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Abstract: Coarse-grained stromatolites are a unique type of microbialite that emerged relatively late in geological

history; however, only limited sedimentary records of coarse-grained stromatolites have been found to date. In this

review, we utilize these scarce sedimentary records to unravel the intrinsic and extrinsic factors governing their

formation. This endeavor holds immense significance in comprehending the intricate interplay between
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microorganisms and their environment, as well as elucidating the driving mechanisms behind the evolution of
stromatolite microfabrics throughout geological epochs. Based on the research findings of coarse-grained stromatolites
in Shark Bay, Western Australia and the Bahamas, this study provides a comprehensive review of the
macromorphology, microstratification, and sedimentary environment of classic coarse-grained stromatolites
throughout geological history. Furthermore, a comparative analysis was conducted to examine and compare the
different background factors, such as paleoclimate, sea levels, and paleo-ocean physicochemical conditions, which
influenced their formation. Microbial mats rich in eukaryotes, such as diatoms and green algae, exhibit a significantly
greater capacity for trapping and binding coarse particles compared to simpler cyanobacteria-dominated microbial
mats. The abrupt emergence of coarse-grained stromatolites may be linked to the evolutionary development of larger
eukaryotic organisms. Most commonly, these structures form in shallow or marginal marine environments under the
influence of tides, waves, or storms where turbulent water facilitates continuous particle supply onto the surface of
microbial mats. High ion concentration and diversity in seawater within this intermittent high-energy environment
contribute to improved adhesion properties of extracellular polymers and enhanced particle binding ability for
microbial mats. Meanwhile, calcium carbonate saturation in such settings is insufficient to promote calcification of
microbial mats, but it can support subsequent lithification processes involved in forming coarse-grained stromatolites.
Additionally, relatively higher sea temperatures, gradual fluctuations in sea levels, suitable atmospheric CO, content,
elevated seawater calcium carbonate saturation levels, and lower metazoan biodiversity all favor favorable conditions
for the development of coarse-grained stromatolites. Although the conditions necessary for the formation of marine
coarse-grained stromatolites have been increasingly clarified, there remain certain limitations and uncertainties in the
genetic interpretation of these special microbialites. Further research is required to investigate the sources of coarse
particles, the development scale of coarse-grained stromatolites, and the formation mechanisms of continental coarse-
grained stromatolites, which could provide a better understanding of the influence of both intrinsic and extrinsic
factors on their formation.
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Fig.1 Schematic diagrams illustrating the microfabric and grain size evolution of stromatolites throughout geologic history
(A) 7% dh 7o & B & (¥ Riding, 2008 45 50 ; (B) 4 7% & & & (¥ Knoll and Semikhatov, 1998 #5580 ; (C) a2 & B &
(¥ Frantz etal., 2015 5 &) ; (D) ¥ & & B 3o A UL 4 4E (3 Suarez-Gonzalez et al., 2014 14 #)

B = A ) 5 OWL 20 A8 ROk BE TR b 5T Ty s s
S By B 98 A8 19 ( Grotzinger and Knoll, 1999; Reitner
and Thiel, 2011) o Ay 7 48 K 2 i ] LS dh e
EEARE GOERMPIOERFELEFRS
salEa. houthREZEAMEEIG TR, IF
TER I AR A B AL A ) & 2 A (kLS
JEAO BB . /AR IN Ty, TR A &R A
THOUE 20 ¥ 0 5 78 5 KR CO, 43 T L oly TR T R R R
TR BE 1 HE SRR B B AR CO, MR 46 HIL I 1Y A
A K ( Grotzinger, 1990; Grotzinger and Knoll, 1999;
Riding, 2006; Reitner and Thiel, 2011), A 2Z T,
IR Y. 74 8 2 £ i R ey b X R AR T v DU
DL & IR B0E BEROBLRL & 2 A FRAIE (Logan,
1961; Dravis, 1983; Reid et al., 2000, 2003a), {H X 2&
T 2 A AE TR U AR UORR T 20 JIAR R L, e
SR 2 i 7l A AR R T AR A M2 T (Suarez-
Gonzalez et al., 2019) . L2 )2 A B H B2 Wk
YIRE V& W AL S A, 38 R R E B 1B TEY)
P R RS A A , 25T . A SCHE
25 R BUAR Bz TR i 3 BUOMLRE B 23 A 2 WL RO R
TE R A = Al B BR Al B X e A R
B Y R, EATRDT A T AP A TR R X X 3
FEIR A W) A T R A AR L i — P 9 ROH
R85 48 7 72 SCHR BT UL A o

1 HEERAHNHTE.

i

HLKL & )2 A1 2 48 32 208 o IS A AR W R
7% W B SL 22 R AR R0 oy W ) i Ak B S W) CEPS)
A A5 R BOM GEE R AR =1 mm) (1) 7
51 )8 URL CHii kL | AL 3KORE AN AR W) W 45D T E
B R B AR R S0)Z B BOIR L E RER SR AR A
W) %5 (Riding et al., 1991a; Riding, 2011) , FLAR G £
v i Y )RR S JZ A0 AL T R B (Black, 19335
Dravis, 1983; Dill et al., 1986; Feldmann and McKenzie,
1998; Reid et al., 20005 5K i, 2020 1 8 K F1| ¢ 75
0 & 75 (Logan, 1961; Awramik and Riding, 1988;
Reid et al., 2003a) . I 4h, 35 [ ¢ & B 35 (Ginsburg
etal, 1954) . 11 %& KM 5 (Gebelein, 1969) . i 47 &
(Kinsman and Park, 1976), FF & #t 5 (Jones and
Goodbody, 1985) | % #| J& P4 M. ( Sprachta et al., 2001)
A B R R 5 (Bouton et al., 2016) 45 # X th A

HH) 20 {142 90 45 14, Riding et al. (1991a) A4
5 VH E 5 1 5805 T & R B T 28 LT BACRDRL &
FEARWAEY o a8 RSB 5 R B, KL
B J2 A0 5 T Hoh Az AR T A AR A
JZ i, AL 46 B AR B I B 5 R B (Barremian-

B X5 1 B4



. 440 - RAMETRFFHROE R ZF RO

% 53 %

Aptian) ( Braga et al., 1995; Immenhauser et al., 2005;
Suarez-Gonzalez et al., 2014) #1 £ {& By ( Turonian)
(Rodriguez-Martinez et al., 2012) | & & & 4F B W
( Oxfordian) ( Matyszkiewicz et al., 2006) , =& & I
T B (Ladinian) ( Mercedes-Martin et al., 2013) A1 H&
f& J& 5 By ( Olenekian) ( Woods, 2013) A K & % 7 %
[T By ( Famennian) ( Chow and George, 2004) , #x T,
Angonese et al. (2024) 7 L V5 Parana 73 Hb B £F 2 1
] AH M JE O OR BT A R RS R A

RELRE B J2 A7 M o Dy s AR A i B R]
M, LR s B B 2> CIEL 1D o ooy 7 e AR 5 i
Z WM A 7 & )2 A MRS 2 A W8 T
FH R G L 2 il R D BT A2 ] Y DT B 3 5
(Awramik and Riding, 1988; Rasmussen et al., 1993;
Knoll and Semikhatov, 1998; Suarez-Gonzalez et al.,
2016), {H H: P & 41 5 1 20 )2 14 3 R0 J5URL 1Y
o3 A AL E (Rl Bl 1Y 58 BFL R D I 7 T A W Y A 3k
L 25 VF A I A B I (Knoll and Semikhatov, 1998;
Frantz et al., 2015) o [A]FF By 30 42 90 5% T IAR K&
TR I 9194 40 2 )2 47 (Paul and Peryt, 2000; Chidsey
Jretal, 2015, Wit HEWT, MRS )2 £ 8 W 2% 1
A RER™ T, e — IR A A
2 MRBFHENEEAR

PACHE VEHLRL S )2 1 208 0T 36 B IE 5L
AR B 1 U R OK P OK IR/ T 10 m), 32 11 % 1R
FH S 5, M A AR 3R J2 0 ey 15 R G 3 £ 3
XH&EZEAE 2,

[ ¥ 5 Highborne Cay Ml A & 2 1 4= K T4k
JEAE H BT R R B 8, A2 A% sl VD A Y
% W (Dill et al., 1986; Riding et al., 1991b; Reid et al.,
2000; Visscher et al.,, 2000; Decho et al., 2005;
Planavsky and Ginsburg, 2009; Bowlin et al., 2012),
HEUZAAE , 78 TS A o A i 30 0 vhod 5
AW 20 T A AR Y Bk TR R UKL D, A A B0 Hhe]
DL A 4 0 40 TR TR 22 AR (R 2D o HDRL S R A Y
B A= A RS AR W R R A W T RE R Y 52
B B HAR W T 2h % DIAH OC, 32 2800 I 5 IR S
LI A AR R 25 ORI Bk R ER 0 ) D0 TE 2 o A
(Reid et al., 2000, 2003b; Jahnert and Collins, 2012)
Reid et al. (20000 7£ & 15 & Highborne Cay ¥ il T
i OHLRL 2 0 GEHE 3 R A .
DURR B ARAR & 1 K AR BR S5 oy, J5 A A W Y LR A 2

M, 1R Y S B A 22 4R 3L
00 R AN TR 38 Sk H S W Y EPS AL [ A i s
] b A SR AE 7 R i R A R RN R 45 BT
i B ( Frantz et al., 20150, J& RS [ /9 UKL Z o BF
U, ORI 2R o AR AR 3K B B Y S 4k
B4 (Reid etal., 20000, Ff AT LA HA 3 A= 9 57
AL A 2 5 58 I CAn Rk L 4 3 RS 3 I 45 4
i ; Awramik and Riding, 1988; Riding et al., 1991a;
Bowlin et al., 2012) . Ffi #& UL U R 09 T [, 24
2RMAEY N IT IR LT, IFRAEWR ALY IR
(U 7)), J& 20~ 60 pm, & F & 1 5 32 Gl A= 9
JCE B EPS. A7 £ F1 /D 1) BLO0 B W A .
BB . A 1] 32 3R GIE 46 36 B 1R 4 0d It A B A
EPS 7EJé i 7t JE it #E i 3] 1R KAE I (Visscher
et al., 2000; Andres et al., 2006), 5 {3 ¥ 45 ik 1R 1
0L ) EE AR 9% (Dupraz et al., 2009) . Bifi & T
U R R S IR, 55 3 KA K E T4
VI Z T, & K 09 % A7 BROR W 40 1 Cendolithic
Solentia sp.) F1l JC 22 [n] HE 51) (1) 24 750 3% 5 40 7 o A
& AL BE, 755 R £h 8 5L TE 1 B [ AR T
AE PR FE BB AL CUE AR AL ), 3% 38 A [ A 5k 7R 3k
WkE, TE R 200~ 1000 um [ i k7 K2 3% )2 8 R
i Ak 2 (Macintyre et al., 2000) . BR U1 K 41, ik
A Wy I 26 DAY e 7 A 5 4 0 TR) L R TR B 2
PERTL 7K 728 A Ol B 5 B 45 B0 05 R AT R
(Riding, 2011 . 3K EY LB LT, A Wi
A AL, AR G B MR LR S 2 A
TR K] WV P4 35S %% 7175 Hamelin Pool ] 7 A bR AL
BB 2 A KB AR K (R ik 2 m) (5] 25 Logan et
al., 1974; Awramik and Riding, 1988; Reid et al,,
2003a; Cutts et al., 2022), B Lh ¥ 20 B A Ak 355 241 A
R A0 AR 0 R s 3 ) 4l AR L 2 4 S R R JE MURL
FRAE . HOB iU #2510 0 55 1 DX A7 22 1] (Reid
et al., 2003a; Jahnert and Collins, 2012), & FLTE [ I
W3 A KGR A A B AL, i AR 2 A R TR
At R CORRE ORI 2 )12 DUTE Bk R 48 U8 i
£, Hoal 85 R kA It E R A AU TS sh A G
(Dupraz and Visscher, 2005; Baumgartner et al., 2006;
Jahnert and Collins, 2012); (2) 3 4 &b A ¥ 58 IF ik
FLIR, FZ IS

VY R o 7 R T D b DX AR A A AR K Y
RURL & J2 A0 TURR 2 G E 50 LI A= — A A R A
P R AR T KSR SL 56 % (Visscher et al., 20005



% 3

XNEF, . MEEETHRH:E . 441 -

2 ARBFHENBESR

Fig.2 Modern marine coarse-grained stromatolites
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Table 1 Sedimentary records of typical coarse-grained stromatolites in modern and ancient times
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Fig.3 Coarse-grained stromatolites of the Early Cretaceous Leza Formation, northern Spain
(AFaE#LezaB T ERAAEE B RNFIE; (B)AAEEESE(T)EMaBLERE (L) LB,
(OHMEREELHIABE , ETHEHEREERGRGLELR; (DEHELETRAGSBILE WD B LK
(k) (EMEE EBEREY L&A FF OHE
(PPie E & A RS E T dmdt , hILT B A s Bk e kA B4R,

EEARG A EHKEMIBIAR A LR AR RS G

[B) A7 IEAE A K R RS )2 A R CE YR T
(Reid and Browne, 1991; Golubi¢ and Browne, 1996)
Woods(2013) Hl Mercedes-Martin et al.(2013) 43 5]
WEFE T 35 [ N AR A M R = & R P BE A AR AL
eSS ZEA, ENYEAR TZWW
M 4 SR04 R Y T SR J R v A

T KR IE VY 3K T 4 Hb Lennard ifi 22 g J¢ 42
PR EZ A LT T N FIR A Y
(Chow and George, 2004), H: 7% WIE IS F BAR
5 4 I Lee Stocking &% (Dill et al., 1986; Riding et al,
1991a) 1 74 8 K F| W % 4375 (Logan, 196 1) ] T #F
RS 2. BARZ BUE VR TS m, FE R DL

5 Ak, 5 40 R 1k A7, {H 2% I8 3 Lennard Fifi 42 3 {th 7]
W MO F S h Tz R B BT
215 4 7 (Kerans, 1985), [6] i 2% & 21 2 PNy 365
JB kL 20 5 5 T FR 4 AH 8L, Lennard Fifi 22 K
RS J2 A WO S B AR A B B A e
Rt A A AR A ( Chow and George, 2004)

4 HKERAF R E R

HURL & 2 AR . 59 5 A 3 B A
YERI W =4, HOE sz — RV E | Ab A IR 1
P52 1) F1 5% ) (Reid et al., 2003b; Riding, 2011), F
BN R AL Bl A S B Ak K B T Rk



.- 444 - RAMETRFFHROE R ZF RO

% 53 %

o2 518 L JE A A W B Bl Bt s R A
41 REMHERSEL

Tl W G S RLRL 8 )2 0 T8 1 0 2B W kit HE
M3 52 2%, W AR TE T8 2 0 SCHA K T AR
7% | (Krumbein, 1994; Costerton et al., 1995) , fif
A= )R B AR W 2R L AR R HG O3 Wb BPS Y B
R BT, 2% B4 52 ) 2 A W0 i A R L BT R
J1 K5 A6 A R e B IR £ U0 UE 4 B2 (Reid et al,
20005 i 3 W 2, 2004) o BUAC TR A UKL B R A L
AW JE T BR AN B AL, O A R S R R
% H b 4= ¥ (Fischer, 1965; Gebelein, 1969; Monty,
1973; Awramik and Riding, 1988; Falkowski et al.,
2004; Bengtson et al., 2009; Riding, 2011), iX $& & &
FLAZ A W B A W T A AR RN R 5 R BORE 1 BE
FU B 2 F) A R DA R B e . 9 4, Riding et
al.(1991b) 7 XF BV W4 5 Lee Stocking & ¥l & )2 1
WFFE i R B, SRR W b B S A T A AROML
1R T R, T i 9 R A 40 T D £ 5T 2 4 45 A R
Wik . Frantz et al.(2015) 38 13 % P 55 57 L 5 do 0
BT RMBG . AL ol AR I AR AR
20 R B J2 A0 R R R I AT RUE W R e i
3 R 4h e R U 14 A a A B R (Tosti and
Riding, 2017), {H 4 [8] N £ E 0 8 UL AR 9 0T A
PR W BT AR . X R, RDRL S )2 A IR L
AN A I R R A AR ) Can iR AN L R O
ARG R E UKL, B R B OR A 2 (A ER )
L6 2 5 4 M R T B (Awramik and Riding,
1988; Frantz et al., 2015)

T A 0 TG 3 T 285 B 0 A 52 ) R KL B
AT o AN [ S 1 W5 40 TR 3 WA 1Y EPS & B2
A i A R, B R A 2 B )t A ) CHu et al,
2003; Bahulikar and Kroth, 2008) . EPS H1 & 1 it .
B K A W A0 G AL R g3 AR, A R R AL
R R e MR I &g (AR | B S e e Y
TR T B CERLBE RN 2 B TR ) 1Y £ = 4R 45 F A )
TIEAR . AR Fh 2 0 5 40 18 7~ 45 /9 EPS £7 75 AN
] 119 0% RO 42 25 AL, BPS Fh 2SR £, 26 Pk Sk
58 (Hu et al., 2003) o [ B 2 B2 b 32 1% 0 3
TCHLER FIAHE LB AT I s2 e o I Ab, A s
R FM 10 5 EPS W &2 IEMHCKER, 5
HZCE IR B R L O B B IR R LA R 4 T
H & 45 1 % A & il ) (De Philippis and Vincenzini,
1998)

42 KEFMKUFEEH

AR B R B i AR LB IC Sk R s MLURL S R A
B T 32 W L TR EOXL R S R A (] B 1
RRETT AR B (58 1D, fEIXSEERET b, 728
520U K Bl 23 ) 0T i s S U R T AR )
TR ARME, PSRRI AEYELERE
(Reid et al., 2000; Eckman et al., 2008; Suarez-Gonzalez
etal, 2014) o [F] WF, #% 3l 5 381 18 ¥ A= 1k
e A T 2K B8 K U8 D S5 AR AR ) Y AR AR IR
TERL, AR TR &2 A 03 A5 R AF
(Tomés et al., 2013) ,

HLRL S 22 A0 T0UER G A ) Ji6 RE 266 205 046 )18 JW0RE,
FEMREEMNE W RELZR. 54 “FH7
() EPS( Decho et al., 2005) o 3X 638 i3 )6 & 1 HI A&
77 EPS BAT R 5 HL R BE A (IR Ik | 52
BE PR FESED, B AT RE A R M W B R T ORE 3K T
[y Ca” Ml Mg™", I 5 SRR B o ik R 0 A T
Bok, 328 T BEL A sk 26 0 R Ol 20 TR 1) 45 £k 8 L 0T
4k ( Dupraz and Visscher, 2005; Dupraz et al., 2009) ,
BRAR B R i) R KL 38 )2 1 KR TR ) T 1 A 8%, g
K H R e Y B MR BE RN 22 A PR 23 BG o EPS 1Y 26
B 1. EPS AR A “FhME” Kim, E1dE 26
Wy T3 WY 35 B 3% BT ( Burne and Moore, 1987; Dupraz
etal, 2009) . HF5 LW, 24 EPS rh Ca” i 42t ik 5
TS, S804 W 0 A5 A A T B 23 Bl B & AR CArp
et al., 2003), 3 ™ H HIl 55 HABURE 4 28 F 45 BE )
(Suarez-Gonzalez et al., 2016) o K i £ i 21 85 P
A A R B, A W R R I EPS “Ri T
SR, 3 AR G R I TR W T B R D R R A
KL 14 J5L B ( Brasier et al., 2018; Vennin et al., 2019),
{5 55 2 [m] B, ok 980 1 1 A o R o e TR A
FIIR 75 45 457 45 (Dupraz et al., 2013), X £ 52 EPS
& AR R S W T TE XTI BEL A A R R 2k 4 ot
o TEMRJK IR G b, B4 W) R T EPS F 8K
i, fH i T Gk = H ST, EPS Z 45 1 UKL Y e
J1885, Bt G VR R 2 A i W5 20 1 % A R A A
(Spears et al., 2008) , A I, ¥ 4 & )2 A A 5L IE
T ik R R R AN e AH SURE SO IR 2 A
TR VI IR P
43 EEEWR

B % S 3 e a0 sk B R B, S AR A A Al
. NS BIRIRAEYIE N KT 504, 1
—ERE LR T B AEH SR A SR DR
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% (Walter and Heys, 1985; Fenchel, 1998; Mata and
Bottjer, 2012) . AR BAR L B ) LKL & 2 A 11 1E
P B = R B B 43 T 3 T R 3R 8 (Bowlin et
al., 2012; Suosaari et al., 2016), A& & )5 A& W 4+
£, B AR A W 3l i IR R A SE A AR . BN, B
LR Leza A& Z A PR ZHERAREZNIE
BAAfL R A A, e RA &S FE. K05
JE AR R W s T BE AR SR T AR W AR B (Suarez-
Gonzalez et al., 2014) . PR ¥ RAHM MR EZ A
DR A AR £ 28 BRORL L A, Matyszkiewicz et al.
(20060 TN g 3 26 2 Bz DL IH S £ 0 B8 25 7
Hewttt, e &2 A AR SR Pz 8 74
Y sh. BR T ICHEMHES Y Ah, R AL G Cln i
WOTE A W R 3% 10 A2 FH L e X & 2 A i HRE
g, R NGEITIRTERZE AN T SRR
i 25 i (Riding, 2011) o B T 7F & 3L ACH KL &
B A bRl DO BIAR 22 il KA e 2R A se | TR
SRR FLAE YR T AL, X s A e AR R
SR R ZERE, EPRE EEmE)R
A BB 7 (Andres and Reid, 2006 .
44 HREZH

TV T AR W ek W AT Y K TR U A CO, A
HCO, #4706, B i) 9% A8 77 I, 3 A ] ok
170 F 5 7RI BRAEER, IF X5 b 2R S 7 A T OC
BRI ( Walker et al., 1981; Berner et al., 1983; Kasting
and Catling, 2003) . 4 K" CO, % & o & B, ¥ /K
T i T AL (DIC) & &t I+ i, 18 7 kAR Wk,
AT ™ 5 i ¥ 3 A ) 1 A A IR 5, S ) T i PR
AWML, KA Co, Fitidfk, & FHE)Z
A8 B 6 T AR W 5 AR AR AR S R Y T
PESZ B 40, BTS2 A 0 & & CIlkif fak 52 e,
2021 I K B R 6 1A R (A COL™ VK BE . BR R 45
6L RN JRE D 38 o I A AN CO, MR RIS BR R,
22 52 v AR W 1 A ST P R ] B KR (AR A
45, 20250 i K Hh DIC 9 BE HOELES A RS
JE A T AR W AT O A PR T L A B B R A 0
TE ) FR4% C Arp et al., 2001) .

XF b 5T g s B T A 4 SRR & 2 A B
B T A L T T TE R T AR R R AR
B F#FET I D, RO SEREAZKE
TR = A, Bl BB ) pCo, fH 7E 2%
107 Z2 A7 (1L 4-B) o [ B, 58 780 1 T T 36 1 I 32
CPE] 4-A) R G0 3 8l b T 1 10 T A 4-CO i

MR & 24008 A R &, ARl AR DO,
e T QA /i SN SR NSl 1 N S
(4l 4-E; Riding and Liang, 20052, 15 5 7K B% R 45 1Y
HUIR 25 (8] 4-F; Riding and Liang, 2005b) & iF #H 3¢
KFR,AH 57 5 AW 2R M AL R FOH
(& 4-D; Sepkoski, 1997) . Mk & )2 A B K TE WL
F AW 3 A m i I (] 4-B), o nT B 5 [H]
01 A 1 %) I K B TR S AR N s AR R o b
AR, HMEBEEME ELHEERAKRET
T KA CO, e B FiHE: 7K e 2 5 1 A AR AIS L ) AR
A= W) 22 FE PR B 1 VK 3 SR, TR PR B 7R
— B

5 #it5RE

itk R = =P A e S Y/ I R /RS B2 S
YERB =9, OB 2 — RTINS ER R W
2 T AN 52 W o AR W R vh A [R) Rl 2 B O A e
A1) EPS A AN R B FEHE Ty, A F 8 B EY
A 988 FRIT 2 388 1% TR 26 00 T 0 A R0 86 235 . R
() HE 7 LU BR 40 Y W8 4 T A P R T R, ML R R 2
A1 1 9 9K BT RE 5 AR W A T 00 2H g S R B
HZ AW EAAA G, REHHERSE A B
T2 W« TR B R R Y v T B i 2 T 3
5, 52 By 1) T KPR ORE 15 2L 1 2 A W
5T . AN, WK PR R R EE AR
B R RVA B TR AR W EPS TR, K
T Btk 2 6% VR RN EE AN 2 DA A B A W R AR S Ak
R EMRS)E ARSI, M
() TR KR BE L 2218 % 2 b T Y v T T LGS E A R
K CO, & it DA SCBAR 1Y I A AR W) 2 M R A R
b & J2 A8 WA R

ARG A R & )2 AT M LB R &
o W A, L 3K 288 R R AR ) e 1 R R il AT A A
— SRR RN 2 PR . e, DR R A b i
(I G i A ) 2 75 06 25 U 2 Suarez-Gonzalez
and Reitner( 202 1) i T — Fl 75 w55 35 B 5 25 ) vh
3 3o AN 0 TE B B 1) iR, 3K 26 T 3K il A HE 51
TE — B I B K 9 1) A S B SR A AR, SR8 TR
K& 2 A Ry BURLZ R R TR R
EPS B& 57, {RUHLRL S )2 A v i G AR ) B s 2R KR
PSS E Bl g a8 S B2 . A 2 i
AR/ RECRSINE TR/ RIS &L BN e (S i 1
A BEIE g A M Leza L P MR & )2 A1 —



. 446 - RAMETRFFHROE R ZF RO % 53 %

Cﬁfﬂ g A —— 610, pHRLIE
S §] /\/\
iﬂ -
o %I __________________ \f'/\'/\
G 29 mekmaiws
®)
8 -
e 6 b
=
s 4
o} GEOCARB I 8 i 5 .
52 R AU \_/"»\,\/ T
o I
é 300
B 200_/\/\/\A —~
@: | ,/\/\/_\/
A A L TN T a
2500 (D)
<:
Y
S
=
o
lisg
&
0
g
+H_
X
8
3
=
% 257
T 5
gq I ’_/
D
I S
2
0
z_%za I N )

500 450 400 350 300 250 200 150 100 50 0
Fif/Ma

4 BEHHENERAER(ERAE) SHSR . EFTHMHEEYEAZESHERUXER
Fig. 4 Correlation between the coarse-grained stromatolite records of the Phanerozoic era (yellow box) and the evolutionary patterns of
paleo-climate, sea level fluctuations, as well as physicochemical and ecological conditions of ancient oceans

(A) & % % @2 & 9% 3 ¥ & (Royer et al., 2004) ; (B)#& 3 GEOCARB M4 & it H #) K 4 pCO, F 3% 1i (Royer et al., 2004);
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2% Mg AR R B 2 A 0 2 WO S HE AT X e, & 9 45 =, Angonese et al. (2024) 5% It 7F [ 7§ Parand
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