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Abstract
The relevance of the work is due to the need to study the mineralogy of the only indigenous manifestation of jewelry
olivine within the Ural region.
The purpose of the work is to study pentlandite and the products of its supergene alteration in serpentinites of the
Itkulsky ultrabasic massif in the Southern Urals.
Research methodology. The composition of some minerals was analyzed using a scanning electron microscope JSM-
6390LV from Jeol with an energy dispersive attachment INCA Energy 450 X-Max 80 from Oxford Instruments (an-
alyst L. V. Leonova). The same instrument was used to obtain images of minerals in BSE (back-scattered electron)
mode. X-ray structural study of minerals was carried out on an XRD-7000 X-ray diftractometer from Shimadzu with
polycapillary optics and a high-temperature attachment NTK-1200N from Anton Paar for operation in the tempera-
ture range 25-1500 °C (analyst O. L. Galakhova). Conditions: copper radiation, V' =40kV, I = 30 mA, step size — 0.02°.
Results. Pentlandite is the main sulfide mineral of antigorite serpentinites; it is characterized by a fairly pure chem-
ical composition; the only impurities in the mineral are cobalt (from 0 to 1.18 wt. %). According to the Ni/Fe ra-
tio, the sulfide belongs to nickel and pentlandite proper. Smythite replaces pentlandite grains along the cracks
and at the edges. Chemical composition, wt. %: S — 40.81; Fe - 37.65; Co - 1.66; Ni — 19.87, well calculated for
the crystal chemical formula of smythite - (Fe_Ni ,.Co ), S, ., Cronstedtite replaces the pentlandite matrix
in the form of veined segregations. It is distinguished by its chemical composition: SiO, - 17,82; Fe,O, - 40,00;
NiO - 11,02; FeO - 18,06; MnO - 0,57; MgO - 2,23; CaO - 1,30; H/O - 9,00 (by difference in accordance
with the standard), which is calculated based on the crystal chemical formula of Ni-Mg-bearing cronstedtite —
(Pez+o.95Nio.71Mgo.21Ca0.09Mno‘03) 1.99Fe3+1.01 [(Sil.l2Fe3+0488)2.0005] (OH)s.so'
Conclusions. Pentlandite from antigorite serpentinites of the Itkulsky ultrabasic massif (Southern Urals) was studied.
Under the influence of weathering processes, most of the pentlandite grains were partially replaced by secondary
sulfide — smythite and ferruginous serpentine — cronstedtite.
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Introduction

The Itkulsky ultrabasic massif is located in the north of
the Chelyabinsk region (Southern Urals) directly east of Lake
Itkul (Fig. 1, a). About fifteen chromite ore occurrences were
discovered within the massif [1], most of which were mined in
tsarist times. Even at the beginning of the 20th century, it was
mentioned that in some mines collection samples with plates
of pink chrome chlorite were mined [2]. In the same massif on
Mount Vishnyovaya in 1846, the only occurrence of jewelry ol-
ivine in the Urals was discovered, which was first mistaken for
a new mineral - glinkite [3], but almost immediately correctly
attributed to chrysolite [4]. Olivine was described in more de-
tail much later [5, 6]. At the same time, the mineralogy of the
host antigorite serpentinites was extremely poorly studied.

Geological position of the Itkulsky massif. Geological-
ly, Mount Vishnyovaya is entirely composed of antigorite ser-
pentinites, carbonated and talcized in areas, which occur in
metamorphic rocks of the Middle Riphean Saitovskaya group
(Fig. 1, b). This block of serpentinites, up to 3 km in size, is
the eastern fragment of the Itkulsky ultrabasic massif, the main

body of which is located directly on the eastern shore of Lake
Itkul. The ultrabasic massif stretches along the eastern shore
of the lake within 8 km in length and up to 2 km in width. In
the eastern and northern parts of the massif, serpentinites are
intruded by small bodies of granitoids of Carboniferous age.

It was previously established that the olivine veins at Mount
Vishnyovaya are represented by metasomatic olivinites [6]. The
thickness of the veins usually does not exceed 10 cm (Fig. 2), and
in places of swelling it reaches 30 cm. In the host serpentinites,
olivinitization, talcification and carbonatization are noted at the
contact with the veins. In addition to olivine veins, the antigor-
ite serpentinites of Mount Vishnyovaya contain clinochlore and
tremolite veins up to 10 cm thick. When studying the antigorite
serpentinites, scattered dissemination of pentlandite was discov-
ered, which underwent secondary alterations. The study of this
mineralization is presented in this work.

Research methods

All analytical studies of the samples were carried out at the
Institute of Geography, Ural Branch, Russian Academy of Sci-
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Figure 1. Sampling site (indicated by a star) on Mount Vishnyovaya in the vicinity of Lake Itkul: a — topographical diagram, given using

Yandex Maps; b — geological diagram, given according to [7]

PucyHok 1. MecTo oT6opa o6pa3LoB (0603Ha4YeHO 3Be3,04KOIN) Ha rope BuliHeBasi B okpecTHOCTSIX o3epa UTKynb: a — Tonorpaduyeckas
cxema, AaHo ¢ ucnonb3oBaHnem AHgekc KapTbl; 6 — reonormyeckasi cxema, faHo no [7]

Figure 2. Olivine (brown) vein, almost without talc, in antigorite
serpentinite (light green). Photo by Yu. V. Erokhin

PucyHok 2. OnuBMHOBasi (KOPMYHEBOrO LIBETa) Xuna, noytu 6e3
TanbKa, B aHTUTOPUTOBOM CepPMNeHTUHUTE (CBETNO-3eNIeHOro LBe-
Ta). ®orto 0. B. EpoxuHa

ences, in the Laboratory of Physicochemical Research Meth-
ods. The composition of some minerals was analyzed using
a scanning electron microscope JSM-6390LV from Jeol with
an energy dispersive attachment INCA Energy 450 X-Max 80
from Oxford Instruments (analyst L. V. Leonova). The same
instrument was used to obtain images of minerals in BSE
(back-scattered electron) mode.

Petrogenic components were determined on an XRF
1800 X-ray fluorescence wave spectrometer from Shimad-
zu, which is equipped with a powerful (4 kW) X-ray tube
(Rh anode), TAP, PET, Ge, LiF (200) analyzer crystals, as
well as a vacuum stabilizer, flow-proportional and scintil-
lation counters (analyst N. P. Gorbunova). Losses on igni-
tion were determined by the wet chemistry method (analyst
G. S. Neupokoeva).

X-ray structural study of minerals was carried out on an
XRD-7000 X-ray diffractometer from Shimadzu with polycap-
illary optics and a high-temperature attachment NTK-1200N
from Anton Paar for operation in the temperature range
25-1500°C (analyst O. L. Galakhova). Conditions: copper radi-
ation, V =40 kV, I = 30 mA, step size — 0.02°.

Results and their discussion

Pentlandite in serpentinites forms scattered dissemina-
tion in the form of individual isometric and weakly elongated
grains, up to 50 um in size, and their clusters. The sulfide forms
both independent segregations (Fig. 3, a, b) and intergrowths
with magnetite (Fig. 3, ¢, d). In this case, iron oxide contains a
high admixture of chromium (Cr,O, up to 11.4 wt. %), which,
when recalculated, gives 17% of the chromite end value. Other
impurities in it include magnesium (MgO up to 1.0 wt. %),
nickel (NiO up to 0.6 wt. %), manganese (MnO up to 0.2 wt.
%), vanadium (V,O, up to 0.2 wt. %) and cobalt (CoO up
to 0.1 wt. %). The crystal chemical formula is as follows —
(Fez+0.91Mg0.06Nio.02Mn0.01)1.00(Fes+14sscro.34)z.ooo4' Apparently,
this chromium-containing magnetite appeared as a result of
the replacement of the primary accessory chromium spinel [6].

Antigorite serpentinite is characterized by the following
chemical composition (in weight %) - SiO, 46,63; AIZO3 1,15;
FeZO3 1,60; FeO 3,52; MgO 35,22; LOI 11.26; The amount is
99.38, i. e. its iron content is 7%. According to X-ray phase
analysis, the rock consists almost entirely of serpentine - an-
tigorite. Olivine from antigorite serpentinites, in contact with
olivinite veins, belongs to forsterite and contains 14% fayalite
component. It contains an admixture of manganese (MnO up
to 0.1 wt. %) and traces of calcium. The crystal chemical for-
mula is as follows - (Mg, . Fe ., [Si, ,O,]. Talc from antig-
orite serpentinites is weakly ferrous (FeO 1.4-1.6 wt. %) and
contains an admixture of chromium (Cr,O, up to 0.05 wt. %).
The crystal chemical formula is as follows - (Mg, , Fe .Cr, ),
(Si, ,,0,,J(OH),. The carbonate in antigorite serpentinites be-
longs to ferruginous magnesite (FeO up to 11.6 wt. %) with the

crystal chemical formula - (Mg, Fe ) ,[CO,]. In addition
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Figure 3. Pentlandite in antigorite serpentinites of the Itkulsky massif: a, b — independent segregations; ¢, d — intergrowths with magnetite.
BSE photo, SEM JSM-6390LV; Pn — pentlandite, Smy — smythite, Crst — Cronstedtite, Mgt — magnetite, Spt — serpentine, Mgz — magnesite

PucyHok 3. lNeHTNaHAUT B aHTUTOPUTOBLIX ceprneHTUHUTax UTKkynbckoro maccuBa: a, 6 — camocTosTeNbHbIE BbIAENEHNS; 8, & — CpacTaHus
¢ marHetTutoM. BSE-cboto, COM JSM-6390LV; Pn — neHtnanamt, Smy — cMuaut, Crst — kpoHcTeatut, Mgt — marHeTut, Spt — cepneHTuH, Mgz —

MarHesmT

to iron and magnesium, the carbonate contains small impuri-
ties of manganese (MnO up to 0.3 wt. %) and nickel (NiO up
to 0.2 wt. %) [6].

Pentlandite is characterized by a fairly pure chemical
composition (Table 1); among the impurities in the mineral,
only cobalt is noted (from 0 to 1.18 wt. %). In the well-known
classification of pentlandites [8], low-cobalt sulfide (Co <10 at. %)
according to the Ni/Fe ratio is divided into three varieties:
nickel pentlandite (Ni/Fe >1.30), pentlandite proper (Ni/Fe
within 0. 90-1.30) and ferruginous pentlandite (Ni/Fe < 0.90).
Itkul analyzes have a Ni/Fe ratio in the range of 1.20-1.39, i. e.
belong to nickel and pentlandite proper. Sulfide is a common
mineral of ultrabasic and basic rocks, as well as metasomatites
and metamorphites after them, i.e. it was formed as a result of
serpentinization of ultrabasic rocks [9].

Sulfide grains often have secondary alterations, which is
explained by the influence of weathering processes, because
sampling was carried out from rock outcrops. Alterations in
pentlandite manifest themselves in the form of the develop-
ment of secondary sulfide — smysite and ferruginous serpen-
tine — cronstedtite (Fig. 3, a, b, ¢).

Smythite replaces pentlandite grains along the cracks
and at the edges; it is clearly distinguished in the BSE im-

Table 1. Chemical composition of pentlandite from serpentinites
of Mount Vishnyovaya, wt. %

Tabnuua 1. XMMMYeckuin cocTaB NeHTNaHAUTa U3 CeprneHTUHUTOB
r. BuwHéas, mac. %

Analysis Elements Crystal chemical
number S Fe Co Ni formula
1 33.60 27.74 - 38.66 (Ni; joFe. 62)6 0,56 08
2 33.26 2840 0.58 37.75 (Ni,gFe,,Co0)s06S500
3 33.08 2916 0.79 36.97 (Ni,gzFe, ,Coii0)s00S, 0
4 33.56 26.60 0.92 3892 (Nij,,Fe,Coy.)s65,0
5 3295 2825 1.00 37.80 (Ni,gFe,,,C0p.0)00.S, 66
6 3320 28.99 111 36.69 (Ni,zFe, ,Coy.)s665601
7 32.85 28.65 118 37.33 (Ni,..Fe...Co)q0S; 0

Note: SEM JSM-6390LV from Jeol with EMF attachment INCA Energy
450 X-Max 80 from Oxford Instruments, analyst L. V. Leonova.

age by its darker color compared to the pentlandite matrix.
Chemical composition (wt. %): S 40.81; Fe 37.65; Co 1.66;
Ni 19.87, well calculated for the crystal chemical formula of
smythite — (Fe, , [Ni, .Co_,.), S, . This sulfide was first de-
scribed in 1956 in sedimentary rocks near Bloomington

(Indiana, USA), where, together with pyrrhotite, it formed

A. E. Bogomolova. Pentlandite and its alteration products in serpentinites of the Itkulsky ultrabasic massif (Southern Urals)// 51
MsBectua YITY. 2023. Boin. 4 (72). C. 49-54. DOI10.21440/2307-2091-2023-4-49-54



HAYKU O 3EMAE

inclusions in calcite [10]. A similar nickel-bearing smythite
was described as a secondary mineral after pyrrhotite and
pentlandite in copper-nickel deposits of Canada [11]. In the
Urals, smythite was described in hydrothermal formations of
the Komsomolsk sulfoantimonite-gudmundite deposit (Po-
lar Urals) [12].

Cronstedtite replaces the pentlandite matrix in the form
of veined segregations and irregularly shaped clusters, which
are clearly distinguished in the BSE image by a dark gray color
against the background of light sulfides. It is distinguished by
its chemical composition - SiO, 17,82; Fe, O, 40,00; NiO 11,02;
FeO 18,06; MnO 0,57; MgO 2,23; CaO 1,30; H,0 9,00 (by differ-
encein accordance with the standard), which is calculated based
on the crystal chemical formula of nickel-magnesium-con-

A. E. Bozomorosa / Hssecmus YITY. 2023. Buin. 4(72). C. 49-54

[(Si, ,Fe* ), 0, 0,1(OH), . Interestingly, Ni-Mg-bearing cron-
stedtites are characteristic of meteorites — carbonaceous chon-
drites [13]. In metabasites, this mineral replaces copper-iron
sulfides (chalcopyrite, bornite, etc.) and is characterized by an
increased copper content [14]. In the Urals, classical cronsted-
tite was discovered in the crushing zones of pyrite-pyrrhotite
ores of the Uzelginksoye copper pyrite deposit [15].

Conclusions

Thus, the author has studied in detail pentlandite from an-
tigorite serpentinites of the Itkulsky ultrabasic massif (South-
ern Urals). According to the Ni/Fe ratio, they belong to nickel
and pentlandite proper. Under the influence of weathering
processes, most of the pentlandite grains were partially re-
placed by secondary sulfide — smythite and ferruginous ser-

taining cronstedtite — (Fe* Ni Mg  Ca /Mn Fe** | pentine - cronstedtite.

0.03)1499
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[TEeHTAQHAUT U MPOAYKTLI €0 U3MEHEHMS B CEPIIEHTUHUTAX
UTKyAbCKOro runepbasuroBoro Mmaccuba (FKO>KHLI Ypana)

AHHa EBreHbeBHa BOTOMOJIOBA*
MHCTUTYT reonorum n reoxumunm uM. akag. A. H. 3asapuukoro YpO PAH, ExatepuHbypr, Poccus

AHHOTaLWs
AxmyanvHocme pa6omvt 00yCclIOB/IeHa HEOOXOAMMOCTBIO M3Y4YeHVS MMHEPAJIOrUM eJVHCTBEHHOIO KOPEHHOTO
MPOSABJIEHM) I0BEMMPHOTO O/IMBYHA B IIpefie/laX YpalIbCKOTO pernoHa.
Llenv pabomui — viccriefoBaHye NEHTIAHAUTA VM IPOAYKTOB €r0 TMIEPTeHHOTO M3MEeHEHMs B CeplieHTMHUTax VT-
KY/IbCKOTO I'uIep6asuToBoro Maccusa Ha IOxxHoM Ypare.
Memooonozus uccnedosanus. CocTaB HEKOTOPBIX MIHEPAJIOB IIPOAHA/IN3VPOBAH C IIOMOIbIO CKAHVPYIOIIETO 37IeK-
TPOHHOTO MuKpockoma JSM-6390LV ¢upmsl Jeol ¢ snepropncnepcnonHoit npucraskoit INCA Energy 450 X-Max
80 ¢upmer Oxford Instruments (amamuruk JI. B. Jleonosa). Ha aTom >xe mprbope 6pUM omydeHbl M300paXkeHNs
MIHepajoB B pexxyuMe BSE (0O6paTHO paccesTHHBIX 37IEKTPOHOB). PEHTTeHOCTPYKTYpPHOE M3ydeHVe MIHepaIoB Ipo-
BeJICHO Ha peHTreHOBCKoM judpakromerpe XRD-7000 ¢pupmbr Shimadzu ¢ monmkanmmisspHOI ONTUKOI U BBICO-
kotemrepatypnoit nmpucraBkoit HTK-1200N ¢upmbr Anton Paar s pabotsl B iuana3oHe temmnepatyp 25-1500 °C
(amaymTyk O. JI. TanmaxoBa). YcnoBus cbeMKu: MefiHOe nanydenne, V =40 kV, I = 30 mA, pasmep wmara — 0,02°.
Pesynvmameot. IleHTTaHANT — TIaBHBIN CyNb()UAHBI MUHEPaT aHTUTOPUTOBBIX CEPIIEHTVHUTOB, OH XapaKTepu-
3yeTcs JOCTATOYHO YVICTBIM XMMWYECKUM COCTABOM, M3 IIpUMeceil B MUHepajle OTMedaeTcsl TObKO KobanbT (0T 0
o 1,18 mac. %). ITo Ni/Fe-orHomenmio cynbGu OTHOCUTCA K HUKEIUCTOMY M COOCTBEHHO NMeHTIaHANTy. CMU3UT
(nu cMaiTUT) 3aMeliaeT 3epHa MEHT/IAHANTA TI0 TPeLIMHAM U C KpaeB. XMMMYeCKIit cocTas, Mac. %: S — 40,81; Fe
- 37,65; Co - 1,66; Ni - 19,87, xopo11o paccuuThiBaeTCs Ha KpUCTayoxummieckyio popmyny cmusura - (Fe,  Ni,
03C00,)6.0051 1 00r KPOHCTEITUT 3aMell[aeT MaTPUITY HEHTIAH/IUTA B BUJe TIPOXKM/TKOBATHIX BblleNieHuit. Boiensaercs
10 XMMIYECKOMY COCTaBy: SiO2 -17,82; FezO3 -40,00; NiO - 11,02; FeO - 18,06; MnO - 0,57; MgO - 2,23; CaO -
1,30; H,O - 9,00 (110 pa3HOCTM B COOTBETCTBUY C 3Ta/IOHOM), KOTOPBII PAaCCUMTBIBAETCS HAa KPUCTATTIOXUMUYECKYHO
(1)0pMy}Iy Ni-Mg-conepaiero KpOHCTe/ITUTA — (Fez+0.95Ni0.71Mg0.21Ca0409Mn0.03)1.99Fes+1.01[(Sil.lee3+0.88)z.ooos](OH)S.so‘
Bv1600v1. VI3ydyeH eHTIaHANT U3 AaHTUTOPUTOBBIX CEPIIEHTNHUTOB VITKynbcKoro rumnep6asurosoro maccupa (FOx-
HbIl1 Ypan). [Top BIusAHMEM NIPOLIeCCOB BBIBETPUBAHNA OO/IbIIASA YACTh 3epeH NEeHT/IAaHANTA YaCTUYHO 3aMeCTIUIaCh
BTOPMYHBIM CY/IbQUOM — CMU3UTOM U JK€/Ie3UCThIM CepPIEHTHOM — KPOHCTETUTOM.

Kntouesvie cnosa: eHTIaHINT, CMU3UT, KPOHCTEATUT, aHTUTOPUTOBDIN CEPIIeHTUHUT, VITKynbcknit Maccus, F0x-
HBII Yparl.
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