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Abstract During the Early Cambrian, organic-rich shales of the Liuchapo Formation and Niutitang
Formation developed in northwestern Hunan, exhibiting good shale gas exploration potential. To address
the issues of insufficient precision in Early Cambrian stratigraphic correlation and unclear mechanisms of
carbon isotope evolution, this study systematically collected 133 carbonate rock samples from the drilling
core of the Well Xiangzhangdi—1 (with a well depth of 2018.25 m and a core recovery rate of 98%).
Analyses were conducted on the evolution trends of carbon and oxygen isotopes (8'°C, 8'°0), as well as
studies on shift events and stratigraphic correlation. Five negative §'°C anomalies (with amplitudes up to
12. 1%0) and three positive anomaly events ( with amplitudes approaching 9%c) were identified in the
Early Cambrian slope facies area of northwestern Hunan, revealing their synchrony with global carbon
cycle events such as BACE and ZHUCE. The results show that the Ediacaran-Cambrian boundary ( BACE
event) corresponds to the peak of negative 8'"°C shift (-9.8%¢), consistent with records from Siberia,
Morocco, and the South China platform facies. Positive shift events (ZHUCE, CARE) are coupled with
intervals of high organic matter abundance (with TOC peak values reaching 10.5%), indicating that
enhanced carbon burial driven by biological prosperity is the main controlling factor for positive ' C shifts.

This study establishes a carbon isotope stratigraphic framework for Early Cambrian boreholes in the South

China slope facies, providing a chemostratigraphic basis for regional shale gas sweet spot prediction.
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Fig. 1 Location of Well Xiangzhangdi— 1 and geological map of Zhangjiajie area, Hunan Province

(modified from Li et al., 2014; Chu and Wei, 2018; Peng et al., 2019)
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Fig. 2 Subdivision and correlation of the Cambrian in Zhangjiajie area, Hunan Province
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Fig. 3 Core photos of the Cambrian from Well Xiangzhangdi- 1 in Zhangjiajie area, Hunan Province

4 N °
R’=0.1853 o
)
S PR
£ -6 ’ X
\g ‘.'o 0.. o _-~
[ o? °
DS e o . 'o.o'
[ ’.’
o4 - “o' .'o%
--"e L 4 °® °
2-- s o °
. o o%$*
124
14 T T T T T T T T 1
-12 -10 -8 -6 -4 2 0 2 4 6
6" Copy/ %o

B4 Wk A Xk 1 FE R R 87C
i1 80, T AR 1
Fig. 4 Correlation between 8"°C ,,, and 8"°0,,, values of the
Cambrian from Well Xiangzhangdi— 1 in Zhangjiajie area,

Hunan Province

YoRE R S, T IX 62 Wy AR 1 B A 2 25 10 v F- T
AL R 58 b, 2021; 4 2% %, 2024) . 5% %
Wy, FERAIMKA T 10 K8 F R E R AR 4L
BB (Zhu et al., 2006), Hrp 6 RIERH
&4 TR RIEHR “BACE” (Basal Cambri-
an Carbon isotope Excursion ). 2 — By H #
“SHICE” (SHIyantou Carbon isotope Excursion) . 2f
PR AR “AECE”  ( Archaeocyathid Extinction Car-
bon isotope Excursion ) . 2f 1. [ Ji& # “ ROECE”
( Redlichiid-Olenellid Extinction Carbon isotope Excur-
sion) . I E “DICE” ( Drumlan Carbon iso-
tope Excursion) Fl1%5 + T #E “TOCE” ( Top of

Cambrian Excursion) , 4 ¥ IF E5 2 44 5 H #LTE
B R R “ZHUCE” ( ZHUjiaqing Carbon isotope
Excursion) . 25 =K &R T “CARE” ( Cambrian
Arthropod Radiation isotope Excursion) . 5 PU T &%
“MICE” ( MIngxinsi Carbon isotope Excursion), DL
JHE 2By JiE 8 “ SPICE” ( the Steptoean Positive
Carbon isotope Excursion) ,

Wk 1R RER A ) CL O RS ) o 2 P ik
SERIEWAR 1, g BRI IE S B o b 4
RwoR, 8°C KA TF - 11. 0% ~ +4.3%0 Z [
(1), AFMERIN: ITRATBI (3 4
i) N O0.6%0~+2.3%0, AWM (6 M) N
=9.8%0 ~ =0.6%c, WA (13 fFHEMW) N
—11.0%0~—0. 8%c, B (4 FEAESY) N —-5.5%0
~=1.6%0, Wi A (42 FEREGL) =5 T%0 ~
2.9%0, FUZA (56 FREM) N —3.3%0 ~ +4. 3%,
FEMFAL & (10 FEEEGL) 9 —2.2%0 ~ = 0. 6%0, %5
GRF, $CHAER LRI ZREBEWIE, i
ERRECE S) .

HIR AR KA FERRIKAMIE, 67C HA
+0. 6%o 2 il 4 2 = 9. 8%o, i F% IR J& # 1d 10. 4%o,
HEAMREERETHHAR EZ E13.4m b, 5 2
WAL T B A5 4L L, 67°C {i A - 0. 8%o i
TFEE- 11 0%, H4 IR B2 E 10%0H) B K 17 i B8
FF o 5 3 WA ERRS R AR TETE I AL R, i A
Y&/ (H +2. 2% F 2 -0.7%0) , {Hid % T M IE
T ¥ W (6L 18] B0 MBS B9 B R ol R, LR R IR
1613.20 m b il 8°C {HiA-5. T%o, 554 K (KR
HTH, +0.8%F~1.9%) FH 5K (EHHIE



_

CM K

270 + W O F R 2026 4 2 A

R HEARRFAMRERY | AFRR CORERMLEMAER

Table 1 Stable carbon and oxygen isotopic data of the Cambrian from Well Xiangzhangdi—1 in Zhangjiajie area,Hunan Province
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XZD-Z,dn-1T HRESE 200695 1.3 -1.7 XZD-€ ,a-1T =R A 1550.35  -1.7 -8.8

! XZD-Z,dn-1T"  GERE =4 2006.95 1.3 -1.8 68 XZD-€ ,a-1T"* ZERbE 155035 -1.6 -8.6
2 XZD-Z,dn-2T  [EfREH T2 2004.35 2.2 -3.8 69 XZD-€ ,a-2T A 1548.50  -0.7 -5.2
3 XZD-Z,dn-3T  REEfRE =2 2000.90 0.6 -4.9 70 XZD-€ ,a-3T YR ey 1545.70  -0.9 -11.5
4 XZD-Zydn-4T  GEFE S 199920 -1.4 -6.4 71 XZD-€ ,a-4T WA 1542.55  -1.3 -10.5
5 XZD-Z,dn-5T  GERH = 1998.15 -1.8 -5.3 72 XZD-€,a-5T WK 1541.20  -0.2 -9.7
6 XZD-Z,dn-6T  FEEH % 1996.60 -5.4 -5.7 73 XZD-€,a-6T TR 1536.15 0.0 -8.8
XZD-€ n-8T RERRKE  1993.00  -7.2 -10.5 || 74  XZD-€,a-7T s 1528.48 4.3 79

! XZD-€ ,n-8T* Tl T K 1993.00 -7.1 -10.6 || 75  XZD-€,a-8T TR 1520.40 -1.0 -8.8
8  XZD-€ n-12T TR 1987.50  -9.8 -8.3 76 XZD-€,a-9T KA 151575  -1.5 -9.0
9 XZD€ | n-9T REFR A 1986.95  -2.5 -9.8 XZD-€ ,a~10T Vs 151120 -1.9 ~8.6
10 XZD-€ ,n-10T REFKS 198520 -8.0 -8.4 77 XZD-€ ,a-10T* TR 1511.20  -1.9 -8.6
11 XZD-€ ,n-13T 3= 1973.00  -2.1 -11.6 || 78 XZD-€,a- 11T K& 1506.80  -0.7 -8.8
XZD-€ | n—-14T TR 1969.00  -1.2 -11.4 || 79  XZD-€,a-12T & 1502.90 0.1 -8.4

12 XZD-€ | n-14T W 1969.00 -1.2 -11.5 || 80  XZD-€,a-13T E 1497.45  -0.3 -7.9
13 XZD-€ ,n-15T V&5 1966.10  -0.8 -11.2 81 XZD-€ ,a~-14T Ve 1492.25 0.3 -8.7
14  XZD-€  n-16T V& 1962.35 -11.0  -11.2 || 82  XZD-€,a-15T VT 148530  -0.5 -9.8
15 XZD-€ n-17T IR 1959.60 -10.3  -11.1 || 83  XZD-€,a-16T TR 1481.05 0.5 -9.7
XZD-€ ,n-18T TR 1953.40 -10.0  -10.8 XZD-€ ,a-17T TR 1477.58  -1.0 -9.7

16 XZD-€ n-18T" IR 195340 -100  -100 | XZD-€ ,a-17T" TR 1477.58  -1.0 -9.7
17 XZD-€,n-19T IR 194575  -4.0 -10.4 || 85  XZD-€,a-18T TR 146735 -1.2 -10.5
18 XZD-€ n-2IT Va5 1916.53  -3.1 -11.1 86  XZD-€,a-19T TR 1461.10  -3.0 -9.8
19  XZD-€,n-22T IR 1909.30  -2.8 -10.8 || 87  XZD-€,a-20T TR 1456.55 -1.5 -9.8
20 XZD-€,n-23T IR 1905.00 -3.8 -103 || 88  XZD-€,a-21IT TR 1450.90  -3.3 -9.6
21  XZD-€,n-24T W 1892.62  -2.7 -11.3 || 89  XZD-€,a-22T K 1440.85  -1.0 -9.8
22 XZD-P-6T TR 1818.90  -3.8 -9.5 90  XZD-€,a-23T VT 143430  -2.3 -9.7
23 XZD-P-5T E5 1805.70  -1.6 -11.1 || 91  XZD-€,a-24T V& 1427.15  -1.3 -9.6
24 XZD-P-4T R 1796.80  -5.5 -9.4 92 XZD-€,a-25T TR 1419.10 -1.3 -9.1
25 XZD-P-3T E5 1792.10  -2.0 -11.5 XZD-€ ,a-26T TR 1415.45 1.3 -8.6
26 XZD-€ ,¢-1T V3 1721.40 -1.4 -8.9 93 XZD-€ ,a-26T* TR 1415.45 1.3 -8.5
27 XZD-€ ,q-2T V3 1719.80  -1.5 -8.7 94  XZD-€,a-27T TR 1411.25  -1.1 -8.9
28  XZD-€,¢-3T V3 171590  -0.3 -9.2 95  XZD-€,a-28T K 1405.60  -1.0 -9.8
29  XZD-€,¢-4T V3 1712.50 0.7 -9.0 96  XZD-€,a-29T TR 1405.05 -1.0 -9.7
30  XZD-€,¢q-5T IR 1708.70  -0.4 -8.6 97  XZD-€,a-30T TR 1400.30  -0.8 -9.3
31 XZD-€ ,¢q-6T T 1699.35  -0.1 -6.7 98  XZD-€,a-31T KA 1395.55  -0.5 -9.4
32 XZD-€,¢-7T TR 1692.15 0.1 -9.0 99  XZD-€,a-32T E 1390.95 -1.5 -9.0
33 XZD-€,¢q-8T W 1688.90 1.0 -7.5 XZD-€ ,a-33T TR 1386.40  -0.5 -9.0
XZD-€ ,¢-9T WK 1685.75 0.2 5o || ' XZD-€ ,a-33T W 1386.40  —0.5 90

34 XZD-€ ,q-9T* V& 1685.75 0.2 -8.8 || 101 XZD-€,a-34T V& 1381.05 -1.4 -8.7
35  XZD-€,q-10T V3 1682.05 1.2 -6.7 || 102 XZD-€,a-35T WA 1378.10  -2.0 -9.2
36  XZD-€,q-11T IR 1678.70 0.5 -8.2 || 103 XZD-€,a-36T TR 1372.65  -0.7 -8.5
37 XZD-€,¢-12T IR 1675.30 1.6 -7.4 | 104 XZD-€,a-37T TR 1365.50  -0.1 -7.4
38  XZD-€,¢-13T V3 1672.10 2.3 -7.3 || 105 XZD-€,a-38T TR 1357.40 0.4 -7.7
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39 XZD-€,q-14T R 1668.25 2.5 -7.2 XZD-€,a-39T TR 1351.70 0.2 -7.7
40  XZD-€,¢-15T R 1665.10 2.6 6 || 1 XZD-€ ,a-39T" IR 1351.70 0.2 -7.6
XZD-€ ,¢q-16T TR 1662.80 2.7 -5.8 107 XZD-€,a-40T Y 1346.90 0.0 -7.6

H XZD-€ ,q—16T" V&= 1662.80 2.7 -5.7 || 108 XZD-€,a-41T TR 1339.20 1.0 -8.4
42 XZD-€,¢-17T WK 1660.05 2.5 -6.4 || 109 XZD-€,a-42T KA 1333.30 1.3 -8.5
43 XZD-€,q—18T IR 1657.00 2.7 -5.8 || 110 XZD-€,a-43T WA 1326.80 1.8 -7.8
44  XZD-€,¢-19T R 1654.30 2.9 -6.0 || 111 XZD-€,a-44T TR 132220 1.4 -7.4
45  XZD-€,¢-20T R 1649.60 2.6 -6.0 XZD-€ ,a-45T TR 1314.60 1.9 -7.2
46  XZD-€,¢-2IT IR 1645.58 2.4 62 || M2 XZD-€ ,a-45T * TR 1314.60 2.0 -7.2
47 XZD-€,¢-22T IR 1641.20 2.3 -5.6 | 113 XZD-€,a-46T KA 1310.50 1.6 -8.8
48  XZD-€,q-23T R 1636.30 2.1 -6.2 || 114 XZD-€,a-47T TR 1304.53 0.7 -9.8
XZD-€ ,¢q-24T TR 1630.45 1.8 -6.1 115 XZD-€,a-48T K 1296.70 1.7 -8.4

49 XZD-€ ,¢-24T" g 1630.45 1.8 -6.1 116 XZD-€,a-49T &= 1289.80 2.0 -10.4
50  XZD-€,¢-25T TR 1626.30 1.5 -6.4 || 117 XZD-€,a-50T S 1282.70 1.6 -11.0
51 XZD-€ ,¢-26T W 1622.00 0.2 -7.5 XZD-€,a-51T = 1275.40 0.5 -8.3
52 XZD-€,¢q-27T K 1619.00  -0.7 g9 | M® XZD-€ ,a-51T" P 127540 0.5 -8.2
53 XZD-€,q-28T TR 1613.20 -5.7 -8.6 || 119 XZD-€,a-52T EpaFey 1269.10  -0.1 -8.2
54  XZD-€,¢-29T R 1608.80  -0.4 -9.9 || 120 XZD-€,a-53T SR 1262.30 0.1 -7.9
55  XZD-€,¢-30T R 1603.80  -0.3 -9.0 || 121 XZD-€,a-54T 2 1256.40 0.1 -6.3
XZD-€,¢-31T R 1600.43 0.0 -8.0 || 122 XZD-€,a-55T B 2 1250.30  -0.1 -6.8

X Xun-e,g-31t° o 160043 0.0  -80 | 123 XZD€,a-56T  HZE#H 124060 09  -6.7
57  XZD-€,q-32T IR 1594.80  -0.1 -4.6 || 124 XZD-€,a-57T K 1238.70  -0.6 -6.5
58  XZD-€,¢-33T R 1590.70  -0.3 -6.5 || 125 XZD-€,a-58T TR 1232.40 -1.3 -6.3
59  XZD-€,q-34T R 1587.45 0.0 -8.4 || 126 XZD-€,a-59T TR 1227.55 -1.9 -6.1
60  XZD-€,q-35T KA 1582.45 0.5 -7.2 || 127 XZD-€,a-60T K 1225.25 =22 -5.6
61 XZD-€,¢-36T K 1579.60 2.1 -8.2 XZD-€ ,a-61T KA 1219.40 -1.9 -6.0
XZD-€,¢-37T  REHEZZE  1575.00 1.7 o8 || '8 XZD-€ ,a-61T"* TR 1219.40  -1.9 -6.1

62 XZD-€,¢-37T*  REEZHE  1575.00 1.7 -6.9 || 129 XZD-€,a-62T TR 1209.20  -1.9 -6.3
63  XZD-€,¢-38T RHHAZZH  1572.00 1.5 -73 || 130 XZD-€,a-63T KH 1201.20  -1.2 -6.0
64  XZD-€,¢-39T REHZHE  1565.60 1.3 -53 || 131 XZD-€,a-64T KA 1195.40  -0.8 -6.0
65  XZD-€,¢-40T RFEHZE  1560.95 1.1 -53 || 132 XZD-€,a-65T TR#A 1192.20  -0.8 -5.9
66  XZD-€,q-41T  REEZE  1554.60 0.7 -4.9 || 133 XZD-€,a-66T KA 1184.55  -0.6 -11.2

67 XZD-€,¢-42T R\ HEZTHE 155330 0.8 -7.9 M BRI TSRS SR 17 ¢
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Fig.5 8"C ,,, and 8"0,,, variation of the Cambrian from Well Xiangzhangdi— 1 in Zhangjiajie area, Hunan Province
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T RO A CT AR BRI ERGR, 19885 5F AL BT
S5, 1993 K fE Bk S5, 19985 B 2 £1 A TE B XL,
2000) , # T 2 b G, TGN Eocu-
cumaria-Huangshandongella , 0 J& 52 i & P 42 W
W, A A R SE N SE A A Proto-
hertzina-Kaiyangites, I, T 4G 2 8] hp 35l -k i —
FERAL, 5 o B AR i) T A AR A AL/ e A A e
A/BERX N, X HEM. . W, Wil
b Ni-Mo &7 JZ2 T FBAHXS R, 5 e 7 B Pt /2 2% B 2
B DA F) I 28 B 20— i 20 J 2k 542 Ma I FRAR 2
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2018) B A LK 5 5 Wi (Sahoo et al., 2012) F 3
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(g%, 2011), 2 AE R RIR A A E B E.

BB ER 8°C HIEEA (ZHUCE H4F) &
AT HERWA P (R 1987.5~1966. 1 m), 4
WA T 528—521 Ma Z[H] (AE4i4E, 2011) . B
8"C H H 9. 8% &) Tt & - 0. 8%0, VRS IE FE i
%o, % F F Al 5 4 Bk “ZHUCE” = ff (Zhu
et al., 2006) Xflt, J5HEHX G AT Y)
PSR (28, 2009) K P§{HF I Nemakit-
Daldynian [y B 4 9 45 51 &5 {4+ ( Kouchinsky et al.,
2012) FAXFRL, AWML B WG TR /N E)
WAk 11 Paragloborilus-Siphogonuchites i (B i 55 |
2011) o BhEIFA 8 7R B R B AU A PR B O A B
B ea KRR A2, Hes B8
Pl (TOC) & # PR Ik (K 6), TOC {4 i
0. 2% PRiEHE 2 10. 5% . X LLRFAE 3R W11 R ok K A
X KA T — 5 A BRI A0 1 35 R LA 4 = 1
(Zh#a, 2019), HAR AT RE IR T 98 iR P00 AR
Py e B, ek A PLE R E R AR, AT
FRT KRN C F R, E C A
PLBKR LA A= i i B9 8 20 9 X B B AF (8 2 4,
2011),

552K 8"C A FIEA F 1 (SHICE) k4 F#
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T 521 Ma, 1 DLR B o 8 o 85 o I o o ik
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BACE H /N, A 8"C{HH AR, 6"°C K g & — i
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HEPAILRFEENRE TREES, ZHERES
5.5% (K 6),
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