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CALCLITHITES OF THE KROSNO ZONE IN THE EAST CARPATHIANS (UKRAINE)

(PexomeHdoeaHo YrieHoM pedakuyiliHOi Kosieaii 8-pom 2eor. Hayk, dou. C.€. LLHokosuM)

Results of carbonates distribution in the flysch rocks of the Krosno Zone (Ukrainian Carpathians), which are composed mainly by
interstratification of sandstones, argillites and aleurolites, and sporadically limestones, dolostones and marls as well as estimations of
contents are analysed in this article. Carbonates are widely distributed in variable amounts in the rocks outcropped into the new Beskyd
tunnel at the Carpathians watershed and surrounding area. Most high values of carbonates (up to 77,11 wt. %) as well as its lowest contents
(a few per cent) were found in different sectors. According to X-ray powder diffraction observations on whole-rock samples carbonates
are represented by calcite and dolomite. Dolomite is dominant phase and its total amount is about three times more than calcite.

Two main different age morphological and mineralogical generations of carbonates are distinguished within the flysch rocks after
petrographic studies and microbeam analyses. Early generation of the carbonates is represented by coarse grained detrital dolomite and
finer calcite as cement. Late generation of big in size crystals of carbonates is main component of the carbonate, carbonate-quartz, and
carbonate-sulphide druses and veins, which are distributed locally. Studied carbonate-bearing rocks are regarded as calclithites after the
Folk’s classification due to significant amounts of terrigenous carbonates. Carbonates from the initial flysch rocks have &"°C and 50
values similar to those of the typical marine limestone carbonates and are limited in a relatively narrow field. It is additional evidence of

local sources for the flysch formations rich in carbonates.
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Introduction. Carbonates are widespread in variable
amounts in the flysch rocks of the Ukrainian Carpathians,
which are composed mainly by interstratification of
sandstones, argillites and aleurolites, and sporadically
limestones, dolostones and marls. The above-mentioned
rocks in different proportions are typical for all regional units
of the studied territory [1, 4, 6, 7] and surrounding parts of
the Carpathians [11, 14].

Most of these rocks are represented by terrigenous
components — quartz, plagioclase, carbonates, mica,
chlorite, zircon, titanite, tourmaline, rutile, etc. Two main
different age, morphological and mineralogical generations
of carbonates were distinguished within the flysch rocks.
Earlier generations of the carbonates are represented by
coarse grained detrital fragments and finer carbonate as
cement [5]. Total contents of carbonates in the sandstones
and shales are fluctuating from parts of tenth percent up to
dozens percents [1, 6, 7], and commonly regarded as
cement of terrigenous rock varieties.

In commonly used classifications of clastic rocks by
mineral composition, scientists consider three components:
quartz, feldspar and other terrigenous material [20]. Special
group of terrigenous rocks that mainly consists of eroded
limestones and other carbonate rocks fragments was for the
first time systematically described by R. L. Folk in 1959 [12]
and defined as calclithite. He studied composition of the
sedimentary rocks and identified species with a
predominance of silt-sand-gravel carbonate fraction more
than 50 per cent in the composition of terrigenous material.
The grain size of these rocks could range from siltstones
(rare) to sandstones (fairly common) and to conglomerate
(most common). The rocks often are product of intense
orogeny early phases and, particularly in its early phases
before the sedimentary cover has been stripped off the
source area. Their formation is possible in case of intensive
erosion and short detritus transport distance [12, 13].
Absence of uniform classification of terrigenous rocks

complicates analysis of rocks with a high content of
carbonates and leads to disparate treatment of geological
terms. That's why, calclithite should be considered as
distinct terrigenous rocks and form a terrigenous rocks
group equivalent to the orthoquartzite, arkose, or
greywacke. Thus the triangle composition for sandstones
should be expanded to a tetrahedron and include
terrigenous carbonate rocks [9, 12, 13].

Calclithites were discovered and described in different
age formations and numerous regions (the Miocene Oakville
Formation of the Central Texas [15], the Permian
Phosphoria Formation in the Idaho [19], the Palaeogene
Formation of the Tajo Basin, Spain [10], rocks of the
Laramide basement uplifts of the Rocky Mountain foreland
(Late Cretaceous-Late Eocene) [17], Upper Miocene
arenites of the central Apennines, ltaly [18]. These are
evidence of permanent presence of calclithites among other
terrigenous rocks.

In this article we described calclithites from the Krosno
zone, which are developed in the new Beskyd tunnel and
surrounding areas, and tried to give information on their origin.

Geological settings. Due to construction of the new
Beskyd tunnel at the Carpathians watershed there was a
direct access to the artificial outcrops and geological study
with sampling of materials from flysch formation rocks of the
Krosno Zone which changed minimally. Beside the tunnel,
similar clastic rocks with a high content of carbonates were
found in different sectors of the Krosno Zone near
Skotarske, Guklyvuy, Volovets villages, etc.

Krosno (or Silesian) Zone is located in the central part of
the Outer Carpathians [11, 14]. General structure of this
zone is similar to other Outer Carpathians nappes. lts
internal subzones were thrusted onto the outer ones in
north-east direction, as well as other main Ukrainian
Carpathians units. Geological boundaries and structural
features of this zone differ on various tectonic schemes of
the Ukrainian Carpathians [3, 14].
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The flysch series is composed of interstratification of
light gray massive sandstones (up to 90 % of the cross
section), and dark to black argillites and aleurolites,
sporadically limestones, dolostones and marls. They are
regarded [1-3, 11] as a part of the Oligocene Lower Krosno
Formation. General dipping of the Krosno Formation stratum
in limits of the tunnel is south-western, under varying angles
from 30° up to 60°. In some places there are flexures and
orthogonal or (rarely) perpendicular fractures in the rocks
which are often filled with late veins and druses (thickness
up to 50 centimeters) of the newly formed minerals.

Calcite druses and veins dominate; they contain small
crystals of quartz, which has all the features of the Maramures
"diamonds" [5]. Hydrocarbons seeps (yellow-green in color) on
surfaces of the late druse in flysch rocks were found in the new
Beskyd tunnel. In these places quartz contains a large number
of liquid and solid hydrocarbons inclusions.

Sampling and analytical techniques. Beside routine
geological investigation and sampling petrographic studying of
thin sections were carried out to determine of crystallization
ordering for minerals of carbonate-bearing rocks, which are
typical for the Krosno Zone, as well as to check shapes and
heterogeneity of individual minerals of these rocks.

To estimate total amount of carbonates in the rocks we
used its solution by hydrochloric acid of different concentrations
(5 % and 10 %) and temperature (with heating or without it).
Weight method was involved for resulting calculation.
Carbonate compositions were determined on whole-rock
samples using a DRON powder diffractometer.

Taking into consideration the results from thin sections
observations, microbeam analyses of mineral grains were
carried out using a REMMA-10202 scanning electron
microscope equipped with an energy-dispersivedetector
"EDAR" (Lab of the Faculty of Physics, National University
of Lviv, named after lvan Franko) on the previously cleaning
and prepared samples by carbon fine film decoration. Set of

the carbonate grains were used to determine its shape and
size, inner heterogeneity and coexisting phases. Analyses
included general investigations of chemical composition of
separate phases.

The oxygen and carbon isotopic compositions in the
whole-rock carbonates were analyzed in the Institute of the
Geochemistry and Ore Formation, Kyiv. Carbon dioxide was
released from carbonates using the PbCl2under 500 °C. The
relative difference in oxygen and carbon isotope ratios in
CO2(gas) was measured on a MI-1201MV mass
spectrometer. The laboratory CO2 was used as standard
GIN-1 during isotopic measurement, which is connected to
the International PDB and SMOW standards respectively.
The accuracy of 8'3C and §'80 measurement in whole-rock
samples was +0,1 %o and +0,2 %o respectively. The Craig
correction was taken into consideration for the determination
of 8"Csamp (PDB) and &'"®Osamp (SMOW). The oxygen
correction was taken into account for 8'3Csamp (PDB).

Results and discussion.Medium- and coarse-grained
and sometimes up to gravelitic (Fig. 1, 2) sandstones (up to
90 % of the total volume), and dark to black fine-grained
argillites and aleurolites are main rocks of the three
components flysch in the studied area. Beds of dark-gray to
black limestones, dolostones and marls are sporadically
found along the geological sections.

Psammitic textures and massive structures are typical
for sandstones, which are composed mainly by quartz-
carbonate lithocrystalloclastic varieties. Separate fragments
(0,1-0,5 mm in size) are represented by quartz (up to 50 %
of volume), carbonates (more than 50 % of volume), and
microquartzites, plagioclase, microcline, mica (first per
cents) and rare biotite and glauconite. Some foraminifera
and ore minerals relicts are also found. Clay-carbonate
cement of the sandstones (about 5 % of the volume) is
mainly film-like.

Fig. 1. Sandstone with late calcite druse (A) and typical thin sections of the carbonate rocks from the Krosno Formation:
B - poorly sorted, fine-grained clastic sandstone (Skotarske village, left bank of the Vicha river);
C - sericitic, well sorted, fine-grained clastic sandstone (Skotarske and Guklyviy villages); Symbols used:
Carb (d) — detrital carbonate, Q — quarts, Carb — carbonate cement, Fs — feldspar, Ser — sericite, C — calcite veins

. ~
i‘ e

Fig. 2. Siltstone (A) and typical thin section of the carbonate rocks from the Krosno Formation — siltstone with late calcite veins,
new Beskyd tunnel (B). Symbols used: C - calcite veins
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Mineral composition of the argilites, aleurolites and
sandstones is similar, but with lower amounts of quartz (less than
5 %), sericite (less than 50 %), and carbonates (more than 50 %).

Pelithomorphic (rich in clay) limestone includes point-like
quartz grains and separate plagioclase grains, and is
characterized by pelitic texture and massive structure. The
rocks contain coal-clay, sometimes ore minerals, and
fragments (0,01-0,08 mm in size). Cement of the rocks is
clay-carbonate, sometimes clay-ferrous-carbonate. Texture
of rocks is aleuropelitic, structure — massive, sometimes
massive-banded due to intercalations of intervals with
different proportions of clay and carbonate amounts.

Separate sandstone beds have most significant
thickness (up to 10 m) in comparison to subordinated
thickness of argillites and aleurolites (up to few meters).
Thickness of limestones, dolostones and marls layers are
not more than a few centimeters.

Carbonate contents and its composition. Total
amounts of carbonates in the studied flysch rocks of the
Krosno Formation are variable (Table 1). Besides samples

with late carbonates we determined significant contents of
carbonates almost all over the investigated area. Most high
values of carbonates (up to 73,38-77,11 wt.%) as well as its
lowest contents (first per cents) were found among the
different sectors. There is no important distinction in
carbonate contents within the flysch rocks different in
composition and structures.

According to X-ray powder diffraction observations on
whole-rock samples, carbonates are represented by calcite
(dn/3,029; 2,088; 1,912; 1,869) and dolomite (dn/2,89; 2,65;
2,18; 1,78). Due to higher intensity of basal reflects dolomite
is dominant phase in the observed samples and its total
amount is about three times more than calcite.

Microbeam analyses were carried out on the previously
prepared and polished samples of the carbonate-bearing
flysch rocks. Quartz, dolomite, calcite, muscovite, illite,
albite in different proportions are main minerals of the rocks
(Fig. 3). Detrital coarse fragments of quartz and dolomite
have irregular shapes and are cemented by fine-grained
calcite, muscovite, illite, and rare grains of plagioclase.

Table 1. Carbonate contents in flysch rocksfrom the Krosno Formation

Ne of samples Sectors of location Total amount of carbonates, wt. %
1A Beskyd 21,04
6A Beskyd 67,52
7A Beskyd 24,65
13A Beskyd 27,21
15A Beskyd 25,10
33 Skotarske 23,60
36 Skotarske 33,65
37 Skotarske 29,12
38 Skotarske 73,38
39 Skotarske 63,76
49 Huklyvyy 36,02
53 Huklyvyy 77,11
54 Huklyvyy 36,77
55 Huklyvyy 35,75
64 Volovets 10,50
66 Volovets 14,32

Separate dolomite clasts (see Fig. 3) have different size (from 100 up to 200 mk) and almost pure chemical compositions.
Crystallochemical formula of the dolomite — Ca1,01-1,04(Mgo,90-0.93F€?*0,00-0,01)0,91-0,93[CO3]2 reflects very low concentrations of the

iron admixture and is similar for dolomite cores and rims in different observed sectors.

20.00kV_~ x200 __ 200pm

Fig. 3. Back-scattered image of the sandstones: detrital dolomite (Dol) and calcites (Cal) cement,
Ms — muscovite, Py — pyrite, Rt — rutyl, Qtz — quartz, Ab — albite, lit — ilmenite
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Calcite, muscovite, illite, plagioclase are common
minerals of the cement. Isometric grains of pyrite (up to
10 mk) and short columns up to needle shape rutile crystals
(up to 20 mk) are found sporadically, too. Fine grained and
commonly isometric calcite (up to 20 mk) is typical cement
of dolomite and quartz irregular clasts (see Fig. 3).

According to calculated crystallochemical formula —
Ca0,90-0,95(Mgo,02F€2*0,00-0,02)0,95-0,98[CO3]2 calcite has also
pure chemical composition. no significant admixtures are
found in different grains of calcite.

C and O isotope composition. Carbonates from the
initial flysch rocks have 8'3C and 8'80 values similar to
those of the typical marine limestone carbonates and are
limited in a relatively narrow field (Fig. 4).

The spatial and composition relationship between
carbonates of the first generation and druse mineralization
indicates their commonness. Late carbonates were formed
during faults development in lithified rocks: they have the
characteristics of the open cavities. Carbon and oxygen data
of the late carbonates commonly close to 8'3C and &'80
values determine for primary carbonates. It can be a good
evidence for their inheritance, and formation of the late
carbonates from solutions that actively interact with the host
rocks. But some calcites enriched in heavy '3C isotope (5'3C
up to +7,2 %) were formed from mixing fluids. Late aragonite
enriched in heavy carbon isotope '3C (3'3C up to +9,5 %o)
confirms possible connection between aragonite and
neighboring ore mineralization [7].

Marine
Limestone

5"C [%e, V-PDB]
o

Carbonatites

Freshwater
limestone

-10 f
0 10

T
20 30

50 [%o, V-SMOW]

Fig. 4. 8'3C vs. 8'®0 diagram shoving field of the stable isotopes values
in the measured primary carbonates (green) concerning of the main nature carbon and oxygen reservoirs (after [16])

Conclusions.Sandstones, argillites and aleurolites are
main components of the flysch formation of the Krosno Zone
within the new Beskyd tunnel at the Carpathians watershed
and surrounding sectors near Skotarske, Guklyvuy,
Volovets villages, etc. Limestones, dolostones and marls
are developed sporadically all over this area.

Carbonates are widely distributed in variable amounts
in the flysch rocks. Most high values of carbonates (up to
77,11 wt.%) as well as its lowest contents (a few per cent)
were found among the different sectors. Dolomite is
dominant phase and its total amount is about three times
more than calcite. Two main different age morphological and
mineralogical generations of carbonates are distinguished
within the rocks of the Krosno Zone. Early generation of the
carbonates is represented by coarse grained detrital
dolomite and finer calcite as cement. Late generation of big
in size crystals of carbonates is main component of the
carbonate, carbonate-quartz, and carbonate-sulphide
druses and veins, which are developed locally.

Studied carbonate-bearing rocks are regarded as
calclithites after the Folk's classification due to significant
amounts of terrigenous carbonates. According to calculated
petrochemical data (F = 0,11, A = 26, K = —21) investigated
flysch rocks of the Krosno Formation are represented by clay
greywacke [8] and greywacke — litharenity (K2O/Na20 — 0,77
and SiO2/Al203 — 4,5) after [20]. Taking into consideration
terrigenous carbonates occurring everywhere in the Krosno
Zone we should conclude about importance of the third

detritus component at the Folk's diagram [12, 13] besides
quartz and feldspars. At the same time wide variations of
carbonate contents (from 10,50 up to 77,11 wt.%) indicate
presence of facial heterogeneity within the Krosno Zone.
Paragenetic relationships and similarity of the flysch rocks
and significant variations of the detrital carbonates among
them point to not only quantitative but also genetic differences
between components at the Folk's diagram.

Terrigenous carbonates from the initial flysch rocks have
8'3C and 8'80 values similar to those of the typical marine
limestone carbonates and are limited in a relatively narrow
field. It is additional evidence of local sources for the flysch
formations rich in carbonates.
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HHI "lHcTuTyT reonorii”, Byn. BacunbkiBcbka, 90, M. Kuis, 03022, YkpaiHa,
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KANBKNITITU KPOCHEHCBKOI 30HU CXIOHUX KAPMAT (YKPATHA)

HaeedeHo pe3ynbmamu eusyeHHs1 po3nodiny kapb6oHamie i usHa4yeHHs1 IXHbOI Kinbkocmi y ¢hniwosux nopodax KpocHeHcbkoi 30HU (YKpaiHCbKi
Kapnamu), siki npedcmaeneHi nepewapyeaHHsIM nepesaxHo rnickoeukie, apzinimie i anesposiimie, a makox eanHsikamu, dosilomimamu i Mepzensmu,
sKi nosiensirombcsi ciopaduyHo. Kap6oHamu wupoKo po3noectodeHi 8 3MiHHUX Kilbkocmsix y nopoodax, siki eiOkpumi npu npoxoodxeHHi H08020
Beckudcbko20 myHesto y 8000po30inbHili yacmuHi Kapnam i Ha omoyyroyux dinsiHkax. Bucokuli emicm kap6onamie (do 77,11 eaz.%), sik i ix Heee-
NuKi Kinbkocmi (nepwi eidcomku), eusieneHi Ha pi3Hux dinsiHkax. PeHmaeHiecbki dugppakyiliHi docnidxeHHs1 npob nokasanu, wjo 8 Mopodax NPucymHi
kanbyum i donomim. Kinbkicms donomimy npubnusHo 8 mpu pa3u 6inbwa Hix Kanbyumy.

Hei ocHoeHi pi3Hoeikoei 2eHepayil kap6oHamie ecmaHoesieHo 8 nopodax pniwy 3a pesynbmamamu nempozpagidyHux i MikpopeHmMaeHocnekm-
panbHux aHanisie. PaHHi kap6oHamu npedcmaeseHi 2py603epHUCMUM yslaMKO8UM O0JIOMimMoM i MOHKO3ePpHUCMUM Kasibyumom, sikuli eidizpae posnb
uemeHmy. [1i3Hi 2eHepayil KpynHUX Kpucmarnie Kanbyumy € OCHO8HUMU 8 Kap6oHamHux, kKap6oHam-keapyoeux i kap6oHam-cynbgioHux dpy3ax i
JKunax, siki po3noecrodxeHi nokanbHo. [JocnidxeHi kap6oHamoHOCHI Nopodu cknadeHi 3Ha4YHOK KiNlbKicmioo mepu2eHHUX kapb6oHamie i, 32i0H0 3
knacudpikauyiero dorska, posansdaromscs siK Kanbknimimu. Kap6onamu euxiOHux cpniiwoeux nopid maroms 3HaveHHsi 5°C i 5'°0, siki aHanoziyHi 3Ha-
YeHHsIM 8USIBJIEHUM y Kap6oHamax MOPChLKUX eanHsikis. IxHi pizypamueni moyku nokanisoeaHi y ey3skomy nosi, wo € 000amKoeuM ap2yMeHmom
Ha Kopucmb Micyesux dxepes1 kap6oHamie y nopodax ¢hniwoeoi ghopmauit.

Knrouoei cnoea: kanbknimimu, ¢oniw, KpocHeHcbka 30Ha, nickoeuku, kap6oHamu, izomonu C i O.
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NIbBOBCKMI HALMOHaNbHbLIN YHUBepcUTeT MMeHn UBaHa ®paHka
Feonorunyeckuit hakynbTteT, yn. MpyweBckoro, 4, r. ibBoB, 79005, YkpauHa,
2KueBCKUii HALWMOHaNbLHLIN YHUBEpPCUTET MMeHn Tapaca LLieBueHKo

YHWU "UHcTtutyT reonorun”, yn. BacunbkoBckas, 90, r. Kues, 03022, YkpauHa,
3MAO "UHTepbyaTyHens", yn. MpombiwneHHas, 1, r. Kues, 01013, YkpauHa

KANbKIMUTUTblI KPOCHEHCKOM 30HblI BOCTOYHbIX KAPMAT (YKPAUHA)

lMpueedeHbl pe3ynbmamsbi usyyeHus1 pacnpedesieHus KapboHamoe U oyeHKU Kosudecmea ux 6o ghriuwesbix nopodax KpocHeHckol 30HbI (YK-
pauHckue Kapnamsi), komopbie npedcmaesieHbl nepecsausaHueM, 211agHbIM 06pa3oM, necyaHUKos, apausIIumoe U asieeposiumos, a makxe criopa-
duYecKu nposiesIeHHbIMU U3eecmHsikamu, doslomumamu u mepzensimu. Kap6oHame! WUpPoKo pacrnpocmpaHeHbl 8 NepeMeHHbIX Koluyecmeax 6 ro-
podax, eCKpbImbIX Npu NpoxoxdeHuu Hoeozo Beckudcko2o moHHens1 8 sodopa3sdenbHoli Yacmu Kapnam u Ha okpyxarowjux yyacmkax. Boicokue
codepxaHusi kapboHamos (9o 77,11 eec.%), kak u ux Hu3Kue codep)xaHusi (nepebie NPoyeHmMbl), 6b1/1U 06HapyXeHbl Ha Pa3/IuYHbIX y4acmkax. Coe-
J1acHO peHmaeHo8CKUM AughpaKyUoOHHLIM uccriedosaHusiM ob6pa3yoe nopod kap6oHamsl npedcmaesieHbl Kanbyumom u dosomumom. fonomum
npeobnadaem — e2o obujee codepxaHue NPUMePHO 8 Mpu pa3a 6onbwe, 4eM Kanbyuma.

[ee ocHosHbIe 2ceHepayuu kap6oHamoes, omsu4aroujuecs No eo3pacmy, ycmaHoesieHbl 8 nopodax ¢nuwa rno pesynbmamam nempozpagude-
CKUX U MUKpPOPeHMaeHocnekmpanbHbIX aHanu3oe. PaHHue kap6oHambl npedcmaeseHbl 2py603epHUCMbIM 06710MOYHBLIM GOJIOMUIMOM U MOHKO3€e-
PHUCMBIM KasbUumoM, KomopbIl uzpaem posb yemeHma. [1o30HUe 2eHepayuu KpyrnHbIX KpUCMaioe Kanabyuma siesisitomcs 21aeHoli cocmasHou
4acmbto Kap6oHamHbIX, Kapb6oHam-Keapyeebix U Kap6oHam-cynbudHbIX OPYy3 U XKUusl, KOmopble pa3eumbl JI0OKanbHO. 3yyeHHble kap6oHamcode-
pxaujue nopodkl codep)xam 3Ha4umesibHOe KOJIU4ecmeo meppuzeHHbIX Kap6oHamoe u coanacHo Knaccugukayuu ®osika paccMampuearomcsi Kak
Kanbknumumel. Kap6oHambl ucx00HbIX hriuweebix nopod umerom &°C u §'°0 3HavYeHuUsi, KoOmopble aHano2u4YHbl Kap6oHamam MOPCKUX U36€CMHSI-
Koe. Nx ¢huzypamueHbie MOYKuU JI0Kalu3o8aHbl 8 y3KOM r1oJie, Ymo siesisiemcsi GonosIHUMesIbHbIM ap2yMeHIMOM 6 110J1b3Y MEeCMHbIX UCMOYHUKOS
kap6oHamoe e nopodax ¢hnuwesoli gpopmayuu.

Knroyesnie cnoea: kanbknumumel, ¢pnuw, KpocHeHckas 30Ha, nec4aHukKu, kap6oHamsl, uzomonsi C u O.





