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Two-thirds of the identified reserves and predicted
resources of iron ores of Russia are concentrated in five
(Mikhailovka, Lebedyan, Stoilo, Stoilo-Lebedyan, and
Korobki) deposits of the Kursk Magnetic Anomaly
(KMA) [1, 7]. These deposits are developed by three
(Mikhailovka, Lebedyan, and Stoilo) ore dressing
plants that provide approximately 53% of raw iron ores
mined in Russia.

Noble metals are among the most essential and
voluminous components extracted from ferruginous
quartzites and tailings of ore dressing plants. The noble
metals are essential unconventional byproducts of gold–
platinum ores in the 21st century [6]. Elucidation of the
mode of occurrence of Au and platinum group elements
(PGE) plays a crucial role in the choice and development
of resource-saving high-tech methods for the compre-
hensive reworking of strategic metals.

Researchers have scrutinized the mineralogy of gold
that makes up economic deposits in several iron ore
deposits of the world [2, 4, 7, 8]. Some platinum group
minerals (PGM) were first discovered only in ferrugi-

nous quartzites of Canada, Brazil, Australia, and
Ukraine [2–4, 8]. In Russia, several PGMs (sperrylite,
rutheniridosmine, native osmium, platirisdomine, and
platosmiridium) were discovered in the Mikhailovka
iron ore deposit of the KMA [5, 6].

The subsequent special investigations provided new
insights into the mineralogy of PGE and Au in ferrugi-
nous quartzites of the KMA. We studied the mode of
occurrence of noble metals in compositionally different
ferruginous quartzites from the largest iron ore deposit
of the KMA (Lebedyan deposit). The productive
Korobki Formation (Kursk Group) of the Lebedyan
deposit can be divided into two iron ore and two shale
subformations. The distribution of noble metals in
these subformations is primarily governed by the con-
tent of sulfides. Concentrations of the sulfides are max-
imal at the contact of ferruginous quartzites and
intraore carbonaceous shales that serve as the major
barrier for the accumulation of sulfur.

In order to elucidate trends of the distribution of
noble metals and possible modes of their occurrence,
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Fig. 1. 

 

Modes of occurrence of platinum group minerals in ferruginous quartzites of the Lebedyan deposit. (a) Native ruthenium
(Ru) with sperrylite (Sp) rim; (b) native osmium; (c) native ruthenium. Here and in Fig. 2, scale bar is 10 
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on the one hand, and to develop optimal technologies
for the dressing of ores and extraction of PGEs and Au
from them, on the other hand, we took two technologi-
cal samples (30 kg each) from sulfidized hematite–
magnetite and magnetite-rich zones of the Lebedyan
open pit. The samples of sulfidized ferruginous quartz-
ites were taken at the contact with intraore carbon-
aceous shales. Samples with numeral designation 18/2
were taken from the 30-m bench (at the contact with the
lower ore-bearing subformation), while samples with
numeral designation 18/4 were taken from the 0-m
bench between ore-bearing shales. The samples were
subsequently divided into two portions with letter des-
ignations A and B. Results of the determination of
noble metals in them are given in Table 1.

The samples were processed and concentrated
according to the conventional procedure applied for the
dressing of ferruginous quartzites [4, 5]. After grinding
up to a <0.5-mm size, the samples were subjected to

gravitational and magnetic separation. One portion of
the gravitational concentrate was used to determine
concentrations of noble metals by the test tube method in
initial ferruginous quartzites and their technological
products, the nonmagnetic fraction and gravitational
concentrate of which showed very high (2–5 to 400 times
or more) concentrations of Pt, Pd, and Au (Table 2).

Local microprobe analysis of samples prepared
from the second portion (ultraheavy concentrate)
revealed for the first time that the ferruginous quartzites
include significant concentrations of PGMs, such as
native ruthenium and osmium, minerals of the Os–Ru–
Ir and Ru–Pt–Rh series, prassoite (or miassite), and
sperrylite. Their chemical compositions and crystal-
lochemical formulas are presented in Table 3, while
their modes of occurrence are illustrated in Fig. 1.

The PGMs associate with the widespread high-stan-
dard native gold that makes up typical intergrowths
with native silver, Au–Ag alloy, petzite, hessite,

 

Table 1. 

 

 Contents of noble metals (g/t) in sulfidized varieties of ferruginous quartzites of the Lebedyan deposit

Element A18/2 B18/2 B18/2U A18/4 B18/4

Ru 0.023 0.032 0.025 0.02 0.018

Rh <0.01 <0.01 <0.01 <0.01 <0.01

Pd 0.06 0.11 0.25 0.015 0.02

Ag 0.38 2.62 0.82 0.15 0.28

Os <0.02 <0.02 <0.02 0.02 <0.02

Ir <0.01 <0.01 0.01 <0.01 <0.01

Pt 0.03 0.07 0.17 0.12 <0.02

Au 0.05 0.08 <0.02 <0.02 0.03

 

Note: (A18/2) Low-grade magnetite quartzite; (B18/2) carbonaceous ore-barren quartzite; (B18/2U) graphite-bearing floatation product
from sample A18/2; (A18/4) hematite–magnetite quartzite; (B18/4) low-grade magnetite quartzite. Contents of elements were deter-
mined by the ICP-MS method.

 

Table 2. 

 

 Contents of Pt, Pd, and Au in primary ferruginous quartzites and some technological products (g/t)

Samples and their tech-
nological products Pt Pd Au Samples and their tech-

nological products Pt Pd Au

A18/2 1 0.013 0.019 0.030 A18/4 1 0.021 0.014 0.050

2 0.88 0.36 2.1 2 0.2 0.3 0.9

3 0.02 0.08 0.03 3 0.08 0.03 0.12

4 0.05 0.09 0.11 4 0.09 0.05 0.17

5 <0.01 <0.01 0.015 5 <0.01 <0.01 0.02

B18/2 1 0.035 0.035 0.100 B18/4 1 0.008 0.008 0.012

2 1.2 1.2 3.2 2 0.05 0.04 0.31

3 0.1 0.23 0.045 3 0.02 0.02 0.02

4 1.17 1.17 3.10 4 0.023 0.022 0.052

5 <0.01 <0.01 0.02 5 <0.01 <0.01 <0.01

 

Note: Technological products: (1) initial sample, (2) nonmagnetic fraction, (3) magnetic fraction; (4) gravitational concentrate; (5) gravi-
tational tailing.
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Table 3. 

 

 Chemical compositions of platinum group minerals in ferruginous quartzites of the Lebedyan deposit, wt %

Ord. 
no. Pt Pd Ir Os Ru Rh As S Fe Ni Total Crystallochemical formula

S u l f i d i z e d  h e m a t i t e – m a g n e t i t e  q u a r t z i t e  (A18/4)
1 8.52 31.4 39.94 17.78 1.29 0.31 0.42 99.66 Os

 

0.34

 

Ru

 

0.28

 

Ir

 

0.26

 

Pt

 

0.07

 

Rh

 

0.02

 

Fe

 

0.01

 

Ni

 

0.01

 

2 9.23 31.33 45.58 12.71 0.75 99.60 Os

 

0.41

 

Ir

 

0.28

 

Ru

 

0.22

 

Pt

 

0.08

 

Rh

 

0.01

 

3 44.50 7.61 8.13 27.38 9.43 1.44 0.60 99.09 Ru

 

0.38

 

Pt

 

0.32

 

Rh

 

0.13

 

Ir

 

0.06

 

Os

 

0.06

 

Fe

 

0.04

 

Ni

 

0.01

 

4 5.11 1.86 72.35 20.56 99.88 (Rh

 

16.45

 

Pt

 

0.61

 

Ru

 

0.43

 

)

 

17.49

 

S

 

15.00

 

5 21.39 34.25 22.45 18.65 0.67 1.87 99.28 Ru

 

0.29

 

Ir

 

0.28

 

Os

 

0.19

 

Pt

 

0.17

 

Fe

 

0.05

 

Rh

 

0.01

 

6 56.4 43.6 100.0 Pt

 

0.99

 

As

 

2.00

 

7 55.4 43.3 0.8 99.5 Pt

 

0.98

 

(As

 

2.00

 

S

 

0.05

 

)

 

2.05

 

C a r b o n a c e o u s  o r e - b a r r e n  s u l f i d i z e d  q u a r t z i t e  (B18/2)
8 19.94 20.75 15.14 41.97 0.66 0.53 98.99 Ru

 

0.58

 

Ir

 

0.15

 

Pt

 

0.14

 

Os

 

0.11

 

Rh

 

0.01

 

Fe

 

0.01

 

9 51.24 0.73 0.63 5.14 42.79 100.53 (Pt

 

0.92

 

Rh

 

0.17

 

Pd

 

0.02

 

Ru

 

0.02

 

)

 

1.13

 

As

 

2.00

 

10 1.2 19.12 77.76 1.4 99.48 Os

 

0.77

 

Ir

 

0.19

 

Ru

 

0.03

 

Pt

 

0.01

 

11 13.7 0.7 24.92 13.48 46.38 0.63 99.81 Ru

 

0.64

 

Ir

 

0.18

 

Os

 

0.10

 

Pt

 

0.06

 

Pd

 

0.01

 

Rh

 

0.01

 

12 56.80 41.20 0.80 0.40 99.20 (Pt

 

1.01

 

Fe

 

0.02

 

)

 

1.03

 

(As

 

1.91

 

S

 

0.09

 

)

 

2.00

 

13 56.7 42 0.5 0.5 99.7 (Pt

 

1.01

 

Fe

 

0.03

 

)

 

1.04

 

(As

 

1.95

 

S

 

0.05

 

)

 

2.00

 

Note: (1, 2) Minerals of the Os–Ru–Ir series; (3) minerals of the Ru–Pt–Rh series; (4) prassoite; (5) mineral of the Ru–Ir–Os–Pt series;
(6, 7) sperrylite; (8) native ruthenium; (9) sperrylite; (10) native osmium; (11) native ruthenium; (12, 13) sperrylite.

 

Table 4. 

 

 Chemical compositions of native gold and associated Au–Ag–Te–Bi minerals in ferruginous quartzites of the Lebe-
dyan deposit, wt %

Ord. no. Au Ag Fe Cu Te Bi Total Crystallochemical formula

S u l f i d i z e d  l o w - g r a d e  m a g n e t i t e  q u a r t z i t e  (A18/2)
1 97.30 1.57 – 1.37 – – 99.24 Au

 

0.96

 

Ag

 

0.03

 

2 94.35 5.42 – – – – 99.77 Au

 

0.91

 

Ag

 

0.09

 

3 93.98 2.63 – 2.33 – – 98.94 Au

 

0.89

 

Ag

 

0.05

 

Cu

 

0.07

 

4 81.34 19.32 – – – – 100.66 Au

 

0.70

 

Ag

 

0.30

 

5 98.23 1.02 – – – – 99.2 Au

 

0.98

 

Ag

 

0.02

 

6 96.97 2.06 0.20 0.80 – – 100.03 Au

 

0.93

 

Ag

 

0.04

 

Fe

 

0.01

 

Cu

 

0.02

 

7 63.80 35.60 0.43 – – – 99.83 Au

 

0.49

 

Ag

 

0.50

 

Fe

 

0.01

 

8 25.68 40.68 0.28 – 32.89 – 99.73 (Ag

 

2.94

 

Au

 

1.01

 

Fe

 

0.04

 

)

 

3.99

 

Te

 

2.00

 

C a r b o n a c e o u s  o r e - b a r r e n  s u l f i d i z e d  q u a r t z i t e  (B18/2)
9 95.05 4.58 – – – – 99.63 Au

 

0.92

 

Ag

 

0.08

 

10 1.30 – – – 38.67 59.45 99.42 Te

 

0.51

 

Bi

 

0.48

 

Au

 

0.01

 

11 23.64 42.08 – – 32.21 – 99.93 (Ag

 

3.09

 

Au

 

1.03

 

)

 

4.12

 

Te

 

2.00

 

12 1.71 61.09 – – 34.90 2.32 100.02 (Ag

 

1.99

 

Au

 

0.03

 

)

 

2.02

 

(T

 

0.96

 

Bi

 

0.04

 

)
13 82.54 12.36 – 5.62 – – 100.52 Au

 

0.67

 

Ag

 

0.18

 

Cu

 

0.14

14 94.36 5.64 – – – – 99.96 Au0.90Ag0.10

15 95.70 4.26 – – – – 99.96 Au0.92Ag0.08

16 89.57 9.96 – – – – 99.53 Au0.83Ag0.17

17 87.87 6.31 – 5.77 – – 99.95 Au0.75Cu0.15Ag0.10

S u l f i d i z e d  h e m a t i t e – m a g n e t i t e  q u a r t z i t e  (A18/4)
18 88.71 11.35 – – – – 100.06 Au0.81Ag0.19

19 84.85 3.65 – 11.56 – – 100.06 Au0.67Cu0.28Ag0.05

20 95.23 2.14 0.36 2.30 – – 100.03 Au0.89Cu0.07Ag0.04Fe0.01

21 88.24 11.67 – – – – 99.91 Au0.81Ag0.19

Note: (1–6) Native gold; (7) Au–Ag alloy; (8) petzite; (9) native gold; (10) tsumoite; (11) petzite; (12) hessite; (13, 14) native gold asso-
ciated with chalcopyrite and magnetite; (15–21) native gold with traces of Ag, Cu, and Fe.
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tsumoite (Table 4, Fig. 2), chalcopyrite, and, occasion-
ally, magnetite.

In addition to individual mineral phases, PGEs and
Au also occur in the following sulfides and their ana-
logues (concentrations of elements are given in wt %):
pyrite (Pd 0.01–0.10, Pt 0.02–0.38, Au 0.02–0.62); pyr-
rhotite (Pd 0.01–0.12, Pt 0.01–0.44, Au 0.09–0.51);
chalcopyrite (Pd 0.01–0.11, Pt 0.07–0.39, Au 0.02–
0.27); galena (Pd up to 0.43, Pt 0.31–0.37, Au 0.06–
0.22); bismuth telluride (Pt 1.28, Au 0.27); bornite
(Pd up to 0.14); tennantite (Pd 0.08); and arsenopyrite
(Pt 0.18).

New data on the mode of occurrence of PGEs and
Au make it possible to choose the optimal technology
for the extraction of noble metals from ferruginous
quartzites of the KMA and their technogenic products
can also be used for the extraction of other byproducts
that can serve as a unique (large-scale) source of gold–
platinum ores in central Russia.
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Fig. 2. Modes of occurrence of gold and its intergrowths with other minerals. (a) Native gold; (b) intergrowths of native gold (Au),
silver (Ag), and petzite (Ptz); (c) intergrowth of native gold (Au) with a rim of tsumoite (Ts), petzite (Ptz), and hessite (Hs).


