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Stable isotope records of the Ediacaran Doushantuo Formation in the eastern
Yangtze Gorges and its significance for choronostratigraphy

CHEN Xiao—hong, ZHOU Peng, ZHANG Bao—ming, WANG Chuan—shang

(Wuhan Center of China Geological Survey, Wuhan 430223, Hubei, China)

Abstract: The litho— , sequence and high—resolution stable isotopic stratigraphy of the Lower Eidacaran Doushantuo Formation in
the Qinglingkou segment as well as Zigui, Xiaofeng and Sixi segments of Yichang were studied in this paper. Five transgressive
events characterized by the occurrence of limestone or thickened black shale and five third— order sequences in ascending order
named BDSS, LDSS, MDSS, UDSS and TDSS were recognized in the base, lower, middle, upper and top parts of the Lower
Eidacaran Doushantou Formation. According to the features of the sequence boundary, the correlations of the §°C profile between

different geographic positions of the Eidiacara Doushantuo Formation in the eastern Yangtze Gorges indicate that there are five
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negative 8"”C excursions, which are comparable in the region and even in the global scale. They are SN1 in the lower part of the
BDSS, SN2 in the upper part of the LDSS, SN3 and SN4 in the upper and top parts of the MDSS, and SN5 in the upper part of the
UDSS. Among them, the negative §°C excursions of the SN1 and SN4 are most obvious, their minimum 6”C are separately close to
—4%o to —5%o0 and —9%o to —10%., and separately very similar to data of the carbon isotope in the cap dolostone overlaying the
Marinoan tillite and the strata related to the Gaskier glacial period. The formation of the SN4 was attributed to the results of Gaskier

glacial period. A comparison with the significance of the SN1 as the mark of the basal Ediacaran System shows that SN4 might have

been another important boundary mark in the subdivision of the Ediacaran System.
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Fig.1 Generalized geological map of the eastern Yangtze
Gorges (modified after reference [24])

Sections of Doushantuo Formation: 1—Xiaofeng River;
2-Sixi; 3—Qinglingkou
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Table 1 8°C and 5" O of samples from the Sixi section, Zigui

G 6 C1% 6 0/%| T 8 5C%0 8 0/%o PR 8 5C/% 6 "0/%0
Zd1-2-1T -4.33 -892 | Z1d2-20-11T 32 -3.22 Z1d2-29-3T -0.83 -1.97
7d1-2-2T -2.74 -7.14 | Z1d2-20-12T 2.63 -4.17 71d2-29-4T -1.79 -1.67
7d1-3-1T -34 -6.68 71d2-21-1T 447 -2 .81 71d2-30-1T =211 242
Zd1-32T  -345  -7.02 | Z1d2-21-3T 274 -3.34 Z1d2-30-2T -5.59 -22
Z1d1-4-1T -4.32 -8.04 Z1d2-21-4T 2.6 -3.37 Z1d2-30-3T -5.99 -1.87
Z1d1-4-2T -34 -997 Z1d2-21-5T 273 -347 Z71d2-30-4T -86 =212
Z1d1-5-1T -3.52 -7.26 Z1d2-21-6T 2.51 -3.63 Z1d2-30-5T —6.64 -2
Z1d1-52T =25 =779 | Z1d2-21-7T 2.81 -291 Z1d2-30-6T -9.59 -2.57
Z1d1-6-1T 034 818 Z1d2-21-9T 234 35 Z1d2-31-1T 529 222
Z1d1-6-2T 384  -334 | Z1d2-21-10T  -0.55 -3.05 Z1d2-31-2T -5.49 -2.03
Z1d1-7-1T 1.44 -292 | Z1d2-21-12T 2.02 -2.57 Z1d2-32-1T -4.76 -1.96

Z1d2-12-1T  -3.16  -9.68 | Z1d2-21-13T 198 272 71d2-32-2T -4.46 -2.04
Z1d2-12-2T 127 -7 Z1d2-21-15T 0.34 -2.67 Z1d2-32-3T -5.38 -1.76
Z1d2-14-1T 405  -501 | Z1d2-22-1T  -3.51 -2.63 Z1d2-33-1T -29 -1.87
Z1d3-14-3'1 4.68 -5.19 Z1d2-22221 -1.86 -1.96 /1d2-33-21T -3.08 -2.19
Z1d2-14-5T 445 =543 | Z1d2-223T  -2.53 -2.01 Z1d2-33-3T 3.4 -225
Z1d2-14-7T 418 486 | Z1d2-22-4T  -251 -3.13 Z1d3-34-1T 0.5 -3.14
Z1d2-15-1T 227  -478 | Z1d2-22-5T  -1.28 -2.11 Z1d3-34-2T 0.66 -348
Z1d2-15-4T 3.59 —4.34 Z1d2-23-1T -4.34 -1.88 71d3-34-3T 1.18 -393
Z1d2-16-1T 378  -472 | Z1d2-23-2T -39 -2.23 Z1d3-34-4T 1.89 -3.52
Z1d2-17-2T 238 —4.36 Z1d2-23-3T -4.06 -2.38 71d3-34-5T 2.19 -3.69
Z1d2-17-3T 367 -5.76 Z71d2-23-4T -35 -1.8 Z1d3-35-1T 334 -3.78
Z1d2-174T 357 -56 | Z1d2-242T  -2.68 -1.84 Z1d3-35-2T 3.55 -3.05
Z1d2-17-5T 326  -581 | Z1d2-243T  -283 =335 Z1d3-35-3T 4.57 -3.69
Z1d2-17-6T 3.57 -5.15 71d2-24-4T -2.08 -2.78 71d3-35-4T 517 -4.6
Z1d2-17-7T 198  -3.03 | Z1d2-25-1T  -1.54 -2.93 Z1d3-35-5T 457 -3.06
Z1d2-17-8T 346 -391 Z1d2-25-2T -0.92 —2.12 71d3-35-6T 4.13 -3.69
Z1d2-17-9T 222 —4.06 Z1d2-25-3T 0.35 -2.38 Z1d3-36-1T 2.53 242
71d2-17-10T 316 -52 71d2-25-4T 048 -291 71d3-36-2T 222 =541
Z1d2-17-11T 269 465 | Z1d2-25-5T 1.64 -334 Z1d3-37-1T 1.46 -3.51
Z1d2-17-12T 3.81 —4.95 Z1d2-26-1T 1.7 -2.53 71d3-37-2T 2.02 -3.56
Z1d2-19-1T 376 =517 7Z1d2-26-2T -12 26 Z1d3-37-3T 282 -358
Z1d2-19-3T 384  -5.15 | Z1d2-26-3T  -0.66 -2.6 Z1d3-37-4T 2.77 -347
Z1d2-19-4T 417 —4.96 Z1d2-26-4T -0.47 -3.65 Z1d3-37-5T 3.6 -2.53
Z1d2-19-5T 324 495 Z1d2-27-1T 1.55 2.46 71d3-37-6T 532 6.88
71d2:20-1T 3.6 -5.69 | Z1d2-27-2T 0.58 -2.13 Z1d3-37-7T 4.52 -7.87
Z1d2-202T 334 512 | Z1d2-28-1T 1.15 -4.17 71d3-37-8T 352 -3.06
71d2-20-4T 292 -58 71d2-28-2T 0.5 -345 71d3-37-9T 4.41 —4.24
Z1d2-20-5T 342 494 | Z1d2-28-3T 152 -261 Z1d3-37-10 2.73 -4.55
Z1d2-20-6T 341 —4.96 71d2-28-4T 1.36 —2.49 Z1d3-37-11T 3.48 -7.16
Z1d2-20-7T 281 -6.05 | Z1d2-28-5T -03 -271 | 71d3-37-12T 427 -3.16
Z1d2-20-8T 433 343 | Z1d2-28-6T  -1.37 -3.58 Z1d3-38-1T 3.68 -3.88
7Z1d2-209T  2.03 -4.03 | Z1d2-29-1T -15 -1.93 Z1d3-38-2T 4.03 -3.29
Z71d2-20-10T 245 -3.34 Z71d2-29-2T -2.38 -1.25 7.1d3-38-3T 4.29 -332
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B 8%C/% 600 | FEMS 65C% 6 0% P i 5 8 %Cl% 6 "%0/%o
Z1d3-38-4T  3.51 -253 | Z1d3-432T  -0.30 416  |Z1d3-43-20T  -0.16 -2.12
Z1d3-38-5T  3.73 -333 | Z1d3-43-3T  0.18 -3.04 Zd3-44-8T  -034 -1.99
Z1d3-38-6T  2.56 =513 | Z1d3-434T  -0.12 -0.96 Zd3-44-9T  -043 -1.27
Z1d3-39-1T  3.26 -4.88 | Z1d3-43-5T  -0.11 -3.44 Zd3-44-10T  -0.47 -1.86
Z1d3-392T  3.64 -427 | Z1d3-43-6T  -0.19 -4.06 Zd3-44-11T  -047 ~2.46
71d3-39-3T 332 -440 | Z1d3-43-7T  0.00 -4.32 Zd3-44-12T  -0.52 -2.17
71d3-39-4T 3.34 -3.87 71d3-43-8T -0.24 -345 7d3-44-13T -0.65 -1.08
Z1d3-39-5T 2.61 -3.85 71d3-43-9T 0.12 -2.90 7d3-44-14T 0.06 -0.54
71d3-39-6T 3.03 -4.45 71d3-43-10T -0.13 -323 7d3-44-15T -0.32 -1.15
71d3-39-7T 3.52 -4.29 Z1d3-43-11T  -0.25 -2.71 7d3-44-16T -0.19 -2.70
71d3-39-8T 2.82 -4.90 71d3-43-12T  -0.11 -2.35 7d3-44-17T -0.06 -4.33
Z1d3-39-9T 226 =537 | Z1d3-43-13T 020 -2.12 Zd344-18T  -023 -3.37
Z1d3-39-10T  2.55 -545 | Z1d3-43-14T 042 -4.30 Zd344-19T  -0.23 -2.84
Z1d3-39-11T  2.69 -524 | Z1d3-43-15T  -0.20 -3.68 Zd3-44-20T  -0.42 -1.90
Z1d3-39-12T  2.67 -4.17 | Z1d3-43-16T  -025 -2.66 Zd3-44-21T  -034 -1.36
Z1d3-40-1T 235 -395 | Z1d3-43-17T  -0.09 -3.54 Zd3-44-2T 0.0 -223
71d3-40-2T 0.75 -5.09 71d3-43-18T -0.56 -0.16 7d344-23T 0.21 -1.88
Z1d3-40-3T  0.77 -4.95 | Z1d3-43-19T  -0.24 -0.33 Zd344-24T  -0.15 -0.53
71d3-40-4T 0.81 -5.01 7d3-43-20T -0.48 -1.32 7d3-44-25T -0.04 -1.68
71d3-40-5T 1.27 =578 Z7d3-43-21T -0.24 -1.43 7d3-44-26T -0.17 -0.45
71d3-40-6T 0.44 -5.64 7d3-43-22T -0.34 -0.99 7d3-44-27T 0.11 -2.65
Z1d3-40-7T  1.20 -498 | Zd3-43-23T  -025 -0.96 Zd3-44-28T  -022 -0.80
71d3-40-8T  0.62 =500 | Zd3-43-24T  -0.15 -3.62 Zd3-45-1T  -0.62 -2.16
71d3-40-9T 0.29 -4.49 7d3-43-25T -0.12 -3.44 7d3-45-2T -0.69 -1.82
Z1d3-40-10T  0.68 -323 | Zd3-4326T  -0.10 -425 Zd3-45-3T 0.14 -2.84
Z1d3-40-11T  -0.04 -497 | Zd3-4327T  -0.17 -2.65 Zd3-47-1T 1.46 -1.19
Z71d3-40-12T -0.13 =545 7d3-44-1T 0.10 -2.49 7d3-47-2T 2.71 -3.96
71d3-40-13T -0.35 -4.32 7d3-44-2T -0.17 -2.98 7d3-47-3T 432 =577
Z1d3-40-14T  -0.46 ~4.14 | Zd3-443T  -0.12 -3.20 Zd3-47-4T 2.13 -1.54
Z1d3-41-1T 0.8 -257 | Zd3-44-4T  -036 -0.85 Zd3-47-5T 142 -231
Z1d3-42-1T 0.09 -5.26 7d3-44-5T 0.03 -0.57 7d3-47-6T 1.54 -2.20
Z1d3-42-2T 029 -446 | Zd3-44-6T 023 -323 Zd3-47-7T 1.58 -2.06
Z1d3-43-1T  -0.29 -432 | Zd3-44-7T 031 -3.11
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Fig.2 Litho— and sequence stratigraphy, and 8" °C (%o, PDB) and §"O (%o, PDB) profiles of the Doushantuo Formation in Sixi, Zigui
1-Tillite; 2—Mudstone; 3—Carbonaceous mudstone; 4—Limestone; 5—Dolomite limestone; 6—Calcite dolomite; 7—Dolomite; 8—Argillaceous
dolomite; 9—Carbonic dolomite; 10—Siliceous dolomite; 11—Dolomite with gravel; 12— Brecciated dolomite; 13—Siliceous phosphorus dolomite;
14—Oolitic limestone; 15—Intraclast—bearing dolomite; 16—Chert; 17—Silicious band; 18—Cover; 19—5"0 point; 20—5"C point; SN—Carbonate
isotope excursion; B (L, M, U, T) DSS—Third—order sequence in the basal (lower, middle, upper, top) part of the Doushantuo Formation;
CAP—Cap dolomite; TST—Transgressive systems track; HST—Highstand systems track
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Fig.3 Litho— and sequence stratigraphy, and 8°C—veps (%0) and 8*O—veps (%0) profiles of the Doushantuo Formation along the

Xiaofeng River, Yichang (legends as for Fig. 2)
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Table 2 8°C and 5”0 of samples from the Xiaofeng section, Yichang

FEdhs 8 5C/% 6 '%0/%| FEfS  867C/% 6 '0M% | FERS 6 7C%0 8 "*0/%0
Z1d2-2-1T 635 299 |Z1d2-42-1T 634 -339 | YXDZ2T 367  -638
Z1d2-3-1T 517  -4.10 | Z1d2-43-1T 550 -457 | YXDZ3T 218  -646
71d2-3-2T 5.87 =537 | Z1d2-44-1T 5.98 -2.49 YXDZ-4T 0.35 -1.29
Z1d2-4-1T 569  -7.64 | Z1d2-45-1T 534 -200 | YXDZ-5T -247 -114
Z1d2-5-1T 567 661 |Z1d2-46-1T 211  -217 | YXDZ-6T 225  -328
Z1d2-6-1T 468  -730 | Z1d2-47-1T  2.03 -282 | YXDZ-7T 614  -729
Z1d2-7-1T 6.25 -4.88 | Z1d2-48-1T 2.53 -2.75 YXDZ-8T 5.54 -7.04
Z1d2-8-1T 526 648 |Z1d2-49-1T  3.83 -418 | YXDZ-9T 471  -510
71d2-9-1T 5.85 -520 | Z1d2-50-1T 3.37 -3.89 |YXDZ2-10T -024 -297
Z1d2-12-1T 611 406 |Z1d2-51-1T  3.82 -3.68 |YXDZ3-11T 407  -483
Z1d2-13-1T 604  -382 |Z1d2-52-1T  3.77 -4.04 |YXDZ4-12T -039  -190
Z1d2-14-1T 6.74 -3.65 | Z1d2-53-1T 4.66 =545 |YXDZ5-13T 357 -4.53
Z1d2-15-1T 591  -4.63 |Z1d2-55-1T 328 -3.60 | YXDZ-14T -027  -154
71d2-16-1T  6.70 -4.11 | Z1d2-56-1T 4.69 -6.18 |YXDZ7-15T 0.38 -2.55
Z1d2-17-1T 644  -3.65 | Z1d2-57-1T  5.12 -291 |YXDZ8-16T 048  -2.09
Z1d2-18-1T  6.69 -3.36 | Z1d2-58-1T 4.29 -298 |YXDZ9-17T -3.17 -1.57
71d2-19-1T  6.61 -2.88 | Z1d2-59-1T 3.17 -233 | YXDZ-18T 1.34 -3.34
Z1d2-20-1T 667 -394 | Z1d2-60-1T 331 -297 | YXDZ-19T -0.12  -269
Z1d2-21-1T 595  -4.06 |Z1d2-61-1T 245 -271 |[YXDZ12-20T 022  -231
Z1d2-22-1T  6.33 =595 | Z1d2-62-1T 3.82 -6.19 [YXDZ13-21T 0.59 -6.72
71d2-23-1T 599 -6.02 | Z1d2-63-1T 4.12 -5.54 [YXDZI15-22T 4.16 -5.47
Z1d2-24-1T 629  -539 |Z1d2-64-1T  6.15 -519 | YXDZ-23T 267  -529
71d2-25-1T 644 -3.85 | Z1d2-64-2T 7.15 =397 [YXDZ15-24T 242 -5.73
Z1d2-26-1T 634 -3.57 | Z1d2-65-1T  6.84 -460 | YXDZ-25T 281  -590
Z1d2-27-1T 566  -561 | Z1d2-652T 723 -434 |YXDZ17-26T 446  -587
Z1d2-28-1T  6.37 -5.14 | Z1d2-66-1T 7.34 -399 | YXDZ-27T 4.89 -3.38
Z1d2-29-1T 668  -4.53 | Z1d2-66-2T  7.34 -435 |YXDZ19-28T 4.13  -4.03
71d2-30-1T  6.32 -5.00 | Z1d2-67-1T 7.48 -393 | YXDZ-29T 4.86 -2.42
Z1d2-32-1T 720 399 |Z1d2-68-1T  7.13 -490 | YXDZ-30T 516  -1.19
Z1d2-34-1T 604 392 | Z1d2-69-1T 6385 -284 [YXDZ20-31T 566  -4.19
Z1d2-35-1T 583  -3.52 | Z1d2-70-1T  7.07 -224 | YXDZ-32T 556  -459
Z1d2-36-1T 554  -4.54 | Z1d2-71-1T 620 -242 | YXDZ-33T 500  -5.09
Z1d2-37-1T 598  -3.54 |Z1d2-712T  6.02 -417 |YXDZ21-34T 143  -406
71d2-38-1T  5.59 =536 | Z1d2-72-1T 5.95 =525 | YXDZ-35T 1.70 -4.33
Z1d2-39-1T 479 -582 | Z1d2-73-1T 555 -6.04 | YXDZ-36T 275  -488
71d2-40-1T 593 -3.73 | Z1d2-73-2T 5.85 -6.46
Z1d2-41-1T  6.02 -4.70 YXDZ-1T 5.06 -3.54

T ) Z AR, BRAEBEIINEA — Be s =By PR A a B B, 8°C A8 20 T a2 0% ff
RS CRMEG A, BEIUNEH =BT E IR ik, SRR CHIE—L P EEER/N-2.77%,
JZ Az 19 8°C AR SE AT AE 3%0~4%0, FLEN LAR  BLT S A BE g 4] = BL L WAL [R] 3 3R 1
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Table 3 6°C and 8O of samples from the Qinglinkou section, Zigui

Bl o 6 %Cl% 8 "0/%o P 8 5Cl% 6 "%0/%0 P 8 °Cl% 6 "0/%o0
13QLK-0T -5.55 -14.89 1305QL-14T 4.09 -574 | YZQZ-20T 328 ~7.96
13QLK-0-1T -529 -15.01 1305QL-15T 422 -639 | YZQZ-21T 3.77 -6.44
13QLK-1T -5.78 -15.31 1305QL-16T 3.21 -4.63 YZQZ-22T 391 -2.17
13QLK-2T -6.22 -15.15 1305QL-17T 3.16 475 YZQZ-23T 4.02 -6.92
13QLK-3T -3.85 -8.65 1305QL-18T 3.04 -483 | YZQZ-24T 325 -52
13QLK-4T -3.79 -9.55 1305QL-19T 4.14 -464 | YZQZ-25T 3.79 =36
13QLK-5T -3.61 -8.85 1305QL-20T 2.18 -4.65 YZQZ-26T 3.76 4.1
13QLK-6T -3.75 -8.28 1305QL-21T 2.19 -4.55 YZQZ-27T 3.96 -3.35
13QLK-7T -3.89 -11.29 1305QL-22T -0.19 28 YZQZ-28T 335 -3.14
13QLK-8T -4.03 -9.33 7ZQZD-10T -291 239 | YZQZ-29T 293 -29
13QLK-9T -433 -7.65 ZQZD-9T -2.92 -2.52 YZQZ-30T 291 -321
13QLK-10T -4.05 -5.56 ZQZD-8T 1.86 -4.01 YZQZ-31T 1.73 -427
13QLK-12T -495 -14.18 7QZD-7T 0.71 -227 YZQZ-32T 0.11 -4.52
13QLK-13T -3.74 -8.38 7ZQZD-6T 1.04 -4.57 YZQZ-33T 1.24 -5.04
13QLK-14T -2.85 -9.23 7ZQZD-5T 1.88 -2.31 YZQZ-34T 0.25 -5.54
13QLK-15T -5.35 =797 ZQZD-4T 12 -1.81 YZQZ-35T 0.73 -541
13QLK-16T -045 -8.22 ZQZD-3T 3.13 -28 YZQZ-36T  -0.69 56
13QLK-16-2T ~ -1.39 -8.14 7ZQZD-2T 3.01 -2.23 YZQZ-37T 0.17 -3.04
13QLK-17T -0.36 -7.69 ZQZD-1T 233 -226 | YZQZ-38T  -156 -4.57
13QLK-18T -6.62 -9.99 YZQZ-1T -2.93 215 | YZQZ-39T  -0.78 -3.19
13QLK-19T 0.87 -4.38 YZQZ-2T -2.38 -2.51 YZQZ-40T -1.7 -391
13QLK-20T  -12.13 -10.16 YZQZ-3T 254 -231 YZQZ-41T — -1.71 -3.95
13QLK-21T 1.01 -333 YZQZ-4T 0.98 -315 | YZQz-42T 216 -2.56
13QLK-22-1T 147 -3.39 YZQZ-5T 135 337 | YZQZ-43T = 264 -2.05
13QLK-22-2T 1.94 -2.18 YZQZ-6T 2.61 -4 YZQZ-44T -2.71 -2.32
1305QL-1T -1.25 -9.32 YZQZ-7T 348 -3.59 YZQZ-45T -2.6 -2.79
1305QL-2T -4.55 -5.97 YZQZ-8T 33 -289 | YZQZ-46T — -277 -236
1305QL-3T 2.04 -6.05 YZQZ-9T 491 -4.08 YZQZ-47T 277 -1.97
1305QL-4T 22 -5.41 YZQZ-10T 244 -3.87 YZQZ-48T  -1.74 -2.99
1305QL-5T 228 -4.83 YZQZ-11T 3.61 -4.41 YZQZ-49T  -1.63 -4.41
1305QL-6T 253 -5.47 YZQZ-12T 337 -3.13 YZQZ-50T -1.17 -2.51
1305QL-7T 3.52 -54 YZQZ-13T 3.31 -2.79 YZQZ-51T -12 -2.24
1305QL-8T 423 =515 YZQZ-14T 3.86 -2.79 YZQZ-52T -1.04 -325
1305QL-9T 3.06 -7.22 YZQZ-15T 3.18 -2.78 YZQZ-53T  -0.93 -2.19
1305QL-10T 0.69 34 YZQZ-16T 0.19 339 | YZQZ-54T  -035 24
1305QL-11T 3.05 -7.23 YZQZ-17T 3.01 -5.85 YZQZ-55T -0.54 -3.76
1305QL-12T 3.07 -6.75 YZQZ-18T 578 ~7.41
1305QL-13T 341 -6.48 YZQZ-19T 3.99 -6.43
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