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Abstract The Sinian Dengying Formation serves as a critical stratigraphic interval for deep to ultra-
deep oil and gas exploration in the Sichuan Basin, with microbial mound-shoal complexes representing
primary reservoir targets. However, the environmental factors controlling the rapid development of these
complexes remain insufficiently understood, thereby limiting the accurate prediction of favorable reservoirs
zones. This study conducts sedimentological and geochemical analyses of the Member 4 of Dengying
Formation based on whole-core data from the Well Wang—1 in northern Sichuan Basin, supplemented by
thin-section petrography and geochemical characterization, to systematically investigate lithological charac-
teristics, paleoenvironmental evolution, and their coupling relationships. The results indicate: (1) the
Member 4 of Dengying Formation is predominantly composed of platform-facies carbonate rocks, chiefly
microbial dolostones, which can be subdivided into four vertically successive units—DS1 and DS4 are
characterized by abundant algal remains, DS2 exhibits sparse algal content, and DS3 is defined by thick-
bedded intraclast dolostones; (2) paleowater depthfluctuated through a sequence of low-amplitude
oscillations (DS1), rapid transgression (DS2), abrupt regression (DS3), and overall gradual shal-
lowing (DS4), under predominantly cool and humid climatic conditions, punctuated by relatively warm
and arid phases during mid-late DS1 and early DS3; (3) under positive paleo-topographic configurations,
microbial mounds developed rapidly when the rate of paleo-water-depth increase commensurates with
microbial growth rates under warm climatic conditions, whereas rapid relative sea-level fall led to the
formation of intraclast dolostones along the flanks of mound-shoal systems. To conclude, the upper and
middle-lower intervals of the Member 4 of Dengying Formation from Well Wang—1 exhibit paleoen-
vironmental conditions favorable for large-scale mound-shoal development. Therefore, paleogeomorphic
analysis and precise identification of prospective microbial reservoirs are essential for guiding future explo-
ration efforts.
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Basin
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Fig. 1 Sedimentary facies map of the Member 4 of Dengying Formation (A) and stratigraphic column of the Dengying
Formation (B) in northern Sichuan Basin (modified from Wen et al., 2021; Zhang et al., 2024)
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Fig.2  Core identification chart of the Member 4 of Dengying Formation from Well Wang—1 in northern Sichuan Basin

3.2 AH4ASA

WE L JFAT DU B £ 20k BkIREh A B i
DU (3%, 2021), JEEEDN 215.21 mo KA A
PR G, FIE 1T HFIT B A P Loy 4 B
(K 3). DS1 B (353.71~274.50m), XKBEZ
BUEHzaMESZEZA DA, RMERAA S
H, Tl ERH NSO A oRBEZATE W
QIEH AN EEFH,; DS2 B (274.50 ~
221.82m), WHZ AR TRE (RRIIRERE
RF10m), WERFESZE . BEZ A=A MBEER
Hzakd, i ERBONEZI 6 Hz A TRk
FHZEMAEY (%) Bzxd; DS3 B (221.82~
175.70m) , K HFZZEBEE A =4, & 88,

Pem ERANEERZA T HBERE B A0k
Hea IR E E; DS4 BE (175.70~138.50m)
IRCEY) (8) B =5 AR E, JZRME =4
MEEH A, ERUESEA A — 8 Eka o
espSENEN IR STk 3l

4 BRLFHEHE

4.1 HEFEFHHERIE

B R £ TURUR T RE 32 B A [R) A B2 i e i
M2 e A M BR AL 22 R AR, DR RS A i R A7
BAEAATHRE S ARA A2 (Derry et al., 1994) o HI A
TE AT R A R B UE I AR TP s 3 Rl bR
e (1) #6"CH 870 ASHA W E M AHCHE, Ui



~ewi

F &

2026 £ 10 F

1980 + W E
7|4 | & o2 e = —
ReEB A
FER | Z
Z | =7
==
MBUR T
% DS4
==
===
@ & MBEAZE
ER |y | 2
¥ | g PE2S
B 7o/
BREAZH
¥
oK |k BRHZH
Y
[/ [ ]
B % [Z5H
iT rlc WA
1| & 1-
= KT B FrEp| E]
i |# |
T
280 T :
~ 7 i
ool i Cyam
Er=—m | E%|# -
— s BRI =
30042 7] B
310 E . L2 E
h
| & W
E
RE| gy
: =
[ e W
350 = J}
3002 =
I Y
#1370 Kb
=4 Z=]
IR 2

B3 JIAE s IXHE L IFAT 52 41 DU B v - T B IR (]
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Table 1

Data table of carbon and oxygen isotopes of

the Member 4 of Dengying Formation from Well Wang—1

in northern Sichuan Basin

pemge P e 8" 8" E%ﬁfﬁ? E;‘@Jﬁ
/m /%o /%o (Z{H) (TfH)/C
W1-43  142.45 DS4 0.29 -6.30 12475 19.61
Wi-44 154.64 DS4 0.83 -5.54 12625  16.35
W1-45 158.53 DS4 0.80 -6.31 12579  19.63
Wi-46 162.59 DS4 0.76 -5.79  125.98  17.41
W1-47 166.40 DS4 1.18 -6.28  126.59  19.53
Wi1-48 170.49 DS4 1.19 -6.65 12642 21.16
Wi1-49 178.16 DS3 0.28 -8.14  123.82  28.09
W1-50 182.46 DS3 0.37 -5.89 12513  17.85
Wi1-51 186.58 DS3 0.15 -6.66 12430  21.19
W1-52  190.50 DS3 0.26 -6.56  124.56  20.75
W1-53 194.45 DS3 0.30 -6.66 12459  21.18
Wi1-54 198.50 DS3 0.31 -7.04  124.42  22.90
W1-55 202.51 DS3 0.37 -6.14 12499  18.92
Wi1-56 206.70 DS3  -0.21 -9.56  122.11  35.21
W1-57 210.54 DS3 0.15 -7.49  123.88  24.97
W1-58 214.54 DS3  -0.05 -7.37  123.54  24.43
W1-59 218.56 DS3 0.02 -7.30  123.71  24.07
W1-60 222.47 DS2 0.84 -6.71  125.68  21.40
Wi-61 226.45 DS2 3.26 -5.38  131.30  15.69
W1-62 230.60 DS2 2.78 -5.87  130.06 17.72
W1-63 234.56 DS2 2.15 -6.82  128.30  21.92
WI1-64 238.68 DS2 1.90 -7.44 12749  24.76
WI1-65 24247 DS2 2.30 -5.44 12930  15.95
W1-66 246.36 DS2 2.38 -5.87  129.24  17.76
W1-67 250.58 DS2 1.87 -7.54 12738  25.22
W1-68 254.50 DS2 2.04 -6.96  128.02  22.51
W1-69 258.50 DS2 1.92 -6.05  128.21  18.53
W1-70 262.57 DS2 1.13 -6.24 12650  19.35
Wi-71  266.50 DS2 1.31 -6.94  126.53  22.45
Wi1-72  270.38 DS2 0.96 -7.01 12577  22.75
W1-73 27450 DS2 1.88 -6.97  127.68  22.58
Wi1-74 278.54 DSl 1.83 -6.57 12778  20.78
Wi1-75 282.59 DSl 0.72 -7.70  124.94  25.95
W1-76 286.47 DSl 1.08 -7.77  125.65  26.27
W1-77  290.53 DSl 1.66 -8.16  126.63  28.16
Wi1-78 294.50 DSI  -0.71 -6.33 12270  19.73
W1-79 298.55 DSI1 1.34 -6.97 126.58  22.58
W1-80 302.41 DSl 0.78 -7.43 12520  24.69
Wi1-81 30599 DSI 0.54 -7.93 12447  27.04
Wi1-82 310.50 DSl  -0.55 -8.01 12217  27.46
W1-83 31452 DSl -0.74 -6.12 12274  18.80
W1-84 318.50 DSl 0.85 -4.80  126.66  13.35
W1-85 322.50 DSI 0.16 -5.82 12472 17.53
W1-86 326.42 DSl 0.02 -4.80 12495  13.34
W1-87 330.42 DSl 1.45 -4.90 127.84  13.76
WI1-88 33848 DSI  -0.47 -6.21 12325  19.21
W1-89 342.41 DSI 0.95 -6.46  126.03  20.31
W1-90 346.43 DSl 0.91 -5.90 12622  17.87
W1-91 350.44 DSI 1.75 -4.82 128.48  13.40

RIEfE . 8O A T -9. 56%0 ~ —4. 80%0 2 ], YI{H
H=6.65%0, AHHAE. Bk, SR AR AR B,
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R, KRR IEIE R Sr & i A PO T R
DS1 B TR 5 % v 19 Sr & i nl REJ2 i T AR
WA (7 HESE, 2022), &0 al W7 f#
A SE R A (8 2-D)

e [A) 037 2% BE 0% AR 47 3t O A7 i 4 U0 B BF 555 19
fE, X TR R a DR KR A R Y4578 B X
MR GE L W B TR AR ORI, B
o AR (A T 7K TR A LB A AR A 2D | A X 3
PR SR K, K PO R W R IR i, T U B
BHRE AR, X Rk R AR AR S B0
P R Ol DO A (T O 1 SPGB TIPS
PRIR R 5 W 8VC M IE W, RZIFR (47 81 P %%,
2015) o HE 1 AT U Bk [m) o7 28 3 1] b 48 75 vy K A
S IR G B R B AR AE o Bk [ 067 3R BT 4R
7N R -TE AE DST B T RS B JF, 7E DS2 B b
TR A, 7 DS3 Bethydl F B 5 4E 5 fi2, DS4
BOUNE ETHE R TR IWEIRRHERE , kIR0
Z 48 78 B0 3 S 1T 7E DST B R ik, DS2 Btiit
FRWI 28 3K B AR X B K, DS3 B (R B fIK,
AR BE b e /N, DS4 Beig A B, (HAERR R TR
B, YERFAEAR R B IR

Fischer fi 2k 5t T 5 A0 28 46 5 TTBUK B 1 #8 &
KA, AT LA R e Wit ~F- T 9 JA 4 A2 b (Yang
et al., 2021), HAHSE R8P B TF, Wk
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Table 2 Geochemical data of major and trace elements of the Member 4 of Dengying Formation

from Well Wang—1 in northern Sichuan Basin

Fogn  E AN AL B L/ % BOEICH &R pees”!
/m 5B Na, 0 MgO Al O, Si0, K,O0 Ca0 Fe,0, Sr Rb Ba
W1-01 142.45 DS4 0.15 21.54 0.02 0.02 0.01 30.80 0.23 106.26 0.21 10.30
W1-02 146.65 DS4 0.16 21.02 0.01 0.01 0.01 30.29 0.43 112.22 0.20 42.95
W1-03 158.53  DS4 0.13 20.84 0.01 2.94 0.01 29.99 0.35 38.75 0.26 6.28
W1-04 162.59 DS4 0.16 21.51 0.03 0.33 0.03 30.59 0.28 51.78 0.69 9.04
W1-05 170.49  DS4 0.14 22.06 0.02 0.02 0.01 30.59 0.30 53.34 0.15 16.78
W1-06 178.16  DS3 0.12 12.08 0.01 26.06 0.01 22.27 0.30 24.05 0.34 12.66
W1-07 182.46  DS3 0.13 19.39 0.01 6.71 0.01 28.40 0.32 30.69 0.18 9.96
W1-08 186.58  DS3 0.13 22.45 0.02 0.01 0.01 30.83 0.22 23.38 0.23 5.60
W1-09 194.45 DS3 0.14 20.82 0.01 4.11 0.01 29.78 0.27 31.80 0.19 7.38
W1-10 198.50  DS3 0.12 20.66 0.01 3.44 0.02 29.81 0.21 22.11 0.26 5.48
Wi-11 202.51 DS3 0.14 22.51 0.01 0.02 0.02 31.18 0.36 30.73 0.27 4.55
Wi1-12 206.70  DS3 0.11 13.47 0.02 24.24 0.01 23.33 0.23 20.00 0.30 7.59
Wi1-13 210.54 DS3 0.13 17.20 0.01 13.74 0.01 26.18 0.67 25.13 0.17 11.22
Wi-14 214.54 DS3 0.13 11.41 0.02 30.62 0.01 22.65 0.17 70.50 0.18 114.29
Wi-15 218.56 DS3 0.13 12.19 0.02 25.63 0.01 24.18 0.17 32.09 0.19 9.30
Wi1-16 222.47 DS2 0.17 15.24 9.97 23.32 1.98 21.09 1.93 50.37  32.97 71.13
Wi-17 226.45 DS2 0.13 20.75 0.01 3.03 0.02 30.26 0.21 41.11 0.37 18.07
Wi1-18 230.60 DS2 0.12 21.78 0.01 0.04 0.03 30.95 0.28 41.99 0.55 7.49
W1-19 238.68 DS2 0.15 19.48 0.01 0.02 0.01 28.92 0.27 40.71 0.19 9.06
W1-20 242.47 DS2 0.16 22.06 0.24 1.40 0.11 30.54 0.36 56.22 1.72 8.66
wi-21 250.58 DS2 0.12 22.65 0.01 0.04 0.03 31.11 0.39 32.63 0.45 4.74
W1-22 254.50 DS2 0.12 13.39 0.01 24.09 0.01 24.13 0.18 22.99 0.23 4.09
W1-23 258.50  DS2 0.13 21.62 0.01 1.42 0.04 30.78 0.29 51.84 0.67 14.68
W1-24 262.57 DS2 0.15 22.07 0.15 0.62 0.12 30.55 0.39 65.90 1.82 8.06
W1-25 266.50  DS2 0.14 16.81 2.23 12.74 0.52 27.38 0.67 51.63 6.54 230.43
W1-26 270.38  DS2 0.14 22.13 0.01 0.64 0.03 30.66 0.33 51.97 0.23 10.18
W1-27 278.54 DS1 0.15 22.41 0.01 0.03 0.01 31.15 0.35 55.18 0.33 35.32
W1-28 282.59  DS1 0.15 11.22 0.01 31.45 0.01 22.00 0.25 24.36 0.19 58.42
W1-29 286.47 DS1 0.14 21.78 0.01 0.13 0.02 30.81 0.17 48.19 0.31 7.81
W1-30 290.53  DS1 0.14 21.75 0.02 0.03 0.02 31.19 0.26 56.97 0.28 175.95
W1-31 294,50  DSI 0.14 21.33 0.02 0.05 0.03 32.79 0.48 68.96 0.47 114.56
W1-32 298.55  DS1 0.19 9.78 0.03 34.12 0.02 21.72 0.23 47.53 0.41 195.52
W1-33 302.41 DS1 0.15 19.43 0.02 5.55 0.02 29.78 0.26 66.36 0.34 83.69
W1-34 305.99  DSI 0.13 18.96 0.01 9.11 0.01 28.97 0.26 44.23 0.22 38.64
W1-35 310.50  DS1 0.13 13.01 0.02 22.65 0.02 25.91 0.21 41.71 0.46 17.02
W1-36 314.52  DS1 0.15 20.96 0.01 1.19 0.02 31.25 0.23 75.27 0.24 25.04
W1-37 322.50 DS1 0.17 20.24 0.01 2.30 0.03 30.62 0.28 95.00 0.46 24.98
W1-38 326.42 DSI 0.15 20.41 1.28 3.41 0.04 29.94 0.67 95.00 0.83 10.24
W1-39 338.48 DS 0.16 18.22 0.40 6.59 0.03 30.41 0.35 114.36 0.62 6.92
W1-40 342.41 DS1 0.18 20.18 0.23 1.69 0.02 31.56 0.38 88.22 0.57 270.28
W1-41 346.43  DSI 0.16 21.16 0.27 1.82 0.08 30.90 0.50 83.85 1.30 9.02
W1-42 350.44  DSI 0.19 20.91 2.72 8.86 0.90 27.09 1.81 7372 10.48 37.20
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Fig. 4 Composite columnar chart of palaeoenvironmental parameters of the Member 4 of Dengying Formation from Well Wang—-1

in northern Sichuan Basin
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1 IF U5 Python 1%, 38 3 £ il T BLRE B2 Bl 0 FRL )%
B ) 2 1 A2 A 45 B B 58 X KT DU B Fischer {45,
H T DST B F s I, 3 B 2 R U0 AR ) Wy, i
% Fischer [ £k 78 DS1 Beit B AN ueffy, HoAth 2 B AF
A AEAE 5 Btk [7] 57 22 45 b 2R A 27 5080 194 1 AR DG M ]tk
(E4),

Zi Bk, DST Byt B ol v F 1 AR A7 2
i E, RSB TREE LT DS2 B AT
WO L A, DUBUKIREUR, DA /KB R £
DOBU R 35 DS3 Byl B W b v P i pRad R R, R
B RKEORL 2 %55 DS4 Bt AU 1 1y 3 F 18 /)
FIENIE IR, EIRgER TR, MY
(#) HaaTHKkE.

5.2 Higk#E
AR T S [ o7 2R Al 5 v R ER G AR L Z

fH(Z=2.048%(8"C+50) +0.498x (5"0+50)),
VTR G 8 A A i) — DA R b, Hh Z<
120 H % KA, Z>120 Hifg 7K 41 ( Keith and We-
ber, 1964) ., ®F 78 X 4T WU Bf Z {6 4 F 122.11 ~
131.30 Z 0], ¥{H 2 125.90, FWIHE 1 2k i A
BRIRER DTN . 17 b Z i il 2k 2 55 1 KR Wi/ 1
G R, RIS H K EAZ Lt & Pr R 22 1k
),

Sr/ Ba {H L 2 i 5 H S8 SR Rl R B 1) B 4R
Fro St 5 Ba URTEMAME L 4k, BEERES
EBAM LA R 20 (5K 38R 5 AT,
1993), M Srifi # fE R WM Kb s 4, Ba N &
BRI K b s B, BOE R IR St/ Ba> 1 1l
AU, St/ Ba< 1 BB AHTTAY, St/ Ba A T
0.5~1.0 Z [\ N2 ok HEE (CRF]E, 1978), IE
1T DU B Y Se/ Ba {4 T 0.22~16. 53 Z ],
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5.3 HREZTL

F T 7E T 2Kk R 8 1) T i B — i B IR R T
F R R, B MgO/ CaO {5 AT LAAE Jy Fe e 70 AR
oAU AU BR . MgO/ CaO {45 71 W Ak
RAE Bk TR (BT 5%, 2009; & R4,
2016) . M 7% X KT Y B Wk R £ o FF b 1) MgO/ CaO
75 0.45~0.77 Z[a], ¥{EH 0.66, MgO/CaO {i
AR Bon (B 4), X7 EB Ui 97 8 MgO/ CaO
fH#cw, 16 DS1 Be /IR B2 T B Je 2 i B, 78
DST B AR AR I BB AT 3%, [/ B 72 DST B it AR
AN DS2 LA A0 A B 2 S A, DS3 B
DURWI I AFAE R S 0 X H), DS4 B R 4 Rp a5
B, VEHTXT U B il B R A DL S o
DS1 Bt i FL v 1 F0 DS3 B il B A A0 1) T 2
] % 7%

AT Rb TR EEBMM K NEE, SruHR
TR ZRBR L AP Ca” R EH (R R E,
1984), /e TREAMEHFH T, A CaO 1y 51
T, SroGE UM AN, SrE e Ca’t BRI K,
TE I A Se & s ok, Rk, Rb/SriE{i af
PLAE 7R T S A X, Rb/ SefIR AR 38 7R 45 AR
R (E#ERS, 2018) o BFSE X FE & Rb/ Sr
fHAY T 0~0.65 Z[a], H{HKy 0.03, 55 Bk
HBLAE DS Berp i f2 DS3 BRIEHE, 5 MgO/ CaO i
A T AR A — 3

by it — 5 A B F 58 DXAT Y B TR 0 oy A
fiE, A B 5T 22 3R FHAE i 48 [ 67 38 4 ik &2 DORR S
KR BE . AR R T AR g A X (VA
4= 2020): T (C) = 15.976-4.2%x8"0+0.13 x
(8"0+0.22)%, fRAFES 60 MUK IEAE (13 BRI
4, 2013), 454 BoR #F 58 X A i K R E A F
13.34~35.21°C Z |a], ¥R 21.06C., 4
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N FR, R R AR DST BT AU DL 1 #4
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OB 0 R 2 A i, BR B ] T #R O ) B 4,
DS4 B i BUMA PR 855 A8, /N W BE 1 9 %% M B2
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5.4 HNREZERZEAWBEEXE

WIRE A — g R, A
JE IR A K P R AR, R B R Y
4 9% & (Fairbridge, 1981; jZJk# 4, 2005; T
WA 4%, 20105 £ WS 5 &, 20165 Bk T+ FH &%,
2020) o FETHE 1R KT DU B 4 5 o3 B 5 b BR AL 22 £R
W, RATINT T e o T K -5 AR R 9P TR
Z A BN AERE G O &R, LA A 75 42 1 ol 2 ) ik PR 6
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I HE A 2 Y B O, X S T TR R B
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Fig. 5 Sedimentary filling model of the Member 4 of Dengying Forma

tion from Well Wang—1 in northern Sichuan Basin
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