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Abstract A massive Tertiary salt deposit containing 10 billion tons has been identified in the
Huanggang buried sag of southwestern Shandong Province. This deposit is a rare super-large rock salt
deposit in eastern China. To investigate the material sources and depositional environment of this salt
formation, we conducted a comprehensive analysis of salt mineral assemblages, stratigraphic
distributions, and 87Sr/86S8r isotopic compositions in halite and anhydrite from a 520 — meter core
(Borehole YZK~-3) situated at the basin margin. Among the salt minerals, carbonate minerals mainly
contained calcite, dolomite, ankerite and minor aragonite. Sulfate minerals contained anhydrite, with
minor gypsum and celestite. Chloride minerals were composed of only halite. Based on their distribution
and genesis, the paleolake evolution during the Middle—Late Eocene to Oligocene progressed through five
distinct stages: freshwater — brackish — saline — brackish — freshwater lake systems. The *Sr/*Sr ratios
measured in halite and anhydrite (0.711227-0.71177) significantly exceed contemporaneous seawater
values. This isotopic disparity, combined with existing hydrothermal research data, demonstrates the

absence of marine influences in the brine system. Substantial contributions from deep hydrothermal fluids
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mixed with meteoric waters was an important source of salt material.
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Fig. 1 Borehole YZK-3 location in Huanggang buried sag in southwest Shandong Province
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YZK -3 % fL (34°36'43.4"N, 116°13'38"E)
7 F 35 5 T T B 1 i % o AR 4 00 B 1 2 AR 1T
55, Ml ZIF G BURE, RPM 635.38 m JF 1,
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WEREL g, AR ARIETEE S RS IR
& (2019), BARLRMT . (1) BGaEAHET
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Fig. 2 Lithology, mineral content and sedimentary environment of halite bearing intevals in borehole YZK-3

in southwest Shandong Province
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Fig.3 X-ray diffraction patterns of sample from borehole YZK-3 in southwest Shandong Province
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¢ B fE 1029.38 m., 1007.38 ~ 1005.38 m,
995.38 m 1 987.38 m &b, EibY RA AL, U
IAEEEFL T &6, HAKTE Hy 969. 98 ~ 969. 63 m Fil
965.18~961. 63 m, &8N 2%~97%, H {1ih ik
BHOR, R KN K

3.3 HBEME

YZK -3 54l A 562 50 405 )2 00 8 A0 2
AR 1o bt A2 S/ SrE m, M
0.711534~0. 711770, J5H7 H B 1 25 2 ¥Se/*Sel 8
ik, 4 0.711227~0.711482,

®1 BEH YZK-3HAAREAHFN S/ SrfE
Table 1 *Sr/*Sr ratios of halite and gypsum from
borehole YZK~-3 in southwest Shandong Province

F W/ m 7 878/ 808
YZK3-326.25 961.63 A 0.711 307
YZK3-327.50 962.88 A 0.711 482
YZK3-328.50 963.88 ik 0.711 227
YZK3-328.60 963.98 ik 0.711 262
YZK3-329.50 964.88 Ak 0.711 280
YZK3-334.25 969.63 aHE 0.711 534
YZK3- 334.60 969.98 aE 0.711 770

TE R 1 FE v o SRR B A 50 °C L s AL
BK SRR AR R BE B I, A AT RE AR A T B R
%64k (ELl Tabakh et al., 1998) . f18 ¥ {bid fE
REGRKN R, TYHHE T ASEE, R
LRI BA KA. ik, YZK-3 4L Y
OFREMRS A0FMAE -8, BEAHER

4 tig

4.1 BEXFTYRIEEX

TRSH Wy (BTt L SEL R fie 2RI 24 e 7 R
AR, —&&Enm 6 MHB: (1) BRREITY—0H
BrEe (2) AERUORE B (3) BB BN, BeER B
Bes (4) BRBEERDIAB BL; (S5) Jtw A UL B B
(6) 7K R B A DU BB Bt (88 38 AR 2R A% 5
2001) o bR, SEbT A9 A S WK R
i, Ja b i o™ Yy da m WK ER B o YZK -3 B fL
MR EET WA T4, X4 HaafgkAa s
1, HARIREE T X Le i iR Eh A W A BT 1 AR R 2>

AMAEMNZSY, H5 Mg/ CalfE /K L fE % U1 AH &
(Miiller et al., 1972; Davis et al., 2000; Li et al.,
2009) , #H, JrfEA e Mg/Ca=2~12, XC
At Mg/Ca>12, A= AWl (Miller et al.,
1972) o J5 A1 AF AL T2 2R WA TUR Y+, &
FERK W) (EJp RS2 B, 19985 R H £ 4,
2002) , A5 A R R AR 8 O SCH AR T S
HzA.

SCAT— P BEAE K ) A R R R, AT RAAE
HRIEACSE R o FERA R (1) 30 A E
T4, EATURR ) A i SO — B Sy 20 P Y
BAEw Y (i —%%, 1979; Li et al., 2021);
(2) ETHERERNRCGERT, CAafh
T3 RRAT A A AR e A SO W R A LR B T AT i
IR PRI AE B

Hzo AN E SR, fERREFESIILAEL
LA T B E oA, 2R N T2
Hu A0 YR EEEm R R, X e TH
A FEP (Land, 19985 EBEGESE, 2020), 7%
RAEF N & A1 1T AR AL T2 65 W Mg™,
WA A S AE H A B F Mg™ 5 IR 8 ) 2 B 6%
HEATK IR 55 fb A% JE L H = 41 (Last, 1990; Land,
1998 ; Bontognali et al., 2010; Warren, 2010), 5
b, B AWl Ll s KAk iz A, it
YZK-3 Hhifli A =1 ERZ A REMZ W, HA
REHEBR MR = 1 B FETE

BazfARHsAN—F, SAs40—FHE
SRy, RIS AR R i A R R,
A & MK A B4 M7 B (Eugster and Hardie,
1978), B = A& YZK-3 8L FET W=z —,
B B 60% (18] 2) o %8 WA PRI 2
R R (i —E %, 1979) . MBS A =
AAE il R AR T ROTE R, TR A PR U A 3t
AT HWMAEYER . EE%EAET, gaan
FeJ5 i A1 F A o A B INAS 5 (You et al., 2013)
32 AR A RZ W, b A TR W b 5 A A
PO AR = A7, A0 5838 AR 4 v 3 T R B AL
SG-1 (EREHESF, 2020), M /K G H 7R & R
BER MG (PP ORBESE, 2018) N 5l — 3% 45
(5K Ih&E, 2018, 2020) H777E -5 HORAE 5k
WA RME B,

YZK-3 il if B3 T R E IR LT Y,
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AUE R R T A, AR K 28 K S
AUE BT I KR B R WK S A5 A2 (Warren,
1989) , WA Y AR /R 1 KA B RAL A ER B 1
AL, TETE KA TR A b, 0 S e A o
£15 (El-Tabakh et al., 1998), itk YZK-3 &5 1L
FOBE A1 P RE S A B R ALE L. Bl e B T 5
—FHBREREh B W) K A1 (S1SO,), & ¥ Al KL
K E R K AT, R DU B B BOE i (il
—AEE 19795 Li et al., 2010, 2013), HFEAYEK
HAO EE NSRRI, B RIS PR 3
AR (i —H%, 1979; D%, 2012). 454
BHA AR E B, #EWN YZK-3 Bl b &R
T A1 B UAT B8 5 BT Ko

YZK-3 BhifL b i & AL R A dh . kR
SR, R A AT I KA B R S K 11~
12 4% (Warren, 1989), b #E U 584> 7 26 i 4 2l
AT ER AT I KRR 2y 35~ 42 ¢/ L, {HATHARAIR
THACER W 1 8 B2 € CfH S0/ L (KB 3 £ 4%,
2002) o WHHATUERY) vh 4l 47 R E — M AR R 1 ER
¥irp (Liet al., 2010, 2013),

4.2 HiKEHE

HRAE LA 1 B8 o3 i DA S DO RV ALE 19 A2 4
H BIF 5 DR T T e g 01—t A oy 0 K e 20 S
6 B 2):

1) 1157.08-1153.38 m: AIR/KM, XEH I
s, T3CA. Aaf . AFAAHREELETYH
W, VURY R Ol —aeba . DTRFLEIK
iy Na® o KPS Rg & ek, RIS &0 5000
0.02mg/ g 1 0.008 mg/ g (P& HLEL, 2022), Wik
WE T AR BRI EE (FRE/NT 1g/L),

2) 1153.38-965. 18 m: JyJadisKill, HE A
OB PR Z . RHKFEREAE, ERICKE
JEH, UGB WK B RS, A EL T — B B
AT

3) 965.18-961.5m: ML FHELE, YZK-
3G T S, ERZ /N, HEMHIA O
DX 7 46 2 J5E B B R, a2 DA U P A K R B
L, WA R R AR R

4) 961.5-862.88m: A ih 2 WK, UIRYIK
REAAE, HAO®HREAALE, WK ER R
i, EARSR ROk, WALUZ, K&,

5) 862.88-733.38m: bk, UMY+ X
A ABEWRAEALE, VWA Bk . KL
BERE, WIEIKET . K &b, SUZHER
AR R OK DU ER 858 (Wang et al., 2012), H]
IR AL %5 B wldh B2 4 )2 RAS, BR XA, R
AR B # AR, AR ARG S, A
RS UURE R HBIUIK, 787 L IRK—K
MITCRREREE o X Ul B I il KRS e, K 3h ) A5
P, AABEARRRIE

6) 733.38-635.38m: f1ih. XA . AEHW
&, FEARMNAEA IRKE . BRA s AWZELR
YERISZ IR, AH A U0RR ) vh 3 3 A7 A2 SR 1 =
MHZ%E = AZHP R, RITERAEA . A
T, B o A4 AE kS A0 A 1K #h
JEo B BeR ) (733.38~712.38 m) f77E/D 5 £
2, 712.38 m BEFALTER SR &, HB@ 0
MM E, UK A, DURR PR i A A 41
AL,

R RAE T ZWAMERE B E, B
BRASIE A BRAS S, BT T — 1R B T B B =R 1
(PETM) %5, DU 2 Z M4k, & Fhot R 2 A
B4R ) 2 7 1) T R U R B 2 AR AL . P R b X
BEE, BTy ™0, EAREEHLE, I
WIE 3+ 70. 87—61. 05 Ma 1y Ji LA H . JE BT
122.86—61 Ma [ E WP B (B B 48, 2000),
W 0 0 0 Y R XA SR S R R A s 2
o, ARG T R KIT R SR B
R I L AR, BT M KT e
PRI B, 16 BT 46 7 thE 2 ¥ T 65 74 R b IX R 2L T
5 AR T BAR G AR AORE TR A 0 Ak ER
B AR A Ff Ja SL AT IR AT

4.3 WiEHRT

PRI 27 KT R P R EENFZ —.
PR | REIR K FPGBOK 48 bR A ZF0, w4y
MM E R AR (BEREA R, MR R i [H
i Z4E) (El Tabakh et al., 1998; XISk, 1999;
Tan et al., 2010; Li et al., 2015, 2018), # ¥ +g
b, A BRER B A REIR AR R S, Hofhzg &4k
WA BEAH A B (Warren, 1989; Li
et al., 2015, 2018),

AL AF A AR R 8 P Ry Al DL
W, AGANEAYIEIERE X, EIHRE AR AT
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TR YRR VR o BRIR 0 F FELL MSe, “Sr, Sr, "Sr
A FIE AL, AR /N, HEAR 52 4 AR
L AR R A S, A (R — 3 5 s S ] —
KICHR G W, "SS5 YR kR A G
(McArthur, 1994; Flecker and Ellam, 1999; Tan
et al., 2010) , ¥, BHAHFREE T, BRI ALK 2 57 U
&, PR 2R B YSe/SeE AR A Bk, i H —
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Fig. 4 Comparison of Sr isotopes of halite and anhydrite from borehole YZK-3 in southwest Shandong Province with

contemporaneous seawater and other areas
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