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Geochemical characteristics of paleo-fluids in thrust belt in the

northern Middle Yangtze and its significance for shale gas preservation.
a case study of well Baodi 1

LIU An, WANG Qiang, CHEN Xiaohong, LI Xubing, Zhang Baomin, LI Hai, Li Jitao

Wuhan Center of Geological Survey, China Geological Survey, Wuhan, Hubei 430205, China

Abstract; To study the geochemical characteristics of paleo-fluids in the Dahongshan thrust belt of Middle Yangtze
and its significance for shale gas preservation, in this study, Silurian vein samples were collected from well Baodi
1 and fluid geochemistry and inclusions were systematically analyzed. Results show that the variation range of
8"C of calcite veins is —8.19%o to 0.16%0, with the minimum value much lower than that of Silurian limestone
interlayer and marine carbonate. The desulfurization coefficient of vein inclusion group is 23.53 to 87.90, with
downward trend from bottom to top. It is indicated that the SO,”” in paleo-fluid of Silurian increases because of
the mixing of underlying Cambrian gypsum brine, as well as CO, and H,S entering into Silurian along fracture
system from Cambrian TSR productions, resulting in negative 8" C of calcite veins and H,S show in drilled forma-
tions. The inclusions at the bottom of Silurian Longmaxi Formation are mainly pure aqueous solution inclusions.
The maximum homogenization temperature peak is about 110 to 120 C, and the minimum homogenization
temperature distribute from 60 to 80 “C. Compared with those in the eastern Sichuan Basin, the shale in Dahong-
shan thrust belt entered uplifting and denudation stage earlier, and the paleo-fluid formation stage had shallower
burial depth, low temperature and low gas saturation. The range of homogenization temperature of inclusions near
the detachment zone is wider, and the lowest homogenization temperature is developed in this section, indicating

the detachment zone has more periods of tectonic activity and longer duration time, especially in the later stage,
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which has become a long-term channel for shale gas escape. Comprehensive analysis shows that there are many

detachment layers in the Dahongshan thrust belt, and the thrust and deformation destroyed multi-layer shale gas

reservoirs and conventional gas reservoirs.

Key words: paleo-fluids; shale gas; preservation condition; inclusions; geochemistry; Dahongshan thrust belt;

northern Middle Yangtze
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Fig.1 Regional structural geology features and sampling points of northern Middle Yangtze
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Fig.2 Composition of calcite veins and fluid inclusions in well Baodi 1, northern Middle Yangtze
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Fig.3 Characteristics of fluid inclusions in fracture veins, well Baodi 1, northern Middle Yangtze
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Fig.4 Homogeneous temperatures of fluid inclusions
in well Baodi 1, northern Middle Yangtze
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Table 1 Statistics of ion composition of quartz vein inclusions in well Baodi 1, northern Middle Yangtze

BYoR/ (pg-g ")

r(Na*)/ [r(Cl7)-r(Na*)] (80,77 x100/

V=1 A3

FES HE/m . . NO; 50,2 Na* K* Mg Ca2t C17) /r(Mg?) ()
BD11 1492.3 0.420 2.06 1.50 1.64 1.68 0.632 0.405 1.66 1.26 -0.45 58.72
BD18 1404.8 0.499 2.66 1.68 1.49 1.47 0.593  0.755 4.19 0.85 0.18 41.32
BD19 1392.5 0.283 1.61 1.79 1.15 0.88 0.393 0.582 5.61 0.84 0.15 52.68
BD24 1 284.6 0.593 3.63 1.43 2.92 1.49 0.709 1.070  15.90 0.63 0.43 59.33
BD26 1 267.9 0.577 3.51 1.86 1.27 2.22 0.551 1.040 6.08 0.98 0.03 26.69
BD36 1158.6 0.369 2.18 1.44 1.82 1.34 0.752  1.120 6.74 0.95 0.03 61.58
BD37 1119.3 0.375 2.42 1.28 1.47 1.90 0.540 0.810 3.22 1.21 -0.22 44.80
BD43 1023.5 0.280 2.66 1.17 3.17 1.76 0.533 0.946 2.61 1.02 -0.02 87.90
BD53 830.0 0.297 3.75 1.17 1.43 2.09 0.587  1.400 4.71 0.86 0.13 28.13
BD62 643.5 0.289 2.24 1.09 1.37 1.31 0.626  0.827 4.38 0.90 0.09 45.11
BD70 512.3 0.269 5.80 1.17 1.85 291 0.798 0.616 3.23 0.77 0.73 23.53
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Table 2 Comparison of types and homogeneous temperature of Silurian inclusions
in well Baodi 1, northern Middle Yangtze and other areas
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in thrust belt, northern Middle Yangtze

TSR R L, RS A H,S FIHFE R
AWM A,

Jo HRE A LI TUA R 32, ik 7 B R W B 1
AT, 22 VR A% P 4 ol A 1 7 5 )2 38 o sty i s
W] T A B [ WA 105 B, kB 2 IR 5%, il
RIS 1) R L R R AOK
B AMGEE, FEOE DB TUA B A=,
I B W A SR T R A KA AR TR
MR AR A, HAAR LUK N &,
5 DA B0 T 2 BE DA v 4 R R e A S ol =
HAHBMIX S, o DR = G 5 B il &
FH Be A 2 Ml 5 0 A A T S ZUAR G . AT A SR
THor AT 2R B DU )1 3 TR s 244 Ll s, i )1 |
T 2 AN Y AR 2R X ) = T T b | A
B W BEAE Fo I Y sk S e AL 5 0 h v 7
AR T UIRRINTE 3NN o= PN L 6 R

P 1 78 T 8 UG L 4G 28 i A
BRI ER R AEHE R, USLER RIS
BEDR W WG 1 05 sh RSk, B0 B &R U0 Bk e A
A DR TUA B U SBIR . Kt Ll oy
KRB ZAWIZ 0 il AT, 2 2 R T SO
WRLSORBEIR  [FIRE, B b7 1ot Ll ey
DLEE 1 BB T A Y BH A R4 DOUE T AR —K
TEXT TP A 1 AR T 55, K3 PR A AR A AR X
e B TUA SRR LR B DR
5 4

(1) Pt 1 38 R 7 A Bk 87 C Fe/IMEH
—8.19%o, KA ZE R BE Wi A 2R 50 A i b HLAT %
R fR MRER R T HZEKKIBRAREGE
Hik S0, i  FER AR TSR P2 4E Y H,S CO,iTE
FABE R G NGB R BUE 5 A Ik [R) 667 2R 1 M
FVEE 2SR &k B H,S; A FeO , MnO
Y548 R I A B A RAKIR A

(2) PRt 1 I 0 SR 4L B A ZE AR DA Al K 3

WAL 32, 45 DX 8 1, B 00 R A
SEAFOUBA T 2R 3 DX LA I J e 0] By A 1 3l
TR IR IR BRSNS
AT ) R A — il JEE A P Y T A, A T Bl
Z ARSI TRI R R I W ST R i 17 Bl o,
AR IR LR

(3) Kbilrmp s A& 7 21 2 /9 il 22
JE X 22 )2 R DUR SRR HL RO IR R iR
I S 2

Sk

(1] A, Bk, sh I i & S5 il R R [T ] A i i 5 01
*,2005,32(2) :55-62.

HE Dengfa,JIA Chengzao.Thrust tectonics and hydrocarbon accu-
mulation [ J ]. Petroleum Exploration and Development, 2005,
32(2) :55-62.

(2] skdbR, BRI, SR A5 eI b Hb e il b bt
VEF R FC R T8 3l 7 2= L -3 [ T 56 U 42 B 52, 2009,
29(3) :449-463.

ZHANG Shimin, XIE Furen, HUANG Zhongxian, et al. Bending
and thrusting of the upper crust in Longmenshan area and its
deep dynamics| J ].Quaternary Sciences,2009,29(3) ;449-463.

[3] B, sRPRWG /N2, R B L i iy i o i < A B
SRR 1] BRI A, 2016,35(5) 1 163-167.
DUAN Jinbao ,ZHANG Qingfeng,FAN Xiaojun.Distribution of oil—
gas seepages and characteristics of pool forming at Dabashan pied-
mont structural belt[ J ].Geological Science and Technology Infor-
mation,2016,35(5) ;:163-167.

(4] BN, ZE2RVY A, A5 R E LI P 3 Ll oo s ol i Ak B
BRI ] 21T, 2017,24(2) :123-129.
QIN Xiaoli, LI Rongxi, YANG Ling,et al.High pressure paleofluid
in the Dabashan intercontinental orogenic belt and its migration
dynamics[ J ].Earth Science Frontiers,2017,24(2) :123-129.

[51 JEblbaE, TR, A, 55 R L LLviir bl ek T R ety D 2 A

HER LA A RAFFIEL ) ] MBI, 2017,91(6)
1169-1180.
ZHOU Yexin,DING Jun, YU Qian,et al.Geochemical characteris-
tics of fracture fluids in the foreland thrust —fold belt in South
Dabashan and structural preservation analysis[ J].Acta Geologica
Sinica,2017,91(6) :1169-1180.

[6] bk, EAR/R AT, 55 I AR i DU U2 kR (2

M R A B FE Ml SRR ST ). A i S B B, 2016,
38(4) :473-479.
XI Binbin, TENGER, YU Lingjie, et al.Trapping pressure of fluid
inclusions and its significance in shale gas reservoirs, southeastern
Sichuan Basin [ J ]. Petroleum Geology & Experiment, 2016,
38(4) :473-479.

[7] LIU An,OU Wenjia, HUANG Huilan, et al.Significance of paleo-
fluid in the Ordovician—Silurian detachment zone to the preserva-
tion of shale gas in western Hunan—Hubei area[ ] ].Natural Gas
Industry B,2018,5(6) :565-574.

[8] X% ATl MLl A5 TR P 4 JUR SRS IR A 55 I
WA ] RS 5 2 ,2021,45(6) :1161-1173.
LIU An, CAI Quansheng, CHEN Xiaohong, et al.Paleofluid as



- 628 -

B b B

%

http : // www. sysydz.net

b

i 44 4

[9]

[10]

[11]

[12]

[14]

[15]

[17]

[18]

indicator of shale gas tectonic preservation in the western margin
of Xuefeng uplift [ J ]. Geotectonica et Metallogenia, 2021,
45(6) :1161-1173.

XNZZ JIMS  WRZELL, 45 38 J5 ik A ok B 2 MR SR 6 R
P IUR SR AAE AP 3 T TR R I [ T]. R AR
KTk,2021,41(2) .47-55.

LIU An,ZHOU Peng, CHEN Xiaohong, et al. Evaluation of shale
gas preservation conditions using calcite vein inclusions and C/0
isotopes:a case study on the Cambrian strata of Middle Yangtze
area[ J].Natural Gas Industry,2021,41(2) :47-55.

XNZ BT WRZELL, A5 0 V4 DCRR 4 Hb B ST Lok i i
FAIE R X ZE AR TUA B IR 7 1) 7R [ 1] M3k,
2021,46(10) :3615-3628.

LIU An,CAI Quansheng,CHEN Xiaohong,et al.Paleofluid charac-
teristics since Indosinian movement in Yuanma Basin,west Hunan ;
significance for Cambrian shale gas exploration[ J].Earth Science,
2021,46(10) :3615-3628.

RO, BN, 28 55 R 1 3 DX 240 Bl xd s S0k
FEARIAAE I D] A i S 8 5T, 2020,42(3) :355-362.
YU Guangchun, WEI Xiangfeng, LI Fei, et al.Disruptive effects of
faulting on shale gas preservation in Upper Yangtze region[]].
Petroleum Geology & Experiment,2020,42(3) :355-362.
TREAS BRI, SRR, 4 22 08— b st Ll R R %
W i 4 A Y Y A S o [ KRG AR g PR [ U] 3B R
W% ,2004,23(9/10) :846-853.

ZHANG Guowei,CHENG Shunyou,GUO Anlin et al.Mianlue paleo-
suture on the southern margin of the Central Orogenic System in
Qinling—Dabie ;with a discussion of the assembly of the main part of
the continent of China[ J].Geological Bulletin of China, 2004,
23(9/10) :846-853.

LI SZ,ZHAO G C,ZHANG G W et al.Not all folds and thrusts
in the Yangtze foreland thrust belt are related to the Dabie Orogen ;
insights from Mesozoic deformation south of the Yangtze River[]].
Geological Journal ,2010,45(5/6) :650-663.

ZHANG Guowei, MENG Qingren, LAI Shaocong. Tectonics and
structure of Qinling orogenic belt[ J].Science in China ( Series
B),1995,38(11) :1379-1394.

SHI Wei,ZHANG Yueqiao, DONG Shuwen, et al.Intra-continental
Dabashan orocline ,southwestern Qinling, central Chinal[ J ].Journal
of Asian Earth Sciences,2012,46.20-38.

FBL, XD, 32K A 3 TR S b B 2 0K Al
WA R B NS A [T KM i 5 108 %, 2015,
39(2) :231-240.

WANG Kai, LIU Shaofeng, JIANG Chengxin, et al. Structural
style and superposed relationship of multi-period folds in the
middle segment of northern Yangtze Block [ J].Geotectonica et
Metallogenia,2015,39(2) :231-240.

RIVERS J M,JAMES N P ,KYSER T K.Early diagenesis of carbo-
nates on a cool-water carbonate shelf, southern Australia[ J].
Journalof Sedimentary Research,2008,78(12) .784-802.
BOLES J R, EICHHUBL P,GARVEN G, et al. Evolution of a
hydrocarbon migration pathway along basin-bounding faults:
evidence from fault cement[ J ].AAPG Bulletin,2004,88(7) :%47-970.
JACOBSEN S B,KAUFMAN A J.The Sr,C and O isotopic evolu-
tion of Neoproterozoic seawater [ J]. Chemical Geology, 1999,
161(1/3) :37-57.

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

RN , SR InC, B A, 45 B LR 4 B v DX 2R K b
FEAE K FE A il T R SCL T ] Al S KRR Kb T, 2008,
29(2) :223-229.

ZENG Jianhui, WU Qiong, YANG Haijun,et al.Chemical characte-
ristics of formation water in Tazhong area of the Tarim Basin and
their petroleum geological significance [ J].0il & Gas Geology,
2008,29(2) :223-229.

SHAN Xiuqin, ZHANG Baomin, ZHANG Jing, et al.Paleofluid
restoration and its application in studies of reservoir forming: a
case study of the Ordovician in Tarim Basin, NW China[ J].
Petroleum Exploration and Development,2015,42(3) :301-310.
Kmly, F 22, TR 55 DU iy 7% O )2 7K b Ak
FEAEHT[]]. KRR THIIREG T ,2011,34(3) :21-23.
GUAN Yunmei, WANG Lansheng,ZHANG Jian, et al.Geochemical
characteristics of formation water in high H, S gas reservoirs,
Sichuan Basin [ J ]. Natural Gas Exploration and Development,
2011,34(3) :21-23.

AOUA, oK B RN ZRAL AL SR AL H, S A 5 il
IEEOCR [T A MER 59 % ,2005,32(4) :65-69.

ZHU Guangyou,ZHANG Shuichang, LIANG Yingbo. Relation-
ship between palaeoenvironment and the distribution of H,S in
Feixianguan Formation, NE Sichuan Province [ J]. Petroleum
Exploration and Development,2005,32(4) :65-69.

PREESR B 2, SR DR, 45 DUR U TR BB 40 R T IRT
Mo UNARR L R e s — T S B G R A R
BILT] A58, 2020,42(3) :405-414.

CHEN Feiran,DUAN Jinbao,ZHANG Hanrong, et al.Shale gas
resource evaluation based on* pressure coefficient” ;a case study
of Upper Ordovician Wufeng—Lower Silurian Longmaxi forma-
tions in southeastern Sichuan Basin [ J].Petroleum Geology &
Experiment,2020,42(3) :405-414.

NIE Haikuan, HE Zhiliang, WANG Ruyue, et al. Temperature
and origin of fluid inclusions in shale veins of Wufeng—Longmaxi
formations, Sichuan Basin, South China: implications for shale
gas preservation and enrichment [ J ]. Journal of Petroleum
Science and Engineering,2020,193;107329.

IR Hhi7 T X 2 U8 2 WM SRR BR AL 2 WFFE [ D ] AR
#5 . AR T K2, 2008 :43-54.

ZHENG Bing. Geochemical study of hydrocarbon accumulations
with multiple sources and multiple generation stages in the Middle
Yangzi area [ D ]. Chengdu: Chengdu University of Technology,
2008 :43-54.

RIRAE, B, #5570, 45 R T 1l 5 55 W 13t oo 3
3 =K, A TR WA« S PH b U R A A R = S T L
[ ] BT, 2014, 88(8) :1382-1400.

SONG Qingwei, YAN Danping,JIAO Shoutao, et al.The response of
compounding process of Dabashan and Xuefengshan Thrust Belt in
J;-K, :the structural styles and formation mechanism of the Zigui
Fold Belt, western Hubei [ J ]. Acta Geologica Sinica, 2014,
88(8) :1382-1400.

ZHANG Yuying, HE Zhiliang, JJANG Shu, et al.Fracture types
in the Lower Cambrian shale and their effect on shale gas accu-
mulation, Upper Yangtze [ J ]. Marine and Petroleum Geology,

2019,99:282-291.
(HmE * 48)



