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Abstract

The Ediacaran Dengying Formation in the Baokang area of the Three Gorges in
Hubei Province not only records the co-evolution of the late Ediacaran environment
and life, but also develops a large number of Calcimicrolith, which has become an
important object for studying the paleoenvironment of the Neoproterozoic-Paleozoic
transition period. Therefore, the analysis of the development characteristics and
genetic mechanism of Calcimicrolith in Dengying Formation can not only constrain
the global sea level change and the evolution of ancient marine environment in the
late Ediacaran period, but also is of great significance for the study of early life
evolution. In this paper, the Calcimicrolith of the Ediacaran Dengying Formation in
the Baokang area of the Three Gorges in Hubei Province were studied. The microbial
carbonate rocks were studied by microscopic observation under microscope,
ultra-microscopic observation under scanning electron microscope and EDS energy
spectrum analysis. In this way, the types of Calcimicrolith, sedimentary environment
and the formation mechanism of microbial carbonate minerals are analyzed.

According to Wu (2022 ) ' s comprehensive classification of Calcimicrolith, nine
rock micro-types are identified, which are dominated by dolomitic microbialite,
dolomi
tic microlithite and dolomitic microallolite. And the development degree of dolomitic
microbialite reaches its peak in Shibantan section.

Combined with the analysis of Calcimicrolith types and their combination
relationship, it is considered that a variety of subtidal-intertidal-supertidal
stratigraphic sequences with upward shallowing and meter-scale stratigraphic cycles
composed of several grain beaches and microbial mounds are developed. On this basis,
four transgression-regression secondary cycles are described in detail. The shallow
water carbonate platform deposits with typical lithofacies characteristics of tidal flat
facies, mound beach body and grain beach in the late Ediacaran period in Baokang

area of Three Gorges, Hubei Province were established. Studies have shown that the



sedimentary model of Calcimicrolith in the late Ediacaran period is basically
consistent with modern times.

The mineral fabrics such as filamentous, spherical microbial fossils and EPS
calcification were found under the scanning electron microscope. The EDS spectra
showed high carbon content, and the related microbial calcifications were distributed
around the diamond dolomite crystals in the form of mutual association. The
characteristics indicate that the formation of dolomite by microorganisms mainly
includes two aspects : microbial control mineralization ( filamentous and spherical
microbial fossils ) and microbial induced mineralization ( dolomite minerals are
formed in the microenvironment formed by microbial life activities ).

Based on the rock characteristics, lithofacies assemblage characteristics and
sedimentary evolution characteristics of Calcimicrolith, it is considered that the
paleoenvironmental evolution in this area is mainly affected by secondary sea level
fluctuations. The sedimentary model of shallow water carbonate platform is suitable
for the mass reproduction of microorganisms. Microbial life activities and

environmental control play an indispensable role in the formation of dolomite.

Key words: The crucial transition period between Neoproterozoic and Paleozoic;

Calcimicrolith; Sedimentary environment. Formation mechanism.
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T TME “BH 7 FHEm “Ra7 , MR EAEY R R, IR
108 B 2 AR KV BB Py R 4 ESX AT, AR AR B R AR T ER AR L, A
(B S A A T e Ao T LA, KRG SR B A R D BT P SR R S B
Prick I, 2 2 SRR H A GV (0 R A A P8, Burne and Moore
(1987) HF42HMAYE (microbiolite) FIHESPY, J5 1 Riding (1991) &k
A Microbialite, &KW AEPIREE 3= SR AOBRIR ST, Wu (2022) ¥
A2 RS ERT AR R B DA AR P R R ) oAt 5 2R A 44 N AR, SR T AR )
HT R ARG, K EMIORIR 25 7 AR AR A A A g >,
VFZHEFC SR PRI IR £ A N B AR — 5 B AT B — i g o7,
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T AATXEE 4 iy 5 HERIA B Rl ) 32 230,
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AW, T HZ AR R AL TR Rl R R AR ] (4 580-538.8
Ma) , 43 A7 B 3 DU 7 35 B A R R AR D e e v 5 48 A,
FrRih R R 45 R TR R (4530 Ma) , RAET “7 %R
SRR, FET LR E S RA T A S RE NIV,
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1.2 EPREREL SRR
1.2.1 REPBREREL AR E X 52

WAEME  (microbiolite) X —HE& 5t 5 H1 Burne and Moore (1987) $#2HiPL,
MAETAE S — WP 21T, 3R A YR S PR A 34T T 40 R an 4 .
f£ Folk (1959, 1962) HIKETRARGH , HEERRI T N URBRACE . AEF-1L
UKL CE Fifte s (biolithite) = K38, FEXFRITME M 1/ 2E—D X5y, (A R
o —25 %107 7F Dunham (1962) HITRFRELE MK R G0, ARTEAHTRER £k
LRI RN . Jekin . Riless . KUES (mudstone)  ZhfmAkERER S, E
VTS 4787 boundstone” ¥, Embry and Klovan (1971) B kAWt S
AT — 202, RIS NEEE . BEUAREIL S (bindstone) PP thAh, £F
Dunham (1962) XI|77 (AEREGRIR #hom R LAl , Brigm 2 Fh &A% (B4R KT
2mm) A AER. BRES (rudstone) FNEHEE % (floatsonte) ¥,

Blurne and Moore (1987) #& il AEP0a Fi8 A A MDA va il SROFORG S5 15 8
RIURE BAE FLAE YA AR AR AN 35 5 N R A DU A E FTTE U DT Y, FEH 1
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AW 5y B )= A (stromatolite) « B (thrombolite) « #%/%A (oncolite)
S 45 KT ) A ERRDIR S i 0,

M FMAED S e L, A AT RRIFRENERRZ . 1908 4
Kalkowsky #t# & 2 A X —ARE, Aitken (1967) 5 XL T IUEME 15—
R, RSN ERUUT B R A A, (AR S
[ JZIR 45 ) LA et i 4 (R 5 AU MR 2 R R S AR R B, AR AR
WSIEAEIRZ, EEPA M E SOEA G LR . Riding (1991 HHUEYIE BN
Microbialite, i JEAHZEVIREE 1 I BRI H TR, Riding (2000, 2001)
K E e TR BBk IR B (R IBRIR $h°8) FIUEMIEAE T X 4, JFIRE
T ZH S FIVERE, GUAEVIBRER Sh A TR AR M P T B BT A A R
WAEE U R AE WS SRR I I B A A TR EE S B A
B BERCA I — 3t 4 R0,

o ] 18 23 0 SR M R (8 A AT 4 R A . i, AEAR (2007) 4%
WAEVIBRBR SR I KR R — DY R, K RIMIIE A . SR INTEY)
BRI 6 AR VEWE 1, 0 P RE AT BEAT T TRAN R 5 DA S A (RRFAE &%
RAFREREAT T H612™); HsZ F, Bure and Moore (1987) #Hi I KLY
RIHMIE A S IR R CEUE TRIVA T8 A, AR S E A RNED,
AR E VD NEELA LLEROARHE, H5 8 R A REAE L, AR AR A
WRRIR £ i — 2510, BRAEIREE (2009) AN, 122 M B P= AR b g 26
AHAREEIE N RRG, WL, B ZIEE AN DA s, £
A% 01D FFEHE TIZREA SR RMRED, B (2013) #1434
S ELOR, IR R TR R B R ACE TR 2R

VAR, [ N A2 AT T T2 W RGBT, FRER T AR 4 A
28, Wu (2022) 7ERT NSRS b, @ T —MNMEFETE A N KRS,
FEXTAT AP 2R R G W RS A AT SO % (B 1D 11 w4
W 53 9 H AR A AR RV BSUIR) 2 S RO e R ORI AR 0 Bk
o A LR AR FITE OB IR 2k« BRI 40T R LA M4 B 1 RIS
A OREEL, UEYIBRIR LA TR R R B BRIR LA A A,
— BRI RS SIS, HER T, EME S RS
BA. B8Ch. Biha. &iba. Ba.
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—> E40H (Laminite)
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——> R A (Micritilite)
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1.2.2 WEMREREL A H X ARIE
1.2.2.1 EER S FA

20 53 RN ZE KA S AR A VDR 25 BT I I I AR B A I R ¥ O, L
TEATT IR 2 #R AL A AS B 1 R BT R, TR 0 & AT TR RSL PR 00 A 3
N HIMRE A AT BN 2 o I E PR R 6 o e 25 2 RO R B L A A 70 T L
THERARURRL A5 A0 B 20 o AN B BE S5 BB . SR, VR 2 TR YD IRIR 31 DA
Ve N E, RN —HHAE T — R 500 ReRITE B . RAETERIR R
PIBRIR Eh A S T S22 H T KRS ), Riding (20000 W5 404 i
W2 & e vh AT REAFAE 1) AL o R IR U SR BRI gE AT 1 or 8 (36 1D o =
K243 ZELHE) B AR S J ek R 1 5 T R AT SR AEAE VI 22 75 L — D 9 1) il R
Al AEJE T REY) R ) £ AL AR e e A S A RORL AN FLI
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Besvedh: OEREMLRET IS~ LB EUIERE (<lum) , ZERRAE
NIRRT, 1y —FhAR AP T RAEAE T2 rh ™), (EAE 4
LRI, BIVEAART /N, GoRAH BT B2 R R & 140 B 7, g Ho
DI R T TR T AT SRR AT @R A, O —Fh R i AR
PRUTHEF 4, SUTIE) L EAA P S AL, BE AT BRI AR . BB
SR A 2 200 T R T B I P A 10U 25 g 00 B F A e e R e =
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PEIERINE AR S SR B AE VR, AR s e e s . DL,
XL i T AR A S AL 1R T

F 11 WAV IS M F WAL KT R MR AR (120 Riding, 2006)
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WAV A A EREE, 8 L B
(1) FERAK KR I E )5 b
(2) BRRL_EAUAEYIR A
(3) AL AT
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HAOW A FE N BT RS 2 —, AR TR R B, BRI &
AL G R RO AROIR 2 AN gkl ZHA, AT AR U U A IR L . IX R TRHL
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P ftr e SRS I 2 WE ORI A 52 B AR AL, AT T s R
A, 2SR L I AR B, 32 2AFE Angustucellularia, Cayeuxia.
Girvanella. Epiphyton 25 7 i,

BORLYE fh: AN E BRI BRIV S S Gk, R AR BRI 2R UTAR K I,
. HRI IS BRI ARG, O b TE ), 7E SE Rt A
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R RS, B RAEER S R A iz A7 P,

(2) T b Al il
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T UGN 22 B AN AN 4T L, 7E 0 40 M L AT DA B R 1 & A SR AR,

(3) B A kL

AR AR B S A 2 1 5T DA R 3 ) 2 B G W] DA SRR B il i) sl iz
SRV A RIORL , 326 6 B4 3R 140 UKL 5 1A 0 5 5 T A ) S [ ) R A A W i
A B RSy  AER R RORL A H A S A VR IR 2h S W S, FFARRIR I I X
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JZ AL I ARG Y,

(4) FLEG

2 AN BT BR B KPR FLIRL, 3R] R8-S5 3 A= P 1 R BRI B 6 65 A AE
—EMIERM . GRS E L, WeE AR 78T AL M R 1 A5 B, B
SRS i (SR %5

(5) fifl

FIAE (2021 @ N TS REG A, T8 57 S0 i A= M e _E A7 A
EREMRRE S : B0, R LRI T DENRRE S, T, ZRRE S
KR e 2B 8, AR IR T — B9 557, MR CA A HERT,
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1.2.2.2 EMERNE

(1) MIANREED (EPS) . fAMIls. WY

LAl R R R O B AR IR SR T ThRE M M R B 2, Hodp &l
SEER AR M EZEY) . BRZHAER (BREESS  REE FRALLL R
WRE TR o RN T AR DR IR 6 25 1) s R R AN A M P 5 A T
EARMVE 730, M 7R R A 51 T A Al

MUANREEY (EPS) : ARERMIFEAED b 72 B AR /0, B i
TRAED o3 WA I AR U — Pl o T, Lhan 20, SR R A IR S, LAk
SRV AR P R4 AU 0L EPS 7R AR AN 43l B2 E R R B ), XL
R 52 41 1 1) S 20 B R TR 215 5 (RORRERIER D) 1) 22 S %0 s AR e
YRR Y P IO A RER BRI 3 (EPS 2036 AR AT RCR. (s 74 R i
FIAD 12, EPS ATULH Z A HIMAY) CBFEEFRMRFRMED 74, EMEY
FErb, AN B s N B B EPS AR g0, R g AR TE I 4H
B AT DL AR KR AN A0, (2 EPS T 3 BN A AE MR EvA (1 —
MRERHE, BEBEIE B YR A AE VT . EPS JEBR e AR N 1 B AR
THER: ORVFREY R I R T IO X, Hoh & PR AR ]
APEARIE 1 X dsk b S 47192 @ mT LU B S ZEAR IR K B 70 262 HOARFE R
AN, @R R B TR AP AR A T R A, A IR
RGN RS B TR,

AR (microbial film) = MR EPS nf DUATRA MRV A= K SR A e
M, ARBERCEVIRBRACUT, JF 7 4y B AR R . AR R AT S, A
FRE A AE A AR IR o AR RS vT AR I S5 R AN S0, g5 T Re A0 3
“RLIUHEZ Y E AN AR SRR, RIEZI0Y 2040 pme. 40 A SR ERARTE BLAS B
W =EM s, KPR EE RS, HARUE TR A MEWIZ
I8, XTEMRR R A R s — B3 AR AR L, (BAEWR & A A
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FLE AT R, thm] DU A A A T B T 2 R R ™ AU ARE b S R,
AR BT DA — PP E A AR SO, i T — POk R B d kL, 5 3k i A
[71]

AT (microbial mats) : fEN—FMAFHIAER RS, B NRMIR Fix
ARSI AT, A 30 [LERTRAEAE THhER . |, I — B E A7,
TWAEY A S T A WAE R A SN, JF DR R A . TR
KA MR AT A, PR EIRER, H 252 dot A5
HOUER): BEEIRE NI, Jol GRS, iR T LA R v
Wi OmMEE, HTNEALOROREORAEZ, DLBIRM SO E =
U781, AR SR AL N B, A Kkl . %R OZE YR (ke
¥ FeS. BB 4k, AMMEHHEYGT T, ROERSHEF AR, N
BRAL I P A B T RRE, € 2 ) A R (V0T LR R SR TR A s 4371
R, WAEME DS A RKERMEDY R, R V2K R By W) L
TR0, R bk, R REYA AT DL I R A M A PR R B R R kR
P SREAT IR MR 2R, 5~7 MR 0 O B A W K B T R
EM, 58RO Ny S. CEXRBEILAEM TR . W5 D JsHFRE (RIEEg
WD s 2) I (KRR RIRW: 3) KEFE: 4) RESRIFR (LR EIE R H
NED) ¢ 5 BRG] 6 IREOLEAE (RURGMEE (3B mdiw)
7 PR,

%

(2) BEMEMH

Burne A Moore (1987) YONBRIR&h A AE M RE S, BEYIEH R+
IR FAT 43 Wl o S PR AR A= B O 5 A A O, SRR TR E A K
AR, L E SR YEY SRS S IRURL, B T I RURLAE K Bl T KR
NIk ERWCEYIRIRNE 3, DR 3h 7 A REAG T 5 B SR A BRI e ) —
Yk or s Ansem R A A0 P FE S AE VI B S A AT TR BRI 5 R 23 PRI B
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b, A 1.8~6.4um Z[8); o sUIRBRIR £ A BURLAE I AE YRR L 2R,

11



I T A B B E AR T 5, AR YO AR AE IO DL BAEESE T
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& 1.3 AN IR KAXITTRBER (B2 H Dupraz etal., 2009)
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WAL ) T B EHAG EE L K BRI B & s 2 TR Z B R KB sh 52, d T 1%
TRE AR S . Rt -l o AR R B AR TR i Gty , 24
H AT T AR VG AR 2 J6% . TR ARG 3 i O = et [X fry i b
T AR TS AR H0 X FR BhAE A s 31 VR SRS i O AR 1 2% 5 Al 7o b AR
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MRS (B22) .

U e E B IR I TTG F ks RIS TR UIBUE 8, 24 ik O i
HEMERA R, EEAETE R (1.85 Ga) R-EMER s, PR NEEAIE N
L RN R T AR (2 820~750 Ma) , #iARGHiE AR FAE T
WA R RRa) Al ARTTBUE s R 2 pra E L Kl TTG
FrRRE AR RO 25 25 R Sy TN 5 A )RR A AR 5T, OF HoiT & e & stk
N AR RR RRRL 2B B A . O BERER B, IRl A h IR NIK T 3 TTG
Fr IR I [AIE 3.0-2.9 Ga ZIA], ZF AR &AL RB IR A 2.7 Ga #12.0 Gal'''™
HATOITL s J s v (1 B TTG R IR P BE S Rah CUR N B b, 26tk o
Z N R R 1 2P %P T INACFIE A 3218213 Mal'™, Jf:
HAE 3.0~2.9 Ga HBEAAE R N BRE AR e s & I 3.3~3.2 Ga A
ST, sy s v AR OBV T BT AR W AAE B PR o, (EUARARS S e P e g
ARG S R KT BRAE IS 9 2.87 Gal''"). 7R85 A7 HE [FIA AR, Wik 4%
HF TTG F kA FAR R TR A T 3.3-3.2Ga A1 3.0-2.9Ga #5 41 B 61 i eHf(1)
{E A1 3.5-4.0 Ga Hf B AERHS IO, gl Jeim vh TTG HRRE . RHCA NS
AR FRUTAR A (4 Nd BRI TE 4.2~2.7 Ga JEREIAI1, B X L6428 1 )
PR A AR, 04 2 v B LK SR R AT R R AE W R AR B E T AR R =l
o LIS T RE Y, R PR 5T

LI SRR 5 TR 4 2% 2 LLAR 249 200 ke (19K 5 LG B84 B R TR 4 RR
e BRORLE B AELE W BRI R - 95 & B 1R AR AR A - R T -
R REE IR AR R BRI RRRCA S R (UHT) 1o )5,
R 2 B B A R A -1 B BRI R AL, B A ARAE R B AT, & Th/U L,
PA S HREE W8 HIEA, 5a A —3, Mmid#H B4 R K Th/U
LUAE 6t Bu 55 RSP 3H () HREE #530, Sy SURY ()25 AR 2 4 4 11 27Pb/ %P
IABLCF- )04 2.75-2.70 Ga, 7] R R SRV IR AL AR ES, T A8 o A a0
¥ 27Pb/*°Pb BT BI4E IS 2.0 Ga, AT AEJE DA /& UHT 28R S l2h122,

HAO iR, AT TS, KA R ET RS RER,
FINE . RRLE . Ads . BIF. S SMASAMR, JEA TTG H ks Fk 4
A 5 A U 3 o e IR A DN 2 A2 o BT R T, Sm-Nd S5 IR 2R 4F 4 2688
£ 100 Ma, I H AT EEFHEAR NS IR A6 R S 3T 2 S, B A B
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RIAE RSN 269319 Ma, H1T-FE M BE () J5 R A 75 1) FE Ay 4 00k 1 7572 A
N,

W bkt B b R G J 2 R IR OK T F- ool SRR RSE A A, TR
HURAE R (38 70 1 SR AR T3 2 AR TR AR R -l e e g s e Y
LA T bR PG R 5 0451, Compston 25 (1992) $RIE T 2 g i [X L2 tH Mg A
BT A 2914~2955 Ma 1 2069~1842 Ma [RIFEJE #5 47 1'*4; Greentree 25(2006)
1ERFEBEFR RBLT 3576~3364 Ma. 2961 Ma. 2657~2627 Ma. 2360~2070 Ma £/l
1885~ 1625 Ma MIREBEA) Liu 2 (2004) 73E 7 P41 43 22448 Ma,
2692~2818 Ma 4k R A #%120), fE47 PR AL, Zhang 25 (2003) 7F Dh#%
b X e T 1L 2 A AR AR T 22 1 PR HY 2621~2403 Ma F 3232 Ma fgs 4417,
TEIZH R R EE, Zheng 55 (2006) TEWAFE T2« WHAL BT 1L AT o M BRI 1 ol AR AR
JEPEH FRILT 2.9~2.8 Ga. 2.6~2.5 Ga fI~2.1 Ga A b AR- il 7o dr A4 B3 4
AU Liu % (2005) 7E#1I6 BB BT 032 78 20 A0 g e 4D 2 AP s i
3319~3508 Ma [OTEE 8541 Zhang 25 (2006) 4347 1 B & B UTSE e 4L A b
—A 3.8 Ga HIREBHE A7, H HE BN N 3.96 Gal ™%, xEe#iRl, KiEAE
WG SRR e ARAE T AR BUAH AR IR X, AR B N R
TR TR BEUR

o IR

A O
360 Ki
_él \

ek 5o fiv 1

ED s B

20°N
LERL I ot
B ki
1
- e o iT&ulI i <

o= o ARG S AT

B 2.2 R EAEEREHRE R (B3 Xiang etal., 2022) 11

28



222 FitaKwEREY

HEFFHCH FHZ T I H R R AR R R R ARG
WEFRM, bt Gkt 2 b mT BE A7 AR /NS 4 17 1 20 P b 2
25 R R SR R AR g O T SN R SR ) S R A s R TG
-t AT IR TR PR A G R, AT R A A TR R R E A
Bl R R R/ HE

[ 22 12 T 2001 X BT 6 o SR IR - S AT ER AT T X
FEW R R R R, KRR R R RN R
e R EIEAE Rz R, BB S TEA R X822 R BOK, FEveHIKEEE b
BN R R RHZ MR I Bih R R R 2 AR LK eE 2 EBELLTE
ZH L Z AN LGRS #h 55 TURA AT e 4t 2

f7 F B AL (CLRKMPIAE N MR feathZ2d, fEsdfmE e
IR, WA RN & A & VRN =t X &y 4E DU E v E, J
A 2 ANEAE R, R RIS 780~714 MalY; miRAUIRE
VKRR NERAE , (R8T I G ME—MKBea U, (R — BB HAANR
FVERF T ACUKNTTRF 51, Schmitz 25 (2012) FIF U-Pb 4 75 2 AT
AT AL AT, rEve 2 TR R AT B 654 +£3.8 MalP &
635.26+1.07 Ma!"**l,

AT R R R R 20 AL T AR AR R (AT, BE L e SARNAT S TR 1 2 2 %
BRUE, T RHE N T4 FAR B BB 5 5, M 2EH AT T KRR A
FE 5% el R R T 23 R Syt - 2 G LUy AT S 2R AR bR 5 T, %o Ho
J2 BIRIE FEAC 3% A & SEAF 9038 T F 12 IX vty B AF 70 1) B B B )

BELLyed: BEERVE L ZATERE e DI S, £50HR . BEl
TCAHIZ R B JEREAE 150~230 m 2 [A], ] WS AL« K ZZ 441 ” (tepee structure) .
B Ll yes 2H 1 2 Pk — 20 4 9 WU B 58— Br AUURR 5 B Bk R 26 S RRALE , JELRE IR
A RZ) Sm TR IE Sk . 0] SR IBBRER 26 5 A DS HU R AL 5 S8 U i R, 38
HAM 8" Coary BHTE-5%0 75 A7, W D HUIX A TEHUBS )07 2 B o B 1 5fe, &
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REMEEIT-48%0 . BAME A TCHLERIFINT KR, o5 VEBRIR #h 25 1T 652 J5 W1k
HEARREmY, fE S BRI A VIRHZE B3, REAERIKLE, @it
L% U-Pb MAERR, ZEKLEBAT 635+£1.07 Mal™; 55 B 3241
B AR O TS, SR WEE B =AU, ZBRUTIREEALE 80~140 m
Ao PIRR RIS A TP ORAF LT, PR HH-PAT R BAECIRE B, A3 /K ]
WARRES I 2B B A K E RS A MBER K A1 A Tianzhushaniaspinosa.,
RS RO TR AR H 2 P =B U E KA NE, bRERE
HIRZH A, HUZEREZ) 30~80 mo AJ WL AIUTRRA IE 32 B /M A FE I AS 4 2 2
ZBEEIRRA A M 2 R R R, A LAk A 454 Hocosphaeridiumanozos
Yusheniaramispina. Granitunicamcfaddeniae!*"!; %5 PU Bt LUK & 2800 T N E
AT DUBR R AL A SRR R, R BLURUREY) 5~20 m!'. R AR
Z KRR E,, CRIIRE R H 2k A Eoandromeda octobrachiata tH7£1% /)2
P UL TR B kLA RE, B FEM R U-Pb MEER, B KLA
RAT 551.0941.02 Mal 4",

TR R R RE 2, v WT Rt 22 K E , HE R AR 240~850
m Z[A]. R RATHARZRI 300 T EONVEBI IRE, e T4 ]
RN =N B OISR B, UK B ORBOR I R R A = A ARHE, I
THLENECG R, ZBUTREELE 20~190 m Z 18] ZBRJEHH =G
LBAKE: PEHNARMEER, UK EROEERKS R, TR ERAE
100~160 m 2 [6], A WAZ4E 3 Syl AU ™ ZBOR LR B 1R A
Vendotaeniaantiqua « 1 ¥ 6 A, DL &t B R o R o B ML A
Paracharniadengyingensis. Charnipdiscus. Hiemalora. Pteridinium £l Rangea!'**"
WL AR B S A 2 M SO CRARBREAEIRE T TN A e B,
UK BIERKOREZE A NE, SHERHERPIT AR MR, B E D EERE,
VIR JEAE 60~570 m ZIH], ‘HENEMALEAKE . EHSTEBIRTEEH
%% Cloudina ft.f1, 4%~ Sinotubulitesbarmatuoensist'**, AT #2420 (1) |78 /2 Jy 5€
HAREFIMAL, LLEA /N RBEEZA michystridium ARFAEN ),

A AN it Ry R0 E ARSI R B, 41 & TR RO BE L ve 2 4 2 A I
[A]7F 635.2621.07 Ma Z 551.09 &= 1.02 Ma 2 [A]!3+7), $87REE LTS AL T4
84 Ma HIPUARAIN 1. BELLTe TR DRI TRV G, 2 BN 5l R R 42 1 90% LA
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S HAE A AU TR AR & B2 BE L e 232 TR R BEA T 230 m,
FIREZE ) 1 b 2 s 4 B IS TR IO B o AT 52301 5 B LLvE J9IAE e, ORI K
B, R 9Ma ity (BST AL = T BB, S5 5 X385 B2 T 9 850

mo

2.2 R XiRd-RR LG HAMD Bk R
221 WEREER

P 4 20 N H 0 AR A BR VK (Marinoan) )5 48 e 4 iy KRR
S5 CHI R 7 S A AR S R S O SR B L T 0 A s A
MR ZEY) (R A8 Vendobionta;  575-541Ma) . 55—/ MEAE
SOAEIREAG A, DL AR £ (Cloudina #7%) HFMR. X— &S
H LR YA A (SR FUSE N, AT SO A R A O A I R AR ) P £ 08
KR 7 S AT r B Jal R P iy 2 — R S 14 S 0o A B2 (o Pl L DR P 45D
T & BEAHERERL 2 R G0 A B R AT (gm0 A kT B4 2 TR L O
Ry BT e A CRroo il -d AR D« REMIER R (ZRFER I H
BED N T IR R B BE B SR .

P hr 20 M =gt X R EIED b TR T S b
&AM AR B IO ARl B . =gkt X 45 e R 4 £ b 2 HE R R HLZE SR,
F 5 L1 7 2 2 FOAT 5 2H BT 3625 12 4H B o AR SCRIF 72 IX A7 -3 b = 0 £ b [X
PR AL, DL RE BT VA T ZK4803 AL FLAE ST EAF 7T, %M [X 35
FrOAT A E B S, B FUAT R4 2 B X 1Y (] 2.3)
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110%00'E

B 2.3 B X ) 5= K

222 AL S

B 7E X i AL 22 PR T R R BAT A I T (ZK4803 #lhifL) , Hidbds v Hk
6%k, Wb =0k OR R IX X o 1% X IR i R 28 AR DR KRR 2 A DU, 1
Tl RN — 5 e BTG R W B IR 2 b =),

BELVENIRRIA RIA AT 2K E, $67 137 HBRAE BRIl R 4y 20 7 YT R
TR R IR R N 1) N B AR D AR O, JFAE I RE P 32 21 17 B 5 R 3 10
W2y, FECT M HKARRE A R I AR S BT, IXHR TR )
St R AR RIOR I, S ZRIQHEAE R SR, #8003 DU i G BT, SO
T BTG R A O R AR A B« BELLE AR IR 12 2 3 Euth 52 KM
1071, SEUREPIRE TR, BELTEAR IR AR RAE L] S A N HR I 85,
I PR 7K A5 ) BT P 2 B T R o BRI 40 4 XOR B KB B A LASE, B
ARG 3 DT T B DB KB IR S A 88, J& R IR 5 HAH 5 AT S 00 s K A Ak R 88k,
WP TR SR T, P LA I 22 530 K o Hh 37 ARG Hh SR G BB ARy AR R 4
Hig P A s T X IR — B0 HHREE I T I FRR, DL IRIR Eh s
SHATIRINE, FEANARS . SUKCRY, BT RE T RIS, &
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oy ML DX A BT ETIET, R B K KR E R RS (B 2.4) .
STRCA R ARBE ILTeH 2 Ja KB I —E S BER A Z T,
G T icdb s, 5 Bk E B R AT A N EOKIRIR #h o & A
TE R, AR 37 7R ERE B R AT 54 DUTE & - PR & HAH 9 R,
IKER T BT IR S-S (B 2.4) o 2Bk AR s, $5m]
RAIH 4 A= 2 (H 2.5 .

105°

HLER 15 000 000 /_,/"’ i
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AE ST AR Bl

il S i e o

rélﬁﬁﬁ AT - / -;mf Sh mﬁ sm M&HH EEM%%
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B 2.4 EgRBER AR E Y RE (Bl kA%, 2009) 1

(a) TH (b) H % H (C) WHIF (d) e (e) % (f)

T KL M i | e | VR THIRE 7 [TE w | | TF
sl BT elelR]T [elelR]] [elalElWe| [ Tel=]2]] A

J& - 4 N : o 3 i N
s {10m s 1om |2 17 sk | oom |2 |77 g e 7H 30m |2 [T [ 4% 30m 2 |1 | 1 | 30m
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r0S

£0S-108S

£0S

I

Al |
wl

S

208

108
T

x
108 |

708

A @il

L i [=1 R0}

‘“ |

A " i \
R R V7 7

i
|:| i3 F i % 1k
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2.2.3 HEXISr R4FE

ZKA803 i FL A T A b = Ul £ R X 352 3l = s &t J22 AR DX 1 el L T
FRAUAL BN T E R EATIEYE (B 2.3) , ASCLL ZK4803 &5 fLAT R4 )2
X RIF R, fEHZ R BHRHIE b, SRR E B RITHA A T s
BB ARMEBA I Bie B, HZEELN 520 me MBI EE RN —BRR
W B RORL S, AR P A1 AR MEBTE U, /KRN, DAKE = BAEY)E
BT ABSeB BN, KB A RN = BuE s M= e 28
o WKIEH Z G WA= RSO RR-M i a A ERHE (B 32D) . 4
TR, BB AL BRI R T A 2 B — & DL Y
PR L 5 N E K BRIR 2 o G AR . VR4 2 )2 FR R
yS§-ZK 513.3m
SEEtAE 270.3m
23 KAGOYRES A =S, REKE, WRBOEHRRET AR

8.4m
22 REBER-F RO RS, LSRN s AER, BllKE

25m
21 KEBLERARESCH, o WA R ) it 2 8U2R T A &
M

4.2m
20 IKABLZR D RZ8CH- B, o] WIS G st VM 8UZ FIsT s
FEEAE R E R ABLUZIRE FUZESCA WAV 1)) fh 2 8UZR TR s s B
I

29m
19 KEBAOYORZ TS SEE, SEOIRRE . BB M AE Y A DU (508 fb £
FTaEAT, ARV E BN i, T fh N AT s i AR AR 558 it 7R B
MR fL

50m
18 K I iR 2= R I MOIR B H AT, 15 £ V8 dt b pe 28 e A% 45440 5 R BB A
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37.4m
7 IRBAEGZIR B A -Z800, ] L AP T BT st SUZ e
g2, B E AR R B T R E Y R R Y B i S, TR MIER, W
JERRAEE st e mil s, W ES SRS A A

29m
16 3RIK PR 2 BT otk A, AT DL (e b BT otk e, T Bl 9 A
8.3m

15 KB OGURIRZ FUEERA-JZ 800, AT G FASUZ . BERUREER A SUZ |
St SR AL Uz
12.4m
14 LK OLUZIR = TR A -2 800, W T F Uz T AR B SUZ A 8
2/
8.4m

IRAGCSEIRBRZSCA, 1] ILEE (e db 8UZ 2 B el n a2
25m

2 KBEBURE SR A s, SIRIUKE, WHLIRAMZEE N S a i)
TR

20.8m
| IKBELUZIRE RS, 7] LI (e fh SUR 2 [0 e i 8U=

12.4m
WIS B

169.9m

KB R B AETRIR G JRUE e, T EIAEI SR IR A SR S5 »

FH A% 0 P, 5 4L

20.8m
9 KB OTRZ ARG AT, I e d e Z [R5 B TR SRR, AR
JlE TR PR R IR AL ) B

29m
8 KB OYUIR = b B MRS, WO JERURL MR . ST, o0k AT B (R L 2
Bt o BiARfE 0.1~1.2mm Z 8], HATHRCH FRRIA S, 2R,
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M EA IR, R0 B RTRLAL B R e S k. UKL [H) 95 dh I 5 W)

33.2m
7 IRBAYUR = A, B YR B 510 A0, Z RN GR &

12.4m
6 KBADZIRERIZSA, 0] WIS e 5 U2 2 8] G i S8UZ

54m

5 WK OYUR = U B AC IR S o, Bt T iR F s, 7= A i) LR
R EAETLREE R (K R 25 ) 78 3R

4m
4 KA GBYUR BT, O BRI S0 A, Z IR
8.2m
3KABLIREBUZES U, AL e S S0z Z B A S 8UZ
8.3m
IR B
73.1m

2 ERREBHUR B B A, IBARRLABRIE N, DBEMERIE . #BIEEAM
WIEZS, BHARTE 0.1~5mm Z[8], DEEAEARA L 20mm, FURZ (8] 8584
&5, dnlal LB K E

29.1m
1 IR 5 [0 8 UKL 10 8 R 2 A R« SR, 7 e A [ 2 5%
I o KIARAE 0.5~2.0mm Z[8], BABEGHRBRLE, 2LIRE 0,
T EE IR, R0 JERTRLA B RIS o dle i Zr . RIORLZ 8]0 58 45 40

44m
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BIE WEVRBREESAFHIE

BRI 65 T o3 SR R 0 i R R AR ) B R P 2 28 SR AR BT ) = 4 AL
gt AR T T R s A R B IR #h 2 60458 T A b A 475  F AR P 1 L T 1 e
AR R B 25 R B G R A UL AR TR B 2 (K AE I RN, K E AR
DRl PRI B IR 6 25 93 I R AR FE T B 2 FE ) RO E T BB E B A, T
H AR W s — 528, BHBRIR ER A WAL I A AR W A A WY AR B R
A RABEMEMAE BRI A = R —— s . s . B A,
FEE— B a5y 13 K10,

TeVR R AR R B IE & A W R (R Bh 2, 2 U 1R R B vl Rk A
NANATEZ VR, AT RE ISR S IR S A AR A M TS DL . Wu
(2022) X H=AWEYERmEEY: REASANEE, Etmd s a R
HIHRIN” IR 7 ReR” « “mRR” ZEEmiE, sl as A
E>95% >50%- <S0%MIEN)A, IR DATE N L3RR AR B IS, DARR K
A AE R X R AT P st e, G A 44 T L3R 3.1,

StHFRMAED A A, Wu (2022) $#RHZEE AR RERE A SE . KRS
REW) . ik, WAEVIRESUZ . B RERURLSE 2 FhER 2 FhEL b e 4R A
ZI A A AT HRYE Riding and Virgone (2020) % A4l 2L W05 A1 1A 43 F5 R 44 7 ZE LA
BB R0,

WAL =R R FE b X 35 R B R AT s A AE oo IR G — B2, HisE
AR TR 4 & I AE A B ., 457 T AR AR i iE 2l 5 A8 R AP I AE
HAERES, PA T —EIES H e B AE MR #h 8 Ui . A g &wide=
e o 1t [X O B ELAT [l ) ZK 4803 ALK T S 2H SE PR S A i i e 4 AR, )
S 10 FRE AR, RN A A RHEE AT AN A
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& 3.1 WA=k fREEH X Sl R RAT A EZ A AR

IS (BES
o AT S
Y AE A Sl B
RIS Pav et
4 PR TR SRR N R =y
mREEA
) =RESCH
WA .
mRZA
=B A
e =R A
s = SR e Rk
T AEYEH P e Ry e

3.1 =R%EYE

Z TR R R AT S A ) T 3 A R A R SR i A, BT
AL RS B T BUOR BIOK S IR b 0 L S TR 4 o AR TSR PN 45 4
e A NBEA . RECh . Bieh. ibA. Ba. AnEid X
HAO ST VRS, WAL =R R EB XK & = A A R B &
FA. BRZSCh. mREA A= B AT

311 =FREEA

B2 A0 R BRI A S R, R S R A a SR
O AR A= P R I SUZ S5 s i, mT WIS AR TR I SUR S5, SUZ 2k
FER, SEEREESE (B 3.1 o sREREAETZHBETEERD, NE
HSRBIEA AL 10m Mlidk. mTEAREN, SUREHERZIR KRR
{137\
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B 3.1 =HREEA M EUGRHE

By A EEITHERITEOR

3.1.2 =REYA

2R SO TR T U JZ R BRI B om0 SRR U A
TR RIS E B0 e i SUZ 5 HAt R AL SR S8 H B I (B0 e A SURAE
BB NIORIR, —RERG, JFEARMA—, RANEEAAAOR, sORET
fE 0.5mm A7 . HAhpIr ISR ABEER DOn TR B EUZ,  F M 4H sAe e
BOR, AUNBOR I A 2 AT BURLIE B 52 3 B B BUZ . BRI SUZ S BURLSUZ
AR ISR, FLE R 2 Fhal 2 Rl ETTRA R E 580z (K
3.2) . Ran 5EREANKAETAITHE R ZILSEZR, Ja#E 2R, IR,
DEREER, OIS LR S0A MSUZ SE A B ALK
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R

A 3.2 = ELCH BEGRHME

la—RMEUZ: mgl—WER Moz g—RMmaUz

3.1.3 =RERA

B SO AR B R e s T 00 A R Al L2 AR
PR RSOIR S TR S g e dm b (18 3.3) o WLIRVE dvviledfe b A A 32 [ T 114
stan R, JF HIEESah se R A W 0 Ye i %, IRENRUEYISET- 25
R A e BN R FL el I 4l Ve i ZON A B I AL TR B ) 5,
Y it A AR A 1 R AR e AR 45 . B RIS A < Tum 1
PE IRV et e R AT B P ol it 2 RS o
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mu—EmEER: net—PPREEDR; sd—BE RUIREESR; SRR —Fe M FE IR, LD A
fL; DA C st THEECR

3.1.4 =R¥%KEA

R TAT A — ol EAT SOV [0 O J2 R, PA) 3508 465 ) O BRI 85 W 200, el e P T je
PSS B R MZ L b (UEE A EE . B S TTRRYIE . EE
AT ESE) o RBERILG R BRI AREA UKL N T, DEEFERIE.
GV EAMNIER . BARAE 0.1-5 mm Z [0, DEEAAL 20 mm. 7E 25
Mg, FEREELRBUMIZIEA, £0.1-4 mm A%, ZEPT 02-1 mm 2
0], K2 IEA RORLIR) g5 AR iR 4, UKL A R T BE I 32 45 B L, B8 20 [Rl sz 32

41



FIWIA (B34 .

- T

A 3.4 =REEA BEGEHME

3.2 ZRiNES

e CEYD fEA LA 8 R G E i, B a s L Aa
FUMEITEAR « P LAREAT A2 Bt A= 2 10 4 S8 S s RRAEY o Bl 0 i B2
EVRIESACER 7>, R R ARG, — e SR A B AR K
AL

WEEYIN AL N E R (BS540 MBEYIE S (25 o Bk
Pz A A AE D 2L W BB P B L N REAT A P 2 s« AT TR F3Rs S AR AN 54
M a A ER]: RS SO IR TR R FEA R 21 R AT H I Y e A
FEPIRNET T A R T BT B B R ) e R IR,
Jor Bl A 0 B 2L RS ) A MY B R R S s Sl SR R 0 P e A R e
M A E -

WEYIRES (it — 20 REEARYE WA B R SRS . Hil, 208
AR B (R BAE . T CEYD BRRUE . T CEYD SR4EE . T CE

V) R . I MERIR A, WA X A BRSO B o 2R
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T B2 H AT IR A W T Tt B B A B P B 2R T B, PR EL 2 B 00 B )
ESAICE A A T A A 2R, DL A B (Epiphyton)D fiUEr B84 I B 7% 1 (Renalcis )
TCE 28 N ISR o IR BT TR o AR AR 2 1 = rh s IR A A i
YA, IEEACA AREDIR . B IRIOTe B = e i : BIR WA B
ORI —BRAR, SR TAESATE BUVE i =40, B IE 2R 2 s
B S A s APTRE (K 3.5 o g, AXsRMEESRKE TH
ye B

|

B 3.5 =FE A M EBRIFE

Epip.—%EfLIfi#%14; Rena.—%Efl'E JE B ; microbial fabrics— A4 #); D A C haih
T RERITBOR
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