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Section MINERALOGY

THE COMPOSITION OF LITHOSPHERIC MANTLE BENEATH THE LOW-
DIAMONDIFEROUS TSNIGRI-ARKHANGELSKAYA KIMBERLITE PIPE
(ARKHANGELSK DIAMONDIFEROUS PROVINCE, NW RUSSIA)

Agasheva E.V.

V.S. Sobolev Institute of Geology and Mineralogy, Novosibirsk, Russia,
shchukinalena@igm.nsc.ru

Abstract. This study shows the results of reconstruction of the composition, structure, thermal
state and metasomatic enrichment of the lithospheric mantle beneath the Tsnigri-Arkhangelskaya
kimberlite pipe, based on major- and trace-element composition of 450 garnet xenocrysts. It was
found that the thermal state of the lithospheric mantle was 40-45 mW/m?, maximum lithosphere
depth at 170-200 km, the thickness of the "diamond window" — from 22 to 60 km, at the time of
kimberlite magmatism. The low diamond grade of the pipe was not caused by the large-scale
high-temperature melt metasomatism.

Key words: kimberlite, diamond, mantle metasomatism, lithospheric mantle, pyrope.

The composition of the lithospheric mantle, the substance of which is presented in
kimberlite in the form of mantle xenoliths and their fragments (xenocrysts) is the key factor
controlling the diamond grade of these pipes. The study of mantle samples makes it possible to
evaluate the main characteristics of the lithospheric mantle, such as: 1) types of mantle rocks
involved in its structure and their proportion; 2) geothermal gradient; 3) maximum lithosphere
depth and the thickness of the "diamond window"; 4) types, sequence and scale of metasomatic
enrichment and an assessment of the influence of these processes on the possibility of the
formation and preservation of diamonds in mantle rocks up to the stage of kimberlite
emplacement. Garnet is a constituent mineral of the Arkhangelsk diamondiferous province
(ADP) mantle samples, including those that potentially could be the sources of diamonds
(peridotite and eclogite). The existing ways of interpreting its major- [1,2] and trace-element [3]
compositions, including P-T calculations [4] allows to obtain the main characteristics of the
lithospheric mantle and conclude about its diamond potential. The goal of this study is to
evaluate main features of the low-diamondiferous lithospheric mantle in the ADP.

Based on CaO and Cr203 contents [1, 2] garnets were divided into the following groups:
Iherzolite/G9 (72 %), megacrysts/G1 (7.6 %), low-chromium pyroxenite/G4 (7.4 %), deformed
Iherzolite/G11 (7 %), harzburgite/G10 (3.6 %), eclogite /G3 (1.1 %), wehrlite /G12 (0.9 %) and
harzburgite of diamond association/G10D (0.4 %). Based on RE content and style of chondrite-
normalized REE patterns, garnets were divided into the several groups, each formation was due
to different style of metasomatic enrichment: 1) high-chromium G10, G10D and G9 with
sinusoidal REE patterns (12 % from the total amount of peridotitic and megacryst garnets) — due
to influence of C-H-O melt/fluid with high LREE/HREE ratio, probably of carbonatite
composition; 2) middle to high chromium G9 with “humped” REE patterns (3 %) — due to
influence of silicate melt with high LREE; 3) low to middle chromium G9 with flat REE patterns
(29 %) — due to influence of high-temperature silicate melt; 3) low to middle chromium G9 with
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fractionated MREE-HREE with MREE at chondritic value (19 %) — residues after partial melting
with no/minimal metasomatic enrichment,- and with elevated MREE at 2-8 chondritic (23 %) —
weak influence of high-temperature silicate melt. All garnets of peridotite and megacryst
associations have high Ni content (50-127 ppm). The results of Tni [4] calculation show that
dominant G9 and G10 garnets were equilibrated at 1100 — 1200° C (68 %) and 1200-1300° C
(30 %); G11 and G1 — at 1100-1300° C (89 %). The absence of any correlations between Ni
content and TiO2, mg#, Y, Zr, Sm in garnets is evidence of high T regime within all sections of
the sampled lithospheric mantle (from 60-80 to 170-200 km). The thermal state is 40-45 mW/m?,
graphite-diamond transition at T ~ 1050-1200° C (140-147 km), maximum lithosphere depth at
170-200 km, the thickness of the "diamond window" — from 22 to 60 km. The study shows that
metasomatic enrichment of the lithospheric mantle beneath the Tsnigri-Arkhangelskaya pipe was
similar to those beneath the high-diamondiferous Arkhangelskaya [5] and V. Grib [3] kimberlite
pipes while the low diamond content of the pipe was not associated with a large-scale high-
temperature melt metasomatism. However, the thickness of the "diamond window" beneath the
Tsnigri-Arkhangelskaya pipe was much less compared to those beneath the high-diamondiferous
ADP kimberlite pipes.

Funding: This work is supported by the Russian Science Foundation under grant 20-77-10018.
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MODULARITY OF THE CRYSTAL STRUCTURES OF MINERALS AND SYNTHETIC
COMPOUNDS WITH THE GENERAL FORMULA A2M3(TOa)4

Aksenov S.M.2?, Merlino S.3
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Abstract. The crystal structures of natural and synthetic compounds with the general formula
A>M3(TOa)s displays order-disorder (OD) character and can be described using the OD groupoid
family. Synthetic compounds Na;MnzxMgx(SOa)4 can be described in terms of modularity as a
sequence of A-, Si-, and Sz-modules:...|[AS1AS2AS1AS;|... or (AS1AS;), together with MDO1
(AS1AS;1) and MDO2 (AS2AS). The crystal structure of itelmenite, NaCaFe®*3(POa)s is crystal-
chemical isotypic to Na2Mns.xMgx(SOa)4 and should be considered as (A*S1A*S;)-derivative.

Key words: modularity, polytypism, heteropolyhedral frameworks, oxysalts

Natural and synthetic compounds with the general formula A2M3(TO4)s (A = Na, Rb, Cs,
Ca; M = Mg, Mn, Fe3*, Cu?"; T = S%, P>") [1-7] are characterized by a wide structural diversity
and their crystal structures are based on the heteropolyhedral MT-frameworks formed by MO,
polyhedra (n =5, 6) and TOs tetrahedra. The negative charge of the frameworks is balanced by
the extra-framework mono and/or divalent A-cations. Due to the same stoichiometry of the
heteropolyhedral MT-frameworks these compounds show polymorphic and modular
relationships. Compounds with the chemical formula Na:Mn3zxMgx(SO4)s have recently been
synthesized by the solid-state reaction route [4-6] These compounds are characterized by
different orthorhombic unit-cell parameters and space groups: Cmc21, a = 14.8307, b =9.9107, ¢
= 8.6845 A and Pbca, a ~ 29.2-29.7 A, b ~ 9.59.9 A, c ~ 8.7 A. It was recently shown, that
crystal structures of both compounds have similar building blocks stacked in different ways
along the axis with the longest unit-cell parameter [6]. Building blocks (modules) related to those
in Na2(Mg1-xMny)3(SOa)s have been also found in natural sulfate itelmenite Na2CuMg2(SOa4)4 [3]
and synthetic phosphates NaCaFe**3(PO4)4 [2] CazMgFe®*2(POa)4 [1].

The crystal structures of NazMn3.xMgx(SOa4)4 polymorphs [4,6] display OD character and
can be described using the same OD groupoid family, more precisely a family of OD structures
built up by two kinds of non-polar layers (category 1V) [7]. The layers are the following:

() Lon+1 type with the layer symmetry pmc2: [or P(m)c2: in terms of the OD notation, where
braces indicate the direction of missing periodicity] is represented by the heteropolyhedral
modules formed by Mngn polyhedra (n = 5,6) and SO tetrahedra;

(if) L2n type consisting of oxygen atoms on the borders of a thin slab with the layer symmetry
pbcm [P(b)em or P(2/b) 21/c 21/m].

When different sequences of operators are active in the Lon type layers, multilayered
polytypic structures with increased a occur. The simplest one is that in which the two types of
operators in Lo layers regularly alternate. Polytypes of compounds with formula NaxMns.
xMgx(SO4)s may related through a modular series built up with the layer A (corresponding to the
central part of the OD layer L2n+1) and the sulphate layers S; and Sz, present in polytypes MDO1
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and MDO?2, respectively, and represented in Fig. 1. The different types of alternation of A- and
Si-modules can form a merotypic modular series. Thus, in terms of modularity it is possible to
describe this structure as a sequence of modules [7]:...|JAS1AS2AS1AS,|... or (AS1AS?)>.

The crystal structures of natural sulfate itelmenite Na2CuMg2(SO4)s [3] and synthetic
phosphates NaCaFe®*3(PO4)s [2], CazMgFe3*2(PO4)4 [1] represent a modular character with the
alternation of three types modules along the a direction. The first polar A*-module corresponds
to the derivative of the A-layer in polytypes and modular (AS:1ASz)-type structure of NaMns.
xMgx(SO4)s. Despite of the changes of the coordinational environment of M-cation in A*-layer
the crystal structures of itelmenite, NaCaFe**3(POs)s, and Ca:MgFe**2(POs)s should be
considered as (A*S1A*Sy)-derivatives of the previously described (AS1AS2)-type structure.

Modular (AS1AS2)-structure Modular (A*S1A*S2)-structure
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Figure 1 — The modular representation of (AS1ASz)-type structure of Naz2MnsxMgx(SOa)4 (left) and
(A*S1A*S;)-type derivative structures of itelmenite, NaCaFe3*3(POas)s, and Ca:MgFe®*2(PO4)4 (right).
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METAMORPHISM VS METASOMATISM: STABLE ISOTOPE CONSTRAINTS
(CASE STUDY OF THE KOCHUMDEK CONTACT AUREOLE, EAST SIBERIA)

Deviatiiarova A.S., Sokol E.V., Kokh S.N., Reutsky V.N., 1zokh O.P., Pyryaev A.N.

V.S. Sobolev Institute of Geology and Mineralogy, Novosibirsk, Russia,
devyatiyarova@igm.nsc.ru

Abstract. A database of 580 and &3C compositions was created for all types of the Kochumdek
carbonate-bearing rocks, including limestone and marble, as well as for monofractions of calcite
(sixty samples). The revealed §*3C and 520 difference (A 83C < 2 %o and A 380 < 4 %o) in
limestone and marble proves the leading role of decarbonation in the C and O isotope
fractionation. This composition feature also indicates very limited percolation of magmatic fluids
into the sediments and, together with mineral indicators, allows detecting local permeable zones.

Key words: fluids; contact metamorphism; carbonate-bearing rocks; calcite; 580 and §*3C

The behavior of stable isotopes is an efficient tool for tracing the history of contact
aureoles. The isotope gradients and their spatial patterns have implications for processes in zones
of interactions between igneous bodies and the host sediments, as well as for the contributions of
each process to the total mass balance [1]. The contributions of different sources into oxygen and
carbon budgets, fluid types, and directions of fluid flow can be inferred from isotope signatures
using special algorithms [1-2].

We studied oxygen and carbon isotope compositions (§*20 and §*3C) in rocks and minerals
of the Kochumdek aureole located at 62°27°54.59"°'N, 91°55°42.99"°E [3]. Sixty samples of
marble, marly limestone, skarn, scapolite veins, and calcite monofractions were analyzed at the
V.S. Sobolev Institute of Geology and Mineralogy (IGM, Novosibirsk). The measurements were
performed on a Thermo Finnigan GasBench Il connected to a Thermo Finnigan MAT 253 mass
spectrometer, to an accuracy of 0.1 %o for C and 0.2 %o for O.

The marbles of the Kochumdek aureole have coarse granoblastic structure and closed
porosity, and contain sporadic fine (< 10 um) fluid inclusions of low density. The structure and
texture features indicate limited fluid flow across the sediment-magmatic interface. In the §*80 —
d13C diagram (Fig. 1 A), the compositions of the protolith Early Silurian marly limestone plot a
dense cluster at the bottom of the marine carbonate field according to 5'C. The fields of bulk
marble samples, calcite from marble, and skarn partly overlap the marine carbonate field that
reaches —2%o on the 8!C axis. The §®*C ranges of the sedimentary protolith and the products of
its thermal metamorphism are within 2 %.. The median &80 values for limestones and marbles
(+calcite and skarns) coincide but the 5'80 range is narrower in the sedimentary rocks (Fig. 1 A).

Metacarbonate rocks in contact aureoles commonly show trends of coupled §*30 and §'3C
decrease, with a negative slope, starting from the limestone field [2]. The 5'80 and 5'°C decrease
upon marble-to-metasomatite transition is first slow but then becomes very steep. The total shift
reaches 12%o along 520 and 17%. along 8**C (Fig. 1 B). This trend results from voluminous
infiltration of magmatic, meteoric, or mixed fluids with low &80 and §*3C across the contact [1].

Depleted 380 compositions (+22.0 %o to +17.0 % SMOW) in the Kochumdek aureole
rocks are restricted to few samples of vein scapolite (meionite, Cas[Al.Si>Og]3CO3), skarn, and
re-crystallized limestone (Fig. 1 A). The 33C values in fifty seven out of sixty samples are
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similar, and only three samples have low §!3C down to —5.3 %0 VPDB (Fig. 1 A). This behavior
of stable isotopes corresponds to very limited percolation of magma-derived fluids inward the
host rocks and highlights local permeable zones in the monolith aureole rocks. The small
difference between AS™C < 2 %o and A0 < 4 %o revealed for the analyzed Kochumdek marly
limestones and marbles proves that decarbonation of the sedimentary protolith was the leading
process in C and O isotope fractionation during spurrite-merwinite metamorphism.
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Figure 1 - 8*%0 and 8'3C covariations in the Kochumdek contact aureole rocks (A), compared to
metasomatized rocks from other contact aureoles according to published data (B) [1-2].
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THE DESCRIPTION OF ARAGONITES TWINNING FROM THE DEPOSITS OF
SPAIN, MOROCCO AND RUSSIA

Donskikh K.G.12, Gavryushkin P.N.1}?, Banaev M.V.1?

lv.S. Sobolev Institute of Geology and Mineralogy, Novosibirsk, Russia, katerinoso@yandex.ru
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Abstract. Investigating the microstructure of twinned aragonite crystals from three different
deposits - Morocco, Spain and Russia - we found out that only samples from Morocco and Tuva
are complicated by polysynthetic twinning. Polysynthetic lamellas in the Moroccan crystal are
parallel growths of aragonite, 4.5 to 31 microns thick. Spanish crystals are ordinary germination
tees. Also, Spanish and Moroccan crystals have different domain boundaries - in the first case
they are sharp and frequent, in the second they are even, which is due to different conditions of
crystal crystallization.

Key words: aragonite, twinning, Raman spectroscopy

Aragonite is one of the polymorphic modifications of calcium carbonate. It crystallizes in
the rhombobipyramidal form of the symmetry of the orthorhombic syngony — Pmmm.

Aragonite crystals from the deposits of Tazaut (Morocco), Molina D'Aragon (Spain) and
Kuge-Dava (Tuva, Russia) were studied using the following types of analysis: X-ray diffraction
(single crystal and XRD), microprobe analysis, scanning electron microscopy, EBSD analysis,
RAMAN spectroscopy.

There are two types of twinning in aragonite. The first type: macro-twinning along the
plane (110). The second type: micro-twinning - the presence of twin lamellas in macrodomains,
no more than a fraction of a millimeter thick and having a different orientation. This type of
twinning is noticeable in a microscope in transmitted light. It was found out that micro-twinning
is present only in Moroccan crystals, where it can be superimposed on both twinned crystals
(macro-twinning) and single crystals [1].

In the composition of the studied aragonites, two main elements can be distinguished-
impurities: Na and Sr [2]. In the purple part of the Spanish crystals, Sr was detected — an average
of 0.006 wt.%, while in the remaining crystals and the transparent part of the Spanish crystal, the
Sr content averaged 0.002 wt.%. The highest Na content was found in the Moroccan sample —
0.0004 wt.%, in other crystals its content is on average 0.0001 wt.%. There is no regular change
in the Sr content in the plane (001) (from the edge to the center) in the Spanish crystal. It can be
concluded that the content of Sr and Na is not related to the color, but is related to the conditions
of crystallization of aragonite.

X-ray diffraction analysis revealed the presence of well-marked diffuse scattering in
samples from Morocco in two cross-sections of the reverse space. In the first case, scattering is
observed in the form of arcs passing through the reflexes of the plane (001). In the second case,
scattering is noticeable along the twinning axis [110]* only in sections (002), (00-2), which
indicates the presence of nanoscale twinning along the plane (110). In the Tuvan sample, diffuse
scattering is also observed, passing through the reflexes of the plane (001) in the form of short
straight lines.

The data of the EBSD analysis at 20 microns showed the misorientation of the crystal
sections along the cracks, and also confirmed the presence of stresses in the structure, expressed
in a smooth change in the orientation of the stressed section by about 3-4 °. The survey of the
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sample at 1 micron showed a deviation from the total flow of twin lamellas inside the area
bounded by cracks by 5 °. Also, this survey allowed us to establish that some lamellas have a
dimension from 4.5 to 30 microns and may, in turn, be polysynthetic twins. Most of the lamellas
are indistinguishable in orientation from macrodomains, which indicates that there is no
connection between diffuse scattering and disorientation of the lamellas.

Raman spectroscopy data showed that the vibrational spectra of the studied crystals do not
differ from each other. Also, these spectra do not differ in the twinned and single-crystal
sections. It is possible to reliably establish the presence or absence of a connection of twinning
with the geometry of atoms by calculating the electron density in COs triangles using DFT
modeling [2].
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Ca-Mg-Fe OLIVINES IN PARALAVAS OF THE NYALGA COMBUSTION
METAMORPHIC COMPLEX, CENTRAL MONGOLIA

Glushkova V.E.}, Peretyazhko 1.S.%, Savina E.A.}, Khromova E.4.?
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Abstract. Ca-Mg-Fe olivines are rock-forming minerals in the paralavas of the Nyalga
combustion metamorphic complex. Decomposition products of solid solution Ca-fayalite —
kirschsteinite CaFeSiO4 crystallize at the final stage of paralava matrix formation. The minerals
of variable composition monticellite CaMgSiO4 — kirschsteinite occur only in xenolith mineral
assemblages of thermally modified marly limestone, and its melting resulted in paralava
formation. It is established difference between monticellite from paralavas and from igneous
rocks.

Key words: Ca-Mg-Fe olivine, monticellite, Kirschsteinite, paralava, Nyalga combustion
metamorphic complex

Mellilite-nepheline paralavas of combustion metamorphic complexes, occurring
inMongolia have been formed during melting of marly limestones caused by wild coal fires [1,
2]. The Nyalga paralava matrix consists of mellilite, clinopyroxene, and plagioclase
microphenocrysts and with the interstitials filled in microliths of Ca-fayalite, kirschsteinite, K-Ba
feldspars, rhonite-kuratite, pyrrhotite and other minerals [3]. Thermally modified xenoliths of
carbonate-silicate sedimentary rocks are also present in paralavas. The gehlenitic mellilite with
the inclusions of monticellite, Ca-Mg-Fe olivines, spinel, perovskite, magnetite and pyrrhotite
constitute the mineral assemblages of xenoliths of modified marly limestone (Fig. 1).

Figure 1 — Matrix fragments of thermally modified xenoliths of marly limestone in paralava samples (a) MN-
1176 and (b) MN-1234-1. Mct = monticellite, Gh = gehlenite, Mag = magnetite, Pyh = pyrrhotite, Prv =
perovskite, Spl = spinel.

Microliths and inclusions of Ca-Mg-Fe olivines vary widely in contents of FeO and MgO
(Mg#, Mg/(Mg+Fe) from 40 to 94) in different xenoliths of marly limestone, but they do not
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have zoning by composition within in a single xenolith (Table 1). Olivines also contain the
impurity of Mn (up to 4 wt% MnO).

Ca-Mg-Fe olivines in mellilite-nepheline paralavas of the Nyalga combustion metamorphic
complex and in products of pyrometallurgical industry [4] broadly vary in the content of
kirschsteinite end-member. This distinguishes them in composition from monticellite, containing
<10% of kirschsteinite end-member, in mineral assemblages of kimberlites [5], carbonatites,
alkaline, ultrabasic rocks [6] and high-temperature scarn on the contact of marble and basalt
traps [7].

Table 1. Major-element chemistry (wt%) and crystal chemical formulas of Ca-Mg-Fe olivines

Sample MN-1133 MN-1180 MN-1176 MN-1179 MN-1234-1 Min Max
(6) ) ®) ) (©)
SiO, 36.66 36.51 35.32 35.58 36.28 34.08 37.55
TiO; 0.22 bd bd bd bd bd 0.82
AlyOs 0.06 bd bd 0.24 bd bd 0.57
FeO 3.78 15.67 6.96 11.46 12.13 1.47 19.08
MnO 0.49 0.83 151 0.85 2.38 bd 3.42
MgO 22.56 15.71 18.81 17.07 16.40 12.14 24.13
CaO 35.57 32.68 35.83 35.62 34.28 30.96 37.19
Total 99.34 101.39 98.43 100.81 101.46 — —
Formulas, apfu
Si 0.987 1.005 0.980 0.980 0.996 0.969 1.013
Ti 0.005 0.000 0.000 0.000 0.000 0.010 0.016
Al 0.002 0.000 0.000 0.010 0.000 0.003 0.001
Fe 0.085 0.365 0.163 0.265 0.282 0.033 0.451
Mn 0.005 0.020 0.040 0.020 0.056 0.001 0.082
Mg 0.903 0.645 0.773 0.700 0.666 0.523 0.970
Ca 1.027 0.965 1.070 1.050 1.008 0.935 1.149
Total 3.014 3.000 3.027 3.025 3.008 — —
Mg# 914 63.9 81.4 72.6 70.5 40 94

Numerals in braces denote quantity of SEM EDS analyses used to calculate average values. bd = below SEM EDS
detection limit.

Funding: This workwas carried out as part of Basic Research Program 0284-2021-0006 of the Russian
Academy of Sciences.
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SPECTROSCOPIC FEATURES OF ELECTRON IRRADIATED DIAMOND
CRYSTALS FROM MIR KIMBERLITE PIPE, YAKUTIA

Komarovskikh A.Yu., Rakhmanova M.I.

Nikolaev Institute of Inorganic Chemistry, Novosibirsk, Russia, komarovskikh@niic.nsc.ru

Abstract. The effect of electron irradiation and subsequent low-temperature annealing (200-
600°C) on spectroscopic features of diamond crystals from the Mir pipe have been investigated
by IR, PL, and EPR techniques. One of the interesting results is observation of new characteristic
photoluminescence system with a ZPL at 615 nm accompanied by phonon replicas of 41 and 90
meV in electron irradiated type 1aAB diamond, while in type Ila diamond, another specific
system with a ZPL at 558.5 arises.

Key words: natural diamonds, electron irradiation, annealing, photoluminescence, infrared
absorption

In this work, a series of diamond crystals of different types from the Mir pipe, Yakutia has
been electron irradiated (in a water cooling chamber at ~10°C, 3.5 MeV, 10*8 electrons/cm?) and
subsequently isochronally annealed at low temperatures (200-600°C) to investigate the
characteristic defects formed by photoluminescence (PL), infrared (IR), and electron
paramagnetic resonance (EPR) techniques. Although much is known about the radiation-induced
defects in diamond, there are still a lot of questions about the nature of centers produced and
their interaction with widely present nitrogen impurity. This work is of interest also considering
the specific feature of Mir pipe namely the abundance of low-nitrogen type Ila diamonds.
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Figure 1 — PL spectra of the AO1741 diamond (a) 2ex=405nm, (b) Zex=532nm. In (&), an increase of the 470
nm system (TR12) with a phonon of 75 meV is observed upon annealing at 600°C. In (b), the 558.5 nm
system appears after irradiation and persists up to 600°C.

In electron irradiated diamonds of 1aAB type, the new characteristic photoluminescence
system with zero-phonon line (ZPL) at 615 nm accompanied by phonon replicas of 41 and 90
meV has been found. The phonons energies point out to multi-phonon interactions with a
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quasilocal vibration of a vacancy and according to the obtained data, it can be proposed that the
responsible nitrogen-related defect contains vacancy and possibly can be associated with some
other impurity. Contrariwise, in almost nitrogen-free diamond the specific system with ZPL at
558.5 nm appears (Fig. 1). This center was described in [1] as a feature of superdeep diamonds
from the Sdo-Luis deposit. It has quasilocal vibration of 40 meV indicating the presence of a
vacancy component in the defect structure. In the work [2] the crystals of different types from
the Mir pipe were annealed and after HPHT treatment at 1500°C the 558.5 nm center was
formed but only in the type lla crystal. It can be suggested that at this temperature the thermal
degradation of dislocations resulted in the release of vacancies involved in the corresponding
defects. The absence of nitrogen seems to be of critical importance in the process of this center
formation.

Regardless of the nitrogen impurity, the specific systems with ZPL at 454, 491, and 492
nm have been found in irradiated diamond crystals from the Mir pipe. To examine the defects
formed, the irradiated diamond crystals have been subjected to low-temperature annealing at
temperatures up to 600°C. While 454, 491, 558.5, 615 nm systems persist, annealing of the 492
nm system along with well-known 523.6, 489, and 503 nm (3H) [3] propose the interstitial-
vacancy nature of the defect. As a final notion, it should be mentioned that the formation of
interstitial-related defects in the diamond during electron irradiation depends on a sample
temperature. Thus, an investigation of the effect of electron irradiation at different temperatures
on spectroscopic properties is of interest.

Funding: This work is supported by the Russian Science Foundation under grant 20-77-00039.
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MINERAL COMPOSITION OF SABAKTY LAKE SEDIMENTS
Kuzina D.M, Yusupova A.R., Nourgalieva N.G., Rogov A.M.
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Abstract. In this study, we present lithology, mineralogy and scanning electron microscopy
observations along a 294 cm sediment profile of the Lake Sabakty, with the objectives of
understanding the geochemical processes and improving the paleohydrological and
paleoecological information during the late Pleistocene and Holocene of the South Ural.

Key words: mineral composition, lake sediments, Holocene

Lake Sabakty (53°36'S5" N; 58°39'22" E) located in the Bashkortostan republic; the length
IS ~2.3 km, width is ~1.0 km, average depth is 2.8 m; maximum depth is 6.0 m, the basin area is
9.0 km? [1-3]. The core No. 4 was selected for a detailed laboratory study based on the primary
lithological description and the results of seismoacoustic studies [4]. The sediment was sliced at
2.0 cm thick samples. According to the radiocarbon dating, the age of the lake is ~22.5 thousand
years [5].

The result of particle size analysis is presenting that the content of clay fraction in the
sediment varies in the range 1.37-16.41 %, silt fraction are dominant at 33.24%-76.3%, sand -
12.02-65.39 %.

According to X-ray diffraction analysis (Fig. 1), the mineral composition is characterized
by the predominance of terrigenous minerals (detrital quartz, microcline, mica, chlorite, mixed-
layer clay minerals). Authigenic minerals include carbonates (calcite, dolomite), framboidal
pyrite. Biogenic silica (cristobalite, tridymite) from diatom shells and stomatocysts are recorded
throughout the sediment section. Scanning electron microscopy revealed the presence of
framboidal pyrite, detrital and biogenic quartz in lacustrine sediments.

Fig. 1 shows, the authigenic component is inferior to the allothigenic component in
content. However, in terms of variations along the section, it differs in a noticeably more
differentiated behavior (especially carbonates).

The values of allothigenic component vary between 20.90%-61.14%, values of quartz
ranges from 14.00% t037.94%. The quartz content curve is similar to the amplitude of the
allothigenic dominant, but with contrasting behavior at some points (since part of the crystalline
quartz, together with amorphous silica (cristobalite + tridymite), is involved in the composition
of diatoms and stomatocysts).

The carbonate component changes from 1.79 % to 52.12 %. The precipitation of calcite-
dolomite carbonates is determined by factors: Ca/Mg-ratio in water, total carbonate alkalinity,
salinity, pH value, temperature and organic productivity of the reservoir [6].

The content of pyrite changes from 1.18 % to 6.94 %. The formation of framboidal pyrite
is associated with the recrystallization of amorphous Fe monosulfides, which appeared in the
early diagenesis. The content of biogenic quartz increases up to section from 2.55 % to 25.70 %,
indicating an increase in algae activity.
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The comparison of the values variations of particle size analysis and mineralogical
composition made it possible to reveal the features of climatic and other environmental changes
on the studied lacustrine sediments.

Particle size

Radiocarbon
dating >0.05 mm Mineralogy
= g 0.005 - 0.05 mm § - Quartz
w @ 2 - 2 <& SR z e~ Cristobalite+Tridymite
g g0 g &b < = £ y 2 —e— Pyrite
7] = = @ S . & Cummulation, % £ —e- Carbonates
e “ o & & Lithology &, % % & » m é 0 20 40 50
;-L ;- w %
e bty 5 I
1M75 L 26 L .. .. 25 g
SA -
1290 -+ 44 s ® - .
§
Z
] 75
B 2850 =+
3 85 82 - -
=_ 100 100.
% SB - »
2 3750 = 122 1125 o
S
: =
2 150 ®
T 6055 -
E 160 ®
2 | AT i
8000 -+ 188 ®
K] 200, 200
T | BO o
g PB 10960 — 224 225 -
o
Q ] 4250] . 250,
s8¢ pL 13220 - 264 i ®
£ 5z 17050 + 272 [= = = |p7s
o 2 P e i
2| = 22725 T 286 == ®
300 300
0 001 002 003 004 005 006 20 40 60
i i T Allothigenic component
—O—Median grain size, mm _ Calcite he
— == Dolomite

Figure 1 — Results of particle size and mineralogical analysis of Lake Sabakty sediments. Legend: 1 — clayey
silt, 2 - silt, 3 —sandy silt, 4 - silty sand
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THE SEQUENCE AND MECHANISMS OF PLATINUM GROUP MINERALS
CRYSTALLIZATION FROM EUTECTIC GALENA-CHALCOPYRITE ORES OF THE
OKTYABR'SKOE DEPOSIT, NORIL’SK REGION, RUSSIA
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Abstract. We have studied platinum group minerals (PGM) from galena-chalcopyrite ores of the
Oktyabr’skoe nickel-copper deposit in order to determine the mechanism of their formation. We
found 9 species of PGM in 26 multiphase PGM grains. The PGM crystallized in the following
sequence: (1) taimyrite-1 + paolovite, (2) michenerite + sobolevskite + hessite, (3) maslovite +
sperrylite + taimyrite-3, (4) froodite. Taimyrite-1 and paolovite crystallized from the melt.
Minerals of 3, 4 and 5 stages appeared as a result of a solid solution transformation. Froodite
substituted the sobolevskite as a result of late metasomatic process.

Key words: platinum group minerals, galena-chalcopyrite symplectites, solid solution, Noril’sk

Different researchers have studied platinum group minerals (PGM) located in the Norilsk
ores. Various hypotheses of their crystallization were put forward, including hydrothermal-
metasomatic [1]. The purpose of this study is to establish the sequence of crystallization of
precious metal minerals in graphic galena-chalcopyrite ores of the Oktyabr'skoye deposit. This
will help determine the mechanism of their formation. The samples were collected from the
upper exocontact of the body of massive sulfide ores of the Oktyabr’skoye deposit. They are
represented by galena-chalcopyrite symplectites. Presumably, they crystallized from the eutectic
sulfide liquid [1]. This could cause the high concentration of PGE in these ores and the
appearance of many multiphase PGM grains ranging in size from a few tens of micrometers to
five millimeters. Previously, PGM from similar symplectite ores have already been studied [2,
3].

The work was carried out on a Tescan MIRA 3 LMU scanning electron microscope
equipped with an Inca Energy 450+ X-Max 80 microanalysis system (Oxford Instruments Nano
Analysis). Analytical studies were performed at the laboratory of X-ray spectral analysis of the
Analytical Center for Multi-Elemental and Isotope Research of SB RAS at the Sobolev Institute
of Geology and Mineralogy, SB RAS, Novosibirsk (Russia). We found 9 mineral species in 26
multiphase PGM grains including: sobolevskite (PdBi), michenerite (PdBiTe), altaite (PbTe),
taimyrite ((Pd,Pt,Cu)sSn), paolovite (Pd.Sn), hessite (Ag.Te), maslovite (PtBiTe), froodite
(PdBiy), sperrylite (PtAs,). Sobolevskite makes up the bulk of all PGM grains. It is the matrix for
other minerals. Hessite, michenerite and altaite occur in sobolevskite in the form of subparallel
lamellas. Partially faceted crystals of sperrylite and maslovite situated on the boundary between
hessite and michenerite lamellae and sobolevskite matrix. Taimyrite occurs in three variety.
Taimyrite-1 crystals intergrown with paolovite form druses and large crystals in the marginal
parts of large PGM grains. Taimyrit-2 is represented by small (up to five micrometers) isometric
crystals evenly distributed by the volume of multiphase grains. Taimyrit-3 forms lamellae in
sobolevskite. Froodite intergrows with sobolevskite that contains taimyrite-3 lamellae. At the
same time, taimyrite-3 lamellae begin in sobolevskite and cross the boundary with froodite.
Taimyrite-3 lamellae are absent in froodite, except for a narrow contact zone with sobolevskite.
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The above observations suggest the sequence of appearance of minerals in the multiphase
PGM grains. Position of Taimyrite-1 and paolovite in the marginal parts of PGM grains and the
shape of the grains confirm their crystallization from the melt before the other PGM. This
contradicts the assumption of late crystallization of taimyrite. [4]. From the other hand, it
explains the uniform distribution of small crystals of taimyrite-2 in the multiphase grains
representing a kind of suspension. It can be assumed that taimyrite-1 and taimyrite-2 belong to
the same generation. The hypothesis that taimyrite-1 and taimyrite-2 belong to the same
generation is also confirmed by the identity of the composition of taimyrite-1 and taimyrite-2,
differing from taimyrite-3 [5]. We can make a conclusion that hessite and michenerite
crystallized either later than or simultaneously with sobilevskite as their lamellaes are presented
in the later. Crystals of maslovite at the contacts between sobolevskite-michenerite and
sobolevskite-hesite show that they formed later than hessite and maichnerite. This is probably
due to the continued decay of solid solutions, or metacrystals formation. Taimyrite-3 lamellae
found in sobolevskite apparently formed after crystallization of sobolevskite. Froodite
crystallized later than taimyrite lamellae. It is often possible to see that lamellae of the taimyrite-
3 cross the sobolevskite-froodite contact. It is possible that froodite formed as a result of
superimposed processes after the formation of a multiphase grain. Thus, multiphase PGM grains
from galena-chalcopyrite symplectites crystallized from magmatic melt in the form of complex
solid solutions. Later, probably, the disintegration of these solid solutions led to the appearance
of most of the investigated PGM. These minerals crystallized in the following sequence:
(taimyrite-1, 2 - paolovite) - (michenerite- sobolevskite) - hessite - maslovite - sperrylite -
taimyrite-3. Froodite substituted the sobolevskite in the marginal part of the multiphase PGM
grains as a result of a late metasomatic process.
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PECULIARITIES OF THE MINERAL COMPOSITION OF THE POBEDA-2
HYDROTHERMAL FIELD (MAR)
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Abstract. The Pobeda Hydrothermal Cluster (17°07.45°-17°08.7'N MAR) was discovered in
2014-2015 during cruise No. 37 of the RV “Professor Logachev”. Ore-bearing sediments were
raised, the mineral composition of which was studied by a complex of methods. A detailed study
of ore-bearing sediments of column 37L245¢g revealed zinc minerals unusual for modern oceanic
sediments, represented by zinc phosphates, zincite, willemite, zinc-bearing forsterite, gahnite(?) -
and most of them have been identified in this sector of the MAR for the first time.

Key words: zinc minerals, ore-bearing oceanic sediments, the hydrothermal cluster Pobeda.

In 2014-2015 the Polar Marine Geological Exploration Expedition carried out cruise No.
37 of the RV “Professor Logachev” in the near-quaternary zone of the Mid-Atlantic Ridge,
during which the Pobeda hydrothermal cluster (17°07.45°-17°08.7'N MAR) was discovered. The
Pobeda hydrothermal cluster consists of the Pobeda-1 and Pobeda-2 ore fields and the Pobeda-3
ore occurrence, where sulfide ores and ore-bearing sediments were raised. Sediments were
sampled from a depth of 2208 m to 3106 m using a television grab (g) and a box corer (k). This
paper presents the results of a study of the sediment column of stations 37L.245g (Pobeda-2 ore
field). The total length of the column is 50 cm.

The mineral composition was investigated by a complex of methods: scanning electron
microscopy and X-ray spectral microanalysis (analyst V.O. Yapaskurt), X-ray diffractometry
(analyst O.M. Dara), Raman spectroscopy (analyst V.D. Shcherbakov) and electron
backscattered diffractometry (analyst P.A. Somov).

Sediments are represented by ore-bearing coccolithic foraminiferal silt with a layer of
pterapod sands in the interval of 25-30 cm. Ore minerals are represented by atacamite, goethite,
iron sulfates, pyrite, and marcasite. Sulfides predominate in the lower part of the column section.
In intervals 14-18 cm and 35-38 cm the presence of rare minerals was detected - zincite Znggs-
1,0000091-005, zinc phosphates with ideal formulas: tarbuttite (Zn2[PO4][OH]), paragopeitis
(Zn3(PO4)2-4H20) and spencerite (Zns(POa4)2(0OH)2-3H20). Willemite has also been identified
ZnN1,41-1,84MQo,24-0,69S11,03-1,0703,75-3,90, ZINC-bearing forsterite Mgi1,65ZNn0,37Si03 g9, gahnite(?) (Zno,so-
0,88MQ0,21-0,38) Al1,83-1,050377-3,93.

Zinc phosphates form clusters in the pore space of coccolithic foraminiferal silt (fig. 1),
framing on the outer surface of calcite shells of microorganisms, excretions on their inner surface
in a fine mixture with clay minerals, and pseudomorphs along the shells. Zinc phosphates almost
always contain inclusions of zincite. The zinc phosphates in the sediments of column 37L245g
are characterized by high content of impurities, such as Fe, Ca, Mg, Al, Si [1].

Another rare mineral first identified in this sector of the MAR is zincite Zno93-1,0000,91-0,95,
in association with zinc phosphates as small (up to 20 um) precipitates of irregular, less often
isometric circular shape in pore spaces(?) of coccolithic foraminiferal sediments, as well as in
crusts on the surface of calcite foraminifer shells. Zincite and zinc-bearing forsterite intergrowths
are encountered (fig. 1).

27



Figure 1 - Interval 35-38 cm column 37L.245g. Photo in reflected electrons: a - intergrowth of zincite (Zin)
and zinc-containing forsterite (Fo), willemite (Will), zinc phosphate with impurities (Zn-phos), large
excretions of pyrite (Py) [2].

Zinc-containing forsterite in the horizons of column 37L245g forms intergrowths with
zincite. The zinc impurity in forsterite is a rather rare phenomenon [3], and probably can be
explained by the fact that the characteristic X-ray generation region during the measurement
extends to other phases as well.

Willemite with the theoretical formula Zn,SiOs4 is represented by angular isometric
precipitates up to 10 um in a matrix of zinc phosphates. Willemite is also observed as aggregates
with sodium and zinc silicate. The size of such polymineral formations is up to 20 um (fig. 1).

Ganit(?) with the formula (Zn, Mg) Al>O4 forms individual grains or their clusters, up to 10
um in size, in a matrix of zinc phosphates.

The appearance of these rare minerals indicates unusual physicochemical conditions of
ore formation in the column 37L245g of the Pobeda hydrothermal cluster, possibly associated
with increased P content in ore-bearing solutions coming from the substrate, and requiring
further research in this direction.

Funding: This work is supported by the Russian Science Foundation (GIN RAS, 10 RAS Ne (128-2021-
0006).
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Abstract. The study of the mineral composition of Lake Onego bottom sediments showed that in
the section of bottom sediments there are layers, interlayers, and green nodules. These secretions
are the mineral iron phosphate. The chemical composition of this mineral is in the following
ranges of element content (%): Fe 26.3-30.0, Mn 3.9-6.6, P 10.9-12.6 and O 40.2-47.0.
According to XRD data, this mineral is vivianite. The study of this mineral phase using Raman
spectroscopy showed a similar spectrum to vivianite, but with no water peak.

Key words: vivianite, Lake Onego, bottom sediments.

Phosphorus plays an important role in the geochemistry of lakes. This is because
phosphorus is the main nutrient that determines the primary bioproductivity in lakes. The
formation of phosphorus minerals in bottom sediments can significantly increase the uptake of
phosphorus from water. This, in turn, affects the availability of phosphorus for primary
producers in water and leads to a change in the N:P stoichiometry and the trophic status of lakes
[1].

The aim of the work is to search for and diagnose phosphorus minerals in the bottom
sediments of Lake Onego.

The object of the study is Lake Onego. Lake Onego is located in the zone of the European
North of Russia, between 60°53' and 34°55' N, 34°13' and 36°28' E. The area of the lake is ~10
thousand km?, the length from north to south is 290 km and from east to west 82 km and is the
second largest fresh water body in Europe. Cores of bottom sediments up to 3.2 m thick were
taken from different regions of Lake Onego, represented by Late Pleistocene lacustrine-glacial
and Holocene lacustrine sediments. The following samplers carried out sampling: Limnos
stratometer, GOIN tube up to 1.5 m, heavy gravity tubes up to 3 m.

Bottom sediment samples were studied by the following methods: mineral composition
was studied using by X-ray diffractometry; study of the morphology and phase composition of
samples by scanning electron microscopy, equipped with an energy spectrometer; the mineral
composition was studied by Raman spectroscopy. Analytical work was carried out at the
Analytical Center for multi-elemental and isotope research SB RAS, Novosibirsk, Russia.

The study of bottom sediments samples showed the following: in addition to such basic
minerals as quartz, feldspars, chlorite, illite, Fe and Mn hydroxides, which were previously
presented in [2], the iron phosphate mineral was found in the bottom sediments of Lake Onego.

This mineral is found in bottom sediment cores below the upper oxidized layers. It is
unevenly distributed along the section in the form of enriched layers up to 1.5 cm thick, visually
distinguished by a clearly green color; individual layers; as well as small contractions.
Individuals have an elongated morphology, often forming radially radiant aggregates, which in
turn can become isolated. There are also individuals whose size reaches 200 um (Fig. 1). The
absence of this mineral in some cores indicates an uneven lateral distribution in the bottom
sediments of Lake Onego.
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Figure 1 — Electron microscope images of vivianite - a) radially radiant aggregates of vivianite; b) segregation
of radially radiant aggregates of vivianite; c) elongated vivianite individuals.

The study of bottom sediments on a scanning microscope showed that this mineral is iron
phosphate. Microanalysis of the chemical composition on the SEM of this mineral made it
possible to determine the composition of this mineral phase (according to 69 analyses), where
the ranges of element content (%) are as follows: Fe 26.3-30.0, Mn 3.9-6.6, P 10.9-12.6 and O
40.2-47.0, giving an overall range of 86.1-92.2. A similar composition corresponds to the
composition of vivianite. Vivianite regularly contains significant amounts of Mn and/or Mg,
which replace Fe in the vivianite lattice [3]. According to the XRD method, this mineral is
vivianite. The study of this mineral phase by Raman spectroscopy showed that although the
spectral range of the Raman spectrum of this mineral phase from 200 to 1300 cm™ shows a
similar profile with the Raman spectroscopy characteristic of vivianite, unlike vivianite, Raman
spectroscopy here shows the absence of water in the structure of this mineral phase.

Based on the data obtained, it can be concluded that the mineral limiting the amount of
phosphorus in the lake system is iron phosphate, due to the conservation of phosphorus in
bottom sediments in vivianite.

Funding: The work was supported financially by the Russian Foundation for Basic Research
(Project No. 19-05-50014) and by the Russian Science Foundation under Research (Project No.
18-17-00176-n).
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Abstract. Rare-Earth Elements (REEs) are key geochemical tracers of crust-mantle
differentiation but there are only a few direct data on REE-bearing accessory phases in the
samples of mantle rocks transported to the surface by kimberlites. Here we report the first
observations of allanite in three melt-, coesite- and kyanite-bearing eclogite xenoliths from
Udachnaya, Siberian craton (Russia). The discovery of allanite in the Udachnaya eclogites
demonstrates that REE minerals can occur in Al-rich mantle rocks, such as eclogite, and may be
more common than hitherto recognized.

Key words: eclogite; allanite; partial melting; kimberlite

The subduction of oceanic lithosphere rocks into the mantle is the most important
geological process that connects the various spheres of the Earth [1]. Accessory monazite and
allanite typically host 75-90 % of LREE, Th and U in granites and crustal rocks that underwent
HP/UHP metamorphism, and control the behaviour of these elements during metamorphism [2,
3]. Xenoliths of mantle eclogite from kimberlite represent some of the deepest rock samples of
subducted oceanic crust [1]; however, while REE, Th and U are routinely measured for rock-
forming minerals, data on the residence of these elements in accessory phases are limited.
Isotopic and geochemical studies tend to assume that garnet is the principal host of HREE, while
clinopyroxene is the principal host of LREE and MREE [1, 4], however, the residence of LREE,
Th, and U in these rocks is not well constrained. Here we present the results of studying the first
discovery of allanite in kimberlite-born mantle eclogites from the Udachnaya kimberlite pipe.

Extensive search of REE minerals performed on a collection of eclogite xenoliths from the
Udachnaya-East pipe resulted in the discovery of three xenoliths containing REE-rich minerals.
All samples have massive coarse-grained texture with the grain size of garnet and pyroxene 0.5-
3.0 mm. In all three xenoliths the rock-forming minerals are represented by orange-red garnet,
light-green omphacite and kyanite. The garnet is less altered than omphacite and contains
inclusions of rock-forming (omphacite, kyanite) and primary accessory minerals (rutile and
coesite). Primary accessory minerals include coesite, sulfides (exsolved low-temperature
assemblages of pyrrhotite, pentlandite and chalcopyrite), rutile, and, in Uv-567, diamond with
graphite.

Idiomorphic allanite grains (50-70 um in size) in eclogites Uv-567 and Uv-505 occurred at
the boundaries between garnet and omphacite grains surrounded by secondary minerals
including diopside, plagioclase, K-feldspar, serpentine, amphibole and calcite. In sample Uv-567
allanite has variable CaO content from 13 to 15.6 wt. %, and Al.Oz content between 15.6 and
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18.3 wt. %. Allanite grains in eclogite Uv-505 contain the highest content of Al,O3 and CaO (up
to 20.2 and 17.8 wt. %, respectively). Allanite in all studied samples has very high
concentrations of light to middle REE (19.3-25.9 wt. % XREE>03). Overall, mineralogical,
petrographic and geochemical features of the allanite indicate its secondary origin during the
interaction of eclogite residing in the lithospheric mantle and a (proto-) kimberlite melt.

The prevailing view is that the depletion of the bulk composition of eclogites from
kimberlite in terms of LREE content is caused by their formation from depleted MORB
protoliths followed by partial melting in the subduction process, during which LREE partitioned
to the melt [1,4-6]. The presence of secondary REE minerals in the mantle rocks, though rarely
detected, would significantly affect such estimates. The rare occurrence of REE minerals in
mantle eclogites might include several geochemical reasons. Firstly, subduction of Archean
oceanic crust likely was related with partial melting of the metabasalts that has generated
trondhjemitic melts and extracted LREE via allanite dissolution [2]; secondly, high temperatures
favor increased solubility of REE in the rock forming minerals and melts; and thirdly, the
transport of eclogites from the mantle is associated with great change of conditions and
alteration, which could be unfavorable for preservations of REE silicates. Moreover, although
allanite in the studied samples is most likely a product of the interaction of (proto-) kimberlite
melt and eclogite, the question of LREE-hosted minerals in deeply subducted rocks remains
open, and requires further studies of accessory minerals in kimberlite-borne eclogite xenoliths.

Funding: The study was supported by the Russian Science Foundation (Project 21-77-10006) and
Chinese Academy of Sciences President’s International Fellowship Initiative (PIFI) for Postdoctoral
Researchers, grant Ne 2019PC0033.

References:

1. Jacob D.E. Nature and origin of eclogite xenoliths from kimberlites. Lithos. 2004. Vol. 77. No. 1-4. P. 295-
316.

2. Hermann J. Allanite: thorium and light rare earth element carrier in subducted crust. Chemical Geology.
2002. Vol. 192. P. 289-306.

3. Stepanov A.S., Hermann J., Korsakov A.V., Rubatto D. Geochemistry of ultrahigh-pressure anatexis:
fractionation of elements in the Kokchetav gneisses during melting at diamond-facies conditions. Contributions to
Mineralogy and Petrology. 2014. Vol. 167. No. 5. P. 1002.

4. Snyder G.A., Taylor L.A., Crozaz G., Halliday A.N., Beard B.L., Sobolev V.N., Sobolev N.V. The Origins
of Yakutian Eclogite Xenoliths. Journal of Petrology. 1997. Vol. 38. No. 1. P. 85-113.

5. Jerde E.A., Taylor L.A., Crozaz G., Sobolev N.V., Sobolev V.N. Diamondiferous eclogites from Yakutia,
Siberia: evidence for a diversity of protoliths. Contributions to Mineralogy and Petrology. 1993. Vol. 114. No. 2. P.
189-202.

6. Agashev A.M., Pokhilenko L.N., Pokhilenko N.P., Shchukina E.V. Geochemistry of eclogite xenoliths from
the Udachnaya Kimberlite Pipe: Section of ancient oceanic crust sampled. Lithos. 2018. Vol. 314. P. 187-200.

32
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Abstract. Oxygen and carbon isotopic compositions of Fe-Mn carbonates from the Kerch
ironstones (-9.1 to -36.3 %o VPDB §C and -3.2 to -8.6 %o VPDB §'0) indicate that the
minerals formed during the early diagenetic stage and that most of carbon came from degrading
organic matter. The formation conditions of authigenic carbonates reconstructed from their
isotopic signatures agree well with the conditions inferred previously for the Kerch ironstones.

Key words: Fe-Mn carbonate, Kerch ooidal ironstones, isotope composition

Sediments are excellent archives of past environments but the primary geochemical signals
are frequently biased by post-depositional alteration. This is the case of early Pliocene (N2%)
Kerch ironstones which were deposited in the northern shelf of the Euxine Paleosea in
paleogeographic and climatic (semiarid subtropics) conditions favorable for iron accumulation.
In the Early Pliocene, the territory of the present northern Black Sea was occupied by numerous
shallow-water systems of bogs, freshened lagoons and limans connected through Don, Dnieper
and other rivers and their tributaries. The water systems were highly bioproductive and
transported lateritic weathering residue shed from the Ukrainian shield. Interaction of river and
sea waters produced geochemical barriers which captured voluminous coagulated iron colloids
and Fe-bearing sediments (future ironstones) [1]. The ore beds in the area consist of alternating
Fe3*(Mn)-(oxy)hydroxide (the so-called tobacco, brown and caviar ores) and Fe-Mn carbonate
layers [2, 3]. The complex composition of the Kerch ironstones results from multiple redox
changes caused by sealevel fluctuations and high-energy hydrodynamic conditions of the littoral
zone [1, 2]. This study focuses on authigenic carbonates from the Kerch ironstones (Kamysh-
Burun deposit) and their deposition environments inferred from isotopic signatures. The
structure of the Kamysh-Burun deposit and analytical methods were reported previously: details
of stratigraphy and lithology in [2, 3] and methods for analysis of stable isotopes in [4].

Carbonates mainly occur in the Kerch ooidal ironstones as 0.1-0.2 m concretions in brown
ore. Sporadic allochems are buried in a matrix of mixed Fe-Mn-carbonates, which form micritic
aggregates of subhedral to anhedral grains (5-10 — 50-70 um). The minerals make up an almost
continuous series from siderite to rhodochrosite: (Feo.00-0.90MnNo.02-0.83Ca0.06-0.33Mg0.00-0.09)(CO3),
which are highly depleted in 3C (83C =-9.1 +-36.3 %0 VPDB) and slightly depleted in 20
(5180 =-3.2 + -4.7 %o VPDB). Rhodochrosite in caviar ores occurs locally as cement composed
of 80-100 um isometric grains or frequently as pseudomorphs after bivalve and gastropod
mollusk shells. Both modes of Mn-rich carbonate belong to a solid solution series toward
kutnahorite (Mno s6-0.83Ca0.14-0.39F€0.00-0.0M00.00-0.08)(CO3) and have somewhat different §3C (-
12.9 + -19.0 %o VPDB) and %0 (-5.5 + -8.6 %0 VPDB) values (Fig. 1). Bivalve mollusk shells
hosted by brown ores are mainly composed of aragonite and are very close to the CaCOs
composition. Their §2C (-0.4 to -2.4 %o) and 580 (-3.5to -5.1 %0 VPDB) values fall into the
field of carbonates deposited in marine environments [5] (Fig. 1).
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Figure 1 - Carbon isotope compositions of carbonates from the Kerch ironstones with a sketch of carbon
sources and principal controls of isotopic variability, after [5].

The isotopic signatures of authigenic Fe-Mn carbonates from the Kerch ironstones indicate
that they formed during early diagenesis while most of carbon was produced by oxidation of
organic matter [5]. Diagenesis of Fe(Mn)-(oxy)hydroxides in oxygen-deficient environments led
to gradual reduction of Fe*® and Mn*3(*9. Since Mn*3(**) can convert to Mn*? under less
reducing conditions than the Fe*® change to Fe*?, rhodochrosite is inferred to form in suboxic to
weakly reducing environments, whereas siderite precipitation requires a higher reducing
potential. Intermediate redox conditions maintained precipitation of mix Mn-Fe carbonates.
Magnesium depletion typical of all authigenic carbonates from the Kerch ironstones is consistent
with their formation in a highly freshened lagoon environment. The new isotopic data fit well the
existing genetic model explaining the early Pliocene deposition of Fe-rich sediments.

Funding: The analytical work was supported by the Russian Science Foundation (grants 17-17-01056
and 17-17-01056P).
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Abstract. In this paper, we report about zonal phlogopite from the groundmass of aillikites of the
Ziminsky complex of the East Sayan region. We found 5 types of phlogopite with different
content of Al, Mg, Ti, Fe. Aluminous phlogopites | and Il form a general trend in composition
change with a gradual decrease Al, Mg, Ti, and an increase in Fe from the first to the second.
Phlogopites IV and V have their own trend of composition change with a decrease in Al, Mg and
an increase in Ti, Fe. We assume that the phlogopite in aillikites of the Ziminsky complex has a
complex genesis and distinguish xenocrystal, metasomatic, igneous phlogopite in the
groundmass of the studied rocks.

Key words: phlogopite from aillikites, zoned phlogopite, Ziminsky complex.

Phlogopite is a characteristic mineral of the groundmass of kimberlites and ultramafic
lamprophyres, and belongs to the final stage of rock formation. There are two main genetic
generations of phlogopite in the groundmass of rocks: phlogopite crystallized from melt and
postmagmatic (metasomatic), which was formed when other minerals of the groundmass were
replaced by postmagmatic solutions [1]. Phlogopite is often used to determine the absolute age of
formation of kimberlites and related rocks. But this method of determining the age may not be
successful if the genesis of phlogopites is not correctly deciphered and they are insufficiently
studied in kimberlites and related rocks. In order to determine the possibility of using phlogopite
for dating ultramafic lamprophyres, we carried out a detailed study of the composition of
phlogopites from the aillikite groundmass of the Ziminsky complex (Bolshetagninskii massif).

The studied aillikites of the Bolshetagninskii massif consist of olivine phenocrysts and a
completely crystallized fine-grained groundmass. Olivine is completely replaced by talc and
chlorite. The groundmass is represented by spinels (chromite, magnetite), phlogopite, perovskite,
apatite, calcite, dolomite, and chlorite.

Phlogopite is widespread mineral in the groundmass of the studied rocks and is represented
by tabular crystals and flakes with a grain size of 20-50 um in width. The composition of
phlogopite grains is heterogeneous, they have stepped zoning (Fig. 1).

The cores of the crystals are mainly composed of Al-high phlogopites with an Al>O3
content of 16.31-18.01 wt.%, MgO - 19.01-19.21 wt.%, FeO - 9.07 - 9.15 wt.%, TiO> - 3.65-3.67
wt.%. Phlogopites Il are characterized by a lower content of Al,O3 — 14.5-15.1 wt.%, MgO —
16.82 - 16.91 wt.%, TiO2 up to 3.05 wt.% and higher FeO up to 15.17 wt.% relative to
phlogopites I. Phlogopites 111 relative to the above described phlogopites are depleted in Al2Os3
up to 13.5 wt.%, TiO2 up to 1.62, FeO up to 10.77 wt.% and enriched with MgO to 21.04 wt.%.
Phlogopites 1V are characterized by a lower content of Al>Os up to 12.01 wt.%, TiO2 up to 0.6
wt.%, and higher FeO and MgO. Phlogopites V are represented by tetraferriflogopites with an
Al>O3 content of up to 10.03 wt.%, MgO up to 11.81 wt.%, FeO up to 23.58 wt.%, TiO up to
3.4 wt.%. The content of Cr20s in all varieties of phlogopites is below 0.1 wt.%.
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Figure 1 — BSE-images and elemental maps for phlogopites from aillikites of the Bolshetagninskii massif.

According to Mitchell, 1995, primary phlogopite from aillkitites crystallized from aillikite
melt should have Al203 - 9-13 wt.%, FeO - 4-8 wt.%, TiO> - 1-4 wt.%. The author also notes that
kimberlite-like rocks often contain high-Al phlogopites differing in Ti and Fe content from the
primary groundmass phlogopites. Their origin is unclear. Mitchell, 1995 suggested that high-Al
phlogopites are not from mantle xenoliths, since primary phlogopites in mantle ultramafic rocks
(Al203 - 12.4-14.5 wt.% [3]) and in basalts (Al.Oz - 8-13 wt.% [4]) have a relatively low Al
content. Kharkiv, 1989 notes that phlogopite from xenoliths of deep rocks in most cases contains
an increased amount of Cr20s.

We assume that phlogopite from the groundmass of aillikites of the Bolshetagninskii
massif has 4 genetic generations. Phlogopites | and |1 are probably xenocrystals and were formed
as a result of the capture of early Middle Riphean kimberlites of the Ingashinsky complex by
aillikitic melt [5]. Phlogopites Ill are probably metasomatic, formed by the interaction of
aillikitic melt and xenocrystals. Phlogopites IV crystallized directly from the aillikitic melt,
which is confirmed by the study of primary melt inclusions in chromites. Crystallization of
tetraferriflogopites indicates a sharp change in redox conditions at the final stages of
crystallization. Its formation may be associated with the addition of groundwater to magma
and/or rapid loss of carbon dioxide [2].

Thus, phlogopite crystals from the groundmass of aillikites of the Bolshetagninskii massif
show a wide variation in composition, and it is rather unreliable to use them for dating these rock

types.
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Abstract. The authigenic carbonates are mainly represented by high-magnesium calcite. The
negative carbon isotope compositions of studied carbonate samples suggests that carbonate
formation was a result of the anaerobic oxidation of strongly **C-depleted methane (average §'°C
= —43.2%o). The source of carbon is biogenic methane with minor participation with other carbon
sources. High 880 values of the carbonates might be inherited from fluids enriched in 80 due to
dissociation gas hydrates. Authigenic pyrite inclusions in carbonate is evidence of sulfate
reduction during anaerobic oxidation of methane.
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Methane cold seeps are a widespread phenomenon that occur on the shelves and
continental slopes of inland and marginal seas around the world, including the arctic seas. The
anaerobic oxidation of methane coupled (AOM) with sulfate reduction is a key biogeochemical
process at seep sites [1]. As a result of AOM, an abundance of dissolved inorganic carbon arises
and the alkalinity of pore water also increases. The presence of seawater cations (Ca®*, Mg*")
and elevate carbonate alkalinity promotes the precipitation of authigenic carbonates [2], which
shows a wide range of mineralogical compositions. Authigenic carbonates from cold seeps are
unique archives for studying environment conditions including biogeochemical processes
associated with the migration of methane-rich fluid through the sediment column [3].

Authigenic carbonates were collected at the Laptev Sea continental slope, during the 82"
cruise of the research vessel «Akademik Mstislav Keldysh». Analytical investigations of the
nine carbonate samples included optical microscopy, X-ray diffraction analysis and scanning
electron microscopy with energy dispersive analysis. For calculating the equilibrium 580 values
for carbonates precipitated under present-day seafloor conditions used the equation of Kim and
O’Neil [4].

Studied carbonates are mainly represented by three varieties of their form: isometric crusts,
spherical or elliptical nodules, and chimney-like nodules with sizes up to 10 cm in diameter. The
microcrystalline carbonate matrix is mainly composed of an aggregate of Mg-calcite and clay
minerals. Various authigenic pyrite aggregates occurred in paragenesis with Mg-calcite such as
long pyrite bands, general framboids, and specific framboids with radial overgrowths like
sunflowers in shape (Fig. 1). The associated framboidal pyrite with the studied carbonate is
pointed at the high activity of microbial sulfate reduction process during anaerobic oxidation
methane and at a reducing environment carbonate precipitation.

All carbonate samples had negative §3C values (from —50.6%o to —32.4%. V-PDB) and
positive §'80 values (from 4.7%o to 5.5%0 V-PDB). The most likely carbon source is biogenic
methane at the same time range of 5!3C values reveal a mixing of biogenic methane with carbon
from other sources. The calculated value of §'80 of Mg-calcite with an average content of
MgCO3 of 10.7 mol % in equilibrium with the bottom water is 4.0%o, that lower than measured
580 values in studied carbonates. 0 enrichment in the carbonate-precipitating fluid can be
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caused by processes such as dehydration of clay minerals in deeper sediments (e.g. smectite-illite
transformation) or destabilization of gas hydrates.
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Figure 1 — SEM-images illustrating microstructure of authigenic carbonates from Laptev Sea continental
slope: HMC - high magnesium calcite, Pyr — pyrite.
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CRYSTAL CHEMISTRY OF CALCIUM DICARBONATE CaC20s: STRUCTURAL
TREND FROM DOUBLE [CO3] TRIANGLES THROUGH ISOLATED [CO4]
TETRAHEDRA INTO FRAMEWORK AND LAYERS

Sagatova D.N.12, Gavryushkin P.N.%2
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Abstract. Based on the density functional theory and crystal structure prediction algorithms, we
found a novel structure of CaC>0s, namely Ca-pyrocarbonate with monoclinic symmetry Cc,
which stabilizes at 10 GPa. This structure characterized by polymerization of two [COs]-
triangles, which form isolated [C.Os]-groups. With an increase in pressure sp>-bonded carbon in
the Ca-pyrocarbonate structure transformed into sp-hybridized state in the high pressure
modifications (I-42d, Fdd2, Pc, and C2). All high pressure structures of CaC.Os have a different
type of polymerization of [CO4] tetrahedra.

Key words: carbonate; pyrocarbonate; density functional theory; crystal structure prediction

A number of new types of carbonates, namely orthocarbonates, in the structure of which
carbon atoms are in the sp®-hybridized state, have been discovered using ab initio crystal
structure predictions [1-3]. To date, it has been demonstrated that orthocarbonates of alkaline
earth metals could be formed by the reaction of the carbonate with the oxide of corresponding
metal into two different phases M2COs-Pnma (MCO3-MO) and M3COs-14/mcm (MCO3-2MO),
where M = Ca, Sr, and Ba at the pressures 5-20 GPa [1-2]. Subsequently, the stability of
Ca>,CO4-Pnma, Sr2COs-Pnma, SrsCOs-14/mem was confirmed by experiments [4-6]. All revealed
structures of orthocarbonates contain isolated groups of [CO4] tetrahedra and most of them have
structural analogs among silicates.

In the system of CaO-CO, in addition to the reaction of carbonate with oxide, the reaction
of carbonate with carbon dioxide was also studied. As a result, a new compound calcium
dicarbonate CaC»0s (CaCO3-CO>) was discovered both theoretically [3] and experimentally [7].
According to theoretical calculations, this compound is stable in the pressure range of 33-100
GPa in the following polymorphic modifications: Pc, Fdd2, and C2. However, a recent
experimental study revealed a new structure CaC,Os-1-42d at pressures of 34 GPa. This
disagreement between theory and experiment and the absence of a complete P-T phase diagram
of CaC>0s motivated us to revise this system in detail.

In the present study, based on the density functional theory and crystal structure prediction
algorithms, we found a novel structure of CaC>0s, namely Ca-pyrocarbonate with monoclinic
symmetry Cc, which is one of the possible agents of global carbon cycle. This structure is
characterized by the isolated [C20s] groups consisting of two [COs] triangles connected through
the common oxygen atom. The thermodynamic stability field of Ca-pyrocarbonate with respect
to the decomposition reaction into calcium carbonate and carbon dioxide begins at a pressure of
10 GPa (Fig. 1). As the pressure increases to 21 GPa, the structure of Ca-pyrocarbonate
transforms into the recently synthesized tetragonal modification 1-42d, in the structure of which
carbon is in the sp3-hybridized state and [CO4] tetrahedra form isolated pyramidal [C4Ox]
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anionic groups. At 59 GPa in the temperature range 0-2500 K, CaC,0s-1-42d undergoes the
phase transition to the CaC,Os-Fdd2, with the framework structure of [COs] tetrahedra. On
further compression to about 80 GPa, the framework structure transforms into layered ones, C2
and Pc. In addition, we estimated the thermodynamic stability of CaC.Os with respect to the
minerals of Earth's mantle. We found that CaC.Os can coexist with bridgmanite up to pressures
of 54 GPa at 300 K, where it reacts with formation of Ca-perovskite, magnesite, and solid CO»-
V.
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Figure 1 — P-T phase diagram of CaC.0s. Diamonds represent the synthesis conditions of CaC20s-1-42d
[71.
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FEATURES OF THE TRACE ELEMENT COMPOSITION OF MANTLE-DERIVED
CHROME SPINELS

Serebriannikov A.A., Logvinova A.M.

V.S. Sobolev Institute of Geology and Mineralogy, Novosibirsk, Russia, aos_97@ngs.ru

Abstract. Comparison of the trace element composition (Ni, Zn, Si, Ti, V, Mn) of chrome spinel
inclusions in diamonds from eight kimberlite pipes of two diamondiferous regions of Siberian
craton: Malo-Botuobinsky (p. Mir, International, 23rd Congress) and Daldyn-Alakitsky (p.
Udachnaya, Komsomolskaya, Yubileinaya, Aikhal and Sytykanskaya) and the composition of
chrome spinels from concentrates of this pipes was performed. The significant differences in the
distribution of impurities were revealed not only between inclusions in diamonds and chromites
from concentrates, but also within various kimberlite pipes.

Key words: kimberlite, chrome spinel, diamond, inclusion.

Chrome spinel inclusions in diamonds from kimberlites are characterized by certain
chemical composition: high content of Cr.03 (>62 wt.%), low Al0s3 (<7.5 wt.%), TiO>
(<0.7 wt.%) and Fe20z3 [1, 2], which makes it possible to separate them with sufficient reliability
from chrome spinels belonging to other parageneses. Chrome spinels of the diamond association
are one of the main minerals associated with diamond (along with pyrope) and an important
diamond-prospecting guide.

However, in the early 2000s, data began to appear that indicate the obsolescence of the
typomorphic features of the composition of these chrome spinels: high chromium chrome spinels
with a Cr203 content > 62 wt.%. are found in ultramafic rocks of the Polar Urals (up to 65.9
wt.%), Koryak Upland (68.4 wt.%); India (66.3 wt.%); New Caledonia (68 wt.%) [3], and in
some cases the compositional fields of these chrome spinels overlapped with the compositions of
chrome spinels of the diamond paragenesis. In this regard, the question arose of clarifying the
typomorphic features of the composition of chrome spinels included in diamond. It was
suggested that chrome spinels of the diamond association could be distinguished by the content
of trace elements.

The purpose of this work is to establish differences in the composition of chrome spinels in
diamonds from two territorially isolated diamond-bearing regions of the Yakutian diamond-
bearing province (Malo-Botuobinsky and Daldyn-Alakitsky), and to compare their compositions
with chrome spinels from concentrates of diamond-bearing kimberlites. 320 crystals of chrome
spinel inclusions in diamonds were selected from 8 diamond-bearing pipes of the Yakutian
diamond-bearing province: from pipes Mir, International, 23rd Congress of the CPSU, related to
the Malo-Botuobinsky diamondiferous region, and from pipes Udachnaya, Komsomolskaya,
Yubileinaya, Aikhal and Sytykanskaya, belonging to the Daldyno-Alakitsky region. For
comparison with them, 86 crystals of chrome spinel were selected from concentrates of
diamondiferous kimberlites of mantle genesis (which was established by the content of
inclusions of olivine, Cr-diopside, pyrope) in them, from four kimberlite pipes of Yakutia:
International, 23rd Congress of the CPSU, Udachnaya and Aikhal [4]. The concentrations in
NiO, SiO2, MnO, V203, TiO2, and ZnO samples were determined by microprobe analysis on a
JXA-8100 Jeol microanalyzer (Japan). It was preliminary established that the concentrations of
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some trace elements differ significantly, for example, the concentrations of Ni and Zn in chrome
spinels from diamonds and in chrome spinels from concentrates of diamondiferous kimberlites
differ by 1.5 times (Fig. 1). Moreover, a difference in concentrations was also found between
chromium-spinel inclusions in diamonds from different diamond-bearing regions, for example,
the average content of V203 and SiO; in the Malo-Botuobinsky region is 0.35 and 0.07 wt.%,
and for the pipes of the Daldino-Alakitsky region - 0.26 and 0.12 wt.%, respectively.

Thus, the data obtained indicate a significant difference in the concentrations of trace
elements in chrome spinels from diamonds and from kimberlite pipe concentrate with the aim of
their possible use to refine the existing typomorphic features of the composition of chrome
spinels.
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Figure 1 — Chemical composition of chrome spinels of diamond paragenesis (circles) and chrome spinels
from kimberlite concentrate (squares).
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MINERALOGY ASSEMBLAGE OF OLIVINE-HOSTED SECONDARY MELT
INCLUSIONS FROM BULTFONTEIN PIPE (SOUTH AFRICA) AND CONSTRAINTS
ON THE PRIMARY KIMBERLITE MELT COMPOSITION
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Abstract. Melt secondary crystallized inclusions in olivine of the sheared peridotite from the
Bultfontein pipe (Kaapvaal craton, South Africa) has been studied using Raman spectroscopy
and SEM-EDS. Among the daughter minerals in the inclusions were identified > 30 species.
These are various carbonates, halides, sulfates, phosphates, silicates and oxides. Carbonates
constitute more than 50 vol. % of the inclusions. According to various models, such inclusions
are microportions of kimberlite melt which was trapped by xenolithic minerals in the lithospheric
mantle. It suggests that the primitive kimberlite melt of the Bultfontein pipe was alkaline-
carbonatitic with a high content of volatiles.

Key words: kimberlite, melt inclusions, Bultfontein pipe

Information about the composition of primitive kimberlite melts is important for
developing models of kimberlite petrogenesis and reconstruction of the diamond deposits
formation processes. One approach for determining of these melts compositions is to study
secondary melt inclusions in olivine from mantle xenoliths. Such inclusions, according to
various models are microportions of primary kimberlitic melt that was trapped at the beginning
of rise of the xenolith or shortly before [1].

Xenolith of mantle peridotite from kimberlites of the Bultfontein pipe (Kimberly field,
Kaapvaal craton, Southern Africa) was studied. This xenolith is phlogopite-bearing spinel
Iherzolite with deformation (sheared) textures. Estimated depths of origin of the studied
peridotites are 120 km. Melt inclusions were found along healed cracks within olivine grains.
Visually, these inclusions consist of various crystalline phases and bubbles. Using Raman
spectroscopy and scanning electron microscopy study, the following minerals were recognized in
the inclusions: calcite CaCOs, magnesite MgCQOgz, dolomite CaMg(COs)2, eitelite Na2Mg(CO3)z,
nyerereite Na>Ca(COs)2, gregoryite (Na,K,Ca).COs, natrite Na,COs, K-Na-carbonate
(K,Na)2Ca(CO0s3),, shortite NaxCaz(COs)s, nahcolite NaHCOs, witherite BaCOs, bradleyite
NasMg(PO4)(CO3),  northupite  NasMg(COz3).Cl,  burkeite  NasCO3(SO4)2,  tychite
NasMg2(CO3)4(SOs), glauberite Na;Ca(SO4)2, thenardite Na;SQOs, arcanite K2SOs, aphthitalite
K3Na(SO4)2, halite NaCl, sylvite KCI, apatite Cas(POas)3(F,Cl ,OH), heazlewoodite NizSo,
phlogopite KMgzAISizO10(F,CI,OH) and tetraferriphlogopite KMgsFeSizO10(F,CI,OH), richterite
Na>Ca(Mg,Fe,Mn,Al)s[Si2011](OH,F)2, zirconolite CaZrTi>O7, magnetite FeFe,Os and Fe-Ti-Mg
spinel, rutile TiO, and serpentine subgroup minerals MgsSi2Os(OH)a.

The mineral assemblage within melt inclusions is varied (Fig. 1). There are inclusions that
predominantly consist of Na-Ca carbonates, bradleyite and aphthitalite (first type) and melt
inclusions that predominantly consist of serpentine, magnetite and Ca-Mg carbonates (second
type), there are also inclusions with intermediate compositions. Both type of inclusions can be
found in the one healed crack, but serpentine-rich inclusions are interconnected by thin channels,
while Na-Ca carbonate-rich inclusions are visually isolated. Using the analysis of BSE images,
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element distribution maps and Raman maps, quantitative relationships between daughter
minerals in melt inclusions were established. It was shown that more than 50% of the volume of
first type inclusions filled with various carbonates, among which nyerereite, gregoryite and
shortite predominate. In inclusions with an intermediate composition, the content of serpentine,
calcite and dolomite decreases while Na-ca carbonates, sulfates and halides increase.

Thus, the morphological features and mineral assemblage indicate that the carbonate-rich
inclusions represent trapped melt, while the mineralogy of daughter phases inside serpentine-rich
inclusions has been modified by interaction with the external water fluid after inclusions
formation. Therefore, the composition of the unmodified inclusions correspond a primitive melt
the Bultfontein kimberlite pipe. Quantitative relationships between daughter minerals in
unaltered inclusions show that this melt was alkaline carbonatitic with a high content of volatiles
Cl', SO4%, PO4*.
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Figure 1 — BSE images of Na-Ca carbonate rich olivine-hosted unaltered melt inclusions. Ap-apatite,
Wth—witherite, Arn—arcanite, Nrt—northupite, Brd-bradleyite, Ny-nyerereite, Sht-shortite, Cal—calcite,
Eit—eitelite, Aph—aphthitalite, Dol-dolomite, Slv—sylvite, Zrc—zirconolite, Gre—-gregoryite, Nat-natrite,
Spl- Fe-Ti-Mg spinel, Tphl-tetraferriphlogopite.
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Section EXPERIMENTAL MINERALOGY

P-T FIELD OF CARBONATE-ALUMOSILICATE LIQUID IMMISCIBILITY AT 3-6
GPA
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Abstract. To evaluate the effect of pressure on the carbonate-silicate liquid immiscibility we
have carried out a set of experiments at 3, 4.5, and 6 GPa in two systems: (L(S) and L(S)+L(C))
whose compositions are identical to liquids generating by partial melting of pelite at 6 GPa. The
carbonate-silicate liquid immiscibility in the L(S) system stabilizes above 1150 °C, while in the
L(S)+(L(C) system it stabilizes at 1200 °C at 3 and 4.5 GPa and 1300 °C at 6 GPa.

Key words: liquid immiscibility, carbonates, phonolities, alkalies, high-pressure experiments

One scenario suggests that carbonatites are considered to originate from liquid
immiscibility generated at upper mantle P-T conditions [1]. Liquid immiscibility in sodic
systems is well studied [2-4], whereas liquid immiscibility in potassium bearing systems are
need to be explored. Recently, it has been experimentally shown that partial melting of
carbonated pelites at diamond stability field generates immiscible ultrapotassic carbonate-silicate
liquids [5]. Here, we examine the stability of liquid immiscibility at a lower pressure range.

We conduct 8 experiments at 3, 4.5, and 6 GPa and 1050-1500 °C using multianvil
hydraulic DIA-type press «Discoverer-1500» at IGM SB RAS. The composition and phase
relations of the recovered samples were studied using a MIRA 3 LMU scanning electron
microscope (Tescan Orsay Holding) coupled with an INCA energy-dispersive X-ray
microanalysis system at IGM SB RAS [6].

In the system modeling phonolitic melt (L(S)) at 3 GPa/1050 °C and 6 GPa/1100 °C, we
observed a single carbonatite melt with crystal silicates in coexistence. As temperature and
pressure increase to 4.5/6 GPa/1200 °C, the carbonate-aluminosilicate liquid immiscibility is
raised. The upper-temperature limit of stability liquid immiscibility at 6 GPa terminates between
1300 and 1400 °C. At 1400 °C and above, only aluminosilicate liquid is stable. In the system
with carbonate and aluminosilicate melt (L(C)+L(S)) at 3 GPa/1050 °C and 6 GPa/1100/1200 °C
liquid immiscibility was not observed, only a single carbonate melt. Increasing temperature up to
1200 °C at 3 and 4.5 GPa (Figure 1), and up to 1300 °C at 6 GPa stabilize two immiscible liquids
which remain stable up to 1500 °C at 6 GPa.
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Figure 1 - BSE image of phase relations in the system L(S) observed at 4.5 GPa and 1200 °C. L(S) — phonolitic
melt, L(C) — carbonate melt.
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SOLIDUS OF CARBONATED PHLOGOPITE PERIDOTITE AT 3-6.5 GPA
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Abstract. We present experimental results on the interaction of K-rich carbonate melts with the
natural garnet lherzolite from the Udachnaya kimberlite (Russia) in the presence of water at 3.0—
6.5 GPa, corresponding to depths of 100-200 km. At 4.0-6.5 GPa, the solidus of carbonated
phlogopite peridotite is bracketed between 1100 and 1200 °C and controlled by the following
reaction: Phl + Cpx + Mgs = Grt + Opx + Ol + hydrous K-carbonate melt. At 3 GPa, the solidus
temperature decreases to about 1050 °C presumably owing to the Ca-Mg exchange reaction, Cpx
+ Mgs = Opx + Dol, which stabilizes dolomite reacting with phlogopite at a lower temperature
than magnesite.

Key words: mantle metasomatism, peridotite-CO2-H20, carbonate melt, high-pressure
experiment, Earth’s mantle

An analysis of the literature data on carbonates of mantle origin indicates their frequent
association with phlogopite in mantle xenoliths [1] and as inclusions in diamonds from
kimberlites and places [2]. However, the composition of the metasomatic agent, resulting in
phlogopite formation, remains debatable. One of the most probable can be considered the
hydrous K-rich carbonate composition of metasomatic agent. The studies on the stability of Phli
and Mgs in the complex peridotitic systems are restricted to a pressure of 3 GPa at which the
established solidi are located at 1065 °C [3]. In this work, we present experimental results on
solidus and melting phase relations in the carbonated phlogopite peridotite in the range of 3.0-
6.5 GPa and 850-1250 °C, corresponding to depths of 100-200 km. The results were also
published in the study of Shatskiy A. et al. [4] and PhD thesis of Bekhtenova A. [5].

Experiments were run using a 1500-ton DIA-type press at IGM SB RAS. Starting materials
were prepared by blending natural garnet Iherzolite from the Udachnaya kimberlite pipe (Russia)
with mixtures modeling hydrous K- and Na-K-carbonate melts (KH1 and NKH1, respectively).
The studied systems (Lhz-KH1 and Lhz-NKH1) have H.0O/K20 = 2, like that in phlogopite, and
therefore correspond to carbonated phlogopite peridotite under fluid-absent conditions.

At 4-6.5 GPa, the solidus of magnesite-bearing phlogopite peridotite in the Lhz-KH1
system is controlled by the reaction: 2KMgsAISizO10(OH)2 (Phl) + CaMgSi2Os (Cpx) + 3MgCO3
(Mgs) = MgsAlSiz012 (Grt) + 2M@2Si206 (Opx) + Mg2SiO4 (Ol) + KoCO3z (L) + CaMg(CO0s)2
(L) + 2H20 (L), which takes place at temperatures between 1100 and 1200 °C (1 in Figure 1a).
At 3 GPa, the solidus temperature decreases to about 1050 °C, presumably owing to the Ca-Mg
exchange reaction: CaMgSi2Os (Cpx) + 2MgCO3 (Mgs) = Mg2Si.06 (Opx) + CaMg(COzs).
(Dol), which stabilizes dolomite reacting with phlogopite at lower temperature than magnesite (2
in Figure 1a).
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At 1200 °C and 6 GPa in the Lhz-KH1 system, K-rich hydrous carbonatite melt with Ca#
31 mol% and CO2/(CO2+H20) = 61 mol% appears in equilibrium with garnet lIherzolite, while at
lower temperatures along cratonic geotherms (37-43 mW/m?), the melt completely disappears to
produce phlogopite and magnesite, unlike anhydrous K-carbonatite melt which remains stable
under those conditions. Thus, the addition of water to the K-rich carbonate melt infiltrating
SCLM should vyield its partial or complete disappearance, accompanied by the formation of
carbonated phlogopite metasomes.

The results in the Lhz-NKH1 system indicate that the presence of sodium expands the
stability region of the K-rich hydrous carbonate melt to at least 1100 °C at 5 GPa (3 in Figure
1b), while the reaction, producing phlogopite and magnesite with the expense of garnet and
orthopyroxene, continues. Unlike Na-free composition, the reaction yields only partial
consumption of the melt and changes its composition toward higher Na.O and lower H>O
contents. This may explain variations of mantle carbonatite melt composition from hydrous
ultrapotassic, like microinclusions in diamonds, toward water-poor and sodium-rich, like
inclusions in sheared garnet peridotites, spinel harzburgites, and kimberlite minerals.
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Figure 1 — P-T plots illustrating phase relations in the systems Lhz-KH1, Lhz-KH (a), and Lhz-NKH1(b).
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SEARCH OF NEW RARE EARTH BORATES PROTOTYPED BY CARBONATE
MINERALS

Kuznetsov A.B. !, Kokh K.A., Bolatov A. 2, Uralbekov B.2, Svetlichnyi V.A. 3, Kokh A.E. !
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Abstract. RSc3(BO3)s, KCaR(BO3)2 and LisBasScsBsO22 (R=La-Eu) rare earth borates were
obtained by spontaneous crystallization from flux. Thermal, structural and some optical
properties (Raman spectra and UV-vis-NIR diffuse reflectance spectra were studied. Second
harmonic generation relative KH2PO4 was estimated for noncentrosymmetric scandium borates.
These data established a correlation between structural features and physicochemical properties
of the obtained crystals.

Key words: crystal growth, rare earth borate, structure, SHG, luminescence

At present, many research projects are related to the development of more environmentally
friendly light sources and luminophores [1-4]. These projects have focused on borates due to
their high chemical stability, thermal and radiation stability, wide transparency region and high
laser threshold. In addition, borate compounds have diverse chemical compositions and crystal
structures due to the ability of boron to form anionic BOs group. According to the anionic group
theory, the compounds with isolated boron groups BOs exhibit strong potential for use in the
range of visible (VIS) to deep ultraviolet (UV) range [5]. As a rule compounds with three
coordinated boron atoms crystallize in structure similar to carbonate minerals. One of the
prominent examples include YAI3(BOs3)s (YAB) ( UV cut-off - 160 nm), which crystallizes in
huntite (CaMgs(CO3)4) structure. Alkali and/or alkali earth borates with a high concentration of
rare earth elements were synthesized and proposed to be efficient phosphor materials. As an
example, RNa3(BOs3)2 (R= Y, La, Nd, Gd) crystallizing with buetschliite-type structure
(K2Ca(COs)2 R3 space group) have a low concentration quenching of rare earth atoms. The
existence of these multication borates suggests new complex compounds by replacing part of the
Na* by BaZ*cations, as well as the REE variation. Novel rare earth borates, such as
NaBaSc(BO3), and NaBaY (BOs)2, have been discovered in the system R>03-BaO-Na,0-B20:s.
The consequent substitution of Na—K and of Ba—Sr results in obtaining two new compound
families of KBaR(BOs)2 and KSrR(BO3)2, which crystallize in the R3 and C2/c space groups,
respectively.

In this study, by substituting the cationic part in KBaR(BO3)2 and Y Alz(BO3)a4 the new rare
earth borates (SmScs(BOz3)s, KCaR(BOs)2 and LisBasScaBgO22) crystalized with carbonate type
structure were obtained. The crystal structure, thermal properties and the phase transformations
were discussed. Also, some optical properties are presented, including the Raman spectra and
UV-vis-NIR diffuse reflectance spectra (DRS) of the crystal.
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EXPERIMENTAL MODELING OF CARBONATION AND DECARBONATION
REACTIONS INVOLVING ECLOGITIC GARNET UNDER UPPER MANTLE P,T-
PARAMETERS

Novoselov 1.D.>?, Bataleva Yu.V.}, Palyanov Yu.N.12

v.S. Sobolev Institute of Geology and Mineralogy, Novosibirsk, Russia,
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Abstract. Experimental modeling of decarbonation reactions resulting in formation of eclogitic-
like garnets and eclogitic garnet carbonation was carried on the BARS equipment using hematite
buffered cell. Decarbonation resulting in formation of garnet occurs at 1200-1400 °C; Mg
content in garnet increases with temperature increase, while Mg content in recrystallized
carbonate drops. During garnet carbonation at 950-1250 °C Mg is extracted from garnet, while
Mg-carbonate is formed; garnet-CO; interaction at 1350-1550 °C leads to decrease of Ca content
in garnet and formation of Ca-carbonate.

Key words: high-pressure experiment, garnet, carbonate, mantle metasomatism, eclogite

COz-enriched fluid is one of the most probable mantle metasomatic agents. There are
evidences of its presence in mantle such as COz-bearing inclusions in diamonds [1]. During the
last decades experimental modeling of carbonation and decarbonation reactions was carried out,
and corresponding curves in P,T-field were established, such as for decarbonation reactions
resulting in garnets formation [2,3,4,5]. Nevertheless, carbonation of minerals with complex,
close to natural stoichiometry is still unexplored. The main objective of this study is to define
changes in eclogitic garnet composition during its carbonation under upper mantle P,T-
parameters.

Experiments were carried out on the multi-anvil high-pressure equipment of “split-sphere”
type (BARS) at pressure of 6.3 GPa, temperature range of 950-1550 °C, and durations of 5-100
hours. Hematite buffered container was used in all experiments in order to prevent hydrogen
diffusion. For carbonation experiments natural garnet from eclogite UD-45-02 xenoliths from
Udachnaya pipe [6] with composition of (Mg2.01Feo.63Cao.24Mno.02)(Al1.87Cro.03Tio.02)[SiO4]3, and
silver oxalate (CO-fluid source) were used as starting materials. For decarbonation experiments
mixture of natural carbonates with average composition of Mgo.s3Feo.29Can.16Mnp.02CO3, and
synthetic SiO2 and Al,O3 (99.99 % purity) were used as starting materials. Temperature, duration
and final phase assemblage for each experiment are summarized in Table 1.

In carbonation experiments recrystallized garnet, carbonate, coesite, and kyanite were
formed. It was determined that in the temperature range of 950-1250 °C recrystallized garnet has
lower magnesium content than the initial, and newly formed carbonate is significantly
magnesian, while at 1350-1550 °C recrystallized garnet has lower calcium and higher
magnesium content than the initial, and newly formed carbonate has high calcium content
(Figure 1).

In decarbonation experiments recrystallized carbonate and corundum, as well as garnet,
coesite, kyanite were formed. It was determined that at temperatures of 1200-1300 °C
recrystallized garnet has relatively low magnesium content, and recrystallized carbonate is
significantly magnesian, while at 1400 °C garnet has low calcium and high magnesium content,
and newly formed carbonate has high calcium content (Figure 1).
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Table 1. Experimental parameters and results.

Series Starting materials T, °C t, hours Final mineral phases
950 100 Grt, Carb, Ky, Coe
1050 100 Grt, Carb, Ky, Coe
1150 80 Grt, Carb, Ky, Coe
Carbonation (C) Garnet, Ag2C.04 1250 60 Grt, Carb, Ky, Coe
1350 15 Grt, Carb, Ky, Coe
1450 10 Grt, Carb, Ky, Coe
1550 5 Grt, Carb, Ky, Coe
1100 40 Carb, Ky, Coe, Crn
. . 1200 40 Grt, Carb, Ky, Coe, Crn
Decarbonation (D) Carbonate, SiO», Al;O3 1300 20 Grt. Carb, K));, Coe. Cm
1400 10 Grt, Carb, Ky, Coe

Grt — garnet, Carb — carbonate, Ky — kyanite, Coe — coesite, Crn — corundum.
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Figure 1 — Compositions of coexisting carbonates (a) and garnets (b) from experiments modeling
carbonation of eclogitic garnet (D) and modeling decarbonation resulting in formation of eclogitic-like
garnet (C). D(i) — composition of the initial carbonate, C(i) — composition of the initial garnet. Grs —
grossular, Alm — almandine, Sps — spessartine, Prp — pyrope.

Results obtained in both experimental series are in good agreement and show that in
(Mg,Fe,Ca,Mn)0-Si0,-Al,03-CO, system compositions of coexisting garnet and carbonate
change complementarily with increasing temperature; results allow considering aforementioned
changes in garnets composition as indicators of mantle CO>-induced metasomatism.
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DEVELOPMENT OF THE QUASI-EQUILIBRIUM OXYGEN RELEASE METHOD
FOR OBTAINING CONTINUOUS PHASE DIAGRAMS OF NONSTOICHIOMETRIC
PEROVSKITES
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Abstract. From continuous phase diagrams 3-6 vs log pO2 of non-stoichiometric perovskites
SrCoo.s-xFeo2NbxO3-5, the thermodynamic parameters are determined as functions of the non-
stoichiometric oxide 6. Within the framework of the free electron gas model, a calculation was
carried out and it was shown that the features of the phase diagram can be associated with the
density of electronic states near the Fermi level of electrons.

Key words: perovskites, phase diagram, mixed conductivity, oxygen release.

Oxides with mixed ion-electron conductivity (MIEC) are attracted the attention due to their
prospective of using as membrane materials for producing pure oxygen, catalytic conversion of
methane to synthesis gas, as sorbents for oxy-fuel combustion, oxygen sensors, and electrodes
for solid oxides fuel cells [1-3].

Despite the practical importance of these processes, there are no universally accepted
notions today about the stages that determine the course of oxygen exchange on the surface of
nonstoichiometric MIEC oxides. In our opinion, this is due to the lack of a correct approach to
obtaining and analyzing Kinetic data necessary to form ideas about the mechanism of the
reaction. As a result, there is a large scatter in the literature experimental data which prevents the
development of a reliable conception of the oxygen permeability mechanism in the MIEC
membranes and advance in technological aspects. Thus, understanding the factors that can
ensure high oxygen permeability of perovskite oxides continues to be a challenging and actual
problem. Earlier, we have developed new quasi-equilibrium oxygen release technique (QEOR)
to obtain equilibrium parameters in grossly nonstoichimetric perovskites [4, 5].

The aim of this work was to carry out a comprehensive analysis of the effect of niobium
concentration on oxygen nonstoichiometry and thermodynamic properties of SrCoosFeo.»-
xNbxO3.5 (SCFNx). A feature of this system is the T-phase discovered for the first time in
samples doped with niobium, which leads to the appearance of features in the equilibrium
dependences pO2(d) and, consequently, in the chemical potential of the electrons. To obtain the
necessary information, detailed continuous equilibrium phase diagrams 3-8 vs log pO2 were
used.
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Figure 1 — SCFN5 nonstoichiometry on uO2 dependence within temperature range 500-900°C.
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DEVELOPMENT OF AN EXPRESS METHOD FOR OBTAINING CONTINUOUS
PHASE DIAGRAMS OF PEROVSKITE-LIKE OXIDES

Popova M.A., Popov M.P., Nemudry A.P.
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misha.popov90@gmail.com

Abstract. Continuous phase diagrams 3-6 vs log pO2 of non-stoichiometric perovskites SrCos-
xTaxO3-5 are obtained by express quasi-equilibrium oxygen release (QEOR) technique. Work has
been done to obtain reliable data in the shortest possible time frame. The coincidence of the
obtained data with the literature data is shown.

Key words: perovskites, phase diagram, mixed conductivity, oxygen release.

Oxides with mixed ion-electron conductivity (MIEC) are attracted the attention due to their
prospective of using as membrane materials for producing pure oxygen, catalytic conversion of
methane to synthesis gas, as sorbents for oxy-fuel combustion, oxygen sensors and electrodes for
solid oxides fuel cells [1-3].

Despite the practical significance of these processes, at present there is no convenient, and
most importantly, fast method for studying the phase composition of these oxides. The currently
existing methods make it possible to obtain only discrete points of the phase diagram. And
experiments in their duration take more than a week. Thus, the creation of an express method for
constructing phase diagrams continues to be an urgent task. Earlier, we have developed new
quasi-equilibrium oxygen release techniqgue (QEOR) to obtain continuous equilibrium
parameters in grossly nonstoichimetric perovskites [4, 5].

The purpose of this work was to modernize the setup and method for obtaining continuous
phase diagrams in a short time. Perovskite-like oxides SrCoi1.xTaxOss (SCTx) were chosen as
samples. It is shown that one isotherm of the phase diagram can be obtained within 2 hours,
which makes it possible to obtain a detailed continuous phase diagram of perovskite within a
day.
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Abstract. We performed a high-pressure X-ray diffraction and Raman study of synthetic Na-Ca
burbankite, Na,Cas(COz3)s, up to 24 GPa using diamond anvil cell technique. The obtained data
demonstrate that crystal structure of Na-Ca burbankite remains stable up to pressures of 24 GPa,
corresponding to the mantle transition zone, and is characterized by bulk modulus Ko = 68.7(9)
GPa. Complementary Raman data demonstrates evident pressure-induced splitting of (CO3)?
group v1 bands up to five components, which can be explained by deformation of (COs3)*
triangle in crystallographic site with lower (Cs) symmetry.

Key words: Na-Ca burbankite, high-pressure, diamond anvil cell, X-ray diffraction, Raman
spectroscopy

Burbankite, Na-Sr dominant end-member of burbankite group with formula
(Na,Ca,REE)3(Sr,Ca,Ba,REE)3(COz)s (REE — rare earth element), is a rare mineral initially
described in highly alkaline igneous rocks, alkaline lacustrine environments and carbonatites [1].
More recently a particular attention was given to burbankite inclusions in rare earth carbonatites,
highlighting its important role as a REE source during formation of rare earth mineralization [2].
On the other hand, high-pressure experiments have revealed that Na-Ca counterpart of
burbankite, (Na2Ca)s3Caz(CO3)s or Na2Cas(COs)s, can be synthesized under pressure of 6 GPa
and temperatures up to 1075 °C, corresponding to the Earth’s upper mantle [3]. A possible role
of Na-Ca burbankite in the transport of CO> and rare earth elements in the mantle can be also
suggested on the basis of petrological experiments which demonstrated formation of Na-Ca
carbonates with approximate stoichiometry (Na,K)2(Ca,Mg,Fe)s(CO3)s in carbonated rocks
subducted down to the mantle transition zone [4,5]. The recent findings of Na-Ca carbonates in
inclusions in “superdeep” Juina diamonds [6] that allowed to distinguish “deep natrocarbonatite
association” strongly support the experimental data on the existence of Na-Ca-carbonate and
related melts in the mantle transition zone.

However, high-pressure behaviour of burbankite group minerals has never been studied
neither by structural nor spectroscopic techniques, so their behaviour under mantle conditions
and role in deep processes remain obscure. Moreover, further studies of “superdeep” Na-Ca
carbonate inclusions require precise knowledge of Raman spectra of high-pressure Na-Ca
carbonates and their response on high pressure, typical for inclusions originated at mantle depths.
In order to address these issues we performed a high-pressure X-ray diffraction and Raman study
of synthetic Na-Ca burbankite, Na>Cas(CO3)s, up to 24 GPa using diamond anvil cell technique.

The obtained data (Fig. 1) demonstrate that crystal structure of Na-Ca burbankite remains
stable up to pressures of 24 GPa, corresponding to the mantle transition zone, and is
characterized by bulk modulus Ko = 68.7(9) GPa. Complementary Raman data demonstrates
evident pressure-induced splitting of (CO3)*" group v1 bands up to five components, which can
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be explained by deformation of (CO3)? triangle in crystallographic site with lower (Cs)
symmetry.
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Figure 1 — X-ray diffraction (top) and Raman (bottom) data for Na-Ca burbankite at high pressure.
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EXPERIMENTAL STUDY OF METHANE BEHAVIOUR AT THE HIGH-PRESSURE
HIGH-TEMPERATURE CONDITIONS OF ICE GIANTS INTERIORS
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Abstract. Methane phase diagram is important to understand the physics of ice giants. Previous
studies reported the formation of diamond from methane at pressures of 10 — 80 GPa and
temperatures above 2000 K. These results may be probably affected by the presence of metallic
heat absorbers. In this work the effect of absorber on the decomposition of methane was studied
using platinum (as hydride-forming) and gold (as non-hydride-forming) absorbers. Diamond was
formed from 50 to 95 GPa near 2000 K simultaneously with platinum hydride formation. In the
case of gold, diamond formation was not observed below 95 GPa and 3700 K. So, the hypothesis
of diamond precipitation in the ice giant interiors should be reconsidered.

Key words: solid methane, diamond, icy planet interiors, hydrides, LHDAC

In his famous ‘The ice layer in Uranus and Neptune — diamonds in the sky?’ paper [1], M.
Ross for the first time proposed that mantles of icy giants (Neptune and Uranus) may contain
significant amounts of diamonds formed during high-pressure — high-temperature decomposition
of hydrocarbons (primarily methane). Such a hypothesis led to later attempts to reproduce
experimentally possible diamond formation conditions typical of the deep interiors of Neptune
and Uranus. All the previous works [2-4] were based on the assumption that neither metallic
heater, nor metallic gasket, cannot react with methane. Herewith, to determine the real P-T
conditions of CH4 dissociation, one needs to exclude the influence of metallic heater reactivity.
That is why here we compared the behavior of methane in the presence of hydride-forming
(platinum) and non-hydride-forming metal (gold [5]) heat absorbers.

Several high-pressure experiments in the range of 20 — 100 GPa were performed using the
laser-heated diamond anvil cell (DAC). Methane was loaded in DACs cryogenically into a hole
in a rhenium gasket together with ~10 um platinum or gold wire (Aldrich, 99.9%).

To study methane dissociation at high pressure and temperature with the presence of
hydride-forming metal (platinum [6-9]), XRD mapping and Raman spectroscopy of the
quenched from 2000 K samples at 50 — 95 GPa were used. A formation of “bubbles” in the
heating spot was observed. The evidences of CHs + Pt — C + 4PtH reaction at 50 and 75 GPa
and 2000 K are the growth of polycrystalline diamond in the center of the “bubble” and
formation of the hcp platinum hydride. In our work [6] the same process of the diamond growth
concomitant with the formation of platinum hydride at 1700 — 2400 K was observed at 60 GPa.

Raman spectra of the samples with platinum heater, quenched from ~2000 K at 50 — 95
GPa, measured near the center of the “bubble” area, showed the presence of a separate peak at
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higher wavenumbers compared with the broad first-order Raman band from diamond anvil,
corresponding to the diamond formed inside the sample chamber [10].

To study the methane behavior at the similar high pressure and temperature conditions
without the presence of hydride-forming metal, the “Au + CH4” samples, quenched from 2400 —
3700 K at 20 and 90 GPa, respectively, were also studied by XRD mapping and Raman
spectroscopy. In contrast to the platinum-containing samples, neither diamond, nor hydride
formation was observed after heating of methane with gold absorber. However, it should be
mentioned, that at 20 GPa the heated spot on the gold wire was close to the rhenium gasket, so,
the gasket was also heated. We observed the formation of rhenium hydride and small amount of
polycrystalline diamond near to the ReHx.

Although our results show that the CHs — C + 2H> reaction does not take place up to 95
GPa we do not exclude that CH4 at such conditions may be unstable relative to e.g. heavier
hydrocarbons often observed by Raman spectroscopy after high-pressure high-temperature
treatment of CHs [2-4,11]. However, these observations should be interpreted very carefully
taking into account the strong influence of presence of hydride-forming metals on enthalpies of
the following reactions: CHs — ChHm + H2 and CHs + Me — CnHm + MeHx.

To conclude, we demonstrated that in previous experimental studies a reactivity of
platinum in hydrogen-containing systems was ignored leading to incorrect conclusions about
possibility of CHs — C + 2H> dissociation in the PT-range of 10 — 80 GPa and 2000 — 3000 K,
corresponding to deep interiors of ice giants.

Funding: The reported study was funded by RFBR according to the research project #18-35-20047. The
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Section METALLOGENY, MINERAGENY AND ORE GENESIS

PALEOENVIRONMENTAL CONDITIONS OF CONTINENTAL IRONSTONES OF
THE KOCHKOV FORMATION WITHIN THE OB-TUIM LOWLAND
(WESTERN SIBERIA, RUSSIA)
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Abstract. The studied continental ironstone occurrence belongs to the interfluve of the Ob and
Tom rivers, which is located in the eastern part of the West Siberian Plate. The Ob-Tuim
lowland completely inherits the Mesozoic-Cenozoic negative structure — the Ust-Tym uplift [1].
The ironstones are localized in the sedimentary sequence of the Kireevsk ore deposit. Iron-
bearing layers occur at the top of the Kochkov Formation, which is composed of Neogene and
Pleistocene sediments.

Key words: ironstones, continental deposits, authigenic minerals, paleoenvironmental conditions.

Minerals of the Kireevsk deposit are divided into allothigenic (detrital or allochtonous),
authigenic (in situ or autochtonous) and clay. The group of allothigenic minerals includes quartz,
feldspar (albite, microcline), zircon, rutile, monazite, ilmenite, magnetite, hematite,
titanomagnetite, pyrite and barite. Also, the minor part of the transported material is clasts of
rocks. lron-bearing rocks are characterized by the abundance of the carbonate-hydroxide
assemblage, which is presented in both cement and individual, aggregated formations (Fig. 1 A,
C, D). The presence of chlorite (chamosite), siderite, goethite (hydrogoethite), as well as
fragments of hematite and titanomagnetite provide the relatively high iron content in the bulk
rock composition. Siderite is characterized by individual nodules in the cement of sandstones
and ironstones with an average size of 10-50 pum in length (Fig. 1 A, C) or crystalline cement
(Fig. 1 B, F). In microconcretions of siderite (Fig. 1 A-C), there is a concentric zonation,
reflected in the composition of the carbonate. The average chemical composition of siderite
aggregates is as follows: 57.7-83.2 mol. % of FeCOs, up to 1.8 mol. % of MnCOs, up to 2 mol.
% of MgCOs, 0.6-1.5 mol. % of CaCOs. Clay minerals are represented by ferruginous chlorite
(chamosite) and illite (Fig. 1 C, I). Chlorite (chamosite) is characterized by parallel oriented
short-scaled microaggregates within iron-containing and siliciclastic rocks. Less frequently,
goethite (or hydrogoethite) is observed among iron-rich minerals in the form of aggregates up to
600 microns in size (Fig. 1 D). Goethite occurs a significantly smaller relative to siderite.
Detrital pyrite is rarely found in the matrix of sandstone (Fig. 1 E). A distinctive feature of the
studied horizon is the rare presence of zircon grains (Fig. 1 F) of relatively large sizes (up to 500
microns).

The bulk Fe2Ostotary content varies from 9.7 to 15.9 % (Table 1) in iron-bearing rocks. The
bulk chemical composition of siltstones is characterized by Fe2Ostotay cOncentration of less than
4.8 %, SiO2 between 51.0 and 69.0 %, Al>Os between 11.0 and 14.0 %. Gritstones occur at the
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bottom of the studied deposits. They are characterized by an increased amount of CaO (up to
15.0 %).

Two groups of trace elements can be distinguished in the studied deposit based on their
distribution. The first group of metals (Zn, As, Ag, Cd, Sb) differs by increased contents. The
second group (Cr, Ni, Cu, Zr, Sn, Cs, Hf, W, Tl, Pb, Th) is characterized by decreased
concentrations. The proxies of P EF and Cu EF (enrichment factors) in two samples exceed
above 1 in the intervals of ironstones with sandstone. The proxies of detrital input (Ti EF and Si
EF) have maximum values of 1.8 and 3.2, respectively, in siltstones with siderite nodules and
sandstones. The proxies of paleosalinity (Sr/Ba and Ca/(Ca+Fe)) have two similar intervals of
increasing their values, which correspond to siltstones with siderite nodules, where Sr/Ba
increases to 0.4. These proxies are similar to the change in the paleoclimate proxy (Sr/Cu). The
Chemical Index of Alteration (CIA) increases to 81.8 in gray siltstones with clay aggregates at
the top of the studied sequence. The total content of rare earth elements and yttrium (REE+Y) is
characterized by relatively elevated values (up to 210.4 ppm) in gray siltstones at the top. The
cerium anomaly (Ce*) ranges from 0.9 to 1.3. A weak positive europium anomaly (Eu*) is noted
by the level of 1.0-1.5 in the studied section of the Kireevsk occurrence.

In conclusion, the immobilization of iron depended on the activity of microbial
decomposition of detrital organic matter regularly introduced by river watercourses [3]. This
factor indicates the sedimentation of siltstones with ironstone in the bottom conditions of
swampy lakes. The carbonate association is characterized by the predominance of siderite, which
corresponds to the conditions of the ferruginous lakes [4]. In this case, the paleoenvironmental
conditions for the formation of iron-bearing layers within the Kochkov Formation consider
similar to swampy paleolakes. The presence of Mg admixture in siderite of ironstones supports
favorable conditions for siderite transformation [3]. In lake-marsh conditions, it was possible to
modify part of siderite into goethite with the active participation of humic acids and local
precipitation of brushite [2, 5]. It is assumed that one of these swampy lakes was located in the
area of the Kireevsk occurrence.

Figure 1 — SEM-images of studied rocks of the Kireevsk occurrence. (A) Siderite nodules ; (B) siderite
cement; (C) aggregates of siderite in gritstone; (D) goethite aggregates; (E) detrital pyrite; (F) zircon. Gth -
goethite, It - illite, Py - pyrite, Qz - quartz, Sd - siderite, Zrn - zircon.
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CRYPTIC COMPOSITIONAL TRENDS OF ORES AND SILICATES AS AN
EVIDENCE OF AT LEAST TWO MAGMA PULSES IN THE MAIN ORE HORIZON
OF THE Ni-Cu PGE NORILSK 1 INTRUSION (MIDDLE PART)

Garcia J.4.%2, Tolstykh N.D.!

v.S. Sobolev Institute of Geology and Mineralogy, Novosibirsk, Russia,
jonathan.andres.garcia@gmail.com
2Department of Geology and Geophysics, Novosibirsk State University, Novosibirsk, Russia

Abstract. Fundamental aspects on the origin and evolution of mineralized Norilsk-type intrusions
remain still unknown. Geochemical and petrographic evidence on disseminated sulfide ores,
platinum group minerals (PGMs) and cumulate rock-forming silicates (Ol, Pl, and Px), is
presented in order to provide new insights on the evolution of the ore system and its connection
with the emplacement and crystallization, from one or more magma pulses, of the ore body.

Key words: Magmatic sulfides, layered intrusion, Norilsk-Talnakh Ore Cluster, Ni-Cu PGE ores.

Using samples from the main ore horizon (MOH) of core sample PH-265, located in the
middle part of the Norilsk 1 intrusion and by means of EPMA, SEM-WDS/EDS and ICP-AES, it
was established that the MOH consists of at least 3 different rock types, that according to their
modal composition, texture and typomorphic minerals correspond to: picritic gabbro-dolerite (g-
d), taxitic texture g-d and olivine-bearing g-d. The following two main sulfide paragenesis were
interpreted: Low-S association including Tro or Po(hex) +Pn(Fe)+Ccp+Cub in picritic rocks and
a High-S association in taxitic and olivine-bearing g-d consisting of Po(mon-hex)+Pn(Ni) +Ccp
+ Sph, with whole rock Ni/Cu ratio > 1 in the former and < 1 in the latter.

A relatively similar compositional pattern in 100% sulfide, with predominance of Ni, Pd
and Pt in picritic rocks, suggest a common source of sulfide liquid for all layers with slightly
different fractionation paths or to a certain degree higher interaction with fresh magma (picritic
g-d). Cryptic compositional trends of base metal sulfides (BMS) evidence a thermal gradient that
gradually decreases in temperature (T°C) towards the base of the ore body, as well as an increase
in f(S2) in the same direction, These results have been confirmed in a previous study of us [1], in
which also PGMs vertical zoning suggest at least two distinct thermal gradients: one for picritic
layer and the other for taxitic-texture and olivine-bearing horizon, with higher T (Sn, Pb, As) Pd-
compounds occurring to the top and lower T (Se, Te and Bi) to the bottom.

In addition, Mg# of olivines and pyroxenes greatly differ between layers, along with some
trace elements like Cr,03 and MnQO, being picritic g-d higher in Mg# and Cr.0s and lower in
MnO, with the opposite trend being observed for taxitic-texture and olivine-bearing g-d.
Plagioclase shows a widespread variation in An% between core (c) and rim (r) and decreasing in
content i.e. more sodic cores towards the bottom in taxitic texture and olivine-bearing g-d,
whereas in picritic g-d shows a more uniform calcic compositional trend with less variability (c-
r). The investigated silicates together with sulfide ores show an abrupt compositional shift at the
transitional boundary between picritic and taxitic-texture rocks, which does not correspond with
a “normal” fractional crystallization evolution trend.
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Ostensibly, all the previously revealed characteristics in ores and silicates suggest
evolution of the ore system from two different sulfide melts, associated to two different magma
pulses (Fig. 1).
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Figure 1 — Summary of the main geochemical features established in ores of the Norilsk 1 intrusion,
which suggest an origin from at least two relatively different magma pulses for the MOH.
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THE SEQUENCE OF ORE FORMATION OF THE ANOMALOUS DEPOSIT
(EAST KAZAKHSTAN)

Greku E.D.
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Abstract. The Anomalous deposit is located in the southwestern part of the West Kalba gold belt
(East Kazakhstan), it belongs to the "orogenic"” type. Mineralization at the Anomalous deposit is
represented by two morphostructural types of ores — interspersed sulfide mineralization is
manifested in carbonaceous-siliceous rocks and sulfide-quartz in monoquartz, carbonaceous-
siliceous, volcanogenic, brecciated rocks. Ore formation at the deposit took place in two stages:
syngenetic and hydrothermal. Visible gold is noted: in the form of inclusions, veins, free state
and invisible gold in needle arsenopyrites.

Key words: West Kalba gold belt, Anomalous gold deposit, orogenic type deposit.

The purpose of this work is to restore the sequence of ore formation on the basis of
studying the mineral associations of the Anomaloe gold deposit (East Kazakhstan) with the
allocation of its corresponding stages. Using an optical and electronic scanning microscope,
stone material from the collection of the IGM SB RAS named after V.S. Sobolev was studied.

The West Kalba gold belt of the Greater Altai is the oldest mining region. The total
number of gold manifestations in the West Kalba gold belt is more than 450. Most of the ore
objects during the additional exploration were transferred to the category of deposits, including
large ones (Suzdal, Bakyrchik, Bolshevik, Southern Ashaly, etc.). In general, 17 ore districts and
5 large ore zones have been allocated within the West Kalba gold belt, which makes it quite
reasonable to consider it the leader in the Republic of Kazakhstan. Despite the long history of its
development, there are good prospects for the discovery of new ore objects and the expansion of
the mineral resource base for gold. One of the most promising is the Akzhal-Boko-Ashalinsky
ore region. Numerous deposits and ore occurrences of this territory are limited by deep faults of
the north-western strike in the southwest Akzhal-Bokonsky, and in the northeast - Charsky.

On the territory of East Kazakhstan, gold ore deposits of the "orogenic" type [1]
predominate, localized, as a rule, in carbonaceous terrigenous strata of carbon, which include the
exploited deposits Bakyrchik, Bolshevik, Suzdal and many others. Within the Akzhal-Boko-
Ashalinsky ore region, terrigenous carbonaceous rocks are much weaker, being replaced to a
greater extent by volcanogenic-sedimentary ore-containing strata. The role of the magmatic
factor is also increasing. Mineralization is represented by quartz veins of the gold-malosulfide-
quartz formation and mineralized zones of the gold-sulfide formation, accompanied by the
processes of near-ore change of rocks: sericitization, calcification, carbonatization, chloritization
and albitization [2].

Mineralization at the Anomalous deposit is represented by two morphostructural types of
ores — interspersed sulfide mineralization is manifested in carbonaceous-siliceous rocks, the so-
called "black shales”. The second type is represented in the form of sulfide-quartz veins, it
occurs in monoquartz, carbonaceous-siliceous, volcanogenic, brecciated rocks.

During the study, it was found that ore formation at the Anomalous deposit took place in
several stages. At the first, sedimentation stage, the formation of framboidal pyrite and, possibly,
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needle arsenopyrite took place. The increased gold content of the latter is most likely due to
later, superimposed hydrothermal processes. The processes of the hydrothermal stage were
obviously accompanied by the formation of sulfides and sulfoarsenides: pyrite, pyrrhotite,
arsenopyrite, glaucodote, alloclazite, gersdorfite and rutile. Even later, medium- and low-
temperature processes were manifested, which caused the formation of gold, chalcopyrite,
sphalerite, galena and sulfosols Cu-Pb-Sh-As (polymetallic association). Hypergenic processes at
the Anomalous deposit are manifested insignificantly — secondary covellin and goethite are
formed for Cu and Fe minerals.

Gold is noted in the form of inclusions in arsenopyrite, in the form of veins cutting through
arsenopyrite, which indicates later processes of gold formation, it is also observed in quartz
interstitials. It should be noted the high gold content of needle arsenopyrite, which is
concentrated in siliceous-carbonate rocks (“black shales").

Funding: This work was performed on the state assignment of IGM SB RAS.
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TELLURIDE MINERALIZATION IN THE PIONERSKOE GOLD-QUARTZ DEPOSIT
(EASTERN SAYAN, RUSSIA)
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Abstract. The aim of this research is to study the features of the composition and the formation
conditions of Pionerskoye gold-quartz deposit (Eastern Sayan). Ore bodies, containing gold and
telluride minerals present the quartz veins located in fracture zones in Archean gneisses. As a
result of the study a lot of telluride minerals (altaite, petzite, cavalerite, melonite, krennerite,
pilsenite, coloradoite, rucklidgeite, stiitzite, volynskite) have been discovered. Gold often
associates with telluride minerals. Using S and Te fugacity diagram we conclude that low sulfur
fugacity controlled Te mineral deposition.

Key words: gold, tellurides, fugacity

Pionerskoe gold deposit is situated in the south-east of the Eastern Sayan in the upper
reaches of the Kitoy river. It is located at 8.5 km from the largest in the region Zun-Kholba gold
deposit. Pionerskoe deposit is composed by Archean granite-gneisses of the basement of Tuva-
Mongolian microcontinent, where carbonate and silicious-carbonate rocks of the Irkut suite of
Late Neoproterozoic age overlap with tectonic discordance [1-3]. The rocks of the deposit are
undergone by dynamometamorphic and metasomatic alterations. Metamorphic rocks are
represented by milonites and cataclasites. Metasomatic rocks are represented by beresites and
listvenites.

Ore bodies of the deposit are low-sulfide pyrite-quartz and carbonate-pyrite-quartz veinlets
and veins, localized in the fractures and schistosity zones. The first generation is presented as
milky low-grade quartz. The second generation is light grey quartz including ore mineralization.
Chlorite, muscovite and carbonate are also present in the quartz veins. Ore minerals are
dominated pyrite, with minor chalcopyrite, gold galena, sphalerite, and tellurides. It has been
established that pyrite present as 2 generations. Gold and telluride mineralization is related with
2nd generation of pyrite.

Native gold fills cracks and forms inclusions in the 2nd generation quartz and the 2nd
generation pyrite, because it was formed in the last stage of ore formation. High-grade gold is
associated with tellurides; low-grade gold is mainly associated with sulfides.

A peculiar feature of the Pionerskoye deposit ores is a wide-spread telluride association,
which are represented by a wide range of mineral species. The following minerals have been
diagnosed: altaite, petzite, hessite, calaverite, melonite, krennerite, tellurobismutite, pilsenite,
coloradoite, ruckledgite, volynskite, tsumoite, tetradymite. Telluride minerals are released in
cracks, along grains of pyrite, and small grains in quartz 2 generation, carbonate, often in
association with native gold. Most of tellurides are close to being stoichiometric.

Carbonate have been formed along with the 2nd generation quartz, which contains almost
the major mass of gold and telluride mineralization. For determine the formation conditions of
tellurides, fluid inclusions in carbonates with a homogenization temperature of 225-227°C were
studied.
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Thus, it can be concluded that tellurides were formed at this temperature. The observed
Te—Au-Ag-Pb-Bi association (calaverite, native gold, altaite, tellurobismuthite, petzite and
hessite) and the absence of native Te, Bi, and Ag in this deposit allow a narrow domain in fTe>—
fS2 to be constrained for deposition of the telluride minerals (fig.1). As there are no sulfides in
the association with tellurides, and there is a common small amount of sulfide mineralization on
the deposit, the area of sulfur fugacity is limited only by equilibrium lines altaite-galena and
pyrite- pyrrhothite, what fits to interval fS» from - 17-to -11,5 and fTe> from -9,5 to -10,5 for
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Figure 1 — The diagram of the fugacity Te u S, calculated for 200°C [4] has been plotted. Grey field shows
area of fTez during the forming Pionerskoe deposit.

According to the results of mineralogical and geochemical study it is possible to conclude
that Pionerskoe deposit ores were reached by S and then by Te. It also means, that Pionerskoe
deposit were formed at interaction between mantle matter and the Archaean fundament contains
blocks of ultrabasites.

Funding: The reported study was funded by RFBR, project number 18-05-00489a
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SECONDARY MINERALIZATION ON SULFIDES IN THE ABANDONED TAILINGS
(SALAIR RIDGE, RUSSIA)

Khusainova A. Sh.
V.S. Sobolev Institute of Geology and Mineralogy, Novosibirsk, Russia, khusainova@igm.nsc.ru

Abstract. The paper presents the results of studies of redeposition and sequential deposition of
secondary minerals in contrasting physical and chemical conditions of the stored wastes of
barite-polymetallic ores of the Salair deposit. The formation of secondary mineralization occurs
due to multiple oxidation and dissolution reactions of residual sulfides and noble metals and
subsequent deposition of rims on their surfaces and in the intergranular space. The main
proportion of secondary minerals are plumbojarosite, anglesite, cerussite, iron (hydr)oxides;
pyromorphite and covellite occur less frequently.

Key words: abandoned sulphide tailings, secondary mineralization, supergene zone

Introduction. Secondary minerals formed on tailings play a major role in the
immobilization of metals and metalloids. By forming rims over residual sulfides, they seal them
from further interaction with pore solutions, which occurs in accordance with electrochemical
reactions [1-3]. The aim of the work was to determine the secondary minerals formed in the
conditions of lying tailings of waste processing of barite-polymetallic ores of the Salair deposit
(Kemerovo region, Salair ridge).

Methods. The mineral composition of the tailings was studied in two vertical sections
(along the walls of pits). Zoning was described and all visually distinguishable layers were
sampled. Minerals were determined by washing the concentrate and then examining the polished
section under optical and scanning microscopes (TESCAN MIRA 3LMU).

Results. The basis of the heavy fraction is barite. Among the residual ore minerals, pyrite,
sphalerite, galena, chalcopyrite prevail, grains of arsenopyrite, minerals of the tetrahedrite-
tennantite, vatanabeite, pierseite, and native gold groups are less common.

Secondary minerals formed under conditions of tailings oxidation occur on residual
(primary) minerals in the form of monomineral and zonal formations. Among the monomineral
secondary phases, iron (hydr)oxides (FeOOH), plumbojarosite (PbosFes3(SO4)2(OH)s), anglesite
(PbS0O4), and cerussite (PbCOg) stand out in terms of chemical composition. They occur in the
form of rims or grains until complete replacement.

Zonal phases are presented in the form of layers (rims) of different chemical composition,
which alternately grow on top of each other. The zoning is marked mainly by galena grains. The
central part is residual unoxidized galena, predominantly round or oval in shape. A rim of
covellite (CuS) (from 1-2 to 20-30 um) grows around it, which is rarely homogeneous, most
often presented as a mixture with cerussite and/or anglesite. Then a layer of anglesite grows
(from 1-2 to 50 um), which occurs both in the form of thin, sintered rims and in the form of
dense, granular textures. The outer zonal part of the grain is represented by cerussite (up to 10-15
microns). Cerussite has sintered and porous textures.

In addition, the zonal structure was noted on a grain of pyromorphite (Pb5(P0O4)3Cl). The
center part is filled with pyromorphite, rounded inclusions and edges are represented by
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anglesite, the grain contour is framed by a film of plumbojarosite. Since pyromorphite was not
previously described for the Salair deposit, we believe that it is newly formed in the tailings.

Conclusions. Over a period of about 100 years, the processed ores of the Talmovskiye
Sands tailing dump were actively subjected to the processes of oxidation, dissolution and
precipitation, which contributed to the formation of horizons of different chemical and
mineralogical composition. Despite the presence of potentially neutralizing minerals such as
carbonates, the abundance of sulfides, combined with the fine grain structure, controls the
overall geochemical balance, resulting in strong acidity and typical acidic drainage water
conditions. Evidence of active oxidation and redistribution of metals and metalloids in the
tailings is the formation of secondary minerals. Newly formed mineral phases, formed under the
conditions of tailings oxidation, are most often represented by rims of Fe-Pb-bearing minerals —
plumbojarosite, anglesite, cerussite, and to a lesser extent are represented by iron (hydr)oxide
differences, pyromorphite.

Funding: This work was performed on the state assignment of IGM SB RAS. Studies of the
chemical composition of samples were conducted in the Analytical Center of Multi-elemental
and Isotopes Research SB RAS (Novosibirsk).
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GEOLOGICAL STRUCTURE AND QUARTZ TYPOMORPHISM OF
HYDROTHERMAL VEINS OF THE KHURCHANSKAYA PERSPECTIVE AREA
(MAGADAN REGION)

Krasilnikov P.A., Gareev B.I.
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krasilnikovp290@gmail.com

Abstract. The conducted research allowed us to identify the features of the gold-bearing quartz
veins of the perspective Khurchan district, to study the compositions of rocks and ores of quartz
veins, as well as host rocks. In addition to sulfide, titanium mineralization, represented by rutile
and anatase, was found in the host rocks of hydrothermal veins of the Khurchanskaya
perspective area.

Key words: quartz, hydrothermal vein, mineralization, ores.

Kurchanskaya perspective area is one of the little-studied areas of the Magadan region.
There are several known ore occurrences and many points of mineralization of gold.
Khurchanskaya Square is located at the junction of two large metal-bearing areas: the Yano-
Kolyma megasynclinorium and the Okhotsk-Chukchi volcanic belt, within the Khurchano-
Orotukan metallogenic zone.

The main ore-bearing formations are the submeridional veining zones and quartz veins
grouped in the north-west strike band in the southern part of the stock [1]. Ore mineralization is
largely developed in granitoid intrusions and their super-intrusive zones, represented by
arsenopyrite-quartz veins and stockwork zones of the gold-rare-metal formation (Stock,
Khurchanskoe manifestations). The specificity of its ores is the superimposition on synaccretion
gold-rare metal mineralization of late epithermal mineralization, which is associated with the
Okhotsk-Chukchi volcanic belt. In mineralized crushing zones and vein-veined zones, silver-
polymetallic mineralization with gold is developed (Hallucination manifestation) [2].

With the help of modern research methods, namely: SEM analysis, Raman spectroscopy,
Electron paramagnetic resonance and petrographic microscope, quartz samples from
hydrothermal veins were studied, as well as the host rocks of quartz veins - berezites. The
morphology, compositional contrast and chemical composition of minerals were studied, and the
presence of isomorphic impurities in quartz was revealed (Fig. 1). Representatives of ore
mineralization were identified in quartz. The following ore minerals are represented: pyrite,
arsenopyrite, molybdenum, rutile, anatase.

71



S
w Si
]
o
-
z
;4_"'..
2
0
Al
K
- A
0.90 1.60 2.30 R Ll 440 5.10 5.80 6.50 T.20 i9
Energy (keV)

Figure 1 — EDX spectrum of quartz with isomorphic admixtures of Al, Mg and K.

The result of the presented work is to obtain new knowledge about the geological structure
and quartz typomorphism of the hydrothermal veins of the Khurchanskaya perspective area.
Along with the previously identified ore mineralization (pyrite, arsenopyrite, and molybdenum),
titanium mineralization was found, represented by rutile and anatase of hydrothermal veins of
the Khurchanskaya perspective area.

Funding: This work was carried out with the support of the Ministry of Education of the Russian
Federation under Contract No. 14.Y26.31.0029 as part of the implementation of the Decree of
the Government of the Russian Federation No. 220.
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FEATURES OF THE GEOLOGICAL STRUCTURE OF THE GOLD - BEARING
TARLAU PLACERS (SOUTHERN URALS)

Makhinya E.I., Mohammed A.E.I
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Abstract. During the geological practice in the Uchalinsky district of the Republic of
Bashkortostan, a one of the placers of the Urazovsky group has been studied. This paper studies
the results of the concentration samples (panning samples), and geological documentation of
previous works, as the result of that the features of the geological structure of the raft, the
localization of placer-forming sands, their lithological composition, and typomorphic features of
gold are identified.

Keywords: gold, placer, karst, deposit, Southern Urals.

The Tarlau gold-bearing placer is located on the eastern slope of the Southern Urals, on the
left side of the valley of the Tarlau River of the same name, the right tributary of the Ural River,
3 kilometers northwest of the Iltibanov reservoir. To clarify the structural and morphological
features of the placer, drilling data from 1999-2001 were used, a geological map and a spatial
model of the relief of the raft were constructed.

The surface of the raft is uneven with indistinct depressions observed in the longitudinal
section oriented in the submeridional direction (15°) and uplifts in the side parts of the identified
buried trough. The slope of the raft surface does not exceed 1.1° and is directed towards the
valley of the Tarlau River. The rocks are composed of marble-like limestones, sandstones,
porphyrites, serpentinites, clay weathering crusts of linear type (figure. 1 (a)). Devonian siliceous
shales, quartzites, and silicified varieties of rocks were weathered to a lesser extent. In the study
area there are karst forms developing along carboniferous calcareous deposits. Weathering crusts
are of variable thickness. In areas with high hypsometric marks, they undergo denudation, and
rarely come to the surface. Serpentinites, pebbled rocks, the presence of shale, indicate that the
placer is in the zone of influence of a deep fault (the Main Ural fault) [1].

At the base of the section lies alluvium, represented by yellow-brown clays with inclusions
of gravel-pebble material up to 35% and boulders up to 15%. Quartz and siliceous shales
predominate in the composition of the clastic well-rounded material (figure. 1 (b)). The highest
concentrations of gold are associated with the yellow-brown layer of alluvium in the placer. The
maximum thickness of the deposit is 7 m [2].

Higher up the section, on yellow-brown alluvium, there is a discontinuous layer composed
of reddish-brown, dense clay. In their composition, the presence of detrital material is observed,
ferruginous-manganese inclusions are present. The amount of detrital material is estimated to be
up to 10%. The gold content of the layer is weak, the maximum thickness of deposits is 6 m.

The upper part of the section is composed of dark brown clays, interlayers of fine-grained
sand with inclusions of gravel-pebble material up to 20%. The gold content is weak and the
maximum thickness of the layer is 3 m.
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The most obvious finding to emerge from the study of typomorphic features of native gold
in the Federal State Budgetary Institution TsSNIGRI is that, a relatively flat surface of gold grains
is distinguished, with large imprints of enclosing minerals giving a rough-edged appearance,
with moderately, rarely intensively, corrosion (figure. 1 (c)). In general, gold is free from
accretions and films, only occasionally minor fragmentary impurities and inclusions of iron and
quartz hydroxides are identified. The sizes of gold particles vary from 3.5 to 0.25 mm, however
gold particles with a size of 0.7-2 mm prevail (figure. 1 (d)). Goldenrods with a size of -0.5
+0.25 mm were distinguished in isolated cases. The average weight of the gold in the studied
samples is 4.3 mg. The presence in the samples of only single gold pieces of 0.25-0.5mm in size
and the complete absence of very fine gold (class -0.25 mm) may be due to repeated redeposition
in placers and removal of very fine and fine gold. The manifestation of gold-sulfide-quartz ore-
formation type is assumed to be the root source [3].

Conclusion. A comprehensive geophysical study of the buried karst for the presence of
karst traps is proposed to reveal the geological and geomorphological conditions of the formation
of paleochannels.
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Figure. 1 —a) A map of the rocks of the raft; b) Geological sections; c) Semi-rolled gold with a rough-
cellular corroded surface in fusion with iron hydroxides; d) Well-rounded crystals with a smooth surface
and semi-rolled gold with inclusions of oxidized sulfides on a pitted surface.
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FEATURES OF GOLD MINERALIZATION OF THE ABYZ GOLD-PYRITE DEPOSIT
(CENTRAL KAZAKHSTAN)

Nikolaeva A.N.
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Abstract. The Abyz pyrite deposit is located in Central Kazakhstan in the Karaganda region and
discovery in 1973. Mineralization is confined to an extended zone of observation of
beresitization along volcanic-sedimentary rocks Aigyrzhal Formation of the Early Devonian [1].
Pyrite-gold-polymetallic mineralization is localized mainly in metasomatites. According to the
textural and structural features at the deposit of Abyz, the interactions of two types of ores: solid
and solid disseminated gold-pyrite ores.

Key words: sulfide concentrate, material composition of ores, gold morphology.

To study the material composition of ores and identify the features of gold mineralization
at the deposit, furrow samples were taken from the main ore bodies, which were subjected to a
detailed study. As a result of the work, it was found that, according to the textural and structural
features, the ores at the deposit are represented by two types: mostly continuous and
disseminated in a subordinate amount. Sulfide minerals are pyrite, chalcopyrite, galena and
sphalerite. Disseminated ores are characterized by the predominance of non-metallic material
over ore, 40% are composed of sulfides and 60% of non-metallic minerals. Solid ores are 95-
98% composed of sulfides. Ores are characterized by a uniform, continuous addition of
aggregates of minerals. This type is most widely distributed in the deposit.

During the technological study of ores, it was found that most of the gold is associated
with pyrite, chalcopyrite, galena and sphalerite, which are diagnosed as part of the sulfide
concentrate [2]. As a result of the scanning of ores, it was found that gold, which is usually
concentrated in pyrite and to a lesser extent in chalcopyrite, is presented in a mineral form, the
predominant amount of which is associated with electrum, and to a lesser extent occurs in the
form of native (Table 1). The deposition of gold minerals occurred during two stages of mineral
formation: gold-sulfide and gold-telluride.

AgAuU electrum segregations are usually veinlet-shaped, rarely represented as isometric and
irregular grains. Most often, electrum is enclosed between grains of pyrite (Fig. 1A) and
chalcopyrite; also, in the process of scanning ores, cases of finding the mineral in pyrite cracks
were found. The power of the discharge does not exceed 3 microns, and the length is 30 microns.
Native gold Au is observed as elongated, lumpy, vein-like, interstitial segregations, clusters of
irregularly shaped grains, usually intergrown with pyrite (Fig. 1B). Cases of the development of
irregular gold grains, concentrating along the periphery of sulfides, were identified. Allocations
in size do not exceed 3.85 microns. Petzite AgsAuTe, (Fig. 1C) with calaverite AuTe. (Fig. 1D)
in the form of oval and irregular grains was found singly. To identify the supposed finely
dispersed (up to 1 micron in size), scattered - the so-called "invisible” gold, mass spectral
analysis was used with inductively coupled plasma of the pyrite monofraction, which revealed
the presence of "nanogold"” both in solid and disseminated ores.
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For the first time in this deposit, such minerals as calaverite AuTe>, lautite CUASS, ilmenite
FeTiOs, cassiterite SnO2, chenguodayite AgoFeTeSs, raclidite (Bi,Pb)sTes, zircon ZrSiOg,
monazite (La, Ce, Nd)PO4 and turnemobite (Ce)(Ce,La,Nd)>Al(SiO)2(OH).

Table 1. Gold mineralization in the ores of the Abyz deposit

Solid Disseminated
76% 24%
Electrum AgAu
48% | 12%
Native gold Au
12% | 12%
Calaverite AuTe;
12% | -
Petzite AgsAuTe;
4% | -

VEGAS TESCAN 2 | | VEGA3 TESCAN
50 pm
™Y ™y

D

7 Ag3AuTe2

VEGA3 TESCAN VEGA3 TESCAN
20 pm
TRPU TPU

Figure 1 — SEM images of the studied ores of the Abyz deposit. (A) electrum filling cracks between pyrite
and chalcopyrite; (B) incorrect extraction of gold in a crack in a pyrite grain; (C) calaverite grains in
pyrite; (D) irregular petcite grains in chalcopyrite. Py - pyrite, Cpy - chalcopyrite, Gn — galena, Ort —

orthoclase, AgAu — electrum, Au — gold, AuTe: — calaverite, AgsAuTe: — petzite.

Funding: This work is supported by the Russian Science Foundation under grant Ne 21-17-
00019.
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PRELIMINARY FLUID INCLUSIONS STUDIES IN THE LS EPITHERMAL
KARADERE GOLD DEPOSIT (NW TURKIYE)

Osuz B.1, Bozkaya G.?, Bozkaya O.
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Abstract. First data on the microthermometric studies of the ore forming fluids of the Karadere
gold deposit are presented. The Karadere deposit can be considered an LS epithermal deposit and
mineralization area consists of Triassic metamorphic basement, Oligo-Miocene Kozak
granodiorite and early-middle Miocene volcanic-subvolcanic rocks. Gold mineralization was
hosted by sugary, bladed, recrystallized and brecciated quartz veins. Homogenization
temperature of fluid inclusions indicates two distinct fluid pulses, one at high temperature
(300°C) commensurate with epithermal mineralization and boiling/near boiling conditions and
the second approximately 180°C lower. Salinity in both instances was from 7-0.3 wt. % NaCl.
The range of temperatures within individual samples is consistent with variations from near
lithostatic to hydrostatic pressure during vein and fracture opening.

Key words: Fluid Inclusion, LS Epithermal Gold, Karadere, Tiirkiye

The Turkish segment of the Tethyan Eurasian Metallogenic Belt, which extends from
Western Europe through Anatolia to Iran, is currently being intensively prospected and contains
a number of active mines. The epithermal deposits in the Biga Peninsula have the same
geological characteristics as other deposits of this style around the globe. A number of
epithermal Au-Ag (high and low sulfidation/HS-LS), porphyry Au-Cu-Mo and base metal skarn
deposits and mineralization are associated with tectonic activities in the Tertiary calc-alkaline
magmatism in Western Anatolia. The Karadere deposit, is a typical example of the tectonically
controlled mineralizations in the Biga Peninsula, is located 14 km SW of Burhaniye (Balikesir).
The deposit is one of a number of spatially close mineralized locations such as Kiigiikdere,
Ovacik, Cukuralan deposit which shares many features, not only within this area, but with
similar styles of mineralization in the Biga Peninsula and Western Turkey. Previous studies [1,
2]focused on the the kinematic characteristics of vein hosting faults, vein geometries and
distributions in Karadere gold deposit, but there is no data on ore forming solutions or source of
fluids. Our study focuses on determining to characteristics of ore formig fluids and source of
them.

The mineralization area consists of Triassic metamorphic basement, Oligo-Miocene Kozak
granodiorite and early-middle Miocene volcanic-subvolcanic rocks. Gold and silver
mineralization are hosted by quartz veins confined to high to moderate angle normal faults
traversing the andesitic domes, and overlying agglomerate-volcanic breccia in the early-middle
Miocene volcanic, subvolcanic rocks. The mineralized veins are composed of sugary quartz and
occasional bladed to brecciated textures and higher gold mineralization should be spatially
associated with veinlets with sugary and ghost bladed quartz crytals [1]. Hydrothermal
alterations are observed associated with mineralization in the volcanic-volcanoclastic rocks
manifested as silicification and argillic.
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Microthermometric measurements of fluid inclusions in quartz were obtained using a
Linkam heating-freezing stage (THMS600) mounted on an Olympus microscope in Pamukkale
University. Early quartz shows textures that are consistent with many epithermal deposits [2].
The crystals are euhedral, with several phases of euhedral overgrowths and L-V and V-L
inclusions aligned at 90° to the crystal face. There are also variable L/V ratios commonly
observed in individual fluid inclusion arrays. Based on microthermometric data of fluid
inclusions, the hydrothermal fluid is interpreted to have evolved during at least two stages: 1) an
early fluid, trapped in sugary quartz, with moderate ~7 eq. wt% NaCl salinity, and temperature is
about 300 °C; and 2) late-stage fluid trapped in recrystallized quartz with low ~0.3 eq. wt% NaCl
salinity, and temperature is 180°C.

The presence of bladed texture and of co-existing liquid-rich and vapor-rich inclusions in
the ore-stage indicates a boiling event in the Karadere gold mineralization [3-5]. In order to
improve the understanding of characteristic of ore-forming processes and nature of the fluids,
stable and radiogenic isotope studies are planned to be carried out.

Funding: This work is supported by the Pamukkale University Scientific and Research Center under
grant 2021FEBE069.
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Rudmin M.4.1?, Kalinina N.4.1, Maximov P.N.!
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Abstract. This work is devoted to a detailed study of the siderite and clay minerals of ooidal
ironstones of the Bakchar deposit (Western Siberia) to assess the mineral formation processes.
Siderite is divided into two varieties that differ in morphology, chemical and isotopic
composition, fluid inclusions due to different carbon sources and formation conditions. The
authigenic mineral associations of ooidal ironstones cement in a thin interval mark the change of
geochemical zones from methanic zone through sulfide (sulfate-methane transition zone) to
ferruginous (iron reduction zone).

Key words: siderite, ooidal ironstones, stable isotopes, fluid inclusions, carbon source.

Siderite is a carbonate mineral that has been distributed from Precambrian deposits to
modern sediments. In Phanerozoic ooidal ironstones, siderite is the main part of cement [1-3] in
association with a clay matrix. The genesis of siderite during the accumulation of deposits of
ooidal iron ores is a poorly studied problem regarding the sources of carbon and metals, the
processes of mobilization and transportation, as well as the conditions and kinetics of their
concentration. The purpose of this work is to study the origin and evolution of siderite as the
main mineral of the cement of ooidal ironstones to assess the criteria for processes of the ore
deposit formation on the example of the Cretaceous-Paleogene Bakchar deposit in Western
Siberia (Russia).

The Bakchar deposit consists of the Upper Cretaceous (Kuznetsovo, Ipatovo, Slavgorod,
Gan'kino) and Paleogene (Lyulinvor) Formations, with three main ore horizons separated by
siliciclastic intervals. The ore horizons comprise ooidal and peloidal ironstones, glauconitolites,
glauconitic sandstones and siltstones, while the intervening siliciclastic intervals are composed
of claystones, siltstones, sandstones and gritstones [4]. Ironstones occur at three stratigraphic
levels, viz. Bakchar, Kolpashevo and Narym from top to bottom. Ironstones in the Bakchar
deposit consist mainly of iron-rich ooids include both authigenic and detrital minerals [5].
Authigenic minerals are hydrogoethite, berthierine, illite, chamosite, glauconite, siderite, pyrite,
greigite, pyrrhotite, barite, authigenic monazite, with rare wurtzite, galena, cerussite and
acanthite.

Siderite is the main minerals cementing iron-rich ooids and the terrigenous fraction in
ironstones of the Bakchar deposit. Siderite is classified into two varieties. The first variety of
siderite is veinlet (jet) or massive (most of the cementing material) with a low proportion of
impurities in chemical composition (up to 5.6% of MnO + MgO + Ca0), which contains primary
fluid inclusions (FI) with sizes of 2—6 pum in diameter. The bimodal nature of the homogenization
temperatures of FI (170-210°C and 210-300°C) of the first variety of siderite indicates a
portion-wise inflow of solutions into the pore sediments. The second variety of siderite is
concretions (or accumulations of individual aggregates) or impregnations with a high proportion
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of impurities in chemical composition (up to 23.5% of MnO + MgO + CaO) with rare secondary
FI with a size of from 0.5 to 2 pm in diameter. The distinctive in situ associations of cement
minerals in ooidal ironstones of the Bakchar deposit correspond to the change in thin layers of
chemical zones from methane through sulfide (sulphate-methane transition zone) to ferruginous
(iron reduction zone). These zones are marked by the following mineral associations of cement
(from bottom to top): illite + smectite (nontronite) + the second variety of siderite (impregnated)
+ wurtzite, illite + smectite (nontronite) + kaolinite + the first variety of siderite (vein or
massive) + pyrrhotite + greigite, illite + kaolinite + framboidal pyrite, illite + kaolinite +
hydrogoethite. Similar mineral-chemical zones are described in environments with recorded
upward methane and carbon dioxide diffusion through the seabed sediments [6]. So, these layers
in the Bakchar deposit have a total thickness of 2 to 6 meters. The layers with contrasting
vertical zonation of authigenic minerals indicate the proximal zone of ore-forming processes.
These processes were linked with areas and periods of intense inflow of metal-bearing fluids. In
the sequence of the Bakchar deposit, the proximal zone with variations of siderite, rare
authigenic minerals, and phyllosilicates among ironstones has a local character with linear,
steeply dipping outlines in the section. It is assumed that these were the main areas of diffusion
of metal-saturated fluids. Similar morphologies of carbonate structures are characteristic of
methane seeps sediments [7].

As a rule, the bottom of these layers includes the first variety of siderite in cement with
fluid inclusions and isotopically light inorganic carbon (5**C on average from -35.0 t0 -39.5 %o).
The isotope budget of inorganic carbon largely corresponds to thermogenic methane [8]. Such
layers in the deposit are interpreted as periods and zones of fluid exhalation. Siderite of the
ironstone cement includes FI with a relatively high homogenization temperature (170-320 °C).
The gas-phase of these Fl is represented by H>S and CH. (Raman peaks 2678-2688 cm™ and
29262960 cm, respectively), which confirms the functioning of the upward fluid flow at the
time of the ironstone formation.

Funding: This work is supported by the Russian Science Foundation under grant 21-17-00019.
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THE BLAGODATNOYE GOLD DEPOSIT (YENISEI RIDGE, RUSSIA): PTX
PARAMETERS OF ORE-BEARING FLUIDS
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Abstract. The Blagodatnoye deposit with 340 t reserves is one of the largest gold deposits in
Russia. The aim of the study was to reveal temperature, pressure and composition of the fluids
that formed quartz vein zones. Fluid inclusions in quartz arsenopyrite, pyrite, pyrrhotite and
calcite were analyzed by microthermometry, Raman spectroscopy, gas chromatography-mass
spectrometry. A comprehensive study revealed that the Blagodatnoye deposit was formed
between 120 and 350 °C and at 0.2-2.6 kbar, and from fluids with salinities ranging from 0.5 to
30 wt.% (NaCl-eq.). Volatiles in the fluid consist of H.O, CO2, N2, and a wide range of
hydrocarbons, N-, S- and halogenated compounds.

Key words: ore-bearing fluids; gold deposits; fluid inclusions; gas chromatography-mass
spectrometry

The Krasnoyarsk Territory is the riches area with orogenic gold deposits in Russia. There
are dozens of gold mines with variable reserves. The Blagodatnoye gold deposit is situated
within the Yenashim ore field in the Severo—Yeniseisky district of the Yenisei Ridge. Gold
reserves of the deposit are estimated at 340 tons averaging 1.3 g/t in ore, according to the data of
“Polyus Gold” company [1]. Ore bodies comprise quartz veins with sulfides and native gold
hosted by schists of Corda formation. The ore—bearing zones are divided into the Northern and
Southern parts by submeridional upthrow. In the Northern part, ore body No.1 was identified,
and in the Southern part, ore bodies No.2 and No.3, which merge with each other at a depth of
120 m. The central part of the ore bodies consists mainly quartz—vein formations of nodular and
bead-like forms, which are outlined along the periphery by sulfidized sericite metasomatites
with quartz—carbonate veinlets. The main ore minerals of the ore stage are arsenopyrite, pyrite
and pyrrhotite, in intergrowth with which native gold occurs.

The aim of the study was to reveal temperature, pressure and composition of the fluids that
formed quartz vein zones with varying gold content. Fluid inclusions in quartz were analyzed by
microthermometry and Raman spectroscopy. Samples of quartz, arsenopyrite, pyrite, pyrrhotite
and calcite were studied by gas chromatography-mass spectrometry (GC-MS) in order to find out
bulk composition of volatiles in the ore-bearing fluid.

Individual fluid inclusions were studied in quartz and calcite [2]. Four types of fluid
inclusions were found in quartz:

Type A — two-phase aqueous liquid-vapor (Lx2o + V).

Type B — two-phase to three phase aqueous—carbonic inclusions (Lx2o + Lcoz:cHang,
Lr2o + Vco2ecH4N2).

Type C — apparently single—phase liquid (or vapor) carbon dioxide—hydrocarbon
(Lco2ichasn2, VeooechasN2, Lonasne, VeHasN2:c02).

Type D — three phase high-salinity inclusions (Lxo + V + S).

According to microthermometric data, at the early barren stage, the temperature ranged
between 180-300 °C, pressure was 0.2-1.6 kbar. The aqueous phase consists of a mixture of
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chlorides Na and Mg with the salinity of 6-15 wt.%, NaCl eq. The prolific gold-rich stage has
the following parameters: 220-350 °C, 1.8-2.6 kbar and 8-16.5 wt. %, NaCl eq.

Raman spectroscopy showed that individual inclusions in quartz (two-phase vapor-liquid,
single phase vapor or liquid) contain three major components: CO2, CHs and N2 (Figure 1a).
According to GC-MS, apart from H.O, CO2 and N, there are oxygen-free aliphatic and cyclic
hydrocarbons, oxygenated hydrocarbons, nitrogenated, sulfonated and halogenated compounds
in mineral-forming fluids (Figure 1b,c) [2]. The data obtained proves that diverse organic
compounds could take part in the processes of gold transport and precipitation [3].
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Figure 1. Composition of volatiles from fluid inclusions in minerals of Blagodatnoye gold deposit quartz
veins: a — Raman spectroscopy data. Types of fluid inclusions in quartz: 1 — type B, Lu2o+L(V)coz+cHaznz; 2 —
type C, L(V)cozcnasnz2. b, ¢ — from gas chromatography-mass spectrometry data. Mineral associations: | —
gold-bearing, 11 — barren.

To sum up, the Blagodatnoye gold deposit was formed by three types of fluid: water—
carbon dioxide, carbon dioxide-hydrocarbon and high salinity fluids. The conditions of ore
formation were: temperature — between 120 and 350 °C, pressure 0.2—2.6 kbar, salinities range
was from 0.5 to 30 wt.% (NaCl—eg.). The major components in volatiles were H,O, CO2, CHg,
N2. A wide range of hydrocarbons, N-, S- and halogenated compounds also took part in the ore
formation.
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GEOLOGY, MINERALIZATION AND FLUID INCLUSION MICROTHERMOMETRY
OF THE NAJNEH GOLD DEPOSIT, WEST OF SAQQEZ, NW IRAN
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Abstract. The Najneh gold deposit in NW Iran is one of the orogenic gold deposits within the
Sanandaj—Sirjan metamorphic belt, hosted by green-schist facies rocks of Precambrian age,
occurring as gold-bearing quartz-sulfide veins. Microthermometry on 2-phase aqueous fluid
inclusion reveals salinity range of 3-18 wt% NaCleg. and Tn range of 120-340°C. Moreover,
dilution and mixing by surface fluids and boiling is also conceivable from these data. The latter
is also evident from coexistence of abundant vapor inclusions. Most of the analyzed fluid
inclusions show metamorphic source, though some plot in the meteoric field, indicating the
mixing of these two types of fluids.

Key words: Orogenic gold, Najneh, Sanandaj-Sirjan, Fluid inclusion.

The Najneh gold deposit is located 55 km west of the Saqgez town in northwest Iran. This
area is situated on the northwestern margin of the Sanandaj-Sirjan metamorphic belt of Iran,
which experienced various events of regional metamorphism, as well as opening and closure of
Neo-Tethys Ocean during late Paleozoic to Paleogene. All these led to the formation of shear
zones and regional uplift [1] and a favorable environment for occurrence of orogenic gold
mineralization.

The area is mainly covered by metamorphic rocks attributed to Precambrian, chiefly
including mica-schist, phyllite and slate illustrating green schist facies, along with lesser
metarhyolite, metamorphosed acidic tuff and ignimbrite and gneiss. The green-schist facies
covers the large part of the area, with a NW-SE trend parallel to the main thrust fault of the area.
Magmatic activities evident in the area include several small granitic intrusive bodies, emplaced
within the Precambrian metamorphic rocks, which are attributed to Jurassic period. Another
small granitic-granodioritic intrusion has affected the Lower Cretaceous flysch-type rocks.
However, the oldest intrusive body is the Doran granite of Infracambrian age, which intruded the
Precambrian metamorphic units.

According to field investigations, the gold-bearing quartz-sulfide veins-veinlets are hosted
by green-schist facies rocks, which is typical characteristic of orogenic gold deposits [2, 3].
Hydrothermal alteration is evident around the quartz veins, characterized by silicic, argillic,
chloritic and carbonate alteration zones. Based on geochemical analysis results of 160 samples
from these veins, the gold grade ranges from 30 to 200 ppb with a mean of 70 ppb.

In order to determine the physic-chemical characteristics and the evolutional trend of ore-
bearing fluid, 4 doubly polished sections were prepared from gold-bearing quartz-sulfide veins
and subjected to petrographic and microthermometric studies. Fluid inclusions within these
quartz veins range in size from 2 to 20 pm and show various shapes, though the round, irregular,
negative crystal and elongated shapes are more common, in order of abundance. Based on phase
content at room temperatures, 3 types of fluid inclusions were recognized: liquid-rich 2-phase,
vapor-rich 2-phase and monophase vapor. Microthermometry analysis was performed on large
primary 2-phase fluid inclusions. During the freezing run, the last melting point for ice was
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between -16 and 0°C and the calculated salinity ranges from 3 to 18 wt% NaCl eq., mainly
clustering between 9 and 15 wt% NaCleq.. Meanwhile, the overall homogenization temperature
(Tw) is about120-340°C (Fig. 1).
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Figure 1- TH vs. salinity diagram and the plotted data points of the Najneh gold-bearing quartz veins.

Based on Tw vs. salinity diagram, all the data points plot below the halite saturation curve,
indicating entrapment from a NaCl-undersaturated fluid (Fig. 1). The minimum vapor pressure at
the time of entrapment for most of the fluid inclusions is below 50 bars, though some others
show values up to 150 bars. Data points trend indicates dilution and mixing with low-salinity and
low-temperature surface fluids, and boiling of a low-salinity, CO2-bearing fluid [4] (Fig.1). In
this regard, most of the data points of fluid inclusions show metamorphic origin, though some
plot in the meteoric field, confirming the mixing of these two types of fluids. Occurrence of
boiling is also conceivable from coexistence of L-rich and V-rich 2-phase inclusions (with low to
moderate salinities), which homogenize in similar range [4, 5], as well as the presence of
abundant monophase vapor inclusions. Presence of cross-cutting veins and veinlets in the study
area also confirms the occurrence of boiling.
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FLUID INCLUSION AND STABLE ISOTOPE CONSTRAINTS ON THE ORE FLUIDS
IN THE BLACK-SHALE HOSTED MANGANESE DEPOSIT: ULUKENT-DENIZLI, SW
TURKEY
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Abstract. First data on the microthermometric studies of the ore forming fluids of the Ulukent
manganese deposit are presented. The Ulukent deposit is typical example of black shale — hosted
manganese carbonate-silicate deposits on the Taurus belt in the southern Turkiye. The ore zone
is generally in the form of carbonates (rhodochrosite) between the plated limestones forming the
upper levels of the cherty limestones and the black clayey limestones. Carbonate ore and primary
oxide ore were partially or completely oxidized by atmospheric effects and transformed into
secondary oxide manganese minerals piroluzite and psilomelane at the surface and near the
surface. Fluid inclusion and stable isotope data indicate that the manganese carbonates are
formed at relatively low temperatures, probably during hydrogenetic and early diagenesis.

Key words: Fluid Inclusion, Manganese, Tavas-Denizli, Tiirkiye.

Manganese deposits in Turkey are generally divided into four main types; (1. Black shale —
hosted deposits, 2. Radiolarian chert — hosted deposits, 3. Oligocene — hosted deposits, 4.
Volcanic arc — hosted and/or vein -type deposits) according to host rocks, geological-tectonic
settings and formation processes [1], [2]. Black shale-hosted Mn deposits are the most important
in Turkey and Tavas-Ulukent manganese deposit, which has the biggest reserve (4.000.000 ton
visible+probable, 55.000 ton possible reserve), is the typical example of the manganese
carbonates occurs in SW Turkey [3]. The Ulukent deposit is located 2 km south of Ulukent town.
This study deals with the geological-mineralogical composition and microthermometric
characteristics of the fluid inclusions that occurred in the quartz and calcite crystals of
manganese occurred within the area. Mineralizations in the study area are generally observed as
carbonated minerals between the upper Liassic-Lower Cretaceous aged limestone and limestones
rich in organic matter, pyrite-containing, foliated black colored clay carbonates. The ore zone is
situated between two shale units in the thick bedded passive margin carbonates. Black
bituminous shale at the base, includes coarse and cataclastic pyrites up to 15 mm in size. This
black shale horizon also includes chalcedony — quartz veinlets. Gray colored shale does not
include and large pyrites and silicification. The ore section begins with pisolitic — bauxitic low
grade ore (detrital phase) at the bottom gradually passing to the carbonate — silicate ore and lastly
oxidized ore. The brownish — pinkish bauxitic ore represents a sudden terrigenous input from the
land into the sea associated with tectonic activity. [1]. Hausmannite, psilomelane, pyrolusite,
braunite, and rhodochrosite can be seen as ore minerals, and calcite and quartz are gangue
minerals.

Fluid inclusion studies were carried out on the polished thin sections prepared from the
representative samples of ore veins. Calcite crystals contain a large number of fluid inclusions
with various sizes, while quartz crystals are poor in fluid inclusions, and they are smaller in size.
According to fluid inclusion studies, the ore-forming fluid contains NaCl, CaCl,, and MgCl;

85



types of salts, and homogenization temperatures were measured between 115-200° C. Last ice
melting temperatures are determined between -1,6 and -14 °C, and indicate the salinity (NaCl %
equivalents) of the fluids change from 2,7 to 18 %.

Microthermometric data suggest that manganese mineralization from circulating meteoric
waters, but combination of hot saline fluid with cool near-neutral fluids is possible. The carbon
and oxygen isotopic compositions indicate that the carbon in the primary ore was derived from
the bacterial decomposition of organic matter in the diagenetic zone is related to CO2 and CO
and the manganese carbonates are formed at relatively low temperatures, probably during
hydrogenetic and early diagenesis.
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ISOTOPE-GEOCHEMICAL MODEL OF FORMATION OF THE NIKOLAIVSKOE Pb-
Zn SKARN DEPOSIT (SIKHOTE-ALIN)
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Abstract. Pb-Zn metallogeny of the southern Sikhote-Alin is the result of Mz recycling of
continental crust of the Sino-Korean Craton at East Asian margin during a change in geodynamic
regime between the Eurasian and Pacific tectonic plates. Isotopic data have shown that
mineralization is linked to volcanic structures of central type of the Dalnegorsk volcano-plutonic
complex. The formation of metalliferous intrusions highly contaminated with the upper crust
material occurred in conditions of active mantle-crust interaction. The process was realized in a
narrow time interval of 60+2 million years in the Paleogene, when transition from subduction-
related regime to a regime of transform continental margins was generated.

Key words: Pb-Zn skarns, Sm-Nd-Pb isotopy, U-Pb dating, Sikhote-Alin.

The aim of research was to create a prognostic model of formation of Pb-Zn skarn deposits
of Dalnegorsk type.

For this purpose the generalization of knowledge on deposits of the southern Sikhote-Alin
region was carried out and a standard deposit Nilolaevskoe was studied in detail by the up-to-
date methods of isotope geochemistry.

Sn-Pb-Zn deposits in the southern Sikhote-Alin metallogenic province, including the
Dalnegorsk skarns, have been studied for more than half a century. However, only a complex of
the Sm-Nd-Pb and U-Pb isotopic data obtained helped to form the basis for creation of a regional
model describing the stage-by-stage evolution of the territory with the final formation of the Pb-
Zn skarn deposits of Dalnegorsk type.

The model is presented as a change of interrelated events ensuring accumulation and
subsequent concentration of the ore substance. It involves three stages:

1. the formation of a regional geochemically specialized rock reservoir;

2. the fluid-magmatic processing of the geochemical reservoir: formation of magma
reservoir and emergence of the ore-bearing magmatic associations;

3. the formation of local ore-magmatic systems with characteristic structural heterogeneities
and geochemical barriers at which ore formation processes are implemented.

A regional Sn-Pb-Zn ore geochemical reservoir is represented as a segment of the newly
formed Mesozoic continental crust of the Sikhote-Alin, which combined the Taukha terrane of
the Early Cretaceous accretion prism and the Zhuravlevka terrane of the Early Cretaceous
turbidite basin [1]. The terranes’ lithology was dominated by arkosic rocks formed mainly of the
material of the eroded granite-metamorphic complex of the Sino-Korean Early Proterozoic
boron-polymetallic metallogenic province [2]. As a result, the terrigenous rocks are abnormally
enriched, according to [3], in ore elements, including lead (31-158 ppm) and zinc (52-194 ppm).

The arkosic rocks inherit Sm-Nd and Pb isotopic characteristics of the Sino-Korean
granite-metamorphic complexes, with the dominant eéNd values about -15.0, and the lead isotope
ratios varying in intervals of 2°Pb/?%*Pb 18.2899 — 18.6803, 2°’Pb/?**Pb 15.6219 - 15.6614, and
208ppy/204ph 38.8126 - 39.1703 [1].
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Fluid-magmatic processing reworking of the geochemical reservoir occurred in the
Turonian-early Paleocene during subduction of PaleoPacific plate. In the middle Paleocene, prior
to the Thanetian-early Eocene subalkaline volcanism under transform continental margins [4],
there was a narrow interval of 60+2 million years in which centers of Dalnegorsk volcano-
plutonic associations characterized by a contrast antidromic evolution of magmatism appeared
locally. The U-Pb zircon dating of rocks of these centers evidences a coeval manifestation of
basitic (quartz diorite - 59.5+1.1 Ma; andesibasalt - 62.0+1.9 Ma) and granitic (60.45+0.65 Ma)
magmatism [5]. Based on the ¢Nd values of the magmatites in the range of -2.9 to -6.7, the ratio
of the upper crust and mantle component in the melt is estimated as 50:50. Lead isotope
composition of feldspar from the intrusive bodies of the ore-bearing association (*%°Ph/?%*Pb
18.3862 - 18.4891, 20"Ph/?*4Pb 15.6151 - 15.6296, 2°8Pb/?**Ph 38.6614 - 38.7378) is close to the
isotopic characteristics of rocks of the upper crust geochemical reservoir, differing in less
radiogeneity of lead, probably due to involvement of the mantle component. The same type of
isotopic composition of lead in galena and lead in feldspar from the ore-bearing skarns and
intrusive rocks of the Dalnegorsk complex shows a relationship between ore formation and
diorite-granodiorite-granite intrusions.

The localization of Pb-Zn skarn deposits is correlated with the middle Paleocene
volcanic edifices controlled by NE-trending strike-slip faults and feathering normal faults of near
NS and NE orientation. The structure of the Nikolaevskoe deposit is determined by its
confinement to the Nikolaevsky volcano-tectonic depression, where Turonian-Campanian
volcanics contain the fragments of olistostromes of the Taukha accretionary prism presented as
limestone blocks. Morphologically, the ore bodies are blanket-like zones of hedenbergite skarns
with sulfides, formed at the contact of limestones and surrounding volcanics.

There are also submeridional vein-type bodies with hydrothermally altered intra-ore
andesite-basaltic dykes. The U-Pb dating of zircons from the dykes yielded has determined the
middle Paleocene age of the skarn (59.0+0.4 Ma). The isotopic composition of galena lead of the
Nikolaevskoe deposit (at average values: 2%°Pb/2%Pb 18.3700, 2°7Pb/?**Pb 15.6220, 2%Ph/?**Pb
38.6613) corresponds to the composition of feldspar lead of vent quartz diorite of the same name
ore-bearing volcanic-tectonic depression of Paleocene age.
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Section PETROLOGY

DECIPHERING THE MULTI-STAGE EVOLUTION OF MANTLE XENOLITHS
FROM HEARD ISLAND, SOUTHERN INDIAN OCEAN
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Abstract. Heard Island is an intraplate volcanic island located within the submarine Kerguelen
Plateau (southern Indian Ocean) that has been volcanically active since the Miocene through to
present day. We present the first geochemical and radiogenic isotope characterisation of
petrographically fresh spinel-bearing harzburgite xenoliths from Heard Island. This study
explores the multistage evolution of xenoliths from Heard Island, ranging from their formation in
the mantle through to their modification due to melt-rock interaction.

Key words: Heard Island, Kerguelen, Xenolith, OIB, Intraplate

The Kerguelen Plateau is one of the largest submarine large igneous provinces (LIP) on
Earth and is located in the southern Indian Ocean [1]. The Kerguelen Islands represent the
largest subaerial exposure of the Kerguelen LIP and is comprised largely of tholeiitic to alkaline
basalts that host compositionally diverse mantle-derived xenoliths consisting of protogranular
and pokilitic harzburgites, along with Iherzolites, dunites and other rare types of ultramafic
xenoliths [2, 3, 4]. Many of these xenoliths have been interpreted to preserve a record of
extensive partial melting and metasomatism of the underlying mantle, likely in relation to the
Kerguelen Plume. In contrast, there are no detailed studies of mantle-derived xenoliths from the
Heard Island, which is situated approximately 500km to the southeast of the Kerguelen Islands.
Heard Island is a large volcanic edifice that has been active throughout the Mesozoic through to
present day [5], and therefore presents an opportunity to examine the composition, evolution and
spatial variability of the mantle underlying the Kerguelen Plateau. This study presents the first
petrographic, geochemical and radiogenic (i.e. Sr-Nd-Pb) isotopic study on fresh spinel-bearing
harzburgite xenoliths and their host basalts from Heard Island.

The studied samples were derived from subaerial exposures of olivine- and clinopyroxene-
phyric alkali (basanite) basalts from Heard Island. These rocks contain abundant (~30 — 40
vol.%) irregularly-shaped peridotite xenoliths that range in size from 1cm and up to 8cm in size.
The xenoliths are well-preserved and exhibit protogranular textures and are comprised
dominantly by coarse-grain (between 1 — 5mm in size) olivine (~60 — 85 vol.%) and
orthopyroxene (~10 — 20 vol.%), along with subordinate clinopyroxene (~1 — 3 vol.%) and Cr-
spinel (~1 vol.%), and are therefore classified as spinel-bearing harzburgite. The xenoliths are
marked by different types of reaction zones, including: i) the partial-to-complete replacement of
orthopyroxene by rims (or embayments) of fine-grained assemblages of clinopyroxene (Cpx-I)
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and olivine (OI-I; Fig. 1), which are compositionally distinct from the xenolith and host basalt
groundmass. i) Symplectite intergrowths between clinopyroxene and Cr-spinel (Fig. 1).

Preliminary whole-rock isotope data indicates the host basalts conforms to a relatively
enriched EM-type source, whereas the xenoliths are more depleted, indicating a more depleted
PREMA-type source.

Reaction Zone -,
Cox-1+ Ol

Opx

250um
I

Figure 1 - Back-scattered electron images of (A) Transmitted light image of reaction zone around xenolith
orthopyroxene, where it is replaced by olivine (Ol-1) and clinopyroxene (Cpx-1). (B) Back-scattered electron
image of clinopyroxene and Cr-spinel (Cr-Spl) symplectites.

We present a preliminary model for the main stages of xenolith evolution: 1) partial
melting of peridotitic mantle to form refractory harzburgites, likely within the garnet stability
field as evident from Il followed by upwelling to <80 km. 2) Breakdown of garnet to form
clinopyroxene and Cr-spinel symplectites, possibly due to decompression or melt-rock
interaction. 3) Melt-rock reactions involving the breakdown of orthopyroxene in xenoliths to
form secondary assemblages of clinopyroxene (Cpx-I1), olivine (Ol-1) and minor Cr-spinel (i.e.
‘wehrlitisation’ or refertilisation of refractory harzburgite xenoliths).

Funding: This study is supported by the University of Helsinki GeoHel and Hellabs.

References:

1. Charvis P., Operto S. Structure of the Cretaceous Kerguelen Volcanic Province (southern Indian Ocean)
from wide-angle seismic data. Journal of Geodynamics. 1999. Vol. 28. P. 51-71.

2. Grégoire M., Lorand J-P., Cottin J-Y., Giret A., Mattielli N., Weis D. Xenoliths evidence for a refractory
oceanic mantle percolated by basaltic melts beneath the Kerguelen archipelago. European Journal of Mineralogy
1997. Vol. 9. P. 1085-1100.

3. Moine B.N., Grégoire M., O'Reilly S.Y., Delpech G., Sheppard S.M.F., Lorand J.P., Renac C., Giret A.,
Cottin J.Y. Carbonatite melt in oceanic upper mantle beneath the Kerguelen Archipelago. Lithos. 2004. Vol. 75. P.
239-252.

4. Wasilewski B., Doucet L.S., Moine B., Beunon H., Delpech G., Mattielli N., Debaille V., Delacour A.,
Grégoire M., Guillaume D., Cottin J-Y. Ultra-refractory mantle within oceanic plateau: Petrology of the spinel
harzburgites from Lac Michéle, Kerguelen Archipelago. Lithos. 2017. Vol. 272-273. P. 336-349.

5. Fox J.M., McPhie J., Carey R.J., Jourdan F., Miggins D.P. Construction of an intraplate island volcano: The
volcanic history of Heard Island. Bulletin of Volcanology 2021. Vol. 83. No.5. P. 1 - 21.

90



PETROGRAPHIC FEATURES OF EARLY CRETACEOUS GRANITES OF THE
GABASS RISE (SEA OF JAPAN)

lakimov T.S.

V.1. Il'ichev Pacific Oceanological Institute Far Eastern Branch Russian Academy of Sciences,
Vladivostok, Russia, yakimov-timur@mail.ru

Abstract. Petrographic research of granites of the Early Cretaceous complex of the Gabass Rise
were carried out, mineralogical-structural and tectonic features were established. As a result of
the analysis of the factual material, the morphological types of zircons have been determined,
which help to investigate the staging of granitoid magmatism. Dislocation of the magmogenesis
chamber of leucocratic granites is expressed by two facts: plastic deformation occurred at the
stage of crystallization of plagioclases and the presence of isolated clusters of quartz with
poikilitic feldspars.

Key words: Gabass Rise, petrography, granitoids, Sea of Japan.

From the 1970s to the 1980s, numerous dredging stations in the Sea of Japan sampled
outcrops of rocks on the slopes of seamounts and rises, thanks to which a geological map of the
sea of the same name was drawn [1]. The granitoids of the Gabas Rise are regarded as Early
Cretaceous complex, 100 - 110 million years old [2].

Gabass Rise in the Central Deep-water Basin of the Sea of Japan was described during the
28th and 29th cruises of the "Pervenets™ in 1977. The Gabass Rise is located in the south-western
part of the basin on a block elevated by 500-600 m relative to the basement and is a volcanic
ridge stretched sub-meridionally. Elevation is composed mainly of olivine-plagioclase,
plagioclase basalts, ferrobasalts, trachyandesites and granitoids composing its basement [3].

Collection of samples of Gabass granitoids upland is represented by leucocratic granites.

Macroscopically leucocratic granites are light pink rocks with an irregularly grained
texture. Under the microscope reveals allotriomorphic. porphyritic structure, parts of granulite
(Fig. 1).

Composition: quartz, 40-45%; orthoclase, 25-30%; plagioclase, 15-20%; biotite, 2-3%.

Quartz is observed as clusters of rounded grains up to 8 mm in size, often with wavy
extinction, forming a granulite structure in sections, which probably indicates outstripping
crystallization of feldspars. This fact is confirmed by the presence of feldspar inclusions (Fig. 1).
Secondary quartz (0.02-0.08 mm) with its characteristic zonal extinction is observed.

Orthoclase is found as isomorphic grains up to 10 mm in size, less frequently tabular grains
up to 1 mm in size. Isomorphic orthoclase is pelitized with pertitic decay, tabular is unchanged.
Some crystals have smooth transitions with albite, forming an isomorphic series.

Plagioclase Ne 5-15 forms twinned tabular grains up to 5 mm. More often weakly seritized,
except for zonal crystals, where strong seritization results in small flakes of muscovite up to 0.2
mm in size. At the boundaries with orthoclase, myrmekite up to 0.6 mm in size is observed.
Plagioclase is plastically deformed at the crystallization stage (Fig. 1).

Biotite is subordinate and has two morphotypes: flakes up to 2 mm as inclusions in
plagioclase, in cracks (0.02 - 0.06 mm) more often between quartz grains, less often between
plagioclase and quartz.
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The accessory minerals are represented by zircon and apatite. Apatite is typical and is transparent
elongated grains up to 0.1 mm. Zircon is in the form of idiomorphic grains (0.01-0.07 mm in
size). Rarely, crystals of more or less isometric shape are found.

Figure 1 — A slit of the leucogranite in straight (a) and crossed (b) nicoles. Magnification 4-fold. Feldspar
inclusions in quartz in straight (c) and crossed (d) nicoles. Magnification 10-fold. Q-quartz; Fsp-feldspar; PI-
plagioclase; Bt-biotite; Mu-muscovite.

Thus, because of the petrographic studies, the Gabass Rise is characterized as follows:

- plastic deformations of plagioclase at the crystallization stage;

- intense manifestation of sodium metasomatism (pertitization);

- absence of variability in structural-textural features;

- quartz crystallized earlier than feldspars.

It follows that the dislocation of the magmogenesis chamber of leucocratic granites is
expressed by two facts: plastic deformation occurred at the stage of crystallization of plagioclase
and the presence of isolated clusters of quartz with feldspar poikilitic.
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MAFIC MINERALS OF THE MEDVEDEV MASSIF (SOUTH YAKUTIA)
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Abstract. Mafic rock-forming minerals (pyroxenes and amphiboles) of the three-phase
Medvedev massif (porphyry syenite, pyroxene-amphibole syenites, monzonites) were studied by
X-ray spectral analysis. Pyroxenes are represented by diopside and augite, which were formed in
a wide range of pressures and temperatures. Amphiboles of the massif are represented by
hastingsite in syenite porphyries, magnesiohastingsite and ferropargasite in pyroxene-amphibole
syenites and monzonites of the massif. Differences in compositions and almost identical
indicators of temperatures and pressures reflect a change in the conditions of their crystallization.

Key words: mafic minerals, pyroxene, amphibole, X-ray spectral analysis

The Medvedev massif is located in the Nimnyr terrane in the central part of the Aldan
Shield and cuts through Precambrian schists and granites [1]. In the process of field and
petrographic studies, we found that the massif is composed of rocks of three phases with clear
contacts between them: phase 1 - porphyry syenite; 2nd phase — pyroxene-amphibole syenites; 3
phase - monzonites [2]. To establish the conditions for the crystallization of igneous rocks, data
on the chemical composition of rock-forming minerals are widely used [3, 4, 5]. For the studied
massif, pyroxenes and amphiboles are the most informative in this respect.

By chemical composition, the pyroxenes of all considered rocks belong to the Ca-Mg-Fe
group of monoclinic pyroxenes and are represented by two mineral species: the predominant
diopside and the less common augite [6]. Based on the geobarometer [7] and geothermometer
[8], the P—T conditions for their crystallization were determined. For pyroxenes of the rocks of
the first phase, they were 0.63-0.98 GPa and 828-1079°C; for the second, 0.36-0.83 GPa and
847-937°C; 814-928°C.

In X-ray spectral analysis of amphiboles, the contents of H20 and halogens were not
determined. Based on the recommendations of [9], the recalculation of chemical analyzes for the
standard formula of amphiboles was carried out on 23 (O) with the expected 2 (OH, F, CI).
According to calculations [9, 10], the amphiboles of the massif under consideration belong to the
Ca-group, which is characterized by the following parameters: (Ca+Na)g>1.50, Nag<0.50 and
Cag>1.50. According to the content of alkalis [9], to a greater extent, they belong to subalkaline
varieties ((Na + K)a > 0.5) and are represented by hastingsite in the rocks of the first phase,
mainly magnesiohastingsite in the rocks of the second, and ferropargasite in the third.
Amphiboles of syenite porphyries crystallized in a highly oxidized medium at high oxygen
fugacity (log fO» from -6.36 to -10.95), amphiboles of pyroxene-amphibole syenites and
monzonites crystallized in a less oxidized medium at lower oxygen fugacity (log fO> from -8 .36
to -12.71). According to calculations based on the geobarometer [11] and geothermometer [12],
the crystallization of amphiboles took place in a wide P-T range, close for all rocks: P = 0.52—
1.08 GPa, T =915-1027°C.

Conclusions. The pyroxenes of the rocks of the Medvedev massif are represented by two
mineral species: the predominant diopside and the less common augite. Based on the results of
determining the physicochemical conditions that existed at the time of pyroxene crystallization,
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we can conclude that it took place at various depth levels at temperatures of 828-1079 ° C and
pressures up to 0.98 GPa for rocks of the first phase, and at temperatures of 814— 928°C,
pressures 0.18-0.36 GPa for rocks of the late, third phase.

Amphiboles belong to calcium varieties and are represented by hastingsite in the rocks of
the first phase, magnesiohastingsite and ferropargasite in the rocks of the second and third
phases. The conditions of crystallization for amphiboles from rocks of the massif were
determined: 915-1027°C 0.52-1.08 GPa. The temperatures of crystallization of amphiboles for
all rocks with a significant variation in pressures remain close, which most likely indicates their
restite genesis.
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GRANITIC MAGMATISM IN EASTERN KAZAKHSTAN: STAGES, SCALE,
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Abstract. This paper presents the results of long-term studies of granitoid magmatism of the Ob-
Zaisan folded system. Five stages of granite formation have been identified: Devonian, Early
Carboniferous, Late Carboniferous, Early Permian, Triassic. Obtained data indicate that within
the considered tectonic zones, a multi-stage remelting of various protoliths took place, which
could lead to the formation of both granitoids of different ages of similar composition, and
subsynchronous granitoids that differ significantly in composition.

Key words: granites, CAOB, petrogenesis, granite sources

The polygon of the conducted research is a part of the Ob-Zaisan folded system, which in
recent years has been designated as the Altai accretion-collision system of Hercynides. It was
formed in the Late Paleozoic (Carboniferous — Permian) during the collision of the Siberian and
Kazakh paleocontinents and the closure of the Ob-Zaisan Paleoceanic basin [1, 2]. As a result of
accretion-collision processes, several different types of terranes (structural-formation zones) of
different geodynamic nature were combined in a relatively small area (from east to west): 1) The
Kalba-Narym zone, which was formed in the Devonian as a sedimentary basin in the passive
margin regime, after the ending of subduction under the margin of the Siberian continent (Rudny
Altai) and is filled with thick strata of terrigenous sediments. 2) the Char zone, which is a relic of
the Ob-Zaisan ocean basin with juvenile crust overlain by thin sedimentary strata; The text of the
conference paper should be in English. 3) The Zharma-Saur zone, composed of Middle and Late
Paleozoic volcanogenic-sedimentary complexes formed on the Kazakhstan active margin during
subduction of the oceanic lithosphere of the Ob-Zaisan Ocean.

At the moment, the following stages of endogenous activity are distinguished within the
studied territory [3]: 1) Devonian, associated with the subduction of the oceanic crust under the
Caledonian Chingiz-Tarbagatai complexes; this stage includes felsic volcanic rocks of the
Mashanskaya Formation and granitoids of the Aldzhan Complex localized in the western part of
the Zharma-Saur zone. 2) Early Carboniferous, associated with the slab break-off under the the
Kazakh continental margin, as a result of which gabbro-granite massifs of the Saur series were
formed, plagiogranitoids of the Bugaz complex in the southern part of the Zharma-Saur zone, as
well as a number of small plagiogranite massifs in the Char zone. 3) Middle-Late Carboniferous
reflecting collapse of an orogenic structure, on which a number of volcanoplutonic structures
were formed throughout the region and several relatively small arrays of M- and I-type
granitoids in the Kalba-Narym zone. 4) Early Permian, the most large-scale stage, associated
with the activity of the Tarim plume, at the beginning of this stage, the formation of the main
volumes of Kalba and Zharma batholiths composed of granitoids of I- and S-types took place,
and at the end of the stage, the formation of large intrusives of Al- and A2-types took place. 5)
Early Triassic, associated with the activity of the Siberian plume; atThe text should be typed in
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normal direct font and justified. At the moment, it is known that A-type granitoids of the
Delbegetei massif and rocks of the Semeytau volcano-plutonic structure belong to this stage.

Conducted studies have shown that granitoids of all geochemical types are common in the
investigated area - M-type plagiogranites, large S-I-type batholith intrusions, A2-type
monzonite-syenite-leucogranite intrusions, and small massifs of Al-type leucogranites. In this
case, often only rare-element and isotope-geochemical compositions allow us to reliably separate
granites into complexes and phases.

Thus, obtained data indicate that within the considered tectonic zones, a multi-stage
remelting of various protoliths took place, which could lead to the formation of both granitoids
of different ages of similar composition, and subsynchronous granitoids that differ significantly
in composition. A comparison of magmatism, which is currently interpreted as the result of the
influence of two different plumes (the Tarim plume in the Early Permian and the Siberian plume
in the Early Triassic), should be considered as a separate actual task for the future research. To
clarify the scale and duration of various stages of endogenous activity, it is necessary to carry out
large-scale U-Pb isotope dating of intrusive massifs and volcanic structures, in combination with
isotope-geochemical studies.
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METAMORPHIC EVOLUTION OF THE ARCHEAN TOKMOVO MEGABLOCK AND
OF SURROUNDING PALEOPROTEROZOIC OROGENIC BELTS (VOLGO-URALIA
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Abstract. The plagiogneisses of the Tokmovo block, predominant in volume, were formed after
tonalite-trondhjemite—granodiorite (TTG) intrusions with an age of 2.72-2.86 Ga. The
metamorphism of the block is estimated in the interval from 2.7 to 2.6 Ga, culminating when a
new portion of granitoids intruded 2.62 Ga ago. Microstructural analysis, PT parameters, as well
as geochemical features of zircon indicate one-stage and duration of metamorphism of rocks of
the Tokmovo block due to granulite and amphibolite facies. In the rocks framing the block a
shorter HT/LP-type metamorphism, typical of collisional orogens, has been established.

Key words: metamorphic evolution, Early Precambrian, Volga-Uralia, granulite facies, TTG-
gneisses.

The Early Precambrian Volga-Uralia crustal segment represents the eastern part of the East
European Craton. It is completely buried beneath a thick sedimentary cover and data on its
structure and composition are based on geophysics and deep wells core research [1]. GGT nature
of Tokmovo block is supported by study of the core samples, which comprise three main types
of rocks: predominated Bt-Opx plagiogneisses (formed 2.72-2.86 Ga — U-Pb zircone dating),
tonalites with zicones depleted in heavy REE (2.62 Ga) and metabasites, which metamorphic
event (due to zircons’ rims) in the range age from 2.72 to 2.63 Ga is an object of this research.

A one stage metamorphic evolution has been recorded in these rocks. Maximum values of
the metamorphic thermodynamic parameters were identified in the Grt-Opx-Cpx-Hbl granofels
within the cores of garnets and orthopyroxenes and correspond to middle-pressure granulite
facies metamorphism (9-11 kb, 720-810 °C). Lowest values correspond to the amphibolite facies
(5-7 kb, 680 °C). The uniformity of garnets, absence of inclusions and oscillatory zoning, a
strong decrease in pressure against gradual decrease in temperature indicate one-stage
metamorphism and that it was carried out according to the "Aldan" type — an uplift with cooling
along the steep Archean geotherm.

The Osnitsk-Mikashevichi Moscow orogenic belt (OMMB) rocks (TTG-gneisses,
metarhyolites and metagabbronorites), framing the Tokmovo block from the north, have U-Pb
age of 1.97-2.02 Ga [2], and P-T grades of metamorphism of Px-Hbl-schist and fine-medium-
grained Cpx-Hbl-plagiogneiss correspond to the amphibolite facies (5-7 kb, 750-770°C,). In the
outline part of the Vyatka belt, framing the block from the east, supracrustal rocks (2.08-2.10
Ga) are developed, for them metamorphism corresponds to the amphibolite facies (6.3-8.3 kb,
600-700°C for peak, 4.8-5.5 kb, 590 -640°C for regressive stages). Within the Volga-Don
orogenic belt from the south of the block, metasedimentary rocks metamorphism conditions
correspond to a high-temperature amphibolite facies with parameters 7-8 kb, 740-750 °C.
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The Tokmovo megablock represents a fragment of the Archean crust, which has preserved
the Archean metamorphic history, whereas the Paleoproterozoic belts framing it experienced
HT/LP-type metamorphism, which is typical of collisional orogens [3].

*PT counted by Perple_X 6.8.8, classical tools, Ti-in-Zircone thermometry.
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Section GEOCHEMISTRY AND GEOCHRONOLOGY

THERMAL EVOLUTION OF THE SIBERIAN TRAPS LARGE IGNEOUS PROVINCE
BASED ON RESULTS OF APATITE FISSION-TRACK ANALYSIS AND OTHER
GEOCHRONOLOGICAL DATA FROM INTRUSIVE COMPLEXES
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Abstract. We present results of apatite fission-track (AFT) and other geochronological data
(apatite U-Pb (LA-MC-ICPMS) and Rb-Sr dating) from several intrusions located within the
Siberian Traps Large Igneous Province. The obtained AFT ages are distributed between ca. 207
and ca. 173 Ma. We interpret the AFT ages as a consequence of sedimentary burial of the studied
magmatic complexes to below the closure temperature of the AFT system, which took place after
the formation of intrusions ca. 252-250 Ma. Later cooling as a result of exhumation of the
studied rocks to near surface temperatures and decreasing of thermal flow then took place in the
Late Triassic-Early Jurassic.

Key words: thermochronology; apatite fission-track analysis; Siberian Traps Large Igneous
Province; tectonic-thermal evolution

A large-scale magmatic event occurred within the Siberian platform at the Paleozoic-
Mesozoic boundary, resulting the formation of the Permo-Triassic Siberian Traps Large Igneous
Province (LIP). According to U-Pb zircon dating results, the main phase of intrusive magmatism
occurred in the time interval of 252-250 Ma [1, 2, 3]. However, a significant number of Ar/Ar
plagioclase, phlogopite, biotite, amphibole ages [4] and few U-Pb zircon ages [3, 5, 6] fall in the
interval of ~240-230 Ma. This is related to the post-Paleozoic thermal evolution of the Siberian
platform and the Siberian Traps intrusions in particular and may indicate the existence of
younger magmatic events within the Siberian Traps LIP or a long cooling of rocks lasted for 10
Myr, taking into account the different closing temperatures of the isotope systems.

To reveal the post-magmatic cooling history of the Siberian Traps LIP we use low-
temperature thermochronology, such as apatite fission-track (AFT) analysis, which allows
estimation of the time elapsed since the last cooling of rocks below 110°C (the temperature of
full annealing of fission tracks in apatite) and also to trace thermal history in the range of 110-
60°C (the partial annealing zone of tracks in apatite).

Apatite fission-track analysis was performed on rocks from intrusions of the Permo-
Triassic Siberian Traps located in different regions of the Siberian platform: (1) alkaline-
ultramafic ring plutons of Odikhincha, Yessey and Magan, (2) intrusions of Norilsk-1 and
Kontay, (3) Padunsky sill and (4) Kotuy dike. The studied intrusions were emplaced close to the
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age of the voluminous phase of the Siberian Traps LIP based on the new apatite U-Pb and Rb-Sr
ages, as well as ages as thermochronometer data, using the following isotope system closing
temperatures.

The most likely tectonic-thermal scenario to explain the younger AFT ages, is that after the
emplacement at the near-surface depths at about 250 Ma, the considered intrusive bodies were
then buried below the 110°C isotherm due to significant volcano-sedimentary cover
accumulation. This process could occur simultaneously with the increased heat flow at the
Triassic-Jurassic boundary relative to the present-day, which was noted in [7]. As a result, the
rocks were heated above the temperature of full annealing of fission tracks in apatite.

Funding: The research was carried out with the support of the Russian government (assignment
to the Vernadsky Institute of Geochemistry and Analytical chemistry RAS 0137-2019-0014),
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Program of development of Lomonosov Moscow State University.
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IGNEOUS ROCKS OF THE TEKTURMAS ACCRETIONARY COMPLEX, CENTRAL
KAZAKHSTAN: GEOLOGICAL POSITION, GEOCHEMICAL CHARACTERISTICS,
AND GEODYNAMIC SETTINGS OF FORMATION
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Abstract. This paper presents results of the study of igneous rocks of the Tekturmas accretionary
complex of Central Kazakhstan. We discuss the geological position, the petrographic and
chemical composition of the rocks, and the geodynamic settings of their formation.

Key words: Central Asian Orogenic Belt, basalts, geochemistry, Paleoasian Ocean, Late
Cambrian-Ordovician.

The Tekturmas zone of central Kazakhstan, which includes the Tekturmas accretionary
complex (TAC) and the adjacent ophiolite belt, is located in the western Central Asian Orogenic
Belt. It consists of three structural-formational segments: Tekturmas, Bazarbai, and Nura. The
Tekturmas segment consists of serpentinite melange at the base and deposits of the Karamurun,
Tekturmas, and Sarytau formations. The Karamurun Fm. (€1-O2kr) is a mélange consisting of
mafic rocks represented by deformed pillow lavas, basaltic lava breccias containing chert and
chert shale olistoliths. The middle Ordovician age of the Karamurun Fm. was constrained by
conodonts. Middle Darriwilian conodonts were found in chert interbeds in basalt [6]. The
Tekturmas Fm. (O2-3tk) includes predominantly red and chocolate ribbon cherts with thin layers
of gray siliceous siltstones, siliceous mudstones, and shales. The age of the Tekturmas Fm. was
constrained by conodonts of three complexes: middle Darriwilian (middle Ordovician), late
Darriwilian (middle Ordovician), and early Sandbian (upper Ordovician) [5]. To the north of the
Tekturmas segment is the Bazarbai segment, which includes rocks of the Kuzek and Bazarbai
formations. The Kuzek Fm. (O2kz) is composed of massive and amygdaloidal pillowed basalts
with interbeds of siliceous siltstones and lenses of lava breccias and mafic tuffs. The Bazarbai
Fm. (Osbz) consists of ribbon chert interbedded with tuffs, siliceous mudstones, ash-dominated
siliceous tuffs, basaltic and andesitic tuffs, polymictic and volcanomictic sandstones (graywacke)
[2]. The Bazarbai segment consists of igneous rocks of ophiolite association: layered gabbro,
sheeted dike complex, pillow-basalt, and granitoids. The pillow lavas associated with siliceous
siltstones belong to the Kuzek Fm. Siliceous siltstones contain Upper Darriville (Middle
Ordovician) and Lower Sandbian (Upper Ordovician) conodonts, and the U-Pb zircon age of a
plagiogranite from serpentinite mélange is 489 + 8 Ma [3].

The volcanic and subvolcanic rocks of the Karamurun and Kuzek formations are
represented by basalts and basaltic andesites. The samples plot in the fields of basalt,
trachybasalt, basaltic trachyandesite, and basaltic andesite in TAS classification diagram. Several
points plot in the basanite, phonotephrite, trachyandesite, and andesite fields. In the SiO2 - Nb/Y
classification diagram, most of the samples are subalkaline basalts. In the SiO, - FeO*/MgO
diagram, the samples belong to the tholeiite and calc-alkaline series. According to the
classification of [4], most of the samples plot are high-Fe tholeiites, tholeiite basalts, and
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tholeiite andesites. There are three groups of volcanic rocks: high-Ti (TiO2 > 1.9 wt %),
medium-Ti (TiO2 = 0.9-1.8 wt %), and low-Ti (TiO2 <0.9 wt %).

The chondrite-normalized rare-earth element (REE) patterns of the low-Ti samples are
typically light REE (LREE)-enriched (La/Ybn = 1.7-2.2), and are characterized by moderately
differentiated heavy REE (HREE; (Gd/Ybn = 1.2-1.3) and high Zr/Nb ratios (20-36). Their
primitive mantle-normalized multi-component spectra show negative Nb anomalies (Nb/Thy =
0.2-0.4, Nb/Lan = 0.2-0.4), which are typical of suprasubduction igneous rocks [7,8]. The REE
patterns of medium-Ti samples are nearly flat and show no notable HREE differentiation
(La/Ybn = 0.3-0.7, Gd/Ybn = 1); their Zr/Nb ratios are much lower (10-22) than those in the
low-Ti samples. The multi-component spectra for the medium-Ti samples are characterized by
positive Nb anomalies relative to Th (Nb/Thn=3.6-2.1), but not to La (Nb/Lan=1-1.7), what is
more typical of ocean ridge basalts (N-MORB) [9]. The high-Ti samples are REE-enriched alkali
andesites. Their REE patterns are LREE-enriched and show HREE differentiation (La/Ybn =
6.8-10.9, Gd/Ybn = 1.6-2.3) and have low Zr/Nb ratios (5.7-5.9). The multi-component spectra
of the high-Ti samples show negative Ti and positive Nb anomalies (Ti/Ti*= 0.2-0.3; Nb/Thy =
1.3-1.4, Nb/Lan = 1.4-1.3). All these features are typical of oceanic islands basalts (OIB), except
for the Ti anomaly. Those specific andesites can form in an intraplate oceanic setting, like OIB,
for example, on the Tristan da Cunha islands. [1,9,10]. In general, the geological data and
geochemical characteristics of the igneous rocks of the TAC suggest their formation in a mid-
ocean ridge (mid-Ti basalts), oceanic island/seamount (high-Ti basalts and andesites), and in a
suprasubduction settings (low-Ti basalts).

Funding: This work is supported by the Russian Science Foundation (projects No. 21-77-20022)
and the state assignment of the Ministry of Science and Education of the Russian Federation
(projects No. 0330-2019-0003 regional geology and petrography).
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RADIOGEOCHEMICAL FEATURES OF THE ALTAI-SAYAN FOLDED REGION
LAMPROPHYRES
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Abstract. The work is devoted to the study of lamprophyres of the Altai-Sayan region. According
to X-ray phase analysis, these rocks have a complex mineral composition. According to the TAS
diagram, the petrochemical composition varies from alkaline picrites to trachytes. As the INAA
shows, the studied samples are significantly enriched with thorium and uranium. Combining the
method of electron microscopy and fission radiography (f-radiography), the occurrence forms of
thorium and uranium were studied, therefore concentrating minerals were identified.

Key words: lamprophyre, uranium, thorium, f-radiography.

The term "Lamprophyre” (Greek lampros = shining) was proposed by Gumbel in 1874 to
describe some mica dikes in NE Bavaria. Lamprophyres are a complex group of rocks that are
mineralogically similar to some kimberlites and lamproites [11]. In the International Union of
Geological Sciences (IUGS) classification of igneous rocks, lamprophyres are a special group of
rocks that cannot be chemically separated from other igneous rocks. It is highly porphyritic, with
feldspars and/or feldspathoids, if present, confined to the groundmass, with biotite/phlogopite
and/or amphibole and sometimes clinoperoxene as the main minerals. They usually occur as
dikes or small intrusions and often show signs of hydrothermal alteration [9].

The work is based on the study areas: Gorny Altai is the lamprophyres of the Aktash,
Yustyd and Tarkhatinsky areas, the so-called Chui complex, as well as the South Minusinsk
depression, represented by the Erbinsky neck. There are many studies and descriptions made by
predecessors on these rocks. Lamprophyres are represented by minettes, camptonites, vogesites,
monchikites and kersantites [1,3,4,7,8]. In addition to author’s own data, for comparison, author
use data on lamprophyres from the German Ore Mountains [10].

The absolute age of the lamprophyres of the Chuya complex was determined by
Vasyukova E.A. using Ar-Ar and U-Pb geochronological methods. She specified and expanded
the boundaries of the time of manifestation of the complex and identified two stages of
formation: 251-242 and 236-234 Ma. The age of the Erbinsky neck was also determined by the
precursors - 250 Ma.

The mineral composition of the studied rocks was determined by the XRD analysis. The
ancaratrites of the Erbinsky neck (%): pyroxene group up to 50, two generations of phlogopite
up to 14, feldspathoids 11, pectolite 8, forsterite (olivine) 6, apatite, calcite, pyrite, magnetite,
garnet 1-5. The mineral composition of minettes of the Chuya complex (%): potassium feldspar
42-64, plagioclase 0.2-0.7, clinopyroxene 7-20, biotite/phlogopite 9-18.8, pseudomorphs after
olivine 1-6, apatite up to 4, 3, accessory minerals (ilmenite, titanomagnetite, sphene, rutile,
brookite, zircon, etc.) up to 6.6. Kersantites consist of (%): plagioclase 40-68, clinopyroxene 14-
25, biotite/phlogopite 7-30, accessory (apatite, titanomagnetite, sphene) 1.5-4.5.

The petrochemical composition of the considered rocks ranges from alkaline picrites to
trachytes (SiO2 36-60%) [2]. The rocks have a rather high total content of alkalis - the
composition points are located along the conditional boundary between moderately alkaline and
alkaline rocks. They lie in the same area with Erzgebirge mica minettes (LD2a) and are close to
the kensantite/minetta mica porphyritic transitional type (LD2c) [10]. According to the type of
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alkalinity, the ancaratrites of the Erbinsky neck are of the potassium-sodium type, and the
lamprophyres of the Chuya complex are of the potassium type. The rocks of the Erbinsky neck
differ from the lamprophyres of Gorny Altai and Germany in lower SiO: contents.

The main feature of the studied lamprophyres is the increased content of U and Th. In
terms of uranium content, the rocks of the Erbinsky neck and Chuya complex are comparable
with lamprophyres of the Ore Mountains of Germany (Table 1). Among all the studied rocks, the
lamprophyres of Gorny Altai stand out for their high thorium content, reaching over 100 g/t in
some samples. Data on the contents of elements in the rocks were obtained using INAA. It
should also be noted that, in terms of the level of accumulation of uranium and thorium, the
rocks of the Erbinsky neck correspond to the alkaline syenites of the Yenisei Ridge [5]. And the
rocks of Gorny Altai are close to potassium alkaline-ultrabasic dike rocks of the Tomtor massif

[6].

Table 1. Contents of uranium and thorium in lamprophyres

Area U, ppm Th, ppm Th/U
Erbinsky neck 7.3(2.8—10.9) [ 21.5(10.6-41.9) | 3(1.6-6)
Gorny Altai 9.3(4.2-16.1) | 61.8 (18 —136) 6.6 (3—17)

|_D2a (Mica minettes, Erzgebirge) 8.6 (1.6-14.6)| 50.7(8.9-94.3) (5.7 (4.1-6.5)
LD2c (Mica porphyritic transition 79(35-145)| 31.9(13.1-58.1) [4.1(1.5-5.3)
type kensantite/minetta)

The study of the f-radiography of thin sections showed that the samples of Gorny Altai are
characterized by a uniform distribution of tracks over the entire thin section. Sometimes there are
denser accumulations of tracks that indicate uranium-bearing minerals. Several “hedgehogs”
were also found, in which it is impossible to count the number of tracks, the author suggests that
these are uranium’s own nanominerals. It should be noted that no tracks were seen in phlogopite
(biotite). The Erbinsky neck is characterized by a more uniform distribution of tracks in the
unaltered part of the thin section. In the altered one, there are tracks of increased density, which,
as in Gorny Altai, indicates the presence of uranium-containing minerals. Using the scanning
electron microscopy in the Erbinsky neck were found galena, (presumably) pyrochlore with
thorium (0.8 - 13.2%) and uranium (0.7 - 10.6%). Zircon with thorium (1.1 - 12.6%) and
uranium (0.9-1.4), lead oxide was found in samples of lamprophyres from Gorny Altai.

The appearance of lamprophyres with such geochemical features in different regions of the
world indicates the identity of their formation in geological processes, the formation of these
rocks at the final stages of the geotectonic development of a mountain-folded area and the
features of metallogeny.
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VOLCANOGENIC MATERIAL IN HIGH-CARBON SEDIMENTS OF THE
BAZHENOV FORMATION OF THE WEST SIBERIAN SEDIMENTARY BASIN
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Abstract. In the process of studying the deposits of the Bazhenov formation in the southeastern
part of the West Siberian sedimentary basin were identified specific formations - layers with a
bright luminescence in ultraviolet light. The mineralogical and geochemical features of the
horizons indicate the volcanic nature of their formation. The identified layers can be used as
marker horizons for solving problems of lithostratigraphic correlation due to their regional
distribution, as well as for clarifying the regional patterns of their formation.

Key words: Western Siberia, the Bazhenov Formation, mineralogy, petrography, volcanogenic
material.

The study of the core of the Bazhenov formation in the central and southeastern parts of
the West Siberian sedimentary basin in ultraviolet light (UV) revealed the presence of single thin
layers with anomalous luminescence (yellow, orange-yellow) (Fig. 1) [1, 2]. The layers have
different glow intensity (from weak to strong), but at the same time they are clearly distinguished
from the background of “ordinary” rocks of the suite. The identified layers are divided into two
groups according to external features: group | - single interlayers with a thickness of 0.3 to 1 cm,
group Il - adjacent layers (thin millimeter series) with an average total thickness of 6 to 45 cm.

The paper presents conclusions based on the results of studies of the material (mineral) and
elemental composition of the identified layers by the following methods: X-ray diffraction,
petrographic analysis, inductively coupled plasma and ultraviolet spectrometry.
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Figure 1 — Luminescence layers in the Bazhenov formation deposits. A —layers of group I, B —layers of group
11, C — distribution of luminescence layers in the borehole section.
Photo of the core in daylight (1) and UV light (2).

Based on the results of the mineralogical and petrographic studies, was carried out the
typification of the studied layers. The layers of the | group are assigned to the clay type. Layers
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of 1l group are characterized by the same type of mineral composition - the predominant
component is quartz - and are assigned to the siliceous type [2].

The revealed features of the structure, structural and textural features, as well as
mineralogical and geochemical features, made it possible to determine the nature of the studied
horizons as volcanogenic-pyroclastic [1-4]. It is assumed that the layers under study were
formed as a result of dia- and catagenetic transformation of the volcaniclastic material of tuff
sediments in a stagnant sea with a high content of organic matter and its subsequent suppression.
Luminescence layers of clay and siliceous types differ in the content of trace elements and, in
general, differ significantly from each other in terms of the features of the chemical composition.
Differences in the accumulation of certain elements in the studied layers and host rocks can be
caused by a sharp change in the conditions of sedimentation in interstitial waters. Such
conditions can be caused by the synchronous influx of volcanogenic pyroclastic (ash) material
into the sediment together with sediments of normal marine sedimentation. Separately, it should
be noted the nature of the distribution of the group of lithophilic rare metals, especially thorium.
For clay layers was noted an abnormally high content of thorium (8-11 times higher than the
content in the host rocks). The most probable source of thorium influx into the deposits of the
suite is volcanogenic (ash) material. The presence of volcanic material is also evidenced by the
low content of organic matter (Corg) in the rocks [3, 4]. According to the complex of features, the
rocks of the clay type are assigned to the clay tuffites, and the horizons of the siliceous
composition, to the tuffosilicites [4].

The identified types of layers have different mineral and trace element compositions,
correspond to several episodes of ash accumulation, and are regularly distributed over the
section: altered volcanic clay type layers are confined to the middle part of the sections, and
siliceous type layers to the bottom part.

The luminescence of the studied layers is associated with organic matter (residual
polycyclic hydrocarbons) that has undergone transformation under the influence of volcanogenic
material.

The study of volcanogenic layers made it possible to obtain new mineralogical and
geochemical data on the manifestation of volcanism in the rocks of the Bazhenov Formation
over a vast territory (more than 200 thousand km?), as well as to assess the possibility of using
them as reference horizons to refine paleogeographic reconstructions of the formation and solve
problems of lithostratigraphic correlation due to their areal regional distribution.

Funding: The reported study was funded by RFBR, project number 19-35-90008.
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TOWARD SUCCESSFUL ABSOLUTE DATING OF EARLY PALEOLITHIC SITES
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Abstract. Absolute dating of Early Paleolithic sites is a key task in archeology and the natural
sciences. We discuss the application of two main geochronological methods -
magnetostratigraphy and terrestrial cosmogenic nuclides dating — in the study of stratified
archaeological sites. Dating of stone artifacts by the cosmogenic method for a long time
remained challenging in the history of this method, that caused by unsuitable lithology of stone
tools. We have modified the protocol of chemical sample preparation and have got the first
successful results on cosmogenic absolute ages of Paleolithic artifacts.

Key words: cosmogenic nuclide dating, geochronology, magnetostratigraphy.

Absolute dating of Early Paleolithic sites is a prerequisite for the study of human evolution
and hominin migration routes. Basically, it is the dating of sediments hosting archaeological
artifacts and cultural horizons. There are not many geochronological methods at present suitable
for dating geological objects in the time range from the first hundred thousand years to 4 million
years. The most widely applicable could be the paleomagnetic method (magnetostratigraphy)
and terrestrial cosmogenic nuclide dating.

The paleomagnetic method provides age points corresponding to the boundaries of
geomagnetic field polarity reversals. Provided that the geological record at the studied site is
continuous, this method gives reliable age definitions for sediments older than 780 ka (Brunhes-
Matuyama reversal). But in the presence of hiatuses, the interpretation of paleomagnetic data can
be ambiguous and therefore requires additional geochronological data obtained by an
independent method. That is why the combination of magnetostratigraphy and cosmogenic
dating is the most successful and reliable in the establishment of chronology for Early Paleolithic
sites [1].

The method of terrestrial cosmogenic nuclides dating is aimed at obtaining the age of a
burial event. In recent years this approach is most often applied on the sedimentological material
of stratified archaeological sites [2]. There is only a single report on dating the burial event
directly from stone artifacts [3]. The ability of dating artifacts is limited by their lithology.
Compared to the well-crystallized magmatic or metamorphic rocks (granites, quartz diorites,
gneisses, etc., where quartz forms pure crystals) used in glaciological studies, amorphous or
diagenetic silica (flint, quartzite, chert, etc.) were favored in stone tool production, because they
are characterized by their firmness and ability to produce sharp thin flakes. Despite the same
chemical formula of SiO2, which suggests the same mechanism and rate of cosmogenic nuclides
production, amorphous and diagenetic silica appear to be more "contaminated” with elements-
impurities (Al, Fe, Ti, Ca, Mg). This makes it difficult to isolate the target cosmogenic nuclides
1%Be and %Al during the chemical processing, since the work of cation-anion exchange columns
is disrupted due to overloading with other elements. Such chemical composition peculiarity of
amorphous and diagenetic silica is associated with their smaller natural particle size [4].
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All this leads to the fact that the classical technique of sample preparation becomes
unsuitable and requires modification. We have developed a new protocol for chemical works, the
efficiency of which is confirmed by the results of ICP-MS purity test of quartz. The procedure
was successfully tested on Early Paleolithic archaeological materials (Rubas site, Dagestan,
Russia; loessic Paleolithic of Southern Tajikistan, Central Asia).

Despite the fact that cosmogenic dating can give absolute burial ages, which for stratified
objects practically corresponds to the age of formation of strata/age of archaeological artifacts,
these data should also be considered with caution and in combination with other methods.
Complication for calculating ages can be caused by the complexity of the burial/exposure history
of the site, which relies on assumptions in some of its aspects.

Funding: This work is supported by the Russian Science Foundation under grant 21-18-00552.
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GEOCHEMISTRY OF MID-CRETACEOUS GRANITIC ROCKS OF THE BADZHAL
TERRANE (NORTHERN SIKHOTE-ALIN)
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Abstract. Geochemistry of mid-Cretaceous granitoids of the Badzhal accretionary terrane
(northern Sikhote-Alin) is studied. The rocks are magnesian, predominantly calc-alkalic
metaluminous to slightly peraluminious I-type granites ranging from diorite to leucogranite, as
granodiorite being the dominant type. Rocks are depleted with Ba, Nb, P, Ti and enriched with
K, Pb and Li. REE distribution spectra are asymmetrical with moderate negative Eu anomaly.
LREE are more fractionated, and the HREE curve shows straightening.

Key words: granitic rocks, geochemistry, Badzhal terrane, Sikhote-Alin orogenic belt

The Badzhal Jurassic accretionary terrane is located in the Khabarovsk region of the
Russian Far East (fig. 1a). The terrane is a part of the Sikhote-Alin orogenic belt. Within the
Badzhal terrane igneous rocks form several mid-Cretaceous plutonic and volcanic complexes of
mainly intermediate to felsic composition. In this paper we present preliminary research results
of geochemical characteristics of plutonic varieties building Myao-Chan and Badzhal-Dusse-
Alin complexes. According to little data obtained by the previous authors, these rocks are dated
at 91.5-101.0 Ma [1,2]. Granitoid magmatism is related to the mineralization of the large
Badzhal-Myao-Chan Zn-Pb-W-Sn ore province.

The studied rocks (22 samples) are represented by granitoid from diorite to leucogranite
(including porphyric one), as granodiorite being the dominant type. The rocks are magnesian,
predominantly calc-alkalic (rare calcic or alkali-calcic) metaluminous to slightly peraluminious
I-type granites (fig.1b-d). According to SiO2 and K>O content, most studied samples belong to
high-K calc-alkaline series. In the SiO2 — Fe,O3/FeO diagram most granitoids correspond to the
ilmenite series, at the same time falling into composition fields of granitoids associated with
different types of ore deposits (fig. 1e).

All analyzed granitoids show similar patterns of trace element distribution both in the
primitive mantle-normalized spider diagrams and in the chondrite-normalized REE diagrams.
The first are described by essential negative anomalies of Ba (517 ppm), Nb (8.5 ppm), P (0.13
wt.%), Ti (0.5 wt.%), and positive anomalies of K (3.4 wt.%), Pb (16 ppm) and Li (24 ppm).
Numbers in parentheses are median values. The leucogranite sample is characterized by the most
significant negative anomalies of almost elements, in which the rocks are depleted. Five of
granodiorite samples of the Myao-Chan complex can be classified as adakites by their Y and Sr
content (fig. 1f). In the Ybn — (La/Yb)n diagram they fall into the field of uncertainty between
adakites and ordinary granitic rocks.

REE distribution spectra are asymmetrical, the La/Ybn median value is 7.2. LREE are
more fractionated, and the HREE curve shows straightening. The Eu negative anomaly value
varies from insignificant (0.9) to very high for a leucogranite (0.16). The median value is 0.67.
The total REE 90-230 ppm and median value is 118 ppm.

Generally, the studied rocks exhibit geochemical characteristics typical for
suprasubduction granitoids. Nevertheless, over the last years efforts were made to create
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geochemical discrimination models for igneous rocks formed due to asthenosphere upwelling
caused by slab destruction. This kind of magmatism is typical for transform continental margins
[6]. A.l. Khanchuk and colleagues identified a large Albian-Cenomanian magmatic province of
the Pacific Asia that formed in this setting and includes the examined mid-Cretaceous granitoids
of the Badzhal terrane [7]. The figs. 1g-h show the described rocks data placed in diagrams from
[6]. In the trace element diagram (fig. 1h) all dots fall into the field of rocks related to transform
margins (RTM), and in the major element diagram (fig. 1g) most samples fall into the field of
rocks related to convergent margins (RCM). Particularly in the latter diagram all five samples of
adakite-like granitoid and leucogranite fall into the RTM field. The ambiguous interpretation of
the analyzed rocks petrogenesis is likely connected to the crustal component influence. This
problem requires further geochemical and isotopic signatures investigations of granitoids and
host-rocks.
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Figure 1 — Study area on an overview map (a) and geochemical diagrams for the studied rocks (b-h): b-d)
after [3]; e) after [4]; f) after [5], g-h) after [6].
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CACO3 GENETIC TYPES DISCRIMINATION IN UHP DOLOMITIC MARBLE FROM
THE KOKCHETAV MASSIF: IMPLICATIONS FROM TRACE ELEMIENT
COMPOSITION
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Abstract. The study of UHP dolomitic marble mineralogy was combined with the investigation
of trace element distribution in garnet, pyroxene, calcite and aragonite. Two genetic types of
calcite were distinguished. First calcite generation shows low LREE contents and positive Sr-
anomaly and crystallized together with garnet and aragonite in presence of the carbonate melt.
Aragonite coexisting with this calcite shows high LREEs and positive Sr-anomaly. Carbonate
melt precipitation resulted in crystallization of second calcite generation with medium or high
LREEs and negative Sr-anomaly.

Key words: calcite, dolomitic marble, UHP metamorphism, carbonate melt, trace elements

One of the most pressing questions revolves around the possibility of carbonate melting at
mantle depth in the sediment part of the subducted slab. The confirmation of this melting comes
from findings of former carbonatite melt inclusions associated with diamond in the UHP rocks
from the Kokchetav massif [1,2].

The Kokchetav massif is the part of the Central-Asian fold belt between the former
Laurasian and Gondwana continents [3,4]. It represents a 17 km wide and 80 km long
megamelange zone in Northern Kazakhstan. The Kokchetav massif is divided by the Chaglinka
fault zone into western Kumdy-Kol and eastern Kulet terrains, formed under UHP conditions.
Previously, studies of subducted marbles from the Kumdy-Kol terrain revealed that these rocks
were metamorphosed in the diamond stability field [5].

Herein we present the major and trace element composition of Ca-carbonates from
aragonite-bearing UHP dolomitic marble the Kokchetav massif, northern Kazakhstan, to provide
new information on the formation of different generations of Ca-carbonates including aragonite,
Mg-calcite in the matrix and different types of carbonate inclusions, that were previously
interpreted as mineral and melt inclusions.

Dolomitic marble consists of calcite (26 wt%), dolomite (18 wt%), garnet (11 wt%), and
clinopyroxene (24 wt%) with secondary (10 wt%) and accessory sulfides (pyrrhotite + pyrite 7
wit%), and accessory aragonite, apatite, phlogopite, muscovite, allanite, amphibole, K-feldspar,
plagioclase, ilmenite, rutile, zircon, titanite, and talc (each phase less than 1 wt%). K-bearing
clinopyroxene was identified as the inclusion in garnet porphyroblast of dolomitic marble. Two
types of Mg-calcite-bearing inclusions coexist with aragonite in one growth zone of garnet
porphyroblasts. Type-A inclusions represent normal mineral inclusions, while Type-B inclusions
show crown-like boundary and decrepitation features. X(Mg/Mg+Ca) in calcite from Type-A
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mineral inclusions coexisting with aragonite inclusion in one garnet growth zone reaches 0.065
implying their simultaneous crystallization during a retrograde metamorphic stage at P ~ 2.3 GPa
and T ~ 870 °C, where the P-T estimates were derived from the intersection of Mg-calcite
isopleths with the Kokchetav massif P-T path.

Aragonite from inclusions in garnet is characterized by high LREE concentrations (La=30-
50 x PM) and positive Sr anomalies. Calcite from inclusions (IC) can be divided in two groups,
the first of which (low-LREE-IC) shows low LREE concentrations (La = 2-20 x PM) and
positive Sr-anomalies and represents calcite that crystallized at the same time with garnet and
aragonite (P ~ 2.3 GPa and T ~ 870 °C). The second group (high-LREE-1C) shows higher LREE
concentrations (La = 30-50 x PM) and negative Sr-anomalies. The high-LREE-IC is interpreted
as calcite crystallized from carbonate melt in the inclusion, simultaneously with H>O-bearing
silicate phases, such as amphibole, chlorite, and epidote. Calcites from Type A inclusions are
low-LREE-IC, while calcites from Type B inclusions belong to both groups (low-LREE-IC and
high-LREE-IC) indicating that these inclusions were enclosed by garnet as the combined
inclusions consisting of calcite and carbonate melt.

Matrix calcites (MC) can also be divided into two groups (low-LREE-MC and medium-
LREE-MC), resembling those of inclusion calcites based on their trace element patterns and their
genesis, i.e. low-LREE-MC shows similar LREE content (La = 8-15 x PM) as the low-LREE-IC
and positive Sr anomalies and represent CaCOs crystallized in equilibrium with garnet. Medium-
LREE-MC, showing higher LREE (La = 10-30 x PM) and negative Sr-anomalies, probably
crystallized from a carbonate melt together with zoisite, amphibole, and muscovite.

Thus, investigation of trace element composition of Ca-carbonates combined with
thorough microstructural study allowed to give geochemical characterization of aragonite (and
thus calcite pseudomorphs after aragonite) and to distinguish two generations of calcite. First
generation represents calcite, crystallized together with garnet and aragonite in presence of the
carbonate melt at T ~ 870°C and P ~ 2.3 GPa. This calcite shows low LREE contents (La = 2-20
x PM) and positive Sr anomaly. Aragonite coexisted with this calcite shows higher LREEs
(La=30-50 x PM) and positive Sr anomaly. Second calcite generation together with H.O-bearing
silicates, such as zoisite, epidote, muscovite, and amphibole is the result of carbonatite melt
precipitation at P = 1-1.8 GPa, T = 650-850 °C. Trace element pattern of calcite from second
generation shows medium or high LREEs (La=10-50 x PM) with negative Sr-anomaly.

Funding: This work is supported by the Russian Science Foundation under grant 22-27-00667.
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Abstract. The results of grain-size studies and geochemical of sediment cores taken from the
areas of cold seepage in the Laptev Sea are presented. Sand-enriched layers are noted in the
cores of cold seep sediments, which appears to be the result of fluid flushing activity. The
selective enrichment of the surface layer of sediments with Mo, Ni, and Cr is probably caused by
the upward migration of methane fluids, which can transport elements in dissolved form from
deeper horizons.
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An interesting feature of the Laptev Sea shelf is the presence of methane cold seep sites [1],
which are represent areas of the seafloor where methane-rich fluids in chemical non-equilibrium
with seawater are transported through the sub-seafloor environment and are released at the
bottom sediment-seawater boundary [2]. When the upward flow of methane interacts with the
downward diffusion flow of sulfate, sulfate-controlled anaerobic oxidation occurs. This leads to
a change in the redox conditions of sedimentation, which influence the behavior of redox-
sensitive elements (for example, Mn, Mo, As, Sb, U, Ni, Cd, etc.) [3, 4]. In addition, seepage of
methane-bearing fluid can contribute to the transformation of the lithological composition of
sediments [5].

Three sediment cores up to 18 cm long taken on the outer shelf of the Laptev Sea served as
factual material. Cores AMK-6027 and AMK-6948 were collected at cold seeps sites and are
considered "methane” sediments. At station AMK-6053, no elevated methane contents were
recorded either in sediments or in the water column. Therefore, the AMK-6053 core is
considered as "background" precipitation. In this study, the chemical (including content of total
organic carbon) and grain composition of sediments were studied. X-ray fluorescence and ICP-
MS, laser diffraction and Rock-Eval pyrolysis were used for measuring contents of major and
trace elements, grain-size fractions and TOC, respectively.

The studied samples of bottom sediments are mainly represented by clay silt, in which the
content of the sand does not exceed 1.6%, and the content of the clay varies from 31.8% to
48.3%. The exception is 3 samples, represented by silt clay (core AMK-6053, horizon 10-12 cm)
and mixtite (core AMK-6948, horizons 3-4 cm and 8-9 cm). The content of sand in mixtite
reaches 39.9%. Probably it is likely to be the result of post-depositional sediment reworking by
ascending fluids, which can change the grain size composition of sediments by flushing clay and
silt and concentrating relatively immobile sand particles. The contents of TOC and Fe in
sediments don't reflect the influence of anaerobic oxidation on their behavior and, probably, are
controlled by the features of the spatial distribution of sedimentary material. In all studied cores,
elevated Mn concentrations are noted, confined to the surface horizon of sediments. In the cold
seep sites the surface layer of sediments is characterized by the enrichment of Mo, Ni, and Cr
(Fig. 1). The selective enrichment of the surface layer of sediments with some redox-sensitive
elements is probably caused by the upward migration of methane fluids, which can transport of
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elements in dissolved form from deeper horizons. Sorption of these elements by organic matter
and Fe-Mn oxyhydroxides seems to be the main mechanism controlling the deposition of Mo,
Ni, and Cr.
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Figure 1 — Vertical distributions of concentrations (top) and enrichment factors (bottom) of Mo, Ni, and Cr
in cores AMK-6027, AMK-6948 and AMK-6053.
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Abstract. The formation of turbidite deposits is associated with the development of ancient
oceans. The conditions of turbidite formation recorded in sedimentary rocks are important
geological information. Using this information, it is possible to create geodynamic models of the
evolution of folded regions.

Key words: Turbidities, Gorny Altai, heavy minerals, U-Pb (uranium-lead) dating.

The object of the study is turbidite deposits presented in the section of tuffaceous-
sedimentary rocks of the Kurai and Tydtuyaryk formations. The section is located on the right
bank of the river Chuya, near the village of Chagan-Uzun. The purpose of this work is to
establish the geodynamic conditions for the sedimentation of turbidites.

A turbidite is the geologic deposit of a turbidity current, which is a type of amalgamation
of fluidal and sediment gravity flow responsible for distributing vast amounts of clastic sediment
into the deep ocean. Sandstone samples from the turbidite sequence were used in the work.

There were made different analyzes in this work such as: description of thin rock section
using polarizing microscope, determination of mineral composition using Raman spectroscopy,
geochemistry analysis using inductive-couples plasma and mass spectrometry (ICP-MS), U-Pb
(uranium-lead) dating of zircons.

Sandstones of the Kurai and Tydtuyaryk formations are defined as greywacke, quartz,
psammite, and silty [2]. Interpretation of the results of geochemical analysis was carried out
using the ratios of chemical elements Fe/Mn, Ti/Zr, Mn/Ni, Mn/Ga, Ti/Mn [3]. Composition of
heavy minerals in samples corresponds to the composition of heavy minerals coming from the
oceanic island arc [5] (Table 1).

As a result of the work were concluded following statements. Sandstones from the turbidite
sequence of the Kurai and Tydtuyaryk formations were formed in a shallow marine forearc basin
of the developing island-arc system. The collapsing massifs of the accretionary wedge and the
Kuznetsk-Altai Island arc served as the main sources of clastic material [1]. It has been
established that the material of the sandstones of the Tydtuyaryk formation corresponds to a
young tholeiite-basalt island arc, while the material of the sandstones of the Kurai formation is
characteristic of a mature calc-alkaline island arc. The age at 507 Ma of zircons from the
deposits of sandstones of the Kurai formation allows us to attribute them to the middle section of
the Cambrian period (Figure 1) [4]. The sandstones of the Tydtuyaryk formation will be older
than this age, since they were formed by the material composition due to the destruction of a
younger island arc. Thus, based on the information obtained, it can be said that the Kuznetsk-
Altai Island arc is characterized by the presence of at least two stages of formation - a young
tholeiite-basalt stage and a more mature calc-alkaline stage. [1].
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Table 1. Mineral composition of the heavy fraction of samples B-19-598 and b-19-587

Sample b-19-598 Sample b-19-587
Mineral Number of grains % Mineral Number of grains %
Chromite 120 29.85 Chromite 7 5.74
Sphene 42 10.45 Sphene 31 25.41
Anataz 3 0.75 Anataz 1 0.82
Epidote 93 23.13 Epidote 42 34.43
Apatite 8 1.99 Apatite 1 0.82
Hornblende 7 1.74 Hornblende 1 0.82
Hematite 2 0.5 Hematite 14 11.48
Rutile 2 0.5 Biotite 3 2.46
Chlorite 7 1.74 Muscovite 1 0.82
Barite 8 1.99 Pyrite 15 12.3
Amphiboles 69 17.16 Rhodonite 6 4,92
Actinolite 38 9.45 — — —
Andradite 3 0.75 — — —
Sum 402 100 Sum 122 100
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Figure 1 - Diagram of the probable age of zircons from sample G-1 [6]
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AN UPPER AGE CONSTRAINT FOR THE OPHIOLITE ASSOCIATION OF THE
CAPE FIOLENT (WEST OF THE MOUNTAINOUS CRIMEA): RESULTS OF U-Pb
ISOTOPIC DATING OF PLAGIORHYOLITES (ROCK MONAKH)
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Abstract. In the western Crimean Mountains, near Cape Fiolent (Rock Monakh), a U-Pb dating
of zircons from plagiorhyolites of the ophiolite association has yielded an age 168.3 + 1.3 Ma.
Together with the already published reliable geochronological data, the available ages indicate
the Aalenian-Bajocian (175-168 Ma) age span of magmatic activity within the Crimean
Mountains.

Key words: Mountainous Crimea, Middle Jurassic, plagiorhyolites, zircons, U-Pb isotopic
dating

The results of U-Pb isotopic dating (SHRIMP-II, VSEGEI) of crystals of accessory
magmatic zircon separated from the plagiorhyolites of the Rock Monakh of the Cape Fiolent
area (the southern part of the Heraclea Peninsula) in the west of the Mountainous Crimea (MC)
are presented. An obtained concordant age estimate of 168.3 + 1.3 Ma corresponds to the
Bajocian-Bathonian of the Middle Jurassic.

The ophiolites in the Crimea were mentioned for the first time in [1]. The igneous
formations of the Cape Fiolent area are referred to as ophiolitic association in [2, 3, 4, 5, 6, 7].
They are exposed in the lower parts of the high (up to 200 m eastward of Cape Fiolent) coastal
cliffs of the southern part of the Heraclea Peninsula, and also have been drilled at the Heraclea
plateau [8, 9]. These are serpentinites, gabbroids, basalts, dolerites and plagiorhyolites with
edaphogenic breccias and jasperoids. The included in this association plagiorhyolites are
spatially and paragenetically related to the near-ore (Cape Vinogradny) and ore (Heraclea
Plateau) pyrite formations [8].

There is still no consensus on the age and understanding of the geodynamic nature of the
Cape Fiolent magmatic rocks, as well as other magmatic areals of the MC. Thus, heterogeneous
magmatic complexes of the Cape Fiolent had been previously interpreted as a relic of a shield
volcano overlapping the Upper Triassic-Lower Jurassic Tauride Series and had been correlated
with Middle Jurassic (Bajocian) magmatic rocks of the Karadag (east of the MC) [10]. In [11],
the area of distribution of igneous formations of the Cape Fiolent had been interpreted as a zone
of mélange consisting of chaotically arranged blocks of igneous rocks. In [9], a part of magmatic
rocks exposing in the coastal strip had been divided into a series of units to be formed during
different stages of magmatic activity. In [2, 3, 4, 5, 6], the Cape Fiolent magmatic rocks along
with the associating rocks, had been interpreted as an ophiolitic association.

A few attempts to date the magmatic rocks of the Cape Fiolent have been undertaken.
Thus, U-Pb dating (SHRIMP I1) of 3 zircons from the dolerite dykes has yielded an age of ca.
1771428 Ma [9]. This value had been interpreted either as an age of the mantle melted substrate
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for basic magmas, or as an age of zircon from Precambrian rocks captured during the magma
movement to the surface. The K—Ar age of ca. 174 Ma has been obtained for the plagiorhyolites.

The obtained new data has allowed us to conclude the following.

1. The new U-Pb isotopic dating (168.3+1.3 Ma) of zircons from plagiorhyolites of the
Rock Monakh is currently the most reliable geochronological assessment of an age of magmatic
formations of the Crimea in the methodological and metrological sense.

2. The obtained age estimate constraints the upper age limit of formation of the entire
ophiolitic association of the Cape Fiolent.

3. Modern high-precision and reliable isotopic dating of the MC magmatic formations
challenges the reliability of most of the previously obtained K-Ar and Ar-Ar age estimates of the
rocks. Thus, an Ar-Ar isotopic age of 172.8+4.5 Ma have been recently obtained for the Karadag
volcanic rocks [12]. So, the earlier Ar-Ar age estimates of 151-142 Ma known for the Karadag
magmatic complexes [13] were not confirmed. Currently there is no reliable geochronological
data justifying a long interval of magmatic activity or the existence of various magmatic stages
in MC.

4. The accumulated reliable geochronological data [12, 14], together with our new dating,
indicate a narrow (Aalenian-Bajocian) interval of magmatic activity in the range of ca. 175-168
Ma within the MC. Together with other data, this makes it possible to interpret it as an indicator
of the opening of an Crimean back-arc basin in the Middle Jurassic.

The research was carried in the frames of the state assignment of the GIN RAS and IPE RAS.
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PERM GABBROID MASSIFS OF THE KHANGAI UPLANDS WITH PGE-CU-NI
MINERALIZATION (WESTERN MONGOLIA)
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Abstract. New data on the petrology, geochemistry and age of the gabbroid massifs of Khangai
upland of the Central Asian Orogenic Belt are presented. All massifs were formed in the Permian
age. The early and late Intrusions of the Permian polyphase massifs differ in rock-forming
minerals, in the level of enrichment in incoherently elements (K, Ti, P, LREE), and in rare
element composition (HFSE, LILE), that due to the change of the mantle source from depleted to
enriched.

Key words: Permian age, petrology, geochemistry, gabbro, Khangai

The gabbroid massifs are located in the Khangai upland of Mongolia. The Khangai upland
belongs to the Central Asian Orogenic Belt (CAOB). The objects of study are the peridotite-
troctolite-gabbro massif Oortsog (2 Intrusions), the peridotite-gabbro massif Dulaan, the gabbro
massif Mankhan, the gabbro-monzonite massif Yamat (3 Intrusions), and the troctolite-
anorthosite-gabbro massif Nomgon. All massifs hold PGE-Cu-Ni mineralization [1,2].

On the geological maps of the Khangai upland, in earlier studies, all gabbroid intrusions are
the Early Paleozoic age [1]. We have obtained the Permian age (U-Pb, 3°Ar-“°Ar). The Oortsog
massif is 278.7 + 2.5 Ma (Intrusion 1, *Ar-*°Ar) and 272 + 2 Ma (Intrusion 2, U-Pb, SHRIMP-
IT); the Yamat massif is 255.8 = 2.9 Ma (Intrusion 1, U-Pb, SHRIMP-II), 262.6 = 3.1 Ma
(Intrusion 2, U-Pb, SHRIMP-II), the Nomgon massif - 255+3 Ma (U-Pb, SHRIMP-II), 251.8 +
6.3 Ma (¥Ar-*°Ar). The dating of the Nomgon massif is comparable with the obtained Sm-Nd
isochron age of 256 + 21 Ma [3]. Thus, the age of all massifs is the same for different isotope
systems and corresponds to the Permian. The obtained dates of gabbroid massifs are 278-255
Ma, which indicates the formation of massifs during the formation of the Khangai batholite
(269-241 Ma) [4], and as its first phase.

In the late Intrusions of polyphase massifs, primary magmatic amphibole and biotite appear
with high contents of TiO. (Bt - 3.1-3.6 wt.%, Hbl - 3.21-4.2 wt.%). In the Intrusions 1 of
massifs, the MgO content varies over a wide range: from 4 to 38 wt. % for the Oortsog massif,
and from 0.5 to 8 wt. % for the Yamat massif (in the leucocratic part), with a low content of K>O
(0.03-0.14 and 0.12-0.42 wt.%, respectively). Whereas, late Intrusions (2,3) rocks containing
high MgO values: 12.59-25.27 wt.% (Oortsog) and 12.54-25.17 wt.% (‘Yamat) are enriched in
K20 (0.20-0.87 and 0.30-0.87 wt.%, respectively). The same regularity is observed for TiOg,
P20s5 and Na;O+K:20.

The rocks of the first Intrusions of the Oortsog and Yamat massifs are characterized by a
gradual increase in the Eu maximum on the REE patterns (Fig. 1. a, c), depletion of HFSE (Ta,
Nb, Zr, Hf) and enrichment of LILE (Ba, K) (Fig. 1. b, d). Thus, rocks of first Intrusions have
typomorphic features characteristic of mafic magmas have formed in suprasubduction zone.

The rocks of the late Intrusions of the Oortsog (2) and Yamat (2,3) massifs are obviously
enriched in all rare elements, including REE, as well as high-Ti varieties of amphibole and
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biotite, which suggests a more enriched mantle source for these rocks, associated, possibly, with
the action of the mantle plume [5].
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Figure 1 — Chondrite Cl normalized [6] REE patterns (a, ¢) and primitive mantle normalized [7] trace
element patterns (b, d) for the all Intrusions of the Oortsog and Yamat massifs. The numbers in the

patterns (a, ¢) show the average contents of MgO in the rocks.

Thus, the new isotope-geochronological data indicate to the Permian age (255-278 Ma) of
the gabbroid massifs of the Khangai upland: Oortsog (272-278), Yamat (256-262), Nomgon
(255). The early and late Intrusions of the Permian polyphase massifs differ in rock-forming
minerals (magmatic high-Ti amphibole and biotite appear in the late Intrusions), in the level of
enrichment in incoherent elements (K, Ti, P, LREE), and in rare element composition (the
degree of depletion of HFSE and LILE), which due to the change of the mantle source from
depleted to enriched.

Funding: This work is done on state assignment of IGM SB RAS with funding from the Ministry of
Science and Higher Education of the Russian Federation.
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Abstract. Rifting processes within the Kanino-Timan region took place in the Devonian period.
As a result of these processes, the Kanino-Timansky dolerite complex was formed. At the
moment, there is a lack of data on the rocks of the complex. Our research will allow us to obtain
new data on the rocks of the Kanin Peninsula and compare basaltoids with similar rocks of the
Timan. The rocks of the complex are tholeiitic basalts and belong to normal-alkaline and
subalkaline rocks. The most REE-enriched rocks are the basaltoids of the Tsilma River region of
the Middle Timan, the least enriched are the rocks of the Kanin Peninsula and Northern Timan.
The eng value varies from +2.4 to +5.5. According to the Sm-Nd isotopy data, the assumption
about the influence of the crustal component on the rock source is confirmed.

Key words: basalts, dolerites, plume, Kanin Peninsula, Timan Ridge

Devonian traps and dolerite dikes are spread within the territory of the Kanin Peninsula
and the Timan Ridge. These rocks formed the Kanino-Timan dolerite complex. Its formation is
associated either with the processes of rifting [1] or with the influence of the mantle plume on
the formation of intrusive rocks in the Kanino-Timan region [2, 3]. The trap formation was a
result of Paleozoic within-plate magmatism. At the moment, there are practically no detailed
geochemical studies on the Devonian basic rocks of the Kanin Peninsula. Geochemical research
will allow us to obtain new data on the rocks of the Kanin Peninsula and compare basaltoids with
similar rocks of the Timan.

The rocks of the complex include blanket basalts and dolerite dikes. Basaltoids are of a
dark gray color with massive, amygdaloidal texture. The structure is intersertal, porphyritic,
poikiloophytic. The content of amygdale in the rocks is 10-15 %. Porphyritic phenocrysts are
zoned plagioclases (labradorite-bythovnite) and zoned clinopyroxenes (augite-ferroaugite). The
groundmass of the rock is composed of small microlites of zoned plagioclase (andesine-
bytovnite) (size 0.05-0.2 mm) and isometric grains of zoned pyroxene (augite-ferroaugite,
pigeonite) (size 0.2 mm). Ore minerals in the rock are presented by small isometric or skeletal
crystals of titanomagnetite (0.05-0.15 mm). Chalcopyrite and pyrite are rare. The intergranular
space consists of glass or palagonite (10-20 %).

Dolerites of the studied complex have a massive, amygdaloidal texture. The structure of
the rocks is ophitic, porphyritic, poikiloophytic. Rare porphyritic phenocrysts are non-zonal
elongated tablets (size 0.5-1 mm) of plagioclase (bytownite). Goundmass of the rock is
composed of zoned clinopyroxenes and plagioclases. Plagioclase (andesine-bytownite) forms
blades (size 0.5 — 1.5 mm). Clinopyroxene (augite-ferroaugite, pigeonite) forms xenomorphic or
hypidiomorphic crystals (size 0.25 — 1.5 mm). Accessory minerals are apatite and K-feldspar.
Ore minerals in dolerites are skeletal crystals of titanomagnetite with an oxidation exolution in
magnetite solid-solution (size 0.5 mm, rarely 1 mm).

The basaltoids belong to normal-alkaline and subalkaline rocks, predominantly of the
sodium type, less often of the potassium-sodium type. The rocks of the complex are tholeiitic
basalts.
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The content of rare earth elements (REE) in the rocks varies. The lowest REE
concentrations are in dolerites of the central part of the Kanin Peninsula 36.50-56.80 ppm as
well as in the basalts of the Northern Timan Cape Mal. Rumyanichny 28.5-61.7 ppm and in the
basalts of the area of the river Sula of Northern Timan 28.53-61.70 ppm. In the South Timan, the
REE content varies from 44.82 to 52.41 ppm. The REE content in the blanket basalt of the Upper
Vorykva of the Middle Timan is 62.00-67.52 ppm [4]. In the rocks of the Kanin Peninsula it
varies from 63.13 to 81.27 ppm. The highest values of REE content are in the basalts of the
Tsilma river area in the Middle Timan 77.13-91.7 ppm.

In basalts, the values of eng are +2.3—+4.6 on the Kanin Peninsula, +4.9-+5.5 on the
Northern Timan, +2.4—+4.1 on the Middle Timan, and on the Southern Timan +2.9. According
to the 1**Nd/***Nd ratio — Sm/Nd, the mantle source of the basaltoids of the complex is similar to
the DUPAL anomaly, which may indicate the influence of the crustal component on this source

[5].
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THE RESULTS OF U-Pb SIMS DATING OF ZIRCONS FROM HORNBLENDITES OF
THE KONGOR PLUTON OF THE POLAR URALS
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Abstract. In the Voikar zone of the Polar Urals, among the Early-Middle Devonian island-arc
monzonitoids of the Kongor complex, we studied hornblendites, which form a small tectonic
block. The hornblendites contain pegmatoid lenticular segregations of diorites from which
accessory zircon is separated. U-Pb (SIMS) dating yielded a Givetian — Frasnian age of zircon
grains (38342 Ma) which we consider to be the crystallization age of hornblendites.

Key words: hornblendite, zircon, U-Pb SIMS, Polar Urals, Middle Devonian

In the Voikar zone of the Polar Urals, plutonic rocks of the Late Ordovician — Devonian
age are widespread related to the formation of the Polar Ural island arc and the Voikar back-arc
basin [1-3, etc.]. On the left bank of the Kharamatolou river (800 m downstream from the mouth
of the Makarruz river), among the Early-Middle Devonian island-arc monzonitoids of the
Kongor complex [4], we have studied for the first time a tectonic block composed of
hornblendites. Outcrops of these rocks stretching along the river bank for about 40 m are limited
by faults from the west and east, which are expressed by grassy areas and lowering of the relief.
Gornblendites from the central part of the block are melanocratic coarse-grained (5-7 mm)
massive rocks consisting of hornblende partially replaced by actinolite (90-95 vol.%),
plagioclase, and epidote (5-10 vol.%). Accessory minerals are represented by apatite, titanite
and zircon. Near the western tectonic contact, the hornblendites acquire a weakly pronounced
porphyritic texture and are dissected by a large number of thin (0.1-1 mm) albite veinlets. In the
central part of the block, hornblendites contain pegmatoid lenticular areas (from 5 x 10 to 20 x
30 cm in size) composed of leucocratic giant-grained (up to 2.5 cm) hornblende diorites. The
transition from hornblendites to diorites is gradual, with a decrease in the amount of mafic
minerals, an increase in grain size and content of feldspars and quartz. Pegmatoid diorite
varieties containe much more accessory apatite and zircon than hornblendites, which allowed us
to conduct their isotope-geochronological studies.

U/Pb (SIMS) dating of individual zircons from a pegmatoid segregation composed of
diorites (sample S128A/19, 66°40"24.0"N, 65°15'40.0"E) was carried out on a SHRIMP-II ion
microprobe according to the method [5] adapted at the Center for Isotope Research of VSEGEI
(St. Petersburg). Isotope ratios and ages corrected for measured 2%“Pb were used for
interpretation.

The studied zircons are highly fractured transparent pinkish-yellow euhedral bipyramidal-
prismatic (elongation — 1.5-3) grains with a large number of additional faces.
Cathodoluminescent images of grains demonstrate contrasting bright rims with oscillatory
zoning and darker, weakly contrasting inner areas with sectorial zoning combined with
oscillatory zoning.
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Dating of 11 individual zircons (12 local analyses) yielded a 2°°Pb/?*8U age range of 387—
379 Ma. Based on a coherent dating group consisting of 12 analyses, the average concordant age
is 383 £ 2 Ma (26, MSWD = 1.9), which corresponds to the boundary of the Early and Middle
Devonian (Givetian — Frasnian) and, apparently, is close to the time of formation of
hornblendites.

The work was supported by the Ministry of Education and Science grant No. 075-15-2020-802.
The monofraction of zircons was obtained within the framework of the state assignment of the
GIN RAS (project No. FMUN-2019-0049).
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RECONSTRUCTION OF THE EXHUMATION HISTORY OF THE KONDYOR RIDGE
BASED ON THE RESULTS OF U-Th-He DATING OF APATITE
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Abstract. The Kondyor massif is the source of the unique placer deposit of platinum group
minerals. Herein, we applied U-Th/He method to date apatite from alkaline metasomatites which
are developed in the central part of the massif in order to determine its exhumation history. U-
Th/He dating results of 8 apatite crystals revealed rapid (~ 30 m/Myr) erosion of the massif,
which implies that the formation of the unique Pt placer deposit was preceded by extensive
erosion of the Pt-bearing rocks.

Key words: thermochronology, apatite, Aldan shield, Kondyor massif

The alkaline-ultramafic massif Kondyor is located in the southeast of the Aldan shield and
is known as a source of unique Kondyor-Uorgalan platinum placer deposit. Circular intrusion on
the surface is represented by a symmetric bowl-shaped depression, about 8 km in diameter,
surrounded by a mountain ridge. The massif formed due to the intrusion of the Kondyor and
Aldan complexes into the Early Archean and Middle Riphean rocks about 120-130 Ma [1].

The U-Th/He method is based on the alpha-radioactive decay of 2*°U, 238U, 232Th. U-Th/He

age is calculated based on concentrations of U, Th, and He in the mineral. Thermal retention of
He in apatite crystals is low, corresponding to a closure temperature of approximately 70°C [2].
Assuming a thermal gradient of 3°C per 100 m [3], this temperature corresponds to a depth of
approximately 2500 m. Thus, U-Th/He data on apatite extracted from the bedrock of the
Kondyor massif will provide information on the time of exhumation of the massif.

For U-Th/He dating large apatite grains were manually extracted from the rock fragments.
Sample 43-Ya (stream Uzhniy) and 333 (drill hole) were derived from the alkaline
metasomatites which are developed in the central part of the massif. Their chemical composition
was studied using a scanning electron microscope HITACHI TM-3000 microanalyzer (Centre
for Microscopy and Microanalysis, Research park of St.Petersburg State University) and FT-IR
spectrometer BRUKER VERTEX-70 (Center of X-ray diffraction studies, Research park of St.
Petersburg State University). The He concentration was measured on an MSU-G-01-M mass
spectrometer at the Institute of Precambrian Geology and Geochronology Russian Academy of
Sciences. Millimeter-sized grains, free from visible under the binocular microscope inclusions,
were wrapped into Ta foil and placed into a mass spectrometer. The samples were heated in
several steps to 1100°C which allows complete He release. Tantalum envelopes with degassed
apatite grains were removed from the mass-spectrometer for U and Th measurement by the
isotope dilution method. The decomposition of apatite was carried out in concentrated nitric acid
at 130 °C for 24 hours. The concentrations of U and Th were measured using the HR ICP MS
ELEMENT 2 at the Vernadsky Institute of Geochemistry and Analytical Chemistry of the
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Russian Academy of Sciences. U-Th/He ages were calculated using Isoplot R software [4]. he
reliability of the obtained data was confirmed by the parallel dating of Durango apatite, which is
an international standard for apatite He dating.

In total, we have analyzed 8 grains of apatite, which is represented by its Sr-rich variety
(CasSr(PO4)3(OH)2). U-Th/He ages of 43-Ya apatite vary from 68 to 92 Ma, with a mean age of
79.2 Ma. Sample 333 gives a mean age of 82.8 Ma (AHe ages in the range from 60 to 104 Ma).

Apatite He ages exhibit an over-dispersion, which might reflect the complexity of the
mineral structure or very slow erosions rates [5]. Etching of the polished fragments of the apatite
grains in 5 M HNO3 acid for 20 seconds at 20 °C revealed the presence of numerous dislocation
loops, which, likely, indicate that structural defects are responsible for the large dispersion of the
He ages [6].

The average U-Th/He age is 80 Ma, which implies the apatite crystals were ~ 2500 meters
deep at that time. Given that during Neogene and Quaternary time, the Kondyor massif exhibits
the uplift of 600 m [7], in the interval from 80 Ma to 24 Ma mean exhumation rate was 33
m/Myr. This value differs from the modern average erosion rates (1-10 m/Myr) revealed for the
cratonic shields by cosmogenic nuclides [8]. This implies that the formation of the unique Pt
placer deposit was preceded by extensive erosion of the Pt-bearing rocks.

References:

1. Mochalov A.G., Golovkin S.A., Petrov S.V., Borozdin A.P., Yakibovich O.V., Safay A.A., Prikhodko V.S.,
Antonov A.A., Korneev S.1. 12 International Platinum Symposium Field trip 2 : PGM placer deposits and their
sources in the ultramafic and alkaline rocks of the concentrically zoned Konyor massif, Far East, Russia. 2014. 58 p.

2. Reiners P.W., Carlson R.W., Renne P.R., Cooper K.M., Granger D.E., McLean N.M., Schoene B.
Geochronology and thermochronology. 2018. 464 p.

3. Peyton S.L., Carrapa B. An Introduction to Low-temperature Thermochronologic Techniques, Methodology,
and Applications. Application of structural methods to Rocky Mountain hydrocarbon exploration and development.
2013. P. 15-36.

4. Vermeesch P. IsoplotR: A free and open toolbox for geochronology. Geoscience Frontiers. 2018. Vol. 9. No.
5. P. 1479-1493.

5. Fitzgerald P.G., Baldwin S.L., Webb L.E., O’Sullivan P.B. Interpretation of (U-Th)/He single grain ages
from slowly cooled crustal terranes: A case study from the Transantarctic Mountains of southern Victoria Land.
Chemical Geology. 2006. Vol. 225. No. 1-2. P. 91-120.

6. McDannell K.T., Zeitler P.K., Janes D.G., ldleman B.D., Fayon A.K. Screening apatites for (U-Th)/He
thermochronometry via continuous ramped heating: He age components and implications for age dispersion.
Geochimica et Cosmochimica Acta. 2018. Vol. 223. P. 90-106.

7. Khoroshilova T.S., Mochalov A.G., Makhorkina T.l. Placer deposits "Konder" and "Chad" of the Ayano-
Maisky district of the Khabarovsk Territory. Magadan, Moscow, 1993. 81 p. (In Russian)

8. Dunai T.J. Cosmogenic Nuclides: Principles, Concepts and Applications in the Earth Surface Sciences.
2010. 199 p.

127



A HOLOCENE CLIMATIC RECORD INDICATED BY GEOCHEMICAL
INDICATORS AND GRANULOMETRY FROM BANNOE LAKE IN THE SOUTHERN
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Abstract. The work is devoted to the geochemical and granulometry study of the Bannoe lake
sediments. The main aim of this investigation is to identify the events and trends of
environmental and climate changes in the Late Quaternary. The present study of grain size and
organic geochemistry of core sediments from Bannoe Lake provides paleoclimatological record
of South Ural for the Holocene Period.
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The Bannoe Lake (53°35°48.13” N 58°37°47.28” E) is in the Southern Urals. The altitude
of the lake is 438 m, the length is ~4.2 km, the width is ~1.9 km, and the basin area is 36.3 km?
[1; 2; 3]. According to the radiocarbon dating the age of the lake is 12.5 thousand years [4]. For a
detailed complex analysis, core No. 3 was selected according to the results of seismoacoustic
studies [5]. The total core length is 508 cm. The sediment was sliced at 2 cm thick samples.

High resolution analyses of lake sediments retrieved from Bannoe Lake were conducted
using a combination of variables including particle size content, total organic carbon (TOC),
total nitrogen (TN), total inorganic carbon (TIC) and total sulfur (TS) contents, 5*C value of
organic matter (8*3Corg), and 880, §'3C values of carbonate content (8¥Qcarb and 53Cecarn). The
C/N ratio (TOC/TN) is regarded as an effective indicator of the origin of organic matter in
sediments [6; 7]. Endogenous organics, rich in proteins and poor in cellulose, are characterized
by C/N values from 4 to 10. Exogenous organics, poor in proteins and rich in cellulose (the
remains of cell walls of higher (terrestrial) plants), are characterized by C/N values of more than
20 [8].

The result of particle size analysis is showing that the content of clay fraction in the
sediment varies in the range (9.54-26.27) %, silt fraction are dominant at 56.39%-78.12%, sand -
(2.76-26.71) % (Figure 1).

The TOC values changes from 1.56%-16.41%, the TN content ranged from 0.23%-2.23%.
The TOC and TN indices increase up the section, which is explained by the increasing the biota
activity and the organic matter accumulation. The TS values varied from 0.057% to 0.78%,
which is typical for freshwater lakes [9]. The ratio C/N values vary between 5.98-17.79%;
average value of C/N is 8.86 and indicates the dominance of endogenous biota. The greatest
contribution of exogenous plants is noted at 408 cm (C/N=17.79) and 188 cm (C/N=13.00). The
values of 8Corg vary from -27.65 %o to -24.22 %o, which in combination with data on the C/N
indicator (C/N~9), makes it possible to verify the mixed origin of organic matter in the studied
lake sediments. The §*8Qcam ranges from -22.25%o t0 -5.31%o, the 5Ccan varies from -18.4%. to
2.39%o, and the TIC values vary from ~0.03% to 4.86%. An increase in the values of §¥Ocan (a
rapid increase in the dryness of the climate) and §3Cca (an increase in biomass) recorded at
depths of 308-298 cm and 198-178 cm, indicating a decrease in the lake level.
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The periods of high and low humidity in the Southern Urals identified during the study are
consistent with the Blytt—Sernander classification [10; 11; 12]. The results of geochemical and
particle size investigations made it possible to reveal the features of climatic and other
environmental changes for the Holocene Period of South Ural.
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Section REGIONAL GEOLOGY AND TECTONICS

DEFORMATION OF THE SOUTHEASTERN PART OF THE TATARKA-ISHIMBA
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Abstract. We present structural data for metaterrigenous rocks and metagranites from tectonic
units of southeastern part of the Tatarka-Ishimba suture zone (Yenisei Ridge). Fold-thrust and
strike-slip deformations were caused by the Central Angara — Siberian Craton oblique collision
in the late Tonian Period. New “°Ar/*®Ar geochronological data from metagranites shows a
superposed tectonothermal event, which is likely associated with an early magmatic stage of the
Tatarka active continental margin complex in the Cryogenian Period.

Key words: Tatarka-Ishimba suture zone; Yenisei Ridge; metaterrigenous rocks; metagranite;
cataclasite

According to the current Yenisei Ridge tectonic model, the Tatarka-Ishimba suture zone
was formed due to the Central Angara — Siberian Craton collision between 761 and 750 Ma,
based on U-Pb data for zircons from syncollisional granites [1]. Deformation in the suture zone
has been defined as sublatitudinal compression (geographic coordinates) as well as sinistral
kinematics, which characterize the collision as oblique [2]. The Tatarka-Ishimba suture zone has
a N-NW strike in the Transangarian (northern) part of the Yenisei Ridge, changing to a NE strike
at the junction zone between the Central Angara and Angara-Kan terranes to the South. This
report focuses on structural, mineralogical and “°Ar/**Ar geochronological study of rocks in two
sites located in the eastern part of this junction zone — Ribnaya River site (10-20 km from its
mouth) and Skorodumskiy Point site (left bank of Angara River, in front of Ribnoe village).

The first site (Ribnaya River) is represented by exposed metaterrigenous rocks extending
to 25 km (overall length of studied outcrops is 2.5 km) assigned to the Mesoproterozoic Uderey
Formation of the Sukhopit Group [3]. This structure is bounded to the West by the Tatarka fault
of N-NE strike. In the East, it conjuncts with the tectonic sheets (2-4 km) of the Ribnaya
ophiolites (MPs—NP1) by faults of NE orientation. The metaterrigenous rocks have an intense
schistosity of N-NE orientation (dip direction 260°-310°, dip angle 55-85°) as well as
overturned folding with the same orientation of axial planes, combined with reverse faults and
thrusts forming the common tectonic sheet structure (sheet thickness is 4-6 km). The relict
primary bedding of metasandstones and metasiltstones is oblique to schistosity within the inner
parts of the sheets, and subparallel near fault and thrust zones. Isoclinal folds develop along the
thrust extensions. Their hinges plunge steeply to NW (trend 320-325°, plunge 57-59°) and
appear as indicators of superposed strike-slip deformation. The axial planes of these folds are
subparallel to the crenulation cleavage (dip direction 204-241°, dip angle 35-87°) that is
concordant with strike-slip kinematics.
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The rocks of Skorodumskiy Point comprise two different tectonic units. The northwestern
unit (length 300 m) consists of intensively schistose metaterrigenous rocks similar to those of the
Ribnaya River site. The strike of the schistosity is NE (dip direction 300-345°, dip angle 44—
75°). We identified granitic pegmatoid bodies within this unit (thickness 2-50 m) that are
subparallel to the schistosity. They have tectonic contacts marked by cataclastic quartz-epidote-
biotite-muscovite schists. The southeastern unit (Ilength 500 m) is bordered by a subvertical fault
(strike ~30°). It consists of cataclastic metagranites, overlapping quartz-feldspar veins (thickness
up to 10 m) and underformed metabasite bodies (thickness 20-30 m). The foliation of the
calaclasites dips to NW (dip direction 290-330°, dip angle 70° to subvertical). It appears as
cataclastic flow highlighted by preferred mineral grains orientation of quartz and potassium
feldspar. Potassium feldspar forms large grains (up to 7 mm). Oligoclase presents as smaller
grains (2-3 mm) replaced by albite. Quartz is partly recrystallized, has subgrains and undulose
extinction. Biotite is replaced by chlorite and muscovite. Cataclastic metagranites display a
younger fracturing without explicit and regular orientation. The fractures are filled out by a fine-
grained aggregate of quartz and muscovite (up to 0.05 mm), and overgrown by larger (up to 3
mm) grains of undeformed muscovite. Accessory minerals are zircon and apatite. The three
bodies of metabasites (thickness 20-30 m) located within the southeastern unit are undeformed.
They have a medium-grained texture and are composed of amphibole (Fe-hornblende, ferro-
pargasite and ferro-edenite), albitized plagioclase and individual grains of potassium feldspar.
Secondary minerals include chlorite and epidote. Ore minerals are presented by ilmenite,
mangano-ilmenite, pseudobrookite, pyrite and chalcopyrite. Geochemical characteristics of these
metabasites are similar to trachybasalts of the Yagodka pluton (Tatarka complex), which
associate with granitoids. The isotopic age of the latter was determined as 711 Ma according to
U-Pb data for zircons [4].

The “°Ar/*°Ar age of muscovite from our metagranite sample from Skorodumskiy Point
has been determined as 711+£8 Ma (IGM SB RAS Analytical Center, analyst — A.V. Travin).

In conclusion, the southeastern part of the Tatarka-Ishimba suture zone has a fold-thrust
pattern and a SE vergence of its tectonic sheets, which are composed of metaterrigenous rocks
and ophiolites. Strike-slip deformations highlight sinistral kinematics in these sheets (with an
amplitude up to 5 km), identified by superposition of cataclastic and mylonitic zones. Such
kinematics are related to the slipping of the Central-Angara terrane along the Siberian Craton
margin during their oblique collision. A subsequent, superposed tectonothermal event has
occurred approximately 711 Ma according to “°Ar/**Ar age of muscovite from metagranites. It is
synchronous with the early stage of magmatism of the Tatarka active continental margin
complex [4, 5].
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PETROGRAPHY, U-Pb DETRITAL ZIRCON GEOCHRONOLOGY AND
PROVENANCE OF THE ILIKTA FORMATION OF THE SIBERIAN CRATON
(WESTERN BAIKAL AREA)

Efremova U.S., Donskaya T.V.
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Abstract. The petrographic and U-Pb detrital zircon geochronological studies of the sedimentary
rocks of the Ilikta Formation of the Siberian Craton were carried out. The U-Pb ages are mostly
Paleoproterozoic with a main peak of about 2.00 Ga, which is close to the age of the Kutima and
Chuya granitoids as well as the Goloustnaya granite-gneisses and record the contribution of these
rocks into the Ilikta Formation. The Ilikta rocks are unmetamorphosed or undergone green schist
metamorphism. The llikta sediments were deposited in an intracontinental basin after the end of
collisional events in the Akitkan orogenic belt and before the emplacement of the granitoids of
the South Siberian post-collisional magmatic belt.

Key words: llikta Formation, petrography, detrital zircons, Paleoproterozoic, Siberian Craton

The Ilikta Formation is the upper part of the Paleoproterozoic Sarma Group, which belongs
to the Akitkan orogenic belt of the Siberian Craton. The Ilikta Formation is exposed within the
Baikal uplift. According to the published data, the Ilikta Formation is composed of schists and
sandstones, as well as metavolcanics of intermediate and felsic composition [1]. These rocks
overlie the metamorphosed rocks of the Paleoproterozoic Khargitui Formation and Kocherikovo
granitoids [1]. The Illikta Formation rocks are intruded by the 1.88-1.85 Ga granitoids of the
South Siberian post-collisional magmatic belt [2] and mafic dykes with an age of 1750 Ma [3]
and 720 Ma [4].

The lower part of the Ilikta Formation was detailed studied in two sections: one in the Cape
Tyteri of Baikal Lake, and the other in near the Onguren village. The Ilikta Formation sandstones
were collected for petrography and U-Pb zircon dating by laser ablation inductively coupled
plasma mass spectrometry (LA-ICP-MS).

The section in the Cape Tyteri is composed of mainly unmetamorphosed sandstones. The
studied sample 1018 from the Cape Tyteri is spotted sandstone with a psammitic structure. This
sandstone is composed of quartz (30%), plagioclase (24%), K-feldspar (15%), chlorite (7%), and
lithic fragments of mainly granitoids and rare cherts and altered dolerites (17% in total).
Secondary processes were cataclase, chloritization, silicification, and carbonatization. The U-Pb
zircon dating of sample 1018 was performed at the Department of Geosciences, National Taiwan
University. In total, 59 detrital zircons were analyzed, of which 29 grains that provide
concordant value were considered. Most of the ages are 1960-2060 Ma, with the main peak at
2003 Ma. Some zircon grains gave peaks at 2295 and 3049 Ma.

The section of the Ilikta Formation near the Onguren village is composed of
metasandstone. These sedimentary rocks undergone green schist facies metamorphism related to
the Early Paleozoic dynamometamorphic processes. The studied sample 2135 is foliated and
mylonitized sandstone. It consists of quartz (30%), plagioclase (18%), sericite (20%), chlorite
(12%), K-feldspar (10%), muscovite (5%), and lithic fragments of granite. Alteration processes
were sericitization, chloritization, and enriched with iron hydroxides. U-Pb isotopic analysis of
zircons of sample 2135 was carried out at the Institute of the Earth's Crust. For this sample, 113
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detrital zircons were analyzed, and 73 grains gave concordant ages with the main peak at 1989
Ma. Other zircons form small peaks at 2275, 2347, 2461, 2565 and 2887 Ma.

The U-Pb detrital zircon geochronology of the Ilikta Formation of the Sarma Group of the
Siberian Craton indicates that studied sandstones contain mainly Paleoproterozoic and rarer
Archean zircons. The main peaks of 2003 and 1989 Ma are close to ages of the Kutima
(2019£19 Ma [5]) and Chuya granitoids (2020+12 Ma [6]) as well as the Goloustnaya granite-
gneisses (1985+15 Ma [7]) of the Baikal uplift of the Siberian Craton. Other Paleoproterozoic
and Archean zircons are also typical of the magmatic and metamorphic rocks of the basement of
the southern Siberian Craton [8]. The llikta sedimentary rocks are unmetamorphosed or
undergone green schist facies metamorphism related to the Early Paleozoic dynamometamorphic
processes. Therefore, we assume that the Ilikta Formation sediments were deposited in an
intracontinental sedimentary basin after the end of collisional events in the Akitkan orogenic belt
that took place in 1.98-1.95 Ga [7, 9]. As the Ilikta Formation is intruded by the 1.88-1.85 Ga
post-collisional granitoids of the South Siberian post-collisional magmatic belt [2], the
sedimentary rocks were deposited before the emplacement of these granitoids.
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COMPOSITION OF UST-BELSKY AND ALGAN TERRANES JURASSIC-
CRETACEOUS TUFF-SANDSTONES (KORYAK HIGHLAND, NE RUSSIA)

Gushchina M.U., Moiseev A.V., Tuchkova M.I.
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Abstract. The results of studies on the lithogeochemical features of the Jurassic—Cretaceous tuff-
sandstones of the Ust-Belsky and Algan terranes are presented. These rock types formed under
similar environment, but the areas of provenance were different, being associated with the
volcanic structure of different ages. According to the results, they were formed due to the erosion
of volcanic formations in the marine environment with a normal oxygen regime, near the coast.
The source was associated with the Island arc on the west from Late Jurassic-Early Cretaceous
rocks, and with an Andean-type margin on the northwest from Late Albian-Late Cretaceous
rocks.

Key words: Koryak highland, tuff-sandstones, lithogeochemical analysis.

The Ust-Belsky and Algan terranes are located in the northeast of Russia and included the
northwestern part of the Koryak-Kamchatka fold system, which was formed in the process of the
successively amalgamation of different terranes to the continent. The Jurassic-Cretaceous age is
important for the history of Northeastern Eurasia. The Uda-Murgal Island arc was developed
along the border of the Asian continent and the Northwest Pacific in the Late Jurassic-Early
Cretaceous time. The structural plan changed at the pre-Late Albian age. The Uda-Murgal Island
arc ceased to exist, and the Okhotsk-Chukotka volcanic belt started to form. The region is a fold-
thrust structure of two main fold belts of the Koryak-Kamchatka folded system, which are
combined in this region. The West-Koryak fold belt represents by the Ust-Belsky terrane. The
Anadyr-Koryak fold belt depicts by the Algan terrane. Both terranes include tuff-terrigenous
deposits of the Jurassic-Cretaceous age.

This work presents the results of mineralogical and geochemical investigations of the
Jurassic-Cretaceous tuff-sandstones of the Algan and Ust-Belsy terranes.

The Ust-Belsky terrane consists of several tectonic sheets. The Valanginian tuff-sandstones
form the structures of the northwestern Udachninskaya and southeast Mavrinskaya sheets. The
Late Albian tuff-sandstones are also present in the Udachninskaya sheet structures.

The Algan terrane comprises several tectono-stratigraphic complexes (TSC). All TSCs
include volcanic-siliceous-terrigenous rocks of different ages. The Tithonian-Valanginian tuff-
sandstones form the structures of the Algan TSC. Late Albian-Turonian tuff-sandstones shape
the structures of the Perekatnaya TSC. The Coniacian-Campanian tuff-sandstones form the
structures of the Lamut TSC.

According to the results of geochemical and mineralogical data, the tuff-sandstones form
two different rock types in conformity with tectonic stages.

1) The Late Jurassic-Early Cretaceous tuff-sandstones contain less quarts (Q7-39F20-63L.24-71)
and REE (61-141 ppm) and are characterized by low ratios of LREE to HREE (from 3.0 to 5.3).
Mafic and intermediate volcanic lithic fragments are dominant. The mafic rock fragments are
often represented by spilite lithoclasts. The Algan TSC tuff-sandstones contain clasts of cherts.
The cement is commonly of pelitic grain-size and is replaced completely with a sericite—
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chlorite—quartz aggregate. Tuff-sandstones of the Udachninskaya sheet contain a larger amount
of cement (20%), than tuff sandstones of the Mavrinskaya sheet (5-7%) and Algan TSC (5-11%).
All tuff sandstones mostly have poor sorting and rounding of the grains. But, the grains of the
Udachninskaya sheet are larger and worse sorted than the grains of the Mavrinskaya sheet and
Algan TSC. Comparison with REE, Fe/Mn and Ti/Mn concentrations also shows a moderate
decline from the Udachninskaya sheet to Algan TSC. The pyroclastic material is represented by
crystalloclasts and lithoclasts.

2) The Late Albian-Late Cretaceous tuff-sandstones contain more quarts (Qs-19F34-51L36-56)
and REE (86-270 ppm) which is characterized by higher ratios of LREE to HREE (3.9-8.6).
Acidic and intermediate volcanic lithic fragments are dominant. Granitoid lithoclasts occur as
quartz—feldspar intergrowth. Large fragments of intraclasts of siltstones and mudstones appear in
the shape of weakly lithified rolls, sometimes elongated in one direction. All tuff sandstones
mostly have poor sorting and rounding of the grains. The decreased amount of quartz and
feldspar, increased lithoclast proportion and the grains coarsening occur from the southeast to the
northwest in tuff-sandstones of the Perekatnaya TSC. The cement is sericite or clayey (7-12%).
The pyroclastic material is represented by crystalloclasts, lithoclasts and vitroclasts.

According to [1] the concentration of K>O, Na;O and SiO; indicates that sedimentation of
all tuff-sandstones was associated with the volcanic arc. Following Braccialli et al. [2] the
concentration of Ni, V and Th points the occurrence of erosion products of mafic rocks in the
composition of first type rocks, and more products of acidic rocks in our second type rocks.
According to [3] the Fe/Mn (15-111) ratios show that deposits formed in shoal and shoal—coastal
environment. Agreeing with [4] U/Th (0.3-0.6), Ni/Co (0.9-3.0) ratios specify oxidative near-
bottom environment.

Thus, tuff-sandstones were formed due to the erosion of volcanic formations in moderately
deep oxidative near-bottom marine environment by high-density flows, near the coast. The Late
Jurassic-Early Cretaceous source was in the west of the region. Sedimentation occurred
synchronously with volcanism of intermediate and basic composition, which was associated with
the existence of the Uda-Murgal arc. Tuff-sandstones of the Ust-Belsky terrane were formed in
different part of the forearc basin. Tuff-sandstones of the Algan terrane formed in the trench-
slope basin. The Late Albian-Late Cretaceous source was in the northwest of the region.
Sedimentation occurred synchronously with volcanism of intermediate and acidic composition,
which was associated with the existence Okhotsk-Chukotka volcanic belt.

Funding: This work is supported by the Russian Science Foundation under grant 22-27-00665.
The framework of State Contract no.0135-2019-078 supported basic funding for employees of
the GIN RAS.
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STRUCTURES AND COMPOSITIONS OF THE RESIDUAL DUNITE-HARZBURGITE
COMPLEX OF THE NORTH BALKHASH OPHIOLITE ZONE (CENTRAL
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FORMATION
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Abstract. In this article, the preliminary results of study of the ultramafites of the North Balkhash
ophiolite zone (NBOZ) forming blocks in the serpentinite mélange are presented. The
ultramafites of the NBOZ comprise mainly serpentinized harzburgites with minor dunites. The
studied mantle peridotites are investigated regarding to geochemical and petrographical
characteristics. According to all the data, these rocks are thought to have been referred to the
forearc peridotites formed as a result of the high degrees of a partial melting.

Key words: ophiolites, the Central Asian Orogenic belt, residual peridotites

In the structure of the western segment of the Central Asian Orogenic Belt (CAOB)
numerous fragments of the oceanic crust and upper mantle attributed to the different parts of the
ophiolite suites of various tectonic affinities are developed. One of the most complete fragments
of the ophiolitic suites in the west CAOB is known from the North Balkhash ophiolite zone
(NBOZ),in the central part of the Junggar—Balkhash area [1]. The structurally lowest position of
the NBOZ is referred to the serpentinite mélange, which contains varisized blocks of igneous,
metamorphic and volcanic-sedimentary rocks. The largest blocks confined to the Itmurundy,
Tesiktas, Arkharsu and East Arkharsu massifs are composed of spatially separated fragments of
the restite (dunite-harzburgite) and layered (dunite-wehrlite-pyroxenite-gabbro-plagiogranite)
complexes. Besides, there are some blocks of chromitites, plagiogranites, eclogites, and garnet
blueschists in the mélange.

The ultramafites of the NBOZ comprise mainly serpentinized harzburgites with minor
dunites made up by anhedral porphyroclasts of olivine, which are separated by aggregates of the
smaller, optically strain-free, equant, recrystallized olivine grains. The harzburgites show high
modal contents of orthopyroxene (~10-26 vol%) and low modal proportions of clinopyroxene
(<3 vol%). The dunites are composed of olivine (~90 vol%) with minor spinel (1-2 vol%). The
primary structures of the rocks are characterized by numerous features of deformation, and the
secondary looped textures are associated with the ubiquitous serpentinization of the rocks.
Magnetite is found at the center of the sieve textures or overgrown the chromium spinel grains
and reflects the later stages of the hydration process, and the orthopyroxenes are replaced by
bastite.

The olivine from the harzburgites and dunites is magnesian with no zoning preserved and
shows high contents of forsterite in the range of 91-92. NiO contents in olivine of all the
examined peridotites are in the range of 0.39-0.4 wt%, which is typical for the mantle-derived
olivines. Orthopyroxene is mainly enstatite (Enge.o1) with Mg# of 0.91-0.92, and displays low
contents of Al,O3 (1.1-1.2 wt%), CaO (0.37-0.52 wt%), TiO2 (0.0014-0.0079 wt%) and Cr.0s
(0.37-0.52 wt%). Clinopyroxene in all the harzburgites is diopside (Enz4-25FSa9-49.4\W049-49.4)
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with Mg# ranged from 0.95 to 0.97. Chromium spinel forms small (< 0.5 mm) euhedral and
anhedral dark-brown grains with Cr/(Cr + Al) ranging from 0.63 to 0.67. The spinel
demonstrates very high contents of chromium and iron (48.2-51.5 wt% of Cr.O3 and 20.3-21.3
wt% of FeOot) and corresponds to chromite or alumochromite.

Due to the high LOI values (8.4-12.5 wt%) all major elements in the peridotites were
normalized on a volatile-free basis to reduce the effect of dilution caused by serpentinization.
The peridotites have high whole-rock contents of MgO (44.89-50.79 wt%), moderate contents of
FeOxot (7.78-8.88 wt%) with low contents of Al,O3 (0.37-0.98 wt%) and CaO (0.57-0.98 wt%),
which is in agreement with the low modal contents of clinopyroxene. These features are like
those known from the fore-arc peridotites of the subduction zones, which are residuals after high
degrees of partial melting of the mantle rocks. The ultramafic rocks show relatively wide ranges
of MgO/SiOz ratios (1.0-1.26) at low Al,O3/SiO> (< 0.02), reflected by the loss of MgO during
serpentinization with the interaction between the rock and seawater. The ratios of FeO/SiO>
(0.18-0.19), Cr203/SiO2 (<0.01) and CaO/Al»O3 (0.85-1.54) are consistent with those calculated
for the isochemically serpentinized mantle restite peridotites (FeO/SiO, = 0.170-0.202;
Cr203/SiO2 = 0.0065-0.0119; CaO/Al>03 < 2,0) [2]. The peridotites have extremely low total
REE content (XREE = 0.26-0.66 ppm) and are depleted in all the incompatible elements, LILES
(Rb = 0.09-4.1 ppm; Ba = 2.64-6.69 ppm; Cs = 0.01-0.35 ppm) and HFSE (Sc = 6.88-9.52
ppm; Zr = 0.7-2.73 ppm; Y < 0.08 ppm; Nb = 0.04-0.07 ppm; Th and U < 0,01 ppm). Except for
the subtle LILE enrichment (e.g. Rb = 4.59*DMM), trace element distributions observed in the
peridotites imply their origination from a depleted MORB mantle source (Ni = 2033-2327 ppm,
Cr =2050-2817 ppm and Co = 95-111 ppm).

Based on the low modal contents of clinopyroxene, high Cr# in Cr-spinel and Mg# in
olivine along with the insignificant whole-rock concentrations of the incompatible elements, the
investigated peridotites are considered to have been assigned to the residues of a depleted mantle
after high degrees of melting of 18-22%. The residual origin for the studied peridotites is also
indicated by an emplacement of the compositional points on the ‘Fo-in-olivine vs. Cr#-in-spinel’
diagram within the olivine—spinel mantle array (OSMA) [3]. Furthermore, the observed in the
ultramafic rocks high chromium contents in spinel (Cr# > 60) with the high contents of forsterite
in olivine (Foe1-92) may indicate the suprasubduction origin of these rocks. In addition, the
contents of Al>O3, Cr.03 and magnesium numbers of the orthopyroxenes and clinopyroxenes
from the harzburgites are comparable with those observed from the peridotites of the forearc
oceanic basins formed in the suprasubduction environments [3]. The data are consistent with
those obtained for the rocks from the structurally higher parts of the ophiolite suite referred to
the Arkharsu massif, corresponding to the suprasubduction environment.
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Abstract. An isotopic and geochemical study of the Upper Proterozoic mafic magmatic
intrusions on the southeast Anabar Shield was undertaken. Based on the content of titanium
oxide, three rock complexes were identified. It was established that these rocks belong to
igneous complexes of intraplate and island-arc origin. The presence of subduction markers in the
dikes of the southeastern part of the Anabar Shield may be caused by contamination of magma
with the continental crust containing the subduction component.

Key words: Siberian Craton, Anabar Shield, dikes, geochemistry

One of the most difficult issues in the study of the Anabar Shield is the subdivision and
correlation of numerous igneous complexes found within it. In the studied area, 6 mafic
complexes have been identified in the interval of 1700-950 Ma [1], but not all of them have
clear identification criteria. The lack of reliable isotope dating, as well as poor geochemical
knowledge, does not allow one to reliably determine whether the bodies belong to a particular
complex.

According to the content of TiO2, the samples were divided into 3 groups: low- (< 1.7%),
medium- (= 2.45%) and high-titanium (> 3%) (fig.1).

According to the similarity of geochemical data, the high-Ti group coincides with the
rocks, whose age is 1380 Ma [1], the low-Ti group has an age of 1503 + 5 by the U-Pb method
according to baddeleyite [2]. A dike aged 1774 + 6 was singled out as a separate group [3].

High-Ti group is isolated from the rest, it is located in the area of intraplate tholeiite basalts
and have negative anomalies in Th, U and Sr (Figure 1). The host rocks for them are deposits of
the Kotuykan Formation with an age of 1513-1690 Ma [3]. Therefore, dolerite bodies must be
younger than 1500 Ma. Geochemically, they correspond to the Chieres dike with a U-Pb
baddeleyite age of 1384 + 2 Ma [1]. Thus, these bodies can be attributed to the Tokur complex,
the formation of which accompanied the formation of the carbonate cover of the platform.

The diagrams also show one more point corresponding to a dike with an age of 1774 £ 6
Ma [3]. The distribution diagram of REE and trace elements for this dike is similar to the
diagram for the first group, however, it has a Ta-Nb minimum. Dike complexes, whose age is
about 1750 Ma [4], are branches of a giant radial dike swarm and are considered as a component
of a large igneous province.

Thus, based on geochemical data, three complexes of basic composition intrusions are
distinguished in the study area, the age of which is assumed to be 1780, 1500, and 1380 Ma. The
formation of these complexes is associated with the activation of large igneous provinces and
fixes divergent processes at different time intervals.
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Figure 1 - Chondrite-normalized rare earth elements (REE) plot (a) and primitive mantle-normalized trace
element diagram (b).
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Abstract. Cryogenian was marked by spectacular low-latitude glaciation, which is based on
paleomagnetic observations and glacial deposits found on every continent. In recent years,
several critical articles have appeared in which the incorrectness of constructing paleomagnetic
reconstructions is discussed, since several postulates of paleomagnetism are inapplicable to
Cryogenian. Our new geochronological (»Ar/=Ar) and paleomagnetic studies suggested
equatorial position of Siberia in early Cryogenian. However, new data make it possible to test
not only the Snowball Earth hypothesis, but also consider another hypothesis for “low-latitude
glaciations”.

Key words: Paleomagnetism, Cryogenian, Siberia, Tomtor, «Ar/=Ar dating

At present, the number of reliable paleomagnetic poles for the Neoproterozoic of the
Siberian Platform is extremely small. At the same time, their sufficient number is a necessary
condition for the development and testing of various geodynamic and paleogeographic
reconstructions, which is especially important in developing models for the assembly and
breakup of the Neoproterozoic supercontinent Rodinia.

On the territory of the Siberian Platform, Neoproterozoic rocks suitable for paleomagnetic
studies are characterized by an extremely low distribution and low degree of exposure.
Concurrently, studies of sedimentary rocks often face intractable problems of determining their
age. Thus, even if the studied sedimentary rocks contain a stable paleomagnetic signal, the
collected data are very difficult to interpret qualitatively. Under such conditions, it becomes
critical to gather paleomagnetic poles from reliably dated igneous rocks. Therefore, at present, it
is especially important to obtain high-quality paleomagnetic data specifically for igneous objects
with a reliably determined age.

In this paper, we propose a new pole attained from dated lamproites of the first phase of
emplacement of the Tomtor alkaline massif of the Udzha Uplift (age determined by the Ar-Ar
method on phlogopite, 706.1 + 8.8 Ma) [1, 2]. To obtain the discussed paleomagnetic pole, the
authors selected a collection comprising 27 samples of four thin dikes and 41 samples of host
rocks for the contact test. The host rocks are the red-colored rocks of the Mesoproterozoic
Unguokhtakh Formation. In this outcrop, they are mainly represented by lapilli tuffs with
inclusions of large (5-100 cm) fragments of carbonate and siliceous rocks, as well as spherical
nodules (up to 10 cm) composed of finely bedded sandstone with carbonate cement.

Based on the results of magnetic cleanings with temperature and an alternating field, a
high-temperature magnetization component was identified in all lamprophyre samples, from the
directions of which the average direction of magnetization in the studied bodies was calculated,
and, subsequently, the corresponding virtual geomagnetic pole for the Siberian Platform was
calculated (Table 1).
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The following arguments can be made in favor of the primacy of the direction of
magnetization identified in the dikes of the Tomtor massif:

1. Grains of the main minerals-carriers of magnetization are predominantly in a pseudo-
single-domain state, so they can carry a stable primary paleomagnetic signal.

2. In the studied samples, three different magnetic phases were revealed, which differ in
the spectra of deblocking temperatures. All of them carry similar directions of magnetization,
which gives us reason to believe that they could form almost simultaneously during melt
crystallization and may carry a primary paleomagnetic signal.

3. A positive contact test indicates that the carbonatite dikes studied by us, together with
the host rocks of the Unguokhtakh Formation, were not subjected to regional magnetization
reversal.

For the time we are considering for the Siberian Platform, there is currently only one
paleomagnetic pole, the pole obtained from siltstones of the Medvezhevka Formation of the
Longdor Uplift of the Baikal-Patom folded region [3] (Table 1). Its age is estimated at ~720-710
Ma. The pole collected by us is in excellent agreement with this definition (after introducing a
correction for the opening of the Vilyui rift [4]).

This coincidence is especially noteworthy, in light of the fact that these objects are located
at a considerable distance from each other and belong to different tectonic blocks of the Siberian
Platform. Thus, the proximity of the VGP for the carbonatites of the Tomtor massif (~705 Ma) to
the paleomagnetic pole for the rocks of the Medvezhevka Formation (~720-710 Ma) of the
Baikal-Patom region indicates the reliability of the presented paleomagnetic data and suggests
that the paleomagnetic pole for the Siberian Platform at the time of 705-720 Ma was located in
the central part of the Indian Ocean.

Table 1. Paleomagnetic poles for the rocks of the Tomtor massif of the Udzha Uplift and the Medvezhevka
Formation of the Longdor Uplift of the Siberian Platform

Object Age (Ma) Plat(®) Plong(®°) A95(°) Source
Tomtor alkaline massif 706 +9 -20.7 88.6 3.4 this work
Medvezhevka Formation 720-710 -22.1 93.3 2.7 [3]
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KAZANIAN-STAGE CHROMSPINEL PLACERS IN THE SOUTHERN PRE-URALS,
BASHKIRIA, RUSSIA
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Abstract. Six minor alluvial placers and one relatively large coastal marine chromite placer were
found in sandy sediments of the Kazanian Stage in the Southern Pre-Urals. All these placers are
referred to as proximal chromite placers and have no analogues in the world. The bulk chemical
composition of chromspinels from all placers is nearly the same and generally correlates with
compositions of chromspinels from the Kraka ophiolite complex in the Southern Urals. The
discovery of these placers allows introducing the new Southern Pre-Urals chromite-bearing
region in the local raw material geology.

Key words: marine-coastal and alluvial chromite placers

Chromite placers are divided into three genetic types, i.e. eluvial-diluvial, alluvial and
coastal marine [1]. The former occurs close to the removal source (area of the Great Dike in
Zimbabwe, Camaguey in Cuba, Sarany in the Ural region), while the rest are at the distance of
first kilometers to several tens of kilometers (on the Maharashtra bank in India, on the Oregon
coast in the USA, on the north-eastern coast of the RSA, etc.) [2-4]. In the Ural region, chromite
placers are known on the western (Sarany deposit) [5] and eastern (Alapay and Varshavka
occurrences) slopes [6]. These placers are eluvial-diluvial and occur as boulder assemblages. No
coastal marine placers are known in the Ural region, while alluvial placers are minor and have no
commercial value, even potentially.

The Sabantuy placer was discovered first and studied most comprehensively [7]. The ore
bed has the maximal and stable thickness (0.9-1.0 m) and the greatest area (>16500 m?, not less
than 330 m long and 50 m wide). Minimal forecast resources (P> category) of chromite ores with
the average Cr.Os; content of 11 wt.% and the average density of the ore of 3.2 g/cm® are
estimated at 50160 t (15675 m®). Layers of concentrated chromite-bearing sandstones called
chromitolites are as thick as 1 to 130 mm. Chromitolites typically show a varied layering, i.e.
horizontal, gently undulated, cross-undulated, cross-multidirectional and slanting and sinuous at
places. Two former types prevail, but patterns of their distribution are still unclear. The chromite
bed overlies fine-grained sandstones with subhorizontal and cross bedding that contain
interlayers of gravel and pebbles in the upper part of the section. Most of chromspinel grains are
octahedrons (regular or distorted). Sandstones enclosing the ore bed are typically well-sorted and
mainly contain well-rounded debris. Sandstone grains are fragments of rocks (77-82%), quartz
(9-12%), silicate (6—10%) and ore minerals (1%).

Other minor placers (Kolkhoznyi Prud, Verkhne-Yaushevo, Sukhoy lzyak, Bazilevo,
Novomikhaylovka, Kiryushkino) are similar in lithology and insignificant thickness of the ore
bed. They were discovered in gravel sandy quarries at the distance of 5 to 25 km from the
Sabantuy placer. The areas of chromite placers vary from 200 to 1100 m2. The ore beds with the
thickness of from 1-3 to 30—40 cm were discovered in sandstone lens and flexuous cross-bedded
layers among gravel-pebble units. Dip angles reached to 35°, average 17°.
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The lithology of chromite-bearing sections is similar, but there is not a single identical
section, which suggests local differences in the lithodynamic sedimentation environment. Most
of the studied placers (excluding Sabantuy) show either unidirectional cross-bedding of chromite
sediments, or subhorizontal bedding in thin rapidly pinching out lenses of sandstones. Sandy
lenses are commonly wavy in the longitudinal section. Their debris are well-sorted and poorly
rounded. These features are typical of alluvial deposits [8, 9]. Cross- and gently undulated,
locally multidirectional slanting bedding was indicated in sandstones of the Sabantuy section.
The debris is highly well-sorted and well-rounded. Such features are typical of coastal marine
(possibly delta) sediments [8, 9].

Most studied grains (>70%) on the AI**-Cr3*—Fe®* diagram occupy fields of chromite and
alumochromite, mainly reflecting variations of Cr and Al, and they are almost completely
overlapped by compositional fields of chromspinels from the Kraka ophiolite massifs.

Chromite placers of the Southern Pre-Urals are unique, being placers of no proximal, but
distal, though they are not complex. Distal placers are produced by rewashing of great masses of
ore-bearing sediments. Thus, they contain various ore minerals characterized by particular
stability in the hypergenesis area (ilmenite, zircon, rutile, magnetite, chromite, etc.). Chromite is
the main mineral in the Southern Pre-Ural placers, while ilmenite and especially zircon are minor
in them. Most the studied placers over the world, not only chromite-bearing, are young, while
ancient mineral placers are studied far worse. Chromite placers of the Southern Pre-Urals show
features of a proximal placer [10], but no primary source is found nearby (at least within a radius
of 200 km), neither is any sign of its former presence. Probably it first find of such distal placers
in the world. We presume that the potential of discovering new chromite placers in the study area
is not constrained and all of them can be referred to the new Southern Pre-Ural chromite-bearing
ore region.

Funding: This work is supported by the Council of the President of the Russian Federation, grant number
MK-857.2021.1.5, and grant RB NOC-GMU-2021. The analytical studies were supported by State
Contract of IG UFRC RAS (no. FMRS-2022-0012).
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HOW WIDE WAS ~1000-950 MA MAFIC MAGMATIC EVENT: DATA FROM THE
SIBERIAN AND NORTH CHINA CRATONS?
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Abstract. The study considers the distribution of the Meso-Neoproterozoic Sette-Daban complex
(Siberia) and its relationship with mafic magmatism in the North China Craton. A comparison of
geological, geochemical, paleomagnetic, and isotope data allows us to conclude that a single
global event may exist.

Key words: Siberian Craton, North China Craton, Meso-Neoproterozoic, mafic magmatism,
paleoreconstruction

During ca. 1000-900 Ma the Siberian Craton was a part of the Rodinia supercontinent.
Mesoproterozoic—early Neoproterozoic mafic intrusions are widely distributed on the
southeastern margin (in modern coordinates) of the Siberian Craton cutting Meso- and lower
Neoproterozoic carbonate and clastic rocks [1]. The majority of the intrusions belong to the ca.
1005-975 Ma Sette-Daban magmatic event. However, sills from the west of the Allakh-Yun and
Yudoma rivers yielded Sm-Nd ages of around 950 Ma overlapping within error with the 974 + 7
Ma U-Pb baddeleyite age, and were likely related to the Sette-Daban event as well [2-4].

Close in age sedimentary rocks and mafic intrusions were also found in the North China
Craton, where a set of sills yielded ca. 945 and 920 Ma U-Pb zircon SIMS ages [5]. These
Neoproterozoic sills intruded the successions that contain correlative strata that are named
Nanfen, Xinxing, and Liulaobei formations in Liaoning, Jiangsu, and Anhui provinces,
respectively [5]. At the moment, there are several competing paleotectonic reconstructions of the
position of Siberian and the North China cratons in the Meso-Neoproterozoic time [6, 7].
However, in many of those reconstructions, these cratons are quite close. Comparison of
geochemical data on mafic intrusions from both cratons has established that they are similar both
in composition and in the geodynamic settings. This indicates that intrusions from Siberia and
North China may be parts of the same major mafic magmatic event, probably forming a LIP,
which fragments are now recognized on several cratons.
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EVOLUTION OF THE AUSTRALIAN-ANTARCTIC PART OF THE SOUTH
EASTERN INDIAN RIDGE IN PALEOCENE - EOCENE
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Abstract. We consider the segment of South Indian Oceanic Ridge (SEIR) between 120° and
139° E. This segment lies between continental margins of Archean cratons — Gawler (Australia)
and Mawson (Antarctica). In the east, this area is bounded by the George V transform fault, and
in the west it includes the Australian—Antarctic Discordance (AAD) transform fault system. To
identify the features of the formation of the SEIR, the early stage of spreading (83-40 Ma)
combined with and shear tectonics in the eastern part of the paleocontinent of Australia-
Antarctica are going to be considered.

Key words: South Eastern Indian Ridge, Australian—Antarctic Discordance, slab, spreading,
Australia, Antarctica

The work discusses the features of the evolution of the South Indian Oceanic Ridge (SEIR)
in the Paleocene—Eocene. The break-up of Australia and Antarctica occurred as a result of the
propagation of spreading axes moving towards each other from the Indian and Pacific Oceans.
The mode of the interaction (overlapping) of these spreading axes during 65-40 Ma determined
the features of the break-up of the Australian-Antarctic craton Mawson-Gawler and the
subsequent mode of the opening of the oceanic space of SEIR.

The main attention is given to the origin of the Australian-Antarctic Discordance which
represent a segment of SEIR between 120° and 128° E. It is characterized by a rugged and
chaotic morphology of the sea-floor [1] and by a series of closely spaced transform faults with a
slight displacement of the spreading axes. The eastern part of the AAD is the most ancient, since
the abnormally rough morphology of the sea-floor in this part has been observed since 21/24
chron (~ 50 Ma) [2]. The western structures of the oceanic crust of AAD are sufficiently
younger. The Australian-Antarctic Discordance is underlain by the Australian-Antarctic Mantle
Anomaly (AAMA) that is interpreted as a slab downwelling in a north-western direction under
the basement of the AAD. The AAMA is about 1500 km across and 40-120 km deep [3].

There is a problem with the pre-rift disposition of Australia and Antarctica. The main
feature of all models is the mismatch of the conjugate continent-ocean boundaries (COB), which
is well observed because of the presence of a wide and elongated gap in the central part of the
ancient paleocontinent, or in the overlap of continental margins in the western and eastern
regions of Southern Australia and Antarctica [4-6].

The age of the palaeoreconstruction (40 Ma) corresponds to the junction of the Indian and
Pacific axes of oceanic spreading with each other and to the final break-up of Australia-
Antarctica within the Mawson-Gawler craton. This palaeoreconstruction (Figure 1) also reflects
the position of Australia and Antarctica and the time by which the most ancient eastern structures
of the AAD were started to form.

The age of 40 million years for reconstruction was chosen by us for several reasons. First,
starting from the 18-o chron (40 Ma) the modern ocean spreading regime has been established in
the SEIR [7, 8]. Second, the Indian and Pacific axes of spreading have been connected to each
other for about 40 Ma. We can conclude, there were no younger tectonic events that could
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significantly affect the ocean spreading in the SEIR. It also means that later significant stretching
and deformation of the continental margins and of the conjugated COB are unlikely.

In the presented palaeoreconstruction (Figure 1), the gap between the conjugate COB of
Australia and Antarctica has significant dimensions — about 1500 x 300 km, which is comparable
to the size of AAMA under AAD — 1500 x 500 km [2]. In this work, we propose the model of
formation of genetic relations between AAMA (causing the AAD structure) and the gap between
conjugated COB of Australia and Antarctica 40 Ma.

Figure 1 — Palaeoreconstruction of the pre-rifted disposition of Australia and Antarctica by 18-0 Chron -
40 Ma (using data from [9])
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Abstract. The results of the analysis of microfractures in 15 oriented rock samples collected
across the core of the Primorsky Fault of the Baikal Rift Zone are presented. For the automatic
detection and analysis of microfractures in images of oriented thin sections, a special technique
for microstructural analysis (STMA) was proposed. Petrographic data were compared to the
quantitative parameters of microfracture networks. The damage zone of the Primorsky Fault
including three clusters characterized by different porosity, permeability and deformation type,
was identified.

Keywords: microstructural analysis, microfracture mapping, Primorsky Fault, tectonite, Baikal
Rift Zone.

Microstructural analysis in geology is mainly used to establish the spatial and temporal
relationship between microfracture ensembles of different genetic types, as well as to reconstruct
the stress—strain fields, which act within small volumes of mineral aggregates [1, 2]. The
technique of traditional microstructural analysis is reduced to statistical measurements of the
position of certain crystallographic or optical elements of grains of some minerals in the rock [3].
However, the main problem of the traditional microstructural analysis method is the technical
complexity of its implementation, the lack of a computer-automated software, the need to obtain
a large amount of data and the extremely ambiguous interpretation of the data.

Modern methods of microstructural analysis always rest on the determination of geometric
parameters of all microstructures, for which its number can reach hundreds of thousands in a
single oriented thin section. Obviously, without the use of any special technique of automatic
detection, the solution to this problem is not only technically complex, but is also time-
consuming. The research methodology is aimed at identifying the heterogeneity of the fault zone
based on the analysis of the spatial distribution of microfracture parameters. For the automatic
detection and digitalization of microfractures in images of oriented thin sections and automatized
analysis of objects at the microscale, a special technique for microstructural analysis (STMA)
was proposed.

Oriented rock samples were taken from outcrops across the strike of the Primorsky deep
Fault of the Baikal Rift Zone (Irkutsk region, Russia) in the area of the Sarma river. The
Primorsky Fault is the largest and best-documented neotectonic structure [4, 5] in the region. It
belongs to the Obruchev fault system. The main thrust event occurred in the Paleozoic [6], but
the compression structures became active again in later tectonic events. The age of the last
activity remains poorly established and varies from Mesozoic to Miocene—Pliocene in different
models [6, 7]. The setting of neotectonic regional stress changed from early orogenic shear
strike-slip about 30 million years ago to late orogenic extension about 3 million years ago [8].
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The main trace of the Primorsky Fault is geomorphically expressed as a ledge and is available
for geological surveys over 200 km.

The selected and analyzed samples of rocks are represented by numerous varieties of
predominantly metamorphic and igneous rocks, as well as their metasomatically altered varieties.
Shales, gneissose granite, plagiogranites, amphibolites and gabbro, varied in mineral
composition, were distinguished. The studied rock samples are classified as mylonites,
blastomylonites, cataclasites, blastocataclasites and host rocks, which were not subjected to
intensive deformations. Among other characteristics, the type of deformation was assessed, and
metamorphic and metasomatic changes were characterized.

In the first stage of STMA, images of thin sections were mapped in a local rectangular
coordinate system using QGIS. At the second stage, a directional filtering of the image was
carried out. Four filtered images were produced by ENVI software related to the directions N-S,
NE-SW, E-W and NW-SE. In the third stage, the automatic extraction of lineaments
(microfractures) using PCI Geomatica was carried out.

The main quantitative parameters of the identified microfractures including number of
objects (microfractures), cumulative length, length of each microfracture, mean aperture of each
microfracture, length of each straight segment of each microfracture, strike azimuth of each
straight segment of each microfracture, number of intersections of microstructures, studied area
of thin section were calculated in QGIS. The spatial distribution of microfractures over the area
of the thin section was analyzed by constructing density maps. Rose diagrams of microfractures
were built according to the values of their spatial orientation and considering their lengths.

In this study, fluid transfer properties are used as indicators of structural features of rock
samples and probable heterogeneity of the fault zone. Calculated porosity and permeability are in
agreement with the results of petrographic analysis. It allows the identification of zones that
characterize the heterogeneity of the fault. A preliminary scheme of heterogeneity of the
Primorsky Fault was created. Three zones, which are characterized by different values of
porosity and permeability, types of deformations and type of tectonites, were identified.
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LITHOGEOCHEMICAL CHARACTERISTICS AND GEODYNAMIC OF THE UPPER
PALEOZOIC YAKSHA FORMATION (WESTERN TRANSBAIKALIA)
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Abstract. The paper considers the petrographic and lithogeochemical features of the terrigenous
rocks of the Yaksha Formation. Based on the data obtained, it was established that the rocks of
the Yaksha Formation belong to the graywackes. Lithogeochemical and petrographic features
indicate the presence of volcanogenic material in the source area. The lower member of the
Yaksha Fromation was accumulated in the conditions of a relatively shallow shelf coast. The
upper member of the Yaksha Formation is in deeper water conditions. The most probable
geodynamic setting for the formation of terrigenous deposits of the Yaksha Formation was an
active continental margin or island arc.

Key words: the Yaksha Formation, terrigenous rocks, sedimentation environments,
lithogeochemical characteristics, Upper Paleozoic.

The Bagdarin Synform occupies the central and northern parts of the Vitim Plateau.
Structurally, the synform is considered as a graben-syncline with a complex fold-cover structure
formed at the end of the Early Hercynian stage [1, 2]. Precambrian metamorphic rocks and
weakly metamorphosed sediments of the Upper Paleozoic (D—C»1) are widespread within its
limits. Ideas about the age, volume and stratigraphic position of synform formations, the history
of their sedimentation and geodynamic evolution, are still debatable. One of the least studied
aspects is the material composition of sedimentary complexes. Identification of the environments
of accumulation of the Upper Paleozoic terrigenous rocks of the Bagdarin synform will make a
significant contribution to the reconstruction of the history of the formation of the West
Transbaikal region and the development of geodynamic models of the evolution of the Central
Asian and Mongolian-Okhotsk fold belts.

The Yaksha Formation (Dsjk), with a total thickness of 1300 m, is composed of
terrigenous-carbonate rocks and is subdivided into the lower and upper members of the Yaksha
Formation [1-3]. The lower member of the Yaksha Formation (460 m thick) is essentially
carbonate, composed of silty limestones, siltstones, and shales. The upper member of the Yaksha
Formation is essentially terrigenous (850 m thick) and is represented by the rhythmic
intercalation of sandstones, argillaceous and carbonaceous shales, siltstones, siltstones, with
limestone interbeds. Sandstones and siltstones contain quartz, plagioclase, magnetite, apatite, and
epidote. The cement of terrigenous rocks is chlorite. The paleontological characteristics of the
Yaksha Formation (corals, conodonts, algae, stromatoporoids, bryozoans, crinoids, chitinozoans,
myospores) determine its stratigraphic position in the Upper Devonian within the Fransian and
Famennian ages [1]. According to the petrographic and lithochemical characteristics, the
terrigenous rocks of the Yaksha Formation correspond to graywackes. According to the
hydrolyzate modulus (HM = (Al203 + TiO2 + Fe203 + FeO + MnO)/Si0O>), terrigenous rocks are
classified as siallites: from low-hydrolyzate hyposiallites (0.30-0.35) to high-hydrolyzate
supersiallites (0.49-0.55). [4, 5] The type of siallites and siferlites can include volcanic-
sedimentary and even volcanic rocks, for which the absolute content of MgO (>3%) is used for
recognition. The values of the titanium modulus (TM =TiO2/Al.Oz) make it possible to classify
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the rocks as normo-titanium (0.030-0.070) and super-titanium (0.071-0.100) siallites. According
to Yudovich and Ketris [6], the super-titanium composition can be attributed to volcanomictic
sediments and oceanic rocks, since the basic volcano- and pyroclastic admixture has a high
titanium content. According to lithofacies and geochemical data, the lower member the Yaksha
Formation accumulated under conditions of a relatively shallow shelf coast, with an insignificant
input of terrigenous clastics, while the upper member of the Yaksha Formation accumulated in
deeper water, neritic conditions of the open shelf margin [5]. Reconstruction of geodynamic
settings allows us to conclude that terrigenous rocks are associated with an active continental
margin or continental island arc [7]. This corresponds to the range of compositions of volcanic
rocks of the Kuril-Kamchatka island arc.

The obtained data suggest that the Yaksha Formation includes sediments of predominantly
greywacke composition. The lithogeochemical and petrographic features of this
stratosubdivision testify to the presence of volcanogenic material in the source area. The most
probable geodynamic setting for the formation of terrigenous deposits of the Yaksha Formation
was an active continental margin or island arc.
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CONDITIONS AND FEATURES OF THE FORMATION OF METABASITE AND
METATERRIGENOUS ROCKS OF THE TELETSK ZONE OF GORNY ALTAI
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Abstract. The paper presents the data of petrographic, geochemical and mineralogical studies of
metabasite rocks of the Teletsk zone of Gorny Altai. It is shown that the material composition of
metabasalts belongs to basalts oceanic, terrigenous schists - basaltic andesites and andesites of
island arcs. Chemical analysis of amphiboles showed that it belongs to calcium and is zoned:
crystal compositions vary from tremolites (in the centers) to hornblende and pargasites (on the
periphery). The obtained set of data allows us to consider that the studied rocks are part of an
accretionary wedge, in which oceanic basalts and turbidites, formed as a result of the destruction
of rocks in the island arc.

Key words: amphibole, basalt, terrigenous schist, Gorny Altai, geochemistry

In this paper, we consider the features of the material composition of the metabasites and
metaterrigenous rocks of the Teletsk shear zone, in the eastern part of the Gorny Altai and
extending for over 300 km, from Lake Teletskoye in the north to the village of Aktash in the
south.

In the structure of the eastern part of Gorny Altai, three large blocks are currently
distinguished: Gorny Altai, West Sayan and Teletsk, separated from each other by the large
North Sayan, Teletsk-Bashkaus, Shapshal and other smaller fault collision-shear zones [1-4].

As a result of the petrographic studies of rocks from the Teletsk zone, among the
metamorphosed volcanic and terrigenous rocks, two types of rocks were distinguished according
to the mineral composition and degree of metamorphism:

1. Metabasalts, represented by plagioclase and plagioclase-amphibole porphyrites and
aphyric basalts, metamorphosed under greenschist facies conditions and retaining primary
igneous structures.

Aphyric metabasalts, which do not have pronounced phenocrysts, contain crystals of
amphibole, epidote, chlorite, plagioclase and quartz in their composition, and to a greater extent,
compared to porphyrites, are transformed into greenschist facies of metamorphism.

2. Terrigenous schists are clearly banded and are represented by quartz, amphibole, chlorite;
quartz, amphibole, epidote and quartz, amphibole, biotite schists, formed under epidote-
amphibolite facies conditions.

Geochemically, terrigenous schists and metabasalts are represented by several types of
protoliths. Most plots of rare-earth elements (REE) normalized to chondrite [5] for metabasalts
with preserved igneous structures and terrigenous schists show slightly sloping REE distribution
spectra slightly enriched in light REE (LREE) relative to heavy REE (HREE) — (La/Yb)n = 2.40
on average. On multielement diagrams, they also form slightly negative spectra with different
degrees of Rb, Cs, Ba, Th, and K differentiation: weakly expressed in metabasalts and more
distinct in metamorphic rocks. In addition, the metabasalts show a Ti-minimum, while the
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metamorphic rocks show P-minimum. Such spectra are characteristic of oceanic basalts of the
enriched mid-ocean ridge basalts (E-MORB) type.

In addition to mid-ocean ridge basalts, the Teletsk zone contains metamorphic rocks, the
protolith of which was other types of oceanic basalts. One sample has distribution spectra of
REE close to ocean island basalts (OIB) (metabasalt B-17-121) with (La/Yb)y = 7.42, and the
second one is close to ocean plateau basalts (OPB) (metabasalt B-17-128) with La/Yb)y = 1.57.
In the multielement diagram, metabasalt B-17-121 demonstrates clearly manifested K- and P-
minimums, and the slope of the spectrum is generally strongly negative. It can be assumed that
OIB served as the protolith for this sample. Metabasalt B-17-128 on the multielement diagram
does not have clearly expressed anomalies and the spectrum slope in any direction, therefore, the
OPB probably served as a protolith for it.

Terrigenous schists are rocks with negative distribution spectra of REE with high
LREE/HREE ratios close to OIB — (La/Yb)n = 6.33 on average. They also have a strong negative
Eu-anomaly, indicating plagioclase fractionation. On the multielement diagrams, the studied
rocks demonstrate strong differentiation of Rb, Cs, Ba, Th, K, increased values of the
LILE/HREE ratio, and distinct Nb-, Ta-, P-, and Ti-minimums. Based on these data, it can be
assumed that these rocks formed as a result of destruction an calc-alkaline basaltic andesites and
andesites of island arcs.

The study of amphiboles from these rocks showed that they are zonal and, according to the
nomenclature [6], with Nag values on average 0.1-0.2 belong to calcium amphiboles. The
compositions of the central parts of the crystals according to the ratio (Na+K+Ca) and (Al+Fe)
correspond to tremolites and low-alkaline magnesian hornblendes, and the periphery — to high-
alkaline hornblendes and pargasites.

Based on this, it should be assumed that these rocks are part of the accretionary complex,
which combines basalts of the oceanic crust and turbidites of the deep-sea trench as products of
destruction of island arc.
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Section PALEONTOLOGY AND STRATIGRAPHY
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Abstract. The possibility of synonymy of the belemnite species Boreioteuthis hauthali (Bliithgen,
1936) and B. freboldi (Bliithgen, 1936) was evaluated using cluster analysis. Using rarefaction
and extrapolation (Hill numbers), the dynamics of belemnite species diversity in the Anabar
region of northern Siberia in the Ryazanian and Valanginian was analyzed, independent on the
number of observed individuals.
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Statistical methods have been previously applied to the Jurassic belemnites of the family
Cylindroteuthididae [1]. For the Cretaceous cylindroteuthidids, they are applied for the first time.
The application of statistical methods is mainly due to the possibility of solving those problems
that cannot be solved by other methods or considerably simplify their solution.

One of the most important purposes of using of statistics in paleontology is to solve
systematic problems on large samples. The task solved in context of this work is to consider the
possible synonymy of the Early Cretaceous Boreal species Boreioteuthis hauthali (Bliithgen,
1936) and B. freboldi (Bliithgen, 1936). Various researchers either separate these species [2] or
combine them under the name B. hauthali [3]. This is due to the great similarity of the rostrum
morphology of these species. To solve the problem, measurements of rostra (in accordance with
the adopted methodology [1]) studied from northern Siberia were loaded into the PAST program.
The number of specimens considered was 53, and the parameter matrix contained the values of
three relative parameters, PA%, LL%, and [1%. The table also included measurements from the
literature [2,3]. To consider the differences, a similarity plot was constructed using the UPGMA
algorithm, which is the most suitable according to the results of tests on known samples. As can
be seen, there is neither a clear division of the sample into two groups on the graph, nor a
separation of rostra identified as B. freboldi from B. hauthali (Fig. 1), and this is evidence in
favor of the synonymy of these species. The graph shows the isolation of several rostra identified
mainly as B. freboldi, but this rather indicates that they are a separate species, distinct from B.
freboldi and B. hauthali. Of course, cluster analysis should not be determinative in systematic
constructions. However, the data obtained allow us to work with large samples, finding
regularities in them that are not detectable by standard methods.

The next aspect of the work is the study of biodiversity. In order to estimate the
biodiversity by summarizing data from several sites, it is not sufficient to simply count the total
number of species per stratigraphic unit (e.g., ammonite zone). This can lead to misleading data
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due to the different number of observed individuals per unit. Stratigraphic units characterized by
more fossil finds will show greater diversity. To avoid this problem, it is necessary to average
the diversity in all units by the same number of finds. A sample-size-based extrapolation or
rarefaction of Hill numbers was performed using an algorithm in the INEXT Online program [4].
Fourteen finds were chosen as the average value to estimate the dynamics of species diversity of
belemnites (generalized to an ammonite zone) in the Anabar region for the Ryazanian—
Valanginian. As it turned out, the data obtained should be extrapolated for half of the ammonite
zones (Ryazanian), and they should be rarefied for the rest half (Valanginian). The plot
constructed using the INEXT package shows differences from the standard diversity plot (simple
summation of observed species). In particular, fluctuations in diversity are not detected for the
Valanginian when using a unified standardization method. Despite fewer finds of belemnites in
the Ryazanian, a greater species diversity is predicted, but with wide confidence intervals. Thus,
the number of finds has a great influence on the apparent diversity and can lead to incorrect
conclusions.
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Figure 1 — The result of clustering of belemnite rostra assigned to the species Boreioteuthis freboldi
(Bliithgen, 1936) and B. hauthali (Bliithgen, 1936) (a), and belemnite species diversity curves for the
Ryazanian—Valanginian of Anabar region (b): 1-2 — sample-size-based extrapolation (1) and rarefaction (2)
with confidence intervals; 3 — total number of observed species.
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MIDDLE JURASSIC PALEOPHYTOGEOGRAPHY OF SIBERIAN PALEOFLORAL
REGION
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Abstract. In the Middle Jurassic the Siberian paleofloral region included the North Chinese and
West Siberian provinces. Within the North Chinese province there were Fergana and Ordos
subprovincies. The Ural, Predyenisey and Angara-Viluy subprovinces are distinguished within
the West Siberian province. Axial groups of plants, which characterized by frequent occurrence
in the geological record, wide geographical distribution, and pronounced endemism at the
family, generic, and species levels, were used to distinguish subprovinces.

Key words: paleofloristic zoning, paleofloral subprovincies, species endemism level, migratory
species.

In Eurasia in the Early and Middle Jurassic, there were two large paleofloral regions: Euro-
Sinian and Siberian [1]. The Siberian region included the West Siberian and North Chinese
provinces [2]. Axial groups of plants are used for detailed paleofloristic zoning. They are
characterized by frequent occurrence in the geological record, wide geographical distribution,
and pronounced endemism [3]. The ferns Coniopteris, Cladophlebis, representatives of orders
Ginkgoales, Leptostrobales, and conifers conditionally ascribable to the family Pinaceae
(Pityophyllum, Pityospermum, Schizolepis) are the axial groups in the Early and Middle Jurassic
floras of the West Siberian province. In addition to the taxa listed above, the cycads (Ctenis,
Nilssonia), bennettites (Anomozamites, Pterophyllum) and Voltziaceae conifers (Ferganiella,
Lindleyocladus, Podozamites) are the axial groups for the even-aged floras of the North China
Province [4]._Migratory species from the Euro-Sinian region take a special place in the Jurassic
floras of Siberian region: ferns (Clatropteris, Phlebopteris, Todites), bennettites (Nilssoniopteris,
Ptilophyllum, Otozamites) and conifers (Brachyphyllum , Pagiophyllum). When distinguishing
subprovinces, the attention was paid to the migratory species and endemics presence in floras as
part of axial groups.

The North Chinese province included the Fergana and Ordos subprovincies [4]. The Fergana
subprovince unites the Middle Jurassic floras of the Fergana and Issyk-Kul depression, the
Karatau and Angren ridges. These floras have a high level of species endemism as part of axial
groups (43% of total species). Endemics are present among the Coniopteris, Cladophlebis,
Ctenis, Nilssonia Anomozamites, Pterophyllum, Nilssoniopteris, Ginkgoites, Sphenobaiera,
Eretmophyllum, Pseudotorellia, Czekanowskia, Phoenicopsis, Ferganiella, Podocarpophyllum
genera. The Leptostrobales and Ginkgoales are characterized by the highest species endemism.
And in the latter there is an endemic genus Nagrenia. The participation of migratory species
from the Euro-Sinian region is relatively small (12% of total species). They are represented by
ferns (Todites, Clatropteris, Gonatosorus, Marattiopsis, Osmundopsis), bennettites
(Nilssoniopteris, Anomozamites, Pterophyllum, Williamsonia), Caytoniales (Sagenopteris) and
Cheirolepidiaceae conifers (Pagiophyllum).

The Ordos subprovince includes the Middle Jurassic floras of Northern China (Qinghai,
Gansu, Shaanxi, Shanxi, Hebei, Liaoning and Inner Mongolia). The species endemism level is
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high in the flora (44% of total species)._Endemics are present among the ferns (Coniopteris,
Cladophlebis), cycads (Nilssonia), bennettites (Anomozamites, Pterophyllum, Wielandiella,
Weltrichia), Ginkgoales (Ginkgoites, Sphenobaiera, Pseudotorellia, Yimaia, Vittifoliolum). A
smaller number of endemics is observed among Leptostrobales._Migrants from the Euro-Sinian
region make up 5% of the total number of species. They are represented by ferns (Marattia,
Todites), bennettites (Nilssoniopteris) and conifers (Brachyphyllum).

The Ural, Predyenisey and Angara-Viluy subprovinces are distinguished within the West
Siberian province [4]. The Ural subprovince unites the Middle Jurassic floras of the the Alakul
depression, Turgai, Maikyuben, Karaganda and, probably, Pechora and Dzhungar Basins. The
flora of subprovince contains endemics (26%) and migrants (28%) as a part of axial groups. The
highest endemism level is observed in Cladophlebis ferns and Leptostrobales. Unlike the even-
aged floras of the Predyenisei and Angara-Vilyui subprovinces, migratory species from the Euro-
Sinian region and especially from the North China province of the Siberian region are very
importance here. Migrants are dominated by ferns Coniopteris, Todites, Cladophlebis, to a lesser
extent cycads (Nilssonia, Taeniopteris) and bennettites (Anomozamites).

The Predyenisei subprovince includes the floras of Western Siberia and Kuznetsk Basin.

The species endemism level is 32%. The largest number of endemics is observed in the
composition of the order Leptostrobales, and especially in the genus Phoenicopsis._The
migratory species are large (20% of total species). However, the natives of the North China
province of the Siberian region predominate over the species of the Euro-Sinian region. The
ferns (Coniopteris, Cladophlebis) and cycads (Nilssonia) are most diverse among the migratory
species.
P The Angara-Vilyui subprovince in the Middle Jurassic unites the floras of the Kansk,
Irkutsk, Ulugkhem, Lena and South Yakutia Basins. The endemics is observed in ferns
(Coniopteris, Osmunda, Cladophlebis, Raphaelia), Gingoales (Baiera, Sphenobaiera, Ginkgoites,
Leptotoma, Pseudotorellia, Eretmophyllum) and Leptostrobales (Czekanowskia, Phoenicopsis).
Unlike the Middle Jurassic flora of the Predyenisei subprovince, in which the Leptostrobales
endemic species prevail in the genus Phoenicopsis, a species endemism of the genus
Czekanowskia is more developed in this flora. The migratory species in the flora of the Angara-
Vilyui subprovince are not large (9% of total species), compared with other subprovinces of the
West Siberian province. Probably the composition of thermophillous migratory species was
affected by the northernmost location of the Angara-Vilyui subprovince._ Migrants are
represented by ferns (Phlebopteris, Coniopteris spectabilis, Cladophlebis), bennettites
(Anomozamites) and conifers (Pagiophyllum).
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ELEMENTAL CHEMOSTRATIGRAPHY AS A SEQUENCE STRATIGRAPHICAL
TOOL (A CASE STUDY FROM THE NORTH-EASTERN ULYANOVSK-SARATOV
TROUGH OF THE EASTERN RUSSIAN PLATFROM)
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Abstract. The element geochemical ratios can be exploited for high-frequency sequence
stratigraphic division of the Mesozoic deposits of the Ulyanovsk-Saratov Trough. Based on the
terrigenous input proxies (Al, K, and Ti), Si/Al, Ti/Al, Zr/Al, and Si/Zr ratios, sequence
stratigraphy framework comprising transgressive-regressive cycles is constructed. The Sr/Ba,
Ca/Mg, Fe/Mn, and Rb/Ca ratios were chosen as markers for facies alterations, physical and
chemical conditions including water salinity and sediment transport distance.
Chemostratigraphy, which may be applied to various fine-grained successions, is used to support
its geological history (including sedimentation patterns and a local record of relative sea level).

Key words: sequence stratigraphy, high-frequency sequence, Chemostratigraphy

The study area is located on the eastern Russian Platform, which was covered by an epeiric
sea during the Late Jurassic — Early Cretaceous and acted as a strait between northeastern Peri-
Tethys and the Boreal-Arctic Sea. It is part of the 850-kilometer-long Ulyanovsk-Saratov
Trough, which is filled with the Middle—Late Jurassic, Cretaceous, and Paleogene deposits [1].
The Tatar-Shatrashany borehole is located 3 km to the north-east of the Tatar Shatrashany
village (Drozhzhanovsky district, the Republic of Tatarstan). The study section comprises the
Upper Jurassic to the Lower Cretaceous succession of marine mudrocks interbedded by
sandstones, marlstones, and black shales (Fig. 1).

Major and trace element geochemical analyses using inductively coupled plasma mass-
spectrometry (ISP-MS) and X-Ray fluorescence analysis (XRF) were used to determine the
sequence stratigraphy, sea-level curves, and geochemical features in the Upper Jurassic—Lower
Cretaceous deposits of the north-eastern Ulyanovsk—Saratov Trough. In total, more than 100
samples were examined (Fig. 1).

Principal component analysis was utilized to direct relevant geochemical proxies and
elements. Based on the terrigenous input proxies (Al, K, and Ti), the Si/Al ratio, the Ti/Al ratio,
the Zr/Al ratio, and the Si/Zr ratio, a sequence stratigraphic framework consisting of
transgressive-regressive cycles is created [2]. Where Maximum flooding surface (MFS) is
defined as the point at which the terrigenous elements are at their lowest, the Si/Al ratio is
greatest, and the Ti/Al and Zr/Al ratios are decreasing. This would signify a greater relative sea
level since less terrigenous material is being deposited, as well as enhanced biogenic silica or
lower clastic dilution.

The ratios Sr/Ba, Ca/Mg, Fe/Mn, and Rb/Ca were used as facies change markers in this
study, these ratios might be utilized to determine physical and chemical factors like water
salinity and sediment transport distance [3, 4]. The succession of sedimentary rocks may be
separated into elemental ratios, each of which has a unique set of characteristics.
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The geochemical elemental ratio data demonstrate that around the Maximum Flooding
Surface (MFS), the ratios Rb/Ca and Fe/Mn are quite low, whereas the ratios Ca/Mg and Sr/Ba
are generally high. While at the Sequence Boundary (SB), the Ca/Mg and Sr/Ba ratios are quite
low, the Rb/Ca and Fe/Mn ratios are very high. These characteristics can be utilized to identify
high-frequency sequence division. The main results that Five second order sequences and lots of
those of the third-order were distinguished in the Mesozoic succession of the Ulyanovsk-Saratov
Trough depending on the geochemical data which has also been proven by correlation with
ammonite biostratigraphic zones [5, 6].
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Figure 1 — Stratigraphic scheme of the Tatar-Shatrashany well with Geochemical analysis and sequences.
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PALEOTEMPERATURES AND OXYGEN ISOTOPIC COMPOSITION OF THE
MIDDLE VOLGIAN BLACK SHALES (ULYANOVSK-SARATOV TROUGH,
EASTERN RUSSIAN PLATFORM)

Nikashin K.I., Zorina S.O.
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Abstract. The organic carbon-rich rocks of the Upper Jurassic Promzino Formation and their host
rocks (Ulyanovsk-Saratov Trough, Eastern Russian Platform) have been studied, and oxygen
isotope ratios in the skeletal remnants therein have been determined to evaluate the potentially
hyperthermal conditions during the black shales accumulation. The presence of Tasmanaceae
algae evidences the warm water conditions in the basin. Paleotemperatures in the region were not
extremely high in the Late Jurassic (17 — 23 °C). Moreover, no abrupt temperature rise is
detected. Nevertheless, the warm climate could have been one of the factors contributing to the
enhanced burial of organic matter.

Key words: hyperthermal events, OAE, organic carbon-rich shales, paleotemperatures

In the Mesozoic, several hyperthermal events are known, which are episodes of a rapid
increase in global temperature to extremely high values [1]. All of them are recorded in marine
sections composed of black shale horizons. In the Eastern Russian Platform (North-Eastern Peri-
Tethys), several Mesozoic black shale formations widely occur, one of those is the Middle
Volgian Promzino Formation. Little attention has yet been paid to studying potentially
hyperthermal conditions in the Late Jurassic and their manifestation in the sedimentary
succession of the North-Eastern Peri-Tethys. The aim of our research is to find out whether the
Promzino black shales were formed during the hyperthermal conditions or just during the
greenhouse phase. To reconstruct the depositional environments of the organic carbon-rich
rocks, we have studied their geochemical features, clay mineral composition, and the stable
oxygen isotopes in the fossil shells. The study material includes 20 core samples from the Tatar-
Shatrashany borehole (Republic of Tatarstan), rock samples, and shell material from the outcrops
located near the village of Embulatovo (Republic of Tatarstan) and the Gorodishchi section
(Ulyanovsk Region).

The Promzino Formation is composed of marls, calcareous mudrocks, and bituminous
shales accumulated under alternating oxic and anoxic conditions [2]. The association of clay
minerals in the rocks studied includes smectite and illite-smectite, which are probably products
of weathering under the arid conditions. It should be noted that smectite and illite-smectite could
also be products of the volcanic ash transformation, which have been reported from the
Promzino Formation by many researchers [2; 3]. Probably, both formation mechanisms of these
minerals were carried out. Thin sections analysis using fluorescence microscope revealed
abundant algae Tasmanaceae [4], which could have been confined to warm water column [5].

To reconstruct paleotemperatures, the stable oxygen isotopes of biogenic carbonates
(ammonites, foraminifers, and belemnites) were analyzed. Lack of significant diagenetic
alterations of carbonates was preliminarily established. According to SEM images, primary shell
microstructures are well preserved. The results of the elemental analysis demonstrate a low
Mg/Ca ratio in the shell material, which is typical of pristine low-Mg calcite [6].
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Based on first results of the §*80 analysis, a paleotemperature curve was constructed (Fig.
1) using equations from [7, 8]. This curve shows quite a warm climate in the Late Jurassic in
study region, with water column temperatures ranging from 17 to 23 °C. However, a positive
temperature excursion during the deposition of black shales is observed neither in our curve nor
in the Veiser’s one constructed for the temperate belt of the Northern hemisphere [9]. Rather
abrupt warming in almost 4 °C is traceable from [10] for the Russian Platform, but the maximum
temperature obtained (20 °C) is much lower than that typical for the hyperthermal events.
Nevertheless, the warm climate, maintaining high productivity, was one of the factors
contributing to the enhanced burial of the organic matter in the eastern Russian Platform.
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Figure 1 — Variations of 8*8Ocarb, 8*3Ccarb, and the temperature curve for the Upper Jurassic composed section
of the Ulyanovsk-Saratov Trough
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DEPOSITIONAL ENVIRONMENTS OF THE UPPER DEVONIAN DEPOSITS
OF THE EASTERN RUSSIAN PLATFORM
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Abstract. This study aims to reconstruct sedimentary environments of carbonate rocks of the
Upper Devonian Frasnian Deposits on the Eastern European Platform. The work includes
petrographic analysis, facies and microfacies analysis, determination of the qualitative and
quantitative composition of microfauna (bioclasts) in the samples, photographing, constructing a
scheme and profile characterizing the facies inhering of the studied territory and the selected
well, XRD analysis, and Rock-Eval pyrolysis. The typical deposits, facies zones, and
sedimentation conditions in the presented territory are investigated.

Key words: Republic of Tatarstan, carbonate rocks, facies, petroleum resource potential,
depositional environments.

The study area is situated in the Russian Federation, in the Republic of Tatarstan, on the
Eastern European Platform. The studied wells are located in the Volga-Kama region, 800 km
east of Moscow.

The Upper Devonian carbonate layers in this region have high-productivity reservoirs with
the potential to find additional hydrocarbon resources.

The studies were carried out in Kazan Federal University, Institute of Geology and
Petroleum Technologies. Eighteen cores of carbonate rocks are sampled from six wells (23006,
220, 1192, 33, 34, 840) from Almetyevck, Sarmanovo, Leningorsk and Mendeleevck deposits.
The samples were recovered from depths of 1662.2-1976 m and covered the Mendymain
Formation, Domanikovian and Kynovian Formation. Facies and microfacies analyses were
carried out using Flugel's technique [1], which included rock description and facies
characterization (facies zone and standard microfacies type). Petrographic analysis is based on
the quantitative ratio of carbonate grains and micrite matter, then the size of the bioclasts and
their basic composition are taken into account. X-ray diffraction is used to identify the mineral
compositions of rocks. Rock-Eval pyrolysis is used to determine the oil-generating potential of
rocks [2, 3].

The petrographic analysis showed that the rock types include limestones, sandy limestones,
and mudstones which belong to different facies. The identification of sufficiently large and
poorly rounded, unsorted quartz fragments in some samples of carbonate rocks testify to the
formation of rocks under deep-water conditions and their possible formation by turbidite flow
[4].

Four Wilson's zones are identified for study rocks [5]: deep basin zone, open sea shelf, shelf
zone with free water exchange, and shelf zone with limited water exchange, these indicate
sharply changing conditions during the accumulation of the Frasnian deposits (Fig 1).

According to Rock-Eval pyrolysis, it was found that kerogen types of the studied samples
are dominated by Types Il and Il depending on the values of hydrogen index (HI) which
ranging between 365 - 513 mg\g.

The studied samples contain high values of S2 (petroleum yield) and Total organic carbon
(TOC), with values ranging from 13.18-41.03 and 3.61-8%, respectively. Thus, these samples
have very good to excellent source rock potential.
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HISTORY OF VEGETATION CHANGE IN THE SENTSA RIVER VALLEY IN THE
HOLOCENE
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Abstract. As it knowns, water systems are influenced by various factors, primarily natural ones:
climate change, development of soils and vegetation of the surrounding landscape, and biotic
interactions [1-4]. Registration of such changes and their development in time helps to
understand the formation of the modern picture of the world and predict its changes in the future.
To understand larger processes, one should start with single objects. The Sentsy river valley is
located on the Okinsky plateau, in the Eastern Sayan mountain system, Republic of Buryatia.
The Sentsa River is one of the major tributaries of the Oka River and it is formed by the
confluence of the Dunda-Gol and Khoyto-Gol rivers.

Key words: spore-pollen analysis, palynology, stratigraphy, vegetation, climate.

Based on the spore-pollen analysis, as well as the time dates obtained using radiocarbon
dating and stratigraphic presentation of the set of results, we reconstructed the composition of
vegetation and the climatic conditions of its formation in the Sentsa River valley over the last
4700 years.

Based on the obtained data, using cluster analysis, two major stages in the development of
vegetation over time were identified, one of which includes two subzones.

During the formation of deposits in the time interval 4720 years ago - older than 1070
years ago in the valley of the Senza River, woody vegetation dominated, which was prevail by
spruce-cedar forests with the participation of larch and, rarely, fir. The high abundance of spruce
pollen, whose pollen distribution radius is not large, suggests that the valley spruce forests grew
much closer to the studied section than later.

The composition of the reconstructed vegetation of this stage suggests the existence of a
moderately cold and humid climate, which was not favorable for the occurrence of intense fires.

During the formation of the spectra of the subzone about 1000 years ago - 800 years ago
forests continued to predominate in the composition of the vegetation of the Sentsa River valley,
but the proportion of spruce in them significantly decreased. Single pollen grains of fir in the
SPS of this subzone suggest its disappearance from the river valley. Simultaneous expansion of
herbaceous-shrub vegetation from birches, willows, sphagnum-sedge associations suggests the
development of a swamping process in the river valley, which could be an important reason for
the death of valley spruce and fir forests, which cannot tolerate stagnant moisture. It is assumed
that swamping was caused by the recent activation of volcanic activity on the Oka Plateau [5, 6].
This led to the establishment of a stagnant hydrological regime in the lower part of the Sentsa
valley and led to intensive swamping of its bottom [7]. The latest stage of volcanic activity on
the Okinsky Plateau ultimately led to a significant degradation of spruce forests in the Sentsa
River valley.

According to the estimated age, the youngest stage in the development of the natural
environment in the Sentsa River valley began about 800 years ago, that is, after the completion
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of the active phase of volcanism on the Oka Plateau [8]. After a break in the area of the studied
section, larch taiga prevailed with a small proportion of spruce along the river valley. Grass-
sedge groups dominated on the swamp/marshy meadow.

In the last few decades, the SPS composition shows a wide development of cereal
communities in the Sentza River valley, most likely due to a change in the moisture regime. This
is evidenced by the high abundance of spores of fungi of the genus Tilletia found in these
spectra, the species of which parasitize on species of the grass family.

The larch taiga with a slight admixture of birch and spruce currently growing in most of
the Sentsa River valley proves the accuracy of the analysis and confirms the data obtained. As
well as in the SPS of the upper core samples, larch forests dominate in the landscape of the
present time, and in the lower reaches of the river one can also find park-type cedar mixed-grass
forests. The undergrowth consists of thickets of Altai honeysuckle (Lonicera altaica) and golden
rhododendron (Rhododendron aureum), and the common lingonberry (Vacciniumvitis-idaea)
dominates in the shrub layer.

On the flat areas of the valley and on the slopes of the southern exposure, kobresia-cereal
steppe groups are widespread. Meadow and meadow-marsh complexes are often occur.

Funding: The research was carried out with partial support of the RFBR grants No. 19-05-00328, RFBR-
Royal Society of London No. 21-55-10001.
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INFLUENCE OF CLIMATIC CONDITIONS ON THE DISTRIBUTION OF THE
AEOLIAN RELIEF (NORTH WESTERN SIBERIA)

Malikova E.L.
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Abstract. An analysis of climatic factors in the north of Western Siberia in the Nadym Ob region
showed that the active advancement of dunes here occurs in summer. On sandy massifs, eolian
landforms are concentrated in the southeastern parts of the swells, where the sand moves under
the influence of northern and northwestern winds. It has been established that the highest
intensity of deflation was observed in the 70s and 90s. XX century. At present, deflation has
decreased to the lowest values for the entire time of observations.

Key words: eolian landforms, climatic conditions, dunes, north of Western Siberia, sand massifs.

Sandy deserts are found on almost all continents, with the exception of Antarctica [1].
Much attention of scientists from all over the world has always been riveted to sand deposits,
their shape and how their spatial extent changes, since about 25% of the Earth's desert area is
covered with sand [2], and this poses a huge potential threat to the development of global
infrastructure and agriculture. economy. Dunes are one of the most common aeolian landforms
and play an important role in understanding the evolution of the aeolian environment. Sand
dunes are formed and changed under the influence of many external factors and, accordingly,
come in different forms, including dunes, linear, domed, etc. [3].

For this study, the Nadymsky district was taken. It is located in the subzone of the northern
taiga of the West Siberian Plain. Traces of eolian activity are observed here almost everywhere.
The studied sandy massif is located 30 km from the city of Nadym, this sandy massif is extended
from west to east for 1 km, from north to south for 2 km, up to 12 m high [4, 5].

The direction and strength of the wind are the main factors in the formation of dunes. The
spatial distribution of dunes within the bulge is in good agreement with the directions and
strength of the prevailing winds. The most active advancement of the dune occurs in summer;
therefore, almost all eolian forms are concentrated in the southeastern part of the blow, where the
sand moves under the influence of northern and northwestern winds. Despite the fact that the
winds of the southern rhumb are close in strength and intensity to the northern winds, the main
part of these winds falls on the cold season. For this reason, in the winter season, the dunes
remain almost immobile. Frozen and snow-covered sand is not subject to winding, and therefore,
accumulative landforms are practically not observed in the northern parts of the territory [6].

The modern period of dune formation began after 1500 AD. [7]. Since that time,
aridization and the strength of northern winds have intensified, which caused the dune to grow,
which continues to the present. Strengthening of northern winds is confirmed by the location of
the highest dunes in the southeastern part of the blow.

To assess the deflationary potential of the region, the climate factor (C) proposed by E.M.
Lyubtsova [8], calculated by the formula:

C =102v3/(H/T + 10)2,
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where C is the climate factor; v is the average annual wind speed, m/s; H is the annual amount of
precipitation; T is the average annual temperature. For the calculations, meteorological
observation data from the Nadym airport weather station from 1955 to 2020 were used. [9, 10].

An assessment of the deflationary potential through the climate factor (C) showed that the
highest intensity of deflation was observed in the 1970s and 1990s. XX century, when the
climate factor reached C=2.78. At present, it has decreased to the minimum values for the entire
observation period (C=0.001). What does it say about the cyclical climate fluctuations. During
the observation period in this territory, deflation was moderate and strong, but in the last decade
there has been a tendency to reduce deflation. This is probably due to the increase in temperature
and precipitation (Fig. 1) in the study area in recent years [6].
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Figure 1 - Graphs of changes in the average annual temperature (left) and precipitation (right) in the area of
Nadym
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CHANGES IN THE FORMS OF DISSOLVED ORGANIC MATTER AND IRON
UNDER IRRADIATION IN NATURAL BOREAL WATERS
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Abstract. Experiments on sunlight irradiation of several river and marsh waters of the boreal
zone resulted in the transformation of dissolved organic matter, its degradation to low molecular
weight compounds up to mineralization and simultaneous coagulation of compounds >0.22 pm.
As a result of redox cycle of Fe and organic matter transformations, the formation of Fe(lll)
hydroxides occurred. The resulting hydroxides can form organic-mineral compounds >0.22 pm,
with which other metals can potentially co-precipitate.

Key words: dissolved organic carbon, irradiation, Fe, natural waters, photochemical oxidation

The sunlight-induced oxidation is the main agent of dissolved organic matter (DOM)
transformation in natural waters as molecules of DOM are very photoreactive [1]. Iron is also
involved in a dynamic redox cycle in boreal organic-rich natural waters under sunlight [2]. To
study the effect of sunlight on the forms of DOM and iron, experiments on irradiation of natural
water samples were conducted in the Republic of Karelia. Water samples were taken from
different water bodies of Yaroslavl (sample Nel), Vologda (Ne2, 3), Vladimir regions (Ne7) and
Republic of Karelia (Ne4, 5, 6). All samples were filtered through a sterilized 0.22 um filter to
assure the absence of microbial cells [3]. Filtered fluids were transferred into four Petri dishes
(about 35 ml of sample in each), covered with transparent film for light access and placed under
the sun for 10 days.

Before and after experiments the pH, the concentration of dissolved organic carbon (DOC),
humic substances (HS) and Fe in filtrates <0.22 pum and <l kDa of water samples were
measured. The pH of water samples was measured by a Hanna HI 9025 pH meter, the
concentration of DOC — by a liquid element analyzer (LiquiTOC trace, Elementar, Germany),
the content of dissolved Fe — on a ContrAA 300 atomic absorption spectrophotometer (Analytik
Jena Company). The concentration of HS in the samples was determined by their reaction
binding to Toluidine Blue [4].

The content of HS in filtrates <0.22 um after irradiation in samples Ne2 and 6 decreased by
5 and 14%, respectively. In samples Ne3 and 7 this value reached 62 and 92%. In other samples
the content of HS as a result of irradiation was even below the detection limit of 5 mg/L.

After irradiation, the DOC content decreased in all <0.22 um filtrates, and the higher the
initial DOC content, the greater the relative decrease. Thus, in sample Nel the DOC content
decreased by only 4%, and in sample Ne7 - by 73%. The proportion of DOC in the low molecular
weight (LMW, <1 kDa) fraction generally increased in all samples after irradiation: from 20-
70% (before) to 80-98% (after irradiation). At the same time, some of the DOC coagulated into
compounds >0.22 pm and was removed from the solution during refiltration.

168


mailto:ivanov@e-mail.ru

Table 1. Sample descriptions and initial contents of DOC and HS (mg/L) and Fetotal (ng/L)
in filtrates <0.22 pm

Sample Ne Sample description DOC, mg/L | HS, mg/L Fe, ng/L
1 swamp near the village Vepreva Pustyn’ 21.9 6.0 58
2 Koy River 20.1 13.6 170
3 Kovzha River 134 23.9 238
4 the brook near Lemb Lake 19.6 6.3 384
5 Lundozhma River 28.6 15.3 774
6 Western bog on the shore of Tsipringa Lake 50.8 22.7 13270
7 headwaters of the Senga River 61.0 36.7 4197

The total dissolved Fe concentration in the <0.22 mm fraction decreased by 3-96% during
10 days of the experiment. The smallest changes occurred in samples Ne3 and 5 - there most of
the Fe remained in the form of 1 kDa to 0.22 um compounds. In samples Nel, 2, 4, and 6 more
than 80% of the dissolved (<0.22 um) Fe passed into the >0.22 um fraction, reaching a
maximum (96% of the initial content) in sample Ne6, where the highest concentration of Fe was
in the initial sample. In sample Ne7, half of the Fe was in the >0.22 um fraction, and the other
half was almost entirely in the <1 kDa fraction.

A 100% = — B100% T -
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40% 40% | §>0.22 ym
20% 20% | |
0% 0% —
1 2 3 4 5 6 7 1 2 3 4 5 6 7
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Figure 1 — Distribution of Fewta forms in the studied samples before (A) and after (B) irradiation by
fractions <1 kDa, 1 kDa - 0.22 pm, and >0.22 pm.

During sunlight irradiation, Fe became involved in redox cycle and release from stable
complexes with organic substances. By the ligand-to-metal charge transfer the photochemical
reduction of Fe(lll) to Fe(ll) occur and the latter release from the complexes with further
oxidation to Fe(lll) and hydrolysis followed by polymerization [5]. Thus, sunlight irradiation of
boreal waters can lead to the formation and deposition of large organo-mineral colloids.

Funding: This work is supported by the Russian Foundation for Basic Research under grant 20-35-
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HYDROCHEMICAL RESEARCHES OF SEASONAL SNOW AND WATER QUALITY
OF RIVERS IN THE ZERAVSHAN VALLEY
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Abstract. In this thesis provides data on the chemical composition of seasonal snow in the upper
reaches of the Zerafshan River and the quality of the water of the Zerafshan River from the
formation zone to the very lower reaches, to the border with Uzbekistan. It has been shown,
using modern methods of analysis, that the concentration of heavy metals in the composition of
water, starting from the place where wastewater is discharged into the river to the very lower
reaches, does not exceed the maximum allowable concentration.

Key words: hydrochemical research, seasonal snow, water quality, glaciers.

Water relations between the countries of Central Asia during the USSR were regulated
according to the scheme “Integrated use and protection of water resources in the Amu-Darya and
Syr-Darya river basins” [1-2]. The main goal of this scheme was to establish the real volume of
water available for use in the Amu-Darya and Syr-Darya river basins, as well as to distribute the
region’s water resources between the republics taking into account the interests of all water
users. It should be noted that the scheme “Integrated use and protection of water resources in the
Amu-Darya and Syr-Darya river basins” did not include a number of important water aspects,
namely, the environmental and sanitary conditions of the river and large canals. This was
because the named scheme was aimed at providing water to agricultural lands used for growing
strategic raw materials - raw cotton. This led to new serious environmental problems.

After the adoption by Tajikistan of a number of government programs for the development
of hydropower resources of the water arteries of the Zerafshan River basin, the Republic of
Uzbekistan raises water quality problems in a new. These problems are mainly associated with
the pollution of the river by the wastewater of the Anzob mining and processing enterprise in the
Zerafshan valley [1-2].

In order to establish the degree of influence of the Anzob mining and processing plant on
changing the chemical composition of the water of the Zerafshan river during 2012-2016, water
samples were taken at points located, respectively, before and after the wastewater storage
facility of the plant, with a frequency of three times a month [3-5].

It was found that the excess concentration of heavy metals in the waters of the Zerafshan
River and its tributaries.

Along with monitoring the chemical composition of the waters of the Zerafshan River on
its average course and in the lower reaches, the availability of information on the composition
and transportation of various chemical elements and compounds from the river formation zone
itself is of considerable interest, i.e. on the glaciers of the Zerafshan river basin. After all, it is
known that glaciers are accumulators for atmospheric aerosols, fine dispersed chemical elements
and compounds. In order to have information on the chemical composition of the water runoff
formed from glaciers in the formation zone, a set of physicochemical analyzes of seasonal snow
was carried out on the glaciers Zerafshan, Rossinch, Dekhavz and Turo of the Zerafshan river
basin and the waters of the Zerafshan river tributaries formed from these glaciers. It was found
that the presence of anions SO4*, NOs’, CI" and cations Ca?*, Mg?* predominates on the glaciers
studied by us [3-5]. The results are interpreted within the framework of the concept of a
stratospheric aerosol layer consisting of tiny drops of sulfuric acid, which were formulated in the
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early 607 of the last century and based on the transfer of microparticles and components by long-
range airflows [6-8].
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Abstract. The mineral and chemical composition of samples for two small lakes (Peschanoe and
Nizhnee) of the Baraba lowland was studied. When studying the structure and composition of
sapropel deposits in lakes, certain types and classes of sapropel were identified. It was revealed
that the composition of sapropel deposits of lakes is formed by a combination of local factors
(species composition of biota, soil-forming substrate, presence/absence of an anthropogenic
factor) and regional (climate, topography of the catchment area).

Key words: sapropel, small lakes, Baraba lowland, Novosibirsk region.

Lakes Peschanoe and Nizhnee are located in the forest-steppe landscape zone on the
territory of the Baraba lowland in the south of Western Siberia. The important regional factor of
lake formation and sapropel formation in this region include a sharply continental climate with
long winters, hollow-crest relief, sinusoidal fluctuations in atmospheric precipitation and, as a
result, surface water levels [1]. The studied lakes are located 10 km from each other. Both lake
basins were formed in a suffosion-subsidence manner in a depression between hill [2].
According to the geographical position, the lakes are intrazonal, in terms of area they are small
(SPeschanoe = 126 ha, SNizhnee = 64 ha), according to the thermal classification they belong to
lakes with changing temperature stratification, they are drainless and shallow (average depth of
Lake Peschanoe - 1 ,67m, Lake Nizhnee - 1.25m), they are fresh and eutrophic reservoirs.

Detailed studies of lake systems in the course of fieldwork on a grid of sampling (1 point
per 12 ha) and sensing (1 point per 1.6 ha) made it possible to establish the features of the
morphometric, hydrological, chemical composition of bottom silts, etc. Bottom sediments were
sampled using a cylindrical sampler with a vacuum lock from a catamaran. Analytical studies
were carried out at the Analytical Center for multi-elemental and isotope research SB RAS,
Novosibirsk: AA, ICP-MS, X-ray diffraction, gamma spectrometry, SEM studies. Statistical
processing of research materials was carried out using the Statistica software package.

In Lake Peschanoe, three stages of the formation of a sapropel deposit (Fig. 1) are
distinguished, matching the time of sedimentation with the established (according to literary
sources) cycles of fluctuations in the level of lakes in Western Siberia, coinciding with cycles of
high and low activity in the summer or winter period of precipitation [1]. In the first and third
stages calcium organomineral sapropel is formed (Table 1). The main source of the substance of
the mineral part of the sapropel deposit during these periods is authigenic mineral formation -
low-magnesian calcite, in the formation of which the biogeochemical processes of lakes play a
decisive role [3]. In the second stage, siliceous mineralized sapropel accumulates, which sharply
prevails in the northeastern part of the lake. There are no authigenic minerals in the composition
of the mineral fraction; quartz and oligoclase sharply predominate. A river flows from the
northeast side of the lake, which, at high water levels, flows into the lake, which entails an
increased supply of terrigenous particles of quartz-feldspar composition (soil-forming substrate -
loam). Thus, in the formation of the sapropel deposit of Lake Peschanoe, the decisive role in the
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formation in sapropel is played by local factors - the species composition of the biota,
hydrochemical features, and the presence of a river.

Sapropel deposit of Lake Nizhnee has an organic-mineral siliceous composition, which
changes slightly with a decrease in the organic part towards the bottom of the section, which is
explained by the mineralization of organic matter with time. The absence of significant changes
in the chemical composition of the sapropel deposit in different cycles of fluctuations in the level
of lakes in Western Siberia is associated with an increase in the area of the lake water surface by
combining with lakes surrounding it, for which local factors (species composition of biota, soil-
forming substrate, the presence / absence of an anthropogenic factor) seem to be identical, which
requires further study.

It was revealed that the composition of sapropel deposits of lakes is formed by a
combination of local factors (species composition of biota, soil-forming substrate,
presence/absence of an anthropogenic factor) and regional (climate, topography of the catchment
area).
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Figure 1 — The structure of the sapropel deposits of Peschanoe lake

Table 1. Types and classes of sapropel in the studied lakes

Lake Peschanoe

Lake Nizhnee

Sapropel type | Organic-mineral Mineralized Organic-mineral Organic-mineral
Sapropel class Ca Si Ca Si
Ash content, % 43 78 46 41
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GLAUCONITE-UREA NANOCOMPOSITES AS POLYFUNCTIONAL AND
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Abstract. This investigation includes the design of controlled-release nanocomposites based on a
mixture of glauconite and nitrogen nutrients operating mechanical activation. Nitrogen occurs as
intercalations in the exchangeable site (interlayer space remain) of the glauconite unit structure,
absorbed part within micro-flakes or adsorbed part on the surface of mineral particles. The
nanocomposites are to be classified as polyfunctional controlled-release fertilizers. Further, the
simultaneous release of potassium makes the composite a complex release fertilizer.

Key words: glauconite, urea, polyfunctional nanocomposites, eco-friendly fertilizers, controlled-
release fertilizers.

Controlled-release fertilizers (CRF) are vital to the development of eco-friendly agriculture
[1]. Many researchers assessed the fertilizer potential of various substances and materials, such
as clay minerals [2,3], chemical products and hydrogels, or complex composites. Compared to
synthetic chemical substances, phyllosilicates are inexpensive and readily obtainable. Smectite
(montmorillonite), vermiculite, kaolinite and to a lesser extent palygorskite and chrysotile are
studied as slow-release or controlled-release fertilizers [4]. Recently, the potassium-iron rich clay
mineral glauconite was also tested for CRF [3,5]. The encapsulated complex fertilizers are
prepared by selecting an inhibitor and adding a nutrient within it through intercalation.
Glauconite has superb sorption and ion-exchange properties, with a relatively high (from ~4 % to
8 %) K>O content. Glauconite is finely ground in planetary mills for the preparation of
nanocomposite CRF [3,5].

The study intends to develop polyfunctional "green" controlled-release fertilizer by
activating glauconite-urea composites and assessing the relations between glauconite and
nitrogen. We investigate a) nitrogen types in the nanocomposites formed after mechanical
activation of glauconite and urea, b) the degree of intercalation and adsorbed nitrogen, and c) the
effect of CRF on plant growth. Mixtures of glauconite (G) and urea (N) were prepared with a
ratio of 1:1. The preparation was conducted independently in the planetary mill for 3, 8, or 14
min to obtain three nanocomposites, named G1N1-pm3, GIN1-pm8, GIN1-pm14.

This study concentrates on the release rates of nitrogen and potassium from the prepared
composites based on the intercalation between urea and glauconite. Three different
interrelationships between glauconite and urea are as follows: urea is intercalated into the
interlayer space of glauconite; it is absorbed into the micropore space between glauconite micro-
flakes; and adsorbed in the form of films incorporating micro-aggregates.

The mechanical activation of the glauconite and urea mixture was used to formulate the
nanocomposite controlled-release fertilizers. The intercalation between urea and glauconite
increases marginally from 21.2 to 23.1%, with the growth of activation tome. The nitrogen skin
on glauconite flakes and plate thickens with time. The shift of first XRD-reflection to lower
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angles for the longer duration milling (Fig.1) and the absence of a weight loss in
thermogravimetric curves at the temperature of the solvating water removal indicates the
enhanced intercalation of urea into the interlayer space of mineral. The NH> FTIR-peak at 1155
1/cm increases with milling time, suggesting the greater adsorbtion of nitrogen on glauconite
flakes. The NH: stretching at 3346-3500 1/cm becomes more frequent with the activation,
confirming a higher degree of nitrogen intercalation, and minor shifts of NH> and NH peaks
evidence the gradual character of this process.
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Figure 1 — XRD patterns of the composites for different grinding times. Note the shift of glauconite peaks
in the composites.

Nitrogen releases from the nanocomposites in three stages during the course of the
experiment. At the first stage, the external coating of the composite releases nitrogen in the first
few days the absorbed nitrogen leaches at the second stage, after twenty-one days, and finally,
the intercalated portion releases nutrients. Besides, the composites release the potassium in the
leached solution, initially at a faster rate, slowing down after seven days. The application of the
nanocomposites improves the seeding and growth of plant (4véna sativa). The nanocomposites
and traditional urea are equally effective fertilizer for crop production (dry weight and plant
height). Therefore, nanocomposites based on glauconite and urea mixture provide an alternative
to traditional urea. Further, because of the slow release of nutrients, it is an environment-friendly
option. Besides, glauconite-urea composites are complex polyfunctional fertilizer that releases
multiple nutrients simultaneously.

Funding: This work is supported by the President of the Russian Federation to support young Russian
scientists (project number MK-1825.2022.1.5).
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AUTHIGENIC MINERALIZATION IN EXOGENETIC CONDITION ON EXAMPLE
OF TAILINGS AND MINE SYSTEMS

Myagkaya I.N.
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Abstract. It were showed the autigenic minerals formation in the surface environment of the
sulfide ore wastes distribution halos on the example of two objects (Novo-Ursk and Aktash
deposits) that are part of the Altai-Sayan mercury province. The excess of mercury-bearing
minerals (sulfides and selenides; the presence of triple and quadruple chalcohalides is assumed)
as identified autigenic phases combines these objects. They occur as complex, fine and ultrafine
aggregations and accretions of themselves, which makes a difficult to identify of their true
compositions.

Key words: sulfide ore wastes, dispersion halo, secondary minerals, environment.

Recently, there has been an increasing interest in the knowledge of the species and
speciation of elements in the environmental components. The studies of mineral species of
elements (potentially toxic, noble) are actual, providing ecological and geochemical information
about possible ways of migration and accumulation of elements. Often the secondary minerals
occur as thin, ultrafine and complex phases in an inhomogeneous environment (soils,
suspended/particulate matter, bottom sediments etc.). The research of these minerals is
painstaking and can be technically complicated due to the characteristics of the substance and the
forming phases themselves. However, the works are increasing their scale and relevance [1, 2].

The study was carried out using SEM (MIRA 3 LMU, Tescan, Czech Republic) on the
example of natural organic matter (NOM) from the dispersion halo of the sulfide tailings of the
Novo-Ursk deposit (Kemerovo region) [2] and in the particulate matter of snow cover from the
dispersion halo of the Aktash deposit (Gorny Altai) [3]. Both objects are located in the western
part of the Altai-Sayan mercury province (Kuznetsk-Altai mercury belt).

Wide range of secondary minerals was found in the NOM of the Novo-Ursk deposit
dispersion halo, such as: sulfates (gypsum, jarosite, barite, anglesite); Fe(lll) hydroxides;
secondary aluminosilicates; sulfides (framboidal pyrite, zinc sulfides (sphalerite group), mercury
sulfides (metacinnabarite is assumed)); mercury selenides (timannite); silver iodides
(iodargyrite) and Au®. Hg sulfides form ultrafine complex aggregations with different amounts of
elements impurities (Fe, Zn, Cu, Ag, As, Se, I, P, Cl) that are in different relationships with each
other. The presence of Zn and Cu impurities in mercury-bearing phases is associated with the
formation of Hg and Zn sulfides accretions; the presence of Ag and | is associated with small
amounts of their own minerals. lodargyrite (Agl) was found in one of the NOM sample.

A significant amount of the primary minerals characterized for studied area was found
(quartz, aluminosilicates, carbonates, phosphates (including REE)), technogenic particles
(spherules of different composition, etc.) in the particulate matter of snow cover from the
dispersion halo of the Aktash deposit. Secondary minerals are mainly mercury-bearing phases
that form ultrafine aggregations with a size that isn’t more than 20 um; they consist of a set of
separate individuals with a size of 100 nm to 1 um (note that on both study objects). The size of
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these phases makes a difficult to identify of their true compositions. However, it is known that in
oxidation zones it is possible to form halide (triple (general formula Hgs(S,Se).Hal>) and
quadruple (general formula AgHgS(Hal), where Hal = I, Br, CI) chalcohalides) and oxy-halide
mercury compounds. They form polymorphic varieties and element’s impurities (Se, S, Ag, Br, 1,
Cl) may present in their composition [4]. These autigenic minerals are also called "seasonal” and
form and disappear under the influence of climatic and atmospheric condition variations [5].
Thereby they phases are a source of elements in the environmental components. Comparison of
the autigenic minerals compositions for the studied objects with the compositions of known
phases [6] suggests the presence of several varieties of mercury-bearing phases forming ultrafine
accretions: sulfides; selenides; compounds similar in composition to sulfo-selenium salts (triple
and quadruple chalcohalides). So, mercury minerals (sulfides and selenides; triple and quadruple
chalcohalides) dominate among the autigenic minerals, which occur as complex, fine, thin
accretions with each other for both objects.

The author's great thanks to colleagues: PhD M.A. Gustaytis and PhD E.V. Lazareva, V.I.
Malov and B.Yu. Saryg-ool.
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GEOCHEMISTRY AND MINERALOGY OF SMALL LAKES BOTTOM SEDIMENTS
IN THE SUBTAIGA ZONE, SOUTH OF WESTERN SIBERIA
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Abstract. The work is devoted to the study of the bottom sediments' composition of three small
lakes systems located in the same landscape zone. Differences in geochemical and mineral
composition between lake systems have been established. In the mineral composition, the
differences can be traced in the authigenic component - calcite-dolomite carbonates are found in
the bottom sediments of the Kyshtovskaya lake system, which are not found in the lakes of other
systems. The presence of carbonates is associated with the development of carbonatophilic biota
in the lakes of the Kyshtovskaya system.

Key words: small lake, lacustrine bottom sediment, South of Western Siberia, calcite-dolomite
carbonates

The research area is the south of the Vasyugan plain, a subtaiga landscape zone. The objects of
research are small lakes. The paper considers three lake systems. In the northeastern part of the
subtaiga zone, there are the Krasnoyarovskaya (5 lakes) and Samuskaya (3 lakes) lake systems.
In the southwestern part, there is the Kyshtovskaya system (7 lakes).

The aim is to compare data on the geochemical and mineral composition of lacustrine bottom
sediments in the subtaiga zone, south of the Vasyugan plain.

The materials of field and analytical work 2016-2019 were used. Sampling was carried out from
a catamaran with a cylindrical sampler with a vacuum shutter. The core of bottom sediments was
tested in layers with a step of 5 cm, to a depth of 50 to 250 cm. Physical and chemical variables
of water were recorded in situ (pH, Eh, TDS). Analytical studies of the lake components were
conducted in the Analytical Center for multi-elemental and isotope research SB RAS,
Novosibirsk and at the Analytical Center of the Federal State Budgetary Educational Institution
"NGPU", Novosibirsk. Methods of atomic absorption spectrometry, X-ray diffractometry, ion
chromatography, scanning electron microscopy, X-ray spectral fluorescence analysis were used.
According to the main ions content, the water of the Krasnoyarovskaya lake system is sulfate-
bicarbonate magnesium-sodium, ultra-fresh (0.01 g/L), pH 5.0-6.0. The water of the Samuskaya
system is sulfate-bicarbonate sodium-calcium, ultra-fresh (0.02-0.03 g/L), pH 6.3-6.8. The water
of the Kyshtovskaya system is bicarbonate magnesium-calcium, fresh (0.2 g/L), pH 7.9-8.8.

The lacustrine bottom sediments in the south of Western Siberia are organomineral silts
(sapropels) and mineral silts, differing in the ratio of organic and mineral components (ash
content) and chemical composition. The peculiarities of genesis and diverse composition
determine the diversity of classifications and typological characteristics of sapropels. Depending
on the ash content, sapropels are divided into types: organic (up to 30%); organic-mineral (30-
50%); mineral-organic (50-70%), mineralized (70-85%). Bottom sediments with ash content
>85% belong to mineral silts [1; 2].

Comparison of the elements average concentrations in the lakes bottom sediments with the
composition of the upper continental crust [3] showed almost complete convergence of the
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distribution graphs for the Krasnoyarovskaya and Samuskaya systems. High concentrations of
Ca, Mn and Sr were observed in the lakes of the Kyshtovskaya system (Figure 1). Depletion of
carbonatophilic elements in the bottom sediments of the Krasnoyarovskaya and Samuskaya
systems is associated with the almost complete absence of carbonates in them against the
background of the terrigenous component represented by quartz, feldspar, mica, as well as the
biogenic component represented by diatoms (SiO2nio). The bottom sediments of the lakes of these
systems belong to the silicon class. Calcite-dolomite carbonates and aragonite are formed in the
lakes of the Kyshtovskaya system on the geochemical barriers of drifting biota-water, water-
submerged biota and water-bottom sediments [4]. The main authigenic minerals are low-
magnesian calcite, calcite and aragonite. The lakes of the Kyshtovskaya system belong to the
calcium class. The main difference is observed in the dominant primary producers — for the
calcium class these are cyanobacterial colonies, reeds, and charales; for silicon class - diatoms,
reeds, stratiotes, etc.

According to the results of this study, it is shown that lakes with different types and classes of
sapropel deposits are located within the same landscape zone. The unique composition of small
lakes in the south of Western Siberia is ensured by the predominance of local factors over global
ones, the main of which is biota.
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Figure 1 — The multi-element spectrum of the average values of the studied elements for lake systems bottom
sediments normalized to the values of the upper continental crust* concentrations according to [3].

Funding: Work is done on state assignment of IGM SB RAS with the financial support of the Ministry of
Science and Higher Education of the Russian Federation.
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METHOD FOR DETERMINING THE PARTICLE SIZE COMPOSITION OF BOTTOM
SEDIMENTS IN THE SUBMICRON SIZE RANGE

Revunova A.V.
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Abstract. The paper proposes several ways to improve sample preparation for a better analysis of
particle size distribution by pipetting method. Improvements are proposed based on work with a
homogenized sample in 7-fold repetition and control under a microscope. A membrane filtration
method is also described for studying the granulometric composition in a smaller range (0.2-1
um). This is relevant for modern industrial development and environmental monitoring
requirements, because particles of this size have the highest surface activity due to the huge total
surface density.

Key words: particle size composition, Stokes' law, membrane filtration, pipetting method,
bottom sediments.

Instructions for determining the particle size composition of clay soils are given in GOST
12536-2014 [1] and are almost verbatim duplicated in the book "Instructions for
hydrometeorological stations and posts” [2]. The so-called pipette method for determining
particle size composition is presented in these documents. It is based on Stokes' law, which
describes the motion of a small particle in a liquid. Its essence is to take a sample containing
particles smaller than a certain diameter after a certain settling time in a liter cylinder. The
assumptions that must be taken into account when applying this method have repeatedly
described in scientific articles [3, 4]. Other methods, also described in GOST [1] have much
lower accuracy (areometric) or require specific equipment (fractional). Further, the pipette
method is suitable for accounting for particles with a diameter of up to 0. 001 mm (1 pm).
Meanwhile, the modern development of science and industry requires the determination of
particle size distribution in much smaller sizes.

In this paper, several improvements are proposed for enhancing the preparation of clay soil
samples, as well as a method for determining the granulometric composition by the direct
method of membrane filtration (developed by the scientific group of the Institute of Limnology
RAS - SPB FRC RAS [5]). The need to improve sample preparation was revealed precisely
when filtering a sample from the upper 5 cm of a suspension taken from a liter cylinder after 21
hours and 7 minutes of settling at a constant temperature in the laboratory (22.5 °C) and with a
sample with a specific gravity of 2.6 g/cm [1]. Despite settling for the specified time, particles
suspended in the top 5 cm of the suspension clog the pores of filters with a diameter of 1 and
even 2 micrometers (Fig. 1).

All proposed improvements are based on experiments comparing 7 samples prepared
according to GOST [1] and 7 prepared with changes. In addition to the statistical (indirect)
method of control, a direct method is used - observation under a binocular with a 1000x
magnification. The list is started with «0» number, because filters are not directly related to
sample preparation but play a crucial role in the analysis. So, the improvements are:

0. Use of plastic membrane filters instead of pulp and paper.
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Stop using a rubber pestle
Replacing sodium pyrophosphate with 30% hydrogen peroxide
Removal of chitin particles by centrifugation
Addition of sodium pyrophosphate just before filtration
Vibration during filtration.
Wlth the simultaneous use of all the proposed methods, filters with a pore diameter of 1
um are not clogged with larger particles, and it becomes possible to take into account particles
with a size of 0.2-0.8 pm.

U":b.‘-*’!\’!—‘

0.8-1pum

Figure 1 — Problem: clogged filter pores with a pore diameter of 1 pm.

Funding: the work was carried out as part of government assignment of the Institute of
Limnology, RAS No. 0154-2019-0003.
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FORMATION OF TIMBER DRIFTING AND LOGJAMS ON THE DEBRIS FLOW OF
SAKHALIN ISLAND

Rybalchenko S. V.

Special Research Bureau for Automation of Marine Researchers, Far East Branch of RAS,
Yuzhno-Sakhalinsk, Russia, rybalchenko_sv@mail.ru

Abstract. The paper considers the regional features of the phenomena of timber drifting and
logjams on the debris flow rivers of Sakhalin Island, the factors formation of timber drifting are
studied, the mechanisms of the occurrence of logjams are established. Regional climatic and
geological features lead to the formation of a significant amount of entrained and suspended
river sediments during floods on most watercourses, which causes its high transporting and
abrasive ability and affects channel deformations, the involvement and movement of timber
drifting, the formation of logjams.

Key words: debris flow, timber drifting, logjams, slope exogenous processes, riverbank erosion.

Due to the geographical features of the region and the history of the development of the
territory, most settlements, transport infrastructure and economic activities on the territory of
Sakhalin Island are located near the mouth of mountain rivers. The road transport network
stretches along the coastal strip and crosses a large number of watercourses. These circumstances
cause a high threat of timber drifting and logjams for residential areas and the transport network
of Sakhalin Island, as well as the relevance of the study of such phenomena.

Since 2008, the author has conducted long-term field studies of the formation of timber
drifting and logjams on the debris flow of Sakhalin island the framework of scientific works and
scientific and technical support of engineering surveys in terms of dangerous exogenous
processes. In the course of these works, observations were made on the emergence and
development of timber drifting and logjams, as well as debris flow processes. The author
analyzed the arrays of experimental data on this issue obtained by domestic and foreign
researchers, as well as in the framework of his own experiments [1]. A comparative analysis of
the phenomena of timber drifting and logjams on debris flow rivers in other regions, including
within the boundaries of the cryolithozone on the territory of Kamchatka, the Magadan region
and the Stanovoe Highlands, has been carried out.

The purpose of the study is to study the regional features of the phenomena of timber
drifting and logjams on the debris flow of Sakhalin island in order to develop further practical
recommendations for their prevention. To study the regional features of the phenomena of timber
drifting and logjams on the Sakhalin Island watercourses, it is necessary to study the factors of
the formation of timber drifting, to establish the mechanism of the occurrence of logjams, to
determine the regional features of the phenomena of timber drifting and logjams.

On the territory of Sakhalin Island, timber drifting and logjams are ubiquitous. Logjams
are especially characteristic for small streams of the mountain-taiga type. The catchments of
watercourses are represented by V-shaped valleys with steep sides and a significant longitudinal
slope of the riverbed, which ensures a minimum time of reaching and the formation of maximum
expenses, these circumstances lead to rapid rises of water during floods. Rain floods formed in
small watercourses of Sakhalin Island (both debris flow and non-debris flow) are characterized
by high turbidity values [2]. Significant slopes and easily eroded rocks composing the sides and
bottoms of the riverbed, combined with a high intensity of precipitation, lead to a strong
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saturation of streams with a solid fraction. As a result, the density of flood flows often
approaches the density of sediment flows. At the same time, their eroding and abrasive ability
increases sharply, which significantly affects channel deformations, the involvement and
movement of timber and the formation of logjams. High-density flows have an increased
transporting capacity relative to the logs, since they increase the pulling force of the flow acting
on the midsection of the root system of log, and also increase the buoyancy of log, due to an
increase in the pushing Archimedean force.

In contrast to full-flowing rivers, the main source of logs for small Sakhalin watercourses
is not channel processes associated with erosion and abrasion of the banks, but slope exogenous
processes actively occurring in the sides of the catchment basin (debris flows, landslides,
erosion, etc.) due to the geological features of the region. among which it is worth highlighting
high soaking, porosity, low physical-mechanical characteristics and low resistance to weathering
of rocks, which causes their active involvement in various exogenous processes. The climate of
the island is humid monsoon with annual precipitation amounts exceeding 2000 mm in
mountainous areas [3]. All this causes a high activity of aquatic and water-gravity exogenous
geological processes (debris flows, landslides, erosion, etc.), contributing to the entry of a large
number of large plant residues into the river. Also, a significant contribution to the volume of
logs entering the channel is made by extensive wind tunnels formed during numerous cyclones
with wind modulation in V-shaped valleys and near-ridge zones. In the future, wildwoods is
transferred by slope exogenous processes and temporary watercourses to the talweg of the
catchment basin.

According to the results of the work, the regional features of the formation of logjams
include the geological structure of catchment basins composed of easily eroded soils, and the
rock composition of floodplain forests, mainly represented by birch, willow and alder with a
developed crown, which contributes to the formation of logjams in scaffolding spaces, culverts
and in places of a cramped or meandering channel. When the core of the logjams is formed from
floating logs and the flow is redistributed along the flow arms, there is an active deposition of
entrained and suspended sediments in the bottom parts due to a decrease in the flow velocity,
resulting in the formation of stable ground-wood logjams that spring up the channel. This
mechanism of logjams formation is typical for all debris flow rivers in Russia.

Funding: The presented results were obtained with the financial support of the state task
FWWW-2022-0005
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