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Abstract Recent drilling examples have revealed the widespread existence of overpressure in the Permian clastic
rock layers of the Mahu Sag, but the distribution of overpressure remains unclear and the research on the main
controlling factors of overpressure are relatively weak. This paper aims to analyze the vertical and horizontal

distribution patterns of abnormal pressure in the Permian of the Mahu Sag, clarify the main controlling factors of
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abnormal pressure, elaborate the formation mechanism of overpressure, and reveal the relationship between
overpressure and oil and gas distribution. Using 79 measured pressure data from 65 wells, drilling mud density and
well logging curve data, this study employed well logging curve analysis, Bowers method, and density-acoustic
velocity crossplot method to predict pressure using the equilibrium depth method and Eaton method. Based on
these predictions, the main reasons for the formation of overpressure were comprehensively discussed in
combination with the geological environment of overpressure development. Abnormal pressure in the Mahu Sag
exists in the Triassic Baijiantan Formation and underlying strata, with gradually increasing pressure in the lower
strata and a single structural characteristic vertically. The abnormal pressure in the Lower Wuerhe Formation
gradually increases from the Wuxia Fault Zone to the southeast direction, reaching a maximum pressure coefficient
of 2.0 in the Dabasong Bulge. The hydrocarbon generation and pressure increase effect of source rocks is an
important factor in the formation of overpressure in the Mahu Sag. The Lower Wuerhe Formation in the Manan
slope and the Upper Wuerhe Formation in the Zhongguai Bulge are caused by a combination of unbalanced
compaction and hydrocarbon generation pressure increase, while the Fengcheng Formation is caused by a
combination of tectonic compression and hydrocarbon generation pressure increase. The Lower Wuerhe Formation
in the Dabasong Bulge is caused by fluid expansion and pressure conduction. Due to the development of faults in
the western slope area of the Mahu Sag, the overpressure caused by tectonic compression has dissipated, leaving
only the overpressure response characteristics of the logging curve formed by tectonic compression. The current
overpressure is still dominated by hydrocarbon generation pressure increase, which provides the power for oil and
gas migration. Faults generated by tectonic activities serve as pathways for oil and gas migration and pressure
conduction, affecting the magnitude of abnormal pressure and the vertical distribution of oil and gas in the area.
Keywords Mahu Sag, Permian strata, Formation pressure distribution, Genesis of overpressure, Pressure
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Fig. 1 Regional structural location (a) and lithologic histogram (b. modified from Huang et al., 2022) of Mahu Sag in the Junggar Basin
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Table I Measured formation pressure data in the Mahu Sag areas
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Fig. 2 Measured formation pressure data in the Mahu Sag and surrounding areas
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Fig. 3 Distribution characteristics of the Lower Wuerhe Formation pressure coefficient (a) ,

pore pressure (b) and excessive pressure (¢) in the Mahu Sag areas
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Fig. 4 Distribution characteristics of the Lower Wuerhe Formation pressure coefficient along the

connected well profile FN14-M102-M604-MZ10-D9 in the Mahu Sag areas (profile in Fig. 1 B-B” )
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Fig. 5 Sonic wave, density and resistivity logging curves, predicted formation pressure profiles and lithology percentage diagrams for the

FN14 well (a) in the Wuxia fault zone and the JL49 well (b) in the Zhongguai Bulge
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Fig. 6 Sonic wave, density and resistivity logging curves, predicted formation pressure profiles and lithology percentage diagrams for the

MH28 well (a) in the Mahu Sag and the D9 well (b) in the Dabasong Bulge

HEEER

4.2 Bowers i EMZEE—FRREXTSE®
Bowers 7% 1 % B — 75 i O 2 & Kk

(Bowers, 1995, 2002; Tingay et al., 2009, 2013;

B FEAE, 2017), A& E ATz B TR R TR
TR EAE R, A 2 e 52 5 | 7 A T R T
g b, WK . SR B
RIS 8 TR s i 3% 2 9 A AR KT 1 20 28 it 2
Trli
VREN 2 QNI R s (S K RS9 N
JSE 30N AR TP BT, U AR R K LA 2 Al
R 5277 A 14 T SR, A RO 2 R MR B R )
P HOB R A I i L Z AN (L T), DOHFRYT
By R 2 B R B AT AN R B o AN B
e S AR 7= A2 1 T g ) AR 2 ol 0 o 2 A AT 200

https://www.cnki.net

FIW/IN , AE SR R R B R N A RO T
55 IE 8 H SN B0 T AH [R5 5 B R 09 A R g
KAN—3, T LR S5 4 e 52 19 8 R 23 U5 6 N 4%
Mk I, PTLAAER FN14JF . MH28 JF F B/R R4
LA 1Y b R R A Ae gk £k 1, £M
HH A X SRR AR o R R BT R S A AL BRI
RO R EE R R R RN EL BH R K, 7E Bowers
Hh P I R R B X 2 I 0E 2 ih 2K a1 1E |
Jr, B DO A L 8 B KU 4 TG e o b,
by 3 171 JRUIAR 2 R I TR B R .
MH28 Jf- Fll JL49 J 1 %5 B — A 800 1 % & R
¥ 3 % R AE A B 1 Al 4 3 % R A AR AR, SR
A RE S 2 O GA B R ST R, 1 TG ik 1 32 E 0 1)
B 1A FH B E — 25 RS0, 5 i [R) st g B R 1 B
XoF L B 11 55 M A X AR

ZE b, B IV SR 2k X )R B R OR 41 AE



F ] %1

51 ok PR BTG KR G B R A AT R E S R BT 1237

Bl 7 BRI MBE 0 X FNT4JF . JLA9 JF . MH28 JF- 1 DO I Bowers 12 il P i i Ji — %5 Ji 22 23 ]
Fig. 7 Bowers method and relationship between density and sonic velocity for wells FN14, JL49, MH28 and D9 in the Mahu Sag areas
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Fig. 8 Formation sedimentation rates of the wells FN14, JL49, MH28 and D9 in the Mahu Sag areas
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Fig. 9  Formation pressure distribution of the cross-section A-A’ in the western slope area of Mahu Sag (modified from Qian et al., 2018) (profile in Fig. 1)
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