Fos8hH 1M AN
202241 H W B 3

Vol. 68 No. 1
Jan. ;2022

GEOLOGICAL REVIEW

MWIkHIEBESHARERLHE P
BREARAR

%Hﬁ, )ai%}}i, %7‘;&%‘, 7—‘}%\]\_ ‘ geojourrgr;.‘g.n/georev
REA M RS: (FR7R) MERBlA 5 H AR 2B, ILARF 5, 266580

MBIRE: MERLD (4.6 Ga~541 Ma) (52 90% Bk & JE i s, %R SRy AR 4 1F 4
BRI AN AL A A 7 R 5 2 S A W KRR B A A, N BLAE (L BR R GR35 T JE T, MO ERBGE S BUR 1 iR Bk R 48
AL TR T B AR, T TS H RS A RS MR AS B i A B Y, ARk — e B e sk BN
2650~ 550 Ma b2 i PN L R AT SE R IRFE S50, ASGE i S 25 ai R 2 IBRPUE S BT, A7 T HhEk41h 3l
FERGFHERGE S 1 R G00 T b ERBIE S8 520 5 1 LR 2 5 20 T KM R 28 o A | e — 45 B R T M Bk i

SRS T HUERFAE IR IR

KRR TR AL MUK BB S B BRSNS ) 5 s BRTR 3 ) 5 bR BRI

HIEREAT 4.6 Ga By AL I S, HLER 0%
FEIX A A A AR b A AR s R R 2L 28 Ak, i
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PUESBUZ AR BTSRRI B D . H b R GEHE
Wk (HK2=REEs el X T U 7Ed
5211 (Hinnov and Hilgen, 2012) , iX 4652 Hi BRI iE
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PUBEZHL (w03 % 22 ARSI AE) AWy A2
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2015) . KA 2E 50 20 MR B S 8, X T RS 4
BRI Bt sk Ak | I b R e A AR i AR 1 2L
A HEBEBEME S, ASOR B bk iy 52 31
IRICAVE ) (Hisksh 3 J7) DL Kb BRI 3 )
(HBERINZh 1) RGN HBRLIE S BRI, Hr 4
MR TE S H00T Bk 3 AR PR 4 5

1 HIBRPLES AR

FH T R K Pl v A 20 AL A T B Bl Y AR
AIAE 2 (8] P AE ELAE ), B BRAF X F R BH 8 77 1] 28
T3 7 R A 0 A2 A 33 268 A A w5 P Sy b BRI
SRR (18 1) o HUBRBGE S 808 W 12
e FHW e 3 D SEC B RO (e) HAHRILA
(&) M2 (p) (Milankovitch, 1941)

HOERBIE i 00 3 (o) 28 HOERBUIE A IE IR D
B ERBEE MR Ha A AT .

AR E R ARSI E (55 .41772190) FUREAMAS (4BR) QI TRETE (45 . YCX2021006) 1R,

WS F 399:2021-06-10 5 25 ] H 351 :2021-12-02 5 R4 F % :2021-12-20 5 5TAT 4 X558 . Doi: 10. 16509/]. georeview. 2021. 12. 061

VEB T S0, %, 1994 454 A5 A s BR1k2= &l ; Email : gingma_ac@ 163. com, BIRMEE . JHREHL, 1 1963 44 #4%, EEMNF
Hi RS I 5 LI Ak St 3k 3l g 2 45 7 T B 5T ; Email : zhouyq@ upe. edu. en,,



294 B T T Y 2 2022 4E

F TR

vernal equinox

& & 2% 35 18 1
reference fixed ecliptic

W% I 24 T

ecliptic of date
FRIE T

equator

Ko R

autumnal equinox

1 b ERBUE S HOR B
Fig. 1 Earth’ s astronomical parameters
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Earth’ s astronomical parameters are shown from the North Pole (NP ). Earth orbit is elliptical with major axis @ and minor axis b ( eccentricity of the
Earth orbit (e) can be obtained). The Sun is located at one of the two foci (f;, f,). Ecliptic of the date is inclined at an angle of I (1°~2°)
relative to the fixed reference ecliptic. Two ecliptic intersect at a longtitude {2 at ascending node N, relative to the fixed vernal equinox (7y,). Earth
orbit perihelion point (P) is slow counterclockwise moving, and measured relative to vy, as the longitude of perihelion (II). The angle between the
ecliptic of date normal n and NP is obliquity of the ecliptic (£). Earth’s rotation direction (¢) is counterclockwise. The gravitational forces of the
Sun and Moon make the earth’s equator bulge, and produce the clockwise precession (i) of the earth’s axis of rotation for a long time. The
precession causes the vernal equinox point (7y) to move clockwise along the Earth’ s orbit. The moving longitude (@) is the angle between y and P,

which is used in the precession index (esinw) to track the Earth—Sun distance ( modified after Hinnov and Hilgen, 2012)
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(Milankovitch, 1941) ,
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W RREFDIRAS . o TAFTE B AR S A, RS 1) 3t DX B
BURAE RUAMANTE B IE T b PR, DR BEFN ] Bk iy 2%
XFHLER ™ A T3 IR MR B Sl AR B R
T BT D7 S 4 ol T2 B ] RGN R
WA RS (8 R4 1 K 328 20 D 9 b sk 1) 19 e sl
BRI BERS ARG A B /N T sk ol B
AEC IR, 55 b B 498 D3 i 1) ¥ 47 A R A AT 1
SERE S AGE , B AT 3 J5 g SRR 3 Rl RN 22
WA RS, O SR AN 32 sk 3 5%
L A BRES RS (XDGELSE, 2020) o

HT Tl FE R 20 B A I TR DR kg e Aff A R T
FER AL ERBIE S B AL IR T 1 RAR R GexS
TH BR OB B 5 e A WF 9Y 2 OC B B, Laskar 4%
(2004) JE XS FT A2 12 Bl ) B) Ak A %) Bk BLE 2
B AT Al SR B AR RN, MR 3 H A R 5E
MO BRIV AE T8 5% | S5 R 2 55 I R AT La 2004
BEAL R AT 40 Ma 2 A RS B 90000 fim Co B2 120858
BITE 2 5 WRIE 5 A B8 2, JF K i R 31 i 2 60
Ma ( Laskar et al. , 2011) ., Hpaj~=& 6 HBAC K&
WL iz T = A G851 ) 7 R B (AR 7 55 7
TR T HOERPUIE (0 R B S A M % 22 2 BR
BB 2 50 ( Vernekaz, 1972; Berger et al., 1984;
Laskar, 2004 ; Laskar et al. , 2011) , {H&,50 Ma 2
i LT ST 9T P T2 B RAKE Sl TR I8N 52 e T
DA 75 3 5 i 0] b )22 10 53 4 B 5 BEe A 1
B H A IEIRTS (Hinnov, 2013)

T ZE R AT 0] 2 Y 7 1 W I P A3 R
PEE S R 2 f Sk BUA S oa HERULEE, U
HARRL TR A BA () 2 2 8] A AE 2 B RRAE
Hopig WRIWT S 2 A4 200 IR (BIF) (&2
IS BEBUE S RIRZE (A s a e )z M
T AR B2 A PR RIS 5 2 A 2%
RICTAI L BIAR > WA A 1 A8 4k 52 31 R SCaK Bl 1Y
SR, AR AR TC 1k U e AR A, T ad i A B
B AR RS 2 5 5ok 8 B AUE A B3, N
MRS BT H . EEXE TR FE R 40 R SCHILE Ji 9142
B, f AR ) T 2 T e T A A 0 L PR T
JE DUREE A e A DT e 7 =X

2 HIFERZHBRPIE S BT ST R

GUESTVEANE B G VGNP B/ ) = (S S Y S N
2% AT RCR (R MBI A AR AU B T
R IEAE TR I 2R SO 101 A 8 7 A 7, 3K O i € i 42
BRI E Z 8 54T T T 56l (Hilgen et al.

2007 ; Batenburg et al. , 2014; Fang Qiang et al. ,
2017) . HIBERBIESHOS T 1 %€ R4 i o = AE7E W
W, U 2.2 Ga EFIAYHLZ (Mei Mingxiang
et al. , 2001; Minguez et al. , 2015; Zhang Shuichang
et al. , 2015; Gong Zheng et al. , 2017; Minguez and
Kodama, 2017)
2.1 HEkSMEh S R GEX TR HIE S BN
2.1.1 KFEX FHEKEE S HHIZ T

NPy NIEENUL SR % N 182 4R E2 L N /A 3
KIHRFEIGART R PO AF, KRIVER T2 4. 57
Ga Hi , AT B2 — MRS T = BEE R IH T
A, IR BH G BE 7 K BH A i o 49 e 208 g . 22
FE,3. 8 Ga Hi f49 K BH @ & B AR K R 25%
(Newman and Rood, 1977; Gough, 1981) , iX & [l
NEHAWRBII T KA R0 1, &
Rl ARG 3 MICAR , [R]85 B RO 1Y S
JEPIRLEE b SR A (A5 7 A ) P L T 3
HNE TSN, TR KRR R FETE R AK
(R AR ORI 2R BT i, e 24 5 B BRI ] S
3fj (Feulner, 2012) .

by 3R SR i A [ S8 R ) % o i 1525z 3
Tz s T MRS R BHI A6z 8, KIH RS
DIBAT— S FR O BT AR BT R AR IR 290 0. 29
Ga, 4K PHZR G Lz S BT E O s B I I, KB
FRHEARMBEEX, i1 T RARZ A 5 VR, R
FH 2R R B R B B , R B 080/ | sk
N R BRI M, 2GR B Rz AT B H0E it
R AN B, R BH 2R 4 0 B AR T R VR 2 R AR
i 9 DX 38, DR B R 52 3 ABF s 03/, H M 2
B, MR A A BR8N

DL MR E S0 AR A0 R AT e 5 b 20 ok
RIS 23 DS e R ity 2R A 4 R G
e, ARAE AR U S s R B, VK
[EFTRIZ9 8 0. 28 ~ 0.3 Ga, iZH [i) 55 4R i) 47 i [F] 422
T, Columbia #8 Kt 1 Rodinia #8 il 1Y 28 45 1 &5
R R JE AR 29 2 0. 3 Ga, 5 4R 7 4F B[] 42 3
(Rogers and Santosh, 2003) ., I, AR AYER ] 2
RICHE, BI%5 BE )% #198 ( Bertin et al. , 1997) #2
Hh O H 2R e R A J3 o 3 B ARG AR, IR i 51 )
G RBAZ 77 s, by i R A i . sk 2 4k
2.3 Ga iy B 1Y R B T T B 8k o 7 i 2R R W%
I HbBR v REZE D7 T PR Mo Ah PR R 5k Y ¢ A8 5 i
Sadbury f# il FE KA E 2974 1. 8 Ga, MU S
KRR R FAFEFEZI R 0.5 ~ 0.6 Ga, &M}
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5] 5 SR AR H2 T [ I 0 445 6 oK B R 8 R &
FE B — R BT H B9 B[] ( Zhang Weijia et al. ,
2010) o fHFE, LA b i 5 35 4 6 1] (5] B AR AT 4R 4
JEWHER TG i WA NTEB &, H AT AE
%,
2.1.2 AR FHERIE S HHI R0

KT HBEEAEZ UL, Kb T i #ie
PEpN AN SR A N S E A PN
B, BT O A G W AR TR SR B AT A2
( Williams and Cieza, 2011; Andrews et al. , 2016) ,
BEE DR AT B AYIG I, g | e B R, O i R a6
TR Z A 5] FAEfE ( Norman, 2019) , JRAR1T
B Z IA] R R BRI RE B B IR AT R TTIZ
il ORI, LA AT R o A ek Al 2
(I E3 B E) (Rubie et al. , 2015) , J5 45 3k 5k &
JFAEAT R Z — o IR AR BRI B A6 AT A2 22 1) F il
EATRETE I 7 H Bk, HBTEX R 3 SR i R
Z M LM B (Canup and Asphaug, 2001 ;
Canup, 2012, 2014; ¢ uk and Stewart, 2012;
Asphaug, 2014 ; Jacobson and Morbidelli, 2014 ; Rufu
et al. , 2017) ,{H &4/ AY 2 (8] EB A7 AE — A~ ]
S B —AREBUR R/NAT B IG 5 J5U0G # BsR 7
JE AR AR A R R AR R TR A, A BRI P
AR R T KA R AR, AR TER S P
T S AR A 19 1 7 R R B 2k o HE AR I o, B
Ly T —A s e H B (Norman, 2019)

SR IR BEAE VT 22 5 TR 22 AT = (H
AN — L8 JEHIETE Roche FEER BT 23R
B AT A BRI ) ) AU T T, 91 an i H R 45
et S A A 0 I (D HE 2R84 iR A T A2 DR/
AR R 55 ) BR 18] A 880 [ o2 28 20 U L3045 701
AL A5, Darwin (1879) 42 170 RUL, 15 1 7E Hu BR
AL B k3l B R, i TR B S I ER
T AE T AL PR Bk o3 R 250 Jeffreys
(1930) 48 H ik — B35 i B ai SR B 78 T B 48 ) 2 [
IR R LR o2 2. JE 3R AR (2002 ) 38
WS TOCT CHIRGE T CE R AR
I FAAE 18 1) EISEM M1 BR A RS 4 35 10 Bl ) 27 A
B UL R N B AR 2l B A S AR (TAMTM) |, Jf A
LT LA R A R G o B bk P A 2 B
) SN RS | 1 S BE 3 A1 LA KA S A Bk 3l
R IZRRIRUEE SRR BRGS0
MREE SRR AR AN SRS F Bl . HUBRAS B 1 £ 30
R LA SN2 W T LI 1 3 2 T 48 A HE 1l Bk

(W2.2) 5350, 80T H & B Ml o i AH SC 5T
U], HBGR IS 3 I UL R T 4. 5
Ga B (Kleine et al. , 2005; Bottke et al. , 2015; Z&
=45, 2015; Yuan Qian et al. , 2021) , ANFAIA
IR 128 4387 BRI Y £ S B AN 2 1Y IR) R T
HL ke 1 LAY il 4 A5 R e i) B[] 47 3R A o0
(27 6 o TEBE RSl b | IR 1 2% 1 7 25 L B B A
1000 K LR, X sl 23 B ) 7 3 2018

R 1 B A Dl R 3 BEUE, i AT 7 2 AN AR SR
FRIR DL, (73RBS H BRAK &K PH &R — i H BR
K/NBY/IMT B AEIs A7 3 UK R 30 % B4 | 1 b 3Kk 1Y)
SIHFTR4R (Urey, 1966; Singer, 1968) ., {H J 5k
Bl IRA FOITA H 2Ry Bk TR AR R I,
[7i) P U AR IS BR AN BRAR 2 R PH R PR 2 =)
J5T, 7E A — X B aod e e AR T 1R/ INAS [] 1) 2R
f& (Ruskol, 1972; Harris and Kaula, 1975), {H3Hb
BRMA BRI A5 0 22 SARK DR, P AN ]
REAZ R IR Y

AN ] B4 3RS 5 R X M BRI S AR AE AN (R
ARZI (JR BEERAE2013) , KiEd LS, )
Uy Hby 3R 52 AF [ 7 ) 48 o B b 3R ) AR S50 3 R
(Agnor et al. , 1999) , Hartmann F1 Vail (1986) 1§
P DR A v a8 o A D A b R 1) 3 I
JERE 70° LA I AE A AR RE L skt 3]
PATE 60° ~90° KM B2 2042, o ik WY 1 57 S0 b R ) v

(2013) 3 x4 i 5 20 oy 3t B0 & B, L
635 Ma MUK PLRLIE S 1 iy 26 B 241/ F 200, Hi%
MR TR IE 53 T 3 2 P S AR AR ERAE , DI 2 1
“ IR UL . Williams % (2016, 2019) Xf
LU e BE AR 4 K2 b AR 25 B vk | M S04 A7 2 v
A BRI AR BE VKN S0, AHOCT T A,
CLATERH , 29 4. 51 Ga i, KB R/MY RK S5 R &
Ay DRI A BR  [R] st B e B Ak %) 0
R, ZULFEE (Ringwood, 1960; Wise, 1963) 1§
B A ERAZ NG 3 5 5, PR bRk 2 1o o R
A1, 38 IR 2 5 S80S B e, DTG S B3
SEIG ;1 I IR 5T B A S I R A o A
AR, AR RGN Fe 2 H b B bk
St A, AR H T B8 sET RE R FZ BT R
(R A7 VO ST XE AR AT, DR e 1 ) BRGE J5 % R
S 2 L T TRIATST
HERFNABE XS 3R 11953 7 25 1 il i /K ) 034 vk
T DL [ R i ER A st — YR MR AR | Bk A 8 7% i [
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Fig. 2 Variation trend of the Moon—Earth distance with
geological time (modified after Zhou Yaoqi et al. , 2013&)

P Herp DLH ko b sk 045 | 07 o i B My
WX T MK IE S B A TE — BB DR (53
BEAE,2013) o HI T VE - A Y R g Bk A
e HUORTEAWIRU/N, B AR 1 ] BE B H 538 K
( Williams , 2000; /=5 5&FI5R 1 €, 2007 ; Bowers and
Roberts, 2019; [#12) . Hi T 032 0 AN 52
BRA G R st BE B RS2, DRI i€ Al i S
RPN RS E P b I B R sk 17 3 B X1
REARTN S 22 14 J) S A7 7 W) . 5 e, e 283 LT 9
AL A AR R 2 22 ) BT B S L G BT )
2.1.3 /MTERNE

KIARER T KA \KITRMAGAT Rz
PRSI 2/ DRI G/ MT R R A
B4 55 . /IMT R T KR FIR B 2Z 18], UM T
A, /MTREZEK AT A i ol B HBUIE P
FRAEm ] FARAEGSE . 2 2 Fh R s, 22 A i)
AMT R UE R AR 2R R IR A ; 2R R PR
RARAE A P T] B R s IR
SIS (Muundjua et al. , 2007) ;75 & HiBR & 4=
R s R 3R ) ) R GE, 3 U BR AR Rz B 2R
fife (JEBEEL, 2013 ) 5 X 4 BR 2R 5% 47 ok i 203 5
( Young and Williams, 2020) ,

by 5T g sk B A0, R 28 I 22k /M T B R
{4 (Davatzes et al. , 2019) , & K% 2= dy oL
AF I, M ER 2 7 & D 13 AT B B R
( Simonson et al. , 2009; Hassler et al. , 2011; Lowe
et al. , 2014; Glikson et al. , 2016; Young et al.
2016) , H: "' Vredefort f# 5 4 ( Muundjua et al. ,
2007) #1 Sudbury f# i F 4 ( Cannon et al. , 2010)
MR (1 3) o X P UHE i 55 1R 2 S B A sk

FOKIRAL JRZUHLFR Fe ik 100 m 1R DL K 5
S HN Rl 20 km f3EK ; $3 o SRR RO AR |
HHZ5 FBRIRER I 22 | RO UK, AT B0 iR
7% (Young and Williams, 2020) , It4F, Acraman &
A FEfF (~580 Ma) B BRI 2R D6
WK JCs O E R . AR R ARG Sh 251 &
]Iz EN ( Young and Williams, 2020), ffA 4=
Y2EH A R Acraman TS G R T E LM A
Y754k (Grey et al. , 2003)
2.1.4 KPERITEX THIkHESH M

KIHZRAT REASHOT HERPE S A —
SERRPE R REI AR SR BEA TR (g.s)
% 2B (k) (Lasker et al. , 2004, 2011) ,

NUEESTES Prainat IS NS AR Y X DD
FIFI 50 Ma Z Hif i Hb3KHE S50 (Lasker, 1989;
Lasker et al. , 2004; Ma Chao et al. , 2017, 2019),
HuBRAYTR I Bl 3 22 b K LR AT B T Y
Hrp R T B R YD S B M BR RN R FE AR A KA
YIS EL (54755) =2(g4—g5) Al (s,-55) —(g,—83) o
FURT, (s,=s3)= 2(g,—gs) FARAMWOHRN 2.4 Ma
RPN 1.2 Ma 1930 BRPUTE 2 5006 26, B K 5] 1)
(Hinnov, 2013) , KPFHZR BRI 1 H#b 5t g
SO (sy=s5) =2 (gy—gy) FEARITR], FFHE S T
B (sy=s3) —(gy—gy) IR (fig 3N 1.2 Ma;
FERN 1.2 Ma) o (HI, F4R I )0 T80 845 E 1)
FAFARE R, BRI ARG BB HER I 25 R, &
SRS ) FE PR I 18] 7T L3R R SR A A | JF45 3
TERA I K B 22 35 J1#55 80 ( Lasker et al. , 2004, 2011;
Hinnov, 2013) ., Ma Chao % (2017) it sr#rdb s
I 220 N Bt 73 Niobrara ZH 31210 5% ST [R)4v
FRAR YIS HE BUESE TR IH R iR 3l )27
139,01 H IR R BABUEBOE 1 R %A1,
7 Hb 5 A 1] RUBE BORS 2 5 e b T 9T 3 v RE A fi
{18 L R 2913 IR 2 A 3 S 1 oy v /A ek Ak
P 2 8] T A BL 4 R SR, Ma Chao %%
(2019) A XF-IE 36 YN P Bl e 3t 1 11 1 340 2 9 g
G BE Ay B [R50 2R 2 AR DA S b BRI 2 B0l A T F
G, RS T R BH AR IR RN B AFAE

M A 2 W ROAT AT TG BE R R — H B
(Berger et al. , 1992), 153 W] B & M 57y 52 1)
AL, H B R H— H AR K I B s i
TRERFIA S 22 IR 4E R, 7EIT 500 Ma N, L
FBBOARAE T AR SR, BRI H 54
ka F1 41 ka 3/ Ky 35 ka 129 ka; 2 225 W1 23 ka
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Fig. 3 Summary of the Earth’ s orbital parameters and important geological events in the Precambrian
I R A MR LI 50K 2P0 0 20 FEL AT ; SRR 2 B 2 B L T 65 0 KR 0 58 6 R L
B O RR B R % 22 (B H Young, 2013)

The dots represent the peak of the earth’s orbit parameter Milankovitch’ s period. The lines represent the range of Milankovitch’s period value.

Blue means long eccentricity; purple means short eccentricity; dark pink means slope; light pink means precession. Modified after Young, 2013

119 ka J/NH 19. 2 ka F1 16. 3 ka.
2.2 HEKIRE RS S Ik PIE S B NG R

HiER 5 K U A ) BR Bl o2 R AR 2
T, M BRI K R 2% T AR R 2 A SR BT 1, A
TR B ST i B ; B b BRI — 25 iRk, Bk &
A KBRS I M i) 2R B ) o itk A\ 45 Bl B 2
[a] /g 24 2%, M 2 % ¥ %8 ( Lindemann, 1927;
Hilgenberg, 1933) ,

1620 4, Je [ Rl 2 58 KT AR B 1 i Bk A IR ARE 2
Z G AN 2B K MRS 7 27 Kb I 27 | b 3k 34
2 AR LR MEREE SO RS LTy
T TF R A5, #E— 25 0 50 T M Bk B ik 2% 6, Halm
(1935) ARHEIE B AF R AL EEE e HhBR i R 4R
458 5430 km, BLZE R 6371 km,, Egyed (1956) 4R
it 0 A o P P BORME D T R ER TE ARG Ay
455, Carey (1958) #2 1M BRIZ KA, 45 ) Mo Bk
g2 I A XGT 285 T P T >fe D2 AR X FR Y, R 3K L b
BRI AL 55 SR SC(1981) ) FH Hb 3K I K 22 15
i 4 BR K il 40 S B AR U W) A e, R A BE
(1992, 2013) 42 HAERTFR AR AKA Y | ft kA b Bk
I I A SR T ey T b 3K i Al e — IX B, LR 2 Bk
P BRI KA 500 )5 3 18 0, o 3 s T8 =4

EARRYE, IF At ERE . Owen (1992) fili%E
TRE 4 LRI B S 7 7E 5 R vtk A i Al
B AR FLAEL, 75 H R 2 20 5 309 b R 21 728 Db 2 i b
BRAPARI) 80% , [FI R 12 2 2 3 3 3 4 53 RSP 1
FEIOEIN I 25 SAE I HSUE, Kremp (1992) i it
X HUAZ W M TR B R g RS D R IR A
HHHBBERTE I 200 Ma HA [B) 77 78 PR o B2 ik 14 T BE 4
FkT (1997) HH T Bk ARG B S A,
FERIEATIE T HER I B AT R IR A AT RE . BRik
(1999) A7 T HbEKA PR M A A A, ) B2 3
(2005) ARG B R 20 D)ok A= gy DL 7 A K 802 5 i H
A R TR A5 T A RIS
FRIE R (2005) #RF T HbER A1 B A XT T P B8l 4% a4
1 F5 ) M BR e 8 ik 2 AR s 20 i ek 21y ) 2% 5
fill, LT (2008, 2011) 3@ 5] Emsi /3t K
iz gh = AL B EAE L, DA SRl ST T b A
B A IR L], = 2F A (2015) ik
PN ) S R S 4 21) 1 b3k A 1 v Ak, I (bR Ak
3 A X IR A S et BBl SR A Y R
WY, HBR 3 5% ol R N R 218 (205 w4,
1973) , X 5 ol A= ) B BIF o 45 SR — B0 (R Bk,
1992) , [A] ik kB 1 A It S [ i 3ok 2 Ji Xof 35k
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FIFG R AT BEAFAE RO R . BRAEBESS (1985) XJKKH
FRAHIAT B Y- S LA T B AR A BT O3 A IR
AT AR U BlERE i sl 5t i 2R A TR DG
PR A B B ARSDCOC AR . R sk i ik it
JCHIIR PN B AR ] AR TR R SR O e X
T IR [ RS 124 1k BT R bk g K
Xf Hi IR BE S BN BT 2 4R b TR 3 A, AT 2
— R Y A

T, M BRI K SR A AE P RDAG THE, —&B 50
FARE AR LR B BEREKR HZ K 2 10 mm/
a; 73— A ARG AT FE R L ARl AR AR BORH S
FIZHEARN 0.6 mm/a (JAFEHL, 2018), Steiner
(1967) KAl LU T3 A 51 01 H4 G (AR 4R
H 8 722 A A A AR TN 1 IR R K AR 2 B Y 22 5, A
HAERZIE KA AR O 5, G (E G )N, 1
BRI A TG 5 AR, by A= AR, b R Ik
HRW N, AN, G A RS A3 i 1 R B Y
254k, (Steiner, 1967)

BR T M IR I o e 30 2 U o s i b 35K o
i B9 H BT 43 A3 ( Herzberg, 2014; Johnson et al. ,
2014; FhTARAE, 2021) , G0 BRCA J 06 A4 1Y)
[F] 5 2 R I S R M AR 2 A 0 IS FRAH 22 ( Elkins-
Tankon, 2008, 2012) , [R5 3% 0 R i L &% A [
o TR OGS 4 A e B Mg B IR Eh AT
Py, T T Fe RRIAA I X —ad R 38 AR Y
TRV AT R S 2 R B BEE (9D AR AE,
2021) ,

MR 5 R ) HERI 2041 T RE S T BRI R 4%
Rz —. FIHERIER N 2. 6 d, X ANERE R
fdr s pR R E ) AR Y, T AL T2 B4R B 2 bR
g oy S, o T Bt A EORT oA BRI e s
RN MR R e AR S 2.1 d X S EL
BRI IR & A 3. YR U AR P e K, i e i
WSS B 7 K AR R L, T BROIE L (7 B 2 AR
2012) o JE R IR H BRI T X Bk B S 80 Ltk —
R
2.3 MIBKHLES B Tk RE R SR R0

HOIRBE A R 22 RH4EAT e ) 4261 5 Hhak
- HBREE 10 ka~ 100 ka™ Bif [] JURE f) J& 300 4 725
1o AWFIEK 22 B 4E 57 E 0] S 3 19 J5E 0] b 22 2
KRR RO R % 25 3 R R A sk
S i J8 99 M A2 4k (Hays et al. , 1976; Zhang
Shuichang et al. , 2015; Gong Zheng et al. , 2017)
{H2 i 7€ 0 20 1Y ek s 2 5k 543 w5 ik — 20 T

Ji& S R I A AR B2 O, R 3CR
HORHE T O BT 4 i E B 20 sk L S AT
g, BESHT LR 1,
2.3.1 tIKEREME

Hb 3R AUIE 50K B YA R Rl S AR A TR
AL BELR AT 22— AT T b BRI TE O 0947 B ok
Ui, MRS R BT, DRk, 9 B 21 sk - oK, 35
AR B iR 28 4 5 [N T sk w3z i O 4, 7K
U0 AT SR BN 8 IR BH KU B R 2 v A B, 85 R BH A
U YK R A AR A K, AR T H R BIE
SMIU AT BRI, 3K 25 R P A, PR, b sk ] LA
FESR BT 22 R DG, (i i R ORI 2, 1) T A= i Y
BT AR R RSN i £ 2 R R AR JE
& AR KA AAATE . R H BRUL S B R R
BRAIGAEAE T3 U sk B0 1 22 Ak DL K 32 B 5
5 22 S Al RN MR BUE R R A2 1L, IF ok
DURHE 0 5% TR
2.3.2 BREMREBEH

Bl RHi4 (635 ~ 541 Ma) M PHb T Py 0 f
IR RABL A Rl R RS S F 22—, BRIl Shuram
Excursion (SE; Grotzinger et al. , 2011) , %%
PR W B ] 6 38 75 8,6 C TR B - 12%o, %
FRIEMGC & T 2K A R 2, KT SE fik 7]
11 2R AR B L A7 T8 2R UL (Fike et al. |
2006; Derry, 2010; Bjerrum and Canfield, 2011;
Schrag et al. ,2013; Cui Huan et al. , 2017) ,{HA/}7C
HEIE SE SF UM R AL LB R AR if 2
RERCE SR R AR e, AR 0l R 4R
i IB 1 T E e 1L LN N N T IESE S S
PRI F50I0 1 2% S A9 AN (] B 4 2 If (] PRkt 3 et 7t
ST e R BE R AEACHE SRR X LY SE Bk [R5 3 17 R4S
FSHESRFZ AR RO EE, R
TR SE R SE ROR ML RN B 1l X HR 2 A
TERE T R ENE M 2 20158, H-45 3] TR Z2 #h k%L
HSEE I (Minguez et al. | 2015; Gong Zheng et
al. , 2017; Minguez and Kodama, 2017; Sui Yu et
al. , 2018, 2019; & 3).

Minguez % (2015) #EHILSEH X Nohah Range
1 Winters Pass Hills P A4~ | 16 ) Johnnie 21
Rainstorm B2 #1715 I GiBUR AR R == ] ik
JEIFEI S B 0 % (9493 ~ 123.95 ka) (REH
(#7132 ka) 5% 22 (212 ka) K=FH4Eay jie ol {5
515 SE FHE A AT K25 8. 241, 2 Ma, R H
B 2 M R IE S HCE A T i TR R B
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Table 1 Earth’s orbital parameters in Precambrian

I B M2 MR e e B % 2% 3k
(ka) (ka) (ka) (ka)
%E%Emmmm 94.93~123.95 29.89~36.25 12 Minguez et al. , 2015
Johnnie ZH 560~ 580 Ma
TR R H Wonoka 2 95~124 405 Minguez and Kodama, 2017
AR MR = BE L V2 = BE ~551Ma 80~ 135 405.6 25?2»«23. p 9. 72320. 3 Gong Zheng et al. , 2017
AR B BE1LITE4 ~630 Ma | 82,86,100,128,133 405 25,30,36 Sui Yu et al. , 2018, 2019
FE A ~620 Ma 95~130 405 28~30 15~20 Williams, 2000
~630 Ma A5 95,99,123,131 405 27.1,32.6,36 | 15.4,18.2 Berger and Loutre, 1994
~630 Ma FEHF5E 95~131 405 26.3~35.5 15.2~21.8 Waltham, 2015
SRR e A T 4 109,118 405 28.2~30.3 16~21.8 Bao Xiujuan et al. , 2018
~650 Ma 116 28.2,30.3, 16,18.4, HF5H, 2020
34.6,36. 4 20.5,21.8
1000 Ma FRiSHF5T 100,123 410 25.5,30 14.8,17. 1 Berger and Loutre, 1994
BRI XI5 1.1 Ga ~100 405 20.9~21.4 12.7~16 WFEIH, 2020
i 2H 1350 Ma FHS{E 100,123 410 23.4,27.2 14.1,16.2 w3t 2014
fedb b T SUA 4l 1400 Ma 86,113,126 405 21,27,30 12,14,16 Zhang Shuichang et al. , 2015
AeduHR T DI 1400 Ma 95~131 405 12.5~14.4 Meyers and Malinverno, 2018
#i B KA ZH 1480 Ma 128 405 22~26 15 AL LA, 2019
AL ZE RN ~1.5 Ga 100 410 Mei Mingxiang et al. , 2001
1500 Ma FiEHF5T 100,123 410 22.5,26 13.8,15.8 &34 2008
1500 Ma HHETF5Y 13.765~15.750 Berger and Loutre, 1994
. Mei Mingxiang et al. , 2001 ;
HJbZE L4 1.6 Ga 100 405 ki 2014
AEJL AL F4 ~1. 64 Ga 100 410 HEEAH, 1998
SR PEALHLIX. Rocknest ZH 1. 89 Ga 100 18 Grotzinger, 1986
2000 Ma 5T 100,123 410 19.6,22. 1 12.6,14.3 5% 2008
M AE Kuruman 41 2. 48 Ga 100 405 Lantink et al. , 2019
N . . 14.5,16.5, 11.3,11.4, Oliveira Carvalho Rodrigues
VYK HIE BIF Dales Gorge Bt 95,99,124,131 405 16.7.18. 5 12.5.12.9 ot al. . 2019 8
2500 Ma g5 16.7,18.5 11.3,12.7 Berger and Loutre, 1994
B A5 Cheshire 2H 2. 65 Ga 112 413 11~12.2 Hofmann et al. , 2004

T S P o ) A0 R 2 o A 3 RS T i D
AR 2 T A A 1R T3 RS Rl P R A R i Y
U (FRERRIBIREE ) X AR 2 290 S5 1 o) 2 JH 3
B9 (Summa, 1993) . Minguez 1 Kodama (2017) ¥
BOR A A Bunyeroo Gorge i i Wonoka 2H 3 )2 i
FImFgE AR B0 % (95 ~ 124 ka) AR O
(405 ka) K ERHAERTIEME . A Z TG
PRI AZ A28 T R S J) B 1 S i o 28 A )
KB BT A4 18 10 s S0P PR T 2 Rl e DX A 1 S
T SE Ff4 (Condon et al. , 2005; Cui Huan et al. |
2017) . Gong Zheng 55 (2017) i#id Xt =/ R 4
R F T G L 38 = BB R 6 5 A T AT 545 30 2
% (80 ~ 135 ka) KA (405.6 ka) B (25
~ 29 ka) M2 (19.7 ~ 22 ka) ;IH-45 H % B2
ICS% T HUBER LA ZHOE T By Bl S i A
. Sui Yu % (2018, 2019) 3@ X Widb B IH L e

T T L 2 2R T 5T A5 2 ~ 630 Ma Al 570
~ 550 Ma HbJZ RO 05 RS 22
L Y MO ERBLTE S 805 P16 T35 R 7 28 A A AR
HAEEESZM . Gong Zheng 55 (2019) X F 504
PRk T 5 100 o e 1 30 2 2 S B E T LA L
5.

Fr T SE SHf, oot 8 2.0 Ga B & A T
— K H R ik [ AL R A, B Shunga 3
(Melezhik et al. , 1999), Shunga S {FiHY], #bZid
S NP LR AER YU ISR AW R R A DK
TR B R HE W A (Melezhik et al. , 1999)
Moser %5 (2011) #&H Shunga F {4 A AEFI Vredefort
fEd S F (2023 Ma) A K, Young (2013) kN
Shunga HFERNIZE—IRE K AEY) K4 Fi 4k, H
2L —3 = B R E A 2, 5 KRAk
A R A P R & AE Vreedefort $8 5 5 1 )5
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KR Lk, IF & M Shunga ZF {4, Chadwick %%
(2001) TEAK B 2= I B 0 Hb DX (7] g 19 b )2 vl 3
TPAREERRFRBRORL, T HIH A T Vredefort 18 i 2
4, Buseck %% (1992) £ Shunga F{EUTFY &
PR 4 K H A T Sudbery $# i 351 (1850
Ma) , JE4EXS Shunga ¢4 A= 1y 180 A A4 Btk Jo ) Jo ke
B ARE R T Bz R SEGER IR R AL
U R AR T [ FE1EYE ( Young, 2013)

2.3.3 FHENURHKEE

FoliiRgdl (BIF) ERTFER VBT S h
MR BRTUR A 2, E2 A el kol —d oo AR
(2.8 ~ 1.85 Ga) , HA &KX L& X ( Young and
Williams, 2020) , BIF & {5t b fe #2098y 2 1
B, i sk T RTFERZE T 45 1 BT PR AN
AW E R R, — R R HT TR AT 1)
SR (BPRTE, 2010; 5K B4, 2012)

Franco 1 Hinnov ( 2008 ) XJ P4 J8 K F| ¥
Hamersley #f Brockman Iron 210> B8 1 1) i1 43 HE K
JERHRAT 7T IEZ) 2. 50 ~ 2.46 Ga 5%
AR (BIF) i, UK 22 R 4k 25 2 WA
JAIE S . Lantink 28 (2019) 3852 81 b2 2% |
K5 CA-ID-TIMS , U-Pb JE 4F J5 iE X F E 2. 48 Ga
Griqualand PG HB 1 70 1 48 Kuruman 41 BIF Hb 2
HEATOESE  $RH 2. 48 Ga i BIF 1B K% [7) i ) < f
FAPS A5 TR 2B 4w K B, RN
405 ka,1.4 ~ 1.6 Ma, Oliveira Carvalho Rodrigues
4 (2019) XFPEHKHI 2. 5 Ga Dales Gorge Bt BIF
HEATORIE  FEKR GO F 45 3] 5 16 - T T 5 e ol A1
KA ORI (405 ka) , 7E KRG RUBE o
% 2% RERAHC KL O R DL ki | I8 AR
NGNS A2 AR BREE 258 T, BIF £ 48 H R 241 A2
Ak, AT HERT Hamersley 72 i AR A 16 S 11 22 46 A1/ ol 44
A G,

2.3.4 |HEH

AR 20 F 2L E IR KA A (K 3),
KATHY (£92.3 Ga ZAT) , HiBRKR S & 1T
FHAC KKK 0. 001% (Pavlov and Kasting,
2002; Canfield, 2014) , 2.4 ~ 2.1 Ga B, Bk K
R KA AL S X — R D R A A
(GOE) (Holland, 2002; Bekker et al. , 2004; Guo
Qingjun et al., 2009; & #k4E, 2010) ., H A FH*f
GOE &A= NI Uiy 2, 1 TG v ot i b ek i 2
BT ER o B IREALFFN L BR P TE S H0s ]
REFFTEIRIFEIR R . H AT, GOE BB R T 5%

L IOY B AT VI B4 (Lepot, 2020) 7T
55 b K P AR 0 AR B B AT )G, Gradstein A%
(2012) $8H 2.5 Ga, HUERFF ARV, HiBk Y 3#0IR
JEREAR HLPERZIK . 29 N R e 20 0T 4 & A=
Ak, HOE U 5 BBk B e 78 R o R o
Hb5E AT LD 1 kb P30 i) ) b 3ok 2R T AR S
Rl a0, T2 i 1 R AT R (Lee
et al., 2016) , WLk, B W KRG 52 W] RE A6 &5 A
FAZAS | Hiu sk P R B % R 0 AR A4S 25 A0 b R A
SRR WAL, TR I i 4R 5 /M R R Al
A M2 HH R I 15 SR DURE I, e 4R TH R 4R
i,

GOE HZ )5 ,1.85 ~ 0.85 Ga W], HiBRH
BEHA 2 155 AN 22 | DR I 3k B B 1] 2 4 F% 4 Boring
Billion (Buick et al. , 1995; Holland, 2006) , 0.8 ~
0.54 Ga MRTFERL—FER L PRHYIA A T2 —
KR AL F 1, BB oo AR AL S (NOE;
Shields-Zhou and Och, 2011) ., Froo i G &AL F 14
HJGE — B IA A A2 b 5T [T s v i) DB i 0 2
MR AR B 5 4 AR WA e DA% 2 2 S 1
KB EAZR W RS (R ESE, 2009; K
728, 2010; Yuan Xunlai et al. , 2013; 5§ %2545
2014; M = % %%, 2017; Young and Williams,
2020) ,

2.3.5 kEAEH

[IESTEAY 2N U IRRVNEIWNY CLE LSO UL B
W7 (] 3) , Jol AT BRI LB Rk 354l
Pra&s Bk o i e RS E BRI (L5 IR,
2020) , 2.45 ~ 2.1 Ga {W[a], dhek o 290 4 2R PE 0K
HAF R N A e A AR K FE A (Young, 2013)
Boring Billion Bf}§ (1.8 ~ 0.8 Ga) , UTFlA Hd/b
FE KA FEEIC R (Young and Williams, 2020) ,
B TT A R b Te it ARy 32 v 3D i X I
PEVKI F PR 8930 5% (Williams, 2005 ) ., 87 JG A%
Ja , HBER U e A2 UK S5 1 (Sturtian 9K, 717 ~
659 Ma) (Preiss et al. , 2011) , 7EZ: 07568 A Rl 7K
FRIE UK Z J5, HBR & A 55 = U7 Bk b 3k
( Elatina/Marinoan 7K ,639 ~ 635 Ma) ( Young and
Williams, 2020)

Bao Xiujuan 4§ (2018) #1434 4E g b K3
e LR A A L, 45 2 i 0 3 (405 Ka) R fi L
(109 ~ 118 ka) FFR (41 ka) fiF % (18 ~ 24
ka) . fUFUH (2020) BB 7 LA EAFSRAS R 1930k
P tr% (116 ka) \#FH% (28.2, 30.3, 34.6, 36.4
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ka) M2 (16, 18.4, 20.5, 21.8 ka) ; 454 ~
659 Ma Sturtian VK3 %) 25 B[R] | BT Marinoan 7K
HHEFFEREF R 298 649 Ma,

TR (2020) 383 %A A B R B 31 40 i1 7
REALRAIESE | % B0 T S RE AL R 2 B, (R IR K
TR A S B A SR AR 0 e Al e B 5 T Tl 3R gk 2
B, EARREUTRUSURLRL E 38 K 4 v RS2 Hh
TV TR T 5 1 1Y 5 K IES2H (52 IR IE s T
SRl o B B A B AR AE, IRAh, L IR
(2020) 43 7 AedC AR B 75 4 1 2 10 s 1) Bk
ESE, KIZ B Z JE R 0% (~100 ka) JEI,
N AT A2 T VK A SRR AL, B2 10 A i ok 8 2
568 5 O 2R X S A R S

I Ah, v Hb Bk M fA fR G ( High-Obliquity
Hypothesis, HOH ) & JC 7 # = 3K Hi Bk F
(Snowball Earth Hypothesis, SEH) #£4tT —/~& #H
(R (Williams, 2008), £ Hb@i A9 £, T
T VK = R AR AR 5 B M X LY (Schmidt
et al. , 2009; Williams et al. , 2016) ; H R ZEUTH
T4 BE/N T 20° (M IX, Jenkins (2000, 2004 )
P oo A MR EAT S A (R HER A A Y
fRHEE , HET R 23. 4°)  Wif> 54°, DLHOR BT
RV SRS T MR i, 7E AR A
T, B RS X RN DL E TS A
S I A UK ARE B (<30°) (R Bl b X L
[0 R SN R ot 27 R A 4 T O S S E K (2
JEHLIX 25 AR K B P AORTE F (=40°0) ;
P B i 2 e 3R AR A T I % T g, R AR B AR
TR

25 bR, 29 550 Ma & 2650 Ma BYH#Z H s
PRI AT RE A (8] R A5 5, (045 1 98 R 20 s Bk
ESHOE AR R (8 3) , BiFER 28 H)Z
H 3 A Al U 58 I o 3815 5 A R P AR
RN 2 (10748 A 5 RS FIUI — 2, 2Bk Bl 25 b
JE A P N T R BT A — e R R B
ATFER DT, Bk 2 R g kA 2 R b =R
P, KA = | oK S5 A ke TR R v A
. HOEREIIE S B0 0% 1] B St I ML BR 3R A 05
REOCHREE - 1 THRE DL B A (HET X b
[ 55 b Bk AL S B0 AR 2 ] ) ELAAR G R i R B
W, TP T, BEAh, AT FE R 20 i ERBILE S 4L
8 2 AT E— 20 24k, R 550 ~ 620 Ma, 1000
~ 1400 Ma 11600 ~ 2500 Ma #2551, $2 0y
SR Z | BRI R S A AT,

3 SRS H B R S AT 5 I Y
R PO R

IR S R W 3K N A1 Bl ) RGN T bR
HUESEAFAERE W | W HERHE S EO T Bk &
AR WAFAE—E T2 B RZ ), (H 45 RG] Y
PRI AL OC R FEA A AEAR K PR AR

B, iiFER )2 B R A, HhoT EF
TR 25 o S5 2o R A b 2 SR B B T B R
IR A SRR i T RTSE R VTR E K 2
223172 B RIS 385 A A IR | 30 B 2% SR
Ti) e SRt S A7 X iy SR 2t J22 P o3 s RS

WK, A TR MR BB S E AR K £ DUAE
RESH R E S ECH B R xS 5T RE S
HTFER NGB R, R, B0 i FE 4t ik B 2
BT BB AT 5 i — 2D W5 K BH &R 2 IR
(1), K FH R BRI G AT R ek iE S
BT AR 22

B, IR IR A PR B AR 57 B MR AP 50 ) R4
HOBRVRHR B0 7 7 46 4 Bk oy A1 5K S HIL R Y 5 e
A FE R 28 PR P S %) 2 R AL AT R R kb sk
i FA | B A2 rY B RE A G A= ) r ke YR AN £k
ATREFN H bR s M7 RS O (HH R
SARBIE . i oh, BB AL UAE T M3k 3R A PR BT
(1) b JOT RS, DA T 2E — 20 5% i) b3k % 2E A8 1 XUk
IR RS AE 5 1T R TE S50 A RN R i
AR A X R 2 A, Rk, TR AT
5 HL 0T b RS A VAR AL RN b BRI S A A AR
1) 5 72 T B BV A [R] () RN 2 (] RUBE T bk 45 B 2
55 HBR P A1 52 0 PR 2R 9 e 1,

Bigt . B R T SO S R 0 S DL AN
HIX)

2 % X @t / References

('The literature whose publishing year followed by a “&” is in Chinese

with English abstract; The literature whose publishing year followed by a

“#” is in Chinese without English abstract)

AT, 2020, T AU IITE Y S A T R e I 3 2 5. 3
Ui: sk, Jbat: PE M BTR A (bR WA AR 1 ~
111.

WRAZ . 2005. M ERBEFE B2 K5 4 B0 24 77 Bl R Aie. Bk A4, 26
(3): 195 ~ 202.

WRRSHE. 1992, HuERIZAKILIR N K JR K F 2k Hs. L B
FBEFA, 15(6) : 586 ~ 594.

WRakiBF. 1999. HupkA IRIZACE LR, BHydiaf, 44(9) . 912 ~
920.

WRAHE. 2013, %K)Z IR Mk i A B OIS et ). iy R 27 F



LERE !

Ly 25 M BRI SR T

FERLCHLZE P T S S A it e 303

J&, 28(7): 834~846.

BRAEHE, JTHI4E. 1985, JubAT BB S ah R RBUHIC R K
Hobakah Sy 5 . RIEYHAE, 5(4): 73 ~ 82.

JEICHE. 2014, JTACMSRAN G IL T S0 20 = 43 HE S 1m] . J2 400 A5
FT. Uf ., SR SCHE. dbmt. S EME RS (LR B 2E R S
1~ 83.

mEk, AE. 2007. HH R EAKBBE AT, KR,
48(4) : 456 ~ 462.

g KR, WA, KIUE, WOk, IR, ek, Fraki,
TR K. 2008. i [ 4 J2 27 . H )2 2 AR N ) A £ = LR L
M ERBFE——rP EHL R 54, 33(4) : 443 ~ 457.

ZEAnk, HM4Ae, REGR. 1973, v E R R R b0 AR 5 HLER A R A
AR IR R A0 00T, MR FR=A 4R, 16(1) : 71 ~ 80.

ZEZR VRS, SRER, PNICAE, WAL, SRR, WAETE, sk
2015. FUFERLLHIRB I 2= (1)  FEIhER. HhoARTS (i
R (L5 sALRTR) | 22(6) ¢ 10 ~ 26.

XUGTL, SHhLr, R, 2020, i FE R A0 HE (M o 2 22 BF ST Y 1
5. #REF2, 44(3), 239 ~ 249.

MERCAR, FEak, BRAER, FhrFr. 1998, WL X4RER] L F41E Ml 2
FPRFAE B 2658, HEAR T B 244k, 18(1) : 35 ~ 40.

TR, ®WEE, RRFR, ok, 2019, Kt EL 0w T € s R gtk
FEA——4k WS 41K 2= B2 A e el AR HL T, 33(5): 979 ~
989.

INEAR, WHENG, eI, RIS, 2R, PNIEZE. 2021, AR R
IG5 KR L. HFER, 95(1) . 32 ~ 41.

T, 1997, HLERATTHE S REG S 240 B %, H2EmTZ, 4(3) .
1~ 12.

TREEME, BRAVA], ER. 2009. HAHLBREL T MR BRAGER S5 ER
BiAr. HhAFHTZE, 16(6) . 33 ~ 47.

BB 1996, WV EEIZ AR IT HE R I R SCHb T R L. b Bk
PRAFERE ) 114 (4): 100 ~ 111.

i —, SKEISC, MIESE, PVIRIAL 1982, RICHE B JLAN A )
BT, MR TR, S1: 182 ~ 184.

PSS P, B, XEE. 2012, A BREIFETIRER. 0 WEA
HiERfb2EmE R, 31(5) : 516 ~ 521.

P, PSSR, Ah, B 2010, WIMEE A SR ERTEIT R
RIRSCEIME S, DURR2EH], 28(3) : 405 ~ 411.

mVE, FARE, B, FSCE, R, skokB, REZR. 2017.
Bl A KM T ST S AR AL R A OC R DI
R, 35 (2): 203 ~ 216.

FALHT. 2008 511 E BRI L A R GEIEYE 53 T SR AR R i A
R AR TR K. am Rk ARBIEEM, 30 (S1) .
309 ~ 319.

RN, 2011, % ARSI R b i A R B . AR
KA (AP , 32(1) 1101 ~ 109.

R, FH WO . 2015, BV TRE RE AL S Bk BN 1. MR
R, 89(12): 2213 ~ 2224,

SKRHASC. 1981, KM X L i — TR B () —HuBR IR
VLR K 4. M, 2. 1 ~ 3.

s, BEE, Jrimds, SeaOE, R, FRAR, XA 2012.
AEJL T PLE AT FE IR D BIF 2 WF 5T . bR 5. A A 243,
28(11): 3431 ~ 3445.

TKRTE, FHET. 2014, FERERBEMFRLER. T EEHE, Mk
Blaf, 44(6) : 1155 ~ 1170.

BIRAE. 2010, ZHR S (BIF) S Bk K E L F 2. Hi2rwT 2,
17(2): 1 ~ 12.

o, 2014, ZEk I INZ « SKRGUFE 1) — 45, AT, 28
(2):292 ~ 297.

JAEERE. 2018. HERYH, PRI (RAD) HR.

JAmE, BRiE s, B 2002, ARJLIER R ROK AW A S
WHPLUES B AL, HIERFL 2 —— P [ M BTR A= E 4, 27
(6): 671 ~ 675.

JASRPL, TOHE, BB, B, ST 2013, #iERE S RGN
AL, dbnt: Bhas bt

JAREHL, BT, BERE. 2005. HEHLLORAEY N ERYZES
M HPUESEI B, AR, 14(5) : 625 ~ 630.

Rpsede. 2010, SRR IFFAIERLIARK : Rk A P EBAL A IR
AR, 49(3) : 269~287.

Agnor C B, Canup R M, Levison H F. 1999. On the character and
consequences of large impacts in the late stage of terrestrial planet
formation. Icarus, 142. 219 ~ 237.

Andrews S M, Wilner D J, Zhu Zhaohuan, Bimstiel T, Carpenter J] M,
Pérez L. M, Bai Xuening, Oberg K I, Hughes A M, Tsella A. 2016.
Ringed substructure and a gap at 1 AU in the nearest protoplanetary
disk. The Astrophysical Journal Letters, 820(2) ; L40.

Asphaug E. 2014. Impact origin of the Moon? Annual Review of Earth
and Planetary Sciences, 42; 551 ~ 578.

Bao Xiujuan. 2020&. Cyclostratigraphic Study in Late Proterozoic Ice-
free Climate. Supervisor: Zhang Shihong. Beijing: China University
of Geosciences (Beijing) : 1 ~111.

Bao Xiujuan, Zhang Shihong, Jiang Ganging, Wu Huaichun, Li Haiyan,
Wang Xingiang, An Zhengze, Yang Tianshui. 2018.
Cyclostratigraphic constraints on the duration of the Datangpo
Formation and the onset age of the Nantuo ( Marinoan) glaciation in
South China. Earth and PlanetaryScienceLetters, 483 (2018) . 52
~ 63.

Batenburg S J, Gale A S, Sprovieri M, Hilgen F, Thibault N, Boussaha
M, Orue-Etxebarria X. 2014. An astronomical time scale for the
Maastrichtian based on the Zumaia and Sopelana sections ( Basque
country, northern Spain ). Journal of the Geological Society, 171
(2): 165 ~ 180.

Bekker A, Holland H D, Wang P L, Iii D R, Stein H J, Hannah J L,
Coetzee L. L, Beukes N J. 2004. Dating the rise of atmospheric
oxygen. Nature, 427 117 ~ 120.

Berger A, Imbrie J, Hays J, Kukla G, Saltzman B. 1984. Milankovitch
and climate; understanding the response to astronomical forcing.
Proceedings of the NATO Advanced Research Workshop, Palisades,
1982. Two volumes. Springer Netherlands.

Berger A, Loutre M F. 1994. Astronomical forcing through geological
time. Orbital Forcing and Cyclic Sequences: International
Association of Sedimentologists Special Publication, 19: 15 ~ 24.

Berger A, Loutre M F, Lasker J. 1992. Stability of the astronomical
frequencies over the FEarth “s history for paleoclimate studies.
Science, 255. 560 ~ 568.

Bertin G, Lin C C, Elmegreen B G. 1997. Spiral structure in galaxies: a
density wave theory. Physics Today, 50(4) . 66, 68.

Bjerrum C J, Canfield D E. 2011. Towards a quantitative understanding
of the Late Neoproterozoic carbon cycle. Proceedings of the National
Academy of Sciences of the United States of America, 108 ( 14):
5542 ~ 5547.

Bottke W F, Vokrouhlicky D, Marchi S, Swindle T, Scott E R D,
Weirich J R, Levison H. 2015. Dating the Moon-forming impact
event with asteroidal meteorites. Science, 348 (6232). 321 ~
323.

Bowers D G, Roberts E M. 2019. Tides; A Very Short Introduction.
Oxford; Oxford University Press; 18 ~ 31.

Buick R, Des Marais D J, Knoll A H. 1995. Stable isotopic

compositions of carbonates from the Mesoproterozoic Bangemall



304 Mo R

it I 2022 4F

Group, northwestern Australia. Chemical Geology, 123 (1 ~4) .
153 ~ 171.

Buseck P R, Tsipursky S J, Hettich R. 1992. Fullerenes from the
geological environment. Science, 257 215 ~ 216.

Canfield D E. 2014. Proterozoic Atmospheric Oxyge.
Geochemistry, 197 ~ 216.

Cannon W, Schulz K J, Wright Horton Jr J, Kring D A. 2010. The

Sudbury impact layer in the Paleoproterozoic iron~ranges of northern

Treatise on

Michigan. Geological Society of America Bulletin, 122; 50 ~ 75.

Canup R M. 2012. Forming a Moon with an Earth~like composition via
a giant impact. Science, 338(6110) : 1052 ~ 1055.

Canup R M. 2014. Lunar-forming impacts: processes and alternatives.
Philosophical Transactions of the Royal Society A, 372 (2024 ):
20130175.

Canup R M, Asphaug E. 2001. Origin of the Moon in a giant impact
near the end of the Earth’ s formation. Nature, 412 708 ~712.
Carey S W. 1958. A tectomc approach to continental drift Syrup

Continental Drift. Hobart, 177 ~355.

Carey S W. 1975. The ecpanding Earth
Science Reviews, 11(1975) . 105 ~ 143.

Chadwick B, Claeys P, Simonson B. 2001. New evidence for a large

An essay review. Earth

Palaeoproterozoic impact: spherules in a dolomite layer in the
Ketilidian orogen, South Greenland. Journal of the Geological
Society, London, 158; 331 ~ 340.

Chen Tingyu. 2005&. The expansion of the rotating Earth and the
breakup of gondwanaland. Acta Geoscientica Sinica, 26(3) ; 195 ~
202.

Chen Zhigeng. 1992&. On the Earth expansion.
College of Geology, 15(6): 586 ~ 594.

Chen Zhigeng. 1999#. The finite expansion evolution model of the earth.
Chinese Science Bulletin, 44(9): 912 ~ 920.

Chen Zhigeng. 2013&. The Earth expansion generated the asthenosphere

Journal of Hebei

and its formation time. Advances in Earth Science, 28(7): 834~
846.

Chen Zhigeng, Wan Minghua. 1985&. The correlation between the radii
and the rotational inertia coefficients of the terrestrial planets and its
geodynamical implication. Acta Astrophysica Sinica, 5(4): 73 ~
82.

Condon D, Zhu Maoyan, Bowring S, Wang Wei, Yang Aihua, Jin
Yugan. 2005. U-Pb ages from the Neoproterozoic Doushantuo
Formation, China. Science, 308(5718): 95 ~ 98.

Kaufman A J, Xiao Shuhai,

Xiaoming. 2017. Was the Ediacaran Shuram Excursion a globally

Cui Huan, Zhou Chuanming, Liu
synchronized early diagenetic event? Insights from methane-derived
authigenic carbonates in the uppermost Doushantuo Formation,
South China. Chemical Geology, 450: 59 ~ 80.

¢uk M, Stewart S T. 2012. Making the Moon from a fast-spinning
Earth: a giant impact followed by resonant despinning. Science,
338 (6110) : 1047 ~ 1052.

Davatzes A K, Goderis S, Simonson B M. 2019. Archean asteroid
impacts on earth. Earth’s Oldest Rocks ( Second Edition), 169 ~
185.

Darwin G H. 1879. On the precession of a viscous spheroid and on the
remote history of the earth. Philosophical Transactions of the Royal
Society of London, part 2, 170 447 ~ 530.

Derry L A. 2010. A burial diagenesis origin for the Ediacaran Shuram—
Wonoka carbon isotope anomaly. Earth and Planetary Science
Letters, 294(1 ~ 2) . 152 ~ 162.

Egyed L. 1956. The change of the Earth’s dimensions determined from
palaeogeographical data. Geofisica pura e applicata, 33 42 ~ 48.

Elkins-Tanton L T. 2008. Linked magma ocean solidification and
atmospheric growth for Earth and Mars. Earth and Planetary Science
Letters, 271(1): 181 ~ 191.

Elkins-Tanton L. T. 2012. Magma oceans in the inner Solar system.
Annual Review of Earth and Planetary Sciences, 40(1): 113 ~
139.

Eriksson P G, Banerjee S, Catuneanu O, Corcoran P L, Eriksson K A,
Hiatt E E, Laflamme M, Lenhardt N, Long D G F, Miall A D,
Mints M V, Puffahl P K, Sarkar S, Simpson E L, Williams G E.
2013. Secular changes in sedimentation systems and sequence
stratigraphy. In; Kusky T, Stern R, Dewey J. Secular Changes in
Geologic and Tectonic Processes. Gondwana Research, 24(2) ; 468
~489.

Fan Wenbo. 2014&.

cyclostratigraphic sequences of Zhaojiashan section of Xiamaling

Preliminary  study  of  high-resolution

Formation, Huailai county, Hebei Province. Supervisor: Su
Wenbo. Beijing: China University of Geosciences ( Beijing): 1 ~
83.

Fang Qiang, Wu Huaichun, Hinnov L A, Jing Xiuchun, Wang Xunlian,
Yang Tianshui, Li Haiyan, Zhang Shuichang. 2017. Astronomical
cycles of Middle Permian Maokou Formation in South China and
their implications for sequence stratigraphy and paleoclimate.
Palaeogeography, Palaeoclimatology, Palaeoecology, 474: 130 ~
139.

Feulner G. 2012. The faint young Sun problem. Reviews of Geophysics,
50: RG2006/2012.

Fike D A, Grotzinger J P, Pratt L M, Summons R E. 2006. Oxidation of
the Ediacaran Ocean. Nature, 444(7120) . 744 ~ 747.

Franco D R, Hinnov L A. 2008. Strong rhythmicity in the ~2.46~2.50
Ga banded iron formation of the Hamersley Group ( W. Australia) :
Evidence for sub-orbital to Milankovitch scale cycles.

Gao Yi, Xiao Yiyuan. 2007&. An estimation on the long-period
tendency of the tidal evolution of the Earth—Ilunar system. Acta
Astronomica Sinica, 48(4) : 456 ~ 462.

Glikson A, Hickman A, Evans N J, Kirkland C L, Park ] W, Rapp R,
Romano S. 2016. A new 3. 46 Ga asteroid impact ejecta unit at
Marble Bar, Pilbara Craton, Western Australia; a petrological,
microprobe and laser ablation ICPMS study. Precambrian Research,
279: 103 ~ 122.

Gong Yiming, Du Yuansheng, Tong Jinnan, Zhang Kexin, Feng
Qinglai, Xie Shucheng, Hu Bin, Qi Yongan, Zhang Guocheng.
2008&. Cyclostratigraphy: The third milestone of Stratigraphy on

understanding time. Earth Science
of Geosciences, 33(4) . 443 ~ 457.
Gong Zheng, Kodama K P, Li Yongxiang.

Journal of China University

2017.
cyclostratigraphy of the Doushantuo Formation, South China and its

Rock magnetic

implications for the duration of the Shuram carbon isotope excursion.
Precambrian Research, 289. 62 ~ 74.
Gong Zheng, Kodama K P, Li Yongxiang. 2019. Paleomagnetism and
rock magnetic cyclostratigraphy of the Ediacaran Doushantuo
South China:

mechanism and the encoding process of Milankovitch cycles.

Formation Constraints on the remagnetization
Palaeogeography, Palaeoclimatology, Palaeoecology, 528. 232 ~
246.

Gough D. 1981. Solar interior structure and luminosity variations. Solar
Physics, 74 21 ~ 34.

Gradstein F M, Ogg J G, Hilgen F J. 2012. On the geological time
scale. Newsletters on Stratigraphy, 45(2): 171 ~ 181.

Grey K, Walter M R, Calver C R. 2003.

diversification: “ Snowball Earth” or aftermath of the Acraman

Neoproterozoic  biotic



Ly 25 M BRI SR T

FER AL HZ P YT R ST HE 305

impact? Geology, 31.: 459 ~ 462.

Grotzinger J P. 1986. Cyclicity and paleoenvironmental dynamics,
Rocknest Platform, Northwest Canada. Geological Society of
America Bulletin, 97(10) ; 1208 ~ 1231.

Grotzinger J P, Fike D A, Fischer W W. 2011. Enigmatic origin of the
largest-known carbon isotope excursion in Earth’ s history. Nature
Geoscience, 4: 285 ~ 292.

Guo Qingjun, Strauss H, Kaufman A J, Schroder S, Gutzmer J, Wing
B, Baker M A, Bekker A, Jin Qusheng, Kim S T, Farquhar J.
2009. Reconstructing Earth * s surface oxidation across the
Archean—Proterozoic transition. Geology, 37(5) : 399 ~ 402.

Halm J K E. 1935. An astronomical aspect of the evolution of the earth.
The Journal of Astronomical Society of South Africa, IV (1).: 1 ~
28.

Hartmann W K, Vail S M. 1986. Giant impactors: plausible sizes and
populations, in Origin of the Moon (eds W. K. Hartmann, R. J.
Phillips and G. J. Taylor). Houston: Lunar and Planetary
Institute, 551 ~ 566.

Hassler S W, Simonson B M, Sumner D Y, Bodin L. 2011. Paraburdoo
spherule layer ( Hamersley Basin, Western Australia) ; distal ejecta
from a fourth large impact near the Archean—Proterozoic boundary.
Geology, 39: 307 ~ 310.

Harris A W, Kaula W M. 1975. Co-accretional model of satellite
formation. Icarus, 24(4): 516 ~ 524.

Hays J D, Imbrie J, Shackleton N J. 1976. Variations in the Earth’ s
orbit; pacemaker of the Ice Ages. Science, 194 1121 ~ 1132.

Herzberg C. 2014. Archaean drips. Nature Geosciences, 7(1): 7 ~ 8.

Hilgen F, Kuiper K, Krijgsman W, Snel E, Laan E V D. 2007.
Astronomical  tuning as the basis for high  resolution
chronostratigraphy : the intricate history of the Messinian Salinity
Crisis. Stratigraphy, 4(2 ~ 3) . 231 ~ 238.

Hilgenberg O C. 1933. Vom wachsenden Erdball Berlin, 56.

Hinnov L A. 2013. Cyclostratigraphy and its revolutionizing applications
in the earth and planetary sciences. Geological Society of America
Bulletin, 125(11 ~ 12) . 1703 ~ 1734.

Hinnov L A, Hilgen F J. 2012. Cyclostratigraphy and astrochronology.
The Geologic Time Scale, 63.

Hofmann A, Dirks P, Jelsma H A. 2004. Shallowing-upward carbonate
cycles in the Belingwe Greenstone Belt, Zimbabwe: A record of
Archean sea-level oscillations. Journal of Sedimentary Research, 74
(1): 64 ~ 81.

Holland H D. 2002. Volcanic gases, black smokers, and the Great
Oxidation Event. Geochimica et Cosmochimica Acta, 66: 3811 ~
3826.

Holland H D. 2006. The oxygenation of the atmosphere and oceans.
Philos. Trans. R. Soc. B: Biol. Science, 361: 903 ~ 915.
Jacobson S A, Morbidelli A. 2014. Lunar and terrestrial planet formation
in the Grand Tack scenario. Philosophical Transactions of the Royal

Society A, 372 (2024) . 20130174.

Jeffreys H. 1930. The resonance theory of the origin of the moon ( Second
paper). Monthly Notices of the Royal Astronomical Society, 130,
91(1): 169 ~ 173.

Jenkins G S. 2000. Global climate model high-obliquity solutions to the
ancient climate puzzles of the Faint—Young Sun Paradox and low-
latitude Proterozoic glaciation. Journal of Geophysical Research,
105: 7357 ~ 7370.

Jenkins G S. 2004. High obliquity as an alternative hypothesis to early
and late Proterozoic extreme climate conditions. In: Jenkins G S,
McMenamin M A S, McKay C P, and Sohl L (eds. ) The Extreme
Proterozoic; Geology, Geochemistry and Climate, 183 ~ 192.

American Geophysical Union Geophysical Monograph 146.

Johnson T E, Brown M, Kaus B J P, Vantongeren ] A. 2014.
Delamination and recycling of Archaean crust caused by gravitational
instabilities. Nature Geosciences, 7(1) : 47 ~ 52.

Kleine T, Palme H, Mezger K, Halliday A N. 2005. Hf—W
chronometry of lunar metals and the age and early differentiation of
the moon. Science, 310(5754) : 1671 ~ 1674.

Knoll A H, Bergmann K D, Strauss J V. 2016. Life: the first two billion
years. Philosophical Transactions of the Royal Society B: Biological
Sciences, 371 (1707) : 20150493.

Kremp G O W. 1992. Earth expansion theory versus statical Earth
assumption // Chatterjee S et al. eds. New concepts in global
tectonics. Lubbock: Texas Tech Univ. Press.

Lantink M L, Davies ] HF L, Mason P R D, Schaltegger U, Hilgen F.
2019. Climate control on banded iron formations linked to orbital
eccentricity. Nature Geoscience, 12(5): 369 ~ 374.

Laskar J. 1989. A numerical experiment on the chaotic behavior of the
Solar System. Nature, 338 237 ~ 238.

Laskar J. 2006. Long-term solution for the insolation quantities of the
earth. Proceedings of the International Astronomical Union.

Laskar J, Fienga A, Gastineau M, Manche H. 2011. La2010: a new
orbital solution for the long-term motion of the earth. Astronomy and
Astrophysics, 532 (2) :784 ~ 785.

Laskar J, Joutel F, Robutel P. 1993. Stabilization of the Earth’ s
obliquity by the Moon. Nature, 361; 615 ~ 617.

Laskar J, Robutel P, Joutel F, Gastineau M, Correia A, Levrard B.
2004. A long-term numerical solution for the insolation quantities of
the earth. Astronomy and Astrophysics, 428 (1) : 261 ~ 285.

Lee C T A, Yeung L Y, McKenzie N R, Yokoyama Y, Ozaki K,
Lenardic A. 2016. Two-step rise of atmospheric oxygen linked to the
growth of continents. Nature Geoscience, 9(6): 1 ~ 10.

Lepot K. 2020. Signatures of early microbial life from the Archean (4 to
2.5 Ga) eon. Earth Science Review, 209(2020) : 103296.

Li Qibin, Xiao Xinghua, Li Zhisen, 1973&. A preliminary study on the
relation between the great earthquakes of China and the secular
variation of the angular velocity of rotation of the Earth. Acta
Geophysica Sinica, 16(1): 71 ~ 80.

Li Sanzhong, Xu Lingqing, Zhang Zhen, Sun Wenjun, Dai Liming, Guo
Lingli, Cao Huahua, Zhang Guowei. 2015&. Precambrian
geodynamics ( I ) ; Early Earth. Earth Science Frontiers, 22 (6) .
10 ~ 26.

Lindemann, B. 1927. Kettengeblrge, kontinentale Zerspaltung und
Erdexpanslon. Gustav Fischer Publ, Jena, pp186.

Liu Guanghong, Zhang Shihong, Wu Huaichun. 2020&. Progress and
challenges in Precambrian cyclostratigraphy research. Journal of
Stratigraphy, 44(3): 239 ~ 249.

Lowe D R, Byerly G R, Kyte F T. 2014. Recently discovered 3.42~3.
23 Ga impact layers, Barberton Belt, South Africa: 3.8 Ga detrital
zircons, Archean impact history, and tectonic implications.
Geology, 42(9) . 747 ~ 750.

Ma Chao, Meyers S R, Sageman B B. 2017. Theory of chaotic orbital
variations confirmed by Cretaceous geological evidence. Nature,
542 468 ~ 470.

Ma Chao, Meyers S R, Sageman B B. 2019. Testing Late Cretaceous
astronomical solutions in a 15 million year astrochronologic record
from North America. Earth and Planetary Science Letters, 513
(2019): 1 ~ 11.

Mei Mingxiang, Bai Zhida, Xu Debin, Sun Lixin. 1998&. Cyclic-
sequences and stratigraphic framework of Ruanshanzi Formation of

middle Proterozoic, Xinlong, Hebei. Journal of Guilin Institute of



306 Mo R

it I 2022 4F

Technology, 18(1): 35 ~ 40.

Mei Mingxiang, Ma Yongsheng, Guo Qingyin. 2001. Basic lithofacies—
succession midel for the Wumishan cyclothems: their Markov Chain
analysis and regularly vertical stacking patterns in the third-order
sequences. Acta Geologica Sinica ( English Edition), 75; 421 ~
431.

Melezhik V A, Fallick A E, Fillipov M M, Larsen O. 1999. Karelian
shungite e an indication of 2. 0-Ga-old metamorphosed oil shale and
generation of petroleum: geology, lithology and geochemistry. Earth-
Science Reviews, 47(1): 1 ~ 40.

Meyers S R, Malinverno A. 2018. Proterozoic Milankovitch cycles and
the history of the solar system. Proceedings of the National Academy
of Sciences of the United States of America, 115(25): 6363 ~
6368.

Milankovitch M. 1941. Canon of insolation and the ice-age problem:
Belgrade. Serbian Academy of Sciences and Arts, Section of
Mathematical and Natural Sciences, 634.

Minguez D, Kodama K P. 2017. Rock magnetic chronostratigraphy of the
Shuram carbon isotope excursion; Wonoka Formation, Australia.
Geology, 45(6) : 567 ~ 570.

Minguez D, Kodama K P, Hillhouse J] W. 2015. Paleomagnetic and
cyclostratigraphic constraints on the synchroneity and duration of the
Shuram carbon isotope excursion, Johnnie Formation, Death Valley
Region, CA. Precambrian Research, 266 395 ~ 408.

Moser D E, Cupelli C L, Barker I R, Flowers R M, Bowman J R,
Wooden J, Hart J R. 2011. New zircon shock phenomena and their
use for dating and reconstruction of large impact structures revealed
by electron nanobeam (EBSD, CL, EDS) and isotopic U-Pb and
(U—Th)/He analysis of the Vredefort dome. Canadian Journal of
Earth Sciences, 48. 117 ~ 139.

Muundjua M, Hart R J, Gilder S A, Carporzen L, Galdeano A. 2007.
Magnetic imaging of the Vredefort impact crater, South Africa. Earth
and Planetary Science Letters, 261(2007) . 456 ~ 468.

Newman M J, Rood R T. 1977. Implications of Solar Evolution for the
Earth’s Early Atmosphere. Science, 198 (4321). 1035 ~ 1037.

Norman M D. 2019. Origin of the Earth and the Late Heavy
Bombardment. Earth’s Oldest Rocks, 27 ~ 47.

Oliveira Carvalho Rodrigues P, Hinnov L A, Franco D R. 2019. A new
appraisal of  depositional cyclicity in the Neoarchean—
Paleoproterozoic Dales Gorge Member ( Brockman Iron Formation,
Hamersley Basin, Australia). Precambrian Research, 328 27 ~
47.

Owen H G. 1992. Has the Earth increased in size. New Concepts in
Global Tectonics. Lubbock: Texas Tech University Press.

Pavlov A A, Kasting J F. 2002. Mass-independent fractionation of sulfur
isotopes in Archean sediments; strong evidence for an anoxic
Archean atmosphere. Astrobiology, 2(1): 27.

Preiss W V, Gostin V A, McKirdy D M, Ashley P M, Williams G E,
Schmidt P. 2011. The glacial succession of Sturtian age in South
Australia; The Yudnamutana Subgroup. In: The Geological Record
of Neoproterozoic Glaciations, pp. 701 ~ 712. Geological Society of
London Memoir 36.

Ren Chuanzhen, Chu Runjian, Wu Huaichun, Fang Qiang. 2019&.
Milankovitch Cycles of the Precambrian Hongshuizhuang—Tieling
Formations at Jixian Section in Tianjin. Geoscience, 33(5) : 979 ~
989.

Ringwood A E.
Earth. Geochimica et Cosmochimica Acta, 20(3—4) ; 241 ~ 259.

Rogers J ] W, Santosh M. 2003. Supercontinents in Earth History.
Gondwana Research, 6(3): 357 ~ 368.

1960. Some aspects of the thermal evolution of the

Rubie D C, Jacobson S A, Morbidelli A, O’ Brien D P, Young E D, de
Vries J, Nimmo F, Palme H, Frost D J. 2015. Accretion and
differentiation of the terrestrial planets with implications for the
compositions of early-formed solar system bodies and accretion of
water. lcarus, 248; 89 ~ 108.

Rufu R, Aharonson O, Perets H B. 2017. A multiple-impact origin for
the Moon. Nature Geoscience, 10(2): 89 ~ 94.

Ruskol E L. 1972. Origin of Moon 3: Some aspects of dynamics of
circumterrestrial swarm. Soviet. Astronomy A J Ussr. , 15(4) : 646
~ 654.

Schmidt P W, Williams G E, McWilliams M O. 2009. Palacomagnetism

South

Australia; Implications for the palaeolatitude of late Cryogenian

and magnetic anisotropy of late Neoproterozoic strata,

glaciation, cap carbonate and the Ediacaran system. Precambrian
Research, 174, 34 ~ 52.

Schrag D P, Higgins J A, Macdonald F A, Johnston D T. 2013.
Authigenic carbonate and history of the global carbon cycle.
Science, 339(6119) : 540 ~ 543,

Shields-Zhou G, Och L. 2011. The case for a Neoproterozoic oxygenation
event: geochemical evidence and biological consequences. GSA
Today, 21(3): 4 ~ 11.

Simonson B M, Sumner D Y, Beukes N J, Johnson S, Gutzmer J. 2009.
Correlating multiple Neoarchean Paleoproterozoic impact spherule
layers between South Africa and Western Australia. Precambrian
Research, 169. 100 ~ 111.

Singer S F.
Geophysical Journal of the Royal Astronomical Society, 15(1 ~ 2):
205 ~ 226.

Steiner J. 1967. The sequence of geological events and the dynamics of
the Milky Way galaxy. Geol Soc Aust J, 14 (1): 99 ~ 131.

Summa C L. 1993. Sedimentologic, stratigraphic, and tectonic controls

1968. Origin of moon and geophysical consequences.

of a mixed carbonate—siliciclastic succession; Neoproterozoic
Johnnie Formation, southeast California. Supervisor: Southard J B.
Cambridge ; Massachusetts Institute of Technology: 1 ~ 616.

Sun Weidong, Xie Guozhi, Zhang Lipeng, Liu He, Li Congying, Sun
Saijun. 2021&. The onset of plate subduction and the evolution of
continental crust. Acta Geologica Sinica, 95(1): 32 ~ 41.

Sui Yu, Huang Chunju, Zhang Rui, Wang Zhixiang, Ogg J, Kemp D B.
2018. Astronomical time scale for the lower Doushantuo Formation of
early Ediacaran, South China. Science Bulletin, 63(22) . 1485 ~
1494.

Sui Yu, Huang Chunju, Zhang Rui, Wang Zhixiang, Ogg J. 2019.
Astronomical time scale for the middle—upper Doushantuo

Formation of Ediacaran in South China: Implications for the duration

of the Shuram/ Wonoka negative 3'>C excursion. Palacogeography,

Palaeoclimatology, Palaeoecology, 532 (2019) . 109273.

1996. Evolution of the Earth
obliquity after the tidal expansion of the Moon orbit. Planet Space
Science, 44 (5): 427 ~ 430.

Urey H C. 1966. The capture hypothesis of the origin of the moon//
Marsden B G, Cameron A G W. The earth ~ moon system. New
York: Plenum.

Waltham D. 2015. Milankovitch period uncertainties and their impact on

Tomasella L., Marzari F, Vanzani V.

cyclostratigraphy. Journal of Sedimentary Research, 85(8): 990 ~
998.

Wang Hongzhen. 1997&.
continental dynamics. Earth Science Frontiers ( China University of
Geosciences, Beijing), 4(3): 1 ~ 12.

Wang Jianguo, Chen Daizhao, Yan Detian. 2009&. Variation in carbon

Speculations on Earth * s rhythms and

and sulphur isotopes and environments during the critical geological



Ly 25 M BRI SR T

FER AL HZ P YT R ST HE 307

transitions. Earth Science Frontiers, 16(6) : 33 ~ 47.

Williams G E. 2000. Geological constraints on the Precambrian history of
Earth’ s rotation and the Moon’ s orbit. Reviews of Geophysics, 38:
37 ~ 60.

Williams G E. 2005. Subglacial meltwater channels and glaciofluvial
deposits in the Kimberley basin, Western Australia: 1. 8 Ga low-
latitude glaciation coeval with continental assembly. Journal of the
Geological Society, London, 162 111 ~ 124.

Williams G E. 2008. Proterozoic ( pre-Ediacaran) glaciation and the
high obliquity, low-latitude ice, strong seasonality ( HOLIST )
hypothesis: Principles and tests. Earth-Science Reviews, 87: 61 ~
93.

Williams G E, Schmidt P W, Young G M. 2016. Strongly seasonal
Proterozoic glacial climate in low palaeolatitudes: Radically different
climate system on the pre-Ediacaran Earth. Geoscience Frontiers,
7: 555 ~ 571.

Williams G E, Schmidt P W, Young G M. 2019. A different angle on
earth’s climate history. Australasian Science, 40(4) . 12 ~ 15.
Williams J P, Cieza L A. 2011. Protoplanetary disks and their
evolution. Annual Review of Astronomy and Astrophysics, 49: 67 ~

117.

Wise D U. 1963. An origin of moon by rotational fission during formation
of earth’ s core. Journal of Geophysical Research, 68(5) . 1547 ~
1554.

Wu Zhiyong. 1996&. Advance in the tidal rhythmites and its
implications for the astro—geology. Progress in Geophysics, 114
(4): 100 ~ 111.

Vernekaz A D. 1972. Long-period global variations of incoming solar
radiation. In: Long-period global variations of incoming solar
radiation. Meteorological Monographs, vol 12. Boston: American
Meteorological Society, MA, 1 ~ 128.

Xu Daoyi, Zhang Qinwen, Yang Zhengzong, Sun Yiyin. 1982 #.
Discussion on some basic problems of astronomical geology.
Geological Science and Technology Information, S1:182 ~ 184.

Xu Yingkui, Zhu Dan, Wang Shijie, Liu Yun. 2012&. Recent advances
of Lunar Formation Theories. Bulletin of Mineralogy, Petrology and
Geochemistry, 31(5): 516 ~ 521.

Yao Xu, Zhou Yaoqi, Hinnov L A. 2015. Astronomical forcing of a
Middle Permian chert sequence in Chaohu, South China. Earth and
Planetary Science Letters, 422 (2015) : 206 ~ 221.

Ye Yuntao, Wang Huajian, Zhai Lina, Zhou Wenxi, Wang Xiaomei,
Zhang Shuichang, Wu Chaodong. 2017&. Geological Events and
Their Biological Responses During the Neoproterozoic Era. Acta
Sedimentologica Sinica, 35 (2): 203 ~ 216.

Yi Haisheng, Shi Zhigiang, Yang Wei, Hui Bo. 2010&. Astronomical
periodicity signals from lamina growth rhythm records of lacustrine
stromatolites. Acta Sedimentologica Sinica, 28(3) : 405 ~ 411.

Young E D, Kohl T E, Warren P H, Rubie D C, Jacobsen S A,
Morbidelli A. 2016. Oxygen isotopic evidence for vigorous mixing
during the Moon-forming giant impact. Science, 351 493 ~ 496.

Young G M. 2013.

atmospheric oxygenation, metazoan evolution and an impact that may

Precambrian  supercontinents,  glaciations,

have changed the second half of Earth history. Geoscience Frontiers,
4 (2013); 247 ~ 261.

Young G M, Williams G E. 2020. Proterozoic Climates. In: Scott E,
David A (2" eds) Encyclopedia of Geology. Academic Press: 1 ~
36.

Yuan Lixin. 2008&. The gravitational constant decreasing and inflation
of the Solar system and the planets, the non-cosmology red shift,
and the quasi-stellar object. Jounal of Yunnan University, 30
(S1): 309 ~ 319.

Yuan Lixin. 2011&. Exceed speed rotation of the Earth’ s inner core in
the course of non-uniform expansion for the inner core and mantle
inertia. Journal of Jilin Normal University ( Natural Science
Edition) , 32(1):101 ~ 109.

Yuan Qian, Li Mingming, Desch S J, Ko B. 2021. Giant impact origin
for the large low shear velocity provinces. 52nd Lunar and Planetary
Science Conference (virtually) ( LPI Contribution No. 2548, id.
1980).

Yuan Xuecheng, Jiang Mei, Geng Shufang. 2015&. Dark matter dark
energy and geodynamics. Acta Geologica Sinica, 89(12) . 2213 ~
2224.

Yuan Xunlai, Chen Zhe, Xiao Shuhai, Wan Bin, Guan Chengguo,
Wang Wei, Zhou Chuanming, Hua Hong. 2013. The Lantian
biota; A new window onto the origin and early evolution of
multicellular organisms. Chinese Science Bulletin, 58 (7):701 ~
707.

Zhang Chaowen. 1981#. Tectonics theory ( Il ) : the debate between the
theory of Earth contraction and expansion. Seismology, 2: 1 ~ 3.

Zhang Lianchang, Zhai Mingguo, Wan Yusheng, Guo Jinghui, Dai
Yanpei, Wang Changle, Liu Li. 2012&. Study of the Precambrian
BIF-iron deposits in the North China Craton: Progresses and
questions. Acta Petrologica Sinica, 28(11) : 3431 ~ 3445.

Zhang Shuichang, Wang Xiaomei, Hammarlund E U. Wang Huajian,
Costa M M, Bjerrum C J. Connelly J] N. Zhang Baomin, Bian
Lizeng, Canfield D E. 2015. Orbital forcing of climate 1. 4 billion
years ago. Proceedings of the National Academy of Sciences of the
United States of America, 112(12) . 1406 ~ 1413.

Zhang Weijia, Connelly D P, Yu Hangjie. 2010. Possible impact at
Precambrian—Cambrian boundary and its influence on biosphere.
Geological Survey and Research, 33(3): 167 ~179.

Zhang Xingliang, Shu Degan. 2014&. Causes and consequences of the
Cambrian explosion. Science China; Earth Sciences, 57: 930 ~
942.

Zhao Zhenhua. 2010&. Banded iron formation and related great
oxidation event. Earth Science Frontiers, 17(2): 1 ~ 12.

Zheng Binsong. 2014&. Wumishan Cyclothem: A typical example of
meter-scale cycle. Geoscience, 28(2) : 292~299.

Zhou Yaoqi. 20184#. Earth Rhythms. China University of Petroleum
Press.

Zhou Yaoqi, Chen Haiyun, Ji Guosheng. 2002&. Tidal rhythmites in
Cambrian—Ordovician, North China and evolution of orbit
parameters. Earth Science—Journal of China University of
Geosciences, 27(6) ; 671 ~ 675.

Zhou Yaoqi, Zhang Dagang, Wu Zhiping, Yan Shiyong, Ji Guosheng.
2013#. Geodynamic systems and their evolution. Beijing: Science
Press.

Zhou Yaoqi, Zhao Zhenyu, Ji Guosheng. 2005&. The growth laminates
of biological shell and the evolution of orbital parameters of the
Earth—Moon from Ordovician to Quaternary. Ecology and
Environment, 14(5): 625 ~ 630.

Zhu Maoyan. 2010&. The origin and Cambrian explosion of animals:
fossil evidences from China. Acta Palaeontologica Sinica, 49(3) .
269 ~287.



308 B T T Y 2 2022 4F

Records and Research Progress of Earth’s Orbital Parameters
in Precambrian Strata

MA Qing, ZHOU Yaoqi, CAO Mengchun, YIN Xingcheng
School of Geosciences, China University of Petroleum ( East China) , Qingdao, Shandong, 266580

Abstract: The Precambrian (4.6 Ga ~ 541 Ma) occupies about 90% of the earth’s development history.
During this period, the atmospheric composition, ocean redox conditions, global climate, and life evolution process
all changed to a great extent, laying the foundation for the current earth system. FKarth orbit parameters are
important indicators to describe the evolution of the earth system, and are of great significance to the study of the
solar—earth system, the earth—moon system, and the evolution of the earth itself. In recent years, scholars have
successfully identified many reliable earth orbit parameters in the 2650 ~ 550 Ma strata on a global scale. This
article summarizes the Earth’ s orbital parameters of the Precambrian and analyzes the influence of the
extraterrestrial dynamic system and the deep-earth dynamic system on the Earth’ s orbital parameters. Based on the
major geological events of the Precambrian, it further elaborates the influence of the Earth’ s orbital parameters on
the surface environmental impact.

Keywords: Precambrian; earth’ s orbital parameters; extraterrestrial dynamics; deep earth dynamics; earth’s
surface environment
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