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Characteristics and distribution of “sweet spot” reservoirs in the third and fifth
members of Upper Triassic Xujiahe Formation, Western Sichuan Depression,
Sichuan Basin

Ye Sujuan, Yang Yingtao,Zhang Ling

( Exploration and Production Research Institute , SINOPEC Southwest Oil & Gas Company ,Chengdu , Sichuan 610041, China)

Abstract ; The third and fifth members of Xujiahe Formation in Western Sichuan Depression are characterized by thick
source rocks with high TOC and medium- to large-scale delta distributary channel and sheet sandstones of huge in-source
accumulation potential. A systematic study was carried out on the characteristics, formation mechanism and distribution of
“sweet spot” reservoirs in the two members based on an integration of petrography, pore structure, and petrophysical
property analyses with well logging interpretations. The results show that fine-grained thin sandstone interbeds against a
delia front to shore-shallow lacusirine environment dominate the two members,with the third member in southern Chengdu
Sag containing some single- or multiple-layered thick sandstone against delta distributary channels. The thin sandstone
reservoirs are characterized by diverse rock types,fine grain size,and high contents of clay matrix and carbonate minerals,
and rather tight due to intensive compaction and carbonate cementation. “Sweet spot” reservoirs in the thin sandstones are
mainly the results of hydrocarbon generation, dissolution and fracturing processes. Assemblages of organic-rich shale and
fine- to medium-grained sandstone with high content of quartz (feldspar) and small amount of carbonate debris ( cement)
are considered potential sweet spots. The thick sandstone reservoirs are dominated by secondary pores and fractures. Sweet
spots are mostly controlled by granularity ,the content of feldspar ( quartz) and other soluble (brittle) minerals as well as

dissolution intensity ,of which the latter is the key factor. The fifth member in the south of Longmenshan front structural
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belt and Xinchang structural belt is most likely to contain thin sandstone sweet spots because of its high-quality source

rocks, high content of quartz (feldspar and clay) ,and low content of carbonate minerals. While the third member in

southern Chengdu Sag is ideal for the thick sandstone sweet spots to develop in quartz ( feldspar) -rich medium- to coarse-

grained sandstones adjacent to shales vertically and laterally.

Key words : continental source rock , formation mechanism, “sweet spot” reservoir, Xujiahe Formation, Western Sichuan

Depression , Sichuan Basin
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Fig.2 Comprehensive stratigraphic column showing the lithology and logging porosity of the third member in well D6 (a) and

fifth member in well X1(b) of Xujiahe Formation, Western Sichuan Depression
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Fig.3 Images showing petrographic features and pore space of the third and fifth members of Xujiahe Formation, Western Sichuan Depression
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Table 1 Summary of rock compositions in the third and fifth members of Xujiahe Formation, Western Sichuan Depression
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Fig.4 Detrital compositions of thick (a) and thin (b) sandstone reservoirs in the third and fifth members of

Xujiahe Formation, Western Sichuan Depression
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Fig.5 Contour maps of quartz and feldspar content and carbonate content in the fifth members of Xujiahe Formation,

Western Sichuan Depression
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thick (b) sandstone reservoirs in the third and fifth members of Xujiahe Formation, Western Sichuan Depression
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Fig. 8 Porosity vs. clay contents (a) and porosity vs. carbonate content (b) for samples from thin sandstone reservoirs in

the third and fifth members of Xujiahe Formation, Western Sichuan Depression
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Fig.9 Scatter plot showing a positive correlation between
porosity and TOC for shale samples from thin sandstone
reservoirs in the third and fifth members of Xujiahe

Formation, Western Sichuan Depression
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Table 2 Relationships between grain size, porosity , permeability and interstitial materials in the third members of
Xujiahe Formation, Western Sichuan Depression
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Fig. 10  Relationships between porosity and the distances from reservoir to the bottom(a) or top(b) of shales for

thick sandstone reservoirs in the third members of Xujiahe Formation, Western Sichuan Depression

Qe R IR/ RIS R REIDA R LAY EAd (SR P P =
WIEE RN . YRR LAY S o 10%  H A
RERUE T 4% 0, fLBE —BUNT 3% . AR R A
PRI PR B DU A A58 . BRI SR I &5 W i) 7
BMARBUR  (H S0 AR B, iR Eh e T S
Fea I, A3 BE TR A T BUR 2 (B IR 5 10 45 0 3% 2 >
20%) (£ 1),

AR R B R BB CA TR i E TRy
RAr ANEEE 8 IR 8] Bk 12 1 J2 45 ) A4 78 T R TR 2R
LBUE R T B kAt i Tk )= 8 52 98 209 TR AR
L, BUE A R]R B SRR R Sk 2%, 7 il VR T B0 o
JE AR HANEI

BBZRAE IR I 228 4 — T it ] U A e S 11 R 4
AR LA IS B il , AR TR i R AT, 55—
[RINDY SN I A B € ) Pyt R T e A B L
e TR S T B AT 7 o 7 AR 2 S T S R R
S, NITTAT R T 1A E TR 1o

MRS 11 B IEA9 3 600 A4S - FL B B2 F b
SO JE 8 e I 1) 5 28 AT LA Y, Bl B IO Ji 8
e A HR R R0 il )2 W % AL 4 (&1 10) , B i
BB IE B A AR 8 US AR (I 1]/ 9k 1)) 7Y
A KA - s, A D6 AT = P ER )=
Wb TP = A TEAR AT R I BL e TUA A - Rk

AR AAYEb A T (18] 2a, 18] 36) o R IR — B A
TE A FLBROR A Bl R4 5 7 /e TR I & 5
B VG R = B R R R R T
PRIFA PR R , 5 2 B0 T SRR 45 7 - Bt )= 2
WIFAER RN B LS BRI 2  BRVE R AR R sh P 2
IV E RIS AR TR 3 S i ME ey i v
HUBLRD 15 e 5UEAH R, — 7 TR/ ¢ 5 1 Fi o
AR T 2EERIE AL, 7T LU RRIE AR 72 P filad 15
75— 7 W TUA A LTSI A LR A AT 23
BEE N RITECE YA WU A A LB .

6 45

1) U231 G 34 g 20 = B A 20 T B L =y
Bk — I AR RE i A DU 3, Bk B W= A
FTUAE)Z Rt AR 1T LA R 0 M XA 20— BE &
H RN SR B ROR A = A R i E R R S
TUfik)= o

2) WIRW A TR E A KT R, DU R S
A0 BRIRER A1) FIORG 35 B e, 5 Z A e S RIS 25 4
PR EUH R S B8R, B 682 B8 i 2 B2 A
VERT H A RS A 1, i B M e | e
BORE IR B2 NS &AL IR 5 A



840 A5 KR A iR

542 %

(Kfr) AR IR L A2 B (ISR W) b — dnab e 24
B0 JEl TR BRI e i 1 LA v 3t DX 0 B 8 e TR
i R, A CIRATRIDRS 874 ) 5 B, AR ER
W E R, AR TR R B T BRI R

3) =BUR R R 0 5 2 H) 2R B DU
ThFLBRAISREE Sy 32, W i A PRI I RS i 2 A o
BENR MERE R EEZ A AREM KA A%
P WEPE L 5 DR P P i B A o o i
i /2 32 00 A1 A5 55 85U AR (/I 1)) 9 s A1 3
(Kf) -

2 % X #

(1] NS R ZEAL, 208, 4. DU 3 5 B A B0 e R X M T

FRES PN 5[ M. Jent Bl iR, 2018 .1 - 129.
Xie Gangping,Zhu Hongquan, Ye Sujuan, et al. Geological characte-
ristics and evaluation method of tight sand gas reservoirs in superim-
posed tight sandstone gas-bearing area, Sichuan Basin[ M ]. Beijing;
Science Press,2018:1 —129.

(2] BOEZE RS, 2500, 55 DO A0 4 — = IBER IR
BRI A [T]. AR Tk, 2013,33(6) 23 -28.

Zhao Zhengwang, Xie Jirong, Li Nan, et al. Gas exploration potential
of the 1%,3™ and 5" members of Xujiahe Fm reservoirs in the
Sichuan Basin[ J]. Natural Gas Industry,2013,33(6) :23 -28.

[3] BASCHE, FMBE, IRBE, 5. WG F I A — =R B

TR VRN LT 1 5A RPN [T]. AR 591 % 2011,
38(4):385 -393.
Zhao Wenzhi, Bian Congsheng, Xu Chunchun, et al. Assessment on
gas accumulation potential and favorable plays within the Xu-1,3 and
5 Members of Xujiahe Formation in Sichuan Basin[ J]. Petroleum Ex-
ploration and Development,2011,38(4) :385 —393.

(4] BRDUA, WHRAE, X0k, 11 PG5 Ba 25 53R 4 = BT AR AR B 4R

WAL KRR TN,2010,30(7) (13 - 16.
Chen Hanjun,Hu Youhua,Liu Shu. Sedimentary features and explo-
ration potentials of the third member of the Xujiahe Formation in
West Sichuan Depression[ J]. Natural Gas Industry,2010,30(7) :
13 - 16.

[S] A, W%, R, 55, U i 2 0F 50 F R R B Tn] 3843 A
[J]. #h2FR12%,2018,25(2) 1141 - 146.

Zhu Xiaomin, Pan Rong,Zhu Shifa, et al. Research progress and core
issues in tight reservoir exploration [ J]. Earth Science Frontiers,
2018,25(2) :141 - 146.

(6] W-EIA, 200, 17 0e ], 2. )| PU I B B BB B X A2 0
TE B BEBIIEAN L) ] A7ih 2741 ,2015,36 (12) 1484 - 1494,
Ye Sujuan, Li Rong, Yang Keming, et al. Characteristics and quanti-
tative prediction of tight sand gas reservoirs in superimposed tight
sandstone gas-bearing area, western Sichuan depression[ J]. Acta Pe-
trolei Sinica,2015,36(12) :1484 —1494.

(7] =i, BIERE, iR UA. )1 PG B 20 5 L SO D o e A e
TR R XS it J2 S [T ] S B TR 22 . HARBL A IR,

(8]

[9]

[10]

[11]

[12]

[13]

[14]

2011,38(2) ;147 - 155.

Li Rong, Lv Zhengxiang, Ye sujuan. Impact of diagenesis on reser-
voir-quality evolution in the Upper Triassic Xujiahe tight sandstones,
west Sichuan, China[ J]. Journal of Chengdu University of Technolo-
gy: Science & Technology Edition,2011,38(2) :147 —155.

/N RITERE, B, A 1 P36 b 20 5K ) 41 T B 8Os b
EREEFFE R EERE R T]. Al 5 R H 5, 2014,35(2)
224 -230.

Lin Xiaobing, Liu Liping, Tian Jingchun, et al. Characteristics and
controlling factors of tight sandstone reservoirs in the 5th member of
Xujizhe Formation in the central of western Sichuan Depression|[ J ].
0il & Gas Geology,2014,35(2) :224 -230.

EJTA, BIERE, RIGEE, 55 VIR ZE AR — it I A T 4
DU Befigt )2 475 o) PRI 2R R S50 b B AL [T ] A o 5 R AR AUH IR
2013,34(4) :483 —490.

Meng Wanbin, Lv Zhengxiang, Liu Jiaduo, et al. Reservoir controlling
factors and geological prediction models of the 4th member of the Xu-
jiahe Formation in Xiaoquan-Xinchang area,the western Sichuan Ba-
sin[ J]. Oil & Gas Geology,2013,34(4) ;483 —-490.

BICHE A R S )| VUM B A S 2 B BUR R 2
BAVE S ALBE A —— AR E X A [T ] A5 RS b
J5,2012,33(2) ;287 -295.

Luo Wenjun,Peng Jun,Du Jing’ an, et al. Diagenesis and porosity e-
volution of tight sand reservoirs in the 2nd member of Xujiahe Forma-
tion, western Sichuan Depression: an example from Dayi region[ J].
0il & Gas Geology,2012,33(2) :287 —295.

R4 RS, X T Jt , DEARERT , 5. )11V 34 B 20 1 BE B Al 0 )2 R 2
FRHIE RO S SR E I [T ] M2 i %% ,2016,23 (1) : 174 -
184.

Chen Dongxia, Liu Yuchen, Pang Xiongqi, et al. Reservoir characte-
ristics and its control on gas-bearing properties of the Sth Member of
the Triassic Xujiahe Formation continental shale in the Sichuan Basin
of China[ J]. Earth Science Frontiers,2016,23(1) :174 —184.
stsE A, R 1P ) R 2 B B b S e DU i )2
FRAAE Bl 2R [T]. Akl Uk, 2017,29(4) :38 —46.

Shi Hongliang, Yang Keming, Wang Tong. Characteristics and con-
trolling factors of tight sandstone and shale reservoirs of the 5™ mem-
ber of Xujiahe Formation in the western Sichuan Depression[ J]. Li-
thologic Reservoirs,2017,29(4) :38 —46.

W vE M KRB, 4 A 1 P BUR R A SR B IE [ M. b
AR AR, 20121 - 146.

Yang Keming, Zhu Hongquan, Ye Jun, et al. Geological characteris-
tics of tight sandstone gas reservoirs in west Sichuan Basin[ M ]. Bei-
jing: Science Press,2012:1 —146.

Foat, 2208, AR, 45, MG =G tH 0o 1T L i el 7 4t 25 5 T 20 ) D
KA iEE 540 [ T]. #sio#4i ,2016,90(5) <857 - 872.

Chen Bin, Li Yong, Wang Weiming, et al. The provenance and tecton-
ic setting of late Triassic Xujiahe Formation in the Longmenshan
Foreland Basin,SW China[ J]. Acta Geologica Sinica,2016,90(5) :
857 -872.

(TF4% 862 1)



862 A5 KR A iR

542 %

he tight sandstones, western Sichuan, China [ J]. Petroleum Geology
& Experiment,2011,33(3) ;274 —-281.

[(26] %z, Bk, 5 SOHE, 6. )| PSRRI VD 3 i 21 & 2

“AET R EUE A OB B MR LT ] R IR ST R,
2017,40(4) :1 -8.
Zeng Yan,Li Huaji, Zhou Wenya, et al. High-yield enrichment laws
of Shaximiao Formation tight sandstone gas reservoir of complex " nar-
row" channel in Zhongjiang gas field,in the eastern slope of West Si-
chuan Depression [ J]. Natural Gas Exploration and Development,
2017,40(4) :1 -8.

[27]  WEZIA, R, 220, 55 RIRSBBA L - YL BRI R
TERR——LADU N 2301 PS8 B AR 2 3R SRR I ) ] A b B
F % ,2017,44(4) :549 - 560.

Ye Sujuan,Zhu Hongquan,Li Rong,et al. Tracing natural gas migra-

i
5

tion by integrating organic and inorganic geochemical data; A case
study of the Jurassic gas fields in western Sichuan Basin,SW China
[J]. Petroleum Exploration and Development,2017,44 (4) :549 —
560.

(28]  TharJo, Ja e )1 Va3 R b B b =B G g 4 R AR SRR IR T
Fia Bl ] TR HERF}2,2009,20(5) :730 - 737.

(B34 840 1)

[15] e, o275 2WAtA , 55 N PO bE rh B | =& G oK i LD e 4

AE R s 3 A (I ] E M 5T ,2012,39(5) <1271 - 1279.
Liu Huan,Peng Jun,Li Lijuan,et al. Characteristics and provenance
analysis of the Upper Triassic Xujiahe Formation sandstone in the
middle part of west Sichuan Depression[ J]. Geology in China,2012,
39(5) :1271 - 1279.

[16] Chunming X, Jean-Michel G, Dahua Z, et al. The fluvial and lacus-
trine sedimentary systems and stratigraphic correlation in the Upper
Triassic Xujiahe Formation in Sichuan Basin, China [ J ]. AAPG
Bulletin,2015,99(11) :2023 -2041.

(177 FFWY, SR 2R, BRI, 55 WA HLBTIE DUA & AR R A0, 5 FL B

BACFHELT]. Aiha24,2016,37(2) :172 - 181.
Ji Liming, Wu Yuandong, He Cong, et al. High-pressure hydrocarbon-
generation simulation and pore evolution characteristics of organic-
rich mudstone and shale[ J]. Acta Petrolei Sinica,2016,37 (2):
172 -181.

[18] Morad S. Carbonate cementation in sandstones: distribution patterns
and geochemical evolution[ J]. Special Publication Number 26 of the
International Association of Sedimentologists,1998,26:1 —26.

[19]  REWE, Ak , RIS U 1A HLRR A UK SE R B R 11
AU S s e[ J]. DU, 2007 ,25(6) :847 - 851.
Zeng Jianhui,Zhu Zhigiang, Wu Qiong et al. Experimental study on
the generation of organic acids from source rocks and its effect factors
[J]. Acta Petrolei Sinica,2007 ,25(6) :847 —851.

[20] BRIGRY:, NS, 250, 45 BUR RS EMZE 2 UL RUE K HIE IR

[29]

[30]

[21]

[22]

(23]

Ma Liyuan, Zhou Zongying. Analysis of natural gas Tertiary Xujiahe
Formation in the resource potentiality for Upper Middle Part of West
Sichuan Depression [ J]. Natural Gas Geoscience,2009,20(5) ;730 —
737.

AR5 R, B, . LT likelihood Hb A% 1 Y B0
WL FTIN —— LA DU )1 G0 )1 P B B b X A — B R il [T ] . A
-5 KRS M5 ,2020,41 (6) :1299 —1309.

Li Meng, Shang Xiaofei,Zhao Huawei, et al. Prediction of fractures in
tight gas reservoirs based on likelihood attribute—A case study of the
2nd member of Xujiahe Formation in Xinchang area, Western Si-
chuan Depression , Sichuan Basin [ J]. Oil & Gas Geology,2020,41
(6) :1299 - 1309.

LSOV RUME , s, 45 D)1 b 80 )t DX 250 ) 2 3805
B IEREERRUE KO TR RER R [T ]. il 5 KRk
J57,2020,41 (3) :484 -491,557.

Lv Wenya,Miao Fengbin, Zhang Benjian, et al. Fracture characteris-
tics and their influence on natural gas production: A case study of the
tight conglomerate reservoir in the Upper Triassic Xujiahe Formation
in Jian’ge area, Sichuan Basin [ J]. Oil & Gas Geology, 2020, 41
(3) :484 -491,557.

(3 R 2)

HWSTAAFLT]. il 5 AR T, 2020,41(3) 449 —454.

Zeng Lianbo, Lyu Peng, Qu Xuefeng, et al. Multi-scale fractures in
tight sandstone reservoirs with low permeability and geological condi-
tions of their development[ J]. Oil & Gas Geology,2020,41(3)
449 —454.

X B BUBR S A2 TR TR U AR FFHLEE — LASRIR 2 57
Fa VY P TR R A 8 SR A BI LT ] A S RIA R
b5 ,2015,36(6) 873 - 879.

Liu Chunyan. Formation and preservation mechanism of sweet spot in
tight clastic reservoirs - A case study of Chang 8 oil layer of Yan-
chang Formation in Zhenjing area,southwest Ordos Basin[ J]. Oil &
Gas Geology,2015,36(6) ;873 —879.

i RE S 4 WA IS 7 12 BB A O B <22 L R T RV A
FRIELT]. AT 5 T ,2019,33(3) :1 - 4.

Du Zongfei, Gao Hongcan, Zheng Rongcai. Sedimentary characteris-
tics of upper Triassic Xujiahe formation in Guanba area of southern
Chongqing[ J]. Petroleum Geology & Engineering,2019,33(3) ;1 —
4.

W, AT AT RN A WU At b =B GG 4 BB
TS R R LT ] A SE 8 e 5T, 2021,43 (4) 655 —
663.

Yang Wei, Xie Wuren, Yu Lingjie, Wei Guoqi, et al. Dissolution ex-
periments and geological implications of tight sandstones in the Xujia-
he Formation of Upper Triassic, Sichuan Basin[ J]. Petroleum Geolo-
gy & Experiment,2021,43(4) :655 - 663.

(h# P EH)





