H38E Helll
20204F 12 H

UL B A7 R
ACTA SEDIMENTOLOGICA SINICA

Vol.38 No.6
Dec.2020

X EHE :1000-0550(2020)06-1226-13

7 B i 4 4 42 BR 75 3 4 401 B 0 3% B 4 ST TR
¥ 51 57 14
—— LA B A ) = A Wy 19

DOI: 10.14027/j.issn.1000-0550.2019.118

FERA B, BT BE, T ER F A
1A b ey i B R R A RO R 210016
2. E b R A R S R RS T, IR B 266071

@ E YU AR IREA FBez — i = AN B LT AL 5 R B T 0.4520.5 Z ], TorkH
SR BIAR R ERSE o 2] = A PN B FLAE i O RERE PR BRSO AR, e ) B BRI B P 9 759 LA 9B 509% LA L ) B8
A7 5 DUBURT F) T2 i A R P27 PR JC G A Bl U 8 0 o, A P Pl A DA R B R LI BR ) S R PR O v
B BT R, BT — A UNTCRR Y b OB BRE T R E R S W 258, 2 1 B AT S A B R A , WA I 2 LU B — s TR T
PRI RERREL - A SN A R 2 o DASR AT 524825 0 O IR B RIS IR B V5 | AR MU AT S A B B 25 0 R OAT A5
P VR R R 1 B 2483 )+ A SR R o T 1 MR ) BT L , 1T Ry DX BT = A N A Rt A DT CRR BRI o ok A1 B A i) = A M
W ) e BT R TR S BEAR MR & A7 P LAY XU AR R, S B T) = A N LR s T R VR B IR A 225 SR AT v BRI L A R A
-1 A ES A L i i, A LB LR T 1.0, (HHG D URR IS £ BE RS A iy [0 2R SR R T HAB e B AR O ¥ . SRR O IA

SRR H BTSSR S BN LU R AR TR BRI ) SR AL IR R o — 3 30 T B o
KHEIA IEEEPEPRE SR L s Bl IR S TURRY 5 M B A TR RS 5 DURRERSEE S 551 5 v8veT — A7
F—IEEEN  TEE, 1962 A it ZARF R TR, TIEUER (L2, E-mail: njywa@qq.com

FESES P595 THEHERER A

0 5%

DUBOASE BB QTR A0 98 O B N 2%, flcit
TR VTBUMbER L 2F R E 2 DU ) B B 4 A, 48
BN LR el AH TR S ) R B bRz — , R L
INF L0 ABEFTURL KT 1.0 AU 4518 )
DAETREMCER 58 KMk L
rhl2 (B AN 0 ) 45 SR S A TR PR
FIFRBRART & , B8 2 5 PR DURERBEAR A2, SfdiH)
S35 SR B A A A I, H LG 3 ok 1 A i
AHPTRIASE S ] o (FR P AR LA 3987 B AR O A
B2 FNAS U AS [R] e AR b o 4 T 28 43 A1 B0 A A
g A H—E M EE HE IS SRS, R 28 Ak
AL A R g D PR ] R S R AT FH X b R S AR 1)
T A — R R

Y #5 HH#5:2019-07-10; Y& s HEA:2020-01-20

AR L A T Rt AR O RR B 1) 1) B 4
WHERR , bR 1 BEAR DU 3 L B xR
B A 22 0 , i EL AR B LAY BRI~ 4 T R 25501 Y
AR o B8 R e el - < Jas , 7 A A M A P et
Ferh HA R Z AR s R A 2247 (BT 3T
BRI R, i T A2 PR A (3l N 22 S FC
BRACEAT T K e o e o BT IR T LR A B R 1)
AR Rz i R, T R 3058 (Bh  pH R
B HAWE T 55 WSO, il S A K AR T Bl
AR F1 3 DXl K b B R AS Wi A B
A ERAL AT R AE T 005 . DBRRIUBA B/ MY
AR, MIROK AN KRG I, iR OK 59 Ba™ 57K
) SO; 4, rTRESE I BaSO, ILTE 5 2) 1 T BILAY
B R RBOR, BA OB INER S RE AR K P 5 T
WERE L B AT RIS S B A Bl AR A Rl

EE&WA : HFR [ ARAILETH (41572096) ; [ HUF AT H (1212010611402) [ Foundation : National Natural Science Foundation of China,
No.41572096; The China Geological Survey Project, No.1212010611402 ]



55 634]

FEAEAF A B S IO R B L A REAR TR RS A R 1227

TEARTUR Y Th S B o T DU RR A
WK S5 23 R A W B S BT A A AT, DT (s A5 1A
DURL B A e 441K 3) F TR ELA e g KAy
TG FEME A A 5 T8 Ak 22 D00E , SR L
iR Y/ N NN SIS e A LA AR R S B
T A Hh it 2 25 A BRI 0 Bl il s At , {759 7K
FHARZL R T Gk 35 20x 107, 58724 7 668
10°)127 4) B TN B T2 KK, A G itk ALk
BEASE 19 S i AR A 5¢ RS URBEAS B 5 fife A o A4
o, [ AE YA T T A BRI R T (LA AR i
TR Ry 9], SCA 5z DL 56 vh Se 2R 1 860x107°, Ba X
270x10°°; J5 fifA A L Sroh 1140107, Bafloh
SR o A LR T R R A ST
A S A ER T St B A — 5 B B RE
30, PRV AR TR A v AR S TA 5 ATT ( A5 il
AHUTFR AR XS & Ba %% Sr WA DT M AR X & Sr %%
Ba, iXFhER OIDTR MR Ak 2217 22 R 1 45 R F: 30
T DNl T TR Y B AR AR A ) v A BRI E
BRI R A DR ER AL A TN
FRIE 2 A FH BN R AT ot 05 A T O AR A 06 i A AR
IREE A 5 0y P Al o H e AT, AT DU SR R T
BV L Ve i A T AR A 0 ) 1) BRI AN 2 DO RR
() TP BRI ALY 42 i, T2 AR DU 2k A2 A TTTAR
AR A BT AR R AE Pk 2E s A S TR A [
DU R RN, SR H A N AN 22 i ek 1k
2T TAE TSR R FH A i BRI LU A T T il A
OB IAEEH 3], S SR 32 145 1k i A FH S0 b0 53]
B AR TR IR BE RCRAME A AE S TR A
T BIRS T,  T SE G b A AR b AT T
Rl AHTTCRRER B H ], 2 HEPE 1996 47X B4 G BT —
FAVNAS TR R BE DU v (R AR AL i 2 LU TR %5
PEERAN 2 FU AT o e ki A TR IS5 0 ) A8 3P 1
MR HHFSY , 5 3 6 WA A5 DU IR B8 S B R Vs 4
1 A (75~110) %107 (B8 4 (185~205)x107°) , (5 £4
LY 33%0~60% 45 TR IR IR A M 5
(47~93)x107° (F e Ky (454~522)x107) , (B
10%~20% . R 2 R 0.40~0.48, JCH 5 35 AH
Ve BRIEPERINZ R 0.93~2.23, BE T AR FREE 1 16
AR BGER I AR , DRI H8 A 1 B
U2 B G S 55 | i SCiik ot T i
v TP (BT SN = 1yl S 2 o A FAC 3 RIS 28: 182
25 TAE B #E R e T R ok b 24 F B o 3G

DU ARTTRUA DURRFREE I, A5 UL 5t i B4
it 22 b ke 0 Vi B AR ORI AR HLBCR AT AN RN
HR EF AU ABT ST AT R R ERR AR
TR R — AR SR BGR AT T S B, HAEe ik ah XL
AR SR I AT A E BRI R e PSR I
DURY P DU RO BEFNEE 7 BTSSR 1 7 Fp
ANTR) ) BB A IO R R B T = A TR 1
BhifL ZK5 19 37 PERE SR EAT T RSS2 BGAER , UKL
X — R BT A Y ] SRR RIS T

1 B LAEE A FURFAE

AR 5 B B AL T B T = A YT 7K A U
(1976 24 ) LM BLACHE 730 (K] 1) B ZKS B A
I A 22 b e 8 B2 O v 004 T 8401 B 1) 0 i A AR
IREE R BIAFST o LA FLALIR 24.5 m, ARG HURE 37
o AL IR RUT B, S VTR A & & 5
4B D R OB AR A LR A U
SRR LR 0 T 7T AN DU, | RN AR
LA HIT(E2).

2 FEMALETE

FE A ATALE R AE A AN FLAYEERR 22 105 CE TS
FHISHG IR AR 2 200 H 2 H .

PR PE IO i 11 A0 S A SEL i - ORR R R 1
TR — e L2 1 PR s A 1 Ak 2 i R AEAE TR
e, DU St R B i A RE R SR 0 B X (A 08 K
A B WA NA SR A BEREE) fAAE T BE

B Bl = A ZKS B LA
Fig.1  Core location of ZK5 in the Yellow River delta
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Fig.2  Variation of strontium in ZK5 of the Yellow River delta by different extraction methods
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o T TR B T SR U B B A AR, A T 16.5~24.4
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25.4% (V34 21.5%) , 25 53 2 E00 10.0% ; 7 ik B2 125
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il AR 19 29.0%~75.0% (-1 47.5%) , 78 5 28
F21.1%(F1.K2).
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P 11.7%) , 28 57 280K 27.3% ; 7 T TR 72 o 412 e
B & BT 17.5~65.7 me/kg, “FE-19 4 39.2 mg/kg, 43
S5 BUEEY 4.20%~14.6% (CF-14 8.56% ) , 728 S 24K
R 26.7%;; ¥y E TR 1 i 42 A 05 12 ) T 43.9~126
mg/kg, 34 80.3 mg/kg, 53] i WL A 9.96%~
28.1%, (VF-3117.5%) , 8 5 ZE00 23.4%; W £h R 1k
BT 32 BUAY L FE A T 49.4~144 mg/kg, F-44 4 91.2
mg/kg, 735 b BUEE Y 11.29%~35.0% (-1 19.9% ) ,
75 S BN 26.2% ; s £R R + 4555 7)1k BT 2 A
A, I T 59.6~164 me/ke, F-34 105 me/kg, 53l
AR 13.5%~38.1%, (FF-34123.0%) , 28 5+ R E0h
24.8%(F%1.K3).
3.3 ARELNEFMIREG AR RN AT (L AFIE
B = AR N ZKS B FL TR P (0 A [ 3 1 1 4 B
IERRNEIM LR R, 2o tEN T
0.39~0.50, *F- ¥ 045, # 2 /L £ 0.10, & 7 R %%
4.82%; BRTRENTE BRI LA A T 0.59~1.36, °F- 34 0.88,
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Table 1 Content variation of strontium and barium by different selective extraction methods (mg/kg)

LR BT NaAc ¥ NH,Ac ¥k HAcik H,Citi% HCl¥: HCI-C i JET
Ji/IME 12.81 29.29 17.48 43.90 49.39 59.61 4122

IEONEN 38.34 85.38 65.73 126.0 144.4 163.8 499.4

Ba FHME 24.19 53.54 39.18 80.27 91.18 105.0 457.4
5 AL 27.33 27.26 26.70 23.42 26.24 24.79 4.61

d7 (%) 5.29 11.68 8.56 17.54 19.95 22.98 100.0

fe/ME 16.49 33.79 58.60 53.13 49.04 60.96 188.5

JEIN: 24.35 51.70 136.8 126.8 117.3 141.4 226.9

Sr TR 20.24 44.05 95.17 88.47 79.16 97.18 205.2
5 ZAN 11.65 10.00 21.92 21.80 22.63 21.07 3.60
Hi (%) 9.88 21.50 46.51 4325 38.69 47.49 100

o/ ME 0.59 0.56 1.40 0.74 0.61 0.63 0.40

. ELONI] 1.36 1.62 5.00 1.77 1.32 1.37 0.50
b I 0.88 0.88 2.61 1.13 0.89 0.95 0.45
S5 AL 21.86 28.42 35.87 21.21 18.51 17.05 438
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Fig.3  Variation of barium content in ZK5 of the Yellow River delta by different extraction methods
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Table 2 Correlation of different selective extraction methods of strontium and barium
JLFR RO NaAc % NH,Ac ¥ HAck H,Cit#k HCl% HCI-C¥ HET
NaAcik 1.000 0.826 0.824 0.878 0.862 0.840 -0.232
NH,Ac ¥ 1.000 0.849 0.878 0.864 0.854 -0.174
HAc ik 1.000 0.982 0.990 0.996 -0.236
Sr H,Citi% 1.000 0.992 0.990 -0.268
HCl1%: 1.000 0.994 -0.258
HCI-C % 1.000 -0.245
JET 1.00
NaAc ik 1.00 0.897 0.553 0.937 0.946 0.936 0.129
NH,Ac ¥ 1.00 0.680 0.953 0.854 0.856 0.294
HAck 1.00 0.622 0.483 0.484 0.158
Ba H,Cit 3% 1.00 0.922 0.930 0.241
HCl#: 1.00 0.990 0.114
HCI-C 1.00 0.080
JET 1.00
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Fig.4 Variationof the ratio of Sr/Ba in ZKS5 of the Yellow River delta by different extraction methods
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Table 4 Correlation of the ratio of Sr/Ba with different selective extraction methods

NaAc i NH, Ac % HAck H,Cit 3% HCI% HCI-C % JIET
NaAc ¥ 1.00 0.91 0.38 0.71 0.83 0.85 0.45
NH,Ac 1.00 0.52 0.78 0.79 0.82 0.47
HAc% 1.00 0.69 0.58 0.54 0.24
H,Citi% 1.00 0.93 0.93 0.39
HCl% 1.00 0.98 0.40
HCI-C % 1.00 0.41
JET 1.00
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Discrimination between Marine and Terrestrial Sedimentary
Environments by the Selectively Extracted Sr/Ba Ratio: A case of
sediments in the Yellow River Delta
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1. Nanjing Center of China Geology Survey, CGS, Nanjing 210016, China
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Abstract: The ratio of Sr/Ba is a commonly used methods for the distinction between terrestrial and marine sedimen-
tary environments. "The Sr/Ba Ratio is less than 1.0 for terrestrial sedimentary environments and more than 1.0 for
marine sedimentary environments" widely exists in various related textbooks and books. However, the traditional total
Sr/Ba ratio of borehole sediments in the Yellow River Delta is between 0.45 and 0.5, which cannot be distinguished
between marine and terrestrial sedimentary environments. The result of selective extraction for borehole samples from
the Yellow River Delta shows that more than 75% of the total barium and more than 50% of the total strontium in the
whole sample occur in terrigenous clastic minerals unrelated to the marine and terrestrial geochemical environment at
the time of deposition, which should be excluded when we distinguish between the marine and terrestrial sedimentary
environments. The results of different selective extraction methods show that strontium in the sediments of the Yellow
River Delta is mainly exchangeable and carbonate, except for clastic silicate minerals, and its occurrence mode form
is relatively single, while barium is complex, except for the clastic silicate minerals. The ratio of Sr/Ba mainly extract-
ed is exchangeable by the sodium acetate method and ammonium acetate method, and the ratio of Sr/Ba mainly ex-
tracted is exchangeable and bound to carbonates by the citric acid method, dilute hydrochloric acid method, and
complexing agent + dilute hydrochloric acid method, which can better distinguish between the marine and terrestrial
sedimentary environments of the Yellow River Delta, as the high calcium carbonate from the source of the Yellow Riv-
er and acetic acid cannot extract barite. The results from dilute acetic acid extraction in sediments are characterized
by high strontium and low barium content, which leads to a high Sr/Ba ratio. Although the Sr/Ba ratio is greater than
1.0, the sensitivity of the Sr/Ba ratio by dilute acetic acid extraction to the salinity environment during deposition is
greater than that of other selective extraction methods. The selective extraction method is the only effective method to
solve the problem that the discrimination effect is not good enough to distinguish between marine and terrestrial sedi-
mentary environments using the ratio of Sr/Ba.

Key words: selective extraction; the ratio of Sr/Ba; terrigenous clastic sediment; sedimentary environments of

marine and terrestrial ; discrimination of sedimentary environments; Yellow River Delta



