HAYKU O BEMAE C. IO. Kponanyes / Hssecmus YITY. 2023. Boin. 3(71). C. 16-24

UDC 549.621.92(470.5) http://doi.org/10.21440/2307-2091-2023-3-16-24

Strontianite from the Korkodinskoye deposit of jewelery andradite
(Middle Urals)

Sergey Yur'evich KROPANTSEV'™

The Zavaritsky Institute of Geology and Geochemistry of the Ural Branch of RAS, Ekaterinburg, Russia

Abstract
The relevance of the work is due to the need to study the mineralogy of the Ural gems, in this case deposits of jewelry
andradite (demantoid and topazolite).
The purpose of the work — description and detailed instrumental study of strontianite from paragenesis with gem
topazolite, which was established at the Korkodinskoye deposit.
Research methodology. Strontianite was studied at the Institute of Geology and Geochemistry named after academi-
cian A. N. Zavaritsky, Ural Branch of the Russian Academy of Sciences (Ekaterinburg), the Institute of Mineralogy of
the Ural Branch of the Russian Academy of Sciences (Miass) and the Ural State Mining University (Ekaterinburg). For
its study, the whole complex of modern research methods was used. Chemical, geochemical, X-ray and X-ray spectral
studies were carried out, and the method of IR spectrometry was also used.
Results and conclusions. Carbonate was found in a fissure-vein zone in association with garnet (topazolite) among
tectonized serpentinites at the Korkodinskoe deposit of gem andradite. According to the chemical composition, stron-
tianite is extremely calcium. Crystal chemical formula of the carbonate: (Sr,,Ca , Ba Mg, )  CO,. In terms of
chemical composition, the carbonate of the Karkodinskoe deposit is very similar to the strontianite of the Buldymsky
massif; apparently, this is a typochemical feature of all strontium carbonates from ultramafic bodies. For strontianite,
the results of powder diffractometry and IR spectroscopy are given, which are very close to the reference data. Stronti-
anite belongs to the post-garnet stage of mineral formation, and the source of strontium for carbonate was small bod-
ies of quartz-plagioclase metasomatites occurring at the site. The results obtained do not agree with the latest model
of the formation of the Korkodinsky ultramafic massif proposed by A. Yu. Kisin with co-authors. The discovery of
strontianite in a fissure-vein zone with andradite (topazolite) is another evidence of the formation of demantoid-bear-
ing bodies after the formation of gabbro and granitoid intrusions.
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Introduction

Strontium is a chemical element uncharacteristic for rocks
of ultramafic composition. From this, the finds of strontium
minerals in ultramafic rocks deserve special attention. In the
mid-80s of the last century, strontianite was found in dolomite
veinlets in serpentinites of the Buldymsky massif of the Vish-
novyye Mountains. This finding of strontianite was explained
by the processes of carbonatite formation [1]. In 2000, stron-
tianite was discovered in the Korkodinsky ultramafic massif
in the south of the Middle Urals. Here, strontium carbonate
is encountered in a fissure-vein zone with andradite among
serpentinites at the Korkodinskoye deposit of topazolites, de-
mantoids, and chromandradites. This discovery of strontianite
was explained by the fact that strontium carbonate is one of
the earliest minerals in the multistage process of serpentinite
carbonatization [2]. Complementing the previously obtained
data on strontianite from the Korkodinskoe deposit with
the results of the latest studies of the Korkodinsky andradites
[3, 4], the chemical composition of the rocks of the massif
and its environment contributes to solving the problem of the
genesis of the demantoid deposit of the Korkodinsky massif,

in particular, and the Ural deposits of demantoid and topazo-
lites, in general.

Research methodology

Strontianite was studied at the Institute of Geology and
Geochemistry named after academician A. N. Zavaritsky, Ural
Branch of the Russian Academy of Sciences (Ekaterinburg),
the Institute of Mineralogy of the Ural Branch of the Russian
Academy of Sciences (Miass) and the Ural State Mining Uni-
versity (Ekaterinburg).

X-ray spectral analysis of the strontium content in
quartz-plagioclase metasomatites was carried out using
SRM-18 and VRA-30 instruments (IGG Ural Branch of the
Russian Academy of Sciences, analysts: L. A. Tatarinova,
V. P. Vlasov, G. S. Neupokoeva, L. V. Fomina, N. P. Gorbunova).

The chemical composition of strontianite was determined
by the method of complete quantitative chemical analysis.
Determination of the content of oxides of elements was car-
ried out: SrO - by the atomic absorption method; BaO - by
the gravimetric method, by precipitation of barium sulfate;
CaO - titrametrically; K,O and Na,O - by the flame photomet-
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ric method; Fe O, - by atomic absorption, FeO - by the titra-
metric bichromate method; CO, - by the titrametric method
(USMU, analyst N. V. Penkina).

Analysis of the content of rare and trace elements in
strontianite was carried out by the ICP-MS method (IGG
Ural Branch of the Russian Academy of Sciences, analyst
D. V. Kiseleva).

The IR spectra of strontianite were measured on a Specord
instrument (IM Ural Branch of the Russian Academy of Sci-
ences, analyst V. Ya. Eremyashev).

The interplanar distances of strontianite were measured
by the method of diffraction patterns on a DRON-2.0 device,
Cu-radiation, 20 mA, 30 kV, V = 1 deg/min. (USMU, analyst
N. G. Sapozhnikova).

Brief geological description of the Korkodinskoye de-
posit area. The Korkodinskoye deposit of jewelry andradites
is confined to the southern part of the hypermafic massif of
the same name. In the same massif, a little more than seven
kilometers southwest of the Korkodinskoye deposit, is the
famous Poldnevskoye demantoid deposit. The Korkodinsky
massif belongs to the ophiolite formation and is part of the
Serov-Mauksky belt of hypermafic massifs tracing the Se-
rov-Mauksky and the Main Ural (MUR) faults. According to
new data, the Korkodinsky massif lies along the host fault of
the same name, which is part of the MUR zone. In terms of
kinematics, the Korkodinsky massif corresponds to a regional
left-hand transpressional fault, presumably of Late Paleozoic
age [5]. The Korkodinsky massif is located in the junction zone
of the Tagil and Magnitogorsk geosynclinal troughs.

The age of the massif is Middle-Late Devonian [6].
It has a block structure and an irregular shape elongated in
the submeridional direction. Size of the massif: 12 km long,
0,5 to 4,5-5 km wide. In the vertical section, the massif is a
tectonically shattered plate pushed over the phyllites of the
Central Ural uplift. The thickness of the plate varies from 50 m to
200-300 m [5, 7]. The Korkodinsky massif is interpreted as a
remnant of the Ufaleysky serpentinite massif [7]. The latter is
located 1.5 km southeast of the southern end of the Korkodin-
sky massif.

The Korkodinsky massif is composed of dunites, pyrox-
ene-bearing dunites, massive and veined clinopyroxenites,
harzburgites, wehrlites, and websterites. It is noteworthy that
relatively large bodies of fine and medium-grained clinopyrox-
enites in the marginal parts are transformed from medium- and
coarse-grained to giant-grained clinopyroxenites with diallag
separation (diallagites). Small in terms of clinopyroxenite bod-
ies, their vein varieties are, as a rule, completely recrystallized
into diallagites. The rocks are serpentinized to varying degrees
up to the formation of lizardite-antigorite, chrysotile-lizardite,
lizardite, antigorite, and magnetite-antigorite serpentinites.
At the base and in the marginal parts of the massif, ser-
pentinites pass into talc-carbonate rocks [6, 8]. Serpentinites
are confined to local zones of shearing and intense fracturing
(serpentinite melange) of submeridional strike. In such zones,
earlier tectonic faults in serpentinites and clinopyroxenites
with steep dips to the northwest, north, south, and southwest
are cut off by later gentle thrusts dipping to the east-southeast.
The age of gentle thrusts is Cretaceous [8].

The ultramafic rocks of the massif are in contact with
rocks of basic and acidic compositions. At the same time, in
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the northern and middle parts of the massif, small bodies of
amphibolized gabbro break through it. In the area of the Pold-
nevskoye primary deposit of demantoids, plagioclase metaso-
matites develop along amphibolized gabbro at the junction of
blocks of the massif in zones of intense fracturing of sublatitu-
dinal strike.

No gabbro was found in the southern part of the massif.
However, small bodies of plagiogranites and granodiorites are
mapped here at the contact with serpentinites and near them
[6]. At the Korkodinskoye deposit, 100-150 m southeast of
the fissure-vein zones with demantoids at the contact with the
serpentinites of the massif, a small body of metasomatically
altered granitoid (presumably rhyodacite [8]) was uncovered
by an exploration ditch. With distance from the contact of the
massif, this rock was transformed into epidote-quartz-pla-
gioclase and quartz—plagioclase metasomatites (fig. 1).

The host rocks in the area of the Poldnevskoye demantoid
deposit, framing the massif from the east, are mainly repre-
sented by chlorite-sericite-quartz and sericite-chlorite schists
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Figure 1. Geological map of the area of the Korkodinskoye jew-
elry andradite deposit [6] with the author’s addition: 7 — Quater-
nary deposits; 2 — quartz-sericite schists; 3 — antigorite serpentinites;
4 — granodiorites; 5 — plagiogranites; 6 — quartz-plagioclase and epi-
dote-quartz-plagioclase metasomatites; 7 — talc-carbonate rocks;
8 — local shear zone of serpentinites with gentle thrusts; 9 — primary
manifestation of demantoids; 70 — manifestation of chromite ore
PucyHok 1. leonornyeckas kapta panoHa KopkoguHckoro mecto-
poxaeHus oBenupHbIX aHapaauToB [6] ¢ nononHeHMeM aBTopa:
1 — YeTBEPTMYHbIE OTMIOXEHMUS;; 2 — KBapL-CEepULMTOBbIE CnaHLibl;
3 — aHTUropuToBbIE CEPNEHTUHUTBI; 4 — rPAHOANOPUTBLI; 5 — Nnarnorpa-
HUTbI; 6 — KBapL-NNarMoknasoBble 1 3NUAOT-KBapL-NIarmoknasoBble
MeTacomaTuTbl; 7 — Tanbk-kapboHaTHble NOPOoAbl; 8 — nokanbHas 30Ha
CMSITUS CEPMEHTMHUTOB C MONOrMMU HaaBWUramu; 9 — KOpeHHoe NposiB-
neHve gemaHtonaos; 10 — NposiBNieHne XPOMUTOBOW pyabl
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with interlayers of carbonaceous-siliceous composition. At the
Korkodinskoye deposit, the host rocks are mainly represent-
ed by quartz-sericite schists [6]. They belong to the Vyiskaya
Formation (O, ,) [6]. At the contact with the serpentinites of
the massif and at a distance of about 100 m to the north of
the hardrock outcrop of quartz-plagioclase metasomatites, an
amphibolite lens, a few meters in size, was uncovered in shales.
The rock consists of hornblende and plagioclase. In the same
area, 100-150 m more to the north, in quartz-sericite schists,
old pits were found from prospecting for hard rock gold with
blocks of milky white quartz up to 20 cm thick and multiple
imprints of crystals of pseudomorphs of limonite on pyrite in
the form of a cube up to 10 mm along the edge. Similar blocks
of quartz are found in the dumps of miners’ pits in the upper
reaches of the Zabitiy creek (the creek is unnamed in fig. 1).

Andradite mineralization at the Korkodinskoye deposit
is controlled by non-extended crushing zones in serpentinites
and diallagites. These are fissure-vein zones, in the formation
of which both separation cracks and cleavage cracks take part.
The strike of the fissure-vein zones is mainly southeast — 110°,
the dip is subvertical to the north [9]. Some fissure-vein zones
have a west-northwest (270-300 °C) strike and a subvertical
dip to the south and southwest [4]. Strontianite was found
among apodunitic serpentinite in one of such fissure-vein
zones of sublatitudinal strike.

Research results and discussion

In addition to andradite, strontium carbonate in the fis-
sure-vein zone is associated with two generations of clino-
chrysotile, lizardite, magnetite, calcite, and aragonite. There
are two generations for strontianite. The first generation,
strontianite-I, forms a microgranular, close to colomorphic
aggregate of white and greenish-white color, which cements
blocks of lizardite-clinochrysotile serpentinite (fig. 2). On the
surface of the blocks, there are spherulite-like aggregates of
clinochrysotile of the first generation (clinochrysotile-I), as
well as intergrowths of round topazolite grains, up to 2 cm
in size. Serpentinite contains magnetite in the form of iso-
metric grains ranging in size from 0,1 to 2,5-3 mm. There
is also magnetite in the form of irregularly shaped grains

Figure 2. Strontianite of the first generation (white), growing on a
spherocrystal intergrowth of topazolite

PucyHok 2. CTpoHuMaHuUT nepBow reHepauum (6enbii), HapacTato-
LM Ha CPOCTOK chpepoKpUCTansoB Tonasonura
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3-5 mm in size. This magnetite is xenomorphic with respect
to clinochrysotile-I.

The second generation, strontianite-II, forms fusiform,
columnar, and close to cylindrical individuals up to 2 cm in
length. Separate individuals, as a rule, are surrounded by lon-
gitudinally fibrous clinochrysotile of the second generation
(clinochrysotile IT). With the latter, strontianite individuals are
in close intergrowth. Strontianite-clinochrysotile aggregate of
the second generation composes the central part of the miner-
alized fissure-vein zone. There is no garnet in it, and magnetite
is represented only by dust-like dissemination.

The surface of separate strontianite individuals is smooth.
In this case, the basal sections are rounded or oval. By elon-
gation, individuals are often broken by transverse cracks,
which are filled with clinochrysotile II. In parallel-columnar
aggregates, the surface of strontianite individuals is inductive
in the form of a rough transverse elongation of individuals by
hatching. Basal sections of strontianite in such aggregates have
a polygonal shape in the form of irregular hexagons or curved
(with convex-concave sides) triangles.

The orientation of individuals and aggregates of strontian-
ite-II is closely related to the orientation of clinochrysotile-II.
In the pressure shadows of serpentinite blocks, strontianite-II
individuals are often misoriented, located across the strike
and dip of a mineralized fracture, together with clinochryso-
tile-1II fibers randomly located between them. In areas of lam-
inar arrangement of clinochrysotile-1I fibers along the dip of
a mineralized crack, strontianite has a parallel and consistent
orientation with clinochrysotile-II. In this case, basal cracks
of strontianite individuals healed by serpentine are much rar-
er. All this may indicate that the formation of late generations
of strontianite and clinochrysotile occurred simultaneously.
During growth, strontium carbonate individuals underwent
brittle deformations, and the cracks formed transverse to elon-
gation were filled with longitudinally fibrous clinochrysotile.

The color of strontianite-II is white, at the contact with
serpentine it is light beige (fig. 3). Due to the heterogeneous
microgranular structure, as well as the content of finely dis-
persed inclusions, a brownish-gray color appears. Under a mi-
croscope, strontianite has a radial-radiant structure. Strontian-
ite-II is formed along the periphery of strontianite-I with the
formation of a rim with a thickness of 1-5 mm. Often, these
rims are overgrown with a parallel columnar carbonate micro-
aggregate, presumably aragonite.

Calcite in the form of veinlets up to 3-5 mm thick cuts
through strontianite-I, develops along serpentine at the con-
tact of garnet grains with strontianite-clinochrysotile aggre-
gate. In the form of microveinlets up to 0,12 mm thick, cal-
cite cuts longitudinally fibrous clinochrysotile II and develops
along lizardite with the formation of pulverized magnetite.

Inclusions in strontianite are mainly represented by thin
needles of amphibole in optical properties corresponding to
tremolite. Their length varies from 0,1 to 0,4 mm. The maxi-
mum number of inclusions of tremolite needles (up to 10-20%
of the total mass) is contained in strontianite-I. In general, no
orientation in the arrangement of tremolite needles is not-
ed, although occasionally some of them form parallel series.
It should be noted that similar tremolite individuals are pres-
ent in lizardite-clinochrysotile serpentinite with garnet, where
the percentage of tremolite approaches that in strontianite-I.
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Figure 3. Strontianite-serpentine aggregate: a — crystals and intergrowths of strontianite-Il in the middle and upper parts of the sample, ser-
pentinite with inclusions of magnetite and topazolite in the lower part; b — the same sample on the reverse side, ground, light green — strontianite-|,

white — strontianite-I|

PucyHok 3. CTPOHUMAHUT-CEPNEHTUHOBLIN arperaT: a — B CPeAHen U BepxHel yacTax obpasua KpucTamnibl U CPOCTKU CTpoHUMaHuTa-ll,
B HWXHEWN YaCTW — CEPMNEHTUHUT C BKpamnsieHUsMU MarHeTrTa 1 TonasonuTa; 6 — ToT ke o6pasell, C 0GpaTHON CTOPOHbLI MPULLIIMKDOBAHHBIN, CBET-

no-3eneHbl — CTPoHUMaHuT-l, 6enbii — cTpoHumaHuT-I|

Pulverized magnetite in the form of inclusions is presented in
strontianite-II.

Topazolite, in the form of separate spherical grains and
their intergrowths, is located among strontianite-I. In most
cases, garnet is located at the contact of serpentinite and stron-
tianite. At the same time, garnet grains immersed in a car-
bonate substrate are surrounded by a characteristic envelope,
which includes: scaly serpentine, micro-acicular tremolite,
and pulverized magnetite. Here, carbonate replaces serpen-
tine minerals with the preservation of the relict texture of their
aggregates.

The interplanar distances of the studied carbonate are
close to calcium strontianite from Parbeck (England) [10]
(table 1), as well as an analogue from the Buldymsky ultramaf-
ic massif in the Southern Urals [1].

The chemical composition of strontianite-II, wt. %:
$i0, - 4,45; TiO, - 0,01; Fe,0, - 0,10; ALO, - 0,05; PbO - 0,03;
MnO -0,01; FeO - 0,10; CaO - 19,40; MgO - 1,03; BaO - 4,50;
SrO - 39,00; KZO -0,01; NaZO - 0,06; PZO5 - 0,03; loss on ig-
nition - 31,41 (of which CO, - 31,35); total - 100,19. Crystal
chemical formula calculated without taking into account silica:
(Sr, ,Ca, Ba, Mg ) CO,. According to the formula of the
mineral, it can be attributed to the limiting calcium stronti-
anite. It is interesting that the strontianite of the Buldymsky
massif is also distinguished by a high admixture of calcium,
most likely, these are the typochemical features of strontium
carbonate from ultramafic bodies.

The trace element composition of strontianite-II of the
Korkodinskoe deposit is given in table 2. High contents of
strontium and barium in the studied sample confirm the data
of chemical analysis. In addition, elevated contents of Ni, Mn,
and Zn are found in strontianite. The contents of TR are dis-
tributed in such a way that elements of the yttrium subgroup
mainly predominate in strontianite. At the same time, the total
amount of light lanthanides is 13,5 times higher than heavy
ones. This corresponds to the general tendency for the inclu-

sion of elements of the Eu-La series into the group of stron-
tium and barium minerals.

The IR spectra of strontianites of both genera-
tions contain the following absorption bands (cm™): 1)
for strontianite-I - 3400, 1780, 1625, 1440, 1415, 1060,
1030, 960, 860, 850, 705, 620, 530, 505, 470; 2) for stron-
tianite-II - 1450, 1420, 1110, 1090, 960, 860, 850, 705,
620, 540, 470. The main absorption band of [CO?®]* -ion
(1440-1450 cm™) in the spectra of the studied samples
is shifted from the standard absorption band of stron-
tianite (1461 cm™) towards witherite (1435 cm™) [11].
The narrow absorption band in the form of a doublet
850-860 cm™ corresponds to the characteristic frequency
range of the strontianite spectrum (841, 871 cm™) [11] and
is closest to the spectrum of strontianite from the Buldymsky
massif [1]. An intense narrow absorption band in the re-
gion of 705 cm™ is characteristic of strontianite [11] and is
present in the spectra of Korkodinsky carbonates. The main
distinguishing feature of the IR spectrum of strontium car-
bonate of the first generation of the Korkodinskoye deposit
is the presence of a wide absorption band in the region of
3400 cm™, which is characteristic of the spectra of aqueous
carbonates [11].

High contents of Sr and Na in quartz-plagioclase metaso-
matite of the zone of contact with serpentinites of the massif
at the Korkodinskoye deposit are noted by silicate and X-ray
spectral analysis. In this case, the average (for three analyses)
content of Sr is determined to be about 2803 ppm. The av-
erage (for three analyzes) content of Na is 7,8% (table 3). In
the apogabbro plagioclasites of the area of the Poldnevskoye
deposit, the average Sr content is 536 ppm (for three analy-
ses). This is five times less than in the Korkodinsky quartz-pla-
gioclase metasomatite. Apogabbro plagioclasite also contains
less Na, averaging 2,25% (for three analyses). However, this
rock contains more vanadium. This is probably why, in the
early generation Poldnevsky andradites - melanites, an anom-
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Table 1. Interplanar Distances and Unit Cell Parameters of Strontianite
Ta6nuua 1. MeXnnocKoCTHble PAaCCTOSAHUA U NapamMeTpbl 3fIieMEeHTapHOW SIYENKU CTPOHLUMaHUTa

Korkodinskoye deposit (Sr, Ca)CO, [10]

din | d/n | hkl
4,31 2 4,32 10 110
3,84 2 4,16 4 020
3,51 10 3,506 100 11
3,41 8 3,411 45 021
3,03 4 - - -
2,98 4 2,98 7 002
2,80 4 2,80 14 012
2,57 3 2,57 7 102
2,54 5 2,536 30 200
2,49 1 2,50 4 12
2,45 8 2,45 20 130
2,43 8 2,428 48 022
2,28 2 - - -
2,24 2 2,24 3 211
2,16 3 2,16 22 220
2,09 2 2,07 4 040
2,04 8 2,034 36 221
1,972 4 1,96 15 041
1,936 6 1,93 9 202
1,914 3 - - -
1,895 6 1,88 13 132
1,817 6 1,80 7 023
1,796 4 1,79 4 231
1,750 2 1,75 2 222
1,654 2 1,65 3 310
1,600 3 1,59 6 150
1,556 3 1,54 3 241
1,527 3 1,52 4 151

a, = 5,050 £ 0,001 A a,=507 A

b, = 8,302 £ 0,003 A b, =828 A

¢, =6,051+0,002 A ¢, =5,96 A

Table 2. The composition of trace elements in strontianite of the Korkodinskoye deposit, ppm
Ta6bnuua 2. CoctaB MUKPO3SIEMEHTOB B CTPOHLMaHUTe KOpKOAUHCKOro MecTopoXxaeHus, it

Elements Strontianite Elements Strontianite Elements Strontianite
Li 0,12 Cs 0,03 Ag 0,02
Sc 5,00 Ba 900 Cd 0,03
Ti 18,00 La 7,00 Sn 0,07
\% 0,31 Ce 1,10 Sb 0,14
Cr 5,10 Pr 0,90 Pb 0,17
Mn 50,00 Nd 3,90 Te 5,00
Co 7,00 Sm 0,40 Th 0,01
Ni 120,00 Eu 0,46 U 0,002
Cu 8,00 Gd 0,31 Y 8,00
Zn 50,00 Tb 0,02 Zr 0,70
Ga 0,13 Dy 0,09 Nb 0,02
Ge 0,05 Ho 0,02 Mo 0,14
As 5,70 Er 0,04 Hf 0,014
Se 0,88 Tm 0,003 Ta 0,002
Rb 0,28 Yb 0,02 W 0,017
Sr > 100 000 Lu 0,003 Tl 0,0008

alously high (up to 2900 ppm) content of vanadium is found.
In the garnets of the same name of the Korkodinskoye deposit,
the content of vanadium is up to 700 ppm [4].

Previously, it was established that strontium is a ty-
pomorphic microimpurity of the Korkodinskoye deposit
garnets. Its maximum amount (14 ppm) is found in tita-
nium-bearing andradite of early generation, with a de-
crease by several times (up to 5 ppm on average for three

analyzes) in late topazolites [4]. Such Sr contents in the
andradites of the Korkodinsky massif can be considered
relatively high if we take into account that the melanite,
demantoid, and topazolites of the Poldnevskoye primary
deposit contain an order of magnitude less Sr than the
Korkodinsky andradites.

Conclusions

As a result of the research, it can be concluded that the
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Table 3. Chemical (wt. %) and trace element (ppm) composition of metasomatites
Tabnuua 3. Xumuueckuin (Bec. %) U MUKPO3NeMeHTHbIN (r/T) cocTaB MeTacoMaTUTOB
Oxides and Ele- Samples
ments KGR-1.1 KGR-1.2 KGR-1.3 G-22.1 G-22.2 G-22.3
SiO, 66,74 66,96 67,69 47,80 48,00 48,15
TiO, 0,15 0,17 0,15 0,16 0,17 0,16
ALO, 17,70 18,10 18,09 15,08 14,96 15,02
Fe,O, 1,38 0,65 1,00 2,52 3,20 3,96
FeO 0,36 1,08 0,72 5,74 5,03 4,31
MnO 0,06 0,06 0,05 0,15 0,11 0,14
CaO 2,86 2,85 2,84 11,25 11,29 11,23
MgO 0,89 0,83 0,79 11,30 10,98 11,11
K,O 0,45 0,45 0,44 0,02 0,02 0,02
Na,0 7,39 8,62 7,39 2,00 2,07 2,67
P,O, 0,12 0,11 0,11 0,01 0,01 0,01
\ 0,004 0,007 0,003 0,005 0,005 0,005
Cr 0,003 0,003 0,004 0,025 0,024 0,025
Loss on
ignition 0,37 - 0,29 2,42 2,53 2,29
Total 98,48 99,89 99,57 98,48 98,40 99,11
Sr 2797 2808 2803 532 538 539
Ce I/r I/r I/r 59 <50 26
La 13 <10 <10 14 10 1
Zr 15 1 19 <5 <5 55
Yb I/r I/r I/r <3 <3 <3
Y I/r I/r I/r 8,7 71 8,3
Sc <5 52 6 71 8,7 8,3
\ 27 22 28 151 102 118
Co I/r Ir I/r 50 32 46
Ni 13 15 16 191 209 200
Be I/r <1 1,4 I/r I/r Ir

Note: 1) samples KGR-1.1, KGR-1.2, KGR-1.3 — quartz-plagioclase metasomatite of the Korkodinskoye deposit;

2) samples G-22.1, G-22.2, G-22.3 — apogabbro plagioclase metasomatite of the area of the Poldnevskoye deposit.
Mpumeyanwue: 1) npobbl KIP-1.1, KI'P-1.2, KI'P-1.3 — kBapu-nnarMoknasoBblii MeTacomaTut KOPKOAMHCKOrO MECTOPOXAEHUS;
2) npobbl -22.1, [-22.2, [-22.3 — anorab6poBbiil NNarMoknasosblii MeETacoMaTuT parioHa [onaHEeBCKOro MECTOPOXAEHNS.

strontianite of the Korkodinskoye jewelry andradite depos-
it belongs to the post-garnet stage of mineral formation.
In association with clinochrysotile II, it is one of the late
minerals at the final stage of the formation of serpentine
minerals and, at the same time, one of the early minerals in
the multistage process of carbonatization in the local shear
zone and intense fracturing of serpentinites of the Korko-
dinsky massif. At the first stage of this process, serpentinite
blocks are cemented with strontianite-I in mineralized fis-
sure-vein zones with garnet with partial replacement of
first-generation clinochrysotile. At the final stage of hyper-
mafic serpentinization under conditions of a tectonically
mobile zone of serpentinite melange, the chrysotilization
process resumes with the formation of clinochrysotile-1I
and the transformation of strontianite-I into strontianite-II.
This process ends with the formation of calcite, the early
generation of which develops after strontianite of both gen-
erations. Among the late carbonates, aragonite is formed,
which is part of the aragonite-calcite aggregate that fills late
cracks in serpentinite.

The presence of microimpurities of strontium in the andra-
dites of the Korkodinskoye deposit, along with the presence of

strontium carbonate in the fracture-vein zone, indicate that the
introduction of Sr into the ultramafic rocks of the local shear
zone occurred both after and at the time of the formation of
ruptures with demantoid and topazolite here. Considering
that quartz-plagioclase metasomatites are the most probable
source of strontium at the Korkodinskoye deposit, the influ-
ence of a small intrusion of granitoids on the formation of an
area unusually rich in andradite content on a relatively small
(a few hundred meters) area of the zone of increased fracturing
and crushing of serpentinites becomes obvious. Such an inter-
pretation of the process of the genesis of the deposit of jewelry
andradites of the Korkodinsky massif fully corresponds to the
conclusion about the conditions for the formation of deman-
toid as a result of superimposed low-grade metamorphism [12].
However, in the absence of certain structures at the points of
contact of serpentinites with intrusions of acidic and basic com-
positions, demantoid is not formed [13, 14]. This testifies to the
leading role of fissure tectonics in the formation of demantoids.

On the whole, no direct and ubiquitous connection be-
tween primary sources of demantoid and felsic intrusions has
been established in the Korkodinsky massif. At the same time,
ultramafic rocks, granitoids, and gabbro undergo metasomatic
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changes in tectonically weakened zones. At the same time, the The results obtained do not agree with the new model of
presence of rocks of basic and acidic compositions in a partic-  the formation of the Korkodinsky ultramafic massif [15]. The
ular deposit with their involvement in the process of medium  discovery of strontianite in a fissured-vein zone with topazo-
and low temperature metasomatism determines the typomor- lite is another evidence of the formation of demantoid-bearing
phism of the microimpurity composition of garnets. bodies after the formation of gabbro and granitoids intrusions.

The work was carried out within the framework of the state task of the IGG, Ural Branch of the Russian Academy of Sciences,
no. reg. 123011800014-3.
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CrpoHunaHut n3 KoOpKOAMHCKOrO MECTOPO>KAEHMSI FOBEAUPHDIX
aHApaanToB (CpeaHnin Ypaa)

Ceprein OpbeBuy KPOMAHLEB'™
MHcTuTyT reonorum un reoxummmn nm. akag. A. H. 3asapuukoro YpO PAH, EkatepuHbypr, Poccus

AHHOTaums
AxmyanvHocmv pabomvt 06yC/IOB/IeHa HEOOXOMMOCTBIO 3YYeHNUA MUHEPATIOTUN YPATbCKUX IPArOLIEHHBIX KaM-
Hell, B JAaHHOM CJTy4ae /11 MECTOPOXK/ICHNII I0BE/IVPHOTO aH/IpanTa (JeMaHTOM/a 1 TOMA30/INTa).
Llenv pabomut — onvicanye 1 feTalTbHOE MHCTPYMEHTA/IbHOE UCC/IEOBAaHNe CTPOHIIIAHNTA U3 ITapareHe3ca ¢ 1oBe-
JIMPHBIM TOIA30/IMTOM, KOTOPBIil OBUI yCTaHOBJIEH Ha KOPKOAMHCKOM MeCTOPOXKICHNIL.
Memooonozus uccnedoéanus. CTpOHIMAHNUT M3y4ascsa B VIHCTUTyTe reosoruy u reoxumuny uM. akag. A. H. 3asa-
punkoro YpO PAH (r. Ekatepun6ypr), ViHcTuryTe Munepanoruu YpO PAH (r. Muacc) u YpanbckoM rocyiapcTBeH-
HOM ropHoM yHuBepcurere (I. EkatepunOypr). [l ero nsydeHus npuMeHsICA BeCb KOMIUIEKC COBPEMEHHBIX Me-
TOJOB uccaefoBanysA. [IpoBefieHbI XUMIYeCKIe, TeOXUMIYECKIe, PEHTTeHOMeTPUYeCKIe M PeHTTeHOCIIeKTpaIbHble
MICCTIeIOBAHMA, a TaKoKe mpuMeHsica Metop VIK-criekTpomerpun.
Pesynomamot u 6v1600v1. KapOOHAT BCTpeyeH B TPEIVHHO-XXIIbHOI 30He B aCCOLMALIMY C IPAaHATOM (TOIA30/N-
TOM) Cpeiy TEKTOHU3MPOBAHHBIX CEPIEHTVHUTOB Ha KOPKOAMHCKOM MeCTOPOXK/IeHNY I0BE/IPHOTO aHapaguTa. ITo
JIaHHBIM XVIMUYECKOT'O COCTaBa CTPOHI[MAHNUT SABIACTCS Ipefie/bHO KanbleBbIM. Kpucramtoxummdeckas Gpopmyra
xap6ownara: (Sr;,Ca ,Ba Mg )  CO,. Ilo xummdeckomMy cocraBy kap6oHaT KOPKOAMHCKOTO MeCTOPOKAEHNM
OYeHb HAIIOMUHAET CTPOHIMAHUT DY/IIBIMCKOTO MAacCUBa, 110 BCel BUJVMOCTY, STO AB/IACTCA TUIIOXMMUYECKON
0COOEHHOCTBIO BCeX KapOOHATOB CTPOHIMA U3 IMIIepOA3UTOBBIX Tel. [I/IA CTpOHIMAHNUTA NIPUBEJEHBI pe3y/bTa-
ThI HOPOLIKOBOI An¢pakromerpyn u VIK-cnekrpockonmu, KOTOpble O4eHb OIM3KN K 9TaIOHHBIM JJaHHBIM. CTPOH-
IVIAHUT OTHOCUTCS K IIOCTTPAHATOBON CTaiNy MIHEepanooOpa3oBaHus, a MICTOYHMKOM CTPOHLMA A/ KapOoHaTa
HOCTY>KIIN BCTpevarolyecs Ha 00beKTe HeOOIbIlNe Te/la KBapl-IJIarnOK/Ia30BbIX MeTacoMaTnTOB. Ilo/rydeHHbIe
Pe3y/IbTaThl He COITIACYIOTCS C MOC/IefHel Mofenbio popMypoBanysa KOpKOAMHCKOTO yIbTpabasuTOBOrO MacCHBa,
npemnoxxerHon A. 0. KucunbiM ¢ coaBropamn. Haxozika cTpoHIIMaHNTa B TPEIMHHO-XWIBHOI 30HE C aHAPaay-
TOM (TOIA30JIMTOM) CITY>KUT OUepPeIHBIM I0Ka3aTe/IbCTBOM 00pa30BaHNsA HeMaHTONIOHOCHBIX T/l OCTIe CTAHOBJIE-
HYIS1 UHTPY3Uii TabOpo U TPaHUTOUMIOB.

Knwoueevie cnoea: CcTpoHIMIT, CTPOHIMAHUT, CEPIEHTMHUTHI, KBapIl-IUIATMOKIA30Bble MeTAaCOMATUTBI,
Kopkopuncknit maccus, CpenHnit Ypai.

Paboma svinonmena 6 pamrax eocyoapcmeernrozo sadanus UI'T YpO PAH, Ne zoc. pee. 123011800014-3.
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