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Rare findings of native gold in ultramafic rocks pro-
vide insight into specific features of their genesis or
transformation. In [7], findings of native gold spherules
(5-30 wm across) in olivine, pyrrhotite, and magnetite
grains were reported from ultrabasic rocks of the
Loveld deposit (South Africa). In the Urals, Pd-bearing
native gold with high contents of Cu and Hg was found
in metamorphosed chromites of stratiform complexes
[1] and in olivine—antigorite rocks of the Syum-Keus
Massif [6].

In ultramafic rock massifs of Kraka, native gold was
discovered during the mineragraphic study of rock
samples taken above the ore zone of the Bol’shoi
Bashart deposit (Yuzhnyi Kraka Massif) [5]. The native
gold was represented by tiny (from n um to 0.08 X
0.01 mm) irregular segregations confined to thin cracks
in chromites. Native gold particles of similar size
(0.05 x 0.1 mm) were detected in panning samples of
the ore-hosting ultramafic rocks of the Khamitov
deposit and the Sarangaev ore occurrence located in the
banded complex of the Srednii Kraka Massif (Fig. 1).

The Khamitov deposit incorporates two NW- to SE-
striking orebodies composed of massive and densely
disseminated chromites. The orebodies are up to 1 m
thick and 30 m long.

The Sarangaev ore occurrence is represented by a
vein-shaped body of disseminated chromite ores. The
body is up to 40 cm thick and approximately 60 m long
along the strike.

Chrome spinels in ores of these ore occurrences and
deposits belong to chromites, Cr-picotites, and less com-
mon aluminochromites. For example, segregations of the
chromite and aluminochromite types have compositions
corresponding to formulas (MngggFe, g7 303Mgs13)s X

(Al 36 342C112.8 12.52F€0 220,62 T10.06) 16032 and
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(Mng 13Fe; Mgy 17)5(Als 11 Tig02Cryy s6Fe1 0116032, Tespec-
tively. The chrome spinels have a rather wide and
diverse assemblage of trace elements (%): Ni (up to
0.26), Co (up to 0.03), Mn (0.02-0.46), Si (up to 0.13),
Cu (0.02-0.07), and Zn (0.09-0.11). In general, the
ores are characterized by the following average con-
tents of the major components (%): Cr,O; 11.4-25.9,
Fe,0; 14.8-17.4, FeO 0.33-0.77, MnO 0.06-0.24,
MgO 8.6-12.4, and SiO, 6.7-9.32. The contents of
trace elements are as follows (g/t): Cu 12-54, Zn 250—
360, Co 110-140, and Ni 1050-1400.

The ores are characterized by elevated contents of
platinum group elements (Table 1). Their distribution is
scrutinized in [2].

Gold flakes found in the ores are marked by an irreg-
ular lumpy pelletal shape and specific composition of
trace elements (Cu, Pd, and Pt). Table 2 shows that the
Pt content is no more than 0.8 g/t (26 = 0.83).

In addition, we found three gold pellets with
rounded edges (maximal dimension 1.0 X 0.45 mm) in
ultramafic rock massifs of Kraka. The gold pellets were
discovered in the course of the panning of alluvial-
deluvial sediments of Chernyi Klyuch Creek, which
washes out mafic—ultramafic rocks of the banded com-
plex of the Srednii Kraka Massif. The pellets contain
significant Se, Rh, and S (Table 2).

In [2], we demonstrated that the distribution and
redistribution of noble metals in the banded complex of
the Srednii Kraka Massif is primarily related to its
emergence as an autonomous lithostructural subdivi-
sion during the evolution of ultramafic massifs of Kraka
under geodynamic conditions of the transitional conti-
nental/oceanic rifting stage. Elevated contents of Au,
relative to the clarke value and contents in the unde-
pleted mantle protolith [8], are typical of various petro-
graphic varieties of rock massifs [5]. Such contents
indicate that the massifs are characterized by a low
degree of depletion.

We believe that the issue of the genesis of native
gold cannot be discussed without consideration of the
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Fig. 1. Schematic geological structure of rock massifs in Kraka and the banded complex. (/) Undifferentiated rocks of the autoch-
thon; (2) Ordovician—Siberian volcanosedimentary sequences (undifferentiated); (3) serpentinite melange; (4) marginal serpen-
tinites; (5) lherzolites; (6) lherzolite—harzburgites (undifferentiated); (7) harzburgites; (§) dunite—harzburgite complex; (9) dunites;
(10) pyroxenites; (/1) marginal dunites; (/2) apodunite serpentinites; (/3) undifferentiated ultramafic rocks (pyroxenite—dunites);
(14) pyroxenites (clinopyroxenites, olivine clinopyroxenites, and wehrlites); (15) gabbro; (/6) apogabbro metasomatites (rodingites
and chlograpites); (17) turf-covered sectors; (/8) chromite ore occurrences and deposits: (1) Babai, (2) Bezymyannoe, (3) Khami-
tov, (4) Ak-Bura, (5) Sarangaev, (6) Severnyi Khamitov; (/9) tectonic faults.

behavior of the whole assemblage of noble metals in
ores and rocks of the banded complex of the Srednii
Kraka Massif. Analysis of the distribution of Au and
PGE in ore occurrences and deposits confined to the
banded complex revealed that the type of noble metal
specialization of ores depends on the spatial position of
the ore deposit (Fig. 2). In particular, Pt shows a con-
trasting differentiated distribution: the maximal Au
contents (5.19 and 3.10 g/t) are recorded in the western
group of chromite deposits (Fig. 2, upper group in the
summary section). The minimal contents are recorded
in ores sandwiched between the banded complex and
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the ultrabasic section of the massif. In general, the dis-
tribution of noble metals in ores shows the following
trend:

(1) Chromite ores confined to the intercalation of
marginal dunites, gabbroids, and apogabbro metasoma-
tites are characterized by elevated contents of PGE and
Au (Pt and Au-Pt specialization);

(2) chromite ores developed in pyroxenites and their
olivine-bearing varieties near the banded com-
plex/ultramafic rock junction are depleted in PGE and
anomalously enriched in Au (Au and Pt—Au specializa-
tion); and
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Table 1. Average contents (g/t) of noble metals in ores of (1) the Khamitov deposit and (2) the Sarangaev ore occurrence

Ord. no. Pt Os Ir Ru Au

13) 1.03 0.048 0.066 0.064 0.5
0.1-3.1 0.02-0.14 0.02-0.14 0.02-0.13 0.14-0.7

2(3) 0.24 0.029 0.004 0.013 0.12
0.1-0.72 0.006-0.07 0.002-0.006 0.004-0.026 0.07-0.16

Note: The number of analyses is given in parentheses; the average content, in the numerator; and the scatter of values, in the denominator.

Based on [5].

Table 2. Chemical composition of gold flakes in ore-hosting rocks of (1, 2) the Khamitov deposit, (3) the Sarangaev ore oc-
currence, and (4, 5) alluvial-deluvial sediments of the Chernyi Klyuch Creek, %

Component 1 2 3 4 (edge) 4 (center) 5 (edge) 5 (center)
Au 89.55 89.22 89.21 98.2 94.61 98.87 93.30
Ag 7.61 8.06 7.08 - 4.48 0.37 5.62
Bi - - - 0.25 - - -
As - - - 0.19 - - -
Sn - - - 0.17 - - -
Sb - - - 0.18 - - -
Se - - - 0.98 0.76 - -
Te - - - 0.03 - - -
Ni - - - 0.02 - - -
Cu 1.06 1.12 3.03 - - - -
Pd 0.85 0.54 - - - - -
Pt Trace Trace - - - - -
Rh - - - - - 0.42 0.07
S - - - - - 0.41 0.61
Total 99.07 98.94 99.321 100.02 99.85 100.07 99.6

Note: The Au content was determined with a JSM-840 scanning microscope equipped with Link (acceleration 20 kV, count time 50 s) at
the Institute of Problems of Metal Superplasticity, Russian Academy of Sciences (Ufa). Elements of the noble metal group, Sn, Pb,
As, Te, and Sb were analyzed based on spectra of the L series; the remaining elements, based on the K series. Calculations of com-
positions were based on the routine ZAF software package. Pure metals from the collection of the institute were used as standards.

The contents are given in %.

(3) chromites from deposits of the Saksei group
demonstrate a prominent Os—Ir—Ru specialization with
the prevalence of Ru (Fig. 2).

This distribution pattern indicates a trend primarily
related to the influence of temperature on the noble
metal specialization of chromite ores in accordance
with the general evolution of the process of partial
melting [3]. The dependence of noble metal specializa-
tion of ores on the spatial position of the ore deposit is
clearly shown by analysis of the Au/Pt ratio in them.
For example, ores of the Babai deposit, the western-
most member (Fig. 2, the upper deposit in the summary
section), are marked by Au—Pt specialization (Au/Pt =
10 : 90). In the eastern (harzburgite-rich) part of the
massif, the Au/Pt ratio changes to 30 : 70 in ores of the
Khamitov deposit and 70 : 30 in chromites of the Saran-
gaev ore occurrence.

We assume that this distribution pattern of noble
metals (Au, in particular) is related to evolution of the
major rock types of the banded complex from the par-
tial melting of the mantle in the transitional continen-
tal/oceanic rifting environment with the following spe-
cific features: (1) fractionation of the fusible compo-
nent from the primary (undepleted) mantle protolith
and its reaction with restite (with the active participa-
tion of the fluid phase) in the course of a general
decrease in pressure; (2) metamorphic—metasomatic
reaction between the fluid-saturated melt and the solid-
phase (crystalline) restite; and (3) auto- and epigenetic
(synchronous) metamorphism of rocks of the protolith
and the fractionated melt.

Thus, native gold detected in rocks of the banded
complex of the Srednii Kraka Massif can be referred to
the primary mantle type. The contribution of crustal
processes (extraction of metals from host rocks of the
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Fig. 2. Distribution of noble metals in ores from chromite
deposits confined to the banded complex of the Srednii Kraka
Massif. (1) Spinel lherzolites; (2) harzburgites; (3) marginal
dunites; (4) wehrlites; (5) clinopyroxenites; (6) gabbroids;
(7) apogabbro metasomatites; (8) chromite ore occurrences
and deposits: (1) Babai, (2) Khamitov, (3) Severnyi Khami-
tov; (4) Ak-Bura, (5) Sarangaeyv, (6) Pravyi Saksei; (7) Levyi
Saksei. The solid line shows the variation range of contents
of Os, Ru, and Ir in high-aluminous ores of deposit no. 33.

framework) was insignificant in the genesis of this
gold.

Retention of primary geochemical characteristics
(contents of trace elements) in the composition of gold
flakes described above is very important, because this
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feature can be used for the quantitative comparison
with analogous data on bedrock deposits and placers
located not only in the study region, but also in other
ore provinces.
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