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Fig. 1 (a) Tectonic zoning map of the study area; (b) tectonic section of the study area [2>231; () stratigraphic

composite bar chart 24
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Table 1 Results of 5°C and 5'%0 isotope tests, paleohydrological salinity and paleotemperature

calculations, well LT1, Gaotai Formation

W /m 513C 5180 z by R /m §13C 5180 z R
5450 0.77 -10.53 123.64 35.87 5665 -0.59 -11.42 120.40 40.65
5460 0.84 -10.55 123.77 36.02 5670 -1.86 -10.65 118.20 36.53
5470 0.61 -10.34 123.41 34.89 5675 -0.08 9.87 12223 32.50
5480 0.42 -10.17 123.10 34.00 5680 031 9.62 121.87 31.21
5490 1.42 921 125.61 29.20 5685 -3.98 9.15 114.60 28.89
5500 1.57 875 126.15 26.96 5690 2.44 9.68 117.47 31.55
5510 137 9.46 125.39 30.41 5695 281 -10.16 116.49 33.96
5520 126 9.90 124.95 32.65 5700 -0.29 9.22 122.11 29.25
5530 124 9.85 124.93 32.39 5705 -1.09 -10.01 120.07 33.22
5540 1.12 -10.00 124.61 33.13 5710 -0.65 833 121.82 24.99
5550 1.59 9.61 125.77 31.20 5715 030 8.56 12325 26.06
5560 1.84 -8.97 126.61 28.00 5720 0,57 9.14 123.92 28.87
5570 1.79 -8.89 126.53 27.63 5725 2.44 8.92 127.85 27.79
5575 1.55 -8.97 126.02 28.02 5730 3.38 7.93 130.27 23.11
5580 1.79 9.37 126.31 29.96 5740 3.55 -8.99 130.09 28.13
5585 1.62 9.28 125.99 29.52 5750 3.91 8.44 131.11 25.48
5590 1.52 9.04 125.92 28.35 54760 3.83 9.00 130.67 28.15
5595 111 935 124.92 29.86 5770 3.46 -8.91 129.95 27.74
5600 -1.00 9.45 120.54 30.39 5780 3.30 8.79 129.67 27.18
5602 -0.87 -8.95 121.06 27.93 5790 3.43 9.48 129.61 30.52
5605 0.33 9.05 123.46 28.40 5800 334 8.63 129.85 26.37
5608 0.80 909 12431 29.59 5810 3.17 8.92 129.34 27.78
5611 -1.08 9,80 120.20 32.13 5820 271 873 128.49 26.89
5614 -1.43 -10.39 119.19 35.17 5830 331 9.26 129.47 29.43
5617 -0.62 -10.09 121.00 33.60 5840 3.50 9.71 129.63 31.68
5620 0.05 -10.24 122.30 34.39 5850 3.41 9.36 129.63 29.92
5623 2.35 9.19 127.53 29.11 5860 3.16 9.49 129.05 30.59
5626 1.65 9.28 126.05 29.52 5870 2.52 -10.01 127.47 33.20
5629 1.43 9.47 125.52 30.49 5880 3.83 9.47 130.42 30.49
5632 2.44 -8.94 127.84 27.89 5890 3.50 9.57 129.69 30.98
5635 2.75 -8.92 128.49 27.77 5900 3.10 9.48 128.93 30.52
5638 2.53 9.38 127.80 30.02 5910 3.87 9.29 130.60 29.60
5640 3.10 -8.79 129.27 27.17 5920 3.28 9.40 129.33 30.15
5645 2.62 9.37 128.01 29.98 5930 3.75 9.57 130.21 30.95
5650 1.81 953 126.26 30.75 5940 3.18 9.50 129.08 30.63
5655 -1.39 -11.26 118.84 39.80 5950 3.05 931 128.91 29.66

5660 -0.65 -11.30 120.35 40.03 5960 2.73 -10.13 127.84 33.81
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Table 2 Geochemical data for Fe, Mn and Sr trace elements in the Gaotai Formation, eastern Sichuan

Basin
EiRss Fe/10° Mn/10° 534S /% T Fe/10° Mn/10° 534/%o

2-1/43 1 124.093 25.357 16.776 566 2-17/43 436.270 16.879 20.655 918
2-2/43 1182.945 31.808 17.480 550 2-18/43 992.218 26.930 18.918 543
2-3/43 904.034 15.565 16.893 492 2-19/43 735.945 21.860 13.584 255
2-4/43 731.961 16.535 15.443 906 2-20/43 2669.850 39.222 19.691 407
2-5/43 366.390 13.708 15.873 967 2-21/43 3033.102 43.986 18.959 328
2-6/43 624.553 18.070 19.696 540 2-22/43 775,69 21.407 21.348 855
2-7/43 1579.766 22.116 19.049 054 2-23/43 770.080 20.986 20.951 257
2-8/43 1773.303 29.815 20.349 921 2-24/43 23221215 30.133 21.530 054
2-9/43 882.043 24.066 18.109 840 2-25/43 896.814 18.918 21.253 732
2-10/43 1371.283 24.821 19.197 626 2-26/43 5459.620 40.537 20.591 790
2-11/43 1118.430 23.891 14.694 931 2-27/43 6042423 45.151 25.257 192
2-12/43 1 356.666 23.228 15.215 678 2-28/43 2390.191 33.913 22.938 433
2-13/43 1532.205 26.749 17.198 719 2-29/43 801.378 24.699 21.608 238
2-14/43 686.851 19.391 20.333 580 2-31/43 1908.151 20.196 20.640 838
2-15/43 2077.471 30.826 20.726 938 2-37/43 — — —

2-16/43 990.885 26.026 20.981 684 2-43/43 6352.086 17.845 20.381 444
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() FHERMERE, BRI 6490.97m, 10x2.5 (-); (b) SABRMEKE, MILBEEGZE, R 1, 649116
m, 10x2.5 (-); (o) MK E  MIBRRGF i E = H ZMATEEZE, B 1 IF, 6492.07m, 10x2.5 (-); (D) BEHEZER
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B RE A, AR OKIAHIE, 17 /N2, 10x5 (1) (@) i@ Eass, TR I, 6864m, 10x10 (+); (h) VRN
MAZE, STAH, BIR1IE, 649458m, 10x10 (+); () SAFHRMAZS, WIRHRFLIIRIR, AH: S CRIFFIm,
32 /82, GT81-1-2, 10x5 (-); () FAHBEMERESE H =, M3 3, 5833 m, 10x5 (+); (O AFREA=LA, M1, 4740m,
10x5 (+); (D FOHEBEAZS, YTEBRHAZEDHEAMR, REIb, &3 JF, 5708 m, 10x5 (+)

Fig.2 Photomicrographs of dolomite in the carbonate-evaporite syngenetic system
(a) gypsum-bearing mud-crystalline sandy chert, well LT1 , 6 490.97 m, 10x2.5 (-); (b) gypsum-bearing mud-crystalline sandy chert, with
occasional sea lily stems, well LT1, 6 491.16 m, 10x2.5 (-); (c) mud-crystalline chert, silty sandy chert, and silty dolomite with three
kinds of interbedded lithology, well LT1, 6492.07 m, 10x2.5 (-); (d) mud-crystalline dolomitic chert, well LT1, 6 492.32 m, 10x10 (+); (e)
mud-crystalline dolomitic chert, well LT1, 6 492.32 m, 10x10 (-) ); (f) gypsum-bearing mud-crystalline algal sandy clastic greywacke,
Shijiu Baolian Feishuidong section, 17 small layers, 10x5 (+); (g) fine chalk-crystalline dolomite, well WT1, 6 864 m, 10x10 (+); (h)
muddy fine powder-crystal dolomite with gypsum, well LT1, 6 494.58 m, 10x10 (+); (i) gypsum-bearing mud-crystal dolomite, with
muddy streaks and mud gravels seen, Shijiu Baolian Feishuidong section, 32 small layers, GT81-1-2, 10x5 (-); (j) gypsum-bearing
siltstone mud-crystal dolomite, well Z3, 5 833 m, 10x5 (+); (k) gypsiferous dolomite, well M1, 4 740 m, 10x5 (+); (I) gypsum-bearing

sandy dolomite, mainly composed of mud-crystalline dolomite sandy clasts, with oolites locally seen, well Z3, 5 708 m, 10x5 (+)
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Fig.3 Photomicregraphs of evaporites in the carbonatite-evaporite syngenetic system
(a, b) gypsum, well LT1, 5 965 m; (c,;d), gypsum, well LT1, 5 595 m; (e, f) gypsum, well LT1, 6 763 m; (g, h) gypsum with severe
grinding voids, well LT1, 5 670 m; (1, j) gypsum-bearing mud-crystalline dolomite, with single remaining rock chip, well LT1, 5 665 m;
(k, 1) gypsum-bearing mud-crystalline dolomite, with larger intergranular pores between gypsum crystals and also larger crystals of
dolomite, well LT1, 5 602 m; (m, n) gypsum-bearing dolomite/gypsum, well LT1, 6 558 m; (o, p) gypsum-bearing mud-crystalline

dolomite, well LT1, 6 435 m
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Table 3 Characterization of the carbonate-evaporite syngenetic system
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Table 4 Characterization of the carbonate-evaporite syngenetic system
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Fig.4 Assemblages of carbonate-evaporite syngenetic system

A. carbonatite interbedded with evaporite; B. evaporite interbedded with carbonatite; C. evaporite overlying carbonatite; D. carbonatite

overlying evaporite; E. ite interbedded with evaporite
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Sedimentary Characteristics and Evolutionary Patterns of
Carbonatite-evaporite Syngenetic System: A case study of the

Gaotai Formation in eastern Sichuan Basin
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Abstract: [Objective] Carbonate-evaporite syngenetic systems are widely distributed in the Cambrian rocks of the
Sichuan Basin. However, their development, depositional environments and processes and evolutionary modes
have rarely been studied, and the research methods urgently need to be clarified. [Methods] The petrology and
processes of the symbiotic system, the state of the evaporites, the depositional environment and the evolutionary
pattern were investigated using drill core data, field sections, rock strata, C and O isotopes, and Fe, Mn and S
isotopic signatures. Neither the developmental characteristics of the/‘symbiotic system and depositional
environment nor its evolutionary pattern are well understood. [Results] (1) Five kinds of carbonate-evaporite
symbiotic rock assemblages were found in the study area: interbedded carbonate rock and evaporite; evaporite
sandwiched with carbonate rock; evaporite overlain by carbonate rock; carbonate rock overlain by evaporite rock;
and carbonate rock sandwiched with evaporite rock. (2) The geochemical features include & 'O, mainly in the
range -8%o to -9%o, and & 1*C in the range -8%o to 9% but mainly concentrated between -1%o and 3%o. Calculations
of paleosalinity and paleotemperature using thesé isotope values gave the vast majority of Z>120%0 and
O 13C>-2%o, with paleoseawater temperatures in the range 23.10 °‘C-40.64 °C. Fe was mainly concentrated in the
range 0-2 000x10-3, and Mn from 10 to 30 x 10. These indicate a warm or hot paleoclimate and saline seawater
environment in the Gaotai Group during deposition of the Gaotai Formation, with a high degree of oxidation in the
water body, and the rock-forming, aetivity occurring in a system relatively open to precipitation of atmospheric
water. (3) Deposition of marine“carbonate rocks and evaporites took place in a symbiotic system against a
background of an arid, hot climate and a calcium-rich, low-sulfate, highly saline calcitic sea. This period of time
witnessed two types of carbonatite-evaporite symbiotic development: A falling-sea-level evaporite-dolomite
deposition stage (“tidal sabkha mode”), and a rising-sea-level dolomite-evaporite-greywacke deposition stage
(“underwater condensed-deposition mode”). [Conclusion] The carbonatite-evaporite symbiotic system has
recorded information about the paleoenvironment, paleoclimate and paleohaline water chemistry during the
deposition period, as well as the depositional process and evolutionary pattern of the symbiotic system. This study
provides new ideas and understandings of the depositional environments and patterns of the carbonatite-evaporite
symbiotic system in the evaporitic environment of the marine phase of the developing Cambrian Gaotai
Formation.

Key words: eastern Sichuan Basin; Cambrian Gaotai Formation; carbonatite-evaporite syngenetic system;

sedimentary characteristics; sedimentary evolution
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