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Shallow gas accumulation pattern and potential evaluation
in southern Daqing placanticline , Songliao Basin
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Abstract: As a new field of unconventional oil and gas exploration and development in China,shallow gas is large in re-
source potential. Various data including core , well logging ,3D seismic and laboratory test data were integrated to study the
shallow gas reservoir types, distribution characteristics, genetic mechanism and main controlling factors of shallow gas en-
richment. The following results were obtained. The gas traps are controlled by anticline structure background and segmen-
tation of multiple faults and there are mainly 4 types of gas reservoir traps, including anticline , faulted-anticline , fault-
block and fault-nose. And the areal distribution of gas reservoirs is controlled by the positive structures and they mainly
occur at the high positions of anticline and nose structures. Vertically, the single layer H; —H; , which is in the middle
and lower parts of formation,is the main gas bearing interval affected by reservoir-cap assemblages. Gas in the Putaohua
structure is mainly of biological genesis and is sourced from the first and second members of the Nenjiang Formation. In
contrast , gas in the Puxi nosing structure is generated from the first and second members of the Nenjiang Formation , Qing-
shankou Formation and deeper formations, and is a mixture of biological gas,oil-type gas and abiogenetic gas. On this ba-
sis, the main controlling factors of shallow gas enrichment in Heidimiao reservoirs are summarized as follows ; (Dmultiple
sets of good hydrocarbon source rocks offer a material basis for shallow gas;@reasonable timing of gas source faults and
effective cap rock controls the horizons of shallow gas accumulation ;(@)sandbodies of fluvial-dominated delta front act as
high quality reservoirs ; @lateral sealing capacity of fault ddetermines enrichment scale of shallow gas. Finally, the shallow

gas accumulation pattern is established and showed as follows : tectonic reverse happened at the end of the Mingshui For-
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mation stage,and the boundary faults in the areas with densely distributed faults were activated and opened, so that gas

generated by the underlying source rocks migrated upward along the source rock-rooted faults into the high quality reser-

voirs connected well with the source rock-rooted faults, such as under water distributary channel, mouth bars and distal

bars. After a short distance lateral migration in the high quality reservoirs,the shallow gas accumulated in anticlinal traps,

fault-anticline , fault-block and fault-nose traps. The cumulative geological reserve of shallow gas was calculated to be 8. 68

BCM by using volumetric methods on the basis of gas logging interpretation and 7 potential target areas were identified.

Key words ; hydrocarbon accumulation pattern , hydrocarbon potential evaluation, unconventional oil and gas, shallow gas,

southern Daqing placantiline , Songliao Basin
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Fig. 1  Gas reservoir profile of the Heidimiao reservoir in southern Daqing placantiline
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Table 1 Gas well data of the Heidimiao reservoir in southern Daqging placantiline
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Table 2 Natural gas components of the Heidimiao reservoir in southern Daqing placantiline

o ) - TR B i %
fit st e PR CH, Ca., co, N, He H,  TREK%
ik 701 276.4 ~288. 6 75.13 0.73 0. 320 23. 820 0. 000 0. 000 99. 03
N - ik 701 357.3 ~400.0 94. 39 1.70 1. 500 2. 880 0. 000 0. 000 98.23
R ik 801 372.4 ~373. 8 73. 10 1.92 1.510 23. 480 0. 000 0. 000 97. 44
Tk 801 318.2 ~325.2 94. 29 0.39 0. 730 4. 580 0. 000 0. 000 99. 59
k4 - 41 255.6 ~264.5 65.21 4.19 29.102 1. 190 0. 098 0. 000 93. 96
- #Hik3-6 254.2 ~261.8 85.72 4.08 9. 057 1. 131 0. 000 0.024 95. 45
4}("‘@7&; k3 - 31 284.5 ~291.1 59.92 3.52 35.261 0.901 0. 000 0. 226 95. 45
k5 -61 251.3 ~260.3 45. 00 1.72 51. 898 1.227 0. 000 0.152 96. 32
ik 6 - 31 264.2 ~275.2 63. 80 1.16 31.361 3.273 0. 000 0. 352 98.21
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Table 3 Natural gas carbon isotope ratio of the Heidimiao reservoir in southern Daqing placantiline

H5 B/ m 3"°C, (PDB) /%o 8" C, (PDB) /%o 3"C; (PDB) /%o 8" Co, (PDB) /%o
k4 -E4 255.55 ~264. 45 -65.05 -34.76 -30.01 4.63
k3 -6 254.20 ~261. 80 -67.90 -34.52 -29.72 3.71
i3 - 31 284.50 ~291. 10 -62.77 -34.77 -29.77 4.31
k5 -61 251. 30 ~260. 30 -61.74 -35.58 -30.10 3.16
ik 6 - W 61 264. 20 ~275.20 -60.03 -37.42 -31.21 2.74
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Fig. 3  Fault development in the Heidimiao reservoir in southern Daqing placantiline
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Fig.4 Reservoir-cap assemblages of the Heidimiao reservoir in southern Daqing placantiline

S LA RO $h3 7% JR A1 T 12 Sy SHL TR F) T 47 2%
Be=MTIRA R, 1T DA R AR B 2, 0 A1 T
Ay S BT AR, T2 7 DX YR 8 o , A0 B AP i
JEATHEE AR R ) R = B KR Y
SE I GUARTE AL Fr 31, e oK R 203t T 3T 11 300
WA A L T JREER Wk ar HAV T8 22, MR T
BEAREEORTREZ " Xy 48 HHRUR
1875 MR FRS I RER WA R LR T2 miy <=
S5 A R I PIERR LIS BTG BT 22 1Cr G 2

3.4 HEMEHAMERERESEENR
T2 000 1 s PP i 3 D 00 ) 4 HE A

V2 P A — 45 T AT R R D Y L KR K SE
S I b ST 18] LAV R AL 1 3, W4 7 A
ISR )3 TS B DT J2 P A1, 1 D 2 00 1 A ke
SE T ST T DR R ) A A B R AR A A i A
AT, LA I — 2 TR 1 = A YN T A RS E
Ve AR, EL A T2 A S B (340 ~ 380 m) |
WIEBE RS /IN (10 ~ 80 m ) I B2 JEE BE T4 (2 ~ 6 m) , iy
JE A SR gt P SRR R R 2 A A
VB URIRET P, HF AT 10 SRR 186 82 /N B ke T b 24
P AR A i (SGR) Y AR ¥ B8 1S K S 1 ) e
JE PP e PR JR8 M M5, W s R T 6T 2 A
SGR g 5148 9 0. 375 24 Wi 22 SGR /N T 1ifs FLAE I b7



470 AW E XA MR

.‘i, 38
ﬁ.il(:(ré‘:% 2

588
16665

HR2-A1348

£182-8 [§200-326
® ®

SJI7-83
§'96-72

'y -$k60

j166-13
g6 %170-15

A .ﬁ216-104

A35-38
(]

.‘738*86
7166-65
®

434
.@222 24348 ,47.22786

B 5 vis [ mewkw [ REE

| BSSE [ ] svimm [ Ewm

PSRRI S g 0 AR ik it J2= B ] BT LR
Fig.5 Sedimentary microfacies of the Heidimiao reservoir in southern Daqing placantiline at critical geologic time

a. H #55;b. H’ #5T;c. HY $5T

JEFF I KU R K, [R5 SGR TR BRAE 0. 375 X
R XURS: TR g 5O m, PRI RIS DX 2 W2 I /1N 7 50 m
A0 o A ) XU AR K, L R TSR W X H i
A WA BRI SCGR R TE A IE FHE (K 6) , Wy =M
[6] 5 PP DV A &35 2R 3R B T 50 IX 58 A7 Ak R 1A 6
(G0 7R 15 Rl P, Pl PAT A 5 e B 100 m, B J23 ) 1)
P R0 10 m) |, B34 R PA) 11 A (g v 2 5
Fel AT, BB A PA) 5 e 2 40 m, BT J2 0 1] 5 DA A 280 o 2
5 m), e OB R AT 2 A CInZ& v 2 el bl W7 J= A0 i)
THIE ) AP G551 5 DX A KR AT 52 R il 175 B0 AH
/EE

4 ERIEAE RN L A AR

Tz B R 52 22 T B A A1 B HL R 2 DL g
KA, DL ST R W 70 R i IR A e i
WIE A E LR AR B R P A R i PR AT
FAFIRIRZ AR R S . PR AR 3 g 08 J A7 e
THJZ R Z RGBSR A - K 4 DORROR I 1 S e o
TUAIECE KR e, W s A L R W R R TR,
REETIE LB R TIE TEWE Lzt AR
5 Je T , 522 TR AR 2245 5 2= B R i i o
M i) 322 368 A e 4 20 DR AT T 10 SVURIT G b 30O o i 2=
WA IR [0) 32 7% , S AR T R W RE L BT H i
i Bl ] P SR A PO, T BT AR ORI = i, B
BT J2 3 16 DT 2= 0 ) e ] i P Al 0 2 e R A
MIX (7)o AELAEBFFEEER L, 38 ad XF U2 AR 7™ 3
ASGORHRIES J5 I - b 2 00 SO R A0 ) 0T e 2B, 57 T

SGRI} i

126888 f:

1.000
0.875
0.750
0.625
0.500

-0.375

0250
[0_ 125
0,000

0 50 100 150 200 250 300 350

a W JEXSF R W7 i/ m
0.1
08
( 04 l l l
Wi J2EF A SGR T BRAE 40.375
02
b KRRt lIik’%iﬁ#
0 T T ‘ T ’ T T l T ’
H270-4470 ‘ 7461 fij46 1 172-76 ‘ 172-70 ‘ #%268-66

B280-70  Hi196-48  A178-78  Hj172-84  j196-20  7j194-16

6 ORI SE Fg 0 BT Sk il 22 DB 2= B AT P 5 UG 3R
Fig. 6 Relationship between fault sealing capacity and gas
accumulation for the Heidimiao reservoir

in southern Daging placantiline

SRR T 18k JZ AR S 0 S pbh 2 SOOK i B AR, o T X
1 164 LI/ NZHEAT T 20K, ek A <R JF
587 10, SRJ5 4l Bl AL A G FELRI A 5 i B2, S IR AR
TR RIR AR B SN AR, BEAT T AROCHL B2 4



44 4

XU AR, 2 AL G I PR I P R 2 AR S L S T o 471

7 H5 A A

Ed

Ll

RBBITR WmEER

GEEL LS

R R

RIS

HaHIE X »{

S ® O

P 7 JRPRA S R A A o i 2 2 e X

Fig.7 Shallow gas accumulation model of the Heidimiao reservoir in southern Daqing placantiline

PRI, BT A X R AR R 3 i i 86. 8
10° m*, F AR 72. 9 km® , FE4G /N2 KBRS Btk
WG A6 L, R AR R T 10 m fiR)2 e
BEIX T A (9 4 —26 JFIX B 172 - 84 JRIX 8 196 -
20 JFIX B 102 -94 JFIX HL 155 JEIX F 268 - 66 X
FI 100 —46 FFIX) , SR ST 42 o

1) PRI 5 K PR A $E g 78 R 41 i il )22 1 2 U
B, UM R X LR EFE R W R
WTHR T S5 4 Rl A REE AY 5 v 2 AOF I b S2 0E A 1
SN 240 AT LTS AR S R AL 1 5 L, FE 1) b2 i
AR R B A AE op 8 B —HY NE SR
Xf LU R I A A A 1 V2 R AR, FERA
BRI 20— B . B, A 7 SR i R 2 SR S AR )
S IMAVE N TEAILAL P AR ATR AR, 4l ok H T
2H—Br B HF I I AR

2) BEE R M ER)ZRE RN 4 N E
R R 2B AR TR )2 R A <R
W2 5 8005 2 VE B ) v = S SRR A Tl 95 — A
PNTTSO AR AR BTV 2 A& Bt )2 5 )= 0
Tia) DA P ke R 22 R A

3) HENT TR R R E SO X B K 4
DUBUR DI 18 S e e AL, W J2 %8 4007 ih B B 2 &2 0%
g, FREBEIE S A B R E RN Z Lig
AR, RGTEZEAUG)ZEYI NS

BRI JZ P8 38 04 00 i )= A e B e I 1 a2 A
BRZAETE R WS R4 WD A0 BT 55 18] P b 2R A R
PETT45 & SOK MRS AR AN A BRI T3 L R = U o
fiti it 86. 8 x 10" m* , -2 th 7 Ak Se I & (9 <
X P,

2 £ x #t

[1] TFioodate G D,Judd A g. The origins of shallow gas[ J]. Continental
Shelf Research,1992,12(10) ;1145 - 1156.

[2] THEA. FREERZIFEEITEERLT]. KRBT, 1997,19
(3):72 -74.
Ding Guosheng. Shallow gas resource and gas reservoir type in China
[J]. Natural Gas Industry,1997,19(3) ;72 - 74.

[3] Shurr G W, ridgley J L. Unconventional shallow biologenic gas sys-
tems[ J]. AAPG Bulletin,2002,86(11) :1939 - 1969.

[4]  RbRmE, 222 L 5E B B IR M DR 2 AR SRR [ ] A i i)
W5 %,1990,7(1) .1 -7.
Zhang Linye, Li Xuetian. The origin of nature gas in the shallow res-
ervoir in Binhai area in Jiyang depression[ J ]. Petroleum Exploration
and Development,1990,7(1) :1 -7.

[5] SRoKE,BOCE , Bear, 55 AW st S IRAE[T].
f i 5 H % ,2005,32(4) 190 - 96.
Zhang Shuichang,Zhao Wenzhi, Li Xianqi, et al. Advances in bioge-
nic gas studies and exploration strategies[ J ]. Petroleum Exploration
and Development,2005,32(4) :90 -96.

[6] JEIZER AR, 1 el 2. B I A0 R 1l DX PR )2 K AR SR )
SO ARHMELT]. RIS HERFR,2010,21 (4) :535 - 540.
Zhou Zongliang, Zheng Ping, Xiao Jianling, et al. Recognition and
distribution of shallow natural gas in Beidagang zone of Huanghua de-
pression[ J]. Natural Gas Geoscience,2010,21(4) ;535 —540.

(7] KL, B, E e, 55 ML 45t il vk )2 Al F R H R



472

A3 5 KRR R

PURRE

[10]

(1]

[12]

[13]

[14]

KB AFIXLI]. f1il240,2012,33(6) :961 —969.

Xia Yongjiang, Wang Yanbin, Wang Xiaobo, et al. Main controlling
factors in the shallow-gas reservoir formation and its favorable explo-
ration area in the northern Songliao Basin[ J]. Acta petrolei sinica,
2012,33(6) :961 —969.

FAM, AL A, A5 SRR S IO A TR R AR R
IS A KAR R 241, 2008 ,30(2) 15 - 19.

Wang Jinpeng, Peng Shibi, Zhao Yanjie, et al. Research of ultra-shal-
low biogenetic gas accumulation of late quaternary in Qaidam basin
[J]. Journal of oil and gas technology,2008,30(2) ;15 - 19.
ARARE, AR ANEL, RAN , A RS AR R ORI AL R
PLBE R e B — Db [E B i A EcE <O fI ) ] filse4ik 2012,
33(2):173 -187.

Zou Caineng,Zhu Rukai, Wu Songtao, et al. Types, Characteristics,
genesis and prospects of conventional and unconventional hydrocar-
bon accumulations ; taking tight oil and tight gas in China as an in-
stance[ J]. Acta Petrolei Sinica,2012,33(2) :173 - 187.

2R, AERY , ) 53R R AR 18 T R T 2 DR AR AE Bk
WIR o AT B R AR [T ] KRR A i = B, 2009, 33 (3)
22 -25.

Li Di, Lii Yanfang,Liu Zongbao. Sedimentary feature and shallow gas
distribution rule of Heidimiao reservoir of southern Daqing-placanti-
cline in Songliao basin[ J]. Journal of Daqing petroleum institute,
2009,33(3) ;22 -25.

BABEIK, B4 RSO, 45 B F A 3 T Ak B A 5 ) 2445
THLT]. # TR ,2005,40(1) 116 -31.

Hu Wangshui, Lii Bingquan, Zhang Wenjun, et al. An approach to
tectonic evolution and dynamics of the Songliao basin[ J]. Chinese
journal of goegoly,2005,40(1) .16 -31.

PRI, 24250 BRI S) 56 R DG S g 0 S il i )2 2 %
FECT]. B #R P TR % 2 ( B SRR 1) , 2006, 33 (6)
593 -597.

Bai Zhenguo, Li Zhongquan, Ma Chengdou, et al. The features of
shallow gas in the Heidimiao oil layer of the southern Changyuan in
Daqing, china[ J]. Journal of Chengdu university of technology ( Sci-
ence & technology edition) ,2006,33(6) :593 -597.

Phae i 2, BUR R QTR TS P LA BEIE K 5 vk [
RIBIFSE [T ] Al S g 5T, 1994,16(3) 2209 -219.

Cheng Ying,Dai Jinxing, Qi Houfa. On some theoretical and methodo-
logical topics of biogenics gas studies[ J]. Experimental geology of oil
and gas,1994,16(3) :209 -219.

e R AERRHREER[T]. T EE Em ),
1992,6(1):11 - 19.

Dai Jinxing. Identification of various genetic natural gases[J]. China

[15]

[16]

[19]

[20]

[21]

[22]

offshore Oil and Gas( Geology) ,1192,6(1) .11 —19.

FERUT, ARIRER , X2 4, A AN AR M A R AR B0 Atk [
P FP R M I L) ] TAREH,2008,26(2) 1308 - 313.

Lu Shuangfang, Xu Qingxia, Liu Shaojun, et al. The carbon isotopic e-
quilibrium method of evaluating the biogas-generated quantity and the
generation period: Its application[ J]. Acta Sedimentologica Sinica,
2008,26(2) :308 —313.

T KA I R ATl DX )2 A PR 2 R AR LR T Y
[J]. Bh4E R 5 T8 ,2011,11(6) ;1325 —1327.

Sha Zhixuan. The research of genetic type and accumulation rule of
shallow gas in the south of Daqing placanticline[ J]. Science techno-
logy and engineering,2011,11(6) ;1325 - 1327.

260, IR P, TR, A5 SRR A =W DS T R AR MR R
EHPLBE AR IR ()], E R (D 4),2007,37 (BRI -
36 -42.

Li Jian, Yan Qituan, Zhang Ying, et al. The special sealing mecha-
nism of caprock for Quaternary biogenetic gas in Sanhu area, Qaidam
Basin[ J]. Science in China;Series D,2007,37 (Suppl II) ;36 —42.
XU AT, BAERTT , 55 g B B DT 20 g A A o P 7
BV LT]. b B Al R i (A SRR R L 2013,37 (1)
27 -34.

Liu Zhe, Fu Guang, LiUYanfang, et al. Quantitative evaluation for
control of faults on hydrocarbon accumulationin Nanpu sag[ J]. Jour-
nal of china university of petroleum ( Edition of natural science ) ,
2013,37(1) :27 - 34.

X8, BIERT #3845 BT 0 R 2 7 MR R IR KR
BRI )= R A FRAE BT ST [ )] M= 2= AR i, 2009, 33 (4)
382 -390.

Liu Zongbao, Lv Yanfang, Yang Zhi, et al. Shallow gas distribution
character of the Heidimiao reservior in the southern Daqing placanti-
cline based on high-resolution sequence stratigraphy [ J]. Journal of
Stratigraphy,2009,33 (4)382 -390.

Fisher Q J, Knipe R J. The permeability of faults within siliciclastic
petroleum reservoirs of the North Sea and Norwegian Continential Shelf
[J]. Marine and Petroleum Geology,2001,18(10) ;1063 —1081.
Knipe R J. Juxtaposition and seal diagrams to help analyze fault seals
in hydrocarbon reservoirs[ J]. AAPG Bulletin, 1997,81(2) ;187 —
195.

AFIE TR, W 5, B BH , A5 R PR S g B SRR T R 2 AR R
W2 i 3 P LT ] A AE3R ,2009,30(5) 2678 - 684.

Fu Xiaolei, Pan Uuoqiang, He Xiangyang, et al. Lateral sealing of
faults for shallow biogas in Heidimiao Formation of the southern
Daqing placanticline [ J ]. Acta Petrolei Sinica, 2009, 30 (5):
678 —684.

(H% & =)



