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Abstract: The carbonates in the Cambrian Xixiangchi Formation in the southeastern Sichuan Basin
have generally been dolomitized, and the lack of fossils from the area has long hindered a
comprehensive understanding of its stratigraphic correlation and division. In this study, we used field
observations as well as analyses of the profiles and petrological characteristics of the formation to
examine carbon and oxygen isotopes in 41 carbonate samples from the Middle-Upper Cambrian
Xixiangchi Formation in the southeastern Sichuan Basin. The results showed that the Xixiangchi
Formation was mainly composed of micrite-fine silty crystalline dolomite, with a small amount of
residual granular dolomite and coarse silty-finely crystalline dolomite. The 6" O values of the samples
were distributed in the range of —11.05%, to —8. 29%,, with an average of —9. 67%,,while their 6" C
values were in the range of — 2. 29%, and 1. 36%,, with an average of — 0. 73%,. There was no
significant positive correlation between the values of 6'*O and 0" C,and the original composition of the
carbon and oxygen isotopes of seawater from the same period had been retained. The analysis showed
that the southeastern Sichuan Basin had a marine environment in the Middle-Late Cambrian Xixiangchi
period,and salinity in this period was slightly higher than that in the early period. The temperature of
seawater in the Xixiangchi period ranged from 15.2 °C to 27.5 °C,indicating that the study area had
had a warm or hot subtropical climate. The steptoean positive carbon isotope excursion event in the
Houtan section was comparable to such events in other areas of the world, reflecting a global
regression event. In addition, a comparison of the characteristics of carbon isotopes of the Houtan
section in the southeastern Sichuan Basin with those in the Taihe 1 and Li 1 wells in northeastern
Chongqing showed that the latter had a higher salinity than the former. The salt basin evolved from
southeastern Sichuan to northeastern Chongqing during the Xixiangchi period, which is important in
the search for deposits of salt as well as oil and gas.

carbon and oxygen isotopes;
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Fig. 1

Geological settings of southeastern Sichuan Basin
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Fig.2 Microscopic characteristics of the Xixiangchi Formation of the Houtan section

in the southeastern Sichuan Basin
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Table 1 Data on 6" C,6" O, paleotemperature,and paleosalinity from the Xixiangchi Formation of the
Houtan section in the southeastern Sichuan Basin
B i BERIRIL,00Cl 88006 Oue g e g
m (VPDB) (VPDB) (VPDB)

HTI1-1 RmH= A 672.1 —1.13 —10.09 —1.63 23.1 124.2
HT3-2 FWRTEA S 668. 0 —0. 60 —10. 34 —1.88 24. 2 125.1
HT6-1-3 RmHD A 643.0 —1.31 —10.75 —2.29 26. 2 123.5
HT6-1-4 VAT S 641.0 —0.28 —9.37 —0.91 19.9 126.3
HT7-2 RmHDH 622.5 —1.34 —8.88 —0.42 17.7 124.3
HT7-3 /}Ennﬁzs% 590. 0 —0.14 —11.05 —2.59 27.6 125.7
HTS8-3 M mE = 500. 2 —0.78 —9.61 —1.15 20. 9 125.1
HT9-2 4K i Ele 491. 2 —0.52 —9.31 —0.85 19.6 125.8
HT9-2-2 kY i 1 = 473. 2 —0. 66 —9.00 —0.54 18.2 125.7
HTY-3 itk N LIS ey 443. 2 —1.35 —9.98 —1.52 22.6 123.8
HT9-4-1 T s A 432.2 —0.99 —8.29 0.17 15.3 125. 4
HT9-8 BRARWEA RS 420.9 —1.74 —9.06 —0. 60 18.5 123. 4
HT11-6 Ak i = 412.9 —2.29 —10. 36 —1.90 24.3 121.7
HTI11-9 BARWHEASE 401.3 —1.48 —9.58 —1.12 20. 8 123.7
HT11-10 4k it = 393.3 —0.73 —9.19 —0.73 19.1 125.4
HT11-12 gl RS =) 379.3 —1.65 —9.46 —1.00 20. 3 123. 4
HT11-13 RARWIE AR 369.3 —1.94 —9.56 —1.10 20.7 122. 8
HT11-16 K i H = 354.0 —1.01 —10. 47 —2.01 24.8 124. 2
HT12-7 BARWIE = H 320.0 —0.78 —9.62 —1.16 20. 9 125.1
HT13-1 EiE R S A=) 280.5 —0.41 —8.30 0.16 15.3 126.5
HT13-2 B S P 260. 8 1.09 —9.84 —0.88 19.7 131.4
HT13-3 b i H = A 255. 8 1.36 —9.72 —1.26 21. 4 129.5
HT14-2 BARWE A A 229. 6 —0.10 —9.97 —1.51 22.5 126. 3
HT15-1 EIR i RIS P =y 215.6 0.57 —10. 64 —2.18 25.6 127. 4
HT16-1 Eip RIS Par ey 206.0 0.23 —9.33 —0.87 19.7 127.3
HT18-1 IR At 194. 2 —0.18 —9.27 —0. 81 19. 4 126.5
HT19-2 ik — MK A = A 187.8 —0.89 —9.88 —1.42 22.1 124.8
HT20-2 EE NS Pae=y 172.9 —0.88 —9.53 —1.07 20. 6 125.0
HT21-2-2 4k it = 155. 4 —1.39 —9.03 —0.57 18. 4 124. 2
HT22-1-2 M H = 148.0 —0.58 —8.97 —0.51 18.1 125.9
HT23-1 Wk —is A ss 139.7 —0.41 —10.77 —2.31 26.3 125.3
HT25-2 bisR il a1 124.0 —2.28 —9.80 —1.34 21.8 122.0
HT28-1 VAT =) 116.3 —1.72 —9.97 —1.51 22.5 123.0
HT30-3 REBHDA 102.9 —1.47 —9.68 —1.22 21.2 123.7
HT35-1 HRARWE A A 87.8 —0.34 —9.01 —0.55 18.3 126.3
HT37-2 Ak it = 75.7 —0.89 —9.30 —0.84 19.5 125.1
HT39-2 EiR R S P 65.0 —0.81 —9.48 —1.02 20.3 125.1
HT42-1 ed B = E 42.1 —0.73 —10.15 —1.69 23.3 125.0
HT46-2 ik i = 31.0 0.17 —9. 64 —1.18 21.1 127.1
HT47-1 REHZ=A 23.0 —0.11 —9.74 —1.28 21.5 126. 4
HT50-1 Eip R ey 7.5 0. 37 —10. 49 —2.03 24.9 127.1




. 216 - WA LK %W CEBABFBO %51 %

2 r FHEZT 75 0 O {E Y\ 1w L 302 20 i BE B0, S A £

°. FERE o X U5 2k L, L o0f 751 T 08 5 e 2 ke 4R

Al I ey : [ {57 28 A 1o A AL A5 AE 55 %5 g Ml X ZE 1 I (0T
2, | o oo ° | S5, 2016) AN AR DK 4R 2 JE GG L 2021)
2 e o 3 25 LR B0 ) 03 25 S840 R A ABL D8 9 )1 %
N e T B« oS 1 .
ST, e S  RRIEREERWMT R4 T 2 K
= o e ‘ Pek |- T 5 0 F e L K 90 0 30 1 7 (o g

T oo 45,2016 W DO ZE,2021)

T T T i = 5 #.ERMUESHRMRENX

5"0/%:(VPDB)
B3I % ot I L o 1 T St 4L 5.1 HEHESN

IR oL 3% 4 B 43 A AE

— O MR R Eh A R 6 C 8% O (B

Fig.3 Relationship between the measured values of

8" C

Houtan section in the southeastern Sichuan Basin
B k& gEIES T —
OPC A PO EE , MEk A Veizer(1983)

and 6" O from the Xixiangchi Formation of the

SR K 3 E B A I H & % & (Clayton and
Degens. 1959) . 4 DX 43 0k % 20 D)ok 19 1 AH A K
HANR KA K 5 Keith and Weber(196D) 2 H T
— AR ETEARK .

W R K K g

R P4, e (k) 1. 36%0. IR IR N Z=2.048(8% C+50)40.498(8" O+50) (1)
3.65%0 s BliJE .00 C H X & B T — WK I JE 1 [ M Z =120 B, 38 78 Bk R £ 5 TE B T 16 A0
% B ARAE L B —2. 29%0 » 7E T EB B T+ 3] 0~1%, ., B, <120 B, WIF5 7R HIE Bl FIRK 5% .

IR .
|| Ak 6"C/%(VPDB) 6"°0/%0(VPDB) T,/ °C Zus
/m
moEEm 2 0 2 <11 -10 -9 -8 12 18 24 30 120 125 130
Fﬁ oI T —_ L L L L L L ' ' ' ' L L L
221
O A 1
2l
- LY LY
(S a—
- LY ‘l
(=1
f A A
SELY
S
1 B
o]
[ W v
ST
- VA VA
2?.
S
3
S
(=}
el
-—.:.—-g LY LY
'ZJ\D
g e > o 2 11 -10 9 -8 12 18 24 30 120 125 130
-] == [ - ] = ] [ ] V. VA |
B E E B E =B K =2 .
W Pyl kb Je )it K I)Euu*éﬁi*ﬁ ?ﬁlh R By — 20t iR K
R Mz s Ho#s mH=ZE Bz Hz s

B4 NIFEHRIMERBER SEVCEAEUERGREMGEEHERTL
Fig. 4 Characteristics of and variations in 6'*C,8" O, paleotemperature,and paleosalinity in the

Xixiangchi Formation of the Houtan section in the southeastern Sichuan Basin



%2

FRRFINRAAARZRRAZHAR ARMRRERLERE L — U F ML H T A H < 217 -

X Hp A AR ATV A B R R A AN [ R
JE B A AR AT RE 23 BRI 2855 4 ik L R TRl &R
P IR R B A AT SRR — R U, R R
o 1 AR 52 A AR H el SR 2L B L 4R
[) 457 3 20 100 25 i R 15 5 A B K, 3K Rl A%k i B
AR CRB Je L, 1994, # 3d DL A U 42
AHBR R 5 1 0 O (B BME (— 1. 2%0) g b %
WFFERE S 1 0" O (HHEAT R IE (RS Jo 3L 55 . 19965
SLAEL2016) T DAAR KRR BE I R AR X Bl AR AR 00
MR W, A WCRF ST RE S B R 0 O H R
—9.67%,, 55 UL AR IR IR R 2 1 0" O {H AH 2%
—8.47%0, M A O=8. 47%,. FI| FH % {8 XF 4% ¥k
WA 0" O AT K IE G . HF A B T3 H
V7R T e X0 2 3t 0108 K ) vy kB

SRR R EZRMH Z 65 i 72
121.7~129.5C4% 1), F¥HE A 125. 2, f8 /R LS
b 20 B 2 R Y T U AR A B LR LT ok %
FNRAKF I, I b, PR G 2H I DT R
K Eh BE R R IS O, B SRR R,
5.2 HiEESW

RS T K Mk B, i 2 6 2 v 420 ) 67 28 4 A
W5 5 B KRR BE R (B 2000, BT
TR £5 0 W8 ) S 8 TR A7 28 38 e s oy o) i 3 L
A 2 BB DR TR 2 A R T R
TARIIREAS B . BeAh, ol 647 2 410k B iR
JEE AR LA /N | T L 22 5 A R e, 4RI 7 R 4
BCAT T R R S L 1985) . AR SR A
P ILAE 01D BIE M5 A2, B
T=15.976—4. 20" Oc.co, 0. 13(8" Oc,co, +

0.22)? (2)

% L& BN X 4[] A7 R A R 52 e 4
Y 6" Ocuco, FIFE RN 0" O BIEME & e, 1T
LS IR L 5 DX 6 4 0t 2H ik IR 6 A U AU 1Y
WAKIREANT 15.2 C~27.5 C(E D, FH R
21,2 °C. R 5T X 7E Yk 42 Hh 4] OB Ak T
Tk I B R ) S R S PR B L X — U B g
G200 U ] U 1] 5 it T A ) oty b R A IE S (4
VLR 2014) o Gh1a) b, Pk 42 it 41 D0 AR 3 T K iR
JEE L B R
5.3 BREMETZUEEBKITL

“SPICE”#i {4 B 23k nl Xf [, 0" C HIZH
TR BE 2 4 %o (Pulsipher et al. .2021), #§ Saltz-
man et al. (2000) fJRE , “SPICE” 4 th T =

W Glyptagnstus reticulatus W Z %, M G. re-
ticulatus J&4= PR HE B R I 25 L IR I 2 19 W) b
AR PRI % 2 T TR E R A SR IR LA
BEGIF (2011 % IR S5 T 4Bk 6 F “SPICE”
PERIBTSE A 2% S5 78 42 B b DXt A AR 4 /Y ]
XF RO A AR 2017 a7 DU 1] s e 4 X
STk [R) 57 2 I, 45 4 < SPICE” 25 4 A1 e il 28
FRIE AT GE T 7N SRR GERY IS L2k

AR SR )1 7R T b DXL Y 7] T 18 Btk 1R 6 ik ()
i Z i £ 5 76 1A Al . Kulyumbe ] (Kouchin-
sky et al. ,2008) , A 5% e W1 3H Kyrshabakty ) [
(Saltzman et al. .2000), 7 KJE (5K K F) L
IR BB (Saltzman et al. »2000) , | M4V AL
Fl AT (7 500 25 . 2008) KA1 I CHTIIA5 . 2017h)
FUR] 1 JF R 2017 1 6% C MR BEAT X 1L 43
Br (1150 ANk WL F) T B R £ 5 0 C it 2T 5
At b DX — B FE A 670 C iy 2 55 4 1 X Rz, U
A WL ) T AR TR R 0 C R B B i AR R
Pk, “SPICE” 2 {4 1y iU I 1 oK A € 8, B AT A
AFREA LA LA 5 T8 - (D 0B A AL 5 2 5 o 3
(Saltzman et al. ,2000; 22 5t %5, 2020) 5 (2) F %
IKAE R A R CHE 4175 201 1) 5 () 8RR #h 5 1Y
WAAE ] (Kump and Arthur, 1999), SR =Nr NI T)
F » “SPICE” 458 71 v — 6 F€ i 1 S 0 vt 1R 514
5.4 mEMRETSHAMBEL

78R A SR B IO AR R B T L A
FREE 78 R AE T B IRER R0 W D0vE s » o2
T BR R W) (A B /B A ) A FIB B R A 4
Prifh. BRI A SRR AR RREA NI, —T7
AT T R0 A R R 2807 IR L 17 TR £k
HML AT s n— 2RI ER R
TR ERE TN LA = AR 805
WA EEZE W, SRR R i B s a il
BB RS 24,2016 CEEAF.2021), Y
M FERRE LGB AT, FEEDE
T E i A G MR DB TR BE R M A (7
LA 20160 o ARG ER R L5 A 2 )
A REAE R D01 0 5 R T A AR IXOR E k)
32 MR B R 46 b R 7R Jb U R 2 b iR
4,2016),

SUCH S RA EAL KR, 07 C B
Xof o7k BE B R (5K 95 %L 19855 St F L 2023)
R A L E 751 T 5 R R 1 RIS U R b A



. 218 - RAE T RKFFRCELRFEBO %51 %

0" C i 4t EE (15 5) 5 IO SPICE” 55 4 X iz )11 PR R A 61 C LA X A e Ml X A iy R
AR X VeSO I R L p iR 0, SRR A WA X RGR L XS R A (2016) DY 4 5 5
Xb &S R REE BERI X B . BARI & LR 1R R ER A R R 1 i AR AL AR R IR — 2

s WL, 4 ] T Kulyumbefll ] Kyrshabaktyf#l i K FLILE b9l KA F FIH
AGA @) FEEFE)  (REE ) R REGN) (B (1 -1k)
WA~ 0°C/% 8"°C/%o 5"C/%o 5"°C/%o 6"C/%o a”c/% o' c/%o

2 0 2 2 4 20 2 4 0 2 4 320 2 12 2
P ) ~ —
> 27

i
ggzﬂj
R4 <

4| 100 m

100
[IOOm oo g [ m & o0 [ 100m [IOOm
% T 0 T T I:O T O T [0 T O T T —I‘J)_l'
4G -2 0 2 0 2 4 *2 0 2 4 0 2 4 -2 0 2 -2 2 4
gil

5 NIFEEtREENESEAMNTE. EFERHTEFMIIFESRERBE 6°C th&3fLL
Fig. 5 Comparison of the curves of 8" C of samples from the Houtan section
in southeastern Sichuan in the Xixiangchi period with those from Siberia,
Kazakhstan,and areas adjacent to southeastern Sichuan
18 ] T Kulyumbe &)\ ¥ Kouchinsky et al. (2008), % i 5. #7382 Kyrshabakty & @ #=# g X & L R K 2 @ %
Saltzman et al. (2000) , 5% N4 2L @IE £ 7 15 (2008), KA 1 3B T 5 (2017h) F= A 1 38 2455 (2017)

o % W b R A 1) 3 AR AL AL A%, O 54k A R

N\
6 &t PRI T S X
a. I 2R B b DX 3t 5 T 6 4w H A DL TR
MR HsA AN E,. SPERSWEHES A, L & & x # ]
LR — 2 5 1 25 0 B S AR G AT L WU EE L 2 2 %, 2020, W0 I I N e A e g
AR T K (3 LAY 41 A BE B Jil e 0 0 B 2 4 P T ).
8 OB 43 i 7E — 11. 05%,~ —8. 29%0 3 il -39y PRRHEARAR 40C) 212251,

C >wBai Z Z.LLi H W, l.,2021. Applicati {
—9.67%0;513 fE T2, 29%,~1. 36%, 2 [i] . qz ao Q C, Bai 1 et a pplication o

¥R —0.73%,,
b, MM P S e o8 C H | B i b ik

wavelet transformation of logging data in sequence
stratigraphic division of Cambrian Xixiangchi group

in central Sichuan basin[]J]. Bulletin of Geological

FEREAR 5 T e B — R Y ¢ SPICE” Science and Technology, 40 (4):242 — 251. (in Chi-

EEB S e KIE SRR A T8 b 13, I8 nese)

W EE R 3. 65%0, 54 BRI M b X S5 I 0T8T £ 012 C R XBRERL, 3K & 2011, € R FR BRI 02 R AL AR 1Y

i 2 A ELAG R 1 TR F ER T L) ] A R G ERB ), 41(12)
c. R — I FE R R 5 30111 R s X b 162971839,

TR K ELE A T 15. 2 °C ~27.5 °C Fan R,Deng S H.Zhang X L.,2011. Significant carbon iso-

Z I SE R R 21, 2 °C L R Wi i R T I R , . e
‘ . o tions for global correlations[ J]. Scientia Sinica ( Ter-
SCHR A TN A FT REAE A KA IR rae) ,41(12) :1829—1839. (in Chinese)
d. T H AR 0 DX TL e ) SRR LIRS o g 98 . 42 46 2002, oo o e 98 R 12 A
A AL HL XA 1 FH 04 5 R 7 25 RFAE L DA Sk i AR b HOFE T PR L 4(3) 01— 10,
DX R B AR )1 2R P b DX A v, v B e S it 3 8k 2 Feng Z Z,Peng Y M, Jin Z K, et al.,2002. Lithofacies

tope excursions in the Cambrian and their implica-



%2

FRRF N RARARRRARAAGH AR AARLRRERERL—

DA ML o 3 <219 -

palaeogeography of the Late Cambrian in China[ J].
Journal of Palaeogeography, 4 (3):1— 10. (in Chi-
nese)

AW 2R SCIE AR %, 2020, DU I 40 4 9E B R PE 43
S AR R A R AR LT . YRR AR A B, 25(2)
162—170.

GuMF,Li W Z.,Zou Q,et al. ,2020. Lithofacies palaeo-
geography and reservoir characteristics of the Cam-
brian Xixiangchi Formation in Sichuan Basin[ J]. Ma-
rine Origin Petroleum Geology,25(2):162—170. (in
Chinese)

BIMS 220, SO AE , A, 20174, DU 1| 43 M 9E R R UE 4 Hh B
2302 R 43 B 0T st 2 AR SR e ST T, M R B
% .36(2):119—127.

Jia P,Li M.Lu Y Z.et al. ,2017a. Sequence stratigraphic
subdivision and establishment of sequence strati-
graphic framework in the Cambrian Xixiangchi Group
of Sichuan Basin[]J]. Geological Science and Technol-
ogy Information,36(2) :119—127. (in Chinese)

TG, 2545, 228, 45, 2017b. DU I 40 Hb 7R 350 b X %€ X R Uk
SRR R ER A B IR AL R R AR B R SCLT . i
B4 ,19(3) :503—512.

Jia P,Li W,Li M,et al. ,2017b. Characteristics of carbon
and oxygen isotopes and their significance of the
Cambrian Xixiangchi Group carbonate rocks in east-
ern Sichuan Basin[J]. Journal of Palaecogeography
(Chinese Edition) ,19(3):503—512. (in Chinese)

BIMS 22 M, S AE, 4, 2016, 1O )1 75 b v R S b X PR 4
b TR (1 194 ke 4 [R) o2 3R A AF Kt o e LT B
3%, 30(6) :1329—1338.

Jia P,Li W.Lu Y Z.et al. .2016. Carbon and oxygen iso-
topic compositions and their evolution records of the
Xixiangchi Group in sedimentary sequences of cen-
tral-southern Sichuan Basin and their geological im-
plications[ J ]. Geoscience, 30 (6): 1329 — 1338. (in
Chinese)

VLSO BB A TR RUAE 45, 2016, J1] 7R g b IX 25 1) G B
Hz A e R R IR e B T ). A 5 R
Ji,37(4) ;473 —482.

Jiang W J,Hou M C,Xing F C,et al. ,2016. Characteris-
tics and indications of rare earth elements in dolomite
of the Cambrian Loushanguan Group,SE Sichuan Ba-
sin[J]. Oil & Gas Geology,37(4):473—482. (in Chi-
nese)

FEEE BNy L H OB SF L 2016, DU )1 A e S 4L 2 R
b2 K TR AR BF SBR[ ], 1t ARk T2, 45 (11D
65—66.

Jing P.Huang J L.Bai C G.et al. .2016. The present re-
search situation of sequence and sedimentary facies of
Xixiangchi Formation of Sichuan Basin[]]. Shandong
Chemical Industry,45(11) :65—66. (in Chinese)

ZEVLIG G EER B 2014, SRS EEIM]. JL5:
JB R

LiJ H, Han X Q, Mao X, 2014. Global Tectonic Atlas
[M]. Beijing: Geological Publishing House. (in Chi-
nese)

R R4, R, 2, 2022, )1 H o X TR IR R VB4
WA 2z 2 A 1 R AL A LT . A il <
P, 34(3):39—48.

Li L P.Liang J] T, Liu S B,et al. .2022. Diagenesis and
pore evolution of dolomite reservoirs of Cambrian
Xixiangchi Formation in central Sichuan Basin[J]. Li-
thologic Reservoirs,34(3):39—48. (in Chinese)

ZEAR LB B, 45, 2007, 1O )1 2 b R AR IX A 1 FE R 4
P R AL R FHIE 5§ R IR AbRELT ] R4
R Talk,37(10) : 1 10.

Li W,Jia P,Fan R,et al. ,2017. Carbon isotope character-
istics of the Middle-Upper Cambrian Xixiangchi
Group and bottom boundary marks of Furong series
in the Sichuan basin and its adjacent areas[J]. Natu-
ral Gas Industry,37(10) :1—10. (in Chinese)

ARAA L BREE L R R 55,2017, PO b FE B R Ve St 4
it 2 AR e 4 R R W52 [T A 52 5 b i
39(5):610—617.

Lin Y,Chen C,Shan S J,et al. ,2017. Reservoir character-
istics and main controlling factors of the Cambrian
Xixiangchi Formation in the Sichuan Basin[]J]. Petro-
leum Geology &. Experiment, 39(5):610 —617. (in
Chinese)

D% RS, T, %, 2016, T AW BREREZE R
LT I R e B B 4 G A3 T LD 1. BT R R A
35(2):169—176.

Ma K,Hu S Y,Wang T S.et al. ,2016. Effect of gypsum
rock on the hydrocarbon accumulation in carbonate
layers and analysis of exploration field[ ]J]. Geological
Science and Technology Information, 35 (2):
169—176. (in Chinese)

TR AT B KL 2L 2016, DI FE AR R JE R R O E
ek 2 3t R A 2 AR R L PR BE R [T, KRR Rt Bk
Blaf,27(7):1299—1311.

Meng H.Ren Y. Zhong D K. et al. ., 2016. Geochemical
characteristic and its paleoenvironmental implication
of Cambrian Longwangmiao Formation in eastern Si-

chuan Basin, China [ J ]. Natural Gas Geoscience,



+ 220 -

A E TR R CH AR O

%51 %

27(7):1299—1311. (in Chinese)

B S A, B S TR, 1996, VG R M X e — B i L BR
T W) A0 R A9 i b 3 SCLT DL H Bk Ak 2=, (6D
575—581.

Shao L. Y,Dou ] W,Zhang P F,1996. Paleogeographic sig-
nificances of carbon and oxygen isotopes in late Per-
mian rocks of southwest ChinalJ]. Geochimica, (6) :
575—581. (in Chinese)

BB e S 1994, R 6 4 AL Bk TR R 5 7 IR B S 9 E R
LI, A A R 224l (1) : 39— 45,

Shao L. Y.1994. The relation of the oxygen and carbon i-
sotope in the carbonate rocks to the paleotemperature
ete. [J]. Journal of China University of Mining &
Technology. (1) :39—45. (in Chinese)

A% F A, XA, 5, 2020, 7O )1 7 4 98 I R VR4
PR R R AR SRR SBR[ ] RSBk B,
31(6):773—1785.

Shi S Y.Wang T S.Liu W,et al. ,2020. Reservoir charac-
teristic and gas exploration potential in Cambrian
Xixiangchi Formation of Sichuan Basin[ ] ]. Natural
Gas Geoscience,31(6) :773—785. (in Chinese)

HRGLHG S AE L R, 5, 2019, B PG 0 11 B B R AR 4 TR
AL AR AR e Hoaly PR 3 SCLT . M BT 2= 4, 93 (8D
2068 —2080.

Song H N.Lu Y Z,Tan C,et al. ,2019. C and O isotopic
characteristics of the Mesoproterozoic Jixian System
in Qishan,Shaanxi Province,China and their paleoen-
vironment implications [ J ]. Acta Geologica Sinica,
93(8):2068—2080. (in Chinese)

FRBL. A EFE . TR, 2001, 8 B K Z 000 X 65 R
AR TR £ #7728 2R Ak S B 52 [T ], Al B4R 5 FF
% ,28(6):38—41.

Wang D R,Bai Y L, Jia C Z, 2001. Stable isotopic geo-
chemistry of the Carboniferous marine carbonates in
the Tarim basin[ J]. Petroleum Exploration and De-
velopment, 28(6) :38—41. (in Chinese)

TR L KR, 5K R L 4L 2016, DI A FE R R A A
b 38 Al B FCHR B T S o R AR 7 3R B IR R . b
SFAT %% ,23(5) :202—220.

Wang S L.Zheng M P,Zhang Z,et al. ,2016. Carbon and
oxygen isotopic compositions of Cambrian marine
carbonates in Sichuan Basin, China: Implications for
sedimentary evolution and potash finding[J]. Earth
Science Frontiers,23(5):202—220. (in Chinese)

B 57 7 L R, 55,2018, U A5 i AR B R JER
AR MR X SRS ERLT] A oah 2 W
39(12) :1317—1327.

Wei G Q, Yang W, Xie W R, et al. ,2018. Accumulation
modes and exploration domains of Sinian-Cambrian
natural gas in Sichuan Basin[]]. Acta Petrolei Sinica,
39(12):1317—1327. (in Chinese)

SCAEE LG ERL 4R, 2021 Ha m R A A AR R
AIF 5 1 i B SR R LT ). R0, 39(6) : 1321 — 1343,

Wen H G,Huo F,Guo P,etal. ,2021. Advances and pros-
pects of dolostone-evaporite paragenesis system[]].
Acta Sedimentologica Sinica,39(6):1321 —1343. (in
Chinese)

SCAEE L, R A A R, 4L 2022, DU I 40 R R 1 SE R &R
VRSt 412 7 — A B B AL 5 R R A AL AR
DAFLT ] Ak 0, 34.(2) 1 16.

Wen H G, Liang J T.Zhou G.etal. ,2022. Sequence-based
lithofacies paleogeography and favorable natural gas
exploration areas of Cambrian Xixiangchi Formation
in Sichuan Basin and its periphery[ J]. Lithologic Res-
ervoirs»34(2) :1—16. (in Chinese)

REECEBEI LR T 45, 2023, M T B R 4T Rk R
AR AR 2R A R AR S PR R LT L Mo
#,97(4):1245—1261.

Wu L J,Wang P J,Ye Q Z,et al. ,2023. Characteristics of
carbon and oxygen isotopic compositions and the
palaeoenvironmental significance of Ordovician red
carbonate rocks in Xiangxi, Hunan[]J]. Acta Geologi-
ca sinica,97(4):1245—1261. (in Chinese)

PR TR = TR R %8, 2016, DU )1 4 b 98 R AR Bk R
hn—EHRA L AERRVTBELSLEZE S w0 R
SR T, 36(6): 11— 20.

Xu A N,Hu S Y,Wang Z C,er al. ,2016. Sedimentary
mode and reservoir distribution of the Cambrian car-
bonate &. evaporite paragenesis system in the Sichuan
Basin[ ] ]. Natural Gas Industry,36(6):11—20. (in
Chinese)

ettt By AR B /N Ok, L 2006, T RER X E R R T
ST A S IR AT S AT 0] RARR S
FF K .29(4) :4—8.

Xu S Q,Dai Z Y,Jiang X G,et al. ,2006. Oil and gas ex-
ploration prospects of Cambrian Xixiangchi Member
in palaeo-uplift zone[]J]. Natural Gas Exploration and
Development,29(4) :4—38. (in Chinese)

WAL AR R, %, 2017, IR A MM X ER R
T i A e U IR] L 3R AR AR B ST oy b B A
19(5):865—878.

Yang X Q,Zhong D K,Ren Y.etal. ,2017. Characteristics
and significance of carbon and oxygen isotopes of the

Cambrian Longwangmiao Formation, eastern Chongqing



%2

FRRFINRAAARZRRAZHAR ARMRRERLERE L — U F ML H T A H

+ 221 -

[J]. Journal of Palacogeography ( Chinese Edition) ,
19(5) :865—2878. (in Chinese)

TRy SR AR R AR B L 45, 2020, DY I 4 M R S % b X N
Bz 8 HE A5 R R [T, 3t BT B 4 3 4,
39(5):118—126.

Zhang H R.Jiang H.Chen Z Y.et al. .2020. A review of
the research status of Caledonian movement stages in
Sichuan Basin and surrounding areas[]]. Bulletin of
Geological Science and Technology,39(5):118—126.
(in Chinese)

KT, 1985, BRI LA A IRAR E AL R Sl R
KRR ARLT]. PLREAR L (4) 17— 30.

Zhang X 1.,1985. Relationship between carbon and oxygen
stable isotope in carbonate rocks and paleosalinity
and paleotemperature of seawater[J]. Acta Sedimen-
tologica Sinica,(4) ;17— 30. (in Chinese)

LR M RS, 2008, 7 FHLA ER R LA
F ke ) 7 2% 2 B0 Bt Jo 5 SCLT . M B Ak %, 37(2)
118—128.

Zuo J X,Peng S C,Zhu X J.,2008. Carbon isotope compo-
sition of Cambrian carbonate rocks in Yangtze Plat-
form, South China and its geological implications[]].
Geochimica, 37(2) :118—128. (in Chinese)

Lese il RAEE, M, %, 20200 AL FER R K E LR
SR B (R 37 2K 4 R A kR AR [T ], MR R 2,
45(3) :728—738.

Zuo J X,Zhu X J,Fang H B,er al. ,2020. Carbon isotope
trend across the base of Furongian Series of Cambri-
an.northern Henan, north China[ J]. Earth Science,
45(3) :728—738. (in Chinese)

Clayton R N.Degens E T.1959. Use of carbon isotope an-
alyses of carbonates for differentiating fresh-water
and marine sediments[ ] ]. AAPG Bulletin, 43 (4):
890—897.

Coplen T B,1995. Discontinuance of SMOW and PDB[J].
Nature,75(6529) : 285.

Glumac B, Spivak-Birndorf M L, 2002. Stable isotopes of
carbon as an invaluable stratigraphic tool: An exam-
ple from the Cambrian of the Northern Appalachi-
ans, USA[J]. Geology.30(6) :563—566.

Hammer @), Svensen H H,2017. Biostratigraphy and car-
bon and nitrogen geochemistry of the SPICE event in
Cambrian low-grade metamorphic black shale,South-
ern Norway[ ] ]. Palacogeography, Palacoclimatology,
Palaeoecology.468:216—227.

Hou M C,Jiang W J,Xing F C,et al. ,2017. Origin of dol-

omites in the Cambrian (Upper 3rd-Furongian) For-

mation, south-eastern Sichuan Basin, China [ ] ].
Geofluids,16(5) : 856 —876.

Kaufman A J,Knoll A H,1995. Neoproterozoic variations
in the C-isotopic composition of seawater: strati-
graphic and biogeochemical implications[ J]. Precam-
brian Research,73(1—4):27—49.

Keith M L, Weber ] N,1964. Carbon and oxygen isotopic
composition of selected limestones and fossils [ J].
Geochimica et Cosmochimica Acta, 28 (10 — 11):
1787—1816.

Kouchinsky A, Bengtson S, Gallet Y, et al. ., 2008. The
SPICE carbon isotope excursion in Siberia: A com-
bined study of the upper Middle Cambrian-lowermost
Ordovician Kulyumbe River section,northwestern Si-
berian Platform [ J ]. Geological Magazine, 145 (5):
609—622.

Kump L R, Arthur M A,1999. Interpreting carbon-isotope
excursions ; Carbonates and organic matter[ J |]. Chem-
ical Geology 161(1):181—198.

Liu S G.Yang Y.Deng B.et al. ,2021. Tectonic evolution
of the Sichuan Basin, Southwest China[]J]. Earth-
Science Reviews,213:103470.

Pulsipher M A, Schiffbauer J D, Jeffrey M J,et al. ,2021.
A meta-analysis of the Steptoean Positive Carbon Iso-
tope Excursion: The SPICEraq database[ ]J]. Earth-
Science Reviews,212:103442.

Qing H, Veizer J,1994. Oxygen and carbon isotopic com-
position of Ordovician brachiopods: Implications for
coeval seawater[ J]. Geochimica et Cosmochimica Ac-
ta,58(20) :4429—4442.

Ren G X,Qin QR,Qin Z J,etal. ,2022. Effects of diagen-
esis on quality of deep dolomite reservoirs: A case
study of the Upper Cambrian Xixiangchi Formation
in the eastern Sichuan Basin, Chinal[ J]. Frontiers in
Earth Science,10:984463.

Saltzman M R, Ripperdan R L, Brasier M D, et al. ,2000.
A global carbon isotope excursion (SPICE) during
the late Cambrian: Relation to trilobite extinctions,
organic-matter burial and sea level[ J ]. Palaeogeogra-
phy, Palaeoclimatology, Palaeoecology, 162 (3 ):
211—223.

Saltzman M R, Runnegar B, Lohmann K C,1998. Carbon
isotope stratigraphy of Upper Cambrian (Steptoean
Stage) sequences of the eastern Great Basin: Record
of a global oceanographic event[ J]. Geological Society
of America Bulletin,110(3) :285—297.

(THEEE 246 TO



+ 246 -

A E TR R CH AR O

%51 %

Rapp R P.Watson E B,1995. Dehydration melting of me-
tabasalt at 8-32 kbar: Implications for continental
growth and crust-mantle recycling[ J]. Journal of Pe-
trology,36(4):891—931.

Richards J P,2011. Magmatic to hydrothermal metal f{lu-
xes in convergent and collided margins[ ] ]. Ore Geol-
ogy Reviews,40(1) :1—26.

Rubatto D,2002. Zircon trace element geochemistry parti-
tioning with garnet and the link between U-Pb ages
and metamorphism [ J]. Chemical Geology, 184 (1)
123—138.

Rushmer T, 1991. Partial melting of two amphibolites:
Contrasting experimental results under fluid-absent
conditions[ ] ]. Contributions to Mineralogy and Pe-
trology,107(1) :41—59.

Sun S S, McDonough W F, 1989. Chemical and isotopic
systematics of oceanic basalts:Implications for mantle
composition and processes [ ] ]. Geological Society,
London, Special Publication,42(1):313—345.

Taylor S R,McLennan S M,1995. The geochemical evolu-
tion of the continental crust[J]. Reviews of Geophys-
ics,33(2):241—265.

Turner S P,Foden J D, Morrison R S,1992. Derivation of
some A-type magmas by fractionation of basaltic
magma: An example from the Padthaway Ridge,
South Australial J]. Lithos,28(2):151—179.

Wang F C,LiJ Y,Shen Y J.etal. ,2022. The early-middle
Silurian Delite monzogranite and quartz syenite, East
Kunlun Orogenic Belt, NW China: Petrogenesis and
implications for tectonic evolution of the Proto-Te-
thys[J]. Australian Journal of Earth Sciences,70(1) :
113—125.

Wiedenbeck M, Hanchar J M, Peck W H. et al.,2004.
Further characterisation of the 91500 zircon crystal
[J]. Geostandards and Geoanalytical Research,
28(1):9—39.

Wolf M B, London D,1994. Apatite dissolution into pera-

luminous haplogranitic melts: An experimental study
of solubilities and mechanisms [ J ]. Geochimica et
Cosmochimica Acta,58(19):4127—4145.

Xin W,Sun F Y, Li L,et al. ,2018. The Wulonggou meta-
luminous A,-type granites in the Eastern Kunlun O-
rogenic Belt, NW China: Rejuvenation of subduction-
related felsic crust and implications for post-collision
extension[ ] |. Lithos,312:108—127.

Yang ] H,Wu F Y,Chung S L,et al. ,2006. A hybrid ori-
gin for the Qianshan A-type granite,northeast China:
Geochemical and Sr-Nd-Hf isotopic evidence [ ] J.
Lithos,89(1—2):89—106.

Yang ] S, Robinson P T, Jiang C F, ez al. ,1996. Ophio-
lites of the Kunlun Mountains, China and their tec-
tonic implications[ J ]. Tectonophysics, 258 (1 — 4):
215—231.

Zhang ] Y,Ma C Q,Xiong F H,et al. ,2014. Early Paleo-
zoic high-Mg diorite-granodiorite in the Eastern Kun-
lun Orogen, western China: Response to continental
collision and slab break-off [ J J]. Lithos, 210;
129 —146.

Zheng Z.Chen Y J.Deng X H,et al. .2018. Origin of the
Bashierxi monzogranite, Qiman Tagh, East Kunlun
Orogen, NW China: A magmatic response to the evo-
lution of the Proto-Tethys Ocean[]]. Lithos, 296
181—194.

Zhou B,Dong Y P,Zhang F F,et al. ,2016. Geochemistry
and zircon U-Pb geochronology of granitoids in the
East Kunlun Orogenic Belt, northern Tibetan Plat-
eau:Origin and tectonic implications[ J]. Journal of
Asian Earth Sciences,130:265—281.

Zhou X H,Sun M, Zhang G H,ez al. ,2002. Continental
crust and lithospheric mantle interaction beneath
North China: Isotopic evidence from granulite xeno-
liths in Hannuoba, Sino-Korean craton[ ] ]. Lithos,
62(3—4):111—124.

(REHE: L 2O

(#5221 7D

Veizer J,Ala D, Azmy K, et al. ,1999. % Sr/* Sr, 8" C and
8" O evolution of Phanerozoic seawater[ J ]. Chemical
Geology,161(1—3):59—88.

Veizer J,1983. Chemical diagenesis of carbonates: Theory
and application of trace element technique[ ]J]. Stable

Isotopes in Sedimentary Geology,10(3):1—100.

Zhang P Y, Wang Y L.Zhang X J,et al. ,2022. Carbon,

oxygen and strontium isotopic and elemental charac-
teristics of the Cambrian Longwangmiao Formation
in South China: Paleoenvironmental significance and
implications for carbon isotope excursions| J ]. Gond-
wana Research,106:174—190.

(REHRE: 2L R



