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Abstract: The widespread Carboniferous KT-I dolomite in the eastern margin of the Pre-Caspian Basin
is an important hydrocarbon reservoir. The dolomite lithology is dominated by crystalline dolomite. The
8"*0 values range from -6.71%o to 2.45%o, and average 0.063%o, obviously larger than -2.5%o, indicating
low-temperature dolomite of evaporation origin. Stable strontium isotope ratios (*’Sr/*’Sr) range from
0.70829 to 0.70875 and average 0.708365, very consistent with *’Sr/*’Sr ratios in Carboniferous seawater.
Chemical analysis of Ca and Mg elements shows that the dolomite has 9.1 mole% excess Ca or even
higher before stabilization. The degree of order of dolomite is medium-slightly poor, varying in a range
of 0.336-0.504 and averaging 0.417. It suggests that the dolomite formed under near-surface conditions.
There are two models for the origin of the Carboniferous KT-I dolomite reservoir. These are 1) the
evaporation concentration — weathering crust model and 2) the shoal facies — seepage reflux model. The
former is mainly developed in restricted platforms — evaporate platforms of restricted marine deposition
environments with a representation of dolomite associated with gypsum and mudstone. The latter mainly
formed in platform edge shoals and intra-platform shoals and is controlled by dolomitization due to high

salinity sea water influx from adjacent restricted sea or evaporate platform.
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1 Introduction

The Pre-Caspian Basin is one of the deepest subsidence
basins in the world and also a major petroliferous basin.
With the Permian Kungurian salt as a boundary, the basin
can be divided into two structural sequences vertically:
pre-salt and post-salt sequences. In the exploration of the
post-salt Carboniferous carbonate reservoirs, a series of
large/huge-scale oilfields (e.g. Astrakhan Gasfield, Tengiz
Oilfield, Karachanag Oilfield, and Zhanazhol Oilfield)
were discovered, in which the middle-upper Carboniferous
dolomite reservoirs mainly have high productivity, with a
daily oil output rate of single well up to more than 500 t/d.
Due to the control of three geological factors, deposition,
diagenesis and structure, dolomite reservoir development has
varied in different basin areas. In this paper, taking the eastern
margin of the Pre-Caspian Basin as an example, we discuss
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the genetic model of dolomite reservoirs based on a great deal
of core observation and test data.

2 Geology in the study area

Tectonically, the Pre-Caspian Basin lies in the southeast
of the Eastern European Platform. As a superimposed basin
formed during the Late Proterozoic Era, the basin presents
a fault terrace (in the west and north) and a gentle slope (in
the east and southeast) subsiding gradually from basin edge
towards basin center, characterized by an asymmetrical
structure deep in the north and shallow in the south. There
is a series of uplift zones around the central depression belt
of the basin. The distribution of large oilfields in the pre-
salt sequence is closely related to continental shelf facies
carbonate organic buildup in the uplift tectonic units of the
basin margin. The Enbeksk—Zharamysskaya Uplift Zone is
an important hydrocarbon-bearing uplift zone in the eastern
margin of the basin. The Zhanazhol and North Truva Oilfields
in the study are located in the middle part of the uplift zone

(Fig. 1).
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Fig. 1 Regional location of the study area

The Late Carboniferous in the study area is situated

in the eastern margin of the Eastern European Platform.

It is a shallow marine carbonate platform, adjacent to the

Ural Trough in the east. A set of KT-I carbonate sequences

developed on the platform, also called “the Upper Carbonate

Buildup of the Carboniferous”. Vertically, the KT-I formation
is composed of three zones (A, b and B), with a thickness of
328-450 m, judged as a set of limestone-dolomite-gypsum
buildups of a shallowing-upward sequence. The lithology of
the study area varies vertically and laterally. In the Zhanazhol
Oilfield in the north, besides decreasing dolomite and gypsum
contents and increasing limestone content from north to
south, the formation lithology evolves from gypsum, dolomite
and gypsodolomite to calcite dolomite, dolomitic limestone
and limestone. In the Asisay and North Truva regions to
the south of the Zhanazhol Oilfield, the two lower zones of
b and B are mainly composed of dolomitic limestone and
limestone. The A Zone on the top of the Asisay formation is
mainly composed of thin gray gypsum with calcite dolomite
and dolomitic mudstone. In the North Truva region, dolomite
content increases upwards, and the formation top is mainly
composed of calcite dolomite and dolomite with a thickness

of 5-26 m (Fig. 2). The dolomite thickness in the study
area varies laterally. Taking the A3 Zone as an example,
the dolomite formation through the Zhanazhol Oilfield has
a larger thickness trending from northwest to southeast,
averaging above 15 m, and the lateral dolomite layers nip out
before disappearing. In the North Truva Oilfield, dolomite
appears from south to north of CT47-CT25, with a thickness
of 15-25 m, and reduces towards surrounding areas. The
dolomite thickness is below 5 m between North Truva
Oilfield and Zhanazhol Oilfield (Fig. 3).

3 Petrological characteristics of dolomite

The analysis of dolomite chemical compositions in the
study area shows an average of 31.3% calcium oxide, 19.2%
magnesium oxide and 2.9% acid insoluble. 125 dolomite
samples (thin-section), have an average mineral composition
of 94.9% dolomite, 2.6% calcite and 1.4% clay as well as
minor authigenic siliceous cements, pyrite, gypsum and

kaolinite.
The dolomite in the study area was classified in terms

of petrological characteristics, in which granular dolomite,
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crysialline dolomite and other dolomrites sccount fr 16.8%,
TI6% and 5.6% respectively. Granular dolomites are all of
biogenetic origin and mainly made op of bioclagtic dolomite
(9.5%). In crynalline dolomite, crystalline powder dolomile
and ruicritic-crystalline powder dolomite acoount for 43.8%,
and micritic dolonite accoumts for 28.5% (Fig. 4).

Cryetalline dolomite has an average particls conbend of
29.3%. in which bio-particle, non-biclogical particle and
mud-pupporied particle accoont for 28.4%, 0.5% and 70.7%
respectively. Granular dolomite hag an average particls
content of §6.9%. in which bio-particle, non-biclogical
panticle and micrite interstifial matter account for 66.7%, 0.3%
amd 33. 1% respectively. The skoletal detritus ofboth dolomile
typed are controlled by foraminifera, foselinids and bioclsst
(Table 1).

4 Isotopic characieristics of elements carbon

and oxygen

Carbon and oxygen isotopes of the Carboniferous
scawaler have been memsured by mamy rescarchers {Popp et
al, 1985; Lohmann and Walker, 1989; Allan and Wiggima,
1993). Bascd on carbon amd oxygen isotope assay of the
Carbonilerous scawater coments and invertelwie fossils, §™0
and 5C viilnes range from -9 10 1% and from 3. 1% to 4.7%
reapectively.

Using an MAT25] isotope mass spectrometer, we
measured carbon and oxygen ischopes ration for 22 dolomib:
samples from Zhenarhol and Morth Trove Oilficlds. The
resubis are showm in Table 2. The 50 values mnge from
-6.71 % b0 2,459, averaging 0.063%s. The plot for carbon and
oxyg=n isotopes af dolomite larpely covers the arcn whers
the 50 is ahove -1%;, grester (ham that in Cerboniferous
scawaber. 5o the saples anc cotiposed of keew tetipambre
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Well CT-4, 2350.14-2350.17 m Well CT-4, 2341.44-2341.47 m
Residual foraminifera crystalline powder dolomite Micritic bioclast and fusulinid dolomite

Well CT-4, 2344.40-2344.43 m
Crystalline powder bioclast dolomite

Well CT-22, 2371.12 m Well 5555, 2331.97 m
Micritic-crystalline powder dolomite Residual foraminifera crystalline powder dolomite

Well CT-4, 2335.52 m Well CT-22, 2373.06 m
Coarse crystalline powder dolomite Micritic-crystalline powder calcareous dolomite

Fig. 4 Dolomite characteristics in the eastern margin of the Pre-Caspian Basin



Pet.Sci.(2012)9:161-169

165

Table 1 Statistical structural compositions of KT-I dolomites in the eastern margin of the Pre-Caspian Basin

Structural composition, %
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dolomites from evaporation-related penecontemporaneous Table 2 Measurement results of isotopes
and reflux dolomitization (Fig. 5). The '°O isotope is in dolomite of the eastern margin of Pre-Caspian Basin
relatively light. Water with '°O is a little more likely to . Well  Depih ) S°C "0
evaporate than water with the slightly heavier "*O isotope. ol e m Lol o1y %o %o
Together with increasing salinity, the remaining seawater 2092 281339  Calcareous dolomite 2.1 2041
also begins to accumulate '*O. When penecontemporaneous 2099 281485  Calearcous dolomite L6 047
.. . .. . . . U =1 B
dolomitization or reflux dolomitization occurs, dolomite was
X ) K Zhanazhol .
formed by metasomatic alternation of carbonate deposits due  ypoq 2092 281721 Calcarcous dolomite  2.62 -0.92
to the high salinity water with heavier "*O isotope. So the 2092 284131  Calcareous dolomite 348  -6.71
dolomite has a higher 5'°0 value than that of seawater. Low o )
. . . 5555  2335.62 Micritic dolomite 53 -0.13
temperature dolomite, formed in supratidal, sabkha, reflux, e -
sea and fresh water—sea water mixing environments in near 5555 2331.66 rystalline powder 425 02
18 o N dolomite
surface areas, generally has a 6 "O value over -6.5%o (Li Crystalline powder
et al, 2005; Guo et al, 2004). Among the samples, only one 3335 234145 dolomite 327 098
hgs a §"°0 value of -§.715%o, guggegting local formation .of 5555 2345.69 Crystgllline powder so4 231
high temperature burial dolomite with the growth of burial olomite
depth and temperature. In burial conditions, the temperature 5555 233698 Micritic dolomite 534 005
increases continually with increasing burial depth. Owing 5555 2345 Crystalline powder 526 106
to thermal action and dolomitization, the relatively heavy Crystgﬁigzn;)fw dor
"0 enters metasomatic fluids, and relatively light '°O 5555 2354 dolomite 561 1.03
enters the metasomatic dolomite latt.lce. That 1s.s0.-ca11ed 5555 233248 Micritic dolomite 461 -015
“temperature effect” or “thermal action effect” in isotope o ‘
dynamic fractionation. High temperature dolomite is defined North > 23375 Micritic dolomite 37 072
to be formed by dolomitization under burial conditions at a Trava 5555 2341.78 Micritic dolomite 553 0.86
temperature greater than 50°C. It also acts as cement to fill Oilfield ssss oasog  Crystllinepowder o
intergranular spaces, dissolved cavities and fissures, and its ’ dolomite ’ ’
3'°0 value is generally smaller than -2.5%o (Franchi et al, 5555 2340.94 Micritic dolomite 594 245
1986; Luo et al, 2006.; Peng et a}, 2901). ) o 5555 2333.88 Micritic dolomite 496  0.29
Although carbon isotope ratios in dolomite have a limited
effect on dolomite genesis (Powell and Kyser, 1991; Smith, 3355 2347.14 Mieritic dolomite 5.39 0.1
2006), when burial dolomitization occurs, stable carbon 5555 234381 Micritic dolomite 538  -0.08
isotopes in the dolomite are affected by organic carbon. In the CT4 234753 Crystalline powder . 038
study area, dolomite 3"°C values range from -1.6%o to 5.94%o ) : dolomite : ‘
and average 4.48%o, much similar to the stable carbon isotope CT4  2344.08 CrySt;Hlme powder 489  0.63
X . . . olomite
ratlp.of Carb(‘)mf.er.ous seawater and .the value is slightly Crystalline powder
positive, showing it is unaffected by burial. CT-4 235149 dolomite 336 -0.08




166 Pet.Sci.(2012)9:161-169
8 r Temperature effect Sea Evaporation effect
water
6 Y
4 North Truva ole oo *®
B Zhanazhol * e
L *
4 *
o " ’
ES u
o | |
0 r ) | |
High temperature i Superimposed area of high/ |
dolomite area ' low temperature dolomite | . Low temperature
2 - : :
e D e >
-4 1 1 1 1 1 1 1
10 -8 6 4 2 0 2 4
5'%0, %o

Fig. 5 Distribution of carbon and oxygen isotopes in dolomite of the eastern margin of the Pre-Caspian Basin

5 Strontium isotopic characteristics

According to related study results (Allan and Wiggins,
1993; Burke et al, 1982; Palmer and Elderfield, 1985),
*’St/**Sr ratios in Carboniferous seawater range from 0.708265
to 0.708750 and average 0.708365. Strontium stable isotope
data of KT-I dolomite show that *’Sr/*Sr ratios range from
0.70829 to 0.70875 and average 0.708365 (Fig. 6), very
consistent with those of the Carboniferous seawater.

0.70875

0.708464

0.708347
0.708315 0.708309 0.708301
0.708265

0.708345
0.708265

0.708289

1 2 3 4 5 6 7 8 9 10
Sample No.

Fig. 6 Distribution of ¥'Sr/**Sr ratios
in dolomite from the North Truva Oilfield

6 Stoichiometry and degree of order of
dolomite

Stoichiometry and degree of order of dolomite are two
important parameters in judging dolomite genesis. Due to
the effect of dynamic factors, a majority of the Holocene
and modern dolomites have a high Ca content and relatively
low degree of order with very weak X-ray diffraction (XRD)
reflections. Generally, the Holocene dolomite has excessive
Ca content of above 8 mole% (Land, 1982) and low degree
of order which will be enhanced to some degree in the
stabilization process. Under burial conditions, increased
temperature can overcome the dynamic barrier. The dolomite
has high degree of order and strong XRD reflections (Deng et

al, 2005; Wang and Chen, 1993; Qiang et al, 1996).

Ca and Mg analysis for 42 dolomite samples collected in
the study area, showed the average content of Mg and Ca is
12.1% and 22.0% respectively, and converted to dolomite, the
average excess Ca content is as high as 9.1 mole% and even
higher prior to the stabilization process.

The analysis data of dolomite degree of order in the study
area (Fig. 7) show that the degree of order of dolomite ranges
from 0.336 to 0.504 and average 0.417, indicating a medium
to slightly poor degree of order. The value may be higher
than that of dolomite not yet stabilized. Compared with the
degree of order of burial dolomite (or hydrothermal dolomite)
which ranges from 0.7 to 1.0 (Zhang, 2000; Warren, 2000),
the Carboniferous KT-I dolomite has a low degree of order
ranging from 0.336 to 0.504. It indicates that the dolomite
is formed in the near surface areas, namely evaporation and
reflux conditions.

0.50 0.52

0.44 042 045 043

0.42
0.40 0.38 0.41 0.43 0.41

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Sample No.

Fig. 7 Distribution of dolomite degree of order in North Truva Oilfield

7 Genetic model of dolomite reservoir in the
study area

From comprehensive analysis of regional structure,
sedimentation and diagenesis, two models are proposed for
the genesis of the Carboniferous KT-I: 1) the evaporation
concentration — weathering crust model and 2) shoal facies —
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seepage reflux model.

7.1 Dolomite of the evaporation concentration -

wenthering crust maodel

Draring the cirly and middlc part of the late Carboniforous
perind, the stody srea was donvinied by notmial deposition
of open platform facles oarine carboomie, Uutil the late of
the period, frequent crustal rise and fall cocured duc to the
Hercynian moveinent, atd most of the stady arcs was located
In & resivicted marine deposition environnent of rexiricied
platfonne — evaporste pletformes (Fig. 53 I the cast of the
Zhanarhol Oilfield, and large pact of the Asisay and North
Trova Odlfields, rextricted plaform lagooh microfacles
end evaporstion plaifoom tidel microfacies developed,
representing an brerbedded structure of dolomile and gypeum
with octasiotial calcarecns matter, The gypaunt formation 15
0.7-21 m thick and the dolomite forodion, developed under
the effect of penccontenporancous capillary evaporation
concentration dolomitzation, i 1.2-11 m thdek (Zheo et
al. 2009). The dolomite lithalogy Inclodes dolomicrite,
cryrialline powder dolomite amd gypsum-bearing dolomite
(Fig. ).

B

Fig. B Layoul af tha A3 Zerw ssclasencary Bzl
1 sy evacigrm mawgin off the Prg-Cesples Bain

In the Jate Carbonifercus, tectonlc movement caused
an abrupt crustal rise. The upper formations formed during
that period underwent weathering and deoudation. Zoene Al
and A2 and partial A3 are absent commonly in the Nerth
Trova Cilickd. When the rocks experienced weathering and
denudation processen at the sopergens siage, very soluble
gopsum and gypsum s dolomite were dissolved by fresh
waler, and nope of the orkginal sakt and gypsum & now found
in the weatherlng crost section. The original dght gypaom-
bearing dolomite evolved into & porous reservolr because the
Jeaching of the original gypsam formed disolution cavithes.
The cverdying Permdan sandstone and mudstone developed
on the post-Carboniferons weathering crust. During the
burial stage and especlally the hydrocarbon generation stage.
ackd formation weler produced dissolved new cavithes and
enlarged the original reservoir pores indnced by dolomite
dissolution. This further improved the reservedr. On the other
hand, some pores would be plugged by the cavity flling of
the cverlying deposits and cetnentation of chemical deposits

during the burial stage, making plosical properties of Jocal
reservoirs worse, The coring data From Well CT-4 in the

North Truva Olifleld show that the porosity of dolomdte
reservolr renges from T o I0.2% and eaverages 16994, and
formation permeshility ranges from 9.174 to B0.6 mI> and
averages 16,04 pD. In general, dissolved cavities have an
average diameter of 2-15 mm and an secal comesion rato of

2.5%, Indicating high quality dolomite reservolr with single
well optput above 200 tid,

7.2 Dolemite reservolr of sheal facles - scepage
reflux madel

Al fhe end of the lxte Carbontiferoas, Blockstic shoal
and platforin edpe shoal depoxition of open platform facies
dominated o the wesl of the Zhanarhol Cilfield, and intra-
phutfeam shoal depositon developed m reshricted platfortn
focies exvironments. There wete nuainly algse pacticle and
granolar linestone. The restricted sea was immeadinizly
adjacent t0 the inner side of the bioclastic shoals atnd
aroand the intre-platform shoals, doe to ahallower water,
higher salinity, gravily sction and convecton effects during
regression periods. Hyper-saline: seawaler Dowed downwird
or laterally into platform edge shoals and intra-platfonn
shoals. When the Mg Ca ratlo In seawater reached 5:1,
dolomitzation teok place (Meyers ef al, 1997; Montansz
and Read, 1992}, Granuler dolomile formed as the result of
metapctnatic alternation of calcanecns pantcles snd intersfitial
mabter, and those not replaced rentained granulor Limestone.
There were mainly algse panticle and pranmlar caleanecud
dolomite, bioclastic micritic calearcous dolomite and
dolomitic limesicne. After caleite was replaced by dolomdte,
the rock volume decreased by 13%, and rock shrimkage
ferimed pores. Simolisnecnsly, new dissolved pores formed,
the pre-existing pores wore forther dissolved and expanded.
Reserviolr physical propenties were further improved, becanss
renidoal caleile was dissolved by scid water generated in
the dolomitization process. Due o the Hercyndan movement
and dagenesls of 1be overlying Permian modstone after the
Carbondferous sedimientary activities, forther reformaiion
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Fig- 9 Genetic models af dobomite in the Pre-Caspian Busin

of shoal facies = seepage reflux dolomite reservoirs formed
eaclier was completed, and the present dolomite reservoirs
ook shape (Fig. 9). In the middle and west of the Zhanazhol
Oilfield, such dolomite reservoirs are developed. The
reservoirs are maioly composed of dolomite, caleite dolomite
interlayered with dolomitic limesione and limestone,
Dolomite is controlled by granular dolomite with a particle
content of about 65% and interstitial matter mainly of
micritie grading, Crystalline dolomite has a particle conlent
of 28% and good Bmination, présénting & lammated granular
formation. [ts single laver is 1.5-15 m thick, reservoir
porasity i 6%-13. 7%, lormation permeability & 23-153 mD
and singhe well output is 2-60 td.

8 Conclusions

The Carboniferous KT-1 dolomite reservaoir of Enbeksk -
Zharamysskaya Uplift Zone pre-salt sequence in the castemn
margin of the Pre-Caspian Basin is the major hydrocarbon
reservoir. Dolomite reservoirs in the study arca are thick i the
east and south and thin in the west and north. The dolomite &
mainly of crystalline dolomite (77.6%), dominated primarnily
by crystalline powder dolomite and micritic-crystalline
powder dolomite and secondarily by gramular dolomite
(16.8%), mostly bioclastic dolomite.

Siable carbon and oxygen isotopes analysis of dolomite
shows that the §™0 values rnge from <6.71% to 2.45% and
average 0.063%0 (apparently larger than -2.5%e), indicating
low femperature evaporation penesis dolomite. Dolomite
§"C values range from -1.6%0 to 5.94% and average 4.48%,,
viery similar to carbon stable sotope kevels of Corbonifercaus
seawater and unaffected by burial conditions.

Strontium stable isotope analysis data show thet the ratio
of Y80/ %r ranges from 0.70829 to 0.70875 and averages
0. 708365, very consistent with that of the Carboniferous

scawnter. On average, dolomite hos an excess Ca content of 9.1
mole¥a. The degree of order of dolomite varies within a range
of 0,336-0.504 and averages 0.417, judged o be a medium to
slightly poor degree of order which is obviously smaller than
that of burial dobonite.

There are two models proposed for the genesis of the
Carhoniferous KTl dolomite in the stwdy arca. The models
are based on comprehensive analysis of regional structure,
deposition and diagenesis. The two models are 1) the
evaporation concendration — weatheérng crust model and 2)
the shoal facies — seepage reflux model. The former s mostly
controlled by restricted platformis — evaporation platfonms
i & restricted sca and composed of dolomite end assocated
gvpsum and mudstone. The latter is formed mainly in
platform edge shoals and intra-platfonm shoals and controlled
by dolomitization induced by high salinity scawater frorm
adjacent restricted seéa or evaporation platforms.
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