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Abstract The sedimentary environment of the Pinghu Formation in the BW area of the Xihu sag has
long been controversial. In this study, 19 mudstone samples were collected and analyzed for trace elements
and rare earth elements (REEs) using two methods: conventional whole-rock total digestion and selective
acetic acid extraction. Based on the geochemical data obtained, multiple proxies were integrated to
systematically analyze the redox conditions, paleoclimatic characteristics, and paleosalinity evolution
during the depositional period of the Pinghu Formation. The results show that; (1) Element concentrations
obtained via acetic acid extraction are significantly lower than those from whole-rock digestion, but both
methods reveal consistent elemental distribution patterns. Moreover, the acetic acid extraction method is
proven to be more effective than conventional whole-rock digestion when applying specific elemental proxies
to identify sedimentary environments, especially for distinguishing terrestrial and marine facies. (2) The
redox conditions during the depositional period of the Pinghu Formation were predominantly suboxic to
oxic, indicating a relatively oxidizing environment; paleoclimate and paleosalinity evolved concurrently,
characterized by an initial warm and humid freshwater setting, which shifted to an arid and saline
environment by the end of the early stage. This was followed by a transition to a warm and humid brackish
setting in the middle stage, a return to arid and saline conditions by the mid-stage, and finally a return to
a warm and humid freshwater environment in the late stage. In light of the sedimentary context of the study
area, the synchronous variations in paleoclimate and paleosalinity are interpreted as recording four
successive changes, collectively indicating at least two major marine transgressions during the depositional
period of the Pinghu Formation. The above results have significant scientific guiding significance and
application value for deepening oil and gas exploration in the Xihu sag of the East China Sea Shelf Basin.

Key words sedimentary environment, palaeoclimate, redox state, paleosalinity, elemental
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Fig. 1  Geological overview of the Xihu sag, East China Sea Shelf Basin ( modified from Jiang et al., 2016)
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Fig. 2 Lithological and sedimentary structural characteristics of the Pinghu Formation in Xihu sag
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Table 1 Relative proportion of average values of trace elements

of the Pinghu Formation mudstone in Xihu sag

i i ke 5 - i s vk 35 -

5% mﬁgﬁw ak || mﬁgi” A
Be 0.41 0.59 Nb 0.02 0.98
B 0.56 0.44 Mo 0.04 0.96
Sc 0.60 0.40 Sn 0.02 0.98
Vv 0.72 0.28 Cs 0.01 0.99
Cr 0.98 0.02 Ba 0.95 0.05
Co 0.77 0.23 Hf 0.01 0.99
Ni 0.77 0.23 Ta 0.02 0.98
Cu 0.86 0.14 w 0.01 0.99
Zn 0.92 0.08 TI 0.02 0.98
Ga 0.13 0.87 Pb 0.86 0.14
Rb 0.68 0.32 Bi 0.05 0.95
Sr 0.99 0.01 Th 0.43 0.57
VAS 0.12 0.88 U 0.10 0.90
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Table 2 Paleosalinity indicators and discrimination for the Pinghu Formation in Xihu sag

N EE WL LRk il TR L 36 PE AR BT
AL = FEE/m St/pg-g”' Ba/pgrg! St/ Ba R Sr/pg-g”" Ba/pgeg! Sr/ Ba Ty £k g
T B 43.52 143.00 1367.00 0.10 ok 70.14 74.23 0.94 ok 7k
PR E 67.52 94.16 2532.00 0.04 ok 34.06 34.26 0.99 2k 7k
PR E 92.52 117.00 1985.00 0.06 ok 36.86 44.98 0.82 b gk
b B 481.52 151.10 1275.00 0.12 %k 73.32 81.47 0.90 2k 7k
N1 b B 519.52 102.80 1328.00 0.08 ok 30.90 52.14 0.59 o ik 7k
Frp B 526.52 156.50 6218.00 0.03 %k 35.67 61.98 0.58 Rk
F B 781.52 101.20 1193.00 0.08 %k 31.93 23.55 1.36 Jak 7k
F F B 810.52 100.70 962.80 0.10 %k 31.00 27.99 1.11 Jak 7k
F LB 1003.52 110.90 768.80 0.14 %k 40.83 86.58 0.47 %k
TR 93.00 172.40 4775.00 0.04 %k 90.12 354.30 0.25 %k
FTE 93.00 193.40 7204.00 0.03 ok 97.98 381.00 0.26 %k
N2 T B 443.00 142.90 3131.00 0.05 RIK 59.82 109.70 0.55 2 il K
Frp B 445.00 138.20 3926.00 0.04 K 106.30 132.00 0.81 K
T RE 892.00 214.20 5191.00 0.04 Rk 124.70 188.70 0.66 K
PR B 156.00 188.40 2201.00 0.09 wRK 129.00 135.80 0.95 2Pk 7k
N3 TR B 158.00 185.70 1870.00 0.10 wRK 121.30 41.51 2.92 J K
T B 160.00 184.70 1958.00 0.09 %k 119.40 31.96 3.74 Rk
T B 142.00 104.60 1774.00 0.06 ok 42.81 47.12 0.91 2k 7k
N FTE 144.00 125.90 2770.00 0.05 ok 35.88 50.48 0.71 2k 7k
SEA5(E 143.57 2759.45 0.07 K 69.05 103.14 1.03 Rk

£ B B W R UE . St/ Ba< 0.5 kK, St/Ba=0.5~1.0 K2 k7K, Sr/Ba>1.0 HEK.
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Fig. 3 North American Shale Composite( NASC) —Normalized Rare Earth Element( REE) distribution patterns for

the Pinghu Formation in Xihu sag(a: whole-rock digestion; b: acetic acid-selective extraction)
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Fig. 4 Discrimination of Sr/ Ba ratios and paleosalinity for the Pinghu Formation in Xihu sag

(a: whole-rock digestion; b: acetic acid-selective extraction)
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HEANRIOE TSN, 186 A B85 U/ Th<0.75,
EFFREE R U/ Th> 1,25 (FRig5E, 20215 fR1E45%F,
20215 PICH A, 2022) 0 fRGTRY kR R BT I
8 U/ Th {HAE 0.20~0.44 Z &), F¥H{E N 0.25
(R 4) . BERREFEME SO ¥ 43 U/ Th B AE 0. 07
~0.74 Z A, FHMER 0. 18, SUILKYITHE AN
sU=U/[0.5x(Th/3+U) ], 7E& AMKIAEPsU<L,
B AR JEFR S P 6U> 1 (Wignall, 1994) o fEA ST
H, fEGE R A RE S R o) T YR T A3 SUH 7E 0. 74 ~
114 Z ), F40.84 (£ 4) ., BEEREFEIESE BT

&3 BEHMUBEFEHASTSEAR

Table 3 Paleoclimate indicators and discrimination for the Pinghu Formation in Xihu sag

St 2 BT WA Rl PRI, H A
/m Sr/ Cu Rb/ Sr Sr/ Cu Rb/ Sr
FFE 43.52 4.64 1.35 6.78 0.04 CEENE— T RS
T B 67.52 2.87 1.85 3.49 0.11 T 1 N
PR B 92.52 3.96 1.53 4.52 0.09 T 1 1
B 481.52 4.45 111 6.27 0.08 e AR
N1 b B 519.52 3.14 1.57 2.86 0.09 9L 0
Frp B 526.52 3.58 0.78 4.26 0.06 T 2 0 34
F b B 781.52 4.40 1.12 4.96 0.11 T B N
F B 810.52 4.19 1.24 5.64 0.09 TE B IR
B 1003.52 3.04 1.68 3.61 0.10 TEL B 1
T B 93.00 5.09 1.12 15.26 0.04 e — 2 T R R
R B 93.00 5.11 1.08 18.17 0.03 e — 2 F RA R
N2 S o B 443.00 4.30 1.26 11.07 0.04 LB
e B 445.00 4.66 0.94 8.83 0.02 T VB 80 3
B 892.00 6.84 0.59 12.35 0.01 2 — 2 T R R
T B 156.00 6.69 0.60 22.64 0.02 I — T R R
N3 ST Bt 158.00 6.09 0.78 18.98 0.02 I — 2 TR A
T Bt 160.00 4.92 0.81 15.42 0.02 T I Y
T B 142.00 3.52 0.95 8.44 0.04 T I 3
M PR B 144.00 5.87 1.00 8.63 0.05 Ao — 2 T RS R
S A 4.60 1.12 9.59 0.06

FHIbRHE . S/ Cu fEAE 1.3~5.0 B g ik B I 0% 5 5.0~ 10.0 g2l —f T R KT 10.0 AT S0 Rb/ Se {HB/) T

£,
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Fig. 5 Discrimination of Sr/ Cu ratios and paleoclimate for the Pinghu Formation in Xihu sag

(a: whole-rock digestion; b:

acetic acid-selective extraction)
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Table 4 Redox condition indicator parameters using whole-rock digestion method for the Pinghu Formation in Xihu sag

EiDA )2 EEWAKIEEE S /m U/ Th V/(V+Ni) V/Cr Ni/ Co 5U Ce,om
PR B 43.52 0.27 0.76 1.37 2.95 0.89 -0.03
B 67.52 0.26 0.75 1.45 2.59 0.87 0.08
PR E 92.52 0.23 0.78 1.55 2.86 0.81 -0.01
b B 481.52 0.23 0.73 1.40 2.53 0.81 -0.03
N1 - B 519.52 0.21 0.77 1.43 2.85 0.78 -0.03
b B 526.52 0.24 0.75 0.61 2.86 0.84 -0.02
F R B 781.52 0.26 0.75 1.51 2.60 0.88 -0.03
F B 810.52 0.27 0.82 2.14 3.02 0.90 -0.03
B 1003.52 0.24 0.76 1.53 2.61 0.84 -0.02
T B 93.00 0.25 0.77 1.30 3.02 0.86 0.09
PR B 93.00 0.22 0.74 1.42 2.71 0.80 -0.02
N2 SErp B 443.00 0.25 0.73 1.35 2.47 0.85 0.06
T B 445.00 0.20 0.70 1.06 2.60 0.74 -0.08
F B 892.00 0.20 0.73 1.25 2.39 0.74 -0.03
B 156.00 0.20 0.76 1.57 2.82 0.74 -0.03
N3 T B 158.00 0.21 0.80 1.80 2.85 0.77 -0.01
B 160.00 0.25 0.77 1.83 2.30 0.85 0.07
B 142.00 0.44 0.77 1.57 3.34 1.14 0.03
N B 144.00 0.24 0.75 1.29 2.75 0.85 -0.02
SE 0.25 0.76 1.44 2.74 0.84 0.00
RS >1.25 >0.84 >4.25 >7.00 >1.00 >-0.10
Wi Yl <0.75 <0.46 <2.00 <5.00 <1.00 <-0.10

LIRS UEAE 0. 36~ 1.38 Z[H], P43 0.62 (% 5),

V LR AT Cr JC R X KA1 S AL IE i 55 1
TR, e IR BRI T L LU L4 & WE oG
HEJE UL TR, WILHEr A V/Cr H P Kk
V/ (VAN B R H 0 K ) AL e I 3R 5. o,
V/ Cr<2.00 878 KK A LIRS, V/Cr {H 4 2. 00

~4.25 4578 L R BT, V/ Cr>4.25 4578 18 J5U B
1% . Hatch il Leventhal (1992) #&H, V/(V+Ni)
>0.84 HRARIRIAKE, V/(V+Ni) {HTE 0.60 ~
0.84 Z[a] Jy KA W3kl 355, V/(V+Ni) {18
0.46~0.60 Z | F5 /R AW, V/(V+Ni)<0.46
N AR TEARDIR T, LR ke BT i
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Table 5 Redox condition indicator parameters using acetic acid-selective extraction method for the Pinghu Formation in Xihu sag

HAr HZ EEHI4EIEESRS/m U/ Th V/(V+Ni) V/Cr Ni/ Co 5U Ce,om
PR B 43.52 0.74 0.63 1.01 1.22 1.38 -0.06

B 67.52 0.17 0.53 1.04 2.32 0.68 -0.08

B 92.52 0.14 0.39 0.65 1.78 0.61 -0.06

b B 481.52 0.14 0.43 0.05 1.52 0.59 -0.04

N1 S B 519.52 0.07 0.42 0.64 1.46 0.36 -0.06
T B 526.52 0.10 0.49 0.95 1.52 0.46 -0.04

¥R B 781.52 0.08 0.45 0.60 1.18 0.39 -0.03

F B 810.52 0.13 0.31 0.49 1.35 0.56 -0.02

F B 1003.52 0.13 0.44 0.57 1.55 0.57 0.01

B 93.00 0.13 0.43 0.61 1.21 0.56 -0.07

PR B 93.00 0.10 0.41 0.82 1.36 0.44 -0.07

N2 S o Bt 443.00 0.14 0.29 0.53 1.28 0.60 -0.06
T B 445.00 0.09 0.42 0.59 1.92 0.43 -0.03

T B 892.00 0.11 0.44 0.62 1.66 0.51 -0.05

B 156.00 0.18 0.32 0.53 0.94 0.69 -0.07

N3 T B 158.00 0.12 0.51 0.64 1.16 0.54 -0.02
B 160.00 0.09 0.48 0.58 1.25 0.41 -0.09

PR B 142.00 0.21 0.28 0.35 1.58 0.77 -0.07

N B 144.00 0.53 0.31 0.37 1.57 1.23 -0.05
SE 0.18 0.42 0.61 1.47 0.62 -0.05

fifg V/Cr fH7E 0.61 ~ 2.14 Z [a], 3 1.44;
V/(V+Ni) {f 7 0.70 ~ 0.82 Z [i], F ¥ 0.76
(R 4) . BEIRVEFEVESON LA V/ Cr fH7E 0. 35
~1.04 Z 8], F#0.61; V/(V+Ni) {H7 0.28 ~
0.63 Z[a], F10.42 (F 35),

JLR Ni 55 Co fEA R P8 T B KA IE At A —
B, b Ni fE 0 3R 85T Gl P BB e ¥ DT IE
TESAAL RS U LA 7R U A8, T Co 7R 4L 2R
BRI RAETE, 8RB R I A A AR 5
HABERERT H (EHAME, 2013; FF3CAE
4%, 2019), DAL, Ni/Co fE AT LAy 40 51 A AL iE
JEI SR AR, 0 Ni/ Co<5 S ALIREL, Ni/Co
{EAE 5~7 Z a3 AIREE, Ni/Co>T7 Jy i %A AEL
TEARWF I, A2 5000 4 ke B 2 2 ik B 15 Ni/ Co
HAE2.30~3.34 Z 0], F1y2.74 (£ 4); BRIk
FEPEPE IS ¥ BT 43 NisCo {H R 0.94 ~2.32, -4
1.47 (£ 5),

M LR AR E N, & A DU 5 2k
f2 A7 Ce AR (Conn) HIVFEEITHE -
Ce,,. =lg[3Ce,/(2Lay+Ndy) ], H Cey, Lay, 5

anom

Ndy #5 J2& 5 b 36 505 9 47 X5 b S /Y A oE fL (B,
Cepn>=0. 1, FKIR Ce IESH, SCMRAKAR Ay B 3R
%i; Rz, Ce,,,<—0.1, Mg, RBKAN
AW (Elderfield and Greaves, 1982; #f [FE 4
5, 2013) 0 FEARBIIEH, LM e B R ik
I 15 Ce,,,. [ 1E-0.08 ~0.08 Z [i], - {H#% I 0
(FR4); BRIk FEMER I 2 5 Ce,,, BN
-0.09~0.01, FE¥H{EHN-0.05(F 5),

Zih BRI, 2 B R LR H R AL L
PRI )y T P A 45 R BRI A 22 5, (HIZ P 345
WHRAMF R (3R 45 £ 5), WIERTFHIHR ST
R KR B AL I8 S R B E 22— L (R], i
W85 I Ak o AT DORR B T, V9 M BB BW
M X PURR A R A Z Rl s, Bk BRI IR K
Gt B ) —Eik (F5) —F Rk (F T
) —REUK (T5) —RK (RERE) 124k,
HAEREA PRI 140 TR X i S A PR 8 . il U S
o R B AR Z A AE AR S, A P A Y 2 A4
5 XA - 090 2 0 BR300 AR P G 400 £ A RS 35 R
iR (& 45 & 5) .
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1) SR FH T T e 9 ik 48 BN 4 R 4R B 2 oy ik
X PG I U1 BW b, DX 46 3 6 - W 20 U8 5 i sl et 5
T ICEBAT NN, TR R PR R I VA AT LA
I3 i U5 R SR A2, T AR % 96 BT A 0 R R
WO BCBIR IR R TG R R R E . Bk
b 2 RO TR LU R AR — 8, RN
FOCEMA E L, B CEME M T, B Eu ik
S Ce U 8 o

2) PGIIIMRE BW Hi DX - i 4 3 B i ol B A
R 4 ARG, o AL TR AL i R I
T IR K B EE B o T R0 BOK A 8, A
705 Ay Y TV 1 JBOK PR, e g T 5 JRK
BT, W00 e 3 W T TR K A B . A 4
DUBLUES S, BW by X 7K 4 5 AL T 40 X e 416 1Y
Wi,

3) XFLE 2 FRE S AR IUTTEE, DA R Ik AR
PRI AE X 3 B A 5 VA DT R R 85 e LA A K A
Feo VHMIMIFE BW 3t DX7EF- W AL DURRET S, B 4
S R IR K BB AL, KR4 DU R B 309 30 Ah T B
SUR/BZ8 A REY 7S A
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