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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 

18O values range from -6.71‰ to 2.45‰, and average 0.063‰, obviously larger than -2.5‰, indicating 
low-temperature dolomite of evaporation origin. Stable strontium isotope ratios (87Sr/86Sr) range from 
0.70829 to 0.70875 and average 0.708365, very consistent with 87Sr/86Sr 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 

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 
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Geochemical characteristics and genetic model of 
dolomite reservoirs in the eastern margin of the 
Pre-Caspian Basin

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 

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 

in the study are located in the middle part of the uplift zone 
(Fig. 1).*Corresponding author. email: wshuqin@petrochina.com.cn
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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 

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 

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 

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 

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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Fig. 4 Dolomite characteristics in the eastern margin of the Pre-Caspian Basin
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dolomites from evaporation-related penecontemporaneous 
and reflux dolomitization (Fig. 5). The 16O isotope is 
relatively light. Water with 16O is a little more likely to 
evaporate than water with the slightly heavier 18O isotope. 
Together with increasing salinity, the remaining seawater 
also begins to accumulate 18O. When penecontemporaneous 

formed by metasomatic alternation of carbonate deposits due 
to the high salinity water with heavier 18O isotope. So the 

18O value than that of seawater. Low 
temperature dolomite, formed in supratidal, sabkha, reflux, 
sea and fresh water–sea water mixing environments in near 

18O value over -6.5‰ (Lü 
et al, 2005; Guo et al, 2004). Among the samples, only one 

18O value of -6.715‰, suggesting local formation of 
high temperature burial dolomite with the growth of burial 
depth and temperature. In burial conditions, the temperature 
increases continually with increasing burial depth. Owing 
to thermal action and dolomitization, the relatively heavy 
18O enters metasomatic fluids, and relatively light 16O 
enters the metasomatic dolomite lattice. That is so-called 
“temperature effect” or “thermal action effect” in isotope 

to be formed by dolomitization under burial conditions at a 
temperature greater than 50°C. It also acts as cement to fill 
intergranular spaces, dissolved cavities and fissures, and its 

18O value is generally smaller than -2.5‰ (Franchi et al, 
1986; Luo et al, 2006; Peng et al, 2001). 

Although carbon isotope ratios in dolomite have a limited 
effect on dolomite genesis (Powell and Kyser, 1991; Smith, 
2006), when burial dolomitization occurs, stable carbon 
isotopes in the dolomite are affected by organic carbon. In the 

13C values range from -1.6‰ to 5.94‰ 
and average 4.48‰, much similar to the stable carbon isotope 
ratio of Carboniferous seawater and the value is slightly 
positive, showing it is unaffected by burial. 

Table 2 Measurement results of isotopes 
in dolomite of the eastern margin of Pre-Caspian Basin

Well 
No.

Depth
 m Lithology

13C 
‰

18O
‰

Zhanazhol 

2092 2813.39 Calcareous dolomite 2.1 -0.41

2092 2814.85 Calcareous dolomite -1.6 0.47

2092 2817.21 Calcareous dolomite 2.62 -0.92

2092 2841.31 Calcareous dolomite 3.48 -6.71

5555 2335.62 Micritic dolomite 5.3 -0.13

North 
Truva

5555 2331.66 Crystalline powder 
dolomite 4.25 -0.2

5555 2341.45 Crystalline powder 
dolomite 5.27 0.98

5555 2345.69 Crystalline powder 
dolomite 5.94 2.31

5555 2336.98 Micritic dolomite 5.34 0.05

5555 2345 Crystalline powder
 dolomite 5.26 -1.06

5555 2354 Crystalline powder
 dolomite 5.61 1.03

5555 2332.48 Micritic dolomite 4.61 -0.15

5555 2337.5 Micritic dolomite 5.37 -0.72

5555 2341.78 Micritic dolomite 5.53 0.86

5555 2345.98 Crystalline powder
 dolomite 5.78 2.3

5555 2340.94 Micritic dolomite 5.94 2.45

5555 2333.88 Micritic dolomite 4.96 0.29

5555 2347.14 Micritic dolomite 5.39 0.1

5555 2343.81 Micritic dolomite 5.38 -0.08

CT-4 2347.53 Crystalline powder 
dolomite 3.82 0.38

CT-4 2344.08 Crystalline powder 
dolomite 4.89 0.63

CT-4 2351.49 Crystalline powder 
dolomite 3.36 -0.08

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

C
rystalline dolom

ite

7.9 0.8 0.9 0.5 0.3 0.1 1.2 6.6 9.2 0.2 0.0 0.1 0.2 0.2 0.1 0.0 0.1 0.0 0.0 0.0 0.8 0.0 70.7 0.0 0.0

28.0 0.4 0.1 0 0.8

29.3

G
ranular dolom

ite

15.1 0.8 2.1 0.9 0.3 0.4 0.6 20.5 24.7 0.0 0.2 0.0 0.0 0.6 0.5 0.0 0.2 0.0 0.0 0.0 0.1 0.0 0.0 33.1 0.0

65.6 1.1 0.2 0 0.1

66.9
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5 Strontium isotopic characteristics
According to related study results (Allan and Wiggins, 

1993; Burke et al, 1982; Palmer and Elderfield, 1985), 
87Sr/86Sr 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 87Sr/86Sr ratios range from 
0.70829 to 0.70875 and average 0.708365 (Fig. 6), very 
consistent with those of the Carboniferous seawater.
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Fig. 6 Distribution of 87Sr/86Sr ratios

13
C

, ‰

8

6

4

2

0

-2

-4
-10 -8 -6 -4 -2 0 2 4

18O, ‰

Temperature effect

North Truva

Zhanazhol

High temperature
dolomite area

Superimposed area of high/
low temperature dolomite Low temperature

Sea
water

Evaporation effect

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

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 

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 

Fig. 7
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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 
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