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Abstract: The formation mechanism and time of the Mianyang-Changniang sag are still controversial, which significantly limit the
petroleum exploration of the Dengying Formation. In order to provide a better time constraint on the deep-water strata in the Mianyang-
Changning intracratonic sag and deepen the understanding of its tectonic-sedimentary evolution process, this study carries out
comprehensive stratigraphic correlation and sedimentary environment analysis of four sections in Guangyuan area, based on outcrop
description, thin section observation and carbon isotope analysis. The characteristics of petrology and carbon isotopes show that the
four outcrop profiles in the study area can be divided into four lithologic units from bottom to top (namely I, I, Il and IV). Lithologic
unit I is composed of thin-bedded argillaceous limestone intercalated with argillaceous dolomite band, which is equivalent to the 3rd
Member of the Doushantuo Formation with the Shuram-Wonoka negative §"°C excursion. Lithologic unit II is represented by black
shale, corresponding to the 4rd Member of the Doushantuo Formation. Lithologic unit Ill showing the transition from massive dolomite
to chert, can be correlated with the Dengying Formation. Lithologic unit IV is marked by platy chert, which is equivalent to the
Maidiping Formation. Of these, during the early stage of the second member of Dengying to Maidiping period, massive dolomite
shifted to thin-bedded chert with slump breccias and fold deposited in the study area, indicating rapid evolution from carbonate
platform to slope-basin depositional environment. This deepening depositional trend is opposite to the shallowing to exposure of the
whole Middle-Upper Yangtze platform, indicative of rapid subsidence induced by extensional faulting.

Key words: Mianyang-Changning intracratonic sag; Guangyuan area; Dengying Formation; stratigraphic correlation; tectonic-
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Fig. 1 Regional geological setting(a) and generalized stratigraphic column(b) of Sinian—Cambrian transition at

Guangyuan—Ninggqiang area, and the map of sedimentary facies in middle-upper Yangtze area during the Dengying period(c)
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Fig. 2 Stratigraphic division and correlation among outcrop sections
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Table1 Carbon and oxygen isotope test results of Chenjiaxiang and Datan sections

FERS WEE/m  AE 87Clpp/%0 8" Oyppy/%0| | FEMMZRS TREE/M  AE 8"Cyppy/%0 8" Oypop/%o| [BEMMA S TREE/M  FHPE 8"Cyppy/%0 8" Oyppp/%o
CI-11-1B 6 RFUKEH -883  -11.67 ||CI-19-6B 725 M= 0.72 391 ||DTC-24 36.5 WHK#E 898 -11
Cl-112B 7 WFUKE -9.62 -1252 ||CI-19-7B 773 HZ=&E 1.29 276 ||DTC-25 385 REKA 842 -11.21
CJ-12-1B 10.8 JBUKE —8.18 -1247 [|CI-20-1B 785 H=&%A  —049 0.58 ||DTC-26 40.5 WBUKE -745 -11.86
CJ-12-2B 12.6 Tk -820 —11.89 |[CJ-20-2B 80.5 FEMLH = 299  -1.76 ||DTC-27 425 WHKHE 852 -11.21
CJ-12-3B 143 WBUKAE —8.75 —1134 |[CJ-20-3B 84.5 WA —3.69  -054 ||DTC-28 445 VBBKA -9 -11.34
Cl-12-4B 165 JFUKE -825 —11.14 ||CJ-20-4B 858 H=z&H  -1.25 0.41 ||DTC-29 465 WFUKAE 83  -10.57
Cl-12-5B 235 JFUKE -933  -12.87 ||CI-20-5B 926 H=zmda  -1.79 0.83 DT-1 485 WHKAE -9.14  -10.16
Cl-12-6B 275 JFUKE -951  -896 ||Cl-21-1B 9445 HEFHAZA —1.10 2.71 DT-2 495 KA 899 998
Cl-12-7B 325 WFUKE 812  -1120 ||CI-21-2B 9585 FETHZE -533 223 DT-3 505 REKA -921 -9.62
CJ-12-8B 36.7 WBUKE -8.16  —10.86 ||CI-21-3B 97.45 BEIFI A4 —973 —4.04 || DT-4 515 PWHEKE  -9.02 -9.8
CJ-13-1B 40.5 WBKAE -8.19  -10.67 ||CI-21-4B 98.45 FEII~4 —1022  -439 || DTB-1 576 H=d -399 —8.77
Cl-14-1B 447 WFUKE -825  -10.78 || CI-21-5B 100.05fEFHAE -9.52 362 ||DTB-2 586 Hz&& 356  —9.44
CJ-14-2B 485 WPURAE -840  —10.26 ||CJ-21-6B 100.65FEFIFAA ~10.66  3.66 || DTB-3 59.1 H=zah -3.7 -9.3
Cl-14-3B 493 JFUKAE -8.03  -1031 ||CJ-21-7B 102.05 = —8.65 110 ||DTB-4 596 =% -394  -972
Cl-14-4B 519 JFUKEH -879  -9.83 ||CJ-21-8B 10525FEA=A ~11.66  3.62 || DIB-5 60.7 M= —4.4 -9.8
CJ-14-5B 53.1 PPURAE —834  -9.80 ||CJ-21-9B 10825EEII A4 —11.89 -1.75 ||DTB-6 616 [&d  —418  —053
CJ-14-6B 545 WPUKAE —868  —9.13 |[|CJ-21-10B109.45EEIIAA —1141  -5.11 || DTB-7 623 H=oh 34  -281
CJ-14-7B 569 WBKAE -8.69  —-921 |[|CJ-21-11B109.85HEII A —11.96 -2.74 ||DTB-8 63 H=nd 593 -5.56
CJ-14-8B 57.9 WPUKAE -884  -9.06 || DTC-10 0.5 PFKAE -103 -1321 ||DTB9 635 Hzad 405  -3.18
CJ-15-1B 589 VFUKA -888  -933 || DTC-11 3  PBFUKA —998 -1248 [|[DTB-10 643 H=ad  —675  —10.04
CJ-16-1B 60.7 =il -875 371 || DTC-12 6 WHKA -997 -12.71 ||[DTB-11 64.6 H=AE 267  —235
CJ-16-2B 613 =Billds —845 -192 || DTC-13 9  FUKA —961 -1152 ||[DTB-12 657 Hzad  -1.64 565
CJ-16-3B 62.8 =iAE —1.86 0.08 DTC-14 12 WFRE -969 -1227 ||DTB-13 667 H=uf -0.4 -2.8
CJ-17-1B 64.1 H=%s  -1.77 0.15 DTC-15 145 ®BKAE -959 -1295 ||DTB-14 67 Hzmd  -138 —042
CJ-17-2B 644 HZEHE  -039 1.52 DTC-16 175 WFKAE -956 -12.15 ||DTB-15 67.5 Hzn&i  -3.07  —0.62
CJ-17-3B 649 =%  —428  -504 || DTC-17 20 ¥FUKA 93 -1292 ||DTB-16 68.8 EEFAA%A -1298  —4.46
CJ-18-1B 654 H=éh  -1.07 1.91 DTC-18 23 RFUKAE 924 -12.81 ||DTB-17 703 BEFEHZE -11.86  —6.66
CJ-19-1B 679 HZ=E%E  -0.65 0.92 DTC-19 255 WFIKE -9.16 —1266 ||DTB-18 72 HEBHZAE -1191  -7.42
CJ-192B 68 H=d  —262  -299 || DTC-20 285 FUKA —9.02 -1243 ||[DTB-19 732 HFRAZRA -1139 537
CJ-19-3B 682 =%  —418  -049 || DTC-21 305 ¥FUKA 884  —11.07 ||[DTB-20 747 BEFAZRA -1565 —7.29
Cl-19-4B 689 H=#& -359  -121 || DTC-22 325 ®EKE 94 -105 ||DTB-21 76.7 #EFiHAZRE -1653  —5.44
Cl-19-5B 719 Hz&E  -096  —052 || DTC-23 345 WRFUKE -865 —10.77

JZ R X F s (=SB PUAREE), HiE AT 25 Nestbyfjellet HuIX A JE ki 280 m(Melezhik
AWFSE % B, Shuram 70 B2 EA B D PURRIREER) et al., 2008), PG A A1) 37 M X HE 2 30 50 J58 1k 50 ok
AE), DU R WA AE B R 225, UndEpg Hi X% B (Melezhik et al., 2009) . & [ Frik, )48 Shuram-
JELJE 3 R 15 ~ 30 m, MIZEBGE I AR KM Wonoka SRS A7 G, (BT XCAPERE T il
LR3I 45 m, 75 m(Lu et al., 2013) Wi 4E SRR ABR R 0 3R (42 b S AP FFE, 5 Shuram 7
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a. JRAREWZREE T, W] AR PR, HUFRER 28 eom, A b, IR EMACREE A, ILFEK 15 em, BRE &5 ¢ KREWZETE A
Zoa B, TLEBER, WAL R 175 em, IO d. AR G IUAZ AL 23 6, 5T RUZ W24, 255755 170 cm, 2538

e
JE B /m
MK 2 5500 + 513C (%0,VPDB)
a5 I §s =
= L1 Frm " i
z - - 230l 2 geyene 70 150 !
S| 100 [ & ; 123 &
90 90 == 5°C (%»,VPDB)| [ 2 :
Z K o )18 %o, 10
%0 ‘;, %0 J (iE/OYPDB 11, L - i'
nEE & o AL RE e L
; 60 ¥ £ o : ®
i ' 1 :
in ! .
h ws [ 1 ; ! .
= 23] 0 o e -100 10
W R oo
00 1o 00 0 A Epes mFRIVE A o BRSSP
GiEa Eiea
E =1 ]
TEUH Hz W AT E EdAms Az /ET %% Eilﬁ EIEE WeE o WEAE  AEETE
Aa %Ez%
B3 oo =ik, SRR BRI AR TR LR X IR (531574 Ling etal., 2013 i, 1905 3
i Chen et al., 2019 &2 PUABERE Li et al., 2016; Ding et al., 2019 f&2k)
Fig. 3 Comprehensive stratigraphic correlation of Sinian—Cambrian transitional strata among Guangyuan,
Three Gorges and Zhangjiajie areas
T B BA RAFAINT HEE etal., 2013; Li et al., 2016, 2019), SHFF¢ X A 1B
REAFSE R, B — Bt Shuram 2 L A BE DY RO R 2 e s BOR AL A IR = e

BEEEA5 5 (Vernhet et al., 2006; Ling et al., 2013; Lu %ﬂ&f&ﬁ%ﬂtﬁtb(@ 3)o TEERIK G HUAHIX, BE DU B
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Maegiaz IR, FEREFEMUMEYAS
FEI LTS P N b A = ba e S ey aE vl N d LA
SRR BN IE 54 (Zhu et al., 2007; Ding et al., 2022) .
L, 7R85 g h T AR & Sl A B kA &
AR RL 2, A AL G5 (BIRIV —c,d), R
37 HL AT — B s AU TR, BB A B T
RS NI B 22 I = 2 || I S S TR R 3
[R5 2R IE A B2, o 48 7 AT DOGE EG AT 52 20 v i ik
[ 2 IE S0 o (EAS R AR, WFoY X e B I
IR IAI 2238 H 76 0 LUF, 5 A A& B9 067 TR A
B a4 7 H- ) 25l (Chen et al., 2019) (& 3), i1k
T HUAR KT 52 2 [R5 3R 4B (1%0 ~ 6%0) o 1205 [F) 32
REF RS YT AR RN 28 A
Ke: FEEAIR SR A3 2 007, A ML AR A rp
A TEA, TRIERZ AR IR T ok, @it
AP IR AA AACVE R T RO &2 °C i AKAR, T3
UK IR B iR IREh 7 6°C {H W 17t (Bowring et al.,
2007),

T R, 32 B R AT T FE G4
B 1) 2 1 5 1) 28 e 0 R — 2 DARE B A DR 32
ROHLZ, FRoM B3 253 4H (Vernhet et al., 2006; Chen et
al., 2015,2019), Chen et al.(2015)i\ K, BHZR/
FER R AN T BRI LR oA e (RO RKAR 24
542 Ma), B H R —E BRI H = A s
F, M FERGE TR A, DU RE BT DL
WA= R, & SeRZE. hibnl W, AP
BV DLESCIR B wh ek B o &, 8 TIER R & Hb
FEMIHL)Z . Chen et al.(2019) W58 M, B A5k
HR A7 2R AR T LIAE R B R/IFER R R L. %
JEERMEFPRR & B B I 0 [R5 26 171 D
B T 457 B 2 R A RS, TR T ik () 457 28 1] BE 32 ik
R Z A BESE MK, AR IR, e B ARk
KR 0 R/FERRFLE A, (BTG R F 77
R, B HR/FERRAALIEN R X TSN TatEB
M~V REFTAH

25 LIk, DA i IS JE Ve i 455 S R
Bt I X RBE =B A B, A B T 2R, X
NBEVU BV DU o B X R AT 2 e, A Be IV
X R FE R A AL, 2 F R SR s A A Y T AR
A= RIS

5 ULBUAEEIL
AKX, BE =B CAER 1) Tk fEae

TEASCIR U I3 I e 13 K e ff A 4, UL R i
JREK G A P 8 A, 50 = A R K € IR TR
TR Je d e R T RIK T A =, WA RN
JEK G r P8 e, e SHL AR ) 7 i IR e — 3 o 3o I DR
(Lu et al,, 2013), 8/ RHE - IR . KEBBEFE
AR S I DT RR AR B iE— 26 7, IR HE % 1 4%
B, 3 A (7 235 19 25 2 A o D b 1) s 0 i A A
o RS . KK a i X BE = B LUK Sk (07
JER A VR A DU e e Ak Sk 32, A LA A v
PRSI AE, (H AT DL e B2, R o A — b Y 1E
WU, 9T X BEDU B CAPER D) DU 2R =
JRA, R DUA N F . R TUA R A
T A1z (B 4845, 2015), AR T RELL B A
bR €T O T W2 = 5 O Y Tl b o €
EhA TSk, HETUTR T BE DU B 2 4 517 (Ling et
al., 2013; #4845, 2015)

JT L 3] CA ek B IO, 11X £ TR
TR A G —rp ARG =, ) RS R,
HRREAN, A AEREgRER . i, FA
b DX IR R U A B B, DA KRR TS AR, T R
W UL B S8 A B2 25K, HE R RHIE DTBUAEE (25 1
85, 2019; B, 2020)  SREHERIK G IR R
KB R A TR, (EZ AR U 2 AR At
Wahty, HICHE SRR SIS, SO IX K IR TE B
RE BT HAT B X (EAS T B2, PR S Hh
DX e T AT DL R 8 i e, R0k . 28 A A
b, B H e 450 (B RRIV —d), X &5 1Es +
B UK AT B NI AR A F , B B
ZEREPE, PRI IX FELT AR A S DU, Ja s
RGARDURL, TRMEHL X KT s AU LA = 5
3, 1) b AR BT 2 U, 1 BA R b X AR
SRR R SEE & N, B T PR

FLIE R 27 i BE I Gk B IV TR ), A
i E T X B TR R B M & T Y 2 7R o
T, BEASR & A URUWE R (BRI 2, 2013) . BF5EIX
55 IEEHL X B 25 4125 U (Chen et al., 2015), EZHIT
TR AR B | RERE BT e b e b i B
A, ) B s, AXT TR R, % E
T I 25 RS 3 3R, o e J2 B L 34 B 1 R 4 A
D, BEHHGTRUK R EE— 2D 3K, 48R T LAZEH
R FE TR (28 5, 2019) .



FEBHEESH

FARFERE: DT e AR— A X R B 20— FE 20 b 2 e 91 R b — TR AL 823

R Hr R, B X AERE Ve S E
FHA R AR, 200 T — kiR 72, S8k
FEWEE, RIS A (FERERBEATUS) UL
MU FE . AT — N JE a2 i PP A, iR A
WAES B FHIX 2 R E, SR I AR
%, A RE NV BEH(Ding et al., 2021); MiHf
5% DX A B AH S B B I G R A, e A DU TR K i
e

6 IR R

FFE X BE = —BE DU B b )22 371 550 76 b X )22
FEOVRFE—3, R W& ARG, nTRE M BEL
WA THE T ENH)Z . 456100 NS 7R,
WFFE X B Ly 4 2 2 B R /N T 100 m (TR
4, 2019), T AR EAGIEIE, BELTeH R B2,
P A I AN WA BE U BTN, ELad Vb A AR,
JEERE VA LA K (RIS AR A, 2009) o 2L iy fili &6
SyrHLIX, BEI YR AL B, KT R4l EA A 3R
(Ding et al., 2021) . H AT UL, FEBE = BT Z i,
I IR Bl — 2k B 2T P IR i A S
I e b DX = B AV ARCIR 6 b K e e T Ak A
F, A RN A TR IS . B DU B ) 2y
RV | RIS | SR e e b i 2 g
¥io 5BE=BUTBUHA H, BARUTRIA SRR TR,
ZREE AT LXK T2 IR 0 5, M-
U ST AR R IR 25 A

KT SC AL, V- I 202 1 T, iiRih s T &
BIF IR, SRR EL A & M AE P 4% Hl PR g 57 -
IR R TIE R, SMEUMEY A RS
LR AKBRIRER A UTFUA 3 (Ding et al., 2021) . fil4n
e X (N, = SRR D) BE DU B LATRK i 2R
GUA DU 32, H E A AT 52 20ATY R R A5 4 A i r
F A DUBL R 3) o i) J0Hs X2 30 AH 2 43 4k
G R LR - 2 R R UTR R, LT
A — 77 Z AR ) B8 45940 (Chen et al., 2015) . Ji
HORBRA & HTH, KT 5% 4R BT K i R AL
FVE A AL 2548, T ) AP SR PRGHUIN R Sy b — 4 b
AHRE B TUR . X 25 57 ) 3 A b B 3498 7 4 FH -1
TR AR AL A s —TURL S S ], AT BRI
TR 2490 s ) e X P TR, KRN TR

WA GE A2 BB, S B R R A 5 R AR
F 575 P ol R 43 1 K b IX AR LT AR (B R 5 4

2015), MWFFE X PTAR T — £ B B ARCIR e 0T
S, HAEAH X LB AR S (EIRR V —a), il W22
Mo BE R ST AR 1 By, 32 W 2406 Sl , BT X 4k
U, SEMUTRR T B . A0TSR, £ Rl
T AP B T CIRHHR A, 2013), BN EHb g )12 30
BUBEEA RIS, 56 TR A L, Piakss
W% EH)Z I BB, AR L, SATSF A a2
IR, R T RIS I A i — 2 B 5,
UBRE 1) 25 57 o 22 2 S A7 M 3 9 307 40 55 1 285
Weo ZELRTIR, BrokAl A A0 2k I R TR 2 14 3
5T T T AT B L, 7R A T
IR B0, EREAT SRR o S e sl (161 4) o

704 B

Zh

(1)) oo X 52 B4l —FE8 2t FA 4 b 2 T 1E
ERrR oy 4 AR mtEEB T T E A T B, T
W B EELL A AR IR U o i e e Ufe K e ki,
DY/ SRS Y IR ¥ TN A Y = B AV i -
FROE. ATEB L oo P B, FELF RS, M
i T SR A E Pkl =t c 323 | S PN = 93
IR EHS, KBYCRA oA A = A il
AE AMHEBIV ORI A, FE R F WA AT
. BEBERUA .

(2) A B T X H & BE — Bt Shuram-Wonoka
T B, WA B 7 v KR — i v I DUAR,, F
INRHIE M DTRRIAEE . A B T X BE B, &
RIS, 5BE = BUUBRIAE L, DIRMEE— 2
IR, MBEMEREE . AEE AR Y T4, 81k
IR LN . MEMRK S SRR B R
A AKTTRR, 5 U R IR AKRE B DU, i —
ARR DRI FR DTS . AMEBIVAY T4
PP [R]R 2, ST s 4 A 2 A L, L2
T, YR T 2 0 ELYE SR RN HR A B sl D, 1 AR
HUTBUK GRS — D3GR, F87R 1 LA A F TR
7828

(3) 4 P —K T hr skl AR b & AE B = BT AT 2
TE PO AR AR e B A 35 4% Jmy , (ELR 5 O 0 ik — 20 &
HE s TR S T B B — 2 B4 Y AR
5T X 57 W a4 il itk — 2 ik, 2 5 B4+
5 HiURH DA S v Ak R 3, DURR IR B B W In ik . -
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Fig. 4 Schematic diagram of tectonic-sedimentary differentiation model
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