Vestuib of Geosciences, September, 2022, No. 9 af’l’

DOI: 10.19110/geov.2022.9.2

VIK 552.578:551.736.1(470.1)

Organic matter, its generation potential, and the composition
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This article discusses the results of lithological and geochemical studies of the Artinskian deposits and organic matter, which
is a part of the petroleum source rocks of the northern part of the Pre-Ural Foredeep of the Timan-Pechora Province. The rocks are
very diverse in composition (clastolites, pelitolites, carbonatolites and mixtolites) and structural and textural features. Mixtoliths are
widespread in shallow-marine environments (Lower molasse deposits), which are associated with mixed terrestrial and marine or-
ganic matter. We recorded the predominance of poor and fair petroleum source rocks due to increasing terrigenous component.
Mixtoliths of the Kochmes area (HI of 240 mg HC/g TOC) are characterized by the best generation potential. Organic petrography
studies indicate the predominance of bituminite (sapropel base) in the composition of organic matter, the terrigenous components
dominates in the eastern regions adjacent to the Urals.
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OpraHnmnueckoe BelleCTBO, ero reHepauoOHHbIN IIOTeHLMAJl U COCTaB
apTUMHCKUX OT/IOKeHMI ceBepa IIpenypasbCKoro KpaeBoro mpormoa
(Tumano-Ileyopckast IpOBUHIIVIA)

0. C. Kotuk, B. A. Cangux
WuctutyT reomorum @ULL Komu HII YpO PAH, ChIKThIBKap

[poBeneHO NUTONOr0-reOXMMMYECcKoe MCCNefoBaHne apTUHCKUX OTIOXKEHWUIA M OPraHMYeCcKoro BeLLecTBa, BXOAALLEro B COCTaB
HedTerasoMaTepMHCKMX NOPOA CeBepHOW YacTu Mpedypanbckoro kKpaesoro npornba TumaHo-lNevopckoi NnpoBuHUMK. [Topoabl 04eHb
pa3Ho06pa3Hbl MO cocTaBy (KNACTONMUTDI, NEAUTONNTbI, KAPOOHATONUTLI U MUKCTONMTBI) U CTPYKTYPHO-TEKCTYPHBIM 0COBEHHOCTAM. B
MeNKOBOAHO-MOPCKMX 06CTaHOBKAX (HMXXHEMOMACCOBbIE OTIOXKEHUS) LIMPOKO PaCcnpoCTpaHeHbl MUKCTONNTBI, C KOTOPbIMK CBSI3aHO
CMeLLaHHOe ryMyCcoBO-CanporneneBoe opraHuyeckoe Beluectso. OTMeuaeTcs npeobnaganune 6eaHbIX U CpefHnX HedTerasoMaTepuHCKMX
NOPOL 3a CYET yBENMYEHUS T'yMYCOBOM COCTaBnstoLei. Haunyylwmmm reHepaLMoHHbIMM MOKa3aTeNsIMM XapakKTepu3yTCcs MUKCTONUTDI
Koumecckoii nnowaan (HI — 240 mr YB/r Copr).aneneTporpanMHeCKMe MccnefoBaHMs YKa3blBAOT Ha NpeobnagaHne GUTYMUHMTA
(canponeneBas 0CHOBA) B COCTaBe OPraHMYeCKOro BELLEeCTBa, NyMyCOBas COCTaBASIOLAA AOMUHUPYET B BOCTOUHbIX paiOHaX, NPUMbIKAOLLMX
K Ypany.

Kntouesbie cnoBa: [Ipedypansckuli Kpaesol npoeub, apmuHcKue 0maoXEHUSs, MUKCMOAUMbI, HegpmeMamepuHcKue nopodsl, 0p2aHuyeckoe

8eLyecmeao, buMyMUHUM, 2eHEPAUUOHHbIG NOMeHYUa.

Introduction

Currently, the problems of oil and gas bearing poten-
tial of foredeeps are relevant all over the world [1, 4, 5].
The studies of petroleum source rocks, assessment of their
generation potential, transformation of organic matter
(OM), characteristics of the lithological-facies features of
petroleum source rocks and enclosing strata are carried
out. Trough zones of fold-thrust areas in various regions
of the world (Zagros fold system (Iran, Iraq), basins of
Maturin (Venezuela), Chaco (Bolivia, Argentina), Llanos
(Colombia), Tarim (China)) are among the largest areas in
terms of oil and gas production [1, 3, 4].

The northern part of the Pre-Ural Foredeep and the
adjacent areas of the western slope of the Urals are among
the promising areas for prospecting and exploration for
oil and gas in the Timan-Pechora province [9, 13]. Geological

exploration surveys carried out here in recent years have
discovered new oil deposits (Nersetinskoe), gas deposits
(Levogrubeyuskoe) and new hydrocarbon deposits at known
oilfields (Intinskoe) [9]. Limited knowledge of deep drill-
ing and a complex tectonic structure are the main factors
that restrain the active involvement of the territory in the
exploration process. These negative factors also include
poorly developed models of the structure and formation
of promising sedimentary formations. The issues of dep-
ositional settings and facies modeling for this area are cov-
ered mainly in large generalizations for the Pechora Basin
[8, 15]. Results of a comprehensive study of oil and gas
content issues (source rock and enclosing strata estimates)
of the Pre-Ural Foredeep are published [6, 7, 15]. One of
the promising oil and gas bearing strata are Artinskian
terrigenous deposits, which are part of the Permian (Upper
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Paleozoic) oil and gas complex. They are widespread in
the north of the Pre-Ural Foredeep and are quite thick.
This paper deals with the composition and structure of
the Artinskian rocks, the hydrocarbon potential as well as
considers the type OM of the petroleum source rocks.

Objects and research methods

The study area is located within the Pre-Ural Foredeep:
the Chernyshev Ridge, Kosyu-Rogovaya and Korotaikha
Depressions. In total, the following nine well sections were
studied: South-Stepkovozhskaya-1, Khosedayu-Neruyus-
kaya-6, Povarnitskaya-21, Bergantymylkskaya-1,3,
Kochmesskaya-1,3, Middle-Kochmesskaya-2, Palnikshor-
skaya-1, and 2 outcrops along the Kozhim and Silovayaha
rivers. The lithological and geochemical studies included
the optical-microscopic method, complete chemical sili-
cate analysis (wet), silicate X-ray fluorescence analysis
and diffractometric analysis of clays. Petroleum source
rocks were investigated by organic petrography as well as
by organic geochemistry methods: organic carbon deter-
mination — C,, %; chloroform bitumoid — A-CBA, %;
gas-liquid chromatography of the aliphatic fraction — GLC
(Syktyvkar); Rock-Eval pyrolysis (Moscow, VNIGNI).

Results and discussion
Material composition of the rocks

The Artinskian rocks are represented by clastolites,
pelitolites, carbonatolites and mixtolites (rocks of mixed
composition), formed in deep-water and shallow-water
marine environments [6, 14]. In the east of the study area
in the north of the Pre-Ural Foredeep, a deep-sea depres-
sion filled with terrigenous flysch sediments was formed
in the Artinskian age. During the Artinskian stage, car-
bonate sedimentation continued in shallow-water shelf
environment along the strike in a westerly direction, with-
in the Kochmes area [8]. In the Late Artinskian — Early
Kungurian time, terrigenous and terrigenous-carbonate
deposits of the lower molasse accumulated everywhere in
shallow-sea environments. The investigated well sections
are represented mainly by coastal-marine sediments of
the lower molasse; terrigenous flysch sediments were stud-
ied along the outcrops of the Kozhim and Silovayaha riv-
ers. Artinskian molasse deposits are represented by a thin
alternation of layers of predominantly mixed siliceous-
terrigenous and carbonate compositions. The total thick-
ness of the Artinskian deposits is greatest in the central
parts of the Kosyu-Rogov Depression. The maximum thick-
ness of flysch sediments is 1.5 km (increasing eastward),
and the maximum thickness of gray-colored marine mo-
lasse is up to 3 km [6]. Assessment of the distribution of
source rocks in the Artinskian complex, according to the
data of average gamma-activity (well logging), showed
that their greatest thickness is confined to the southern
and southeastern parts of the Kosyu-Rogov Depression.

Artinskian rocks are diverse in composition as well as
in structural and textural features. Table 1 shows brief
characteristics of some types of rocks in the studied sec-
tions (Bergantymylkskaya, Padimeyskaya, Kochmesskaya,
Povarnitskaya, Khosedayu-Neruyuskaya areas), which on
the modular diagram [16] GM (hydrolyzate module) —
Na,0 + K,O (sum of alkalis) (Fig. 1, f) form 5 clusters (clus-
ters No. [, IL, ITI, IV, V). Outside the clusters, there are rel-

atively clean carbonatolites (Povarnitskaya and Khosedayu-
Neruyuskaya areas).

Organic matter composition
and its hydrocarbon potential

Contemporary C,,, (TOC) contents in clayey rocks of
flysch deposits vary from 0.7% (Silovayaha River) to 3.7 %
(Kozhim River), and has the range of 0.5-3.8 % in mud-
stones of terrigenous and terrigenous-carbonate molas-
ses. According to organic petrography and geochemical
studies, the OM contains producers of terrestrial and ma-
rine material (Fig. 2, a—c). In general, a zone with a simi-
lar mixed composition of OM (terrestrial and marine),
which differs in the proportion of terrigenous components,
is recognized in the Artinskian deposits. The lateral change
in geochemical parameters occurs due to the catagenetic
transformations of OM from the southern part of the Kosyu-
Rogovaya depression to the northeast of the Korotaikha
Depression.

Rock-eval data indicate a change in the values of the
hydrogen index (HI, mg HC/g TOC) in a wide range from
the first tens to 240 (Fig. 2, h). The decrease in the gener-
ation rate is due to a large proportion of terrigenous de-
trite. Higher HI values — 215-240 mg HC/g TOC were found
in shallow-water shelf mixtoliths and carbonatolites of
the Kochmes area (clusters I — III), where the proportion
of terrigenous components in OM is reduced and prevails
the bituminite, a structureless marine type substance
(Fig. 2).

In comparison with the entire Permian terrigenous
complex on the studied territory, the Artinskian deposits,
which contain predominantly marine OM, have an initial-
ly higher hydrocarbon (oil) potential. The Kungurian coal-
bearing strata generally have a low hydrocarbon potential
[11, 12]. Increased values are only noted in local areas of
the northern regions (Vorkutsky), where the proportion of
liptinite components in the OM increases [10—12]. The to-
tal assessment of the possible hydrocarbon generation of
an oil character will be significantly higher in the Artinskian
complex than in the coal-bearing one due to the predom-
inance of type I-II of the initial OM and catagenetic trans-
formation sufficient for fluid generation.

According to the published data, the catagenetic trans-
formation of the OM of the Artinskian deposits increases
towards the Ural folded structure. The maturity of OM var-
ies from gradations of MC;-MC, on the western side of
the Kosyu-Rogov Depression to gradations AC;_, on its
eastern side and in the Korotaikha Depression [6]. The or-
ganic petrography and Rock-eval data carried out indicate
the unfinished generation of hydrocarbons in the Artinskian
deposits of the Kochmesskaya, Khosedayu-Neruyuskaya,
Bergantymylkskaya, Padimeyskaya and South-Stepkovozh-
skaya areas, where these deposits have not yet left the oil
window zone (catagenesis gradation, MC,).

In the indicated areas, in various types of rocks the
active release of bitumen (Bit) from bituminite (Ly;,) is
very clearly visible (Fig. 2, d, ). In the zone of higher ma-
turity (Ro > 0.85 %, MC5 gradation) in the Kozhimskaya
and Middle-Kochmesskaya areas, bituminous smears and
excretions from OM are not observed, bituminite has a re-
sidual appearance, and the bulk of the rock is represent-
ed by terrigenous detrite (vitrinite and inertinite Fig. 2, d,
f, g). The main generation of hydrocarbons from the
Artinskian formations source rocks within the eastern part
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Table 1. The main types of Artinskian rocks in the north of the Pre-Ural Foredeep

Ta6nuita 1. OCHOBHbIE TUITHI APTUHCKUX TIOPOJ, ceBepa [TpeaypaibCKOTo KpaeBoro mporuba

Composition of lithological

Cluster (Fig. 1,f) / area rock types Composition of rock-forming components
Knacrep / miomaap CocTaB IMTONOTMYECKUX CocTaB OpoA006pasyoNMX KOMIIOHEHTOB
TUIIOB TTOPO
Carbonate component (11-55 %): calcite bioclastic (up to 70 %) —
. . . . sponge spicules (60-90 %), crinoids, bryozoans, ostracods, brachio-
Bioclastic (spicular) lime- TR - . h .
A : pods, foraminifera; micro-grained and pelitomorphic calcite (rare-
I stones, silicified, with : . T . : .
. ly dolomite?). Traces of the vital activity of organisms (bioturbation)
Kochmesskaya, abundant silty-sandy ad- o - : - .
; . . are 10-25 %, composed of pelitomorphic calcite and dolomite (?).
Povarnitskaya, mixture, bioturbated (car- - . . 5 .
s .| The terrigenous fine-grained component (15-40 %) consists of frag-
Khosedayu- bonate-siliceous-clayey in : . . .
. < ments of quartz, albite, and potassium feldspar; glauconite, mus-
Neruyuskaya various ratios), ite. 1 di hvdroxid d pvri 1
Fig. 1, a—c covite, leucoxene, and iron hydroxides and pyrite are less common.
’ The siliceous component (10-35 %) is newly formed quartz (usually
in the form of chalcedony).
The predominant part of the rock (about 55-60 %) is of micro-
grained-pelitomorphic texture of clay, siliceous and carbonate
compositions. Clay material with characteristic aggregate extinc-
Carbonate silty sand tion. The clastic component estimated at 40-45 % of the total rock
II mudstone with sli dir? is represented by quartz and silty-sandy feldspars (from 0.02 mm
Kochmesskaya ) g to 0.10 mm). The silty sandy material is distributed over the thin
micro-folds T . :
section in lenticular interlayers. There can be found remnants of
sponge spicules of siliceous and calcareous compositions as well as
rare fragments of ostracod valves. Abundant formations of diagenet-
ic pyrite are observed in some areas of the thin section.
Finely interbedded silty
sandstones and silty mud- | The rocks have a fine-cyclite (3—10 mm) structure, a sharp bottom,
stones with a clay-si- sometimes with subsidence microstructure. The clastic part (up to
111 liceous binding mass 40-60 %) is represented by quartz, feldspars (acidic) and single rock
Kochmesskaya, (Padimey), with a car- fragments, with an abundance of terrestrial OM in bedding. The ce-
Padimeyskaya bonate admixture and menting matrix (40-60 %) is of quartz-feldspar or clay-chlorite com-
traces of bioturbation position with micro-grained quartz or carbonate admixture (frag-
(Kochmesskaya), ments of sponge spicules, ostracods).
Fig.1,d,e
Graywacke sandstone, The structure is massive, the texture is from silty to sandy (medi-
fine-grained, poorly sort- | um-grained), with a predominance of a fine-grained (0.10-0.25 mm)
I\Y ed, with varying degrees component. The roundness of the clastic part is predominantly 1-2
Berghantymylkskaya, | of roundness and film- points. Clastic part (70-90 %) — quartz, potassium feldspar, plagio-
Padimeyskaya porous (carbonate (up to clase, chlorite, biotite, muscovite, iron oxides and hydroxides; rock
30 %) and clayey-silty ma- | fragments - silicites, effusive rocks of different composition, granit-
trix (10 %). oids, indeterminate chloritized rocks.
The structure is thin-layered. The clastic part is fine-grained (0.03-
Slichtly sandv siltstones 0.1 mm) - quartz, feldspar, and there also can be found lenticular
1gntly Y - formations of cryptocrystalline quartz (neoplasms?). Carbonate
with a carbonate-sili- o I . P
v . . component (40-65 %): calcite bioclastic (up to 60 %) — ostracods,
ceous-clayey matrix, thin- e . L L
. . foraminifera, brachiopods, bryozoans, crinoids and spherulites;
Povarnitskaya layered, with an abun- - ’ - : - ;

A . pelitomorphic calcite. Cement is carbonate-siliceous-clayey. Detrite
dance of detrite terrestrial f mixed : d . . ith incl
and marine OM of mixed terrigenous and marine composition with separate inclu-

sions of macrospores (transferred) is well diagnosed among the OM
components.
Carbonate component (40-65 %): calcite bioclastic (up to 60 %) —
Limestones (floutstones crinoids, bryozoans, sponge spicules, ostracods, brachiopods, fu-
. according to Dunham [2]) | sulinides; pelitomorphic calcite (rarely dolomite?) up to 40 %.
Outside the cluster 9 C - .

. with terrigenous silty- Terrigenous component (17 %) — fragments of feldspar and quartz

Povarnitskaya, d admi thsi th domi fthel Sili =210 %
Khosedayu- sand admixture, with si- with a predominance of the latter. Siliceous matter (5-10 %) — new-
Neruyuskaya licification and rarely do- | ly formed cryptocrystalline quartz replaces the shells and cavities of

lomitization (rhombohe-
drons)

bryozoans and fusulinids. There are also crinoid segments replaced
by glauconite; pyrite is ubiquitous, it is framboidal and forms large
crystals (up to 1.2 mm).
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Fig. 1. Some rock types from the Artin-
skian sequences of the Kosyu-Rogovaya
Depression; a—c — Kochmesskaya-3 well,
depth 1522.4 m, sample 9/1; a — silici-
fied spicular limestone with clay-silty-
sandy admixture (scanned thin section);
b — detail (a), thin section without ana-
lyzer; c — with an analyzer; d—e — Padi-
meyskaya-1 well , depth 1415.5 m, sam-
ple 4/2; d — thin cyclites of siltstones and
mudstones with gradational bedding
(scanned thin section); e — detail (d),

thin section without analyzer; f — mod-
ular diagram: hydrolyzate module (GM) —
sum of alkalis (Na,O + K,0) according
to [16]

Puc. 1. HexkoTtopsle TUIIBI TOPOA, 13
apTMHCKYX [ToCTIenoBarenbHocTelt Kocolo-

PoroBckoii BmagyHbl: a—¢ — CKB. Koumec-
ckasi-3, 1. 1522.4 m, 06p. 9/1; a — cniu-
KYJIOBBIN M3BECTHSIK OKPEMHEJIbI C TN~

HVCTO-aJIeBPO-TIeCYaHOI NIPUMECHIO (CKa-
HMPOBaHHbBIN mnd), b — merans (a),
g 6e3 aHanMM3aTOpa; C — C aHAIM3a-
TopoM; d, e — cKkB. [Tagumerickas-1,

1. 1415.5 M, 06p. 4/2; d— ToHKUE
LVIKJIVTBI 2JIEBPOJIATOB M apTUJUINTOB C
rpaganOHHON CJIOUCTOCTBIO (CKAaHUPO-

0.50
0.40
=
0.30 4
© [ ]
o428
0.20 |
7 L)
31 %18
0.10 | 14 270°% 2
L ]
0.00 0.00 2.00

Na20+K20, %

GM — (TiO,+Al,0,+Fe,0,+FeO+MnO)/SiO,

of the Kosyu-Rogov Depression has been completed. The
latter is confirmed by the level of OM maturity and the
earlier estimate of the generation time by petroleum source
rocks of the Pre-Ural Foredeep [6].

Conclusions

The Artinskian rocks of the north of the Pre-Ural
Foredeep are very diverse in composition and structural
and textural features. A wide distribution of shallow-ma-

6.00 BaHHbIN D), e — netains (d), g
’ 6e3 ananmsaropa; f — momyapHast qua-
rpamMMa: r’uaponn3aTHeIi Mogynb (GM) —

cymma 1esnouveii (Na,0 + K,0) o [16]

rine mixtoliths was revealed in the lower molasse, in
which a mixed terrestrial and marine OM predominates.
It was established the presence of poor and fair petro-
leum source rocks, the hydrogen index varies from a few
tens to 240 mg HC/g TOC. A decrease in the generation
rate occurs due to a large proportion of terrigenous de-
trite in the OM. The highest HI values, 240 mg HC/g TOC,
were found in the mixtoliths of the Kochmesskaya area,
where bituminite (marine components) predominates in
the OM.
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Fig. 2. Histograms of normal and isoprenoid alkanes (a—c) distribution, examples of organic matter inclusions (d—g) and changes
in the hydrogen index (h — HI) in P;ar rocks (d -Bergantymylkskaya-1 well, depth of 2000.1 m, sample 5-1a; e — Padimeyskaya-1 well,
depth 1402.1 m, sample 2-2; f — Padimeyskaya-1 well, depth 1415.2 m, sample 4-4; g — Padimeyskaya-1 well, depth 1414.9 m,
sample 4-1; polished sections, reflected light, oil immersion, x50. Ly, _ bituminite (liptinite group); Vt, — telinite, Vt — vitro-
detrinite (vitrinite group); I4; — inertodetrinite (inertinite group); Bit — bitumen. Compiled with additions for [6]

Puc. 2. TucrorpaMMebl pacripesiesieHy s HOpMaabHbIX M M30IIPEHOUIHBIX aKaHOB (& — C), IPMMepPbl BKIIIOUeHMIT OpraHnuecKoro

BelecTBa (d—-g) 1 n3MmeHeHue BofopogHoro uugekca (h — HI) B moponax Pqar (d — ckB. BepranTeiMbuibkeKasi-1, 1. 2000.1 m,

06p. 5-1a; e — ckB. [Tagumeriickas-1, 1. 1402.1 m, 06p. 2-2; f — ckB. [Tagumeiickas-1, 1. 1415.2 m, 06p. 4-4; g — ckB. [Tagumerickas-1,

1. 1414.9 M, 06p. 4-1; aHuundsl, Genblii CBET, MacIsHast UMMepcus, YB. x50. Ly;; — OUTYMUHUT (TpyTIIa IUIITUHATA); Vi, —

TeJINHUT, Ve — BUTPOLETPUHUT (TPYTINIA BUTPUHUTA); [jor — MHEPTOAETPUHUT (IPYIIIIA MHEPTUHUTA); Bit — 6uTyM. CocTaBieH
C IOTIOJIHEHMEM I10 [6]
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