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Abstract Due to the evident correlation between fluctuations in dolomitization intensity in Phanero-
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zoic geological strata and significant geological events throughout Earth’s history, it is increasingly impor-

tant to understand the mechanisms underlying these fluctuations in relation to long-term magnesium and

carbon cycles in terrestrial and marine environments, atmospheric processes, and climate change over ex-

tended periods. In this study, time series analysis and coupling analysis are analyzed based on high-resolu-

tion X-ray diffraction data to reveal the slope amplitude modulation cycle recorded by the deep-water dolo-

mite cycle of the Shahejie Formation in the Bohai Bay Basin. Combining the Quaternary dolomite cycle in

Van Lake, Turkey, with the dolomitization events during the Permian—Triassic period, we discussed the

coupling relationship between the fluctuations in deep-water dolomitization intensity over the Phanerozoic

eon and the amplitude of various Earth orbital parameters across different time scales. Building on the ana-

lysis of the salinity evolution characteristics of the Sha 3 submember, it is proposed that the amplitude-

modulation effect of Earth’s orbital parameters may influence microbial ecological stress and the fluctuations

in temperature and pH of fluids through changes in climate and environmental factors. This, in turn,

plays a significant role in regulating orbital deep-water dolomitization intensity during the Phanerozoic eon.

This study provides a novel perspective for the exploration of the “dolomite problem” .

Key words dolomite, astronomical cycle, amplitude modulation, microbes, Shahejie Formation,

Bohai Bay Basin
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HazAfr [CaMg (CO,), ] BRUIHAREZE
Wi r 2z —, X AR R R 2 R R A
32 Y ( Warren, 2000; Alsharhan and Kendall,
2003; Wang et al., 2021) . 75T 7 5 i 309 0 oy %
IR A G IR P A=A EE (Sun,
1994 ; Burns et al., 2000) , {H & Hb JFi 45485 19 U0
Ay p N &5 K % W ( McKenzie and Vasconcelos,
2009) . RZH RN, TEH R EE . R A
AR B AT, ATV A s AL EARK
Pk &% 1% ( Land and Mackenzie, 1998; Arvidson
and Mackenzie, 1999; Gregg et al., 2015; Kacz-
marek et al., 2017) ., B H = A8 % ISR R 2 4
g, RA KR sabkha B8 AR W) E SR
B R LE SR RS pH RS SRR S
=~ A (Liebermann, 1967; Deelman, 1999;
Warren, 2000; Liu et al., 2019; Hobbs and Xu,
2020) AR B, H = AT R S — A B R &5
W, HIE s AR — ik, e Rzl
“HoAMEE”,

AR, BAH LRI E = 41 108 B %

SRl T 5 1 J5 by s P 30 A RO Ml 5 S 1 2 AR G
(Sun, 1994; Burns et al., 2000), “[H = {1 ME&”
B2 M BT ORBE . AR AR B B
P M BR A A M B S A PR (Burns er al., 20005
Arvidson et al., 2011; Shalev et al., 2019; Miao
et al., 2020, 2023), HiAHj, ARBAEHHE AL
985 I Bl RRAE 5 80 R B WL A A LR LA
m: (1) BAHAZENFERITERY, Ass+
JEAE R | e BB — R B MU At
M —F i — R =F . AL RYER AN . e
LN |l ST | N R TR 1 B o T 2 3 )
(Lumsden, 1985; Li et al., 2021); (2) ¥k ] #5 &
K N R T ), 38 = A8 S S R
UL A T A ) R B b /D, S BRI A B
1loi Ji #0525 AL T JE vk (Sibley, 19915 Sun,
1994); (3)ETRMEMMERNTEAH THS
ALK A, T A R A2 ¥ R JBE 1 i D 4 o] 1 B
BCE B BT 2 1 E o A A FE & A (Balog et al.,
1999) 5 (4) P17, A6 30 358 728 A 114 v Jo] 30 1
Bedh, I _LAHR A Y ek Ak 2E s A, AT R Rk
LT AP K4 A 1) (24. 5 1.5 Myr) B ofE 5 94 5
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s AR L (Negi et al., 1996); (5)/K-PLR
Py S SRR P R R, A T A 2 T T 4
IS 2 A A PURE B AR, 1S W E
P8 RH 5 8 R K ASE TTURR ) R 2 A B A A n
(McCormack et al., 2018); (6)H = A WIE /%, 3= &
S RTHE B R HIMg/ Cafi , BRI, fEild
FERBEAMATHEF A S AKE E NS R
(Manche and Kaczmarek, 2019, 2021); (7)iF i
JERGAE W B Z AR PR AR (KA i) At v 4R
A 3E g BT i 72 A (T e i S SR 1R ) B e Al 3 2
AEYVERT, PR A WA TS e s A R
A (Li et al., 2018, 2021); (8)&BRA AR 5
TERRAL B & A BTA D™ ) & AR PS8 2R AR KA
B, I LT o 0 A R B
W 3l (Rivers et al., 2021; Miao et al., 2023) ,

T CHo M, BT E T e
AoafATEEZFEN N ZE (Arvidson and Mackenzie,
1999) o AR N & B = A1 B HU 5 22 1y 45 1
WZEZ— (Balog et al., 1999), HHuiE M HER
JEE S AS R AL R e &R IR s R (Me-
Cormack et al., 2018) , 7 20 {42 80 A4, &AW
FEARIE T H = A2 K 22 B4 A B BE (Comp-
ton, 1988), {Hh THclRh A & Y 5 58 F1 %) b i
VP Z IR B (Balog et al., 1999), DL R B ER £
EHEHE = A8 F RS M A SR (Holland and
Zimmerman, 2000), {13 Dh1E i 0F 58 £ 24 b A
P S [0 4t J2 8 S5 T 1 2 A o R RV A M L
J5 T (Petrash et al., 2017) ., HE], A XKML iE
9K 5 1) 15 43 PR AR ROK B 2 A A E [ 2473 A T 85
1, X E AT 1O AR 2 A 15 B D Bl R AR
LR A B o SO LU TS A FY L
63T 0~ R ) — TR AR RE i XS 2 AT S 4 o
B ok, S5 S5 =284 28N HA
AACE R £ H I Van IR H = A iER 2 &
A SCEUE , & B R UIE 2 b i P i A 10 5
BAHBKASABEZRFTEME NS . £H
FHE 0 i i v (B A0 B e A AR AR, TR B A
T B2 AR AT p AR 3 0 3 B 38 DR B8 2R W A 3
Fs 3 n] RE 25 BUR K F 2 A A i 3 1 ) B 2 4
WER, AP0 “AsaxXEE” . B4E
HE 2 A7 A5 Sl AL A Bk OT R K R 4R A
THRIALA

2 WRERSAE

EEVE A A, T AR A s R AR ER, A TS
35°~65°Z [ (& 1), 22— AR E m iy b3 AR
FORBE W7 B #53 (Hao et al., 2010) , % & HL1E
ARG #3t, 7 A= AR AL O s i 5d P W I A
My, Hl i iz Al TRVIRAR AW, ey
MACAR I KB — RV B (& 1), 208
MR ARG )G B BL (Hao et al., 2010)

WF 5 DA, T 10 T T8 4 1 7R T v 1 AR T R (T
1) o 75785 U B 18 B 5700 km®, 3 22 55 3 9k T 40
B el A 2 PR Y, A H b0 IR R R T ik
5000 m, fHALEA ., VIHEHAH ., RKREH. WL,
WAL B AN S AL 2, 2 R e R A il 5 R AR
K Z— o PG A AR R H B Z
o, JTZRERE . SRS, BRTE . ZK
PR BUKE P BB D A, R B A BRI
JIH) J& WA (Liang et al,, 2017) . ¥ ="F W B
(Es3)) UUARIIH, ARS8 2R S5, 50
ZFRE W (Wei et al.,, 2018), kK H 4 & A
SRR R — DO (PRIEIRSE, 2020) , AR
B MR 16 57 48 v i 41 B AT B2 47 1) Milankoviteh Jig
[lC5% (Shi et al., 2019), [A]PUAU R M0 11 634
m—mmE AT %kF (Yang et al., 2016; Miao
et al., 2023)

AREMEE FYLHZRE LK ELZA N 400 m, L)
UK BRI N - (Liang et al., 2017), EHX)
FY1 HY =TV (Es3,) 3050.55~3231.63 m Et
B, EFHLLO0.675~1.125 m K 3 5 8] b 9E 47 R
B, JE X P a AT o b, RISk E B
AT AN, HRABA s A/ (T a+HA s
1) A A = A A B RAE bR, FYL R
R 23 U B 4 e AT 5 20 B e S ) i B RO R F 5
Be b 2 Tl A Wy L A SR, AR LS O H A
% D/Max—2500V/PC, #AE LS % A N R ILF
A R AR AT M AR ME SY/T 5163-2018, CH
A 5 I A] 8 23 A A O B K8 Ak B T AR 29 7E Acycle
Biprhisty, #AERRES RO RRNIRERF (L
et al., 2019) ,

3

1

R
X A AT A BT, FYL IR =R
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Fig. 1

(after Wang et al.,

WEMH = AR EN T 0~0.99 Z[E, &I %
3160 m Fff i n] WL B S IEfE (8] 2) o SCHR A Ma 5§
(2023) $REHAY FY1 FFIF RIS F ik B 2 1 A5
J3E TR BE e 90 T J 2K SR 1 R g 3 o Ak B, ARG
24 A O 1100 ~ 1200 kyr #9 F 25 A7 Ak 5 S5 g [m]
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2020)
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o
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Fig. 2 Depth sequence of dolomitization intensity in Es3, of Well FY1 in Dongying sag

Location of Well FY1 in Dongying sag and its lithological column of the Member 3 of Shahejie Formation
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Fig. 3 Time sequence and evolutionary trend of dolomitization intensity in Es3, of Well FY1 in Dongying sag
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Fig. 4 Energy spectrum analyses of time sequence of dolomitization intensity and envelope of its obliquity fliter

in Es3, of Well FY1 in Dongying sag
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4 Fig
4.1 HEEEMPBRFHRAKEZALE
B 5Bk E S 5

MRPEK B2 B, R OCHRIA T S R
TR H A o] 40 1 A2 2 b BR A 1 09 A b iy = 2
X Zf) 77 ( Berger, 1988; Hinnov, 2000; Laskar et
al., 2004) , I THUER b0 R G2 1R AT AN ER 1Y

KICHE A i B H A 2R AR £8P R AR ( Nobes
et al., 1991; Rial et al., 2004) , HAZEG K 22 Bl 4
I, e O 2% (~ 100 kyr A1 ~ 400 kyr) | A}
(~40kyr) fl %7 22 ( ~20 kyr) DL K I i 34 il J4 39
(~ 1200 kyr 1 ~ 2400 kyr) , X H & B A 58 205 0,
Fnl DA P 45 0 2 Ak 5 T A 5 G B A (Hays
et al., 1976) , [ JLHE W BF5E X 19 2 46 T 2
i 78 A 4 i) 1) () DUAR — L s B B S 1 = 431k
ERT, A= 9ifs e A s B2 5 pH 1 26155 3 4
i ( Vasconcelos et al., 1995; Hobbs and Xu,
2020) ,
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BT 12 7 A 3R 8 B 1 FE 910 ~ 1200 kyr J8 1
A UG IR, 58 % SR Ji] Taner-Hilbert 3§ W A0H7 (45
TE. 0.0225~0.0265; Hh.H#E. 0.0245) 3k B
EF I 7 70 A 2 B0 0 246 14 4 20 4 1 Oy L W o
Lk (D S) . IR TS B0 0 BT 7 bk 1 B 23
22 b S R 00 (P 4B, 45 5L R KB
B FFAEAE B 11 ~ 1200 kyr I (1 4-B) . TR
Taner-Hilbert 38 % 781 (45 % . 0. 00073 ~ 0. 00093 ;
HUL % : 0.00083) FK I ~ 1200 kyr FE] 391 3 U
L, HAHTIL AR I I 2 A R, 4
SR R AR B I B 5 ~ 1200 kyr 8 Dk 28 75 £
IR BT () S) , BXAT 4 I Ao o T 3
R B NI A O N
~ 1200 kyr AR F AR IR B R . A 2501k
R I ] 7 91 5 La2010d S A 19 425 35 0 1 2% 2
AT E WA LR (A S), B RIEXS R T
7 AR, 5 0 A R A B I K 1
AU 3R T RS2 4 T AR U R 0 0 0% 1 9
PR

4.2 MNERRP|RLGIHER TR
CRLA—=F/AZZA s AE L H R
Van #4500 2 11 2= A e [ o 490 5% 1 9008 RO iy IR
KBz AKYED, HMRERCRE 5, K
Bk FMEPE (Song et al., 2012, 2014; Sun

Ar o T HAxAfbsREihL
——  ~1200 kyr JA B8k i<k
La2010d K SCAR I AR IR IR M 28

— R R

et al., 2012; Litt et al., 2014; Stockhecke et al.,
2014; Li et al., 2016, 2018; Tomonaga et al.,
2017; McCormack et al., 2018) NAMF IR T R
U ) LA
4.2.1 tEHE Van HENEBZAKED

Van WAL TLNFEH I & i (L HI) REE,
SR EE (4 38.5°, KR4 43°) (Landmann
et al., 1996) o LML T — D EHFE N, KR
460 m, fx K E it 130 kmo 4 AT B9 W WO IR
1646 m, [ %) 3570 km®, (AL N 607 km’, f&
M IR 55 U O L S ) A R KA R AT o R R R L
JEE U BR A DXL 3 Bl LA KK T PR e 1
KA E = (pH (E 9.8, #hE 21.4%) B+
LR o Van §IALF— DRI EEshi, HE
JIA5 7 S 4 AR Y/ BT 7 A Al SR A B A BRI A R
A 5 o 2010 4F [ Fr oK Bl RR 72 85 38 5T H AE Van
# Ahlat Ridge & & 5l fL R iTHBOL 220 m, 5[] 25 18
600 kyr, AL EE 4 FloaAE, g0 Bl i R/
BRI AR L BB R LR A A KlEEK
AAIAIED EA (Cagatay et al., 2014) , oAy 2 Ff
AR IR B IA I, TS 2 Fha A T
L, R B IR R T R R — IR B 5 (Cagatay
et al., 2014) ,
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Fig. 5 Phase relationship between dolomitization intensity, envelope of its obliquity filtering curve, ~ 1200 kyr periodic

filtering curve of Well FY1 in Dongying sag, and obliquity amplitude in an astronomical solution at same period
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TR AR TE S R RS A=A, Hes
AR O SRR R . Mg/ Cafl
& AEIKAL B K AR SE 4 T A 5% (Landmann et al.,
1996) . B4k, 150 kyr BP LIoK Van W45 U R H =
A i FE P Bl Ak A T BT R R R AR Ak
(Cagatay et al., 2014) . TE T BB 5, McCor-
mack % (2018) Xf Ahlat Ridge & & 45 fL & .0 347
TREVERERRAE, JEME 2 S 1T 5 2 A kA
0~ 150 kyr BP [ & 70 B % H 2= A7 46 55 J3E I ] 7 971
A TE /K AL DT FR W S T 4R A OE DB A% 1R 58 R
e K AL Ty AR K 2 5 A48 ), Bl A= W A 38 T 3 18 R
WAL #E T H AWK E . E&ILE T AR A
R O, AR R R (SRR A
Fo) o W ER S (ALBR KSR E) o 01 T AR X 2 Ak
VKI5 E] PR BT I TRL L 1 2 A i R R R S A
W% 2 5% 240 (K 6), @id x5 a0,
XF Van W] 2 A7 e o] 5 2 4 B R R AT 1 3R PR AR
WHSE R, 5ok, oK Van W18 B =1k
SRS R, (HZE KRB B (& 6);
BRibz 5h, (80K B = A A B (>20%) 5
e R KA 2 46 0 22 TR AE X 0L 6 R AR 4 4,
oS AR Y 33.3%, AT UK 100. 0%
(& 6) o 1IN KW X H = A1 K F H$ h BZ=0

[ IEB) Vi AR 7S 7 S B 2%, Sf-BRE

FALT #0 S 3 G KBTI Al TR 8, T[] B R S
1) 4 2= 46 18] UK 4 22 B Hh T A Ll vk B B 5 21 R R
(& 6), XERULZERES A = Ao EZ R HA
MAEXKR, FHE—F4E7R Van W W AHE KA =
A1 A i BE R RE AL SZ 45T 2 2 Wi i e o A0 A Y
PR RN
4.2.2 “ESZ—=BLEZXH=AKEH

2018 4F, Li ZXt2BkEN 22 M &8 —=
o 40 22 A8 W ) T A e K el SR — AR — TRV PR B Y
Ha AL BT T RG b, 45 REVIZN 1
HAFRZ R (R —RIEHE) ffEa s Atk
SREREMRE, IR H N &L — =B 4 2ZH
osfatkFF (Lieal, 2018), FEZME5EH, Li 5%
(2018) RJ Mg/ (Mg+Ca) {HAE N H = A AEH]
SR R AR bR, 5 VR B AR R R R
AR SR BN L, IR IR T B A T R
2T Hh AR SR BR AR 20 1) G R R A8 SRR W R
E1p a0

T L4 (2018) MWFRRR, EHERME
WA S TR (GR) i O 258 08 U il 4k X A
LR LR AR Ny a0 Rk B S O AR bR, #E— 2P 0F
JETHWKA B ALRE S ZMIFERZEA XRN
R (B 7)o PRI MR &L — =%

< [iE] K 8 >
O Fre, At W FRRARAK L, B

AR
'*”___I | III _
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£ 40 \
’r\-——r’\ ]
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Fig. 6 Multi—factor analysis diagram of the Holocene dolomite cycle in Lake Van(red dashed line represents peak dolomitization intensity

coupled with sediment reventilation period, blue dashed line represents uncoupled peak) ( modified from McCormack et al., 2018)
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WZ AN S YO B AFE A 4 O BT A
FIFE 1 H = A AL R3S 38 (Song et al., 2012),
AR NI A 5B o AT A
7)o XA AL BE, ShESEFT T IV V
Lo FCB R £ 348 I 3R AR 3G 05 1 2 A f 5 0 R
B R, HAD A5 B R A R £h i
HARRHAFFIEH R (B 7)o B4 0 AW
m, B AR AR AR PR o A A A
MR (Li et al., 2018) o i i 50 5 4 T 0% ke 4
JEE R AR5 s R SR AR 1AL, {ELAE A ARG A R
T RS T, SE S T A = 4 A R
JE SCH 555 T R SR R R ] B ARV AV
(B 7)), XUEBHBESMFIFA—ERA = A EH
WESR ) BN R, FrRAE SR E I, T,
EHTIAM O RIRIE LSBT0, KBS
B 2B E 5 i A 2 BRAE 2 A s AR e
o AL 7), fnstE S E T A = 4 e
JFEAR AT RE 52 M L AR 52 0 R, DA B M
UM e 4R 22 R DR S B A 0 10 1 o BE R i B —
L—=BLZLWNH = AF R+ WX
(o A5 HAd A DA BE i O 3R 4R e -5 ] i 400 7

5L 5 TG RECHE 9 L 5 I U0 i 2k 4. 2% 2

PR BRAL 2 B 2 A Al i B AL B 3 22 ) B O
FRH Y RG2S IR M 9 ) 9 4 A A
RS R AMAEY IR T L — =84
ZAERIE B = A SR IR A

4.3 HESHIREERKBZALKIERD

MmEE

TR 2z A1 22 T8 BT S 2 Jay FR R 682 19 PR 58
Hr, A0 sabkha FAEE . = EhE WA ER ] (Arvidson
and Mackenzie, 1999), WXL IFIERR T B & T 5
Y RN, Y RA BRI, LA Co-
orong & 4 B, %M X AR X IR AE 18 ~38°C 2
], WL L 5~50 °CZ ), sk pH {EH7E 8~10
Z[a] (Warren, 2000) . TR AX H = A KE B
DURRPR B8 0 3 RRAE A WL A S 0 B e, 2B WL R B
Wit O = A LI AT B (1) 49
BCEWE A, BRTCAR PR 55 1) B A 27 1 S5 614 e sl
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Fig. 7 Multi—factor analysis diagram of dolomitization event during the Permian—Triassic ( modified from Li et al., 2018)
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Fig. 8 Sr/ Ba value of Well FY1 in Dongying sag during the dry period of Es3, and obliquity amplitude

of astronomical solution at same period
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