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Abstract Thin section and scanning electron microscope (SEM) observations, X-ray Diffraction (XRD)
measurements, and mercury intrusion capillary pressure were selected to systematically research the lithology,
physical properties, pore structure, and diagenetic features of member-7 of Yanchang Formation (Chang-7 Fm) in
Qingcheng Area, Ordos Basin, NW China. The influences of pore structure and diagenetic processes of physical
properties were revealed, and the gradual evaluation standard was proposed. The results show that the Chang-7 Fm
sandstones are dominated by feldspathic litharenites. The average porosity and permeability are 9.7% and 0.06 mD,
respectively, which can be classified as a set of tight sandstone reservoir. The reservoirs stay in mesodiagenesis B
stage, and the physical properties are primarily controlled by mechanical compaction and dissolution. The coarser
particle size and higher content of quartz and feldspar improve the anti-compaction ability of relatively high-
quality reservoirs. Meanwhile, quartz and feldspar also provide material basis for dissolution, and are important
control factors for the development of relatively high-quality reservoirs. The pore type and structure also have
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influences to the physical properties. The primary pore has excellent connectivity. The development of secondary

pores is conducive to porosity increasement, but has little effect to permeability. Based on the fractal theory, the

heterogeneity of reservoir’s pore network is quantified, and the results show that the heterogeneity is negative

correlate with the porosity and permeability, which means that the complex pore network is not conducive for the

development of high-quality reservoirs. According to the pore structure and physical properties, three categories

can be identified of the Chang-7 Fm tight sandstones. Class I and II reservoirs have large particle size, and the pore

system is dominated by primary pores with less heterogeneity, therefore, they are favorable exploration targets.

Type III reservoir has small particle size, and mainly develops intercrystalline pores of clay minerals, possess strong

heterogeneity of pore structure and poor physical properties, which is not the target of tight oil and gas exploration.

Key words tight sandstone; pore structure; fractal characteristics; digenesis evolution; Ordos Basin
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Fig. 2 Strata column of Upper Triassic Yanchang Formation
of Ordos Basin
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Fig. 3 Mineral composition and classification triangular
figure of Chang-7 tight sandstone reservoirs
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Fig. 4 Diagenesis features of Chang-7 Formation tight sandstone reservoirs
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Fig. 5 Relationship between porosity and permeability
of Chang-7 tight sandstone reservoirs
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Fig. 6 Pore structure of Chang-7 tight sandstone reservoirs
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Fig. 7 High-pressure mercury intrusion results of Chang-7 tight sandstone reservoirs
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Table 1 Physical properties and fractal features of Chang-7

tight sandstone reservoirs

Fefs IS WEm LBRE/% BERmMD R D
1 T40 16937 94 0.0689 0.9940  2.6521
2 T40 16938 9.7 0.0751 0.9524  2.6341
3 T40 16939 94 0.0703 0.9749  2.6204
4 7283 18183 105 0.0545 0.9071  2.7210
5 7283 18188  11.2 0.0776 0.9602  2.6618
6 N86 17165 9.3 0.0403 0.9942  2.8051
7 N86 17168 8.4 0.0336 0.9726  2.8253
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Fig. 8 Diagenesis sequence, model, and porosity evolution of Chang-7 tight sandstone reservoirs
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Fig. 10 Relationship between physical properties and the average grain size of Chang-7 tight sandstone reservoirs
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Relationship between physical properties and the content of quartz and feldspar of Chang-7 tight sandstone reservoirs
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Fig. 13 Relationship between physical properties and the fractal dimension of Chang-7 tight sandstone reservoirs
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Table 2 Grading assessment standard of Chang-7 tight sandstone reservoirs
S FLBREE /% BB HE/mD HEOKEF)/MPa ERORIBFIEE /% AE /% KA Y% D LB
1 9.4 0.0689 1357 68.243 47 21 2.65
e
2 9.7 0.0751 1354 68.746 42 23 2.63 Ei Wk
LB, #+
3 9.4 0.0703 1359 68.430 46 20 2.62 AL
FHIE 9.5 0.0714 1.357 68.473 45 21 2.64
4 10.5 0.0545 1356 83.521 46 24 2.72 FE L
5 11.2 0.0776 1.358 85.214 50 26 2.66 e, &+
o
T 10.85 0.0661 1357 84.368 48 25 269 IR
6 9.3 0.0403 2.734 68.414 41 20 2.81
i LY
7 8.4 0.0336 4.114 67.968 42 17 2.83 X
[a]£L
FHEIE 8.85 0.0370 3.424 68.191 42 19 2.82
WE 4 KTIBWERESERMNRBEAXESH

3.4 FEREMERSERBNELR

il J2 5 8 R B RS A ORI R TT S i) 45
PRI, R S 30 S 80T LARAE A 2 1 B B FRAE,
BTN B 2200 ORI SR v 245 2 R A
YB3 [, LB S A B0l 2 B X i 2
(LHEBER)ARENEW, W, AU EHE
JE R Z 8 R, (He SR AR AN BE g n% i ok B2 A LB 428,
) A% 2 FL B 45 #4329 J5 1 A9 23 2 4E 550 D A2
N, WS SRR LT3R 3 TR,
AN R, FID 26 AE R 388 R Bl & X Sk 4
JiR o TTLLE H, #4A A e 28R EHER L
REGKT 0.9), (HH A E 51 R5 /N &
e, R LA XS B 13 A0 0B o Rso
(0.1 pm Z2 A7) Y B 5E R KRR, R WX R 14 FL B
FAEXTB EARA BRI, A SO X —45
RAE N B R BB
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Table 3 Permeability prediction parameters of
Chang-7 tight sandstone reservoirs

iy BBER/mD D Rs Rio Ris Ry Ry Ry
1 0.0689 265 045 030 024 020 0.17 0.14
2 0.0751 263 040 035 023 0.6 0.15 0.13
3 0.0703 262 025 015 013 011 0.10 0.09
4 0.0545 272 026 0.19 016 0.15 0.13 0.12
5 0.0776 266 040 025 023 020 0.18 0.16
6 0.0403 281 025 0.16 013 0.12 0.11 0.10
7 0.0336 283 0.17 013 0.12 0.10 0.09 0.08
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Table 4 Permeability prediction models and parameters
of Chang-7 tight sandstone reservoirs

FLBE2E A2 /um AN R
Rs LogK =-4.530 +9.198/D — 0.033/Rs 0.975
Rio LogK =-4.913 + 10.155/D — 0.017/Ry, 0.964
Ris LogK =—4.811 +9.955/D — 0.019/R;5 0.970
Ry LogK =—4.883 + 10.185/D — 0.018/Ry 0.979
Rys LogK =—4.811 + 10.024/D — 0.018/R;s 0.983
R3o LogK =—-4.799 + 10.027/D — 0.017/R3 0.987

YLH: K #7158 (mD).

S50, ZHORME G BB AN (3) R ; Rezaee 255!
FRIRE TR (2K (4)) BE BCFL B FE L Ry 1 I 280, S 80UR
B 5 PR AL an =X (S m o

LogK=-1.221+ 1.415Logp + 1.512LogR,s, (2)
LnK =-3.66 + 0.98Lng + 0.69LnR;s; 3)
LogK =-1.92 + 0.949Logg + 2.18LogRo, “)
LnK=-5.13 + 1.35Lng + 0.50LnR 0. 5)

Kb, o HILBREE (%). Bl 14, $di STy = x
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Fig. 14 Comparison of permeability prediction models
of Chang-7 tight sandstone reservoirs
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