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R H 23] T U b A i s s s, TR G
AR 5 WA 42755 (2019 ) X U )1 220 b 77 141 35 240 3]
T HEAT RS, Ol A S IR #h a — B #h a DT
KRR REY, MAEYA = E FEFR A HAH
A E T B )2 ; T a2 (2023) A R )1 4R K S8
GHXFERRA A —B LA R RN AT £
AR T =R R AL iR R BRI ZE Y PR A
R TS, T T AR R B R T AR
Ko TERZBRZMFERDH)Z, AR RLEFH
FIERG RS M AT FE RS e b RIS T
PR R AN R B 0 e (B 5255, 20205 E404E
85,2024) o XS TRRIRE H—ZE KA AR R IIE
IRIREE ORI R AN R X B O HE o ) A 1 ke
ZIRAMBRGE WO . PG, I AR IR Eh A —
R AR RN ER G MR HEA ISR
ST LR 10 ) 1] 23t T 22 AR B R 3 e it Bl 4
HA#H B SR (W 55, 2020; 42 4E 5%,
2024).

AR ZE A A A R B R I B R iR 2 e 5 25
KA Y EYL[E K (Moore and Wade,2013) ., 284
IR AR S S SRR ER 11 J& T 220 PR
AL (D) R YIRZE K G TER R R N (Warren, 2006)
(2) SRR LA P AE R BIRZE R A o TE/K A AR ER
2 b R S P 3, S R A G Y KRR ZE R A DIRRUR
ATESE I IR A O i b Ty X R B2 S AR A A
TR T 3 Bl A 2] (Warren, 2006) o FEIREAR BT, K
(RER AT IE R, DUB LABR R 562 32 i AE R 7K
(PR ZR B HST 80 LST 978 & B B, Eh— 0 B H T,
HY T 28 & S BOER B TR, TR Ot K B 4 R O /)
(Warren, 2010) . Abrantes et al. (2016) B 38 T
Parnaiba ) — & 285 AV K. % ABT IR
fift % by N il sabkha B4 R 25 3 R ME 55 6 2 M A
W BE . Lopez-Quirds er al. (2016) 38 T FL/R4EJE
AR RGN IR 2 (PUEAF AR ) o I IE A
B A D e S b Al 2 R DI R . e g iR
5 EER R S F A G i R B K AT
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Je s B HUR M BRAR e, BA Hh R i UL
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DAV 2 M AR A € i 2R o 65 210 H B2 A6, A
ZRR I BT IR EE 5 — 78 R e LR IR R A A Rk
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R \Fe 55 Mn & 4 K S [R5 4L , TR AR 3L
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1 XIS

V011 7 08 i, DX 3 37 5 i T v o v B A i
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221K 555 1 R 2 R0 UG IR 22 (1 1h) o WFSE X
R LB RN BRI R BRI, R H R F
WERHAGER. HTERR SR SRS
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P2 (20 55,2012 T 3CHEAE,2017) BV L4l
FER RYFAERTR L A — 2R R A A R R I TTRUR
K H (K3, 2021; Wang et al.,2022) , A 3L FEEHF5T
AR A E G (K Le)
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THEOAWRA WELAT A, BAEAHRAER
R LR ZRR (BSR4, 2023 F44H5F,2024)
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ML FIRG IR £ 2 ok 48U RIS 28 2 B 5 1% ) S Y/T5238—
2008, 7EILE 26 °CFIIRE 60%RH 35 445 T, %
74 A i (5 450~5 960 m) #E 17 6k 4[] 47 2% 43 Bt
(1), %F 32 He bt i (6 491~6 496 m) I 5E Fe . Mn fik
HIOLR M S R RA M (F2) . 6°C iR 2E+0.005%0,
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1 (a) WEFE XA 3 23 DX IEL 5 (b)) WF5E DX 3 3510 18T 15T ( Yan er al. , 2003 5 1 4 55 4%, 2009 ) 5
(c) M Z 25 A MR B (B, 2018)
Fig.1 (a) Tectonic zoning map of the study area; (b) tectonic section of the study area (Yan et al., 2003; Hu et al., 2009);

(c) stratigraphic composite bar chart (Huang, 2018)
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Table 1 Results of §°C and 5™0 isotope tests, paleohydrological salinity and paleotemperature calculations,

well LT1, Gaotai Formation, eastern Sichuan Basin

VR m 8"C/%o 8"0/%o Z R/ C TR /m 8"C/%o 8"0/%o Z R C
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 -9.87 122.23 32.50
5480 0.42 -10.17 123.10 34.00 5680 -0.31 -9.62 121.87 31.21
5490 1.42 -9.21 125.61 29.20 5685 -3.98 -9.15 114.60 28.89
5500 1.57 -8.75 126.15 26.96 5 690 -2.44 —9.68 117.47 31.55
5510 1.37 -9.46 125.39 30.41 5695 -2.81 -10.16 116.49 33.96
5520 1.26 -9.90 124.95 32.65 5700 -0.29 —9.22 122.11 29.25
5530 1.24 -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 -8.33 121.82 24.99
5550 1.59 -9.61 125.77 31.20 5715 0.10 -8.56 123.25 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 5760 3.83 -9.00 130.67 28.15
5595 111 -9.35 124.92 29.86 5770 3.46 -8.91 129.95 27.74
5 600 -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 3.34 -8.63 129.85 26.37
5608 0.80 -9.29 124.31 29.59 5810 3.17 -8.92 129.34 27.78
5611 -1.08 -9.80 120.20 32.13 5820 2.71 -8.73 128.49 26.89
5614 -1.43 -10.39 119.19 35.17 53830 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 252 -10.01 127.47 33.20
5629 1.43 -9.47 125.52 30.49 5 880 3.83 —9.47 130.42 30.49
5632 2.44 -8.94 127.84 27.89 5 890 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 -9.53 126.26 30.75 5940 3.18 -9.50 129.08 30.63
5655 -1.39 -11.26 118.84 39.80 5950 3.05 -9.31 128.91 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 Fe and Mn contents and S isotopic composition (6*'S) in the Gaotai Formation, eastern Sichuan Basin

G5 Fe/x107 Mn/x10” 8%S/%o0 Gii's Fe/x107? Mn/x10” 8%S/%0
2-1/43 1124.10 25.36 16.8 2-17/43 436.27 16.88 20.7
2-2/43 1182.95 31.81 17.5 2-18/43 992.22 26.93 18.9
2-3/43 904.03 15.57 16.9 2-19/43 735.95 21.86 13.6
2-4/43 731.96 16.54 15.4 2-20/43 2 669.85 39.22 19.7
2-5/43 366.39 13.71 15.9 2-21/43 3033.10 43.99 19.0
2-6/43 624.55 18.07 19.7 2-22/43 775.70 21.41 21.4
2-7/43 1579.77 22.12 19.1 2-23/43 770.08 20.99 21.0
2-8/43 1773.30 29.82 20.4 2-24/43 232222 30.13 21.5
2-9/43 882.04 24.07 18.1 2-25/43 896.81 18.92 21.3
2-10/43 1371.28 24.82 19.2 2-26/43 5459.62 40.54 20.6
2-11/43 1118.43 23.89 14.7 2-27/43 6042.42 45.15 25.3
2-12/43 1356.67 23.23 15.2 2-28/43 2390.19 3391 229
2-13/43 1532.21 26.75 17.2 2-29/43 801.39 24.70 21.6
2-14/43 686.85 19.39 20.3 2-31/43 1908.15 20.20 20.6
2-15/43 2077.47 30.83 20.7 2-37/43 — — —
2-16/43 990.89 26.03 21.0 2-43/43 6352.09 17.85 20.4

(BRI 4E,2023; F22455,2024) . S AaE A4
HIRR IR EE AR M CE Fle i = . B
U T R T R Sk R R R ] PR IXE R R
1o B 2L AR AR AT ) U A I R TR A 38 A A T T
7, AR E VLA B R a8 MRl E
(K2,3).
HABAILAENRRIUSE E RS AFTR
rn b JE K (B 2a,b) AR ICA (B 2¢) Al 2= 5
WA (B 2d) & A& TR & H o Ko (E 2e) FiLE &
T Fm Bt 8 e (1 26) .
H5aBaAErasAUkRaRAsmENE,
R OB TS Pae e SR S e AAllE N ] = Paw el 4
2e,h) FAFRGARS (K2,) ABFRARS
(B2 & aEwEAsE(E2D
32 HEBRERLEFHE
HRXZELGUABTSRE, KGLoEEEE.
78R SORAF I BB B YR A 1 A7 2 B
1, PR Z LSRR ER R o A1 R4 i 1 e 4
MO EES E. B T LS B A7 e i o e 55
25, IR AR B —IR RPIR Ry 32, 56T 28 A B A7 e
TER LA RS MU (R 3), FEAIFEEZRER
L ERaE S AR, A EREY (K 3).
33 HEAKRREBERAESFINFIE
FRE T AT 53 A AR R A A 7 91 7 i
5% AT IF ST (B M 545, 2023) , A DU 1| 454 2 3
mEHRE HRRE S —E R A E R R A A A

HIPH (£ 4 K 4) GRS A HIZ(A) |
KA IMRTRER A (B) FE RS DAEIRIRER A (C) Bk
fRih i EZER 5 (D) B A e 78k 4 (E),

IR A 5285 A )2 (A) 2T X AR &R
R LI — B, 28 % e SRR £ A 1 VR TR T A TR
JE R 40%~60% , # 1k F B G B &  HoiA
BH RGNS WA aMaBERA SR,

KL BRI S (B) R EARERTHEE
JEE AN 80% , Wk IR 624 TR B /N W0 3 TR S A
80%, et FEMUFHE AT A S AFS A A
mRAE AR E S

FR A DEWRIREL S (C) APk EEAL4E ik
JBE = iR = s s SRR A
AR AFEENABEKS .

WRIREh A LR A A (D) AT BRI M A
aa ABEA N A A WEAsS Halas
ARAERASA.

IR e 28 KA (B) JRIRER A R KT
JEBE SN 80% , 75 2 45 VR BE/IN T 1 25 JRE B AT
80% , A EEMUFERMA S ABRASS WE
Ham AFa WRAsANAslaEa.

Wi A P4 A I 2 R A BSR T i Al
SRZ Ty NI 6 - TUZZ T (SSQ1~SSQ6) , 1 2
FER R P LA IR B A A P SRR AT T R 48
(E5), I G AT Rl T 2PN A Al E
73 -1 S A L (B 6) o
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10x5(+) 5 () LTF B = A 13,4 740.00 m, 10x5(+) s (DG AHWE =6, FE MRS AT, Rl IR, B2 33,5 708.00 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 (+); (¢) mud-crystalline dolomitic chert, well LT1, 6 492.32 m, 10X10 (-); (f) gypsum-bearing mud-crystalline algal san-
dy clastic greywacke, Shijiu Baolian Feishuidong section, 17 small layers, 10x5 (+); (g) fine chalk-crystalline dolomite, well WT1, 6 864.00 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 Fei-
shuidong section, 32 small layers, GT81-1-2, 10X5 (-); (j) gypsum-bearing siltstone mud-crystal dolomite, well Z3, 5 833.00 m, 10x5 (+); (k) gypsiferous dolomite, well M1,
4740.00 m, 10X5 (+); (1) gypsum-bearing sandy dolomite, mainly composed of mud-crystalline dolomite sandy clasts, with oolites locally seen, well Z3, 5 708.00 m, 10x5 (+)
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Fig.3  Photomicrographs of evaporites in the carbonatite—evaporite syngenetic system
(a, b) gypsum, well LT1, 5 965.00 m; (c, d) gypsum, well LT1, 5 595.00 m; (e, f) gypsum, well LT1, 6 763.00 m; (g, h) gypsum with severe grinding voids, well LT1, 5 670.00 m;
(i, j) gypsum-bearing mud-crystalline dolomite, with single remaining rock chip, well LT1, 5 665.00 m; (k, 1) gypsum-bearing mud-crystalline dolomite, with larger intergranular
pores between gypsum crystals and also larger crystals of dolomite, well LT1, 5 602.00 m; (m, n) gypsum-bearing dolomite/gypsum, well LT1, 6 558.00 m; (o, p) gypsum-bearing
mud-crystalline dolomite, well LT1, 6 435.00 m
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Table 3 Characterization of the carbonate-evaporite syngenetic system
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Table 4 Classification of sequence characteristics for carbonate-evaporite rock assemblages
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A. carbonatite interbedded with evaporite; B. evaporite interbedded with carbonatite; C. evaporite overlying carbonatite; D. carbonatite overlying evaporite; E. carbonatite inter-

bedded with evaporite
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Fig.12  Sedimentation mechanism of carbonatite-evaporite syngenetic system, Gaotai Formation, eastern Sichuan Basin
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Fig.13  Sedimentary evolutionary pattern of carbonatite-evaporite syngenetic system, Gaotai Formation, eastern Sichuan Basin
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Sedimentary Characteristics and Evolutionary Patterns of Carbonatite-
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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, Fe and Mn contents, and S isotopic
composition. 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 8'®0 values ranged predominantly from —9.00%0 to —8.00%c, while 8"°C values ranged
between —1.00%¢ and 3.00%o. Calculations of paleosalinity and paleotemperature using these isotope values gave the
vast majority of Z>120 and §”C>-2.00%0¢, with paleoseawater temperatures in the range 23.10 °C-40.64 °C. Fe was
mainly concentrated in the range (0-2 000)x107°, and Mn from 10° to 30x10”. These indicate a warm or hot paleocli-
mate and saline seawater environment during deposition of the Gaotai Formation, with a high degree of oxidation in
the water body, and the rock-forming activity 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-depo-
sition mode” ). [ Conclusions] The carbonatite-evaporite symbiotic system has recorded information about the pa-
leoenvironment, paleoclimate and paleohaline water chemistry during the deposition period, as well as the deposition-
al 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;
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