Fo1H H2H A N
2021 & 3 H W B 3

Vol. 67 No. 2
Mar. ,2021

GEOLOGICAL REVIEW

AtFEFEYEEMAETHZRHRE. KL

TR FFHEREREX

E}@ %} b y %‘/ﬁ %2) gerourrY;r;.‘Zﬁ/georev
1) L2 AR TR WA L, 063000 2) H BT R 24 fe i 2z b, A6 5T, 100083

RBRE: VIRA R TR TR R KA B A 58 U 4 TR 58 DU
S AR 3 T 5 T A AR S B TR G ) 6 0T K MR Ak 2% O T I AR RS, R T MRk 1k 2
MR PR RIR X M5 T A 5T  J8 25 A . AR SCLATR AL AR & ) [ 7 B 0 B 41 — BB 20 U5 R b R B 58 X
G N HBATIOE R L CRIE , I H s BR AL 2 A B B $ /R PR 3 S, 4560 . DS & . Sr/Cu . Rb/Sr,
La,/Yb, HABHE S FHVSA; Li Sr o Ni Ga fli8 JCR &1 F Sr/Ba HIE I HE 238 R K —2K BK Bk AR FRES | 44 LIk K
R T A BK TEA G, JREE 2 K BRI T V/(V+Ni) \V/Cr Ni/Co,U/Th 8Ce #5718 B AL—55 38 J5 I 7K A4
W8, @Co/Th—La/Sc ,La/Th—HF H 51 B Fifes +- o0 F Fl /A =X, R A B2 4 = BRSOk H F L bS8 iR 3

B, 3)La—Th—Sc Th—Co—"Zr/10 Fl Th—Sc—7r/ 10 Fa35 ¥ 57 ) 51 P e Sz e 1 K il 5 K55 4% 20 Bt 2 14 4
W5, H5 Bhatia AN [R5 15 S AR A B TC: s O AR AE(RL A XS LU Bl 2R — 2L

KR I AR QYR OB R T AL RO TR M IR R RFAE

TURE v it S6 3 i 50 3R RE e /K AR A o i 3k
JiE R JE M SRR, A0 Li Sr Ni Ga,Sr % RES
H8 R (3R 45, 2016) , V Cr Co Ni FFAER
e E AR R 4544 (Hatch et al. ;1992 Jones et al. ,
1994) . Hii - JC 3 WO I i HE AR, HAL 7 PR B AR AR
SE , A B2 KA R Moz | FHITR
BUAAE RS AR N, DU Th B + oo R F 852
P TR, AT DU W B A DU IR ) 1t 7 5%
B4R AL 55 ( Bhatia, 1985 ; Bhatia et al. ,1986) . BE&E
TR IR E I R S, 2 F ATl R 5 oo R
A i OB RPAEE A ) PRT e 45, T i
TR HIRAL 22 AT, B 245 B M BT A )2 O

AR EHIEE DT 1At s R o s
HETC#EA T SRR B, g T =
B LAR fa FR B =B AR PR 00 B, B #6080 K
EARGHIFEZENIIRE WS, 23 7T,
B = B URR S 19, It 23 b 0 4 e A% ) Sy S A e
Sy EV AL, 2R 15 38 e R ER FL 3 o Ay SR X A <7 Y
BB R (EWR, 2017 #0204 ,2018) . AREH
FREEROCEMR T —ERENITTT, EEE DT
AR R 5 R 3 AR (PR ARAE, 19935 X1 K Hif,

/fﬁijﬂ)ﬁm%lﬁ@iﬁ”%ﬁ%%( ETh= :tsxybc201816) YRR

20105 A5655,2013) 1 Ho Ly b (16 HH 45, 2006 ;
H5E 252007 ) AR (R BT, 2003 5 X K S,
2011) MRS UTRUA R ( EIBA, 2017 5 021 4%,
2018) % U7 1T, 1M 56 T 70 2 Mk fb 2% 7 i, £ 5%
(2017) FEXF B = Bk & w58 b RIS ¢
F o LA ES BN v T e AT T R, A
WY S BT TG sh KRk 4 5, (AR B/ b o 4
T A FIETIE, 55 A1, R OC 2 Bk T2y 0ok R
HIAREE AR X MR R M E S . T,
A SCH X R AL AR G G B = BOJg A R T R M
FICE T, BT H TR MR LA R AE R 5 7
B 7E4E N B BB AR 5 34 B i A0l R
JE AR R 2k, A DURL A 3R 8E O X 4
TR S A s 5 55

1 T &

DA F A TITIR A AR AL, J& T o dt—rg
e L1115 T i O et S LI VA 2 AW 1 N 2
M AR L) R 35000 km?®, Fi b 7 b g ) e sk
Sy MG I B, 43 5 R 2R 5 8 B AN AR BRI B
REMFEEIR TR ISR | 4% 55/ B0 2 | b

W R F 91 :2020-07-27 ik 71 H 48:2021-01-28; 2 1 &« 2021-02-20; FeAE4i X758, Doi:10. 16509/j. georeview. 2021. 02. 006
VEZ R IS, %, 1987 4R 184 P, 8 R VTR 5T ; Email : wxy87121@ 126. com,



356 Mo R

it I 2021 4F

e e % %% "I’.’
SRS

D R 5 S BB
sampling well RLRRR ] %.J'H :"'&"'&'&""""’ @30‘;‘ “:0 i)
. 5 % K
e MU SUE S R ] FEWZE o Mg CETTRKS
mountain boundary Z coastline main fault c1ty

P 1 SR AR B I B A T S RAE I

Fig. 1 Tectonic units and sampling well location in Dongtai Depression, Subei Basin

WIS, FE G IR B RS (T 1) o R 5 B3 SLmT LRl
43R 6 AR (4080 L e il V22 I 3R T R 1 5
MFE) ,8 AN (CZEIENE MNER ARk R REHK
PR AZRM N AR ) MR R AL AR W]
Je A E e TR bEA 22 L WAL | mE IR A X
FREERY FLr S g A1 T8 3 A MR 2 T A
WAL B H X,

AL AN E SRR R 2 T B L B S =M
H—FERM)Z) 2 LT (EBEWISE,2006) , H T
T AR, RS R M AL (Kye) |, i i 2l B 4
TH(E) IR (E,d) =54 (Eys) 8
TR ERIRAL(Ny ), B i RETH S (E,) . BT
(Ef) BRI EX AR —BE(Ef) K
(Efy) B =B (Ef) MEMEL(Ef), B =B
(Efy) AARSCHEGE I B )Z . B =Bt i, 4
T R e A7 300 XU s R TR E RS B T A T
IR PRI X, B2k BRI (E 2)
2 HEASREE R AT

AL 20 > R AR GG 17 DEE S, &
AT B =B R BN E 1 R, AT
SO . REESZ U 0 B FA O R
OB, 3225345 T A W TUTRE | oo s 11 o A

IR o SRR T G i 7E 25 1M1 PN 38 50 R4 | [] B
S AR 52 . REHRE i A T iR ST 3R
i 1 IC R AR A3 A, SR P H R & 4 B R T
(ICP-MS) &%, BIfema s K2 W AE & TR IR B AL
FIOF R R S = e i, A PR AR A (GSR-4,
SCo-1,GSR-1, BHVO-2) } 75 [k i Bir il /) o0 & 26
PE R, TR 22 AN T 5% , A1 FIRE 0 DUt 45
T2, ML R T (5

3 HBERILSAAFAE

3.1 HETRFE

IR B M B B = B R S O T R RE LR
1, MEICER ERSehrifE ik b & DL E 3a, #Eahrh
Cu.Ga,Rb.Zr Ba Hf U JGE &5 L7 FHE
JEAMS, Li Cs .Cr.V.Sc.Co Ni Th JCE & HMEE T
EEEFEFE R A St on R EI N T, Bk
JUE Th(¥MH 14.35 we/g) FHXTE &, Th FE&F4E
RIS A, Li(¥{H 55.58 ng/g) .Cs(1E
9.68 wg/g) .Co( ¥JMH 16.45 pg/g) Ni(H{H 34.2
pe/g) AN E A BRI B & i ., TURA T Se
TS FEEITER Ca BYMHXE, S §HE 5 Ba 5
PATE— e FEEE BT DA K A B g S AL R AL, BIF 5T
X FEAH Sr i (136. 52~295. 33 wg/g, HIMEH 207. 83



%2 FIFAE  DRAUAR B A RS BT A = Bl R LT R MR A RAE B b 5 357
GR(API) MLI(Q: m)
W |25 125/ 0.1 15 gp | w Sr/Ba V/(V+Ni) Lan/Ybn 8Ce
= = ]
B | spaw ML2(9 - m) (m) | AEHE 4 |# (o 1o 1)1 2109 1
-60 -15|0.1 15
2
= 2400
=
f:ﬁﬁi 2420
g«? - ] r » r
= |aaa0 F 1 1 !
=
!i?.:_,,.: e _ee _ee se |
& % 2460 — 0 S
= - 4 %
& » 2480 = o0 06 o0 o0 ﬁ)—l M
2500 —___
- “ [ ] J
oe o6 oo oo |
2520 — 1 1
| o0 e 00 oo |
2540 — —| k
- L ®
2560 — —

] 2 TR AR £ 3 B — Bt 3 LR A R A

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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bR

b
el

Zeh| =78

(La+Ce+Pr+Nd+Sm+Eu)/( Gd+Th+Dy+Ho+Er+Tm+Yb+Lu) ;8Ce

2

H:La,/Yb, /R La Fl Yb

2

Euy/ (SmyxGdy) "2,

;0ku

2

Cey/ (LayxPry) "

PIE R 0.78, B WL AY Eu 5%, 8Ce N 0.93 ~
0.99, ¥I{H N 0. 96, F 421 Ce AW,

KH Leedey BRRL B AT - HIERE LA 1.2 1E A 45
WEME (B4R AR, 2000) , X Ff 0 K & @ik 15 pn 4L
AhFE LA LR 3b, B = B S B 2B
R RPN R A A 0 B Lot R, E
Wi 70K 58 ; La—Eu 30 + 0 R B, o o3 i ZEBE |
RERK, R 100 R Z LA B R 0 IR
Gd—Lu R 0 E B, Bior th 4730 RbR/N, 28
R+ o0 E 2 8] 4 AR AL Bu b B
B Bu STH Ce BRI .

Shiekds %5 B 57 A N A VE FH AT DL S 2L 6Ce
SEu HAA REFAIMIETE  8Ce 55 S REE 1IEAHSE, L&
8Ce 5 Dy,/Sm, i AH 5% ( Shields et al. ,2001), %
B FAFE S 8Ce 5 6Fu.8Ce 5 = REE ,8Ce 5
Dy /Smy FJT0AH M, B0 B 1 R i s £
ZMAHE(F4),

4 IR g

4.1 HIME
4.1.1 HEIE

Rl ARDURR AR & B ) Sr o R S T2
RIS T IR G TR K, Sr TR & at Al
St/ Cu A H W T SR . 385N, i<
i, Sr JTLE A #AK, Sr/Cu fHH 1.3 ~5.0; TR
fEcrp, Sr L E S B 5, St/Cu fE KT 5 ( Lermanm,
1978 5K K ## 55,2016) . FEMH St TR G & A
136.52~295.33 pg/g, ¥IME N 207. 83 pg/g, T ERHE
A s, St/ Cu {H-N 4. 58 ~17. 78, ¥J{E N 8.94 L 1
MR LEANT 5, RSB KT 5, s o
P St/ Cu HAT TR A, R B = B TS
(F375 8

FERAEVER Y, Sr JTE HLAS A By k2% T Rb I
FAIN R E (BRIR S5, 2001 ) o IR, B K8
2 WARPE R AL, St U R 25 5 KAk Ak, Tl
Rb/Sr HFFE ; T AR T, Bk Ee b, WAL AR FH 3%
55, UIRA Th AR B 2210 Sr g6, {ff Rb/Sr {EAH RS
REAK (I faf 45, 20105 5K SCB A5 ,2012) , #7522, Rb/
Sr fe {H AR /R TR A, IR s TR, RS
Rb/Sr{HA 0.33 ~ 1. 03, 34{E K 0. 63, LU {E AH X 45
IS, B3 SIS

A, La #1 Yb 43 R 55 £ oo R M E R 00
KINFEIRIEIC R, La,/Yb, AP ER + 22 0]/ 7
R, Hm AR oo £ M E £ IRER
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Fig. 4 6Eu—06Ce, 6Ce— X REE, 6Ce—Dy,/Smy diagrams
of the 3rd Member of Funing Formation in Dongtai

Depression, Subei Basin

FEM T ICRANE ., RIS, H
FRALERAAYER , Bf Lo R LR R
A 5 AR TR PO SRR 5 A AIL4% A Wi AR Se bk
BT, i R O R AR WA R e AR
(BRIEZE 1996) , PRI, La,/Yb, (415 (45 7 i 1Y
IR AR E TS s T 3 R BE (R IR A 55,
2009 ; Pk A7 H#55,2015)  #Edh T La,/Yb, fH4 1. 18
~1.82, ¥MEH 1. 48, BUE AR AL, S We T AR s T
IR AR
ZE4A Sr i Sr/Cu Rb/Sr, I La,/Yb, {EIH)
30T, 4 PRI S EO 2R 6 349 Ba B = Bl SR Y
WA — 3, B A B = BRI DL B e
4.1.2 HEE
Li Sr \Ni Ga S it JC R & XK AR B2 1Y
LA IRUF TR RAE T . 9T R0, K S8 L
TLEHR AT 150 pe/g, Sr TLE & K 800 ~ 1000
/g, Ni TR T E KT 40 pg /g,Ga TR HF /M T
8 pe/g; IRAKI S, Li TR & E/NT 90 pne/g, Sr
JLE R A 100 ~500 pg/g, Ni TTE G H N 20~25
ng/g,Ga LR G AT 17 pg/g( MEHF,2016)
Fefhdh Li JCE SR N 39.27~78.73 wg/g, BIMH N
56.58 we/g, ITAMESL I /NT 90 e/, I BIR KT
AL, FE&L T Sr U & & & 136.52 ~ 295. 33
ne/g, HIME M 207. 83 pe/g, FEAL IR 100~ 500 pg/
g, SBROK TR . AR Ni JCR &8 25. 69
~47.35 wg/g, YIME N 34.2 wg/g, 46 KB EE S &
w/NT 40 pg/g, IR K—2F UK TR IR B . A
i Ga JEE F &N 13.01 ~21.25 pe/g, YA N
16. 58 pg/g FEMBIRT 8 pne/g, IR K—2F K
DURRAEE . MRS TTHES R (£ 3), A Li S Ni Ga
MO TCR SRR, I i i RE i 20k |/ TR
IK—P K TR ES
WH Sr LR Ba TLEWE

RIpBMFEYRETRENMETRHFNSHREREERT

Table 3 Paleo-salinity trace element identification parameters and

sample data in Dongtai Depression, Subei Basin

fifR SR, Sr L Ba WYL #S RE )
WE TR | B K AR BE A3

Sr Al Ba 2 LABR IR £8 i T2 L0

B EE

B | 2 | Rk | CERUK | dok ,Xm”' g VL HT BaSO, PRSEVLE, 4K

i E s N )
Li(x107°) >150 90~ 150 <90 39.27~78.73 | 56.58 LR IR F] — 2 B JER , SiSO,
Sr(x107°) | HIEE%, | 800~1000 | 500~800 | 100~500 | 136.52~295.33 | 207.83 A VIIE, Sr/Ba {H 5 EhE R IE
Ni(x107%) 2016 >40 25~40 20~25 25.69~47.35 34.2 *H?’i jﬂﬁﬂ/ﬂ7k{$ﬁ%ﬁ§¥”%”ﬂ"]
Ga(x10™) <8 8~17 >17 13.01~21.25 | 16.58 A i
A ARSE(FRIRA5E 1999 ; 4 i
S1/Ba o83 >1 0.6~1 <0.6 0.26~0. 69 0.44 B4 2003) . — O kR

Berp, St/Ba (R T 15 28K A
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B Sr/Ba {4 0.6~ 1. 0; 1R /KIEE 1, Sr/Ba {H/)N
F0.6(F2/A%,1983), #Hgit (£ 3), ¥MP
Sr/Ba fH M 0.26~0. 69, ¥{E N 0. 44, Hrp 16 4
i FUIE/NTF 0.6,4 AR EEEN 0.6~ 1. 0, S 3%
TR AR K —A BOK URERES , LITRK IR R £
A BOK A A, JR3 R Bk RS X 5 Li S,
Ni Ga JCE & AW 45 R — 5,
4.1.3 HENERFZH

Hatch 25 (1992) Jones %5 (1994 ) i@ i #F 57 i 7%
BEPTUAT V Cr, Co Ni FEfit 48 TR X & Ak
R IRSE 7R EEAE L, 38 T A 4 e bR
HE, O E NI T2 R BRI IR A
V/(V+Ni) KT 0.84, V/Cr { KTF 4.25,Ni/Co
HKRT 7; 20 E R F, V/(V+NI){E K 0. 60~0. 84,
V/Cr }2.00~4.25,Ni/Co N 5~7 ZI[a); & E
g V/(V4+Ni) /NT 0.6, V/Cr /NT 2, Ni/Co /)y
F 5(Hatch et al. ,1992;Jones et al. ,1994) , WF5FTIX
KA V/ (VAN E 5 0. 71~0. 78, 4 K 0. 74, /)N
F0.84;V/Cr fH M 0.87~1.53 ¥ K 1. 12, /N T
2;Ni/Co fH M 1.35~2.65,¥{H N 2. 13,/NF 5, R
HEF 2% V/(V+Ni) | V/Cr. Ni/Co {8 19 5] 5] 43
Br, B = BT BUK IR R T b —55 A b R 5%

AR R AN & 380 U A Th IR AR S
A, BT, Th* 385 iR, B RS R, U™
AR, U Gy, Uk, of ORI U/Th 408
TURASE M S —R FUR A B GR R R B b U/
Th {5 KT 1.25; FALFREEH U/Th EEA, — B/
T 0.75( Wignall et al. ,1996) , FEdhH U/Th {E4
0.13~0.25,¥{E 4 0. 19, /NF 0. 75, I WU AL 7K
PR S AR

Wi +IeE T Ce TR EALMAMER, AfbIF
B, Ce B ALRL Ce™ 1Bk Bk 4 45 AL 90 i 1A
B, FBOKME S Ce T HMUILEYIH Ce &4 ; B )R

R4 BT EYEELERAENHE FLTRHHSH

EEmEEst

IS, B A S A I TR AR Ce™ A R K,
Ce™ B, FHEUTRYI H Ce &4 (#5FIL5,1999) ,
Ce 5% AT DL R ALY I WEUURLERBE (1) S8 AL SR 45 1F
8Ce (HRTF 1 HIESH , Tk 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, B R TR B A I BHE 0. 95, 7T LLAI
Wt , TR S A — 55 ST

F R A 4 70 2 0 B U SR 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
TNR G 3 R = BRI Ry 8 AL — 553 S A /K A4
W,
4.2 BEXMR

T EICEK Sc ., Cr, Co A1 & 4 70 BE 4 T L
PEEA T TR ICE La Zr Th 280 5 E7E K3
Frm A SR BT (1 L (E REAR 47 Ml X 43 U5 A A 1

FETI, Gu ) Co/Th—La/Se WIIR &= & A

A Ef# (Gu et al. ,2002) ,Floy and Leveridge #2H T
FIH La/Th—Hf FUEE S M 50 E f# (Floyd et al. |
1987) . FIF Co/Th—La/Sc H 51 &l fit %f B = B
PRI A (] Sa)  FE A S EEVE AR BT K
g X ek, B B X B KW A A, 7E La/
Th—HF 5 L (& Sh) , K2 KOkE 5 385 9% 78
KR B Y, A A ETTRIRA X S
Co/Th—La/Sc FI Efif i 3 B 46 R — 2k

FEFE 7R 5 M DURR R X P R A 48 A b, B H o0 &R
(A AU R T S 48 A . TR A b i HG £
TTRAARME TR EE ER L oR T BEREM
W0 Eu 05 SRR, R G FE R = Bl A A
i A R TR FC AL B TR E e R
T+ T A A, La—Fu 5856 1+ BthE, Gd—Lu &
i B 28 AFEW B Bu 115294, Ce 5200 0 S
(B 3b), XA T b 7e i e
ORI AR — 3, e B TR R R U5
F i,

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

elements in redox environment in Dongtai Depression, Subei Basin

Zi4 Co/Th—La/Sc ., La/Th—Hf H|

2

HIB 28 253k i VR | A

FE AR B

0 P e B A+ o0 3R BE o0 XA 20 A, A

\3
s

i REHIGR = B R RO A T

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

LHiSERR BT R, BRI, B =B

V1o (2422405 [ [owls 10 DURRBT , 5l /I [ e 30 i R 2
Ni/Co i >7 5~7 <5 | 1.35~2.65 | 2.13 %?ﬁg,g{{/\w@ﬁigtﬂﬁtpiﬁqj
U/Th | Wignall et al. ,1996 >1.25 <0.75] 0.13~0.25 | 0.19 S T e -
5Ce T R4 1989 >1 <0.95] 0.93~0.99 | 0.96 MR K e AT G oy 28 Jo i R (8

PEAE 2010 5K IR 45, 2012) , il e 1)
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4.3 WEE=

DURBLUA R ER T 2 1l 51

&l 5 Fdb g 7R B ¥ B = Bt Co/Th—La/Sc M La/Th—Hf 1| 31| &l it

(JEE a $iE Gu et al. ,2002; K& b #E Floyd et al. ,1987)
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)

N o= | = ==
= H XA

Z e

La.Ce Nd.Y.Th.Zr Hf Nb . Ti Co I Sc 28 & F

TICRAES A AL IR T 5, R I T — &5
TUE R AR 531 1 ok 6 50 W s R il i % (3 8 oK

Rl i RTE & SRR B & 92544 38 75 5% ( Bhatia,

WMSRIBEER , T DLISK IX 73 44 3 3R 855 . Bhatia 4538 i

1985 ; Bhatia et al. ,1986)

X L RIAR) 3 T 50 2 b o M BR AL AR AR 23 A, 45

R5ABMFERYHRE=ZRREERAAMET SR ENME.
W TEFEELE
Table 5 Comparison of trace and rare earth element values between the
mudstones of the 3rd Member of Funing Formation in Dongtai
Depression, Subei Basin, and heterogeneous sandstones in different

tectonic settings

a3 5 5t KRAELIN | KREESIN |53 R | B Kb 2 | HF5E X {E
Th(x107®) | 2.27+0.7 | 11.11%1.1 18.8+3 16.7+3.5 14.35
Zr(x107%) 9620 229+27 179+33 298+80 205.78
HE(x107%) 2.120.6 | 6.3x2.0 6.8 10. 1 6.53
Sc(x107%) 19.5+5.2 | 14.8=1.7 8+1.1 6x1.4 12.86
V(x107%) 13140 |89« 13. 7 48+5.9 31£9.9 98. 81
Co(x107%) 18+6.3 12£2.7 10£1.7 5£2.4 16. 45
Rb/Sr 0.05+0.05 | 0.65+0.33 | 0.89x0.24 1.19+0. 4 0.63
La/Sc 0.55+0.22 | 1.82+0.3 | 4.55+0.8 6.25+1.35 3.77
Th/Sc 0.15+0.08 | 0.85+0.13 | 2.59+0.5 3.06+0.8 .12
Zr/Hf 45.7 36.3 26.3 29.5 31.37
La(x107%) 8+1.7 27+4.5 37 39 39.78
Ce(x107%) 19+3.7 59+8.2 78 85 78. 18 *
SREE(x107°)| 58«10 14620 186 210 184. 45
LREE/HREE | 3.8x0.9 | 7.7£1.7 9.1 8.5 8.19 %
La/Yh 4.2+1.3 11+3.6 12.5 15.9 12. 74 *
Lay/Yby 2.8+0.9 | 7.5£2.5 8.5 10.8 8.42 %
SEu 1.04£0. 11 | 0.79+0. 13 0.6 0.56 0. 65 *

E L BHIE (S0 Bhatia, 1985 ; Bhatia et al. , 1986 * J8F {4,

Y Bhatia /N [RIF4 1 8 S 400 5 1)
P TR R A TXT b, T LIAS
B = Ble A o U R R (R SV 4
T K il 5 9NA 15 75 5%, Th  Zr \Hf | La/
Se {HA T Bl & SR ) K ki 14 2%
(F£5), WRAHEICEE & R
DU 200 5 T 20% Ay, DRt o
BERIR ST X I8 A AR - e R AFAFAE R LA
1.2 A7 RS IE (22 XU 55, 2003 5 248
K45 2016) , £ 1F 5 W B o0 R ERE
B 7] H4% 5 Bhatia S4500H o0 R E;
TEMEIEAT X e, X e & B, B = B
% La.Ce, 2 REE {H ¥ #2523 1 8l KBk
#h %, 1 LREE/HREE . La/Yb . La,/
Yby \OEu {HA1 T Kbt & 585 1 2 K Fifi
Nz M (F£S5), LAaMHEsR, ]
PIIA R B = BB IR DX (4G i 75 5
Sk APl 5 BRI 2 R i 2%

AR 3 Bhatia FII Crook #2Hi ) La—
Th—Sc , Th—Co—Z1/10 F Th—Sc—
Zx/10 5 XA 1 15 5% ) 51 K] f#: ( Bhatia
et al. ,1986) X B = Bt A itk 4T
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& 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—Sc (X107°), Th—Co—Zr/10 (x10™®) , Th—Sc—7Zr/10 (x10™%) diagrams of the 3rd Member of
Funing Formation in Dongtai Depression, Subei Basin( modified from Bhatia et al. ,1986)
A—RPE B IR B— KBl 590 ; C—i& B KRl 2 D—# sl Kbl %

A—oceanic island arc; B—continental island arc; C—active continental margin; D—passive continental margin

P05 (8 7). 7F La—Th—Sc FIBIE [ BEG S EE
SRR B IR KL IR X . #E Th—Co—7Z1/10
IR Th—Se—Zr/ 10 F 5 & b RE S S 2 29%
FE R il S IR TG Bl K i 2 B HCEIE e &K
91 P fe e A S e R DX Sy A o 5 K5 9 st A i i %
(IR FE T 5%, LA AT 45 55 Bhatia ¢ AF 8 A9 X L 45
-3,

5 ZEip

IR B BA R G R T A S B A
T RIS £ 0K T, DF 5T T Hot 2 M ERfL 2 R AE
P& N - x| N

(DEKEHWBRTH=BRARES P L Cs,
Cr.V.Sc.Co Ni Th it &= &% ,Sr L& 7.,
S REE & TRl LRli7e S REE {8, #2ir L 3E 005
P, MR EAMEMME B, R TR L
B EW T HROAME, AR B Eu it 5
H, Ce BRI .

(2)Sr &4 St/Cu Rb/Sr La, /Yb, {H, ) &
T =B UTAE A DL 35 32 Li SroNi, Ga
RS A Sr/Ba {8, $8 R R K —2F Bk T
TR BEAR LIIR K IR 85828 3 (A ROK T A #
JREB AR BUKIREE . £546 V/(V+Ni) \V/Cr Ni/Co,
U/Th 8Ce 5 Ffr 3 51 2 ok S8 AL 0 JE R B 147 3] 51

G0, G5 R R BT A = BON A A — 55 18 SR K AR
W,

(3) Co/Th—La/Sc , La/Th—Hf 1| 51| &l fi# Kz Fis
TICREC A, UL T 2 = By I R ) ook
T EHISER R IG5 Bhatia AR 5020
WA MR W O R R E TS L, T LA R B
T = BRI AR I 1 5O R 5 9IRS 3 R il i
% . La—Th—Sc ., Th—Co—Zr/10 Fll Th—Sc—Zr/10
P75 85 S H B i, 5 Bhatia 435 AF (B A X HE &5 SR —
B, SRR TR X R il 5 S5 0 Bl R 3 2 Y
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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,

and analyzes their geochemical characteristics and the geological significance revealed.
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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. @ 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—Sc, Th—Co—7Zr/10, and Th—Sc—Zr/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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