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Fig. 1 Diagram showing the sedimentary succession of the Cambrian in North-China Platform

=i HUEYIHZ R P 5] A 3 (2009) 5 A AR R 57 5 (1) 51 A ST EESE (1994)  Meng Xianghua 58 (1997) (151 I 55 (1990,
2004) , 7752 (2) 51 AL SCEE (1999) , A SCR IR 5 22T 5 2 (1) FFEE T ULBURRE 51 )2 e )2 400 23 DUB B, B JL i & JE R R R 8L
AT 9 > =27 (DS, % DSy ) A3 WIFN S AU (14 2 5 1 RV 2 8 (] U7 187 4) J 19 22 57 S T8 ( SB) s 0 AN 8 45 70 J2 it oo (A =k
) o BB SCAMIE « | —HJZ BRI s 2Vt 12 B9 AR R AR L JZ e M= 53— B P YR IPAIID I A M= s 4— AR 1 a2 5— TR 4%
BRI HOJZ s 6—BREMEAR I )2 5 T— AR WD BRIRER & A= ) 7 8—rh ZE IR G AR U I AR A M2 5 9—REHITAH S B e &

Biostratigraphical succession of Trilobites is adapted from Peng Shanchi (2009&). The first sachem (1) for the lithostragraphic division is adapted
from Lu Yanhao et al. (1994&), Meng Xianghua et al. (1997), Feng Zengzhao et al. (1990&, 2004&) ; the second (2) is adapted from Xiang
Liwen et al. (1999&) ; and the sachem (3) is used in this paper, which is amend from the sachem (1) on the basis of the sequence-stratigraphic
division according to the succession of sedimentary facies. Nine third-order sequences are discerned in the Cambrian System in the North-China
Platform (from DS, to DSy ), and these sequences are divided two types of sequence boundaries, i.e. the boundary that is marked by the exposure
punctuated surface and the boundary that is characteristic of the drowning unconformity surface. The meaning of legends is respectively as follow: 1—
stratigraphic hiatus; 2—strata composed of mudstones of the red bed belonging to the coastal sabakha; 3—strata constituted of sandy mudstones of
the supratidal ; 4—strata of tidal-flat dolostones; 5—strata of limestones of the shallow ramp; 6—strata of limestones of the ooid-grain bank; 7—

bioherms made up of microbial carbonates; 8—strata of limestones and marl of the deep to middle ramp; 9—strata of calcareous shales of the shelf
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Wi K JF, 20165 Mg AH, 2011a, 2012a, 2012b,
2014, 2017) , N1 A BEAEVE R B A ik
SEAR AR AT RETE BT 52 2% 1 3 A 0 RS54k 4 FH (
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Eberli,2019) , AR REIAE 7 A3 i AE T 2 22
B4R AR FRK 5 2, B8 A A S 1Y) Y
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Fig. 2 Diagram showing the sedimentary pattern for the late dopostional period of the Zhangxia Formation of the Cambrian

Miaolingian in the North-China Platform
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The arrowed refers to the location of the Sandaogou section in the western part of Liaoning province. The meaning of legends is respectively

as follow; 1—oldland; 2—tidal-flat facies; 3—ooid grain bank; 4—Dbioherm; 5—facies boundary; 6—city
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Fe (1 iy DSy ) BT 8 THURI R 5 T 44 LA A Ay
A0 N B A T2 R B9 )2 S I ( Gomez and
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Fliigel, 2010; Jones, 2011; #{-# 4, 2011; Liu
Wei et al., 2012; Mei et al., 2012; Zaton et al.,
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Fig. 3 Diagram showing the succession of sedimentary facies for the Zhangxia Formation of the Cambrian Miaolingian Series

at the Chafangzi section in Fanshi county of Shanxi province
T AL E AN 2 Br7R , — A B AR ) AR TR T SR T — A =27 IR DA — 25 X043 R 3 N URTE 2T, BB S1 & SCa
IR ¢ 1 — AT AT IR 5 22 52— ZE R RO I )2 53— IR GEAR I R IO 2 54— A0 5 S I IRBR i I A i g KL
FEYUR 6352 HL s 7— il T 5 8— )22 )3 L 59— 2 P i . MRA () AR =2 e i L (3K Brdg ) s IR (b) (RER =GR Y

THUALTAT (57 3K T4 ), FG AP L1 9 Sk BT s MR A IR

The section location is shown in Fig. 2. An upward-shallowing succession of sedimentary facies makes up a third-order sequence that can be

subdivided into 3 subsequences. The meaning of legends is respectively as follow: 1—strata of the ooid-grained bank ; 2—strata of limestones of the

middle to shallow ramp; 3—strata of limestones of the middle to deep ramp; 4—oncoid; 5—storm deposits that are marked by flat-pebble

conglomerates ; 6—cross-bedding; 7—scouring surface; 8—sequence boundary; 9—subsequence boundary. Image (a) shows the bottom sequence

boundary (the arrowed) of the third-order sequence; Image (b) shows the top sequence boundary (the arrowed) of the third-order sequence, within

which indicates a bed of oncolitic limestone (represented by the arrow of double direction)

i &ocm (b)
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Fig. 4 Images showing the cap of oncolitic limestones and its relative deposits in the top part of massive oolitic grainstones of

the Zhangxia Formation of the Cambrian Miaolingian Series at the Chafangzi section in Fanshi county of Shanxi province
(a) BORERLNEAR JCE 5 (b) 2R KAEPRRATRL K & 2 iU SR ) IR RO A0 A TR
T Z A TR T ) 5B S (5K TR ) 5 (o) BB S B WY A

(a) massive oolitic grainstone of the carbonate bank; (b) micro-bioherm like cap on the massive oolitic grainstone of the carbonate bank,

and their boundary is marked by a hardground (the arrowed) ; (¢) mege- or macrooncoids

JR TR A EE SR (1] Sa) 1 =i AU ik (18] Sh) s &% TF
AN S 223 W Jey i g VbR i 2 R
B R R (8] 5a & 5e)

[, PRV A AZIE AT I BUZIR K 2 22 35k B
RIS i T T SR B AR AL B (18 5a 2 5¢) , KRB
I ASAHI Y K/ 0.2 2 0.5 mm Y (L7 15
ARG | DR I ARG AT I W7 IR 22 252 Ml 0 5 802 40
i B2 ZBUTRIEUZ X 1 & MR LRSSl T
Wilmeth %5 (2015) 7£ 5% 1y 74 &K 5 7€ 2 it Bayan Gol
HIZICATH TR B LG, 2L 1 AR 2H A 7E 30
PR AT 522 el 11 3 200 T ol A 0 0 Ay Jl e 8 J 22 40
rh i B S OB VR P AR R RO I R AR
( Bosak et al., 2010;Pepe-Ranney et al., 2012) , iHF
TS 5 A AR LB i 050 A 114 2 [ 22 AR A4 il 43 I T LA

B Mata 55 (2012) #E—25E SR “ BPEEIR (hourglass
structures ) " A4 1E R RERI B2, 7ERAT R0 T
FEH B TR SRR YA 2 TE R AT
e T 22 B0t B S 1 22 WK 20 A Ak A R R (A
5d) .

ik —2 WA SR B, 27 T sk E AL A 1
FoE e i B )2 (B 5a—c K 6a ), R %
BURAT I 22K W AR Ak A R 1 (T 5d L B 6b e
XL 2R AN TR B A K T LA E] 0.5 mm, B
BN 10 pm 4, AR (1~2 um) IR T
Je itz MR 22 1R 5 200 o1 3 0% AR5 A VE T i)
B i HARER S — A B 5 KA A iRk
A5 FIPLT ( CCMs ) AHIBE R 1Y A2 28 A B2 L] ( Kah
and Riding, 2007; Riding, 2000, 2011c) , 1FZ&iX F
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Fig. 5 Images showing the general microscopic feature of oncoids in the top part of the Zhangxia Formation

of the Cambrian Miaolingian Series at the Chafangzi section in Fanshi county of Shanxi province
(a) ZE(c) JEARGR N B BFZEWIE A, 5 2 5 MR R 1 B8 U Th 802 Fn /b B T BUZ 0 U A I B2 )2 BB A O
FEBRCIR VR BESRE (a) A= HUREJE (b) B A 18] A9 T 0T TG 475 8 it = I 1A= A 0 s R €8 0 R P BE R (o) s TE iR A5 U L B
TEA B2 )= R BCR DE A B2 v 5 B A A 1 2R AN TR A A (d)
(a) to (c), the centimeter-level mega- and macrooncoid whose cortex is composed of micritic and few microspar lamination as well as the fenestrae
fabric, the nuclei of oncoids is made up of both the spherical micritic clot (a) and bioclast of trilobite (b), the matrix (c¢) between ooids is
consituted by the clot, the bioclast of trilobite and the micrite. Image (d) depicts the clear sheath fossil of the filamental cyanobacteria within the

cortex of oncoid enlarged from one oncoid as shown in image (c¢)

PR 180 W 200 T A P 0 A A T I 1 22 R0 A T
BEALAT AR 5 IR B e O i A S AR A P e 2
WA ALY (BB ) REARVE AR AW (Riding,
1991, 2000, 2011c) ; KL, 3X BEZHZRAR (1) 22 4R 1K, B
SEa] LUE A 8 7 i ( Girvanella) ™ £ A7 214 4 B,
Ui

BRI T 5 JT 3 ( Girvanella) W98 ZIR 224Kk
P R A IR N e A R AV S VS
( Scytonema ; 357K %4, 2017b) (H R, FHINIE
SR S T AR B 1L 1 ( Plectonema; Riding,

1991;De los Rios et al., 2015) ; Ff-34, 41 1&l 6b il 6e
JR 2855 5K 2 A AZ I A K J2 v (0 22 4R 3 2
WAL AT, SR B BAT R ™ 1 RS T LA &
B LA — 225 T 4 R I RUES B ( Microcoleus s
Riding, 1991; 2016 ) B ¥ £k W
( Coleofasciculus; Frantz et al., 2015) FJ 3K £k &
( Subtifioria )t A1, FEALFEE R LAY DR L g
LR 2 R AR, AR TR LR
( Plectonema; Riding, 1991; De los Rios et al.,
2015) , & 85 0y HL B (455 7 B ( Girvanella) At A7 (4]

Liu et al.,
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6b) , i HAERZIE A7 8] i G BE SR | X ) 22 AR 20
PR AT LA R 1 % B2 48 28 (18] 6a Al 6c) ; @R L8
ABAA SR 0 22 E A A4, nT AR T
TFHAL B9 55 45 7 ( Tychonema; De los Rios et al.,
2015) (&l 6e) , Wiz AR E & T W4 A ( Girvanella
Group; Riding, 1991) B— 824k |

SE R, 5 A S Tl i B R S
JZ=A ) 7 A R A & (Bosak et al. 20105 Pepe-
Ranney et al. 2012; Mata et al., 2012) F§ A [F] /9
R, i K B A ARIE A R T B kIR LB,
REBMAME g H A LI THARHL R
( Plectonema ; Riding, 1991 ;De los Rios et al., 2015)
H 5 T ( Girvanella ) (B 6b) | L B AN 28 28 (1) 1 HL
] L2 b T IS 4 1 ( Tychonema; De los Rios et
al., 2015; &l 6e) AR B 22 00 B5 4k 5 4 B ¥ 1k
P B PRAR AR 2 s e 22 4R A R B AL, TR
A1 B R WU e Al AR o 2 Th R 2 B G IR A0 iR
ORI,

SRy EE R TR B O o B b A AR
RALBR AL A B 2 W [ K B 2 oK 0 )
5 (Y8 A A A R (1 7a) | I BB R LT 2435 L
BE T I B B A T LR B A 22 R0
AN A AT A (P Th) o Herb i) 22 4R 5 20 v i 1k
A, T ERIUCNARGESER , & TR LEn] DIZE T T 3R
B4 ( Tychonema ; De los Rios et al., 2015) &Ik
S22 ARG RE AN TR A A, P R 3 I A7 Y
B T R A K 2RI HiRZ N
10 ~20 pm, KEE@BT 0.5 mm, BFJEEH S (1~2
pom ) P I G At B | DT A1 5 2 R 4 T B8 T A
PEALAEHIBOER AR Y, B 05 5 kA1 22 ARG 8 )
REZ W 20 AN R 3 (& B R ) YR AE AR R W)
(Riding, 1991, 2000, 2011c) . 4R 6a FlE
6¢ JT 7N B T8 76 AX I A7 358 Jo v 1Y) 350 e it R o 1)
BEER R 285 230K 0 5 7 B ( Girvanella) T A7 BT 40 15 )
TG A R )2 v 3k 2 40 8 B TS A B, BT
W2 R ARG SR O BT IS TR AW
( Tychonema ; De los Rios et al., 2015; K] 6d F1 6e) fi¥)
EAREL 22 AR 1k W8 20 o A A il TERZ B A Y
HRKR BA A5 ik —F 1Y AT HE 1Y ML N TR ( Bacinella ; Védrine
et al., 2007; Schlagintweit et al., 2013) fR 94X 3%
G Ab 1 AN B AR AT (1] 7a) SEMUERA 13X — A5, iF
— UL TP BGX — B IR A KA R A 22 ER
T W) R ARAE ( Kaz” mierczak et al., 2015; De los
Rios et al., 2015)

R TEAZTE A I B T £ S i L 22
(B 7a) , R KB EH LR T 5 TTH ( Girvanella)
A (KL 8) X S8 E AT LUK B 22 K g0 (M 0.5
mm) (AR 10 ~20 wm Y 220K 15 40 0 i Ak A, B
ARFESL](1~2 wm) B )8 5 BE ARG 220K
A TR T AR A AR T R BR AR, BB O
A1 AR A T B A W 20 T A B ) (B ) 1Y R AR
YEHFEAYY) (Riding, 1991, 2000, 2011¢) , ifif HL.LLPR
FFHEC0F Y 050 v 88 B 3 AT AEAR) IAZ T A B J2 1 e i
e AL T v 55 R ORI A 8] A9 5 I v 4 B Bk
1455 T TR A A FE B (T 6a T 6 ) A BAN R 1 02 | %
AT B2 Z P 13k SE G SR 09 5 0 A A, 2T
i BGRB8 A 10 107 ) S OV ZORHRD A K Y
VeAhBUZ AR Al S0 AT LLE {31 8 2 K 1 K
JE (18l 7a)

T EERE I Z AR Y L7 A4 B Bk B T
(14 5 I 2 To0 3508 B R i R e AR K 8 1) A% T A i (18]
3) A R WA (18T 4) LA B AROUAE 1 (18T 5 22 5]
8) F M A L3 A K R B e HetR i b W A K
Z E(1#3b A 4b) ,TEX —ZFEN 1 m A A
WICAT W M 2 H B S A L 380 i P S, 2R
AT DABRA# I A OB RERR (1D PR, 1999 ) I Y
L ECH AR ] T RIE A K A TRAE R AR B 1Y
ARREI ST

4 g

LI PG 4 SRy L 2 - P00 T ) 5 2 TR R i
RLMEAR B BIRIE A1 1R (18 3) AR B 1 =R DT
FRUZE P TOUE 174 568 3 8 v 2R K 28 Sl 9% TR ( 151 3b Al
Kl 4b) , LA S7 B9 AR KUK B RREIE il — 2 I8
JER 1 m 2 A5 AR A I R T B i A bR A e
AR A 2 b 2H 0~ TEDRE G T B3 1 B A e 303 14 370
TR BUZRIE S N i SOUZ A8 R B B 5 7% WL
BRARFIBRARVE S A2 A7, BT R GO0 R/ (B 4e
FE 5) , AMEZE S E KRS R A TURE T (5
AH, 2007; Fliigel, 2010; Riding, 2011a, 201lc;
Bosak et al., 2013; MFEAH A1 PESF, 20165 Peters
et al., 2017) ,i& B AT SEABL T i kL (%) UKL I 14 , fe 2%
TE WA o BE AR A2 B 10 B 4R TR Tk A (181 6 2181 8)
B A] 3 AL AR R ( Wilmeth et al., 2015), 1 H 2
TE BRI b B 00 556 R VR o) 2 v 199 5 BB R R SR
(EL5) , NI B AR = B4

AR AEARAL I & TR R A ZIE A s, 2
SARICAT B R R BT i B 1 AN A
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(Liu Wei et al., 2012; Wilmeth et al., 2015; Han
Zuozhen et al., 2015; SFaK A 2016, 2017a, b),
N AL AT A W R B A3t T B R AR P
o L7 ek B 25 By 1 ) T ok B A TV ) B O
A7 R O I € 8 A RN e A AR R T A% TE
A B2 (K 5a 2 5c¢) , BEYOIR T ditl i T I8 £ 1]
R RETT (18] 5a 5¢ 6a Fl 6d) , TERZTE A1 Y B0
i )2 (B 6 Bl 7Ta FIEL 8) AXIEAT 2 rh By Bt
(18 7a F1 7b) LA R AZIE A7 18] %) BE 51 Y e B (6a F1I

2019 4F

6c) ZH 4 % A B R T R AT Y 22 R K 20 T A
fef, s EN R IRAE X BE A 47— W ) Rl A 0
XA A W A TR AL A BT DRGSR Y 224K K
M A, RN AT DI T2 LT AR A T
( Tychonema ;De los Rios et al., 2015) By Rk 224k
Ak R 4 TR T R 5 T TR 4 A ( Girvanella: Groups
Riding, 1991) Hag—Hr 284k A7 (18] 6e F1 7b) ;
@m] L2 b T B A 214k B ( Plectonema ; Riding,
1991 ;De los Rios et al., 2015) [ J7 B Z ZE 1) 220K
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Fig. 6 Images showing the filamental fossil of the cyanobacteria sheath within oncoids in the top part of the Zhangxia Formation

of the Cambrian Miaolingian Series at the Chafangzi section in Fanshi county of Shanxi province
(a) BB H W HARALBR B e i 2T AT, B Sk g AR T RO B (o) TR AR EEYE , BB AE RO B (b) AR 25 (b) BB A1
B2 Z g gk 22 R W A A A (RS OT B R R, X0 TR A (o) BB REFTR (U R AZOE A R (o) JRGRARZORBE AN B B Ak A (BT
) R TR AR EEER (BRR () "PRYSESRITER ) 5 (d) & 3 B SR AL B RIORG R 328 = - B fl A 0 A RO A, S HE I s 3 43 R A R
(e) 5 (e) AEGHBLRIY AT LA LE T IR AR T 0 Z0R A B M Ak A, XS0 R () I TR HE TR (M e BB 41 Je 2 . 7EBA (b)) L ()

H(e) i /b ot BRG FT RE BRI ER AR

(a) one oncoid that is composed of dense micrites and few fenestrae pores, the arrow refers to a micritic clot that is enlarged as the image (c¢), and

the part of micritic oncoidal cortex that is marked by the rectangle is enlarged as the image (b); (b) obvious intertwisted sheath fossils of the

cyanobacteria ( Girvanella) within the micritic oncoidal cortex corresponding the part that is marked by the rectangle in image (a); (c) obvious

intertwisted sheath fossils of the cyanobacteria ( Girvanella) make up one micritic clot as shown as the arrowed in image (a); (d) micritic oncoid

with few fenestrae pores and trilobite fossils, the part of micritic oncoidal cortex that is marked by the rectangle is enlarged as the image (e); (e)

obvious non-intertwisted sheath fossils of the cyanobacteria ( Tychonema) within the micritic oncoidal cortex corresponding the part that is marked by

the rectangle in image (d). Few black dots in image (b), (c¢) and (e) probably represent the residues of pyrite crstals

WA AT (P& 6b R 8) 5 LA K () nl il 14 i Y 7
( Bacinella ; Védrine et al., 2007; Schlagintweit and
Bover-Arnal , 2013 ) R 41 F4 £ 2 (9 85 1 5 40 7 5%
YK Ta), T X2k EN R A2k T
e AN i BT 22 rh A Ik B 22 R AN
R A Al B A JRERE R 2] (1~2 um) ARG €902 A
BETT AR 3 8 W6 4 7 75 A3 19 25 16 /E ] (Kah and
Riding, 2007;Riding, 2000, 2011c) , FA1if & A fE
% a7 B AT A T I, 42 B Ay 0 A0 T 5 Ak
YEFRR =4 s S 220K 0 4R 2 AR E B 1E
PR AR R X W) (Bosak et al. 2010; Pepe-
Ranney et al., 2012; Mata et al., 2012; Wilmeth et
al., 2015) A EIHCRFL B (15T 5a 2 5c K 6a Hl 6d
Kl 7a) —ifL , NZ ARG — DA IE A £ S
A VE R A= W B s Bl A 0 s 1) 8 Ak A T o AR
(Riding, 2000, 2011b; Dupraz et al., 2009, 2011) ,
PRI A Il i A7 0 240 R i =S A P A W0 5 sl
LSl A 2 AN EROPN PN 43 € G 7/ A i
TV LB 5 A7 (Stal, 2012) o FEIXEEEEK
(1) B RV AT A (] de FIE Sa—c) P, 2 51
IUE n (IS )2) SO, AT DU Ry A A A48 35 36 1Y)
WA TR 202 SR I R B ITEVE R, D ST
M BUZ (562 ) WARER G TE 5 TR A W e (BETs 1
() B35 4 B 202 v B DCEEAE T 7 ) ( Kaz' mierczak
et al., 2015) ; B AR, 3X 2L T £ R IE A
TNV B 22 2 A AR 1% 5 110 2R TR S0 ISR Y R
e SR TVENE T B 7 10, 33X P e L 1 1 8 A DL 0
YERIAIA AN T, BRI A0 A AR 55 1) ik
BVACo

HIEA K )2 (B 6b 6e FIIE 8) HIE A 2 =
FIBEDR (18 7h) LR AEEE T B BESR (1] 6 ) T L
B B B R ORL 5 A A UERH TR BUZIE A TR
YITHENE FH ( Riding, 2000, 2011b, 2011¢) 131
A EAEF (Dupraz et al., 2009, 2011) , 38 A] f& 5 6
PR ki J5E 4 TR 3 A A AL TR 6 3 J5E B2 B ( Rickard et
al., 2017) AL IR IBCR NN iE— 23R B T 76k
YR N B8E & S HL ( Gallagher et al., 2012) Fll4f
M AR A Y)E ( Decho, 20105 Tourney and Ngwenya,
2014 ; Flemming Wingender, 2010; Flemming et al.,
2016; Decho and Gutierrez, 2017 ) #4) i 19 A #1255t
XN KRB RN BEEME , BA TRRERT Y
JEHBICHENE T . HE— 2T, il T i 40 T 2 e o
(3 5 A= 0 (Stal , 2012) 5 A0 T 1 JEAG A8 7 3 1)
A= T Sl e 238 B T NN RGBT (EPS) 194
PR IITIE RS 1) 04 26 W ORI AR A W R, i LA it
AEYIRERCE VI EPS B IR A8 34 J5 41 7 22 25 1Y
SEIE AT 0 R AE L SR T UL TE AR
( Dupraz et al., 2009, 2011; Bosak et al., 2013) ,iX
SEAT ZR IR T AT 1 1 FE a2 it Jie 802
FENEIEA,

TERIEATRIBOEE A B JE (8 6 8] Ta FIE 8) |
IV A B 2 e ([ 7a F17h) LAY £ 8] 1Y
BT BESL (6a A1 6 o) 2 Ik B B K% E
TRAFIY 2R E AT RS A AT . A X S 22 R A B
AHEE 1 mm KB A L P84S S B Ry
T P14 7 5220 THUATS HOIR iR AH I A% Y A i 4%
KRB PESIRLMEAR K 2 b B ) 3 AT i
FREAISE AHI  FEX — 2B 1 m 224 TR
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Fig. 7 Images showing the clot and the fenestrae pore within the cortex of oncoid in the top part of the Zhangxia Formation

of the Cambrian Miaolingian Series at the Chafangzi section in Fanshi county of Shanxi province
(a) , ZE FHBNAIAT B2 )2, A 1R R A 18] B RODR 8 i 228 B, 7 A HE A0 )2 oo 2 (5 9 i L 992 25 LD ) 22 K 501 F) 56 Bk
(RIFEIHERT 7R ) LIS AT BRI LI B ( Bacinella) AREH (5K BT ,/DISFEIHE BOR TR OBORN ] 85 (b) IR (a) H AR I HEEAE BT

PRER AR , 2B SO 3 A 46 U8 i 5 AP B Z20IR T AT B 1G4 F

(a) the oncoidal cortex (the lower-left) and its matrix (the upper-right part) composed of dense clotted micrites, many large clots (as shown in a

large rectangle) within the oncoidal cortex, and the arrowed refers to the possible Bacinella fabiric, the part of the oncoidal cortex that is marked by

the small is enlarged as Fig. 8; (b) the enlarge of a large colt within the oncoidal cortex (as shown in a large rectangle within image (a) ), which

clearly demonstrate a composing of the sheath fossil of filamental cyanobacterias

A IR W 22 PP ST L B A ) SR, AN K B
TRIEA AR KR F RS T i— 2
LT BERP (VP PR VTR AR, 1998) TR, Tiif HLide
W] T FERRLS I 0 22 R A0 T b A EAT il AR
FK/NBUKL B9 B8 71 ( Sudwrez-Gonzalez et al., 2014;
Frantz et al., 2015)

B A BERY S O, 1L PG4 BEIR B2k i T

gk B ZH 1 HROLR iR ME AR K TR AKX TR A K
W, A3 A X 55 J5E 1) i A TR 2k W R B v )
(Gerdes et al., 1994; Gerdes, 2010; Arp et al.,
2012; Stal, 2012) , 3= 22 3R BLLE 2 F4 A 5% 119 3 24 Jo
ez b BAACRYE, BRI KN TE & 3 7 i 8UZ IR
I A (K 4c) , 2RI FTEEIFIR HAEBESOIR e
HFiZ (18 5a.5¢.6a Ml 6d) , NERZA K
MR EESR (& Th) i Sk B rh i BE R (18] 6c) , 5%
T AT B 2 v s vy 8 JBE 3 A1 118 22 PR30 A0 P 8 A A
(K6 .E 7a FIE 8) —Ff , R AL ADEA1EHA

P8 L 7Y A B ey B2y T 0 7t o B A TR
FRIIE AT B )2 i 8 T T

Fig. 8 Images showing the Girvanella within the cortex of
oncoid in the top part of the Zhangxia Formation of the
Cambrian Miaolingian Series at the Chafangzi section in
Fanshi county of Shanxi province

X SEGHLER 145G T T A AT BUR S A TEAN O T A B2 B e A A
e kbR i HAERAE W60 T (B 7 B9/ NAEDEHE TR )
FEI M (4 (A BOR R AN L

These obvious intertwisted sheath fossils of the cyanobacteria
( Girvanella) are dense distributed in the matrix of micrites and
microspars within the oncoidal cortex, and make an exhibition of
composition of a dark dense micrites in low-enlarged microscope as

shown in a small rectangle in Fig. 7a
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YRR S 2R S AL VE 7= W, Ty HLgk— 20 3R] T &R
TEREE T WU % 22 B0IR AR WS ) 5 A A Ry
fiE(Gerdes et al., 1994; Gerdes, 2010; Arp et al.,
2012; Stal, 2012) ; #%JE A K J2 s v % B 43 A 1Y
2R A A A AR R (1 6 8] Ta FIIET 8) I T
HIEAZIE A RS E AR B SR G BRRR &)
R, N2 AR SR BRIR Y T HARE LA 1R
AW 2 A ALV L, b S AR R AR B e
RIS b IAS & & AR AR KA i BLAE 7K A T
TRAE MM A 5 W) Ji ( Decho, 2010; Tourney and
Ngwenya, 2014; Flemming and Wingender, 2010;
Flemming et al., 2016; Decho and Gutierrez, 2017)
H AR EBIE T Z b . IBA KA S
SPRLREAR R, (EL 20 WA B kL IR , 3R T A%IE
A1 VhBAZTE AT I IR A R T AR A S Pk 4
BNFET IR T IX— A

PRI, L7 4 Ry B 25 B - ) T ok R 4 R
AR FEAH I TR A% A0 K a1, an 2R aT LB
il R A2 A0 e AR 1 < B BT (VD PR RN R A
1998) TLAR A 3 , 3 W] LA B g o A 7 7 i A fE v )
R IAE P BT A 1 < R R B B s
7 HLAE XA AR R IR B 2 rh B 5
RIE AT, R, B4, il T BoAy O e e, RISk
1oL B R AT W T WU IR R 2 e 1 L R LT B o
R0 7 TR 1, BT L S B A s R 2 b sk P ol
TR SRR S 2 5 K Z B4 52 4% 1A
HAERT, AT BAT ARG A i 5 BRBE 14 i ) i 28
TS 5 i T B A I & L DI HE Ik
BLHIFN L R v 917 22 4015 [7) {8 ( Dupraz et al., 2009,
2011; Bosak et al., 2013) | iA A £F T H I A 41
BT

5 %5

Ll Py 4 B Ry B 2R 35 1 ) T A 9 AR 5K 2 T
10, B AR AT g B AL ORI MR K e 2 B
BRI AT DA ARG A A o REREAE L |1t
HZRRIT B 5 oA B BOR VTR S BT LA, i
—JZEER (1 m Z247) RIS £ A B8 Rl LA R
SRS RE AR AR O T TN 2 AR A R 5 A A
Yy, B ATBZ B R BES | UL R A A7 B o
FBRE SR, 4 DL 3] A v s L ORAT 1) 22 AR B A0 B 1A
T EAAR AR 2 SR B LA K SE R A 22 4K 1 4 R AL
£, TV TS B SG R BESR  JE T A2 %
OCE RIS/ E T A X LERE

AR DI B ORI A R R B A AR K 1 2 4
[RGB HE— A0 B RIE 5 A REAR 21 5 05 B e R
B2, HAEM A DS 3R T X SE A TE
ST AP (SO R ) B2 2% ) S A A A ik
AEMIEEEZ
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Particular cap oncolitic grainstones of bank oolitic grainstones
——An example from the Zhangxia Formation of the Cambrian Miaolingian at the

Chafangzi Section in Fanshi County of Shanxi Province, North China

MEI Mingxiang'*>’ | MUHAMMAD Riaz" , MENG Qingfen" | LIU Li"
1) School of Earth Sciences and Natural Resources, China University of Geosciences, Beijing, 100083 ;
2) State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, Beijing, 100083

Abstract: As a particular variety of microbial carbonates, the oncoid is characteristic of double natures as
following: (D the nature of the coated grain demonstrated by both the relative size and the non-smooth cortex, which
common means its microbial origin and is distinct from the ooid whose origin remains uncertain; ) the nature of the
stromatolite expressing as a type spherical or ellipsoid biosedimentary structure resulted from successive lamination
process around the nuclei, which is a fundamental feature that is used as a basis to group the oncoid as a spherical
stromatolite. One set of particular cap oncolitic grainstones of bank oolitic grainstones with the thickness of about 1
m was developed in the top part of oolitic grainstones of the carbonate bank belonging to the upper part of the
Zhangxia Formation of the Cambrian Miaolingian at the Chafangzi section in Fanshi county of Shanxi procince,
which represent a spectacularly sedimentological phenomenon. Many features characterize these oncoids within the
cap of oncoidal limestones with the relative small thickness (about 1 m) : D the centimeter-level size (1t3
em) ; @ the morphological feature of sphericity or ellipsoid; 3 both the dominated micritic and the secondary
microspar composition of the oncoidal cortex; @ the highly dense preservation of filamental sheath fossils of the
cyanobecteria within oncoidal cortex; ) a special matrix of clotted micrites with clots that are composed by
filamental sheath fossils of the cyanobecteria. Although the greatest challenge that remains is the interpretation of
ancient oncoids and their detail forming processes through the filter of the diagenesis, also the detail of the
calcification of biofilms dominated by the cyanobacteria has still not get better understanding, the richness of direct
evidence represented by microbial fossils especially for sheath fossils of the cyanobacteria within oncoids of a
particular oncoidal cap in the top part of the Zhangxia Formations of the Cambrian Miaolingian in Fanshi county of
Shanxi province make them become a good example of oncoids built by non-layer photosynthetic biofilms, which is
an example for the further understanding of “algale flat” deposits developed on the oolitic-grained bank.

Keywords: calcified sheath fossil of the filamental cyanobacteria; oncoid; Zhangxia Formation; Cambrian
Miaolingian; Chafangzi section; Fanshi county of Shanxi province
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