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Abstract The Longmen Mountains region is one of the key areas for Devonian geological research in
China. However, controversies persist concerning stratigraphic correlation and paleoenvironmental studies
in this area. This study focuses on the Middle Devonian Guanwushan Formation and the Lower Carboni-
ferous Zongchanggou Formation in the northwestern Sichuan Basin. Systematic field surveys of outcrop
sections were conducted, complemented by thin-section petrographic analyses. A total of 210 carbonate
rock samples were analyzed for carbon and oxygen isotope compositions. The results indicate that the
middle part of the Guanwushan Formation in the northwestern Sichuan Basin was deposited under relatively
higher paleosalinity and shallow-water conditions, representing a favorable stage for dolomite formation.
The Guanwushan Formation exhibits conformable contacts with the overlying Shawozi Formation and the
underlying Jinbaoshi Formation. The Devonian-Carboniferous boundary is marked by a regional uncon-
formity, resulting in the absence of the upper Guanwushan Formation and the lower Zongchanggou
Formation. Within the Guanwushan Formation, 8"C values range from —3.72%c to 3.19%c (average:
0.61%0c) , while 50 values vary between —7.30%0 to —1.11%0 ( average: —4.49%o). In the Zong-
changgou Formation, 8"C values range from —4. 47%o to 2. 08%0 (average: —0.92%0) , and 80 values
range from —5. 83%o to —0. 64%0 (average: —3.52%o). Paleoenvironmental reconstruction indicates that
both the Guanwushan and Zongchanggou formations were deposited in typical marine settings. During
deposition of the Guanwushan Formation, seawater temperatures ranged from 15 C to 40 C, with an
average of 25.32 C, suggesting a subtropical to tropical climate. In contrast, during deposition of the
Zongchanggou Formation, seawater temperatures varied between 15 °C and 34 °C, averaging 23.71 C,
reflecting a temperate-tropical climate transition and revealing a cooling event across the Devonian-
Carboniferous boundary. Furthermore, the multi-stage positive and negative excursions in §"C were
controlled by high-frequency sea-level fluctuations and periodic exposure of continental shelves, reflecting
perturbations in the paleo-oceanic carbon cycle. The overall trends in carbon isotope variations across three
measured outcrops in the study area show consistency and are broadly comparable to those documented in
sections from Guangxi (China), France, and Germany, demonstrating their utility for global Devonian-
Carboniferous stratigraphic correlation and subdivision. This study reveals the carbon isotope geochemical
characteristics of the Devonian-Carboniferous strata in the northwestern Sichuan Basin, providing key
evidence for regional isochronous stratigraphic correlation. It reconstructs the evolution of paleo-seawater
temperatures and the mechanisms of carbon cycle fluctuations, identifies the favorable period for dolomite
development, and holds significant implications for understanding paleoenvironmental evolution along the
eastern Paleo-Tethyan margin and for hydrocarbon reservoir prediction.

Key words carbon isotope, oxygen isotope, paleoenvironment, Devonian-Carboniferous boundary,
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Fig. 1  Geological overview of northwestern Sichuan Basin
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Fig. 2 Stratigraphic characteristics of the Middle Devonian Guanwushan Formation and Lower Carboniferous Changjougou Formation in

northwestern Sichuan Basin
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Fig. 3 Petrological characteristics of the Middle Devonian Guanwushan Formation at Majiaoba section in northwestern Sichuan Basin
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Fig. 4 Comprehensive column of carbon-oxygen isotope evolution in the Devonian and Lower Carboniferous

in Majiaoba section, northwestern Sichuan Basin
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in Hejialiang section, northwestern Sichuan Basin
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Table 1 Carbon and oxygen isotope composition of the Middle Devonian and Lower Carboniferous in northwestern Sichuan Basin

Wi R ‘jqc i;o roowo | wm R RS g ‘j; ‘;;O 7w

3.0 fik#H  —-2.19 -5.83 119.92 33.77 117.998 H=ax 2.08 -3.16 129.99 20.97

5.6 fiK#H  —-2.82 -5.74 118.67 33.29 121.504 H=s -329 -7.50 116.83 22.26

7.4 KIER A —-2.48 -5.57 119.45 32.45 132.777 H=s -070 -3.45 124.15 18.14

8.9 KIEJRAE -2.74 -5.32 119.04 31.20 133.561 Hz=%s -0.16 =251 12573 15.52

MK 11.6 KA —-3.26 -5.38 117.94 31.48 134.062 H=zow 0.52 -1.88 127.42 23.48

MK 13.2 fik#H  —-2.83 =574 118.65 33.30 138.497 H=uw 0.72 -3.71 126.92 14.71

14.1 fik#H  —-2.65 =531 119.23 31.16 Bk 139.421 Bz 0.55 -1.69 127.59 16.85

154 FHRE  -277 -556 118.86 32.42 Wzl 149732 [Z# LI1 -221 12847 10.61

18.2 fAKeE  —3.45 -5.41 117.54 31.64 154322 H=uH 0.56 -0.64 128.13 15.06

20.6 fAKE  —4.47 -4.42 11595 26.79 162.278 Bz 0.65 -1.77 127.74 12.97

23.4 Hzxs  —-0.53 -7.26 122.60 38.81 164.819 H=w 0.85 -1.25 128.41 16.93

26.4 Hzds —-024 -272 12546 17.02 166.566 o 0.73 -2.22 127.69 12.84

29.7 [ 0.01 -6.13 124.26 32.90 167.325 Hzo& 0.58 -1.22 127.88 11.52

32.6 H=s -076 -6.78 122.36 36.26 172.072 H=% -075 -0.88 125.33 30.55

34.4 KA -2.50 -5.62 119.39 30.31 178.642 H=z= —-3.72  -5.66 116.86 33.34

36.3 = 0.04 -5.72 124.54 30.83 179.847 H=z=w —-3.17  -6.22 117.72 28.46

38.8 Hzxas —-0.14 -7.04 123.51 37.62 181.052 H=xs —-2.33  -524 119.92 28.62

41.8 Hxas —-0.87 -6.64 12222 3553 182.378 H=uw —-2.22 =527 120.12 28.97

45.1 Hz % 0.00 -6.35 124.13 34.03 184.325 H=4s -1.68  -5.34 121.19 28.86

48.1 Hz%s  —-0.43 -6.80 123.03 36.36 184.620 M= -2.10  -5.32 120.34  28.27

51.7 HZ#E 009 -6.42 12429 34.41 185.137 [ Z¥ -0.75 -520 123.18 29.03

55.2 Hz 0.50 -7.18 124.76 38.40 185.284 Hzes - 1.05 -5.36 122.49 11.59

58.7 SR 0.61 -6.95 125.09 37.17 186.816 H=& 2.04 -1.37 130.80 27.38

o 61.6 SR 0.25 -6.56 124.54 35.11 1“{ 190.015 H=5H -2.56 -5.02 119.57 28.42

j_i 66.2 SR 0.41 -4.94 125.69 27.02 Z 191.597 H=5H -2.24  -5.23 120.11 12.60

69.8 Bz 1.40 -2.14 129.09 14.64 202.594 H=ow 0.50 -1.63 127.52 32.15

77.3 Bz 0.39 -5.52 125.34 29.82 205.845 H=zw -0.45 =598 123.39 15.19

W2 86.9 H 0.15 -6.62 12431 35.44 207.623 H=zxs —0.01 -2.28 126.15 16.72

At 91.1 H e 0.20 -2.95 126.24 18.03 WE 209.853 Hazuaw 239  -2.65 130.87 11.57

93.9 Hz % 0.99 -2.46 128.09 15.97 W4 209.878 Haos 2.34 -1.37 131.41 24.60

97.6 Hz % 1.28 -1.38 129.23 11.63 209910 H=H 2.65 -4.43 130.51 12.32

102.8 Haz 1.67 -1.11 130.16 10.58 223.217 Hz 5 0.10 -1.56 126.73 12.24

110.9 Hz 0.74 -2.85 127.39 17.56 225.303 Hz 5 0.88 -1.54 128.33 12.79

114.3 H=s -1.61 -2.36 122.84 15.55 231.129 H=s -071 -1.68 125.02 29.08

120.8 H=s -0.87 =551 122.77 29.81 235.059 H=uH 2.07 -5.37 128.87 38.29

123.6 H=s -091 -3.63 123.62 20.97 236.467 H=nH 0.58 -7.16 124.92 34.45

127.2 Bz 0.62 -5.04 126.07 27.48 246.329 H=uw 2.25 -6.43 128.70 20.80

129.9 Hz 0.66 -2.18 127.56 14.80 265.106 H=uw 2.82 -3.59 131.28 25.68

132.9 H e 0.16 -3.71 125.79 21.32 268.454 Hauw 2.59 -4.66 130.29 37.26

135.6 Hzxas —-0.22 -595 123.89 32.00 270.128 H=us 1.36  -6.97 126.62 17.79

137.6 Az 0.44 -4.79 125.81 26.32 270494 H=x/ -091 -2.90 123.99 18.00

143.2 [EPaE e 0.92 -4.75 126.83 26.10 273.458 H=un 0.85 -2.95 127.57 26.11

145.7 Hz s 0.90 -5.59 126.35 28.62 274.472 Bz 0.48 -4.75 125.92 26.22

150.4 Hazx s 1.83 -5.27 128.42 29.83 275.740 EFag = 2.88 -6.23 130.10 14.79

152.6 =5 0.72 -5.52 126.03 26.16 . 276.472 H=uH 2.46 -3.64 130.54 20.60

156.9 M= A 0.82 -4.76 126.62 12.11 Z\j; 277978 H=H 2.09 -5.00 129.09 12.32

174.2 SR 0.97 -2.88 127.86 17.73 281.544 H=uH 2.63 -3.02 131.18 26.89
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185.7 Mz 1.17 -5.19 127.12 21.42 282.258 [HZE% 259 -6.37 129.43  34.61
189.0 R 0.15 -5.56 124.84 23.08 282.733 [HZE% 236 -7.92 12819 15.12
195.3 Fay/ &= 0.34 -4.55 125.72 18.63 284.672 HZEA 1.09  -3.72 127.69 23.28
% &9 197.4 Vo &= 0.38 -4.37 125.89 17.87 284.772 HZE#H -0.61 -560 123.26 28.98
E a4 199.0 HRAE -1.79 -4.85 121.22 19.94 284912 [HzE% 057 -6.80 125.09 28.58
201.8 HRAE  -0.41 -4.84 124.04 19.89 285.172 M=% -1.23  -6.72 121.43 18.65
207.1 fmRE 0.64 -4.63 12631 18.95 285.472 T4 -3.35 -4.56 118.16 22.07
209.4  JREUEAE 035 -8.21 123.92 36.11 285.632 [1ZE% -1.74 -533 121.08 25.55
613.5 VoY &= 1.40 -5.21 127.57 2832 285772 [ -2.27  -6.09 119.62 20.96
626.7 Fay /&= 1.24 -5.71 127.00 30.78 285.912 [z -5.03 -5.09 114.47 20.23
629.2 R 1.21 -5.59 126.99 30.19 285.992 [HZEH -2.52  -4.92 119.69 23.43
631.2 oy &= 1.23 -6.04 126.81 32.44 286.052 [Hzm% -3.27 -5.63 117.79 19.33
634.7 IRE 1.34 -5.57 127.27 30.09 286.232 [ZE# -2.94 -472 118.94 21.97
641.8 Fay/ &= 1.67 -5.85 127.81 31.48 286.312 [HZE#H -143  -531 121.72 25.19
655.7 [z 2.46 -1.33 131.68 11.44 287.222 HZEH -126 -6.01 121.73 32.74
659.0 1z 230 -6.85 128.60 36.64 287.472 HzE%H -1.12  -6.65 121.70 28.23
660.0 1z 2,62 -5.52 129.92 29.84 287.672 [z 0.02  -7.35 123.67 31.71
665.4 [EFE s 2.92 -1.73 132.42 13.00 287.772 [HZE% -0.59 -538 123.42 22.30
678.8 [EF s 2.53 -3.41 130.78 20.00 287.912 5% -0.81 -6.04 122.63 25.31
685.1 EPa 2.67 -6.22 129.67 33.36 288.172 [z -1.21  -5.01 122.33 20.65
694.3 HzH 3.19 -2.41 132.63 15.74 @ g 288372 [mE -0.64  -5.08 12345 20.96
699.6 2 2.47 -3.74 130.50 21.46 %’i Figl 288.432 [Hzm# -3.93 -6.92 115.80 29.55
712.8 2 0.91 -6.11 126.12 32.80 ® 288.672 [Hzm# 1.01 -527 12675 21.79
727.1 2 2.07 -6.10 128.50 32.75 288.912 [AZm% -2.44 -8.11 118.26 35.60
740.5 HZ 1.76 -5.28 128.28 28.66 289.072 HZE#H 0.66 -538 12597 22.29
ﬁ M%E 7525 [z 1.84 -5.08 128.54 27.69 289.472 HZE#H -043  -560 123.63 23.28
0 4l 7937 1z 1.20 -4.53 127.50 25.08 289.732 K% -3.15 -8.64 116.54 38.39
798.5 1z 1.19 -3.14 128.17 18.83 289.772  AK% 037 -5.93 12510 24.82
814.8 A= 1.48 -1.25 129.71 11.13 289.922 FHK#E -1.01 -570 122.39 23.75
829.0 A= 1.32 -2.09 128.96 14.44 289.972 FHKE -0.90 -6.05 122.45 25.39
834.0 EP e 1.06 -2.11 128.42 14.52 290.222  AJK%E -0.34  -6.93 123.16 29.60
835.4 2z 0.54 -4.59 126.12 25.36 290.352  AJK#E -2.62 -7.18 118.36 30.83
851.0 2 1.28 -2.99 128.43 18.18 290.472 K% -0.84 -6.45 122.36 27.25
900.0 2 1.07 -4.83 127.09 26.50 290.552 K% -5.53 -7.78 112.10 33.89
951.4 2 0.70 -1.20 128.14 10.94
964.0 [z 0.78 -1.68 128.06 12.80
968.7 [z 0.96 -5.42 126.57 29.35
974.3 1z 0.87 -5.40 126.39 29.25
992.0 1z 0.68 -7.30 125.06 39.04
998.0 [EFaE s 0.54 -4.18 12632 23.46
1001.0 [EFaas 0.31 -5.89 125.00 31.69
1005.0 EF 0.39 -5.01 125.60 27.36
1010.0 EPa 1.43 -2.99 128.74 18.18
1020.0 2 2.25 -6.34 128.75 33.98
1062.0 2 1.10 -3.74 127.69 21.46

U Z URIREIRHC: £=2.048%(8"°C+50) +0.498x(5"0+50) 3 TUERMAEIE : T=15.976-4.2x5"0 00, +0. 13X (80,0, +0.22) %,
iy SR % ) T WL 5 L0 4+ SV R R 4 Shi %8 (2026) .
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Fig. 7 Correlation of carbon and oxygen isotopes within carbon-
ate rocks of the Middle Devonian and Lower Carboniferous in

northwestern Sichuan Basin
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