hERIZ: HiBkflE

2012 H42% F1H:117~129

www.scichina.com earth.scichina.com

it

<¢/ SCIENCE CHINA PRESS

TR 2R LB R B AL 5 IR 1Y

3G

> O NNOloL I S N
Bram?, XK, B
@ dbgt R ER G A AR R, Jbst 1008715
@ A S AL A B S = (E R, JEa 100871

@ BB R ST AT ST LA AL 2 A 2 2 [ 5K T A S Y 4 210008

* B2 N\, E-mail: jbliu@pku.edu.cn

RS H 391: 2011-05-04; #2532 H i1 2011-09-21

P 5K 19 AR 27 k< (HEE 5:40972020) [R5 1 ARFE 24 28 HH 7 ARk B UL HE 'S+ 40825006) L AR Tt 0 40 27 A1 M 2% 27 [ K T i S 0 3 B 0

WE ERERFARMEFRZ RAMBLAMZ —, CEMFNIEFEBET L LN
B EHRAR AN RAEES, AARRACREE T AR ERAL BB S K
XM ZETFEKA) #E T REHLLE EARE RITH Skolithos & K & #4738 1 5 Fo JUM
Fo, KRR RAREEEZETEKTERR. ARG ESTHREE, MELLEE
AN AT FE . AERTE AN I AR DR A B . B AR AR

KHIA
TRE
Skolithos
ERAL
LR
ZHIK

IRAE FAEETAR. AREELRERL-RELEREGIE, K IX KF LA
KEEANB S RRNAES, WEFRREENERE, &, BEREHENEZ, TRELEK
A mET, BERAIEIFTRMN, 8RRk R AR TR R D K iR
Ak, BT E L RSRE R E IR RIE KB A 64 R R R ke K E A

R EE.

EIR A (piperock) & fif % 48 40 A HALAE 7T
RUAM. X80 B OB BB AT Skolithos %
CEALAT A — AN E B R bR, BT B O UL
BUE RS E KT 10% (kA sh e 3 =3)>.
BRI AT T AR AR T B R A 1k
Droser™ 4t i1 4Bk dy A AR & 4 A IR 7= i L, &
ML I EAE R, 2 B> BB, I
A IX R 2 52 B A A A S TR AR 43 A 1)
PP, XL SIS B T L 2 AR

FE 20 A iy R R N B B 20 A ) K S A R S A

i AR E B0 AR ) 2 WAL A 2 TR R 5 R A7 4 i,
70 IR O > TSI B R 28 ) AR B 24K
A2 gm, = ORI IE R A S R €
G (23 T30 3 T2 = e R SE AR R Re e [ T —
ROV BRI, WP R A s o 5 15— H 4
FEAE— AR MACTIOM s (AR A 3 T
AERTAT, R DU RRIE S R 2 A ) K S
MR RK 2R d gogit L mi e
AR KR A A3 TR R e T T O R
RIS ¢, ABKn] BEAL T IE 17 (supergreenhouse)

HE 5| A& Fang L, Liu J B, Zhan R B. Temporal distribution of piperocks in Cambrian and Ordovician: A coevolutionary process with changes of
paleoenvironment. Sci China Earth Sci, 2012, 55: 26-38, doi: 10.1007/s11430-011-4353-4




P R

BB LA IR R R A G PR B AR F P[]

[R5 4 RN, D o 2 e 2 i K R N B8 g e
KA St I — AR e 5 SR AN T B B AR
] Droser & H iR A A Qo0 A LA 5 3804 s e 1
FE 20 AR iy KR R R BB 2 AR ) K B 2 TRl R AR IE
SR, M SR D R . 1K1 AR
SERPIR A I R B IR A 2 P T A s

A REWRAE IS A Droser” 2 Ji XA AR /b it
JEO2 ARk, v [ AR oG IR AN g P, 2
LA R ok S AR AR R AR R R B T 2 A FE IR
R, A R T AR I H X R
WL AL Skolithos &R, WEASER). ot
YR PURRIREE S 7 T 20 B LT AR A (1) 42 1l IR
2, JFAE Droser™ G0 v+ 3ol O FERE L, 51UEAH ¢ S0k
FOPTHAS T N AR IE - B R 2 R T g s, kT
CLGE g B R 5 i SR & 0 ) o [ R A BRAER
FE AR A R SL5 AR W) - IR B [ AL it A2

1 5T X o8 57 e 3 =

ASCHTHEE A RE M T =/ T 5K
[T UG S AR S = i W o B AR R Y (T IR VAR B
R Bt AR G (& 1), RREVECY it A m A ke 7 - L g
Zld N E BRI —, A 5 PEE Ay B
ETEVE RN S8 RN U 28 R At N E i SRS B A
31 6 M LLARRE I e U Ol 5 5 e e 30
DABR I #h U N 5 R IYIIR £ EAK, ik
Oy L B L0471 5 MO G i it AL AN 40 A
RS S DORL IR IX, v B 13T e 1 5 2 i Ut

B HE R E — 2D AR, e R A R o DR
B ok 5 A

204 R RE A TR IR St F 2
VRS KER KK ATl 5 R s, (R AR

T T T T T T T T
80° 100° 120° 140°(E)
-~ -
- 402 . 40°
(M- # (N)
6 Yr &
g g *
N G
\
“ i i B
- " 30°
7
o4 .
s i © B | R
s 1 | :
s § ¥ o i
- ~Z O N
/ E9ES,
_ . o 500 ki : -
+ HR IR e, R
o EiREEHLR g Ch / 2
1 1 1 1

B1 =EHRAE) FImbENSE &k ERERA- R EWRE TR
l. =S 2. SMBFEARA, 3. DUINRE L 4. =radhiEs 5. DUNNRL; 6. (WP R 7. =Pk 8. TR KL 9. TEMN A1,
10. WAbHE T

118



R MRS 20124E 42 1

K. KRG Hmaf 4 S MR g KA
ABEG RS, L R4 100 m (AL, HER
LS e s Je R A, AEE R
MRE, ALK, HELMD, EIA8 myatEN
R KEx b B s iR kb, b
EORA T I R R A, BB R, W Skolithos,

Cruziana, Planolites, Monomorphichnus, Rosophycus[22’24].

R S R T AN S =ch I ot -3 €]
Didymograptus abnormis, D. nichorsoni, D. bifidus™'Fll
TEI R ML AN R IL2E 4 Corymbograpius
deflexus™ HEWT, KA 2047 R ALEDIR A 7 2
A BEJE T Corymbograptus deflexus £ (K 2), K
] 5 S AR AR YR AL R L WAL B ORVE AL AR
X, b 5L BRI v 1 1 (late Floian)¥) TS.2b~2c
I 1] B AR TR ) b Sk P A T R ALK AL - 2
AT YR BURL Y i KA

2 ARMPIRIREL S A

Pk DORRGE R DURURA I S5 R E S R
WA, LU R AL B R M T TR Y 3 B
FAIRT(E 3), B (1) &ACHZEA A, (2) A0
Wa-MbE TZH, 3) Wi A A

(1) A2 A, BEEEN 30~120
em, VUK I R JE A -RR A A h E, REE
&, AR SA AT A 2 PR 2 R F (A
4(a)~(b)), JZRTH, RERSRMEE 40)), £

g | n [was 2585 @
468
(Ma) | . 3b Exigraptus clavus g
| B j L)
i3] 7% Expansograptus
| = B 3a hirundo
Azygograptus =
472 suecicus i
Corymbograptus q I =
-] 2c deflexus
Didymaograptellus E
— eobifidus =
i % 5 3
| i | 2b | Acrograptus filiformis
] =
] 2a Tetragraptus
= approximatus
] Ei=!
479 B
— M’ Hunnegraptus
2] 1d copiosus
5 Acanthograptus
] 5| 1c sinensis
_ =2
5%
] By
Bryograptus
] b tintinniformis
Rhabdinopora
. Ta flabelliformis
489
:*
= ?
i ' —
4 TiEKE

B2 ZEGFEKE HmEYEF5]
BRI GRS ME

) =i W & ®m STURAE
i DE B . N
lebe g BUEBS TEEC|, 2%
@ s £84d 5 e ) e l:, "\: __
18 =161 il E, 8.8
-
Al
L ZIBRE]
|
|
: | Skolithos
R
o
Ly
- b
b BIRE
| | Planolites
L _Teichichnus
|
L
=
: | Skolithos
o
[ ceitteococts: K
=
|
o
by
I
I
I
I
|
|
N R
l: Bt
I ————
B _ Shlthos_
I
I
Ly
.
by
I |
: I |
l T
: | | = KERE :
| | 2R !
: : ] EREE :
Lo g e |
B3 KA BETREEALREASSREBRKESH. W
AR A S

119



P seas: FERAL- BB AL IR K8 5 S B A AR [ B 7]

(e) =

-
-----

B4 KR HELARATBUFER
(a) S ACHE R B AR R AR AT 2 B (b) B A0S 2 BRRD 4 2 R B AN BR PO () A1 e - HLZAR TP K 2
W (d) AR A TEAR TR IR RA G, eI RE T A AT WL T (4 = A TR M P TR B R MG GO =/ TTR); (o) A3
Wt -G FLZ AT MR B I Skolithos AMASK); () KRB E MM EP A, FEMBAR R S AR b HZAR KRB,
b A AR TR A B HEAM, B AR A A, HBIR: (2), @il 5 KEN 14 cm; (b), (D~OFEMELR 2.0 cm

SRR I 15 S 73 E R LLf, REFEAE 0.1~0.2 mm 2 [i).
AR IUEAT LA

A R PR A AR 1T P AR e B TR
FTT 2 IR). AU A BEASCIR A T2 B RS s IR A ) 37
TRIER BRI, PPIRASH 2 BRI PETOR A I (i
W KD IR, R IR B AL =
WA B0 B A5 22 R AL, R 718 I I V- HIEE ) £

120

S REIA L.

Q) AR AE-BELZAEM. HEEKEY
30~60 cm, KZE(L . RO, IRiA SbA 554
A )2, KRR, BENEF A HER L
B 4c)), H W EA WA T S i
eI IIE, X L8 A I B0 S 1 R R (B 4(d)).
FiEAE 0.05~0.1 mm 2 [i), 433k J BRI 2. F7 /0



PR HERERE 20124 42 % B LM

18 Skolithos ™A= H (I 4(e)).

FPRD R A B R A AR R R R, AT
RS o — 0. R WA R EOE B Z A
WEREEMRE, G MR iR S R s
JEUTRRAS L. R ROk 43 36 0 B [ 34 4 22, Al
S T R HLK Bl ) 2 A IR B AR Ak
HEERE 15~70 cm, WP-TH)Z4%

(3) MibAAH.

Ut KA A B T, BECIRE L K
TIRERE (B 40), REIKMA; T IEBIF A
JEFUREE 0.02~0.05 mm [RRE AR, SRR
W), HEFIRSE TR See)), AEIRAE K E)Z.
Kb AR T PURUBORERE B2 504 . /KT R R E
SEYURURF AL 9775 KB 1 Z AR AR A B BIRR
YT R v K 3 1K B s o AR 85 3

B5 RE) RIEORRAERE BT
() B a P ERCE B bk Sk, Skolithos 24 JRTIHEE AR, 1 T A BERAK; (b) YIRRRII L BRI Skolithos H7X; (c) Skolithos 7]
ARG T S ITHR); (d) R AR KT ZEMN A R F [0 Skolithos FME AT AT Teichichnus (Te)(3E ti 3 iT48); (e) BURIHES AL 5E

T PE RIS () Skolithos ¥ 7CE ELY) Y, B RS20 (0 HE 2k 4 0) 0 A0k A0 SEmb 2y, R /b, ELIBORE T 5 m4ES1. BBl R: (a)~(d)
WM ER 2.0 cm

121



Dt JEaAL- Y 20RO (A e S L A AR (K )

S SVTRALY/ Ik AN SN =+ R N Ty R TR e 1
IIEES

BNEHHZ - IR G T Bk 3 FhiEAH, JFILIE
Ryl T R i I - VSR T - i P P TR e
[l (B 3), JELR] Py 1) kA e R S S T AR A,
Jirg 1l 1o ¥4 e i B ORI R JEE B S DUAR ) i
SEAT RAL, AT R AU B A e AR AL
MR PR ) 5 A4 J2 PR e (1] 4(f)). 1] _EA2 4
ORI AT I LR O A0 O BAITEE
VIR AVSE S ipe AN M S FiTpestIE S NI SE2 R

3 Skolithos 1% A A FE IR S FFAE

ANl =F bt 1860 ¥ WS a2 S A B
Skolithos, Planolites ¥ Teichichnus 3 M ilh g, H
LA Skolithos 2y =, Mhtb i i R T4 KR Skolithos
Ak, AN Planolites F1 Teichichnus 25 /0344 18008k
A1(B 5(d)). Skolithos .7 FIARZN L AT WY Wl i 22 5,
Wik 546 $1( ichnofabric index) -3 4 4(&l 5(b)).

Skolithos A5rk, L EUMA T 23, W Es
2~5 mm, FNATALKCSEATIA 8 mm, bR HEAA
A w7 th, Rimmoai, VIgKER, Hi%
R EY)FIME (K 5(a)). 7N TR K O
ORGSR RURL BB AR, REAR N
0.1~0.2 mm, BB ¥, HIORL G E 1) HE 21 (&
5(), 53 B DR b I RURRL L — B0 A7 1198 X
JEI s = (B 5(c)), A BRI A KA Gk
W B B b 5 o 3, Bn S FlA FH EL R,

ARG BRI A, JEJE 25~60 cm, T8

Hist il A Skolithos ¥k, A fEAE Teichichnus %5
1t 108 JE (B 5(d)). Skolithos 1545 )2 M % 4L 0 A, TEINAR
2170 0.035 m* {210 L, AT Skolithos ¥ /X2y 120 4
(B 5(b)), HIBEAEF LS ATIE 3500 AN/m’. EYHE
SIRECTI A 4, JREBTIA S,

PETGRHIX A 4, R 3 AN IR JE AL
(K 3), ¥ ILALE [a) _EARA0GCARE AT I T, Skolithos
[l TO T ) = BE B Mo AR I VA B R B
B 5 LT AN st il A A, o G R 4 A (B
4(a), 5(a)).

4 FeR-BPE L ERAE R A

it H BTRT%N, 1Y Droser™ s 4R 2 (1K) I A8 0 A7 i3t
Tt AEkigs. At FNEE RN, Wl T AR
JEH 66 AR e, Hrh s - R R A 514,
I LLEL Ay B S0 S s B AT AR ME AL AL B, A FE
HAEIRERE, 2 GBI,

Droser™ i 45 2 Ji5 (13 20 4E 7], 1 545 1y SUA 4k
BRI R T 5 2 ) IER- WA RS, ERAL
AR | G R X RGN AR A A
H; S PRR T 4 ANFER- P IR A PR b
(E ). EFAESHEGFX T REBEO A EAN S
Pk BB eI U0 2 AN R RS )
P o 1 BOVR B RS I AE e OB R R &
TR AR BT MR FEAZ AR . K S YR R A B B
(P B F ) TR 2 ANEPIRE P 1 3 7 B R
JT A B v 9 TR T4 I 1 I RS Rk, )
AL G I GIER- B R A 2 MEIREZALER D).

1 FEHER-RRLERE=HELETT

INERY 2 7 PR A SCHR IR R E Sk
M L g 1 I 941 4 HHKE YIEN ATV EARE I (R R R R

LR THRA VU )1 i E SANCRN VS W ST DS SANCN Skolithos 35t 775 A [22]

WO TR S . R e A
AW a =Ll = IS PR AR S A Skolithos 7325 A [22]
bRk ot A AL B VARGV S e K& Skolithos [28]
Ko

AWy P PCE 3 VARGV W R VNS
NEFERAEE TR RO A A K2 Skolithos X (R KR FF KD

LB A |7y KA =B TR R KR E I [29]
yaeil THRE kL REIK A K Skolithos — XIEERE (KRR ERL

LI Py AL g R bo FAR G S 2 5= S S VAR (R 01 HRE [21]

WIREHA Ny WA, WA, KECHDASRAELR  KEE R [30]

JLEIRA DY ik 1 WKt R RO PN R YA [31]

122



hER: HERRIY 20124F 42 1

55 b [, 28 3 0 H T L At B DX 12 i IR A
FIHTF= 1 9 ANGE 2). Witk —ok, AERIER- L
KA HECESMHER T 71 4, b Droser™ (¥
HINT 45%.

EXE IO E P Ah 20 ANFERR-BLPE RAEIR A 7 HLI
Bt b, X5 Droser™ A S H0 s BT FOBE 2, W
W48 ANEPIRE T EAL I E B, T 3 AN
HR AR EE B, BAFIANG . Hik,
AERS AT - B 2 R T 68 S, AR FE R
TH 2 i S T 6 AN B R A 7 B 4 il 31, 7,
3,15, 6 1 6 /N3 3). &5 5 o L€ 0 i B g
PERE A Z . B, Mfed . Mgt
Mg, S B TR A D

9T HEBRAS I BRI PR W R A R T AR A
(RIAS ) B 345 B R S 0, 223 K Droser™ {114
T R R A A B AT AR R AL AR s R
TE A HE ISP ] o 2 6ok Bl 2 YT B % e BB
SEARIEBR (Ma), 45 4 4% I S P OB 1 2 i A2,
H 7 FE A DS BRSSP B, i) B o 4
ARAE R i DU H SR T ROV AR AR, 23 RT3
il 5 AN BB HEAT R UEAL. AR R A
RFFE = S2Br = M BN B SE PR/ 4 9 A PR )x
(I B OB ) H i T R € i g e U H R

IHA).

H ] 5 - DL 4 A A R OB ) L R T AR
MHORGEVE. S8 AL T M 25 2 g o [ 4% 2 AR
Yoo ut- BB AL A BRI, R i B
AN R AR g A T AR 2 AT AR PR TR ) H e T AR
(& 3). ARAELL B UEE, THHEAAE R4 ERoE
-REFAL 6 NN B IRA IR AL, (RN X B
Ji 1) Droser™ 1y 4 BREHREAT T FrUEAL TH5E.(R 3).

VSRS (1 98 - R A0 IR AR A 46
REIH Y Droser™ B AR () 6). 4k LI
A O S, 2R ITARE T, EIFAE
Droser™ 7R ((13Z Wi j /> (F 7, 9 IR A7 /E RS
N S T 1R B ey U 36 T o I 2 M 98 1A 2 301,
RN S GNENIREY VSRR 2 J:0F2 e ) S SN R )
MR LR (& 6, 922k). o EERE AR H AR
LG L L B RV, (HLR A B T AR H
e € U AR 4 (B 6, MEZk). 15 £ ad b B2 )5 (1
Droser! [ 4 B R EH B 5P HEAEIR A 2 FE R
ETRR (B 6, RIBEER).

5 g
ANAD SN O S D S R RS R AR A A2

x2 HAHAMMX 1991 FEFEAPER-BRRLERE LT

4G Hh 22 FEHL SCHR A iR

Hfr BB Hawaz 41 Murzuq 753, F) EEE HRA [32]

Anazldo IR 4 ERE [33]

FL B g Deadwood 21 Black Hills Jb#8, FEikRIEEM, EE Kim Skolithos [34]

Santa Rosita 41 [ AR 2 P AL 5 KA H I [35]

FLIE R H: Araba # BRI K HE < [36]

Bolas 41 Whetstone (11, SPF|ZATM, 55 =N [37]

Garbyang 41 Kumaun, E[IJ§ PN IE R A [38]

Kocayayla B Taurus Range, + F-H: K T [39]

Slottet 41 F6 B4 22 2R3 Kam Il X [40]

x3 FR-BRLERE LRFE R T E Gt
et e DU s FE T AR " "
It S bR B 4 R (Ma) (10° km?) FRUEAL
o A RD) IR0 v [E] ABR v [E A ERD AR

15, B g 11 1 5 6 17.2 1.32 45.70 2 8 9
rh 5 g 0 4 6 10.9 1.35 48.09 0 9 14
L GhiiN 5 8 15 16.5 1.27 44.18 9 14 25
9 G 0 3 3 10.7 1.30 40.96 0 8 8
gt 2 5 11.0 1.33 41.15 5 14 19
LR 3 23 31 32.0 1.21 38.66 3 23 31

123



Dt JEaAL- Y 20RO (A e S L A AR (K )

201

R EREF

0

OREY DREH BREL SRMBE DREH REMEH

Be6 =R-RMLHEMEIREREHERZN

ZERZEN, FEAH: () 15X RS TR
Py R B APURLEDAOB 4 (2) AW 5E 4 (AL 5 ]
VER . e %) Ik 0 S EGE s a2 (3)
AP Bl i 8 T s i S RPE AR AR 1O (4) i
H - AR 0 IR R IR A AR R A
(1) 2R 2 (R S R I G DA SR, I e fif
JEHET Droser® WA (AR 2k, 288 2 WU H 4
WA IR MR, A THERENKTS
A - A B A TR % 2R HHT R AL

AP B G ER A B, =Ty
KRB G20 540 I A E 2 B A T b
Skolithos K&, FIRE LR E TR LA E (K
3). X UL HTER R KB I 40T, BRI AR 2
SR ) URR AR i 25 DR 25 mT R PR T B IR S 1T
JAORAT, T BTV 55 7K 3) 77 18] 4 50 35 1 it R s e
FRBREE ) B 38 T 7= A IR

gl f R RS PRI A R R, EE
T 7AXL Skolithos —#f, H AR KERAHALL, W] fgh [H]
— A IE T TG AR R IAT AT SEARA A, 1]
I8 8 A R A B e E A s BN AR R T
WAEAA Planolites F1 Teichichnus <5 PIAR A M85 71,
HHFEFKAL, 5 Skolithos ¥/ 0 EA M H 1%
I, USRI R A I SoE RN, ERE
=18 A8, KE +3 My % 29 A b &
ZUfh. N, FER-BH AL Skolithos I 1&E WE A ]
BE B A AT [ 5 0 £ 1 2B 3 7 s 2 R A IR

124

F R AW Skolithos W 7R Ak iz HEH
T T HE MRS SR R S 2 WG, B - R
TE B A B R T TR R A A R
S, T I BT VAR A 1) 3 BAR SR B R 2K R A £
WK A 7S R ARTRTE R0 B A g2 1 pT
R, IKBN I SATFART B« WA AR T E N AR R0 2 v
TR S HER S I R AR W) IR A A7 5 4 s e/ N HL /b
At A= W i IR 2 5 b 35 A T8 B IR 1.

A BRI R ] 1) 58 - BB 20 IR A I AR A AR
(E 6)[RIFE 52 21 Fak il IR (5w, 1 R4 5 98
T, A Wi, LB AT R B R X 4 S
BT,

(1) Foeli, sl Ea KIERAMEE K E
WA G AR AT e S B, T HL AT L AR TS W
0T PR B ek B, i e S T IR A
B4 A, 5 b () e s % 4 ¥ b DX b o 22 JeC v Jak
P2 AT, KR B YRR A N R R R B B
B2 KRB T 5748 KBl X PCah Ak 5 LLRE S 25 ic
Bk 35 Ay o R 40N e [ 0 IR o T
3 A AEHE AR R R A B B ER )1 e L R K R
FARD P o [ R O R B S A BRAE S [
M e, Xl RE SR A O¢, Wl HI T4/
B HL e = 00 i P, IR A R s A A o R
i, L8 A S R 25 Oy ] o 1 3l B /), v R e
TR EIR A AR T Skolithos — Flist 7254k 4721,
1M 7E 75 k% > Eriboll WA H I E R AWK E
Skolithos 1 Monocraterion 2 ANita8 J& Y, B4 S e
() PRI 5 4 F A, EIRE s iR A b, A
e AW R B AT (1 Teichichnus 55)— AN &
. AWy Z (Tiering) kb +— MNRAR I AKCFP>3 43
DA At A= R B 6 IR T T B il .
RN F IR T8RS e i R R

() . W, A R i T Y,
AR B ot 2 U RN 10 it Bl U S k25 Rk, i R TR
hE G A, ERE N RN Z, T
TH AR KR, W RS % KR AE b € U A — IR
KA R AT O (B 7). Erghbrby i €t
LI BR 3R 55 S 2= 5 DU 2, D8 38 1) R oty o B,
SRAE M 98 iUt O 48 6 A, (H BT 2 40 T 31
B, v e i D R S UORR. AR AR B AR
bl — B AN AL I AR R i B, R 2
DAYRBE K 2= BEUURU N =220 IR e b & R $e it



FEEE: HERRE 20124 H42% H LW

1R

R WELENEREFE | METRETR%)™

10 20 30 50 70 90 40

ERENRE™

80

HEFEEL (m)
+200  +400

BT EIRE

120 10 a0 50 70 0

=]
B
2
7
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
|
I
|
|
|
L

K7 HRAKFRWUEREFEESMEEWETREDETITE. RERTAE. BTUATRER
H P AR R R

R AFR & 5T

e i T B R OB R R M IR AN &
IR E R B IR A e — R AL M CO,
Iy A, T e I 3 2w 2000 T A AR
A BRI VE 2R 2 /KR B (R N ) 2 — 168 % 3]
KA PSS RBR, i B KRS S8R
A K TP R R T B O DA T A e A B8 A v
g b [X TR 8 10500071 SAp At 2 i AR ok R b o)
ST T SR 4 Bl A T 1 T R T g RO Sk
R AT S FE B A WS ) T R PR, Y IR S )
CAnB Bz S JC BN S0 1) 43 S P A 1% ) 335
A FEARTOTV gl B AR . SRR K R . A

JOAR B 55 Hb v T DX I /D L A2 2SS Bl Y B )4 IS
A Bl Ak A7 U282 iR IR K e s KB R
FHEOPTAPN P 7). %A I Rl R e R
FE T H A B A B AR, (H AR /K M X 338 328 1k A 1
Oy SR BTG N, 3K U W v M X 3 T8 S ) (1) S B
52 B v R0 R S A BT S, s A A )
(P BEAR, 10 5 25 S T 4h Tr) 8 IR K 38 55 i A 7% B 11
AEBALT B E 7).

SEVR A TR LA o R G s A ) B
YR, HAEAEARAEF GRS B L MR E
rp g U990 b I 2 I S X ) B AU ER B ) RE AT
T BRI A K, LA KR PR AR A R 2R 18,

125



Dt JEaAL- Y 20RO (A e S L A AR (K )

ANF) T8 FEW B R TR RN E KT, R
PR 5 2K 0 S PR RN 2 B K 5 R BTV ), ek
S BRI A ) S IR AT DE LR B R IR R
LA B

(3) BB, S AR T RO 5 2
PGB ) IR 52 A, 7 SRt P 3 2 1R AT AR T 5 i
Yoy 2 R B DG ANBE W S pi RPN, IRt R
i, A5 CLBKIR Sk & Mo DURUh 3 10 55 46 A e ) %8 /b
BEARAE PV B X6 %K R B R b
TERE IS ORI 3 80 1 X I RS B e 2
JEIAL

S5 BT (1 M R Ak 27 B T B, 6 9 R T 4R
KRAHEAA S R L2, Xl i S8 b, wE
FE 52 2140 1) B 8 28 A5 VR A2 ) oy e P T G 1
mUHE T, R RIRME R DL EET ERE
S Rz . SR T G A Bk R 2
K T4 B AR 72800, ifs 2 U b DX K b A 3 SEOIR
PR LSRR, 1K R RE A IR 5 A5 1% I 3 ) P O R K
BB 2L AR I T AR At T S e S

4) LM ERFEH. X B T IR AR
P (45, 35 AR e ok 50RE S 1 R AR I b g 2> B,
A H ] 2 Bk B 2 R T T R /I 1 BN A
2Bl ARSI 2 R R A E R, B
RAAWIEZ, R RFE I, EES EAW
TR iR B U R B L T S Sk R
KM S E RS B2 M LR Harding W5 R
BHKEM Thalassinoides™, JFUHEACRA ER A
(ORECRA Y VARSI AVE = = il 110 £ ¢l e 2 1 1 IR 4
TEk G 300 T 3 A T R F) 2 0 e B R B A T g 182841,
ANF TR 10 T BRR A OB) A s T 5
55 3B AT 53 S RE AN TR B It FR A A A A B )
SR F I 2 (1) & L 1383.840,

gi LRTIR, MTE 2 I 3 B A0 i IR
) S A I TR %2 Wl AR B2 0T 2 b DX P 05 R i DU R A
A A S R R I L, AR, MR gE

o

AR 7 IR A S 047 o PR 3R B 2 2%, W] g
AT AR BRI ROV K i S K AR AR R DX
PR %A B H AR M 3 b — AT T AR B
T IE AL A i K R B 0 A ) KR S 2 TR A
HEEE

6 4iig

L 0T 2 B I M X B A R DU A R
MRS, IR BTGt v S R4 1R ) 9 -
B 20 DR N S AR AL T A T 6

(1) BT X B 2L IRCA RS SR L 3
WAL A S ORI B S R AL R W, K 3N 70 4 1 A
X Eh, AT AR s AR B R s S DORR PR B 4l 1
TERE B RG BIRE T L R, &AM 4
A B E S I T8N, B /b FAb A Wy sl i e R s
MR, R E TR LR . A SRS L 2R
R s B A

(2) gevh - BE AL 11 AMEPRE 1, A
WA I AR A 75 L BB R B0 e, X nl gy
EB 7 X P GO R R R T TR AT K,
HABANHERR S ETORE (K 22 5747 K.

(3) AL FOFT G h RUE S A BR IR - L A0 5 I
B R I 25 a0 A1, RV IR BAR A1 9 - L
AR BRI RS, IR SRR D, 1
e BEFERC A B, SR T A e A ) S
(i), ZJait—bRET.

4) . BFERH RS A IR AL T 98
TRCAL A iy K R B B 20 7 ) K i i 2 T ) A 3
P, Il et DX R T o OB AR kb 2 32 i 390 v i
U R T AR AR A TR TR R BRI R T S
IR B AR I A R R R A B R A
- LR A I P S5 3R] RE L 5 9 T R R A
AR RN SR 22 R L B A BRIV R TR KL
SEES

RRORAIFHF L FAAXREHERENEY. TEELRETABE SR TRITRME T LR

LERENH LT, PERFRERMT EENTRIAEFR. Kush. TB. HAK RRE. FHB.
o, R, FEBELGTEREREF; AERFHREZERFFRAZEL. TiEE. BR
. WA TSRS ZRAAXRBEZFRENL, Elh—IF RO RM. AU IGCPSI T H “F- # A X

EREMH I BRR.

126



hER: HERRIY 20124F 42 1

S 3k

10

11

12

13

14

15

16
17

18

19

20
21

22
23
24
25
26

27

28

29
30

Pemberton S G, Frey R W. Quantitative methods in ichnology: Spatial distribution among populations. Lethaia, 1984, 17: 33-49

Droser M L, Bottjer D J. Ichnofabric of sandstones deposited in high-energy nearshore environments: Measurement and utilization. Palaios,
1989, 4: 598-604

Droser M L. Ichnofabric of the Paleozoic Skolithos ichnofacies and the nature and distribution of Skolithos piperock. Palaios, 1991, 6:
316-325

Droser M L, Bottjer D J. Trends and patterns of Phanerozoic ichnofabrics. Annu Rev Earth Planet Sci, 1993, 21: 205-225

Valentine J] W, Collins A G, Meyer C P. Morphological complexity increase in metazoans. Paleobiology, 1994, 20: 131-142

Mcllroy D, Logan G A. The impact of bioturbation on infaunal ecology and evolution during the Proterozoic-Cambrian transition. Palaios,
1999, 14: 58-72

Davies N S, Herringshaw L G, Raine R J. Controls on trace fossil diversity in an Early Cambrian epeiric sea: New perspectives from
northwest Scotland. Lethaia, 2009, 42: 17-30

Harper D A T. The Ordovician biodiversification: Setting an agenda for marine life. Palaecogeogr Palaeoclimat Palaeocol, 2006, 232:
148-166

Palmer A R. The biomere problem: Evolution of an idea. J Paleontol, 1984, 58: 599-611

Sepkoski J J Jr, Miller A 1. Evolutionary faunas and the distribution of Paleozoic benthic marine communities in space and time. In:
Valentine J] W, ed. Phanerozoic Diversity Patterns: Profiles in Macroevolution. Princeton and New York: Princeton University Press, 1985.
153-180

Sepkoski J J Jr. Ten years in the library: New data confirm paleontological patterns. Paleobiology, 1993, 19: 43-51

Rowland S M, Shapiro R S. Reef patterns and environmental influences in the Cambrian and earliest Ordovician. In: Kiessling W, Fliigel E,
Golonka J, eds. Phanerozoic Reef Patterns. SEPM Spe Publ, 2002, 72: 95-128

Liu J. Marine sedimentary response to the Great Ordovician Biodiversification Event: Examples from North China and South China.
Paleontol Res, 2009, 13: 9-21

Gaffin S. Ridge volume dependence on seafloor generation rate and inversion using long term sea level change. Am J Sci, 1987, 287:
596-611

Berner R A. The rise of trees and how they changed Paleozoic atmospheric CO,, climate and geology. In: Ehleringer J R, Cerling T E,
Dearing M D, eds. A History of Atmospheric CO, and Its Effects on Plants, Animals and Ecosystems. New York: Springer, 2005. 1-7

Haq B U, Schutter S R. A chronology of Paleozoic sea-level changes. Science, 2008, 322: 64—-68

Barnes C R. Ordovician oceans and climate. In: Webby B D, Paris F, Droser M L, et al, eds. The Great Ordovician Biodiversification Event.
New York: Columbia University Press, 2004. 72-76

Miller A I. The Ordovician radiation: Toward a new global synthesis. In: Webby B D, Paris F, Droser M L, et al, eds. The Great Ordovician
Biodiversification Event. New York: Columbia University Press, 2004. 380-388

Desjardins R P, Mangano M G, Buatois L A, et al. Skolithos piperock and associated ichnofabrics from the southern Rocky Mountains,
Canada: Colonization trends and environmental controls in an early Cambrian sand-sheet complex. Lethaia, 2010, 43: 507-528

Mcllroy D, Garton M. Realistic interpretation of ichnofabrics and palacoecology of the pipe-rock biotope. Lethaia, 2010, 43: 420-426
KD, WRRERE, TR, W R RS ALK IS B ——Skolithos ¥ 7AKA1 I FURI . ekl WEFTIERE, 2001, 24: 164-
174

O, R, B3T7, A5 hEBE AL dbnt BheE iR, 2004, 1-417

I, SR, &R, A b EFERAH R A A B JERt b DM B R, 2004, 1-233

Ak, RO, HEEIAN, &R RV h AR O SRR Tt A Ay S 3L R L. DT AR AR, 1990, 8: 110-120

IR, ZEEEER. BY: Z8A BT, 1976. 1-266

sKICH), B8, Goldman D, 4. Hepy B-h BLEG I T 235 E AW L REE SR B 0 A Th ERL 2 HEREHEE, 2010, 40:
1164-1180

Webby B D, Cooper R A, Bergstrom S M, et al. Stratigraphic framework and time slices. In: Webby B D, Paris F, Droser M L, et al, eds.
The Great Ordovician Biodiversification Event. The Critical Moments and Perspectives in Earth History and Paleobiology. New York:
Columbia University Press, 2004. 41-47

BEOP). B JH A 5 S () Skolithos SMEA S PRI, B MR, 1988, 5: 66-72

WA, WAL T ML A b S i G AR TR AL A A7 S DURR IR B RUR A2 2R (B AR B, 1988, 21: 220-224

BT FUR T IR IR IR A AL A 0 £ IR I AN 2 Je 4. )R 22008, 1996, 20: 224-231

127



It
i

S JEAL- TR 20 IR (A S L A AR (K )

31
32

33

34

35

36

37

38

39

40

41
42

43
44
45
46
47
48

49

50
51

52
53

54

55

56

57

58

128

ZHME, P, Rt PR BRI A A e R e wt s, BRI, 1997, 2: 158-174

Emilio R, Mariano M, Jordi M G, et al. Stratigraphy and sedimentology of the Middle Ordovician Hawaz Formation (Murzuq Basin, Libya).
AAPG Bull, 2006, 90: 1309-1336

Davies N S, Ivan J S, Guillermo L, et al. Ichnology, palacoecology and taphonomy of a Gondwanan early vertebrate habitat: Insights from
the Ordovician Anzaldo Formation, Bolivia. Palacogeogr Palaeoclimat Palacocol, 2007, 249: 18-35

William P. Sedimentology and ichnology of Late Cambrian to Early Ordovician Skolithos sandstone in the Deadwood Formation, northern
Black Hills, South Dakota, and Southeastern bear lodge mountains, Wyoming. Master Thesis. University of Toledo, Toledo, OH, United
States, 2005. 1-209

Buatois L A, Guillermo F A. Trace fossils and sedimentary facies from a Late Cambrian-Early Ordovician tide-dominated shelf (Santa
Rosita Formation, northwest Argentina): Implications for ichnofacies models of shallow marine successions. Ichnos, 1996, 5: 53-88

Khalifa M A, Soliman H E, Wanas H A. The Cambrian Araba Formation in northeastern Egypt: Facies and depositional environments. J
Asian Earth Sci, 2006, 27: 873-884

Tang C M. Skolithos piperock in the Bolsa Quartzite (Cambrian), Whetstone Mountains, Arizona (abstract). In: McCord R D, Boaz D, eds.
Southwest Paleontological Symposium, Proceedings. Mesa Southwest Museum Bull, 1999, 6: 3

Sudan C S, Sharma U K. Trace fossil distribution and stratigraphic setting of Garbyang Formation in the Girthi-Ganga Section of Kumaun. J
Geol Soc India, 2000, 55: 175-182

Burhan E, Alfred U, Talip G, et al. Lithostratigraphy of the Lower Cambrian metaclastics and their age based on trace fossils in the Sandikli
region, southwestern Turkey. Geobios, 2004, 37: 346-360

Smith M P, Rasmussen J A, Robertson S, et al. Lower Palaeozoic stratigraphy of the East Greenland Caledonides. Geol Sur Den Green Bull,
2004, 6: 5-28

Ogg J G, Ogg G, Gradstein F M. The Concise Geologic Time Scale. London: Cambridge University Press, 2008. 37-57

Ronov A B. Phanerozoic transgressions and regressions on the continents: A quantitative approach based on areas flooded by the sea and
areas of marine and continental deposition. Am J Sci, 1994, 294: 777-801

Bottjer D J, Schubert J K, Droser M L. Comparative evolutionary palacoecology: Assessing the changing ecology of the past. In: Hart M B,
ed. Biotic Recovery from Mass Extinction Events. Geol Soc Spec Publ, 1996, 102: 1-13

Droser M L, Li X. The Cambrian radiation and the diversification of sedimentary fabrics. In: Zhuravlev A Y, Riding R, eds. Ecology of the
Cambrian Radiation. New York: Columbia University Press, 2001. 137-169

Mcllroy D, Garton M. A worm’s eye view of the Early Palacozoic sea floor. Geol Today, 2004, 20: 224-229

Seilacher A. Bathymetry of trace fossils. Mar Geol, 1967, 5: 413-428

Alpert S P. Systematic review of the genus Skolithos. J Paleontol, 1974, 48: 661-669

Debrenne F, Zhuravlev A Y. Cambrian food web: A brief review. Geobios, 1997, 30: 181-188

Moczydlowska M, Vidal G. Phytoplankton from the Lower Cambrian Laesa Formation on Bornholm, Denmark: Biostratigraphy and
palaeoenvironmental constraints. Geol Mag, 1992, 129: 17-40

Zhuravlev A Y, Riding R. Ecology of the Cambrian Radiation. New York: Columbia University Press, 2001. 1-525

Seslavinsky K B, Maidanskaya I D. Global facies distributions from Late Vendian to Middle Ordovician. In: Zhuravlev A Yu, Riding R, eds.
Ecology of the Cambrian Radiation. New York: Columbia University Press, 2001. 47-68

Bottjer D J, Hagadorn J W, Dornbos S Q. The Cambrian substrate revolution. GSA Today, 2000, 10: 1-7

Ausich W I, Bottjer D J. Tiering in suspension-feeding communities on soft substrata throughout the Phanerozoic. Science, 1982, 216:
173-174

Vail P R, Mitchum R M, Thompson S. Seismic stratigraphy and global changes of sea level. Part 4, Global cycles of relative changes of sea
level. In: Payton C E, ed. Seismic Stratigraphy: Applications to Hydrocarbon Exploration. Am Ass Petrol Geol, 1977, 26: 83-97

Mount J E, Hunt D L, Greene L R, et al. Depositional systems, biostratigraphy and sequence stratigraphy of Lower Cambrian grand cycles,
Southwestern Great Basin. In: Cooper J D, Stevens C H, eds. Paleozoic Paleogeography of the Western United States. Pacific Sect Soc Econ
Paleontol Mineral, 1991, 67: 209-229

Fligel E, ed. Microfacies of Carbonate Rocks: Analysis, Interpretation and Application. Berlin Heidelberg New York: Springer, 2004.
1-976

Riding R. Calcified algae and bacteria. In: Zhuravlev A Y, Riding R, eds. Ecology of the Cambrian Radiation. New York: Columbia
University Press, 2001. 445-473

Crimes T P. Changes in the trace fossil biota across the Proterozoic-Phanerozoic boundary. J Geol Soc Lond, 1992, 149: 637-646



hER: HERRIY 20124F 42 1

59
60
61
62
63

64
65

66

67

68

69

70

71

72

73

74

75
76

77

78

79
80

81

82

83

84

Uchman A. Phanerozoic history of deep-sea trace fossils. In: Mcllroy D, ed. Application of Ichnology to Palaeoenvironment and
Stratigraphic Analysis. Geol Soc London Spec Pub, 2004, 228: 125-140

Berner R A. Atmospheric carbon dioxide levels over Phanerozoic time. Science, 1990, 249: 1382-1386

Berner R A. The Phanerozoic Carbon Cycle: CO, and O,. Oxford: Oxford University Press, 2004. 1-158

Marsh G, ed. A Global Warming Primer. Washington DC: The National Center for Policy Analysis, 2007. 1-40

Saltzman M R, Young S A, Kump L R, et al. Pulse of atmospheric oxygen during the Late Cambrian. Proc Natl Acad Sci USA, 2011, 108:
3876-3881

Garcia H E, Gordon L I. Oxygen solubility in seawater: Better fitting equations. Limnol Oceanogr, 1992, 37: 1307-1312

Raquel V, Carlos M D. Temperature effects on oxygen thresholds for hypoxia in marine benthic organisms. Global Change Biol, 2011, 17:
1788-1797

Tyson R V, Pearson T H. Modern and ancient continental shelf anoxia: An overview. In: Tyson R V, Pearson T H, eds. Modern and Ancient
Continental Shelf Anoxia. Geol Soc London Spec Publ, 1991, 58: 1-26

Allison P A, Wright V P. Switching off the carbonate factory: A-tidality, stratification and brackish wedges in epeiric seas. Sediment Geol,
2005, 179: 175-184

Jones R I. Importance of temperature conditioning to respiration of natural phytoplankton communities. Brit Phycol J, 1977, 12: 277-285
Enquist B J, Economo E P, Huxman T E, et al. Scaling metabolism from organisms to ecosystems. Nature, 2003, 423: 639-642
Ushatinskaya G T. Brachiopods. In: Zhuravlev A Y, Riding R, eds. Ecology of the Cambrian Radiation. New York: Columbia University
Press, 2001. 350-369

Guensburg T E, Sprinkle J. Ecologic radiation of Cambro-Ordovician echinoderms. In: Zhuravlev A Y, Riding R, eds. Ecology of the
Cambrian Radiation. New York: Columbia University Press, 2001. 428-444

Bassett M G, Popov L E, Holmer L E. Organophosphatic brachiopods: Patterns of biodiversification and extinction in the early Palaeozoic.
Geobios, 1999, 32: 145-163

Liu J, Zhan R, Dai X, et al. Demise of Early Ordovician oolites in South China: Evidence for paleoceanographic changes before the GOBE.
In: Gutiérrez-Marco J C, Rébano I, Garcia-Bellido D, eds. Ordovician of the World. Cuadernos del Museo Geominero, 14. Instituto
Geoldgico y Minero de Espafia, Madrid, 2011. 309-317

Riding R. Cyanobacterial calcification, carbon dioxide concentrating mechanisms, and Proterozoic-Cambrian changes in atmospheric
composition. Geobiology, 2006, 4: 299-316

FEMESC, XU, M. WAL L S I B KR R A S AR . B RORAE AR (A SR BEERR), 2009, 45: 289-298
Tucker M. The Precambrian-Cambrian boundary: Seawater chemistry, ocean circulation and nutrient supply in metazoan evolution,
extinction and mineralization. J Geol Soc Lond, 1992, 149: 655-668

ZRIE, R ERE R B REIE R AR, W aREE R, JrEAN, BUEA, AR, Egn. AEWMRGEE. NS 2R
AR 7R, B2 HiARAt, 2006. 317-334

Lochman-Balk C. The Cambrian of the craton of the United States. In: Holland C H, ed. Cambrian of the New World. London: John Wiley
and Sons, 1971. 79-167

Servais T, Lehnert O, Li J, et al. The Ordovician Biodiversification: Revolution in the oceanic trophic chain. Lethaia, 2008, 41: 99-109

HE AL

Trotter J A, William I S, Barnes C R, et al. Did cooling oceans trigger Ordovician biodiversification? Evidence from Conodont thermometry.
Science, 2008, 321: 550-554

Nielsen A T. Ordovician sea level changes: A Baltoscandian perspective. In: Webby B D, Paris F, Droser M L, et al, eds. The Great
Ordovician Biodiversification Event. The Critical Moments and Perspectives in Earth History and Paleobiology. New York: Columbia
University Press, 2004. 84-93

Allulee J L, Holland S M. The sequence stratigraphic and environmental context of primitive vertebrates: Harding Sandstone, Upper
Ordovician, Colorado, USA. Palaios, 2005, 20: 518-533

Droser M L, Bottjer D J. Ordovician increase in extent and depth of bioturbation: Implications for understanding early Paleozoic ecospace
utilization. Geology, 1989, 17: 850-852

Liu J, Zhan R. Temporal distribution of diagnostic biofabrics in the Lower and Middle Ordovician in North China: Clues to the geobiology
of the Great Ordovician Biodiversification Event. Acta Geol Sin, 2009, 83: 801-811

129



