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MM T A m MelBRE1E-2.0% /A4, AW ERNERNZES, WA SRR KR 7L, Fiik
gy A2 DAY JOr XEM BT e, FLBUKA 2 AR — 8 A BE R 3 A A5 D 5 RO K A
5. Aot RRERAGTE /R TR R Y REED, S /K ER FEHeArNaTn & & it R I S AR 1k, S Beps 3 b 1A 22 %0 R
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Genesis of the Albian Dolomite in Levant Basin, East Mediterranean:
A Case Study of the Givat Ye’arim Formation and Soreq
Formation near Jerusalem, Israel
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Abstract: The “dolomite problem” is one of the long-lasting problems in sedimentology. Magnesium is a major element in
dolomite, and its isotopic compositions may be used to infer the dolomitization processes and sedimentary environments. In this
study, we investigated the Mg isotope compositions of dolostones of the Albian Givat Ye’arim Formation and Soreq Formation of
Albian from a section near Jerusalem, Israel. The carbonates are mainly composed of subhedreal to euhedral micritic dolomite
without notable post-depositional diagenetic alterations. Carbon and strontium isotope compositions of the dolomite are consistent
with the Albian seawater, suggesting that the dolomitizing fluid was sourced from the contemporaneous seawater. 5 "Mg values
of dolomite cluster around -2.0%0 and do not show a clear correlation with depth. Combining Mg isotope and C-Sr isotope
compositions of dolomite, it is suggested that the Mg supply from seawater for dolomitization was abundant, leading to Mg isotope
equilibrium between seawater and dolomite. The rhythmic fluctuations in Na, Rb and 2 REE contents in the dolomite sequence

indicate responses of marine environments in a semi-closed basin to variations in regional paleo-climates and paleo-environments.
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By contrast, the relatively homogeneous dolomite 8*°Mg values across the sedimentary beddings imply that the regional climate and

environment changes had limited impacts on Mg isotope compositions of seawater in local basins. Hence, for massive dolomite that

was deposited in partly restricted basins, their °Mg values likely still trace the Mg isotope composition of seawater in open oceans.

Key words: dolomite; magnesium isotope; dolomitization
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H 2 o R 22 B0 i R4 2 U= 26
Mz — (BRILHN, 2014; BSCHAE, 2014) o Jk
A, IR W R AR A DX B MU e FLA
F R (IR, 20165 XIS, 2017)
() Z 2 A R BT R A 4 (~100 Ma ) TR
EIREERAZR S, WX E = A 1R R T4
AW A B L, BT
LRI, ZIX = E B T R A — kR A
rEE ( Sass and Bein, 1982; Sass and Katz, 1982 ) ,
THIEXT A = A A A R A RRRA

Fo b ek FEE EEM R — . fEEK
BRI, Ha AU R B E A A 1Bl Y 2
£ (Li et al., 2015; Tipper et al., 2006 ) . HEAE R
HaAWERITRZ —, 2o ek sSH
BATZ (B AL i Y B A, A T R
R ER bR, B A 8 WAL AR 2H BT T S
WEER IR AR - AEMIPLE . HAT, Haahr
BN R O H TR BTG ) (Lavoie et
al., 2014; Walter et al., 2015 ) . kERIL A X bR

( Gao et al., 2016; Jacobson et al., 2010) FH =7
i B EE B TR (Li et al., 2016; Mavromatis
et al., 2014) . HIRFE FIRESPGR . K079
i KR BT LA A B AR O S B & E R
J'= (Mansurbeg et al., 2016; McHargue and Price,
1982; WA A 2016 ) , (H il T X L3R B A
XFABR, — A AR R KR B = A
fEH (Li et al., 2016) o X T HuJst by S ip9) 2
AR EREERA =AM, KA R
FFEZRTE ( Machel and Mountjoy, 1986; Qing et
al., 2001 ) o BERMRATERY, fERMA AT
B R, KRR BOR BT Y h 912 F% FIR
TR KSR 25, JFTESRE ) b7 AR
SRR BER R AL R (Higgins et al., 2018;
Huang et al., 2015; Peng et al., 2016 ) . [Hitk, #ILL

i 3 o3 A 3 ) B e B R R A Ok S s
AT U K SCHL BT 254, IF dE— B F 5T DR 3R
IS PAr ey o

[, 2R A= aS A RE S
B R KR RN R, DA = a B R
AT HAT AR LU, R DR R AR
2R AU (Geske et al., 2015; Hu et
al., 2017; Li et al., 2015 ) o UUBLAHFIT I b5
I LR 2808 = A TR T R BRI IR 31 4 6 1
( Machel and Mountjoy, 1986 ) , IR ER A 7 Hrh it
JK 55T 3 YA AN, PO DX 1 A A B
SR 23 WA S W TS R 2K P BB W) 02 3R 2
SRV X LR R P B A B R R R S A 2K
PR SR

AR SR LA 5 W 1 2 B 7R A 3 LSRR B
= NPT G, A A F MU A= I 9 1Y Al
I, RGN R FOC R kw50 b,
e 7 A s A A B & A a e #E T T
DX 3 Ao 0 P B3 28 A %oy BVl R 6 5 b R 5 v
KR R 3R A I 52 e, D S SRy Bk I 6 B [m] o7
2R BTN HT A B i DIl A PR AR B 22 JE s A
Hedhi o
1 B 5

G5 0 B M 1 AR U B
. HRBS TSR X - Shoresh T (N31°47'33"
E35°04'09", Klla) . A=FAITER, AP
X—H2&—MrIFES TR P
e by, DX R R B BT, R AR
R RAR o # X W™ R kIR Eh o B L, K F
LR IR L A UTF ( Rosenfeld and Hirsch, 2005;
Walley, 1998 ) . iy HiBEBFoE 0, 76 5 1 it
B R A, WESE XA T ARE R T,  OEREE
R EAER R (Immenhauser and Scott, 2002; Scotese
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(c Qatanal = o = BRBRE

a: WS IO E R (PERPIIE: Eppelbaum and Katz, 2011 ) 5 b: Bil/RA I S BRAR AL B (GBI : hup://www.odsn.del ), BIFFE DA T B FR 21 5 4E 5
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Fig. 1 Geological background map of the study area

et al., 1988) (E1b) o BV Givat
Ye arimZH fiSoreq] FE R 2RI =40,
R R TCA P, R B 130 m,
2 Sk, B Z2PE S (Braun and
Hirsch, 1994; Sass and Katz, 1982 ) ( Kllc) . Soreq
H5 T RGivat YearimZH 2 AT A A, Li—
EHEERA LA M (Sass and Katz, 1982)

2 MR R OT Ik
TEVEAH BT AP iy Hefily b, 52 ) )R R 2
83 m, fU 7 Givat Ye arimZH FlSoreqZH T #PHZ, UL
KEJ1.5 mRIFE AT BERAE . 34h, TEGivat
Ye arinZH B ICHP IR 2R = A HZ TR A0 em[H] R
PAT R B AN SRR . A RE LR A W
BEATE AR AN E o TR T HUBR AL 7 o i 2
i, AR E SE AR B R (<200H ) o
AR ITCE G T X R AR, FREL
50 mgfEHIR, il 2 48 T4 mLHCIAI0.2 mL
HFIRARY . 4% Na, Mg, Al, CafllFesCE & i
1 PS5 B A R OGO E ( RE{XEFICP3000
ICP-OES) , fdimIcR &t Hlm o Prie s B 1 ook

{M5E ( Aurora MO Q-ICP-MS) .,

CHIO[E2 2 43 fdi FH Thermo Finnigan Delta V
Plus IRMSHEIS AT [l 2 BiE . 7Emaim <
BRI, 80~120 pgH = A Ky A RN TG /K BEFR 7E 70 °C
55T N6 h, 3l i SRR AL R Gas
Bench IP#AE LAY CO,i%EHE ZIRMS . XA C-OlA]
i Z{H /I Vienna PDBAE MhnuETTES(H , UCHNS" 0
5Bk 5 23 94T T°0.09%0 (1SD)F10.08%0 (1SD),

#E 7 2 4378 i Thermo Scientific Triton TI
AUBRHL B B . FRBUB R AL 150 mg, fIIAS mL
IMPBEBR A FEAE N, 2 WS B0 I B 2T/
W WZE T TINAYIR , o HScReaOM g i4E 17 Sr
P2, ARESRE S 4385 29500 ngfSeH
Al R, TIMST it A RE i (™ Se/* Sk BE AL T
0.000006 (1SE), KB ATREY FIBHVO-2FIAGV-2
5 B A — (TSt Sr oy =0.703951+0.00000
6, St/ *Sryve=0.703474+0.000006) .,

BE AR AT Sels 550 pg Mgy
FE S FH RS TR A AR, ARG MUK F Biorad FH B 738
PR IEAG SOW-X12FIAG 50W-X8(100~200 H yBikE
i Mg 5 Na, Al, Ca, Fe 50/, RAFAEETE



684 moR M

e iR

24 %5

o PRI [ b I A Ry (USGS) G I b i)
JEDTS-2bHITAPSOFR HE MG K AE Nl S bk Wit , Bl
FRIURE i — R PEA T Mg f 2 Bl F , FH DARG I
e Y O T S ey O = T AR ST 7
PR T98%, J7l AT R M, BE 7 2
i#ft FHThermo Scientific Neptune Plus MC-ICP-MS H £33z
WA B AR A . R AT R S AR
SE ARV W DSM3FI Cambridge 148 [ 2% 2H )0
55 [ B 4 (% P RIS B A e M. Mgl
PEFTEE S RS LSS (2012, 2014) o A&
Yot i, SEE & NARDSM3 I Cambridegel
I A 82 Mg {43 31 42 0.02%0+0.02 (2SD, N=2)Fl
~2.59%¢+0.05 (2SD, N=2) , KM AFRFEDTS-2b
FITAPSOE 7K B H 53 51 J&—0.28%0+0.04 ( 2SD,
N=2) F1-0.80%c+0.02 (2SD, N=2) . XEbhptt
BHE5HTA (Teng et al., 2015 ) & AYEUE —2L,
TR i A 6™ Mg 5 8 M2 M AH 56

3 iR 50NE

o A =% (Givat Ye arim4] SH-A~
SH-J ) 8"CVPDB{H 24 7 2.09%0~3.44%0 2 []
(F1) , HAGLERURANEK (8 Cyp, = 2.5%e,
#ESaltzman and Thomas, 2012 ) —3 (E2) .
YSr/*SHE S A E0.707374~0.707616 2 1), 4k
H17E0.7073~0.70752 8] (1) , SEIAEKE
(VS1/**Sry=0.7074, #EMcArthur et al., 2012 )
I (E2) o Ao a AR RN, 850y mstE
~1.79%0~—0.08%cZ [i] o 142578 Mepsys [ AE AL 11 FHl

g (=2.21%0+0.06 ) ~ (-1.98%0+0.03) . =t
Naft) & 56X 107°~875x107°, A RMFIKICE
AR AL T 1x10°~35x10°2 6], X REE
AL T 1x107°~20x10°2Z 1] (#£2) .

FPANTITHE I, Givat Ye arimZH FllSoreq2H % H
R N S e =y D) A 195 3 NI | B s
PG, X3 oA DL B S A DRI A s 2 IR R AR
(E3a) o WCA AW MEHE—2 £, 4
XEHAAHNASABRLEAE—HE N E,
FAH H AR T AT DL B B = 4SS AR SE K, RIARAE
50~90 pmZ[a]; A PEREARAE XS BO% , WKAE DT R
AWK 2 A R AR IR TR oL B 56 A i
ZUERXAZETHIAEE (K3e, d) o Hit,
R LE, AXHAEA 230805
e

F 1 Bl PR b 25 OB R o o s o R v e
BH 5 B — BB A 2 /8 (Hodell et al., 1989 )
e e EIk A NP s E B =3 B S N A |
WA TARA RS M (Elderfield, 1986; B E 4%,
2006; AR, 2010) o EA A LA BT
2%, ShoreshMi[X Givat Ye’arimZH FllSoreqZH ik iR
HAEFEEET THRLPR/RAEH ( Rosenfeld and
Hirsch, 2005; Sass and Katz, 1982 ) . [Kitt, UifHE
7K J&Givat Ye arimZH] MlSoreq 2 iR £ A & 4 H
= ERIM R AR, fEH s A bl BE iz
A, KA ARA LB EN AL, kK
FARAT T TRV AR R HBR AL 215 SRR AE

X EG T 225 80 gy [ 25 A 10 LA i A A1 38

% 1 Shoresh#H T A =& R-2 -2 A EHBRISFE

Table 1 Carbon—oxygen—strontium—magnesium isotope data for Shoresh section dolomite
5 TR /m 8"Cypps 8" 0y ppp HSTANT 1SE 3 Mgpsus 2SD 3 Mgpsus 2SD
SU16B 11 - - - - -2.09 0.03 -1.08 0.04
SH-A 79.2 3.05 -1.79 0.707493 4 -2.02 0.01 -1.06 0.00
SH-B 79.27 2.97 -1.61 0.707527 3 -1.99 0.02 -1.03 0.01
SH-C 79.33 2.25 -1.65 0.707616 3 -2.21 0.06 -1.15 0.00
SH-D 79.4 2.09 -1.7 0.707568 4 -2.18 0.02 -1.13 0.00
SH-E 79.47 2.95 -1.61 0.70757 3 -2.12 0.00 -1.09 0.01
SH-F 79.53 3.13 -1.64 0.707534 4 -2.12 0.04 -1.09 0.01
SH-G 79.6 3.26 -1.66 0.707509 4 -1.98 0.03 -1.03 0.01
SH-H 79.67 3.44 -0.31 0.707466 4 -1.99 0.03 -1.05 0.03
SH-1 79.73 3.28 -0.08 0.707441 3 -2.00 0.09 -1.05 0.05
SH-J 79.8 1.56 -0.76 0.707374 3 -2.06 0.05 -1.06 0.02
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Fig. 2 Comparison of measured dolomite C-Sr—Mg isotope

ratios versus coeval seawater
(1) HETRI AR A TR F = A R R R Y (80,
SAE=8%0F|1%0 2 [H], PiKirmact, 2008; Qing et al.,
2001; Rameil, 2008; FRIESE, 2012; FBIHRASE,
2017; ARIFRZ, 2003) , AXH=AARNR
FXTEEIE , RUTENCA Y B RRIRKS Hig b
(Land, 1973 ) . KL DUEWT A = A DU RUE &
R LKA bR R R, FEAHERR
TIRAKAZAMERNEmN, AsEARNMNE
2 A 2 A7 U K R A 3R A AT AR R s il
H TR K R EE K, A AR MRS

£R2 BZ=EMg/Catt{EFINa, Rb, > REEEEEE
Table 2 Dolomite Mg/Ca ratio (mol/mol), Na, Rb and X REE

content (x 107

S WEm 2 Mg/Ca  Na Rb S REE
SU24 1.0 Soreq 1.11 213 6 4.5
SU23 2.4 Soreq 1.15 92 3 1.8
SU22 3.6 Soreq 1.14 56 1 1.2
SU21 4.6 Soreq 1.16 114 1 2.1
SU20 5.0 Soreq 1.16 224 9 5.9
SU19 6.7 Soreq 1.16 137 6 4.6
SUI8 8.3 Soreq 1.14 272 7 7.8
SU17  10.7 Soreq 1.15 177 15 7.7
Sul6 115 Soreq 1.11 212 17 10.8
SUls 127 Soreq 1.13 115 8 9.5
SUI4  16.2 Soreq 1.15 283 7 3.1
SUI3 182 Soreq 1.13 73 20 8.7
SUI2 203 Soreq 1.12 234 18 12
SUIl  20.5 Soreq 1.04 535 16 10.6
SU09 225 Soreq 1.06 484 11 6.9
SU0O8  24.0 Soreq 1.07 200 5 3.8
SU07 254 Soreq 1.06 175 10 5.2
SU06  26.2 Soreq 1.12 263 12 9.9
SU05 294 Soreq 1.10 413 10 7.6
Su04 305 Soreq 1.01 436 24 15.5
SU03 315 Soreq 1.06 190 2 34
SU02 333 Soreq 1.13 185 5 2.8
SU0l  33.6 Soreq 1.12 875 5 29
SHO1  35.0 Givat Yearim  1.12 208 2 1.7
SHO2 363 Givat Yearim  1.09 292 3 2.4
SHO3 383  Givat Yearim  1.05 154 2 1.7
SHO4  40.0  Givat Yearim  1.15 156 1 1.2
SHO5  41.4  Givat Yearim  1.13 174 4 4.5
SHO6 429  Givat Yearim 1.14 177 13 9.9
SHO7  44.8 Givat Yearim  1.12 216 4 33
SHO8 455 Givat Yearim  1.11 250 27 159
SHO9  46.7 Givat Yearim  1.11 445 12 7
SH10  48.7 Givat Yearim 1.14 209 13 10.1
SHI1  49.8 Givat Yearim  1.11 290 21 14.4
SH12 522  Givat Yearim  1.06 305 2 1.8
SH13 532 Givat Yearim  1.01 443 2 1.3
SH14 544  Givat Yearim  0.99 278 6 3.7
SHI5 557 Givat Yearim  1.08 297 1 14
SH16  56.5 Givat Yearim  1.01 382 3 33
SH17 573  Givat Yearim  1.12 216 3 2.3
SH18  58.8 Givat Yearim  1.06 471 5 5
SH19  60.0 Givat Yearim  1.01 317 4 3.7
SH20  61.8 Givat Yearim  1.12 331 3 1.9
SH21  64.6 Givat Yearim  0.83 392 8 7.9
SH22  66.6 Givat Yearim  1.02 228 11 6.7
SH23  69.7 Givat Yearim  1.00 289 11 6.5
SH26 738  Givat Yearim  0.99 118 19 16.9
SH27  76.8 Givat Yearim  0.96 328 2 2
SH28 783  Givat Yearim  1.00 108 13 12.6
SH29  79.1 Givat Yearim  1.12 136 5 8.4
SH30 799 Givat Yearim  1.02 109 3 3.6
SH31 829 Givat Yearim  1.00 126 2 3.7
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(a) BPAMBH (SoreqZHTHH ) 5 (b) Givat Ye arim4] [ 5 SH-A ~ SH-LRFEALE 5 () SEMUZEE] HIE I = A fR (SU-03, Givat Ye arim4] ) ;
(d) SEMWEZ S [ = o i A A Ak (BSEIRIS:, SH-12, Soreq2H); (e) i85 T A A A, &iki5~10 pm (SU-19, Soreq?H);
: AIEEZAT, #ki~50 pm (SH-12, Givat Ye arim4H)

K3 EFAME R KRB S
Fig. 3 Field photos and photomicrographs of the dolomite samples

ERMZmaE S, WAk w LUK KO 2 4 R 47
2 AE - 1%0~1%c(VSMOW) Z [A] 3% 5, V3178
0%o(VSMOW) 25 47 (Jaffrés et al., 2007), FARHEK Y
448" 0ysmon K2 —0.28 £ 0.5%0 ( Shackleton,
1976 ) . Wi kK BB AT TAH S A
DUVE R B = A 5 K% W 18] 48R 3R 43
W ZBOTE (Horita, 2014 ) , i FRET /R AR 16 7K
8" Oyewow = 0%c1154, Givat Ye arimZH HlSoreq4
Zo U IR B KA 1E25~40 °C, ZDIRIRER &
A —HE A = A R IR B, SERE G 5
5 AR B AR —3 (Carballo et al., 1987 )
32 HzEKIRE

T A2 D B - R R R M BRI 5T
LR BT R W A = 5 K B TR A - A
BB #MRGHi a8 AR, X2kE
AT G BT LAy IR G K B = A EH .
BERAS A ERMZEREA = AIER
( Machel and Mountjoy, 1986 ) . H TR X H =
ol B B E R FA R Ak, BRI IRK
EAARZHA AR, HILHERR TR A K
A=, BENR Ao s EHNZE R

A = a A E RS W - PR OBV R P A 2
FEAE ) HARLOSAL T K B = AR (Machel
and Mountjoy, 1986; 72255, 2006; M =5,
2010) o A FESMAEZS, Ho Al
PRAE D2 K SCH B AR R TR) (E14) o FEJRFR
A, TRRMAN R S B K 2 Hk
45, Mg/Calb{H BT HBEAR, LKL
By A m N #E AR TUR B K BRI h k&
AEHTEER . BB EEMAE P H S
R ATETCRR Y LB i 2 1) 32057 X (Adams
and Rhodes, 1960) . XA H, JUHIZ ]
M bl RRg AR R A AR K 2 T 1 i
KB ANE S BTy, JFE ks, P
0B pa K AT B2 AR SE T i A SCA (Hsi and
Schneider, 1973 ) ., HozK SCHb G AL RRE 7] L4y
R =AB B KT B W — 75 R AR
( Mckenzie, 1981 ) , Zid FE PR AR ZEFLBE iR a)
TRENZAZ, REEm TRk, TS
WA E, EBTER s, BT ARk
wah, AR AN S AR, P s T
AW s 5
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Fig. 4 Different dolomitization processes in a tidal flat—lagoon system

TE D7 S, R BRI A S A R R
PEAEAEZs () BB A, HLAER AT U a2 1) S
K. BEHJEMRMREAR SRR, #ilihER{b
2ETL R R ARME L M LA X 4y, o HE ok
ST TR 7K SCHb BT 26 o SETHY H = 5 B R
MR RV, RO ARy 8oy X7
VUL 2R, I8 ARISCIE B H = 41 6% Mg
(B AR T S T ) 1 2 A1 8™ Mg (B i, WA
Pl Ae oy B BRI Z 438 (Huang et
al., 2015; Peng et al., 2016 ) . [FIFHZEET, UL
BOR | H s A UL R DL R KB B IR AR R
G SFEA IR B 52 2= A BE R 2R 4
15 A 5 K 2[RI XE LA 318 [R) 0 Sy 2
SRR o T 2 AR A R FE R I, A R
DI i i 7 =R AR TR, A ARIE L)
H 2 A AR 5 35 55 17K 22 8] 8 B [ 467 28 1 Al
(Higgins et al., 2018 ) . GeskeZE (2015) WF5E
TRV M X LA A BB s A BRI R 4
B, S5H R o A8 Me (i R1-0.79%0, R
FRIEAK A BE R 2 AT (87 Mgy 4=—0.82%o,
PELing et al., 2011 ) . T EL A S5 AR 2 9 A
= AR A RS AR K Z A -1.7~
1.9%01 i % 2% 5%+ (Higgins et al., 2018 ) , Wi Z[H]
PRI R 73 5 A A R AE—ER A 4T (R
2925~40 °C ) Hz A 5K 2 18] 08 R 7 2 A o
PEHFE (Lietal., 2015) .

ARG Ry T #E— 2 HIHT 1 = A DU IBIK
SCHB T ARRE e A A R, FRATTAEE R 2 4y
BricE s fR b, AMUAE R R R AR 1 e B T ¢
A, HHT TR EERAE (EI3b) o Mg R
/N, Givat Ye arimZl EPE%BE"JE[ﬁZ#S%MgDSM
{5728 AL Y5 Bl —2.21%0£0.06~—1.98%0+0.03 ( £

1) o SoreqAh & H =S (FEHSUL6B)
8 Mg peusTH H-2.09%0+0.03 ( £1) . FEF|AL
628 A6 R R B AN B N + 0.10%o0,
Shoresh#I| T H'Givat Ye arimZH 5 SoreqZH 1 = Mg
) {37 ZAE60 myAR (A 1 LT3 A7 B g 1) 2 ) 28
1b, H= AR R A IEAR Y —, Sass and Katz
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Fig. 5 Stratigraphic variations of elemental compositions of the dolomite
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