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Abstract: The dolomite in the Sinian Dengying Formation is a new and significant field for ultra-deep oil and gas exploration in the
Sichuan basin. However, the forming model remains controversial without systematic research. In this study, detailed C-O-Sr and the

rare earth element (REE) analyses were carried out on the Dengying Formation dolomites to investigate the geochemical characteristics
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and the source of dolomitization fluids, and further to constrain the differences of their origins. (1) The carbon isotopic values of the
dolomites in the Dengying Formation are relatively homogeneous (0% to +5.0%,), while their oxygen isotopic values range widely.
The dolomitic matrix and early dolomite cement in the near-surface realm show higher 8O values than —8.0%,, 8" O values of the
dolomite cement in the burial condition are more negative than —8.0%;, and those of the hydrothermal dolomite are more negative
than —10.0%s. (2) The strontium isotopic ratios of the dolomitic matrix and early dolomite cement vary in a narrow range of 0.708 —
0.709, which is close to the Ediacaran marine carbonate, indicating the source of seawater. While those of dolomite cement in burial
realm are more positive than the coeval seawater, indicating the source of formation fluids. (3) The dolomites in the Dengying
Formation show depletion of light rare earth elements (LREESs) and enrichment of heavy rare earth elements (HREEs). The matrix
and early dolomite cement have negative Ce anomalies with the absence of Eu anomalies, indicating a marine source. The dolomitic
cements in the burial condition have negative Ce anomalies and significant positive Eu anomalies. The geochemical features and the
origin of dolomitization fluids in different sedimentary environments are the essential factors controlling the formation of the
Dengying Formation dolomite in the Sichuan basin. Dolomitization fluid in the near-surface environment is mainly derived from
seawater, which is controlled by high-frequency sea-level fluctuations in an ‘aragonite-dolomite sea’ environment during the Sinian.
By contrast, dolomitization fluids in burial environments are formation fluids and mantle-sourced hydrothermal fluid, which are
mainly controlled by tectonic events. This research could facilitate further studies on the dolomite origin, the geochemical conditions
of the terminal Neoproterozoic Ediacaran seawater, and the exploration and development of the ultra-deep oil and gas.

Key words: Sichuan basin; Dengying Formation; dolomite; genesis difference; high-frequency sea-level fluctuation; petroleum

geology; geochemistry.

0 5lF RSP SR eR 2 NEPaE YA S SN
JE AT R 3 4% (1) A A 22 3 46 i 9 R (A

VU 4 o e e T 0l U A SR g T R A 9 BT 5 R TR R R, 1994 5 95
M (Zhang, 1997)  JLREH AT AR B IR 2 38 4 | 2016; Peng er al., 2018; Hu er al., 20205
A B & S 2 A7 (Zhou et al., 2020) . DU 1] 45 Wang et al., 2020) , T B AL 153 T 4 7 22 W4 R
WAT R 4 FE R E = =3, 6 A W5 A s [l 3 22 (C-O-Sr) 40 H7 Al T 22 Hb BR AL 22 2 48 A T
(07 1 T A% 8 NI A R OR AT A2 0 TRy O g A £ 0 R AR PR 2
1 = & 1 I (McKenzie and Vasconcelos , VR 1 2 e (2 BT ARt 1 1] 2 AT 5% 4 R
2009) , oy W S i e i 20T K RS e 5 A R LA 3 T D)1

FrAE LA 25 08 78 (Cui et al. , 2016, 2019). R X B AR A 2 B ok 7] — 2 B AR R R =
KT IO T B 201 25 AT 000 oo B e (L o 35 1999 £ 51 4 2014

L5, TR R R A EEDUE A & A A CE SR BB Bk 45 | 20165 Feng ef al., 2017) , 1% 36 4 [f] IX 1 |
EMARETS 1992 SIS AT, 20195 Hu er al, 20205 o @ 2 gy iy Rl 346 11 25 0 00 7 7 9% 59 0 L 96
Wang et al., 2020) MR 4= 2248 H = A 16 B O 35 P R LR L R G i R A U 1] 2
FRAF, 2015; Peng et al., 2018 42 RURAF, 20195 200w ypawy oy oo sty sl (3) i AR DU 11T B 20 11 5
A LT SCEE N T B4 W45 A = A 4k (K 20 il 3K B B BUER B T A 6 ok T R
ALYE 19975 R 55, 2015 Peng ef al 20L8 -y ig a1l g5 s A B2 L1 5 B AT T A
BT s AL R P 55 2010: Peng ef al gy e gy gy e it c-0-Se L (% AR O %
2018; 4 [OAE, 20195 Zhou et al., 2020) BBV S g ym s gy st 0 ) g BUSE B8 11 % 7 1K 0 I B9
AL CF W R 35,1999 ; I A8 45, 2014 5 B 4k 45 B PR R M R 2 T AR 00N 4r AT 5
2016) K W H = A 1k (R IE 7K &5, 20095 5 #5 53R 1 P BL R R TR S g 22 b

% ,2016; Feng et al., 2017 ) % A [ (4 1 B AL ) 5

B A M CEIRBUE S T RREES A | Ay

A BV S R A S ARk R &

&£ H (Vasconcelos et al.,1995; Wang et al.,2022) . VU ZE M A T8 TR PG 2%, 2 7E L3 e



3362 HERRL2E  http://www.earth-science.net 48 &

L DU M T 52 A A b PR R
Fig.1 Lithofacies and paleogeographic map of the Dengying Formation in Sichuan basin
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Fig.3 Dolomite paragenetic sequence of the Dengying Formation in Sichuan basin
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Fig.4 8"C versus 8”0 plots of the Dengying Formation dolomite in Sichuan basin
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Fig.6 PASS-normalized REE patterns of the Dengying Formation dolomite in Sichuan basin
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A7 B T A B ik R 1 = A AR R R Mg L BRRL
[B] 7K (4 R ZR %5, 20195 Zhou ez al., 2020). A It , £ Ff
A A AE AT R 2 LA TR H = A
9K 2 [ % Z — (Hu et al., 2020 ; Bk 1 15 %, 2020) .
42 EEREEZAL

W = A AL R A5 W 02 th 2 R S A
SIS A El L AR N LN E AP DL ALY S A aE e
JE 45 ) 'S /% S [l 2 28 B K T R 3 ¥ K 9 1 B A
JCER LA B 5 AR LML, 1 Eu nl U] W 0 %,
Hor = A A I Aok U5 T 3 2 Ak (B 5 AR 6) . i
T 7 2R 0 1 A2 U R R e Bl o R R IR
2R TE L o A RS 80 H 1% W K
1%, 5 = A 45 ) 4R IR A R b IR S AR DG
KFZR L, H SO /INT — 8% (K 4) . 75 355 By Bt |
Hb 2 R ) VIR B T L e Mgt Y b 2 K i R
WA = A 23 Ve R AF A0 Hb 2 38 8 5 2h A
B AR T HE 2 4146 (Zhou et al., 2020) .
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PWMAsAEEBERA NG ERA S A K
Yy, E A S A5 R, TE TP R R (Du et
al.,2018) . T 8R40 45 4 'S/ Sr [W] 4 2 {H
HH S R T[] 39 96 K S BB L 3 A 3 A LT R R 1
ALY W (ES), 3 H A = Ak
RN ] F R o A AR S5 TR R T TR R
PO A =28 8 O AN T —10%, 43 #i s
il /N T 18 A = A AL 4 9 (& 4) , TR RE SR IE T
FER B O = R AR B S T L A
(MV'T) Y8 mi AL 9 LR Y 1 32 4 0, DU )1 2 i kT
HAMVT U WA FTEAERASA A K- E
AF ERAs A ST A%, XEMVT H
YA A 0 A7 A A TR Ry TR B R I A I 4l 2 —
CRe AR 5 AT, 2016) . dat 1A £ 22 14 I 3 5 4 7 0 1|
AT A D ER A= A RE Y — R g A
132.6~218.7 °C,F# 4 175.6 °C, it & /& T 3 i
H oz 5 A 2 R B (CF 20 125 °C) DL K b 2 G
R T 28 D5 0 e i O AR R 4 L 2016) .
43 BzERE#HEK

BEF 00| 25 b 1 A A o A R (4 R AR
2019) A £ 24 (Peng et al.,2018;Hu et al.,2020) 4
A AT A Tl BR AL 2 B A (B A~ T81 6) FLALIA B =
A L5 ) U-Pb [F A7 3 4R % (TR 2215, 2019) , 456
F 2 4 A e 0 RS U ALER, DU 1 2 s kT S 4 =
SR AT DA 43 Sk BRI SR R A B B (1)
431 R E WG AR, TR
I T A A B 5 B Y 25 R AR T 2 b R %
Pt R 7K T i e R 8 2 N YA K W B s A VR 4 L B T 1
ZATT IR T WA KIS TR = Ak
R Z BRI EE L B R A R B
AAAE T BT U8 & 2 A, T T A 9B 3 R 3
Moz A AR VE R T8 -4 5 1 = 4 0T Bt
VI 2 KB S R TE A0 B R 2 R T
SER N A=Ak, R T R A RUE A
W, 2 S R = T Se/YSr A
F A+ or A R S E K AL S
A 6), Ul B H A = A 1k 3 A 35 0k I 1 K .

GHRAAREY EEREERWET A
= RS FNALIR 8 BT 2 % 5 R 1Y A DO R 3A
BE . Bl & g T TH YR R AT 52 40 R b 3R R A% R AL
T8 T8 B . B Ji5 1S 1 T 2 4% AL P Ad T K
NIREE AE 2L R AL 1Y PN RE AR TR AT 4ER s A
S5 oK B WA AT 4R s A IR S S %

Bz A B 8NC 8O E 43 A v B A L 4)
St/ Sr [A) i F A AL T [F] 4 K SE (& 5) , R
A R RE SR R T K A E M, IE AT
Ak 1 = A RS - E i m K, B s R4y
Pt 7R Ce Jo 52 (B 6) , Hopl BH AT RE A 1) 26 5
F oz A 13 3% 11 = A Ak v - T e 40041 T B 3% 30
FEUT R AAE DO ] 2 R R 8R 5 W TE R
BEFNFLI PR BUET 4R 1 2 £ i 45 ) 45 5 B 2
432 BENE ELPImEARBEAE, A
HE T B BE . A S R R 0 AR R R E o
V7K B4 A Sy Ml 2 P AR L 1 A Al T AR R TR A
P ot DAV 7K B A8 Oy b 2R G A R R B L = A4k
M MABRA A ST MRAERETAS S
[ ¥'Sr/*Sr [F] . F {E A AR + o0 28 e o3 B =X X B
W (E 5 FE 6), H = B = A ok I8 4 B i
225 AERSAE M SE T B A e H O A b
FHEEMALT P FE A= AER TR A
PR/ et kN R N S A Al
f R /0N LB A R UR R B, H )2 K R B T
(IS P ER AN =N R A i 20 4t | A3 AL A
HL 2 3 451 80 (B AR X 40 5 11 = A e 4
SR O 4) . 32 33 98 RIINE L R R ot i 44 3 17 ke
e FEHEVR A 3 000 m 1 Jmy BIR 5 A 9 5% dan 4 0 2
1A 24— Al 16, B 7T 35 150~175 “C(Peng et al.,2018).
i ol A= 48 (280~360 Ma) ¥ 14 iz 3 JF 4 , #F
5 X K4 7 N 7 F B R ) 5K e AR i B A R
S QAN iR A & e =N (S ) NS U
TR b 2 R M 3% O T R T R B L TR
Mg O LW SR EAR RN ETR A &
FI B = Ak R AE RS R R 2 R
LA A= Ak, RS ER A s A, IR
B L L SRR s AR B
FE K B i 24 4 N LI PO B, B R TR 1 R
A A R, — i U E R B e R U ik
B AT HUE A B AR ES Y, R B AR
45%) “Sr/"Sr [F) i 2 H H & L, 0" O (E E K (K 4 1
B5), H = ml a2 B 8 eRO% R R AE R X0

5 MR HA A E SR S
SES
R IR UBLERBE T 1 2 A7 Al 3 PR 2 1 R AR

P D B R Y T A B m A E
PR IA Y S B T M SR BRI N TR KR IR H = A1 4k
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Table 1 Summary of the lithologies and genesis mechanisms of the Dengying Formation in Sichuan basin

WA R i W LB 12 A L 2R
Ve 2 1
B EH Bmi AN 1 5 A L
P . o ISUENE
HRMH A K BN NS PR A it
=
- AR 2 £ e 2 i % CTCE R
‘ A TR 11 25 41 145 ¥ b
AR B b
s (SR 11 2 75 e |
IE AE FEHOSHAR fLbitk - A LT
(A AR
o 08 12 0 e
[P;;;ﬁE%#% Ho 2 1 i I 11 2 7 1
o SRR S e A
TR 78
I DERAZARES P 2
7]

Wik HFEZH o RER R A A -
H o= A7 ¥ 58T i M50 7 T ok 3l gy 45,
6 TR A 5 e b 2 U A R OR S b 0 B IR R TR Y
Mz A A ik W) 32 22 32 31 4 1 VE 00 45 361
50 EFEERETZHIBzALEGSSMET
HEHEE

I R BB H o A AR Ok TR T i K
VU1 25 Ml KT 5 20 KT — B B KT IO B B T s A Y
ONC M STO E A ML (F 4) ,id & TIT 4 2 M
KA ARERBEE TRAREZHETH
a3 A CIE v B N VT A 7/ BN (= I N i | 8
1 L BT 2 e F LR IR R 45 W 8 i i - T
R e ] 42 4 R 2 W1k A = A AR AR e 4

Ning ez al.(2020) 38 32 XF 7 4 1 #b 5 H FE R GE
HRMHA G TR ER AR S 2722 05E,
RMA = ABERAMRIERN AL SHERF(HY)Z
7 ) UTRRUE ] — 2. B — PO RUE [l A = A iR
BE[RI ARG\ ) I 5 BG4 1A OC T £RE DG Y
XIS R AER T A= A ATRIETE ] Eiis 5 ) .
20 - 1T b T Ak A X = KA B A AR A
(i) 7 DR s 1 T T %, O b 3R A 58 2 R 5 30 T
T R ECE A TR IR Y e AR i —
AR T IEMER A A A (Cai et al.,2021). JK
FUUE - = AR IE MR i P s s e AR
AR T H AR e B B RO B S P
WG SR A U AT e L H = A WA A2
B T AR M BR AL 22 RRAE G M 3R 1 = A AL B L KT
AL T ML )2 A% BRI 5T (Peng et al., 2018; Wang et
al.,2020;Ding et al.,2021) , %5 & Ning et al. (2020)

M HzAERMEREN LS ERT(LRZ
J7 ) DURR e 8] — A B 5%, 28 00 9 )11 235 b AT 5%
Y IT b 3% R BT SE 1 2 A Y I A7 i A R
VST TH U S H N 2R A = ARSI S S UL
(285 2 F DUBURE [ XE R B = A A
FEY\ T b 2 B e R DL K R T i iE RS
AIUASE AT SE L BE T = o 19 6 i RO T AL

TEIE M RN Z 05, i TR AR W R4 G
W kT2 TR A = A 2 R E 288 AL .
YR = A 458 8C 1 8"0 i 1 ¥ Sr/*Sr [7] £
FHESEFA S AMHUE4LFES) W E A s
A AT ARk TR — 2. LR = A R A K E
A AW A AL R G I R R T £
Wk 5 S B FF (Ding er al.,2021).
FL Z g8 U #5807 B W Al e IRl ()R
7)), H AT e HALI B = A HER Y R K A = A
Ji2 45 iy 4 B 1 LR FR G T BRUE IRT, AT B A R R 22
e AL T A B (D 9% 2 ) B4 T - T Bl 4 A

e A VTR U B ) B T b 3R OF bRk TR
Fla A Mg AL 2% 20 = A K
i kT (K7 mEERA S &R
S LT G (HRE T ) BT 28R
FIo = A6 2 78 3 % & b U0 UM A b i i s
W, R o S R A R R
JE b AR (U )2 ) LR L L R g 2
% 5 1 % UTBURE AR B A b ME SR R .
52 It REEBER“XA-BEzAB"H%E
KEH

BT H AR BE AR (Hardie, 2003) L2 )2
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Fig.7 Forming models of the Dengying Formation dolomite in Sichuan basin
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A AE (Jiang et al., 2007) | ¥t & 43 2% 14 B 46 (Por-
ter, 2010; Meng et al., 2011) =¥ & 1k B W /Y 1k
41 (Cui et al., 2016) F1 A #% 7] 7 3 7 il B 25 F 50,
28N MR il R 7 20 1 K A A X R Mg/ Ca
PO AR (=>3.0~6.1) B Bl B IR v 52 i R R (ca
5~10 mmol/L; Algeo ez al., 2015) Fl #7 X 2 1% 19
TRE VIR BE (<50 °C) AP BT . B oo i AR b A 1k A
MK SRR Z R SCA W AR T AT 9
52 T € (Hardie , 2003 3 Hood and Wallace, 2018).
DU 4 b KT 52 21 BT = A B IR S SO R
BN AGEWRBRETY . ERAs s oo R
AL o3 7R T Ce (9 55 1 5 % (181 6) , Sl 1 AH
XF AR TR K 5, DU T 2 M KT R A O M SR Y R
Ji = T REAR S - B AR

Bifi J5 JE B (Y 1F 2E 1 2 2 R e 45 W0 ot R il
R R Ce TS0 (K1 6) 90 5% T AH X 18 It 1) ifg
IR AT L BE T W% B 1Y IF S 2F Ak AR A5
o AE B AR B AR T S L 8-S, IE B AR B IR T AR
XTI JE A K &5 M (Qian ef al., 2017 ; Hu et al.,
2020). oAb, B A Wi S AT 52 2 L = il B
B 7R HEAE T A S 5 A I AR R R IR B 7
AWK ZMT B E R R WA T, A s
gl Lhos R AR i 1 = A D0 TE M9 A R (Judith,
1997; Burns et al., 2002; Sanchez - Roman et al.,
2008; Roberts et al., 2013; Banerjee, 2016 ). A #L Jix
TR 2R W o Aok (3] n B i 6 38 D 20 1R ) 4 i — 2B T AR
1B F 2 5 DUTE 0 i 300 0% B R 46, [A) s 42 /&7 1 oK
A9 B R AR dF B = A UL 3T (Baker and Kastner,
1981) . il S W VE T T2 R W s S REAR T
1% A6 0 & 4 T LAA RIE i R A s A R TETE

WM R A T R A s AN TR IRE
KX fH-HeAal"HmEd s AR a
H o BE R A G ET AR B R T OE SR M Y 27
e = A S Y AT RE 4R R T8 R S0 A
Mz Al " AmE DA N s A DT .
53 HMEEREH

HLE 2 5 RO 2 A R A2 A AR
WL, X BAE T ZFE N o ARy 25 6
L SIS A (LR | R S I SR A
) ' Sr/*Sr [ fir (A1 SO (/Y 22 5 (K 4 M 5)
VT ZH A AR R 2= 50 A BOG R
A7 U-Pb [A]4v 28 22 4F 5 AR 19 58 il T DA S 90 % 4T 5% 4
)22 FLR AN TR HH R 2 A T 48 0 10 R A A (UL

FATAE,2019) , 454 ¥Sr/YSr [H 7 43 Mt , Al 1 b
D3 B AT B L A AR T T RN R PR ok 22 VT A (2019)
Xt T 5 AN TRV IR 1 2 A e 45 W ik 9 0 2 B, B
AW R s aREGWMELZERA =
1S S5 W) AR % 4 ) O 516210 Ma Ml 482+
14 Ma, il g 5 N1 fp L IX T X A9 24 9032 3 AR S 128 3
S A) 32 sh A 56 s A — KL = AR S5 9 19 4
W%l 248+ 27 Ma, 5 W ifg 74 9] R 2% 32 3 3 SO PO
6Bl O M KL A s IS AR S 115+
69 Ma, AJ fig 55 e 5 307 9 0 L o AR o
AR (Zhang et al., 2012) 8% 5 5 fi B 4R 1l -
e OB R Z A T B O S R R LA K
AN TR) F AL At Ml IO AR E = A E T,
P AT AR A = G ERRER A S
FOLAEZ BT X R A s A AT YRR E M
5L R o A AT R HURE DU i 8T 24T R 2
BE R FR N 2 B sh i aE CFF 9 45, 2016) . mir A
FEIN R, DU I b B & A 32 K 1 A ) O
= A A AE AR & A (4 3 %5, 2016 ; Feng er
al.,2017) : (1) $7 5 M 55 % W7 2435 3l 5 (2) U8 3L 5
PO A 5 (3) 1 78 M )2 0 B 5 RN BB L RIS 8T
405 By A R F TR B R B R 2 B B U AR U
Wiz fdsgm iz  E EEMZNEET,
OB R W KT 5 AL b i AL B - R AR IR R AT A
nAAIER R — 2 MBI A = A

6 Z5ie

(DN IT A AR R H = A bk T
FERCIA Y 22 S 1 #% BEDTAR PR35 aT L3l o S ol 3t 3%
WHE N A = A MR A s A RS L
BRI B LR PR Y = A A

(2) C-O-Sr [d fii &= M # oo K &4 45 7w
H oz £ Ak Ui R 78 I M % 3R BT 4k R T i K, T
R i e N W i NI 7 O B P
TR A R FR AW A

(3) % T H = A1 Ak Wi AR 4 BRI AR R 85, 1
N 25 AT 52 4 B = 5 s TR AIL B AT i o3 O ol b 3%
Haza A MEEFRsE A = Ak, 3 a5 0E R
S AE A ) 3 J5E 2% 15 F0AS ) I 300 T B0 28 5 0

(4) 3T Mo 32 PR 5T T KR IR B B = A Ak
HC 32 23200 ou ol AR SRt R R KT R AL R R O UK 2%
PE S0 —H = A7 3R BT w40 - 1 Bl Y 8
il T A L P S5 Tl 2= O A R S s e A T Ok TR
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