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SERPENTINES AS THE INDICATORS OF GEODYNAMIC CONDITIONS
OF MESOZOIC PERIDOTITES METAMORPHIC TRANSFORMATIONS
IN THE MARMAROSH ROCKY ZONE (INNER UKRAINIAN CARPATHIANS)

Purpose. We investigated secondary serpentines in order to reconstruct the geodynamic conditions of the
formation and transformations of the peridotites (Uholskyi complex), which are localized in the Marmarosh
rocky zone in the Inner Eastern Ukrainian Carpathians and are most widely spread in the interfluve of Velyka
and Mala Uholka-rivers. Methods. The work is based on the results of geological observations of the Uholskyi
complex rocks in natural outcrops, as well as petrographic, mineralogical (including X-ray diffraction, thermal
and microprobe analysis), and geochemical studies. For comparison, literary data on peridotites of the Ukrainian
Carpathians and some studied in detail orogenic peridotite complexes have been used. Results. Peridotites form
olistoliths in the Soimulska olistostrome-conglomerate strata (K;) of the Marmarosh rocky zone (Vezhanskyi
nappe) of the Inner Ukrainian Carpathians. The age of olistoliths of the Uholskyi complex peridotites of the
Soimulska suite is 7—K; (?). The rocks of the Uholskyi complex are represented by serpentinous peridotites and
serpentinites. The metamorphic transformations of peridotites are revealed in the significant distribution of o.-
and fB-lizardite and antigorite. Two groups have been identified among the studied serpentines. Serpentines of the
first group have a lenticular-looped texture and are mainly represented by a-lizardite and bastite, which have
high chromium content and contain large non-altered grains of chrome-spinellids. Serpentines of the second
group have a striped-shale texture; they are represented mainly by B-lizardite and antigorite, which have high
iron content and contain powdered particles of magnetite. Serpentines of the first group were formed under the
conditions of regressive metamorphism of the greenschist facies upper part, which occurred under the
geodynamic conditions of the spreading zone during raising and cooling of peridotites. Serpentines of the second
group have the characteristics (albeit local) of progressive metamorphism of the lower greenschist—upper
epidote-amphibolite facies. They were formed under the supersubduction conditions and confined to fragments
of paleozones of shear-plastic deformations. This was accompanied by subduction-collision events between the
terrains of Dacia and Tisza in the Jurassic—Early Cretaceous, which led to the closure of the Transylvanian-
Mures paleocean. Selected groups of serpentines, which differ in mineral, chemical composition and structural
and texture peculiarities, belong also to various geodynamic and genetic groups: the first tend to primary mantle
protoliths of the ultrabasic composition, and the second — to lithospheric protoliths of the basic composition.
Scientific novelty. The research of serpentines, which developed on the peridotites of the Uholskyi complex,
made it possible to divide them into two groups whose representatives have different thermodynamic and
geodynamic history. It is determined that structural, textural, mineral, and other features of serpentines are the
indicators of geodynamic conditions for the transformation of peridotites of the Marmarosh rocky zone as well
as other regions. A model of the phased transformation of the Uholskyi complex peridotites has been proposed.
Practical value. The study of serpentinites developed on peridotites of the Uholskyi complex is important for
the determination of the types of metamorphism in primitive mantle protoliths and the stage of formation of fold-
covering structures lithosphere (on the example of the Ukrainian Carpathians). The obtained results can be used
for prediction of serpentinite mineralization, since lizardite rocks (group 1) contain elements of the platinum
group, and antigorite rocks (group 2) — magnetite.

Key words: peridotite; serpentinite; serpentine; o- and B-lizardite, antigorite; Inner zone of the Eastern
Ukrainian Carpathians.

Introduction

Formulation of the problem. Peridotites of
ophiolite complexes are fragments of the oceanic
upper mantle that have undergone several stages of
partial melting and were brought to the surface due to
tectonic movements. The composition of the restite
peridotites is determined by the initial composition of
the oceanic upper mantle, the degree of its melting,
and processes of the interaction of the melt (or fluids)

with the surrounding mantle rocks in the process of
transportation from the field of generation to the
upper crustal horizons. The dynamic stresses
experienced by peridotites have affected their
structure and texture, the change in the composition of
rock forming, accessory, and secondary minerals. The
role of these changes in the formation of the final
mineral composition of apoperidotites is extremely
important for petrologic constructions and geody-
namic reconstructions.

© L. V. Heneralova, V. B. Stepanov, N. T. Bilyk, Ye. Slyvko 39



Geology

Peridotites of ophiolite complexes have undergone
metamorphic transformations almost immediately
after its formation. Thanks to serpentinization, the
mineral composition of the rocks became more
complicated [Brianchaninova, 2004]. Mineralogical,
petrographic and geochemical studies of serpentine
peridotites and serpentinites indicate that both
regressive and progressive (contact) metamorphism

took place [Brianchaninova & Makeev, 1995;
Brianchaninova, 2004; Saveliev, et al., 2009].
Regression stage 1is associated with peridotite

solidification and elevation to higher levels of the
lithosphere in the area of riftogenesis. The progressive
stage was manifested in the case of warming the
“cold” masses of rocks during a regional dynamic-
thermal (and contact) metamorphism under sub-
duction conditions. At this stage, there were not only
tectonic dislocations, but also local warming du-
ring the intrusion of younger bodies (and gra-
nitization).

According to experimental data [Varlakov, 1986],
regressive metamorphism occurred at the highest rate
with the formation of a-lizaridite (90450 °C),
sporadically f-lizardite (on gabbro rocks) and
chrysotile. By PT-conditions [Varlakov, 1986;
Saveliev et al.,, 2009] the regressive stage is
comparable to the zeolite facies and the lower part of
greenschist facies of regional metamorphism. At this
stage, the medium and high-temperature associations
of serpentines, primarily p-lizardite and antigorite, at
temperatures of 200-500 °C, developed most
intensively. In the event of an increase in temperature
to the level of the epidote-amphibolite facies, talc-
antigorite and talc-olivine rocks were formed
[Varlakov, 1986; Saveliev et al., 2009].

During serpentinization, olivine and orthopy-
roxene are easily altered, and clinopyroxene remains
fresh. Orthopyroxene (enstatite) is replaced by bastite.
At low temperatures, loopy a-lizardite without
magnetite separation develops on olivine; B-lizardite
and antigorite develop on olivine in mid- and high-
temperature conditions in the areas of shear-plastic
deformations, and this process is accompanied by
crystallization of a significant amount of dust-like
magnetite [Dobrosotsky, 2013].

Analysis of recent publications. Among the
geological problems concerning the Ukrainian
Carpathians, the issues of magmatism, as well as the
reconstruction of the geodynamic environment with
which it is connected, have a prominent place.
Mesozoic igneous rocks are represented by the basic
complexes of T,—K;. These rocks have “mixed”
petrochemical parameters, by which one can
distinguish among them spreading, subduction, and
platform varieties [Gnilko & Generalova, 2013]. The
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Uholskyi complex contains ultramafites (peridotites)
and belongs to the ophiolite complex [Liashkevich et
al.,, 1995; Stupka, 2013]. In the writings of recent
decades, it is noted that the most common secondary
mineral in the peridotites of the Uholskyi complex is
serpentine, the content of which is 50-80 % of the
rock [Liashkevich et al., 1995]. It is represented by
antigorite, chrysotile, bastite, and other varieties. In
the work of O. O. Stupka, paragenesis of antigorite
with ferritic nickel has been noted, which, according
to the author, is possible only under reducing
conditions and the presence of reducing gases
[Stupka, 2013]. In view of this, it is assumed that
serpentinization of peridotites is a deep process that
occurs at 7= 450-600 °C, P = 13—16 kbar typically at
a depth of 40—50 km (up to 100 km).

Geological position of peridotites of the
Uholskyi complex. Serpentinous peridotites are
widely represented in the basin of the Tereblya-river —
in the interfluve of Velyka and Mala Uholka (Fig. 1).
They comprise olistoliths in the Lower Cretaceous
olistostrome and olistostrome-conglomerate strata,
which belongs to the Soimulska suite. This suite
begins a  stratigraphic section (Palacogene—
Cretaceous) of the Marmarosh rocky zone (known as
the Vezhanskyi nappe) of the Inner Eastern
Carpathians [Tretiak et al., 2015].

The olistostrome stratum of the Soimulska suite
contains large olistoliths of two rock groups. The first
group includes fragments of Uholskyi complex rocks
of the Mesozoic (7,—K; [Liashkevich et al., 1995]
ophiolite  association  (serpentinous peridotites,
metabasalts, red jaspers, limestones). The second
group of olistoliths is composed of rocks that are
similar to the rocks of the Marmarosh massif
(crystalline schists, gneisses, granitoids, quartz
conglomerates of P-T7, limestones and dolomites of
T-J). The matrix of the olistostrome is represented by
chaotic formations of debris-flows [Gnilko et al.,
2015].

The Marmarosh rocky zone and the Marmarosh
massif are the north-western end of the composite
microcontinental terrane Tisza—Dacia. The rocks of
the Soimulska suite were formed on the south-western
slopes of the now immersed section of the Marmarosh
massif (Marmarosh “Cordillera”); this corresponded
to the geodynamic conditions of the Late Cretaceous—
Palaeogene passive margin of the continental slope of
the Tisza—Dacia continent [Gnilko & et al., 2015].
Such conditions arose after the formation of early
Alpine Early Cretaceous Transylvanian and
Marmarosh nappes. Transylvanian ophiolite nappes
are likely to be denudated in the territory of Ukraine

(Fig. 1).
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Fig. 1. A — The main tectonic units of the Ukrainian Carpathians (Hnylko, 2012).
B — Tectonic setting of the Ukrainian Carpathians, position of the terranes

and main geological boundaries
(Kovac et al., 1998; Csontos & Voros, 2004; Schmid et al., 2008); simplified, partly modified (Hnylko, 2014)

In the territory of Romania they were preserved in
the form of tectonic outliers of the Transylvanian
Early Cretaceous nappes, which were thrust over the
crystalline massif of the Central Eastern Carpathians
(in Ukraine the massif called Marmarosh is part of the
Dacia terrane). The roots of Transylvanian nappes are
located between the microcontinental terranes of
Tisza and Dacia in the Mures zone [Csontos & Voros,
2004]. This zone belongs to the Transylvanian-Mures
(Vardar-Mures) suture zone, which was formed as a
result of the collision between the two mentioned
terranes. This collision has led to the formation of a
composite terrane Tisza—Dacia [Hnylko, 2012; Gnilko
& et al., 2015; Tretiak et al., 2015]. The Tran-
sylvanian-Mures sutura, as well as the olistoliths of
the Transylvanian nappes in the Soimulska suite,
“contains information” on the geodynamic processes
occurring in the ocean basin, which divided the
micro-continental terranes of Tisza and Dacia. Given
the modern theoretical concepts, we believe that the
thermodynamic parameters of the formation and
metamorphic changes of peridotites from the
ophiolites of the Uholskyi complex (which are

fragments of the Transylvanian Early Cretaceous
nappes of the Ukrainian Carpathians) are currently not
sufficiently analyzed.

Purpose

The purpose of the study is to investigate and
characterize secondary serpentines for the reconst-
ruction of the geodynamic conditions of the formation
and transformation of peridotites of the Uholskyi
complex.

Research methods

Complex research has been conducted covering
field observations of rocks in natural outcrops and
laboratory petrographic, mineralogical and petro-
gheochemical studies of apoperodotytic serpenti-
nites.

Serpentinites and serpentinous peridotites in
natural outcrops were studied during geologic
mapping and thematic works.

Samples of serpentinites, which differ in mineral
composition and structural and texture features, were
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sampled for laboratory studies. They were studied in
thin sections under the microscope of the firm
“OLYMPUS”. The polished sections of serpentinous
peridotites were investigated in the laboratory of the
Faculty of Physics (Ivan Franko National University
of Lviv) with a raster (scanning) electron microscope
REMMA-102-02 (Sumy, Ukraine) equipped with an
energy-dispersive analyzer “EDAR”. The parameters
of the analysis are as follows: accelerating voltage —
20 kV, current of the probe — 1 nA, diameter of the
probe — 0.1 microns. The standard mark used to
calibrate the instrument is NERMA. GEO1.25.10.74
GT (the manufacturer — “Geotechnology”, Ukraine).
The following standards are used to calibrate
individual elements: Na — albite; Mg — periclase; Al,
Si, Ca — anorthite; P — fluorapatite; S — pyrite; K —
microcline; Ti — macedonite; Cr — escolaite; Mn —
manganite; Fe — hematite; As — GaAs (synthetic);
Ba — barite; Sc, Co, Ni, Cu, Zr, Ag, Au are pure
elements. “Magallanes 3.2” Software was used to
process the obtained data.

Complex thermal analysis (thermogravimetric TG,
differential thermogravimetric DTG and differential
thermal DTA) was performed on a derivative digitizer
Q-1500D of the “Paulik-Paulik-Erdey” system
connected to a personal computer (laboratory of the
Chemical Faculty of Lviv Polytechnic National
University) in temperature range of 20—1000 °C with
free access of air to the furnace. The heating rate is
10 °C/min. The weight of the samples was on average
10 mg. The standard substance used was aluminium-
oxide. The results of the analysis are presented in the
form of thermograms. The interpretation of the
serpentinous rocks composition was carried out using
catalogues of standard thermograms of serpentine
varieties (lizardite, chrysotile, antigorite), and other
minerals of peridotites [Ivanova et al., 1974;
Shteinberg & Chashchukhin, 1977; Varlakov, 1986;

Brianchaninova & Makeev, 1995; Brianchaninova,
2004].

X-ray structural analysis has been performed in
the X-ray laboratory of the Geological Faculty (Ivan
Franko National University of Lviv) on the
diffractometer DRON-3 (analyst A. Dvorianskyi).
Parameters of analysis: CuKj-radiation, voltage —
40 kV, current strength — 25 mA, speed of rotation —
1 deg/min. Identification of minerals is done using
MINCRYST Internet resources, Mindat, and using
Match (version 9).

Research results

The investigated rocks are serpentinites and/or
serpentinous peridotites, in which the content of
secondary minerals, mainly serpentine, is 80—100 %.
The peridotites consist of olivine, rhombic, and
monoclinic pyroxenes, spinellids [Liashkevich et al.,
1995; Stupka, 2013; Bilyk, et al., 2016; Stepanov, et
al, 2016], which makes it possible to assume their
mainly mantle primary paragenesis of the restite type.
According to the results of our research, metamorphic
transformations of peridotites from olistoliths of the
Soimulska suite are found in the widest distribution of
a- and B-lizardite and antigorite.

Macroscopically ~ serpentinous  rocks  are
represented by two varieties that differ in structure
and texture. The rocks of the first group have lens-
loop texture, and the second one — striped-shale.

Under a polarization microscope it was discovered
that in the rocks of the first group, serpentine is
represented by band-shaped and loop-shaped
aggregates up to 1.0-1.5 mm in size. They are usually
colourless, have a negative elongation, straight

extinction, n, = 1.546. There are also table-shaped
crystals of sliced serpentine with an eminent cleava-
ge — a bastite. The mineral is developed as pseudo-
pyroxenes (Fig.

morphosis on rhombic 2A).

B

Fig. 2. Apoperidotite serpentinites of the Uholskyi complex in thin sections:
A — looped and tabular lizardite and bastite: (left — looped a-lizardite, right — sliced bastite); B — elongated-
tabular to the needle-like antigorite (white). The basin of Mala Uholka, right side of the Hrebinskyi-stream,
250 m upstream from the mouth of the stream Poharskyi Runkul, at the outskirts of the village Mala Uholka

42



Geodynamics 2(27)/2019

The crystalloptical characteristics of both varieties are
identical and correspond to a-lizardite, which is
confirmed by thermal analysis: the DTA-curves show
a clear endoeffect at 7= 630 °C, which corresponds to
a-lizardite (Fig. 3B) [Saveliev, et al, 2009;
Dobrosotsky, 2013].

In thin sections of the second group rocks,
serpentine is also represented by ribbon and loop
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aggregates, but they are full of point-like and dust-like
inclusions of magnetite. According to [Briancha-
ninova, 2004; Saveliev et al., 2009; Dobrosotsky,
2013], the magnetite allocation is characteristic of
B-lizardite. There are also a few (< 5 %) needle-like
(up to 0.01 mm in length) and latticed individuals of

serpentine, whose refractive index n, = 1.565
corresponds to antigorite (see Fig. 2B).
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Fig. 3. Termograms of serpentines from apoperidotites of the Uholskyi complex:
DTG - differential-thermogravimetric curve; DTA — differential heating curve; TG — mass loss curve.
Apoperidotites with: A — B- lizardite and antigorite; B — a-lizardite

The relationship between antigorite and B-lizardite
is complex, possibly these minerals are syngenetic. On
the DTA-curves (see Fig. 3A) there are two distinct
endoeffects at 670 and 780 °C, which confirm the pre-
sence of PB-lizardite and antigorite, respectively. Accor-
ding to the area of the indicated effects, it is determined
that the ratio of B-lizardite and antigorite is 1:2.

Spreads with interplanar spacings of 0.73, 0.454,
0.363, 0.253, 0.249, 0.245 nm, which correspond to

A

3,63

2,49

2,53
245"|

MW

uw\'**’

| | |
Wﬂ HMM'W | k. . ll'ww”’ \W'

lizardite and antigorite were found on the diffracto-
grams of serpentine (Fig. 4). Characteristically, in the
case of the predominance of a-lizardite rocks, the
intensity of the peak of 0.363 nm is much lower than
in the rocks with antigorite dominance.

The results of the microprobe analysis are plotted
on the triangular diagram AlI'-Fe’—Cr” (Fig. 5), from
which it is evident that the figurative points of the
investigated minerals are grouped in two directions.

3,63 || 7.3

2.49 |
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/

Fig. 4. Diffractograms of serpentines from apoperidotites of the Uholskyi complex:
A — with o-lizardite; B — with - lizardite and antigorite
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Fig. 5. Distribution of figurative points
of serpentines on the triangular diagram
Al"-Fe’-Cr":
analyzes 1-4 — field of lizardite; 5-9 — field of
antigorite; Fe’ = Fe/(Fe+Mg)-100 %;
Al = Al/(AI+Si)- 100 %; Cr" = Cr/(Cr+Al)100 %

Group I (analyzes 1-4) is represented by o-li-
zardite, group II (analyzes 5-9) — by antigorite. In the
grains of group I, is the higher content of Cr and less
Fe content, whereas in the grains of group II the
opposite is true.

The chemical composition of serpentines [Bilyk &
et al., 2016] has been investigated using the technique
given in the papers (Schwartz et al., 2012; Lafay et
al., 2013; Wu et al., 2018). It is determined that the
studied serpentines are represented by two groups. In
the binary diagram of SiO,—Al,Os, analyzes 1-4 are
in the field of lizardite, and 5-9 — in the field of
antigorite (Fig. 6). That is, in the transition from
lizardite to antigorite, the serpentine is enriched with
silica, which correlates with its depletion of alumina
(Table 1).

Table 1

Content of SiO; and Al,O; in serpentine
according to chemical analysis, wt. %

Content, wt. %
1 2 3 4 5 6 7 $ 9

SiO, [43.08]42.11(42.02(41.09(44.12|43.92|43.90|42.96|44.10

Oxides

AlLO;0.61(1.99]1.59]1.95]021[0.99|0.55|1.86|0.87

In o-lizardite grains, relatively large (up to
0.3 mm) virtually unaltered grains of chrome-
spinellids were found (Fig. 7A). In B-lizardite and
antigorite spinel is found in the form of point-like
relics, and most often it is practically completely
altered into magnetite. Visually, the content of dust-
like magnetite (see Fig. 7B) in serpentine grains does
not exceed 5-10%. According to the study of
metamorphic transformations in peridotites of
different regions of the World, in particular the Urals
[Saveliev & et al., 2009; Dobrosotsky, 2013, etc.], the
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separation of dust-like magnetite in serpentines
suggests that the geodynamic situation has changed.

ALO,, wt.%
w
1

N
|

38 39 40 4 42 43 44 45
Si0,, wt.%

| "_ Field of lizardite [___] Field of antigorite

'” " "' Mixed lizardite-antigorite field

Fig. 6. Distribution of figurative points of
serpentines according to the data of microprobe
analysis on the Si0,—Al,O;- diagram
(Schwartz et al., 2012; Lafay et al., 2013)

We assume that the presence of magnetite in
serpentine is an indicator of the onset of progressive
metamorphism. It took place in the Jurassic—Early
Cretaceous during the process of subduction of the
oceanic crust of the Transylvanian-Mures paleobasin
[Gnilko & et al., 2015] under the encymatic arc,
which was located west of the microcontinental
terrane of Dacia.

According to Yu. M. Raznitsyn and others, low-
and high-temperature serpentinization are distin-
guished according to thermometric and dynamic
parameters. Due to high-temperature serpentinization,
antigorite-containing rocks are formed, which develop
on peridotites. Most researchers are of the opinion
that this is happening over subduction zones.
Numerous manifestations of antigorite serpentinites in
deep-water troughs are found among modern oceanic
structures, while they are absent in the mid-ocean
ridges [Raznitsyn et al., 2018]. Low-temperature
serpentinization results in the formation of lizardite
(partly chrysotile) rocks. The process is inherent in
the spreading zones and develops at low and moderate
pressure at a depth of 3.5-4.5 km. It is noted that in
this case the chrome-spinellids remain unaltered
(magnetite does not replace them).

The studied serpentines of apoperidotite serpen-
tinites differ in mineralogical-geochemical charac-
teristics which makes it possible to distinguish two
groups between them. They were formed in different
geodynamic conditions and have different genesis. In
the complex of signs the serpentines of the first group
gravitate to the primary mantle protoliths of the
ultrabasic composition, and the second — to the
lithospheric protoliths of the basic composition.
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Fig. 7. Accessory minerals in serpentinites of the Uholskyi complex apoperidotites:
A — chrome-spinellid (Crsp) in loopy a-lizardite;
B — dusty magnetite (black dots) in the striped-slaty serpentine (B-lizardite, antigorite). The upper part
of the basin of the Mala Uholka-river, interfluve of east Hrebinskyi and Poharskyi Runkul streams

Practical value

The study of serpentinites developed on the
peridotites of the Uholskyi complex is important for
the determination of the types of metamorphism
experienced by the primary-mantle protoliths and the
stages of formation of the fold-napping structures
lithosphere (on the example of the Ukrainian
Carpathians). The obtained results can be used for
prediction of mineralization in serpentinites, because
the elements of the platinum group are associated
with lizardite rocks, and magnetite with antigorite
ones.

Scientific novelty

The results of the complete set of field and
laboratory studies of serpentinites formed on
peridotites of the Uholskyi complex, made it possible
to distinguish between them two groups that have
different thermodynamic and geodynamic history. It
is determined that structural and texture features of
rocks, and their mineralogical and geochemical
peculiarities are indicators of geodynamic conditions
of the transformation of peridotites from ophiolites of
the Marmarosh rocky zone and other regions. The
model of the phased transformation of peridotites of
the Uholskyi complex in the Inner zone of the Eastern
Ukrainian Carpathians has been proposed.

Conclusions

The complex investigations of serpentines from
the apoperidotites of the Uholskyi complex have
made it possible to specify the model of their
transformation in the structure of the Transylvanian-
Mures paleocean and their subsequent penetration
into the Marmarosh rocky zone.

The use of well-known techniques for the study of
serpentinites and serpentinous apoperidotites clearly
demonstrates the possibility of periodization of the
processes of primary rocks transformations under
different geodynamic conditions. Comparing our
results with known data for other regions makes it
possible to distinguish groups of rocks that have been
altered at least twice.

Serpentines with lenticular-looped textures are
indicators of geodynamic conditions for peridotites
alteration at the first, earlier stage. There are, above
all, o-lizardite and bastite, which have high content of
Cr and contain large unaltered grains of chrome-
spinellids. This stage corresponds to the regressive
metamorphism of the top of the greenschist facies. It
occurred under the geodynamic conditions of
spreading during the rise and cooling of peridotites.

Serpentines, which have a striped-shale texture,
are represented mainly by B-lizardite and antigorite,
which are characterized by increased Fe deficiency
and the presence of dusty magnetite grains. The
corresponding rocks were formed at the second, later
stage, which parameters (although, perhaps, some-
what local) correspond to the progressive meta-
morphism of the lower greenschist—upper epidote-
amphibolite facies. Serpentines at this stage were
formed wunder supersubduction conditions and
confined to fragments of paleozones of shear-plastic
deformations. In the Jurassic—Early Cretaceous times,
these deformations were accompanied by subduction-
collision events between the terrane Dacia, the
encymatic island arch of the Tethys-ocean and/or
Tisza-terrane. The collision of the terranes Dacia and
Tisza led to the closure of the Transylvanian-Mures
ocean (part of the main branch of the Tethys-ocean)
and the formation of large early Alpine nappes
[Csontos & Voros, 2004; Gnilko & et al., 2015],
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including Transylvanian ophiolites. Just before the
front of the ophiolite plates there was an olistostromic
basin (in particular, the Marmarosh), in which the
olistoliths from these plates shifted [Gnilko & et al.,
2015].

Distinguished varieties of serpentine, which differ
in mineral, geochemical and structural-texture
peculiarities, belong to different genetic groups.
Serpentines of the first group tend to the primary
mantle protoliths of the ultrabasic (restitious)
composition, and the minerals of the second group —
to the lithospheric protoliths of the basic composition.
The studied serpentines, developed on the peridotites
of the Uholskyi complex, were, apparently, confined
to the Mesozoic suture zone between the terranes of
Dacia and Tizsa.
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JI. B. TEHEPAIJIOBA, B. b. CTEITAHOB, H. T. BUIUK, €. M. CJINBKO
JIbBiBCHKHI HaliOHANBEHUHN yHiBepcuTeT iMeHi [Bana dpanka, JIbBiB, YkpaiHa, e momra: gen geo@i.ua; natbilik@i.ua

CEPHIEHTHHU — IHIUKATOPU TEOAMHAMIYHUX YMOB
METAMOP®IYHUX ITEPETBOPEHb ME3030MCBKUX ITEPUIOTUTIB
MAPMAPOCBHKOT 30HM CKEJIb (BHY TPILIHI YKPATHCHKI KAPIIATH)

Meta. BukoHaHO JOCHIJPKEHHS BTOPUHHUX CEPIIEHTHHIB Uil PEKOHCTPYKIIi YMOB CTaHOBJICHHS i
MIEPETBOPEHHS MEPUIOTUTIB YTOJIBCHKOTO KOMIUIEKCY, SIKI JIOKami3oBaHi B MapMapochKili 30HI CKellb BHYT-
pimHix Cxiganx Ykpaincekux Kaprart i nommupeni B Mexxupiudi Benmukoi ta Masoi Yroiasok. MeTtomu. Pobora
IPYHTYETBCSI Ha PE3yJbTaTaX TEOJIOTIYHUX CIIOCTEPEKEHb MOPiJ YroJbCHKOrO KOMIUIEKCY B MPUPOIHHX Bij-
CIIOHEHHSIX, a TaKOX IeTporpadiuyHuX, MiHEpaJOriuHUX (PEHTTEHOCTPYKTYpHUH, TEPMOBArOBUH 1 MiKpO-
30HJOBUI aHaNi3M) Ta TeOXIMIYHMX JOCITI/DKeHb. J[1s TOpIBHSHHS BUKOPHCTAHO JIiTEpaTypHi JAaHi IIOIO
NepuaoTHTIB YKpaiHchkux Kapmar i okpeMux JeTallbHO BUBYEHHX MEPHIOTUTOBHX KOMIUIEKCIB OpOTEHIB.
PesyabraTtu. [lepuporuTy yTBOPIOIOTH OJICTONITH B HIDKHBOKPEHIOBIH COWMYIBCBKIH OJICTOCTPOMOBO-
KOHIJIOMepaToBiit ToBIII MapMapockkoi 30HH ckenb (BexxaHchkuil MOKpHUB) BHYTpIlIHIX YKpaiHcbkux Kaprmar.
Bik omicromniTiB (coiMynbChKa CBiTa) MEPUAOTHUTIB yroibchbkoro komiuiekcy — 7>—K; (?). [lopoau npencrasieHi
CEpPICHTHHI30BAaHUMH TIEPUAOTUTAMU W CeplieHTHHiTaMH. MeramopdiyHi NepeTBOpPEHHsS HEPHIOTHTIB ONiCTO-
JITIB BHSBJCHO y 3HAYHOMY IOMIMPEHHI o- 1 B-mizapmury ¥ anturoputy. Cepeln BHUBUEHHX CEPIICHTUHIB
BuaineHo nBi rpynu. CepreHTHH Meplioi TPy Mae JIiH30MOAIOHO-TIEeTeNbYacTy TEKCTYpY 1 MpecTaBICHHH,
TOJIOBHO, OL-JTi3apAXUTOM i 0aCTHTOM; Il MiHEpaJIM MICTATh HOPIBHIHO BEJIHKI HE3MIHEHI 3epHa XPOMILITIHEMTIIB 1
MaloTh IiJBUIIEHY XpOMHUCTICTh. CepIeHTHH Hpyroi TIpymHu, MNpeACTaBIeHWH, 3a3BUYai, B-mi3apauToMm i
QHTUTOPUTOM, CMYTacTO-CJIAHIIOBATOl TEKCTYPH, MICTUTh BKIIIOYEHHS IMUIJIONOMIOHOI0 MAarHETUTY H MiIBUIIEHY
KUIbKICTh 3aiiza. MiHepanaMm mepuioi Ipynu NpUTaMaHHI TEPMOAWHAMIYHI XapaKTEPUCTUKU PErpecHBHOrO
MeraMmopdi3My BepXiB 3elleHOCTaHIeBOl ¢arii, sSKUi Mir OyTH peasli3oBaHMi 3a TI'€OJMHAMIYHHUX YMOB
CHPEIUHTY TTiJl Yac MiAHATTS H OXOJOKEHHS NepuaoTHTIB. CeplieHTHHH JPYyroi TPy MaroTh IapaMeTpH, Xoua
1 JIOKaJIbHI, TIPOIPECUBHOrO MeTaMop(i3My HHU3IB 3€JIEHOCIIAHIICBOI—BepXiBeminoT-amMmpidomiToroi darii. Bonu
dbopMyBaIKch 3a HAACYOMYKIIMHUX YMOB 1 MpPUYpPOYCHi JO (parMEHTIB MAaj€Oo30H BiJIKOJIOBO-TUIACTUIHUX
nedopmariii, siki CynpoBODKYBaJIM B IOpi—paHHIN Kpelai cyOayKIiiHO-KoMi3iiHI moail Mix Tepeiinamu Jlaxis i
Twucisi, o mpuBenu A0 3aKpuTTsl TpaHCHIIBBaHCHKO-MYypEChKOro majneookeany. BuaiieHi rpynu CepreHTHHIB
MAalOTh Pi3HUI reHe3uc i GopMyBaIUCh 3a Pi3HUX T€OAMHAMIYHAX YMOB: MiHEpaJIU MEPIIOi TPYNU THKIIOTH 10
MIEpBUHHO-MAHTIHUX TPOTOJITIB YIBTPAOCHOBHOTO CKJIay, a JAPYroi — A0 JIITOCEPHUX MPOTOJITIB OCHOBHOTO
cknany. HaykoBa HoBHM3HA. BukopucTaHHS KOMIUIEKCY METONIB JIOCHIDKEHHS CEPIIEHTUHIB [ajio 3MOTY
po3minuTu iX Ha ABI TpymH, sIKi MarmTh Pi3HY TEPMOIMHAMIiYHy W TreomuHaMiyHy icropiro. CTpYyKTypHO-
TEKCTYPHI, MiHEpaJIOTi4Hi, T€OXIMI4HI Ta iHII OCOOIMBOCTI CEPIIEHTUHIB € IHAUKATOPaMHU T'€0IMHAMIYHAX YMOB
MIEpETBOPEHHS MEPUIOTUTIB MapMapockkoi 30HH CKelb Ta IHIIMX PErioHiB. 3alpoIlOHOBaHO MOJENb MOEeTarl-
HOT'O NIEPETBOPEHHS MEPUIOTHUTIB YrOJIbChKOro KoMmIuiekcy. IIpakTuyne 3HaueHHs. JOCIiKeHHS CepIIeHTH-
HITIB, PO3BHHYTHX IO MEPUAOTUTAX YrOJIbCHKOI'O0 KOMIUIEKCY, BXKJIMBE Ui 3 SICYyBaHHS TUIy MeTaMopdizmy
BUXIJJHAX TEPBUHHO-MAHTIHHUX MPOTOMITIB 1 cramifiHOCTI (OpMyBaHHS JiTOC(EpH CKIIAA4acTO-TIOKPHUBHUX
cnopy (Ha npukiaai Ykpaincekux Kapnar). OTpuMaHi pe3ysibTaTiH MOXKHA BUKOPHCTOBYBATH ISl IIPOrHO3HOT O
OLIIHIOBAHHSI 3pY/ICHIHHS CEPIIEHTUHITIB, OCKIIBKYA BU3HAUEHO, IO 3 JIi3apJAUTOBUMH CEPIIECHTUHITAMH I1OB’sI3aHi
€JIEMEHTH TPYNH IJIATHHH, & 3 AaHTUTOPUTOBUMH ACOIIII0€ MarHETHUT.

Kniouosi crosa: TepupoTUT; CEPIIEHTUHIT; CEPIEHTHH; O- 1 [-Ji3apJuT, aHTUTOPHUT, BHYTPILIHS 30HA
Cxigaux Ykpaincbkux Kapmar.
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