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Tightening genesis and gas charging characteristics of the Taiyuan Forma-
tion sandstone reservoir in the Taikang uplift, southern North China Basin

QU Kaixuan, GUO Shaobin
School of Energy Resource, China University of Geosciences (Beijing), Beijing 100083, China

Abstract In the Late Paleozoic, both the southern North China Basin and the Ordos Basin formed part of the North China
Craton basin, and Carboniferous-Permian coal measure strata were widely developed. The Taiyuan Formation is not only an
important source rock, but also has good conditions for the accumulation of unconventional natural gas such as tight sandstone
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gas. However, research into the sandstone reservoir is still at an early stage, and a series of key issues, such as sandstone reservoir
characteristics, tight genesis and gas charging characteristics, still lack detailed research. By comprehensive utilization of a series
of experimental methods including casting thin sections, scanning electron microscopy (SEM), X-ray diffraction, petrophysical
property analysis and fluid inclusion observations, this work studies the petrology characteristics, diagenetic features and porosity
evolution history under diagenesis of the tight sandstone reservoir of the Taiyuan Formation in the Taikang uplift, southern
North China Basin. The tightening time and genesis of the sandstone reservoir are also determined, and the charging process of
natural gas in the tight sandstone reservoir is deduced in combination with the burial history and thermal evolution history of the
formation, and the coupling relationship between the sandstone reservoir tightness and the gas charging process is finally clari-
fied. The results show that the tight sandstone reservoir of the Taiyuan Formation has undergone a variety of diagenesis, mainly
including compaction, cementation and dissolution, and currently entered phase B of the middle diagenetic stage. The pore
types are dominated by secondary dissolution pores, intergranular micropores associated with clay minerals and microfractures.
Through quantitative analysis of the influence of different diagenesis on porosity, it is concluded that compaction is the most
important factor leading to the density of the reservoir which results in the decrease of the original reservoir porosity (38.60%)
by 31.01%, and only 7.27% loss of porosity due to the clay minerals, carbonate minerals and siliceous cementation. The feldspar
and debris particles have limited ability (only 3.28%) to increase porosity by dissolution. The porosity evolution results show that
the Taiyuan Formation sandstone reservoir entered the densification stage in the late stage of middle diagenetic A (Late Triassic).
By analyzing the type and composition of fluid inclusions, it is confirmed that the Taiyuan Formation sandstone experienced
a single gas charging process. The comparison of homogenization temperature of hydrocarbon-bearing saline inclusions with
burial history and thermal history shows that the gas charging time was 229~213 Ma (corresponding to the Late Triassic), which
is basically consistent with the time of reservoir densification, indicating that the densification process and the gas accumulation

process may have occurred simultaneously.
Keywords gas charging; tightening genesis; tight sandstone; Taiyuan Formation; Taikang uplift; southern North China Basin

doi: 10.3969/].issn.2096-1693.2022.03.027

N, UER T 200 Db A SR T RE R — s iR
AL RURHE J 7, I AeAR VR 2o E AR AR SR

0 5l

Bt 5 i 15 5 SR A DT ORI BT A
MR, BUBRT AR R o TR A A ff ke
SERRABIRER I [ R SCEE T e . FRIEEERAD A IR
R R, HERSUGT N, HRE27ES /R £
Hro PUNT, B ERRIAMT 55 7 AN S St A B T
BUBRP A AT T &, SRR A SIS
VoA PN S8 3 R [ S8 W S T TN A
PEM ARSI, IR R O 0 A A BT R ] R B I ik
A3 R (17.4~25.1) x 10" m® F1(8.8~12.1) x 10” m®, A
FIEIHR X T AL F) 32 x 10* km?2 31, /b2 g
MZSATUEEAE R IEA L, BEm s S
T 1 BB B H R AR S AU R TT & b S st i)
PR L,

A AR A I AR AR 5 5K 22 1 2 b [ e A
bbby —& sy, HEARWAKR - —SRER
2B RAFEUR S, DA SRR R SO &1,
— ER TR E AR SRR R AR E R X 2 — R
M, ZHIX 23T 70 AR AR DT, H—E %
A WU KA S P E J, {3 0 A A A B o A IX R
E W Z OHIF@EXY-1 . MY-1 JFFMIWC-1 JF) 78
bt AR U I RN R A T A DL ) R S

A 3 Y AR T S B0 e — S AR R T HZE X e KT
AR 3 PR A 112 SR T O R RSB O B i i
BRI AT 7O SRS T K5 M
FEREEI A R - SR IREERZ—, H
BIAHOGHIF T EEEAE T TIUA A B A AR AR T
BUE B R RHIE PN I, T TR BOR BR
i, RT R A AR R R A LB A R 7 T B IA IR
rikz, HATORTE IR B s, ASRATTELL
AL EE R R AT W SE DX, XK IR AL il =
EAFRHIE . U MALBREE AL AR L AR TSR
FIRSEAT TATSE, [ 5E 1 )2 BUE s 2
WA Z RIRRGC R, DU izt DX
RS

1 Wit

AL A R AR 3 L A AR E AR R A T A B
Nk, JE—AKRE T RLE Bl 2 b A =B A
R B G EN, FAZR - IBIEIAF, K HENNE
Ii] )R W 285, AU LAARAE — Ry W S5 e e 2
GRS, THEEGRVURERIX, BAIELENW-NWWE



296

FIMBLEER  20224F9 H B 7EH 3

O, FEHAL RS ERG . R . BT RKILRER
kR ARG RIS A kg o, MR
153 100 km?, 5% DX A T 73 i A0 19 R Bfe e e (&1
1.

W fr s ey, l T Aedb AR 5 P R AR & A
BT, ARdbih &8 B AL M R AR e RIE A, 1
KR IR, RN ERIE R Tz 1
Rl GO, R SR S, pEE R
BRI, WK PG mI AR R AR A, by
DURRIREE 22 D7 1T DAl 2 08 — v 7K = A U — ki s 3870
AU AR ST, ML EHATAE T —
RV HEREAC BAR B R TR DU R . AR R
B2 & RKIFATOR B DLRE R0 £, DR
PR AR IR Eh G b BREE L | WIEE S8 W1, M
EYhm ERIKE . Yo, BE KR 2R E
FHEE AR (B 1), BFREM, &R KIEA A
RiE. BEMKAERBIENRIFNEE S, WA
PR 19 A e S s 123, b, KR4 ie %5 TOC
RN T 0.129%~4.67% 2 18], IR & (S+S,) F 1
9 0.38 mg/g; KA TOC & i N 0.04%~4.54%, V-1
M 1.02%, Si+S, AT 0.07~2.19 mg/g, FIH N
0.41 mg/g; i 4 75 TOC & & /v F 63%~77.30%, &
BiE “A” FEFHYR256%, Bl R YRR

7150 x 1070 m® JRUEE Y T ISR S Tk 2 43 LA B S 28
FERAANE, B EFONIL, I, ASHHKR. B
U5 B4 B AR A TR — o BB B (R, B EA T
0.5%~4.0% 2 [6]), AS[a] X 2 [a] $h e 10 7 B 22 S5 4%
K, 32 A AR o T Ak 22 5 K AR A S
R A IR R R L2 vEIhE . R
IR ARG HA 2420 b S A R BRI e R S A S
MR SLI R A KT 3.0%, 4bTF i s BL. A
I, RIE4H)ZHA R “=R” AB)2450
OB G, BRIS b Y B — i M BB I A SR AR
.

2 PRSI

ARG Ad AR5 O R i B A 5 XK R
PG HL X 0 3 1 HZXY-1, MY-1 flWC-1 &
ARIFHHZ, FEBTEAGE B WER 1 is. b T
TERP AR BT AR . BB Pt FLBRZEAL . 1K
AR UL AL S [ b 26 20 e a8, X AT 1y
b it T Jie 1 A AL Bt B2 NS a5 800 b 3
R R BT S XA S S
Bro BLAh, XFWC—1 b A i iE A7 1 i i 28
AT, FARSCIG LR MDA R b i 25 AL

, A 241 5(GR)
~ R B e | Y 7
. AT (DT O
/m BEICR
2900 — éﬁﬂz
_ T R &6
2910 éiﬁ{
2920 — i%ﬁ‘ijlz
: j( 2930 — Mgwflift
A o|| B |5
7 7R 3 b 241 «© 2940 —
F 1 28 1|8 4R - o 1 2R R4 N
Fo:fE -7 f b 3¢ * r %fﬁg
Fa: 56 ) Wy 24 45 2950 —
Fa: 5 &b BB ik 17 2
of F5:= 10— 1h-5 H-fk gl 3 &
of— S 2960 —
[ =7 . T T
o miminn [omm w2 i =] gax
B
| | | | | 1
112° 113° 114° 115° 116° 117

B 1 EEtREMiaEsXEMY-1 HittEERE

Fig. 1 Tectonic zoning of the southern North China Basin and stratigraphic column of well MY-1
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Fig.2 Sandstone reservoir rock types of Taiyuan Formation in the southern North China Basin
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Table 1 Sandstone sample information of Taiyuan Formation
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tight sandstone for Taiyuan Formation
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Fig. 4 Diagenetic characteristics of sandstone reservoir in Taiyuan Formation
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Fig.5 Diagenetic stage division and porosity evolution curve of tight sandstone in Taiyuan Formation
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