had been captured from liquids (Johan et
al., 1990; Augé, Legendre, 1992). According to
Slansky et al. (1991), the inclusions of bowieite
are early formations with high thermal stabil-
ity, while the Os lamellae are a result from un-
mixing from solid solutions. All the above fea-
tures of the studied Pt-Fe alloys are indicative
for a high-temperature origin. Inclusions of
osmium, cuprorhodsite and bornite have been
described in Pt-Fe alloys from Duranse river,
France (Johan et al., 1990), and inclusions of
osmium, cuprorhodsite, bowieite and bornite —
in Pt-Fe alloys from Ethiopia (Cabri et al.,
1981; Weiser, Schmidt-Thomé, 1993). In these
deposits the form and dimensions of a part of
the inclusions are comparable with those ob-
served in the alloys studied in the present pa-
per.
[ ]

The crystal forms of clinopyroxene and
chromian spinel are indicative for their primary
origin (Nixon et al., 1990). Accordingly, the
association “PGE alloys-chromian spinel”
(with a high content of Cr,0;) is characteristic
for dunites and there is no doubt about their
high temperature crystallization from a primary
mantle magma.

e The presence of bowieite and cuprorhod-
site inclusions and the lack of laurite ones in
samples of Pt-Fe alloy indicate for a crystalli-
zation process in a primary ore-forming sys-
tem, characterized by not so high sulphur activ-
ity which shows that: 1) the crystallization me-



dium has been quickly depleted from S with
the formation of the first two sulphides, when
Rh has not been fully mobilized during this
process; 2) the remaining Rh has actively par-
ticipated in the formation of Pt-Fe alloys (indi-
cation for this is its high content in some of
them); 3) during the formation of natural com-
pounds S displays a greater affinity towards Rh
in comparison to Ru; 4) their sources are not
connected with ophiolite complexes (Stock-
man, Hlava, 1984; Thalhammer, Stumpfl,
1988). Obviously, these specific features of the
ore-forming system had stimulated the forma-
tion of Os-Ir-Ru alloys.

The uniform distribution of elements in the
volume of the crystals of Pt-Fe alloys shows
that they had been formed in a calm environ-
ment without intense physical restrictions and
to a greatest extent favourable for the transport
of crystallization components (Johan et al.,
1989). The low compositional heterogeneity of
Os-Ir-Ru alloys indicates for a lower tempera-
ture in comparison to the above case. This is
also confirmed by an inclusion of Pt-Fe alloy in
a crystalline form in the matrix of the Os-Ir-Ru
alloy. The ore-formation system had been
characterized by a higher viscosity, which had
hampered the transport of crystallization com-
ponents. These facts confirm the main part of
the formation of the crystals under discussion,
namely, Pt-Fe alloys — Os-Ir-Ru alloys.

e The exogenic processes had not caused
changes in the compositions of the studied
crystals compared to the described ones by
Stumpfl and Tarkian (1976). This is most
probably due to the non-aggressive conditions
(from a chemical point of view) of the alluvial
medium in which the transport and accumula-
tion had taken place for a certain (not very pro-
longed) time.

e The relatively monotonous and constant
composition of crystals from different sedi-
ments gives reason to propose that they had
been formed in crystallization media with simi-
lar physicochemical characteristics. The Gotse
Delchev graben is situated at a significant dis-
tance from the other two, the Kyustendil and
Blagoevgrad grabens, and also it is located in
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another water collection basin not having any
connection with them. It seems that no exo-
genic processes were able to create similar
crystallization conditions in the geologically
complex terrain of SW Bulgaria.

In conclusion, it is obvious to say that the
features of the studied crystals are in relation
mainly with the character of their sources and
to a less extent depend on the peculiarities of
the placers in which they had been transported
and deposited. The data show that they had
been formed in magmatic, high-temperature
conditions at a relatively low viscosity of the
crystallization medium and enough place for
growth. The different degree of exogenic proc-
essing of one and the same forms in a definite
grain-size fraction shows that the sources had
been disposed to a certain distance one from
another. In this sense, most probable are the
numerous ultramafic bodies from the surround-
ing massifs of the three grabens built by
dunites and peridotites, some of them serpenti-
nized. This gives reason to state the prognosis
that many other sediments in SW Bulgaria are
carriers of such type of mineralizations but
most probably the concentrations are not so
high. The crystal features do not give reason to
state that they had been influenced by serpenti-
nization as this would result in zoning in their
composition (Cabri, Genkin, 1991).
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