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Fig. 1

(a) location of the Turpan-Hami Basin and the study area; (b) tectonic outline of the Lukeqin area; (c) lithological column
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Fig. 2 Thin section photos of typical characteristics of the calcite cement

from the Upper Permian Wutonggou Formation in the Lukeqin area
(a) phase I mud crystal calcite cement filling the intergranular pores, phase II calcite cement wrapping mud crystal calcite in Phase I, (=), well YT1, 6 048.82 m,
P}w'; (b) phase I mud crystal calcite cement is dark orange, and phase II calcite cement is orange, (cathodoluminescence, CL), well YT1, 6 048.82 m, P3wl; (c) calcite cement
developed, phase II calcite cement is weakly metasomatic, (+), well YT1, 6 047.44 m, PWJ'; (d) calcite cement developed, (+), well YT1, 5 829.55 m, qu;] ; () phase II contin-
uous crystalline calcite cement developed, early calcite cement dissolved, (=), well YT1, 5 829.38 m, P3u/3; (f) phase II continuous crystalline calcite cement developed, phase
I calcite cement filling dissolution pore, (+), well YT1, 5 829.38 m, 1’31,4!‘; (g) phase II continuous crystalline calcite cement, phase Il iron calcite filling dissolution pore, (=),
Well YT1, 5 828.60 m, Pzw'}; (h) phase II continuous crystalline calcite cement emits orange light, and phase Il iron calcite cement of hardly emits light, (CL), well YTI,
5 828.60 m, P3uiS; and (i) calcite cement developed, with continuous crystal cementation in phase 11 and phase IIl filling dissolved pores, (=), well YT1, 5 827.78 m, P3103; cal

I . phase I calcite cement; cal II. phase II calcite cement; cal Ill. phase Ill calcite cement; cal-D. calcite cement developed
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Fig. 3 Relationship between porosity and permeability for the

glutenite reservoir in the Wutonggou Formation
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Fig. 4 Pore characteristics of a deep reservoir from the Upper Permian Wutonggou Formation in the Lukeqin area

(a) remaining primary intergranular pores, blue cast, (-), well 1.23, 4 526.38 m, P31u'; (b) remaining primary intergranular pores, lithic dissolution pores, blue cast, (), well L23,
452487 m, P3wl; (c) intergranular and intragranular dissolution pores, blue cast, (=), well 123, 4 525.12 m, Paw'; (d) feldspar dissolution pores, calcite cements, blue cast, (=),
well YT1, 6 048.50 m, Pzwl; (e) development of feldspar dissolved micropores, scanning electron microscope (SEM), well YT1, 6 049.79 m, P3w1; (f) dissolution pores develop-
ment, calcite cement, blue cast, (=), well YT1, 5 827.78 m, P3w3; (g) dissolution of calcite crystals, visible intergranular microfractures, hair-like illite attached to the surface of
detrital grains, SEM, well 1.23, 4 524.32 m, Pzw'; (h) microcrack, blue cast, (-), well YT1, 5 829.83 m, P3w3; and (i) sandy conglomerate particles attached to the granular seam
development, well YT1, 5 828.54 m, P3w3; inter-P(RP). remaining primary intergranular pores; 1-P. lithic dissolution pores; inter-P. intergranular pores; intra-P. intragranular

pores; {-P. feldspar dissolution pores; inter-CP. crystal pores; Mc. microcrack; Gs. granular seam
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Fig. 5 Microscopic diagenetic mineral characteristics of a deep sandstone reservoir from the Wutonggou Formation

in the Lukeqin area

(a) intergranular filling of turbid zeolite, cast sheet (=), well YT1, 6 048.59 m, P3w'; (b) secondary enlargement of quartz, cast sheet (+), well YT1, 6 048.70 m, P3w'; (c) feld-

spar particles are dissolved along the cleavage, forming lattice-like feldspar dissolution pores, SEM, well YT1, 5 970.98 m, P3w3; (d) coniferous illite is attached to the

surface of the debris particles, and authigenic quartz crystals are filled between the debris particles, SEM, well 1.23, 4 525.17 m, Pswz; (e) flocculent kaolinite aggregates
filled in the dissolution pores, SEM, well YT1, 5 828.93 m, P3w3; (f) flake chlorite aggregate filled in intergranular pores, SEM, well YT1, 6 054.64 m, P3w'; TZ-c. turbid

zeolite cement; Qc. quartz; {-P. feldspar dissolution pores; 1. illite; K. kaolinite; chl.chlorite
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Fig. 6 Diagenetic evolution of a deep sandstone reservoir from the Wutonggou Formation in the Lukeqin area
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Calcite Cementation of Deep Sandstone and Its Reservoir Formation
Effect in the Turpan-Hami Basin
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Abstract: [ Objective] The Upper Permian Wutonggou Formation in the Lukeqin area of the Turpan-Hami Basin has
good oil and gas exploration potential, making it a key deep exploration target in the Turpan-Hami Basin. Diagenetic
analysis shows that calcite cement is one of the main authigenic minerals developed in the reservoir of the Wutonggou
Formation in this area, but more work on the precise analysis is still recommended to improve our understanding of its
diagenetic period and how it affects the reservoir quality.[ Methods ] Because the calcite cement is an abundant authi-
genic cements in most clastic rocks, it is also the product of fluid rock interaction during diagenesis, during which its
relative content, occurrence type, occurrence, state and formation mechanism would likely exert huge impacts on
reservoir quality. Combined with the previous study that concluded that mechanical compaction and cementation un-
der deep burial conditions are the two main factors affecting the quality of the Wutonggou Formation sandstone reser-
voir in the Lukeqin area, we present the thin section identification, physical property analysis, scanning electron mi-
croscopy, cathodoluminescence, and other testing methods of the Wutonggou Formation in the Lukeqin area, Turpan-
Hami Basin. We systematically investigated the period and diagenetic evolution of common calcite cements in the
deep sandstone reservoir of this period and discussed the influence of calcite cement on reservoir quality. [ Results ]
The photomicrographs and statistics show a clear positive correlation between the porosity and permeability , indicat-
ing that the sandstone reservoir of the Wutonggou Formation is porous. The calcite cement content most favorable for
reservoir development of the Wutonggou Formation reservoir in Lukeqin area is 1%-8%. More than 8.0% samples
show that the primary pores are almost filled with calcite, while less than 1.0% samples indicate that the compaction
is too strong and unfavorable for reservoir development; Photomicrographs also exhibit a filling relationship that indi-
cates three stages of calcite cement; the first stage is argillaceous calcite with 25%; the second stage is calcite ce-
mented by continuous crystal with 60%; and stage Ill is calcite filled with feldspar and other intragranular solution
pores with 15%. There is no distinct positive or negative correlation between calcite cement and physical properties ,
which indicates that it belongs to ret entive diagenesis in the form of pore filling, which could occupy the remaining
intergranular pores while enhancing their ability to resist compaction of the clastic particle skeleton. This is also con-
sistent with a large number of earlier studies that the calcite cement formed in the early diagenetic stage before the
main compaction can preserve the primary pores in the sandstone, which may further dissolve and release the second-
ary pores to improve the reservoir quality in the later diagenetic process. [ Conclusions] Therefore, we suggest that
the calcite cement is the key factor for the development of deep sandstone reservoirs of the Wutonggou Formation in
the Lukeqin area.

Key words: calcite cement; cementation; deep sandstone reservoir; Wutonggou Formation; Turpan-Hami Basin



