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Diagenesis and pore evolution of reservoirs in South Turgai Basin

ZHOU Hai-yan'?, HU Jian-yi', ZHENG Jun-zhang"? and HUANG Xian-xiong’
(1. Research Institute of Petroleum Exploration & Development, Beijing 100083, China; 2. CNPC International
Research Center, Beijing 100083, China)

Abstract: The main factor responsible for rich hydrocarbon resources is the good behaviors of reservoirs in South
Turgai Basin. An analysis of characteristics, diagenesis and pore type evolution of reservoir rocks shows that dia-
genesis and pore evolution exerted great effects on the properties of reservoir rocks. Lots of thin sections were
analyzed by such means as standard petrographic microscope, X-ray diffraction and scanning electron microscope
analysis so as to study the selected samples. Diagenetic complexity suggests that mechanical compaction and
pressure solution, miscellaneous filling actions, cementation and replacement led to the decrease of porosity,
whereas solution of unsteady minerals resulted in the increase of porosity. The evolution of organic materials and
the sequence of clay minerals imply that diagenesis and pore evolution of the sandstone varied obviously with the
increasing buried depth: the porosity type was mainly interparticle pores of the primary pore type at the early
diagenetic stage, mainly the mixing of the primary and secondary pores at the middle diagenetic stage, and
mainly the secondary pores at the late diagenetic stage. A comprehensive evaluation of the reservoirs in South
Turgai Basin has led the authors to the conclusion that the Aryskum Formation, the Akshabulak Formation and
the Kumkol Formation belong to Class I Reservoir, which may be regarded as the main targets in future
prospecting work.
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Fig. 3 Apogrite thin section of the detrital reservoir in South Turgai Basin 5% 10
a—RI1 50 % 3% 25% 3% b—R2
40% 10% 10% 7% 33%
a—R1 well Kumkol Formation arenite quartz 50%  feldspar 3%  debris 25% interstitial matter and other components 3%  feldspar

is partially distortional and eroded b—R2 well Aryskum Formation apogrite quartz 40%  potassic feldspar 10%  plagioclase 10%  de-
bris 7% interstitial matter and other components 33%  quartz is partially distortional and feldspar is partially corroded and dissolved ~debris is

partially distortional and dissolved
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Fig. 4 Characteristics of sandstone interstitial matter in South Turgai Basin cast thin section 10 X 10
a—R3 b—R1 11% R4 5%
d—RS 1%

a—R3 well Pz carbonate mineral infilling b—RI1 well Kumkol Formation apogrite authigenic clay 11%  ¢—R4 well Kumkol Formation

apogrite  siderite 5%  d—R5 well Kumkol Formation apogrite pyrite 1%

X

2.1

2006 2006 2007 5 -

1 700 ~3 000 m

2600 m



551

45 10000.0
40 2 é&
<
1000.0 OA? =2
g LN
o o % %
L 100.0[—3gpoaote e [ &8 ——
i SR
L S
100 ‘?:% o
£ ® el
& ¢ %. p: 0o 0
1o AN A P
- 0%0 O g,
e R,
0%& LY e, S
0 1l—e—o 1 8 1 0 L
0 20 40 60 80 100 0 20 40 60 80
ML B/% KL A B %
5

100

Fig. 5 Relationship between absolute content of clay minerals and porosity permeability of reservoirs in South Turgai Basin
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Fig. 7 Grain contact types of reservoirs in South Turgai Basin 5% 10
a—RI1 b—R6
a—R1 well Kumkol Formation arenite matrix support partial floating point-line contact and concave-convex contact b—R6 well

Doshchan Formation point-line contact and concave-convex contact partial suture contact

8 1010
Fig. 8 Carbonate cement of sandstone in South Turgai Basin cast thin section 10X 10
a—R7 b—R8 7% 7%

a—R7 well Doshchan Formation sandy conglomerate b—R8 well Kumkol Formation feldspar lithic sandstone carbonate 7%  pore

infilling 7% and grain replacement trace amount calcite without ferruginous matter partially poicilitic pore filling
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9 5X10
Fig. 9 Enlarged characteristics of quartz in South Turgai Basin cast thin section under SEM 5 X 10
a—R9 b—RI Il
a—R9 well Kumkol Formation arenite discontinuous enlargement of quartz b—R1 well Kumkol Formation gray intermediate-fine

grained sandstone intergranular and grain surface kaolinite and [ll -grade quartz enlargement

10 5X10
Fig. 10 Matrix infilling characteristics of sandstone in South Turgai Basin cast thin section 5X 10
a—RI10 + 25% b—RI11
a—R10 well Akshabulak Formation interstitial matter and others 25%  miscellaneous-filling b—R11 well Aryskum

Formation debris feldspar sandstone replacement
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11 5X10
Fig. 11 Erosion along the tectonic fracture in sandstone reservoir in South Turgai Basin 5 X 10
a—RI12 8% 2% b—
R13

a—RI12 well Kumkol Formation feldspar occupies 8% of particle skeleton locally eroded and partly dissolved and altered debris locally de-
formed compacted dissolved and altered with dissolution porosity being 2% b—R13 well Aryskum Formation with gray {ine-grained feldspar
debris sandstone mainly point contact some with definite direction. Feldspar commonly with weak sludging. Porosity filling in calcite cement
with crystal structure and replacement of feldspar. Tension crack distributed along bedding. Inter-dissolved pores developed on both sides of the

tension crack but with none far away from the fracture pore. Calcite cement dissolved
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Fig. 12 Diagenetic stages and evolution sequence of South Turgai Basin
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Fig. 13 Secondary pore diagram under thin section for reservoirs in South Turgai Basin 5 X 10
b—R14

a—R14
12 . l 0() 3 0() 0 . 1 ()() 9 0()

a—R14 well Akshabulak Formation brown argillaceous siltstone dissolved pore developed well with poor connectivity b—R14 well Akshabulak
Formation bioclastic shaly silicalite orthogonal light  surface-pore ratio 12.1% dissolved pore in biodetritus 3%  structural dissolved fracture

0.1% matrix dissolved pore 9% mediumly-sorted massive structure compaction good physical property in general
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Fig. 14 Characteristic diagram of pore evolution in South
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Table 1 Comprehensive reservoir evaluation of South Turgai Basin
% 1073 pmy’
32.0 25.1 8101.69 0.78~4 178 1
35.7 23.0 7 876.86 0.05~3939 B A 1
29.5 22.0 13841.18 0.01~5384 B A 1
21.9 17.0 995.01 5.33~995 A B Il
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