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Fig. 1 Tectonic units and sampling well location in Dongtai Depression, Subei Basin
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Fig. 2 Generalized column of Well Liang 3 of the 3rd Member of Funing Formation in Dongtai Depression, Subei Basin
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Fig. 3 Curve characteristics of trace elements and rare earth elements of the 3rd Member of Funing Formation in Dongtai

Depression, Subei Basin (a:Upper continental crust normalized trace elements patterns; b:REE distribution patterns)
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Shiekds %5 B 57 A N B A VE FH AT LS 2L 6Ce
SEu FLA RAFMHICHE , 86Ce 55 S REE IEAHI, LA K
8Ce 5 Dy,/Sm, i AH 5% ( Shields et al. ,2001), %
B FE G 8Ce 5 6Eu.8Ce 5 I REE,8Ce 5
Dy/Smy HTCAH I, B6H3 A VR HI6 R i M 5
FMAYE (K 4),

4 IR g

4.1 HIME
4.1.1 HEIE

Rl ARDTRR AR & B ) Sr o R S T2
RIS T WA G TR K, Sr o &R &Ml
St/ Cu fHH WO T SR . 385N, i<
i, Sr JTLE A #AK, Sr/Cu fHH 1.3 ~5.0; TR
fEcrdp, Sr L E S B 5, St/Cu fE KT 5 ( Lermanm,
1978; 7K KR 4%, 2016) , FES T St TR H it N
136.52~295.33 pg/g, ¥IME N 207. 83 pg/g, T EHE
A, St/ Cu {H-N 4. 58 ~17. 78, ¥J{E N 8.94 U 1
MR LEANT 5, RSB KT 5, S o#x
P St/ Cu HAT TR A, R B = B TR
(3785

FERAEVER Y, Sr JTE HLAS A By k2% T Rb I
FAINFR T (BRIREE,2001) o IRIB S, B K8
2 WARVE SR AN, St U R 25 5 KAk Ak, T
Rb/Sr HFFE ; T AR T, Bk Ee b, WA AR 3%
55, DU A AR B T 2 Sr oL &K, i Rb/Sr {H A XS
RREARR (755, 20105 5K SO 45 ,2012) , #1752, Rb/
Sr fe {H AR /R TR A, IR s TR, AR
Rb/Sr{HA 0.33 ~ 1. 03, 34{E K 0. 63, LU (B AH X 45
IS, BT I SIS

A, La A1 Yb 43 SR 55 £ oo R M E R 00
KINFEIRIEICL R, La,/Yb, AP TR + 22 0]/ 7
PR, R AR Lo R & 4 IERE
Wi E U EAXT B A, TEIRBERIE AT, BT X
RPEFRAEYER, M o R R e R A
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Fig. 4 6Eu—6Ce, 6Ce— = REE, 6Ce—Dy,/Smy diagrams

of the 3rd Member of Funing Formation in Dongtai

Depression, Subei Basin
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- o * R, 1 U S + 0T R 78 UL SR A i 4 (WRiR
0.98 = L 45 .1996) ., KL, La,/Yb, 75 (46 7% IR 1O <5 15
o I o ©® WEE AR A8 75 T S B 8T (K IR A4, 20095
g 096 LR TeSr A 2015), BE S La/Yb, O 1.18 ~
rou | e s 182, HY(H 0y 1. 48 B AS ARG, I et A+ 4
i ® . R BB
0.92 e Zi4 St i Sr/Cu Rb/Sr, LALK La,/Yb, fHIY
O 020 OO T T 4 RIS RO AR £ B B A
1r S AR — 5, B A A B = BEUURR A ) DA 3RS
B I g = 4.1.2 HEE
el -~ Li St NiGa %R TG 29 7 REXS K £ FE
© | . ,‘ i BAARITFERER , PIRERW, BUKAEE L
i | . TERTRAT 150 pg/g, Sr TLHE T 1 800 ~ 1000
i e ng/g,Ni TE G AT 40 pg /g, Ga TE S R/NTF
0.92 > 1(;0 15*0 2(')0 el Eiug/g;‘iﬁ%m%fﬁqﬂ ,Li fn%?é\%d\? 90 pg/g, Sr
SREE(x10 )6 JCE SN 100~500 peg/g, Ni JLE & # N 20~25
L . ng/g,Ga LR G AT 17 pg/g( MEHF,2016)
I " FES T Li TCE &l 39.27~78.73 pe/g, WIEH K
098 % o 56. 58 we/g, A RE R /N T 90 pe/g, KB K T
| .« BUREE, BEa T Sr JC 3 & 136. 52 ~ 295.33
- i 2. pe/g, BIME R 207. 83 pe/g, FEA AR 100 ~ 500 pe/
004 - . o, LMK UTRERES . BER T Ni TE 2 i 25. 69
i ®e ~47.35 pe/g, BIE N 34.2 pe/g, AR AMRE & B
0.92 ' ' ' : ' ' H/NTF 40 png/g, RBIRK—F BOK TR BT, FE
0 0.1 0.2 0.3 0.4 0.5 0.6

m Ga JTCE S N 13.01 ~21.25 pg/g, HH N
16. 58 pg/g FEMBIKT 8 pne/g, IR K—2F K
DU, MRS T4 R (£ 3), N Li,Sr Ni Ga
MEITCR NS R E, ot EE i B2k B FIk

IK— K TS
W Sr JGEK H Ba JEE IR K, Sr H Ba
(RIE e et B A, Bl /K AR R 3% Jn , S AN
Ba R AR AR £ (118 2R ve , H

RIpBMFEYRETRENMETRHFNSHREREERT

Table 3 Paleo-salinity trace element identification parameters and

sample data in Dongtai Depression, Subei Basin

W BaSO, fIL e UiiE , 2K (A £k i
B 3] — 5 R R, SIS0, AT

U, Sr/Ba fH 5 1l £ B A IE A

B EE
HMBH | BEcH | Rk | Bk | ok o e I R 2 R BB A
H 3 ’
Li(x10°) >150 90~150 | <90 9.27-78.75 | se.58  ASELOBHKA A, 1999; 2= Jg
Sr(x1070) |ME#%, | 800~1000 | 500~800 | 100~500 | 136.52~295.33 | 207.83 25 2003) ., — M3k, Jali K B8
Ni(x1070) | 2016 >40 25~40 | 20~25 | 25.69~47.35 | 34.2 o Se/Ba (E AT 1s 2K ok 5
Ga(x107 8 §~17 17 13.01~21.25 | 16.58 ’ ’ )
ot — . th,Se/Ba il 0. 6~ 1. 03 K 3F
St/Ba loga >1 0.6~1 | <0.6 0.26~0. 69 0.44 P Se/Ba i/ T 0. 6( F 355

55,1983) , PEGLIH (R 3) KR
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Hh Sr/Ba fER 0.26~0. 69, #4{EH 4 0. 44, Hiv 16 4~
e LUIE/NT 0. 6,4 DA LL{ESN 0.6~ 1.0, S ikt
AR T IR K —F BOK TURUEREE | IR K IR BE K
F A KA G, JR RN P UK R SR, X S
Li Sr Ni Ga JUE & AW 25 R —2L,
4.1.3 HEWEEEHE

Hatch 25 (1992) Jones %5 (1994 ) jif i #F 57 it 4
MY AV Cr,Co Ni Z5fHiE 4 B e R 044k
W IR REEE T, B2 1 T AR 9 2 1 e AR AR
e, O E NI F T2 R SRR R A
V/(V+Ni) KT 0.84, V/Cr {5 KT 4.25,Ni/Co
RT 7, FEHEF V/(VHNIDE K 0. 60~0. 84,
V/Cr }92.00~4.25 Ni/Co N 5~7 ZIal; & 3 E 4k
W, V/(V+Ni) /NT 0.6, V/Cr /NT 2, Ni/Co /)
F 5(Hatch et al. ,1992; Jones et al. ,1994) , fff5TIX.
FES T V/(VHND{EN 0. 71~0. 78, ¥{E 4 0. 74, 7]\
F0.84;V/Cr fH M 0.87~1.53 , ¥{EH K 1. 12, /N T
2;Ni/Co fH ] 1.35~2.65,¥{E M 2. 13, /NF 5, 1R
a1 ZHV/(V+Ni) | V/Cr Ni/Co {8 1915 53
Br, B = Bl BUK IR 8 T4 b —55 L

AR R AN A & 380 U A1 Th IR AR S
A, BB, Th* 385 iR, B FERE T, U™
AR, U Gy, Hk, of ORI U/Th 4]
DB I E A —IR JFOR S SR R R U/
Th {H KT 1.25; FALFREEH U/Th EEA, — B/
F0.75( Wignall et al. ,1996) ., #£f5H U/Th {84
0.13~0.25, ¥} 0. 19, /NTF 0. 75, S e LA A 7K
RS B AL

i £ICE T Ce TTREABMMTERT, A
Berf, Ce G WAL AL Ce™ T8 k4T 25 AL W e A
B, FEOKME S Ce wHMUILEYIH Ce &% B )R
I B R S A R A Ce™ 1A I K
Ce™ B, BRI Ce &£ (BT AL5E,1999) .

R4 BT EYEELERAENHE FLTRHHSH

EEmEEst

Ce 523 1T LR ALY S et BUR B 1 B AR R 25
8Ce HRTF 1 HIESRH , Fmib IR ;6Ce (H/N T
0.95 Hi 8, R AL (EPRISE, 1989)
FES T 8Ce B} 0.93~0.99, BI{H K 0. 96, FE i 4>
FANT 1, BRI TR B A I BHE 0.95, 7T LLAI
Wt , TR S A — 55 ST

F R A 4 70 2 0 B U B R B 1 O v
R AL AR V/(V+Ni) | V/Cr Ni/Co, U/
Th 8Ce 5 FHHIBNSEHATHFIR /34 (3R 4) 45 R 1B
TR B M B = B U R S 0 R AR A — 55 30 S A 7K A
W,
4.2 BEXMR

TP HICEK Sc ., Cr, Co A1 & 4 78 BE 4 T L
PEAA T TR ICE La Zr Th 20 & E7EK I
JA A, X BT R 1Y LA REAR 4 b X 43 U5 7 Pk

FETI, Gu ) Co/Th—La/Se WIIR = & A

A Ef# (Gu et al. ,2002) ,Floy and Leveridge #2H T
FIFH La/Th—Hf A9 U8 A & 1 51 f# (Floyd et al. |
1987) . FIF Co/Th—La/Sc H 51 &l fit %f B = B
PRI AL (] Sa)  FE S E B VR R BT K
s DI, S B X 2o KA A, 7E La/
Th—HF 5 L (& Sh) | K2 KokE 5 385 9% 78
KT IR G Y, A A ETTRIR A X S
Co/Th—La/Sc F5I Efif i 43 B 46 R — 2k

FEFE 7R ZE M DURR R X P R A 48 A b, B H o0 R
0TI = W H gk 2] I ToY O (= A -0 = I 0 1 A s U e
LR BEARM TR EE EW TR SRR e
B0 Eu 00 SRR, R B FE R = B A A
i PR R TR FC AL B TR L e B
T+ T AR, La—Fu 5856 1+ BtBE, Gd—Lu &
i B 28 AFEW B Eu 11 5%, Ce 5200 00 53
(Bl 3b) , XA/ b5 i E 40458 2 AR
— 3, RV T e

2i4 Co/Th—La/Sc ., La/Th—Hf ¥
TSN & i s L S W S TN
SRR G R = B RGN ok A T

Table 4 Identification parameters and sample data of trace and rare earth

elements in redox environment in Dongtai Depression, Subei Basin

EHER RS R, R, BB

2

HIB 28 253k i VR | A

FE AR B

DRI, i /\ 0 g A 1 s 0 e e 12y

\3
s

i PRI ok IS B EE H gg th A Rrp

V/(V+Ni) | Hatch et al. ;1992 | >0.84 |0.6~0.84|<0.6| 0.71~0.78 | 0.74

PR IS BT Gy A o e R (o

V/Cr >4.25

0.87~1.53 | 1.12

PEAE 2010, 5K UB 45 2012) |, FE 5 B 1)

2~4.25 <2
Jones et al. ,1994
Ni/Co >7 5~7 <5

1.35~2.65 | 2.13

U/Th Wignall et al. ,1996 >1.25 <0.75/ 0.13~0.25 | 0.19

LA O A1 D AL B AR

6Ce T N4, 1989 >1 <0.95/ 0.93~0.99 | 0.96

F(EWHF,2017) .,
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Fig. 5 Co/Th—La/Sc, La/Th—Hf diagrams of the 3rd Member of Funing Formation in Dongtai Depression, Subei Basin

(a, modified from Gu et al. ,2002; b, modified from Floyd et al. ,1987)
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DUBUA R IR AL 27 i S S Z (A Y5 Bhatia A [FJFIEH SAWD A 10 TR TT R FHE

WIRIR R AT LK X 43 A 15 BR 45, Bhatia 5538 i3
X B HIRA) 35 75 55 1Y 24 00 4 M BR K A R AR 407, 35 1
La.Ce Nd.Y .Th Zr Hf Nb Ti Co Fl Sc 25 & F
TR AR AR HI I T 5 IR T — RS
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Table 5 Comparison of trace and rare earth element values between

heterogeneous sandstones and mudstones in Dongtai Depression, Subei Basin

HHRE,

{EHATXT AT A | B = Bre A TR e R R R
SV b B R 5 IR 35 9 5%, Th Zr (Hf  La/Sc {H
AT KB S CRE sh KRk (R 5) . Jera i+
JLE i LU R OB Z b 2 e 20% 224+, TR L 7
BRI T X YR A R G ARAE (R LA 1. 2 AT A
1E (25 R4 2003; 25 fR ok 4
2016) , 1 1E J5 B # 1 00 R FRAE(E ]
B Bhatia S.45 10 R RHF(E
AT X, XA, BB A
La . Ce, 2 REE {H ¥ 4% 31 1 30 K fiti i

Wl R | AL | KL |9 KRk 5 KKk I 4 (1 LREE/HREE La/Yb Lay/Yb, .
Th(x107%) | 2.27+0.7 | 11 11=1.1| 18.8+3 16.7+3.5 14.35 N . e g
Zr(x1070) 96+20 229:27 17933 29880 205.78 6Eu fEA ?jcﬁfﬁﬁ%?]&%(ﬁzjjjc%ﬂ;%
HE(x107%) | 2.120.6 | 6.3£2.0 6.8 10. 1 6.53 ZI(£5), ZEEXT g R, n] LIk
Sc(XlO?) 19.5£5.2 | 14.8=1.7 8+1. 1 6+1.4 12.86 Sy B B X AR 1S
V(x10®) | 131+40 |89+ 13. 7| 48+5.9 3129.9 98. 81 . .
£ N é
Co(x10°%) 1846.3 | 12427 10+1.7 5+2.4 16. 45 I 5y IR B AR 2%
Rb/Sr 0.05+0.05 | 0.65+0.33 | 0.89+0.24 | 1.19+0.4 0.63 & Bhatia 1 Crook $2 H ) La—
La/Sc 0.55+0.22 | 1.82+0.3 4.55+0.8 6.25+1.35 3.77 Th—Se . Th—Co—Zr/10 ﬂ&n Th—Sc—
Th/Se 0.150.08 | 0.8520.13 | 2.59+0.5 | 3.06%0.8 1.12
N N o= | =3 == AN .
Zu/Hf 45.7 36.3 26.3 29.5 31.37 Zr/10 R DX AL 38 H7 55151 P ffe ( Bhatia
La(x107°) 8x1.7 27+4.5 37 39 39.78 et al. [ 1986) , W B =Bl A FE it T
Ce(x107%) 19£3.7 | 59:8.2 78 85 78. 18 5 (7). 7F La—Th—Se 21 31
SREE(x107%)| 5810 146+20 186 210 184. 45 * ) ] .
LREE/HREE | 3.840.9 | 7.7+1.7 9.1 8.5 8.19 * A it R R A B 5 A
La/Yb 4.2+1.3 | 11£3.6 12.5 15.9 12.74 = NGE X, 7E Th—Co—Zr/10 F] 51 &
Lay/Yby 2.8%0.9 | 7.5%2.5 8.5 10.8 8.42 * 1 Th—Se—Zr/10 51 E |, BE 5 5
SEu 1.04+0. 11 | 0.79+0. 13 0.6 0.56 0.65 *

W AR AE(E A4 Bhatia, 1985 ; Bhatia et al. ,1986; = JFFIE(H
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Zr/10

& 6 Fhdban i 2R G HIFEEL = B La—Th—Sc(x10™) . Th—Co—7Zr/10( x107®) } Th—Sc—7Zr/10( x 107 31| 5] & fit
(JEIEJE Bhatia et al. ,1986)
Fig. 6 La—Th—Se¢ (x107°), Th—Co—Zr/10 (x107°), Th—Sc—Zr/10 (x10°°) diagrams of the 3rd Member of
Funing Formation in Dongtai Depression, Subei Basin(modified from Bhatia et al. ,1986)
A—REEE IR B—KB 5 9K C— SRRl A %% ; D—w 3 KB %

A—oceanic island arc; B—continental island arc; C—active continental margin; D—passive continental margin
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Geochemical characteristics of trace and rare earth elements in the 3rd

Member of Paleocene Funing Formation in Dongtai Depression,

North Jiangsu Basin, and their geological significance

WANG Xuying" , JIANG Zaixing”’
1) College of Civil Engineering, Tangshan University, Tangshan, Hebei, 063000;

2) College of Energy Resources, China University of Geosciences, Beijing, 100083

Objectives: The trace elements and rare earth elements in sedimentary rocks are highly sensitive to changes in

the water medium of the sedimentary environment,

and are of great significance to the study of the

paleoenvironment, sediment source properties and tectonic background. Previous studies on the element

geochemistry of the Dongtai Depression, North Jiangsu Basin( Subei Basin) , are relatively weak, and the use of

element geochemical data to explain the paleoenvironment and provenance is blank to now.

Methods: The paper takes 20 mudstone samples from the 3rd Member of the Paleocene Funing Formation in

Dongtai Depression as the research object, carries on the determination of trace elements and rare earth elements,
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and analyzes their geochemical characteristics and the geological significance revealed.

Results and Conclusions: (D Sr, Sr/Cu, Rb/Sr, La, /Yb, indicate dry and hot climates, and Li, Sr, Ni,
Ga, Sr/Ba indicate freshwater—brackish water environment. V/(V+Ni), V/Cr, Ni/Co, U/Th, and 8Ce indicate
oxidation—weakly reducing water environment. The overall water environment is mainly freshwater, occasionally
saltwater is injected into the basin, and local is brackish water. 2 Co/Th—La/Sc, La/Th—Hf discriminant
diagrams and rare earth elements distribution patterns reflect the original sedimentary materials from the upper
crust. @ La—Th—Se, Th—Co—Zr/10, and Th—Sc—7Zr/10 discrimination diagrams generally reflect the
tectonic setting of continental island arcs and active continental margins. The comparison results between the
characteristics of the trace elements and rare earth elements in the sandstones of different structural backgrounds
listed by Bhatia and the samples in the study area also reached the same conclusion.

Keywords: Dongtai Depression, North Jiangsu Basin( Subei Basin) ; the Paleocene Funing Formation; trace
element; rare earth element; geochemical characteristics
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