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A Correlation of the Late Ordovician strata in the north part of the South China Plate

B K OB 5 m
F.T 4 F & st GREMIR | Mk E R S"ipe: Zhe —Gan Platform v
Upper & Lower Yangtze |[Southern Anhui|Zhe-Wan Basin | o5 & % 13 | REIREM | S@LEL )
ti W
Fotform -1 | Sope B || Cat faces o ot
B - T
W [ bohemicus 2one | =" R & # B MFE Yar:l%ua F%ed i “ T
(= extroordinariis Zone) Ké“’gY'”Ch'ao Xinkailing = 2 l | i ’
Ws P uniformis Zone z Be%/— £ = |
Ws D riirus Zone ; e He ’
B Ws 7. typicus Zone A & | ¥ o> 4 Py ] ma| K16 4 m
< S ‘% ? ; ;v‘"\%_/
= 5 =
=N Wufeng Formation Xinling  Fm. th 2 :/;J Changwy Fm. ¢ = @ L B ﬁﬁﬁm
2 (W2 D szechuanensis Zone { s-10m) (80-800m) | (1000-2000m) | ( >600m){ Sanjushan { g ch E
Fm.
_ o
Wi A diyunctus yangtze: —
eris + Lone 2‘2%@&9&3@ T%;L:.ﬁ 5 ® % @
pantsaokou  or angtou .
o] Linhsiang  Fm. Fm. Huangnehkang Formation
s
s £ 15 4 n z 1 picl
] .
b L Pagoda  Formation Yenwashan  Formation
o

Dicellograptus johnstrupi MR AT W, B—H
533 BT H, &3 & X B B R B i
0 W HFHIINOARS & 4r 40 (Hirnantia-Dal-
manitina) KNHIEEAFFE, SHHEIRR R
B, KARAEYS T We (DBEA BTN R 2 W
B Wi)o TERMHASHZTHRHZANR A E
H, AKAEY T W._s, LlDicellograprus ZhippEt
KX, RMBXBEHEIARE Teherskidium-
Sowerbyella BREBhHBER] Agetolites PRI
HeEo FHXBRBHEBBEOMNERLRE 1,

E%%.,. BRERNESR=ARE&ES R
HHEXKWRE., ZHRAESTTTERRY
FREEERAFNARAXBELEG . EEM
% T

Z. RTERERR

1. BFREREX

BEMBRIWEZXHEIARE (2,
1973) 205, ~ ¥ E e RBERE LT £ R
HRENERYE, E TEZRENRE. %
REWHSHRIREEANGTEEERY, &%
WIRA—, BgR R, KBA LT JLER:

DRGFERR(F ESL, 1979). BFK
R(EZ%E, 1979)R BT sk (GkiEHH, 1984),
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ROWABEEERX, FEEYE. £REKR
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BWRESIHRAE, DRERBESEMNAEE,
R F B H SO P R (9840, 198%; £
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RE RO B TR KB TR - 10T I &
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R BN EERRERN LA RIB R, 1R
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3. RT“LHERTHE
Y RS 7R e B B L SP R B S
WAL, FTRBES RN TIERERE R
Eflo BEIE (1981,1984) IA4 XM RKT A
R AR - A 7 R R ek, R T B - B
Bp-TKORERET S, “E R th o Er AL R Al
AR, BEHERBE. . 4D . SH WEN
R, RNBEUMUEAENERENE
TEBHERND SRR, KIUES (1983) Fiphik
E(1985) SR REA B FRIER, X1
“MTEERTH REREBNG TR STETERX
2SR E,
ERRLSE R, iR UBRLE
AHENER, B FHERILTABRFER
A 1-3km, &APHEEHEELZEEEN.ZE
RERNELNIRZRE LRI XFER, B
A sbfE TERW R AERER L. BTER
TFreshHn (850 BA4), BFXMIEX
BOIRE T, BANDEELRHX 23R
RO, TELEXEL—RTINER
W, RET B T RriEL FE T R AL B o M 1%
faH, TR A E AR BT, 2R
MRS R ER MY R i, h REH -
BEZ—RERKRIHE-KE—K2 7 X @E
3 BIEERIMEERMREERTYT, KREL
THEET-KE—REAEMEES, BMNRE#
=EW-FEERAER,1979; FHT BB X
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IR R E BN ARK, Tl R i 1 Sl sh R R FE R
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B RTUE, WA —E I R EISR VLS
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£ R G EMRILER, o8 Kk EE,
BEBXHAHEBRGELFE, 1964, 1984; fifF
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SRARIHX, FRARENEE LT EE

Sl s HaseE, B AP X B R Z B ME
7R HARO TR ¥ M I FL AR BE R RO RS BREOTTAE, 7R
TRME R ES ST KLAS, BLREN
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BT X SRR R H AR SE R R IE
8, EELHEEIHREREMIRES
KA BRWE, R ¥HT IHEE5LEZA
XILHEET— M, e fih, Z20MEE
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SAE(LEE 1), HiFRHERFIHN
RORBEER. BN G R RBERRRrIHH
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AXEFATHEEGIB R, 1955; BEZ
%,1981; MAMR,1982; XAWE, 1984) RH
2 FBZRREL THRA G E:

1) BAPEEREILEREELSS F BB
b4, AXNINAHRBLONHTFERERKE
LU, HR — R TR &, XERERY 4
B ¥ (Cathaysian ocean), RRBIHARHWEL
IR EZ5h, MU R AR R, 18 4 b ik
RIS, R A BH AR B RERNTT R &
MEATREE. EhE&20, FRE
BRI R K B R RE Y, M, 83 B 18 46k
HRENRERX, JRE TRIEREKENEY
B, MR ESE Rt R AU B B,
TE % kA R R T “H IS E (B Dalma-
nitina J2)s RINE &L Dalmanitina Z9%HF 65
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Aegiromena . Coolinia, &V, PRERK,E
fIBBT Hirnantia 5hi8E, BELH TR
A6 )1iEE  SSEME S EFFE Hirnantia )%
BEAAE, SR E Btk TFIT
SRR E XK&MER, BT Paromalomena-Ae-
giromena WA (RER, 1979) — KK, X
B MEBRAKENRERE, B TEHEA
4 (Benthic Assemblage) 4—5, KL 60 m
(BEESERNEREDNTR) (A%
1984), AR FTH, HAECL—F, L
48 TS (& Diplograptus bohemicus i) 515
SN EE(ABYY Glyptograptus persculptus )
EEENBNXR, KILE&FZBL AW Dalma-
nitina B, BRPELHBEMFTRE G T
XEREESKFERE R RO, AR TR B
BT o XA, IR AMBE, ERERE-BIl

DU R Zay 77 b R hr B

2) WITHEESEEER (B A S
B AERBRER, MEESRIBAR (1982,
297 TLE S)BUIRBEGEEMRZ] BRTH.
M. BREGE—W, ZERHOEGRRSE
B (R A R W E ) LB & 5 E R %5
RKOLFEE 1), MEEBREBESE/ N XM
LT 4 ABER:

F—, MNERAR LB, & & o S M 1 b i
SENARBHRBREEEE, EAKREREH
Bl (Agerolites ZEEVRIB R (Teherskidium
-Sowerbyella SHYEE) FHA(MREE . BB,
1977; RER BT FH8), B R B R Mty

* EEEERMER S, WTREESNS (B85,
19643 fELIRE, 1984),
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LR E* Bk KJE K (Carbonate mud
mound), H &M aHRD, BENMEABETH
BEEEMNEAE L, BTHRERERXN
WHE, BALELEBHENNEN =% LA
THES, REELEANLERRMNAFE (B E%,
1987), FXL THBBE=HUANRZ YR HY
o XEBRAREE HRESRA AT R,
BEUNELREN ERBRERE, EEEHE
mNHE —EN ek, Flw, mEIERE,
Y54 sk % TR B M A 3 R R BT RRRO LA™

£, EEERETEX R ERREEE
HRRERNERELEREE W XFN
ZF X SR A ES, HE L RE%
DRBEBEYBEN=RE, TEERIPR
Ha, ERRBERAXMERATESHPR
HE (BaSgrREDERN SR EL D
EVBASI—SERREA, RAELARAE, B
124 0.2—1 cm, BEEEAHRBEARERER,
NERBMER, RPXE—ELRERKNIT
o, FEBEREIE Nicolella, Rafinesquina?,
Strophomena?, Sowerbyella, Lingula %, 578 M
#1234 Cypricardella FI=M H Lichas (L EEHY
XX BHERREH, 1977), ZEEXRNEL

BEEHE(RESEF--RER)HMEEEEGRIE Scotesce %, 1985)
Late Llandoverian to Early Wenlockian Paleogeographic Reconstruction
(after Scotesee ez al., 1985)

XEAGIRA, BMRFE G BRM%ZE, X T4E
R—MEREK, FEEBRUBERE S REN
ERBEE B TRMEAS 23, X5 LR
PRABRT R LR — B, REHBR KL
HEBENTE . RSB, T LE —&
WoHEEE, HibHN, EREAERN>-XEE
YR EHNABECERE T (R 1),

B, REEE. AR AEHERXIE
BARURREL, JTHEARIE ILE S B R
BX, BEARNMILABRBEERER (7 Prowo-
spongia) Z b, (REBANRE—EBLHE, 1A
FEEOMN BT REXRE LW, TREHENE
WHBEBE NRMESERWEZ E, fkd,
RS, MEATEW. B35 FHIX (0
B EE-W), EarkeRB-EELHE,
BB AN MR F 2 EhBEES %
£ (Nemagraptus gracilis ¥R, W T HMEHT

* LR ENBELBAELANLLBXE, 4 —E
BRRE EXNAHYNRZ BT &M H %1
KiE & (Carbonate mud mound), Y5 @&, TH
LK E—2Z. HEl EERAREAMEEHEL
%o

OERE RXAEVELR, 1984 RBRADREEAEN
RIS R AL MR,
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A3 UHEBREHEREFAHEERTERGEEEES, 1982, B imihsx)
Late Early Paleozoic Paleogeography of Eastern Asia (modified from Li Chunyu
ez al., 1982)

1.05% 2. %% 3 hASERNAIR 4. WM S5/ hm 5.9 %% Ch-K. #a
K-t GiRiH S-Ch. %~ RAEMSR G NEMER S FHARTRE K. BERRE
ERER#RHR AdEERR

1. continental crust 2. oceanic crust 3. boundary between continental and oceanic

crusts 4. subduction zone and the direction 5. oceanic range Ch-K. Tarim-Sinokorean
plate S-Ch. South China-Southeast Asia plate G. Gondwana land S. Siberian plate
Kz. Kazakhstanian plate E. East European plate A. North American plate

BB AT R LHEBKRBRURTTR
FEBEBHTRERONE MR, XH, KE
s AR AR T RS EE, 5
iR BB R KA o

Sy, W B e 3, WAL PE R B AN R
SRR RE . MERERESRART
WEIHE K R 2 R, B R EAX
Wk AEABNELES, BKEBE, BHAKHE,
R K, EEgE N (ERE 1),

2. HHEMaR

R P R PO 48 S — RO e [ 5
AL, 2 BRI RNF R, (X AR M —HF
Blo BRUHAENMER BN RE DS R,
MR E, BEFRLREN SRR ER
WEREK, TXEH979)WNA: a5 R
BHEEE AT, B R ERNTE S G TRk ZE,

FEEEZ /D 5000km, Scotese &= (1979)MIAH B
HAERPH- B EARR RS E iR kg, i
53 FF IR AL FEBE TR o Al I IHR 2 i BL M t(Llan-
deilian-Caradocian 7 %)) 4RI B 7E 33°N—
47°N Zja], thEE it (Wenlockian) AR5 Ar
BB ERERM, HrE—RIER Khramov
(1975) HFBEHERBBEN LB, X
B BN T RIB, HRiL, Scotese %£(1985,
60 T, JLAICHEE 2) B T AL W R v A fl
R - B AR SRS I, SR
&, $rEH Llandovery 2= B Wenlock £ E ik Ho
HIALEAE 15°6—35°8 Zjal, b TREKX 58
BHZAXALERE2). HHR#ERZH Lin
Z£(1983) R EMNEEFE D ERGEHN—4
ek ERUSN AR MEERE % (1982)
W HE O - AEERRET YN
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FREMHE (R 3).

ERT, G842 R 1M A S
fMEE, BE, BEYNRELERNHNA
WA S RMIERE, KRR —HREN,
MEE Rt 2 HRAFR R EEWESRERLR
E* (Carbonate mud mound) (Webby, 1984),
AL B AR S R R BT 32 AL R B Ashgill
rh AR AR, RIBR K Agetolites ZhEE ;X
s EE N TIE L ER A% (Rl &R %E
18 ) A0 M X 5 5 7 3 b DX e B g = B 11 48 T30
R EKEBHRLESERLR); ik, B
TNIR A S W B SRHFE , YR O — T b T
REERAEZRIR, EEREPERAENS LR
L REEEEG., i ERRIAEDESEY
B(BEWN. RERS, 1979; Chen Xu, 1984),
TR SERE, S LRBHBR -,

VY. AR a AR S A K

EXEBEEERANET(EE L. THT
XK L ABATI X ) 4 B 3 A X R B g
KEER kR, XREAXIXE: DI
GLP K, £ s )M SR L, E AR
EMHEERERESSEL, XAENEELH
BOIESERNERE; DRAZYNLEXES
B ATl B B F K B R M R, SR
[ e AL R X i B RFAE o

FEBUNE, BFENRBETHE, AKX
BT B SEERE, B AERENT
B, BOE BT, HESMENS R E
RAREN; E—FiK, BKEEOXEETE
ft, HWEBRRERS(EEEWMETZWRED)
MESAR, SBUREEREMNRT, FrEwR
AU, RN s B Mt F IS Diccllogra-
prus EATYBRRAELE K WS Hir-
nantia-Dalmanitina §+F R EERE RN 5%
SBE FOEKR, BE5SH R TR AR K
YO B A R S R T 5 | A2 O Ui S T
BT YIMEE (Chen Xu, 1984; ER,
1984),

(—) =#EH (Caradoc EE)HF KA

HIEARRMEREN IR . BRE
HITRBREL S TR, RELL Sinoceras XREHIE
WM, AU ZaHES T e EEE s,
HEfEa AR E EEE (ki Tl
MR 5SBREMHILE ). BTERNEL, =
BHFRRE, HIEMENLEXEES (i
R TS BRGSO N, IX BRI & Sinoceras Zhi)
BRI, B FE . Bk 587 a1, &
AP LA B, FEIULEE &%
(& E. EFH, 19805 frgl4 %, 1976,
1984),

M EEHATRRERINR, EEREHH
R MBEXIRFRE (1983), EHR (1985)F
BB\ E¢ X (1986) AR, EETATENG
(PR _ER —Fhak A i 2 sk T il 4
R4 (Shrinkage), MIARRBIEL ; EREH L.
HRWR Y, MBEEMTH TEERN. &
THERAASRITHISN, REBEDBNES
FHETR AT B HR IR, FEARS =M
BB B B (Cyclopygidae) IR K, R B M RE
BIF MRS (bathypelagic habits), HE
B Caradoc £ IR KHE BRI, AHABTF

Bo BUMBTFERTIEH & (Fortey,
1984, 45TH), SEBAEARIL B 2K Sinoceras
Michelinoceras BB THREMNEREY, SN
BRERBTRERNIERE, BRAREEER
?ﬁﬂl‘ﬁlﬁﬁgfu%,ﬁﬁﬂﬁﬂT%Eﬁ&?ﬁﬁgiq@ﬁ

* AR NEREDNRELELNREHRIE A0
KRB EN, EAMKENE RIS G R B
HARZETHBRR B LERMEIE BRHEH, B
W, ER AL BRE  EEPE. MEAKB, #
BRARALES (Kolyma), PRI . FE R AR EEREF LIR &
SOB R MBS > D 91T KSR BEBR /K 4 M AT B, B
KA Ashgillian B th i, M BIIX B[ ER Ashgillian
Bl EZERWLRSBRHEEEERE Ashgillian
B AR AR,

M RIS E(197)X LA E R R R IEE MR R K
ERMERTHBIET SRR, BEARN LT ES
WD SR> BRI H A AR » T s W 7 1
B, SR (OB TS BB EE.
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(BRBE B \AFPEE,1984; Burrett e al., 1984),
HRENREESHHNHMBE, FREMR/N; B
DX HER O WX BE AN AOTE, %3
BRI, %, BIEREZNEZHR
(WA X E S = F, 151 1, @K 66,
B 22—24), XEEWRETRERBELRN
HEEREN. B HICR/NEE A T %
“Tetraodontella” transversa Chen (JLFH 4 #1 X
HEMER, BRETOM T HEE R L, 16
T Bk 34, B 12, BASISAREKIFM), BN
RERTEERB R LN EER, BRI RER
BKI Pt BT, Y5 T i, Bl X
oh, REBBETHRRENREKS, KELT
B o AR IE L R AW BEOU A AR I E 204, R UK Y
RECHEITRER (—REFKNESER
HITER), AIEEZE 100m EF, M TFHTH T
Wo RAEERBE, MASELBhHEHEE R
PSSR ENMEREE SR RZNTIRA
L8, REMB Calostylis, Amssasia 5 (4
KI5 EB, 1980), FREMEYST BA2—3 HJE
WAL, BT T# LM ER AT
#& Fortey (1984) HURAZY, SHRRMBLE
SETH EFE PO R TR & B (Tremadoc v B B
Arenig B, Llanvirn 25 Caradocdr B #g), K th
Pl Caradoc RCEER] - XH, ZHBNE
REANMSKEFEN EARE—EN. FER
B R BB A0 B M 20 v R R S vk 2= (0
FRERT Caradoc H, AifiiX 54K F7E &3
WEHE EFANELRTFER. EEBNYNNE
S ERA RS KR RIGEN T %
K. EREEM, HARERESBIAKR
Fmp e AL R B R SRS #E P, Caradoc
B, B RERET R B TR R, X&
BRSHGREHEEHHEOBEA LT, AR
PRI K, SRk R A B R TR
PRAE R AR R — M EFEREK, BEE T,

(=) i5#838(Ashgillian 238 HiES BHER
6 e B HE LS5 (B R STE) AUBBLRSE S

HERERBRSTRMESBEE B
ZEROEM ERRN, NAKRERT £
JAS BRI, S S M H R E e 2,
Nankinolithus-Foliomena Ay Mz EEAE L VT
BT ERMIELER S AHEEZ, BE
BE M ESBBEOHE, WAEEELTRE
Wi & (BA)4—5 (B E 4&,1984), AT4ELL BA 4
AE, MERESGHEEKGEELEZT)
FURE, FREIZENT AR BA 3 hiB L (B 4k
XEAFEH), NBEEANEAFTHEHN
Zie5RBEFCRE. E&E, 1986), ERAE
REE, THTXOGLHA=MN RAMES R
BEAEYE, BKERERK, THREFEAZN L
W, RUFRTERE, BHMBEL. THTS
W REKTHBERE ENREEN, FEER
ETHTREBHKETR CaCO, WHRHATRE B &
%, R, BEHEm, BRKEBEEIRS
W, AR, W 52 B TR,
BERARAAZECERURENE), KR
SREDREGE (BE & EEE, 1986 42
Ao BF, BMAKR, RETHKEHERNE
Ho XEMMMMBEEE T

FE3R B Rl G AL S O 8 R B AL B B
Nankinolithus P EE(FE L B%, 1964) e H
DB Trimurellina SBRIEEhY (GLE4£,1984),
HRERK; PEBPLHEEENRHELEYE
FH , B Plasmoporella, Heliolites 8%
(BBRRERE, 1980); ArTHREGASH
NEHFTRLO NS mRA”, HFEAEKESER
REXREREEY NBRKEN (HEEE,
1965), WRITFBEANFZW. LEXAH(W
o) MRERARES=ZHRYRERNAE
/ﬁ%éﬂﬁ’g%,ﬁ'ﬁﬁﬂéﬁﬁm Foliomena, Tl Kas-
sinelle HXRE, NHLBNRERE, HiEHEE
BRI R LARE L, PEARERKE 4, 1R
Al R T E T A R L EBRYAE AL,

REER, EHEN: DANEEIL L
HASTH TR 2)FE HRERTE
SIRATEAES HEAN-T UM RURAZEL, 5
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¥

Nankinolithus- Foliomena th'i)) BE

, ( Pagoda Forrf¥tion)

R
snwashan Formation)

<
=}

R4 BRpRRREE R EBEYE, EES AR RER

Linhsiangian (early Ashgillian) facies pattern acrossing the north part of the South China Plate

W E e AR A BE S LR T

BRA MY ROBREAR .S REFE
URHMAATENFEATEERRE, BE
HINA, KBNS TRATEX, BREEEE
RSN, EA LB TRREREREKER
WE (BA4-—5); Nankinolithus FYERZME
(rolerance) L8R3, EH THK (BA2—3) B
HK (BA4—5) BIAERAL BMESHRS - =
IR KO GEES —ERNEL, HERBHR
BRAK, G BENKAR D R, KEZT
#, b F— AN e IR OLER 4)0

(Z)E4 (Ashgillian b 8R3%1) &
iR B

B A& T i, R 5 R AR B (W —
W,), ARNTHERERERT, HEED
BUUT 4 AT HER R LIRBIAY:

L BT al: —BREDBRREAETRR
BB S IEH RIS, TRk
M. ETREA A ERIEH . BEKRE(BREZ,
1954; I E 4, 1984; Geng Liang-Yu, 1984),
BELTREFERSE, mERAFBURELEY
TEER, BEREAHRFER, BRBEEL
BELAL, REREDHTHENRERS,NE
AR —, REENERAEER.
BETUE N AEH, EHAEEMILERY &

EMBRE; MEFTHTX, Wak @y
B4 (nEEAaS. M) E&E. EHH,
1980),

2. EERBEBORERN, RF-MEEN
MIfE, A SRR OB B4, TR SHE, 2
HR-EAERRESR. XR— UMLK (depre-
ssion), BRARFER& L (basin), MARKEE Ko
PO T IAELBEEZE- R TE-
EREE—F, REREREKBEREARE
NTEA,BREHE, BRAARABEGRFAX
%,1959; #3\1E,1986), BR/AOBERIRE ™
ERI, LFRAERNA, BHRMEM-H
F-RE—HHREBE”, R —ERFE AR
E, MAREES, BRRARAERE, L LB
O3 BB T R B DL B Zh4/0NE D28 A A
MAA TR FERFABLG, BT S
HEGTBATRKER, TRETEBALRE
“RKIBE”, WEEEHBEACERTH) MR
B, UARAEH T I RORE R B R A AT
RimAe A=MHRREBEZR: 1DiEAE
ERA, BiBBLHEsY S NE R
EWEBOTIR: D)EAREENERGEW
BIRRE, EREEMTLER; 3) PR
A REFESERIN FIRAEE OB R R R HMANF
MRS H, R E R, WA
B, BRI — T A bR R R
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AEER, BN R AT ERBHER R
B4, 1978), HEAEKEER, T5“KEBH”
B,

LRFW, ErRBRBHE T, X MEERE—
MARWT TN RN, RSN ERE%S
SHAE-BE-BEHER R MBI FE-1L L AL
B RFrisEl, s, XMELENEILE
Z KM, BEMENEZSEER T A
WRENLE, HIATRENHRTRNHED
#5o

&, BEAK(986)BEENERAGIR
ME Ry R E XA Bk AR LE- TR
BENMEEFT EHRFAMNTTRNTEA
MRIBA B TIHEALERERFFIFRNIE (K
POBBER, WRBEEREFERIRBOK
ERGEHHEZ b, AR REEZERS,
FXEHE L BRE, BRTERARTINERE
#, R HE PN I AR R AR, R A E
AR RN R, EFIUEH
75 LR RBR,

LA THRERENRABNERE —
ABEFEAI (slope), frTHMMBH (A7
A MET R 3 (RIFRFEAL B ) TUR T RIS AH, [P
55 FaEE, XENMEEERSENZES
& IR TR 0 L 5 K & (con-
tinental slope) WH:, HiEEBE AT IR &
AT BRI MR, BTISHNER LT KE]
EREEAX(AKRKBSAEANER), £%E
NHEREL AEAYN (BERREMNFTHEE
), BN EEEEZR(ZHE, 1984),

i 2 A MNRAE (MR AR, M
SRR, R IE R EREE, BalE#D
REl, BREAFE MOELERPLIBALR
“KEH”, HAREE. BELFEMENIEE
B, BRFERXBRIFN—NEENH., TE
R, mREHA—ERFFEEMEE™
PN ERE. TEX, ZREFELTERE
BXEABFRANRE(ERESE, 1984), X
REEXRBRENKRY, BEDEREGES

RBREBRETRY) . MRHLE(nE AR
JE R 75 Bl T E BRI R ) N K R A AR (M
SRR AN TR (ERREE, 1984)

L ENRBREAEMARSRE SRR
B—ligau, FELR-EARME, 5K
HREES KIEFAT, HREH TR T K%
A =AMk IRE. BBEHANKY
ARERS FENNFHEEY, FTEOBRXE,
N Sowerbyella, Kassinella, Strophomena, Rhy-
nchotrema %5, WK, FHEREREL ST
RO MEEEY , /NS B EE TERK B R
BEHENERE M RUERERSE, MK
K43 5 BE IRARAR, KRR AT RABRE AL BA3 24
FHEEEAL, BKEEHE/NT IR0
Wi, IBEENE. BFEARBEXER
BEEN=BELA, E&KBERRMHE dgeolites
B (REE, 4D8/4s, 1977) MIBRE Te-
herskidium-Sowerbyella FHYNEE, B8 R EW
BEREIH. REREMEHRERKELNS
kliRE, FigRbA®RD. ZHUASRKSE
HEREHEEXR, XEHEMBMRAE
1, BMEWAE T EWRRRIESHARER A
R TE e DUK B KB B AL R DA B
KN FEOHE, ER T EE VH T EaEm
fRee RIEZ b OKIEIRRITFH G b AR %
B % AHBYRFE

AR —HHRINEH, BEEBKRE
RRHFHE, BERESKIENTIREE”M, K5
AREERA, M PREE (PR T Bt Ash-
gillian ), JIRMEEFRGE, HIRRBYRO
HREE R R A, MR AEEERMRZZHR
ERMIE; =HUHESLLRENERESR
KRBT X — M. EBREMHA. Bz
3%, GH T IUERE B S E S 1k, HEE RS
TR, ML EBEBRARISE T So-
werbyella %, LENFE Lingula, BIUHRY
WAL B AR A LA L — RS
(7= Sowerbyella, Rhynchotrema S 1R/KEEVE) b
B R (FEME)HZE; TILFEEBE AN
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Zitl &
( Longmensha /\:" iy

1L E
( Caihaysi;; Coﬁrﬁ'inenﬂ

&R %A (Husngnehkang Fm.)

FES wRGHAEREERRLBENE. SHIERATEE

Wufengian (Ashgillian) facies pattern acfossing the north part of the South China Plate

@ 'LyTiHes @ THTHE

® HEAHER @ HELMmEl © HEfAmd

L AR RYE O LENEAZEH BLEYHR CRELRELR T MK
® Upper Yangtze platform @ Lower Yangtze platform @ West Hunan and Hubei uplift @ West
slope of Zhewan basin () Central of Zhewan basin East slope of Zhewan basin (@) Cathysian west
platform B Bioreef C Carbonate mud mound T Turbidite

KEAS5RARE(MRBEA)VBEEREEE
NI B X BB ERREH,1979); Dk ER
TAEELIREN=FLATRTREN X L %E;
PR IRIX— AU B e AT B, R B P R B
FREBEZIM, B0 YK kP R
R B ER 53

() MEHY (Ashgillian K1)
484 HER

Hep BBt PG, B P EEE TR %
AR B KA B, R D))IVE B
B B — 1K, 2) Wi g & b KR 43 B B i, B
AT K, S5)1E B R 3)8
Fa—gal— BL TERTENESR, &
BAERERRERE, RETMREITEN
&R, FTE /548 Hirnantia-Dalmahitina 7))
MRS W T XA IEBIRES, KR BT IEEE
H T RERER, BRABIEE L SH X K e
(SRR )N, BT EHAEBNLTR
ERAo

A L HTFXEEBRNEWERE Hirnantia
HEE, DREREN Aphanomena-Hirnantia

BEEYS Damanitine 1R, BTN BA3ZH
RIEESN, YERE THREE., EXHE,
EWEE . ERIERRRES(BETH THH L
)5 SEEE il Rhdus A REETRIRRY “Whir-
fieldella" B BT BA2, FH ik A MK VIS B,
SEERREK. BEENRERER(EES,
1979,1984,1986), Ll Borealasma, Brachyelas-
ma, Streptelasma, Grewingkia Y9IV T
BN RS> TS Hirnantia ZH¥) BRI A%,
UL T B il F b B0 B (BT 0) AR (Fh
). RXIONERIR) . A (BRE) (T
—, 1978; BiaM HER%E,1979; EBHL A
D, 1983 BfJKEA FRERBE S, 1983), 7EHETY
T O, XNMHWES Hirnantia et
HIE .9 F Dalmanella, Plectothyrella, Hinde-
la HEREGRER,1984), EXRNXERIER
B ERERE RRERE(ETE T HIE)K
o

THTREMIEXE Hirnantia S8 JE
HRE, AIOREMWR HERD, ARRNVR
RE LR Hirnantia Zh¥)REE0 % B 5
T R B A R,

Paromalomena-Aegiromena F
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euney snydoaboyaog

Hirnantio —Dafnanitinag Fauna

Typical Arrnantia Fauna

( With a dominant Aphanomena

— Hirnantra Community )

{ Wufeng Formation)

Figa
(Xinling Formation) (Yuchnen Formation)

Poromalomena —Aegiria
4

—

e = —. &7

;4/:‘ i/::-,i “1'? tbj iﬂ.’
= (Changwu Formation)

A6 BEREENFRPEERELBEYR SRS ARNTEE
Kuanyinchiaoian (latest Ashgillian) facies pattern acrossing the north part of
the South China Plate

% 5 Dalmanitina, Platycoryphe i, T
mERE(ZE). TAERGGU)MTERBK
Ry —HORELR,1979; BE2%,1980; &l
B B o, 1984 GTBI4ESE, 1976)c HERHES
EREXAKERT R BA 3 RER
By R BR (RIS BRAE & FE AN R B T IR,
*47 60 m), EAMEREThERREBEARN
REEBE(ET BA4—5).

TERTR S 2 Nk R B B B Hirnantia &)
WiEt, N/ E Paromalomena 5—ERE N
Dalmanitina, Platycoryphe Fa4E (JL T Hi{LIE %
FHRGEOBN)(BEHEE, 1984), BTHEE
EMAREET Hirnantia hipBEEFRORE D,
Hw/AKILE R,

HERHEAITAES L, EENRE.E
BARRBESAHERAN, BRREMREEEYD
(R EH RAR), R THHiREaE
BT AL R T M, BT B AR ERRAY
Hp R, A FERRHEAR, RERER L E
R G450 5 KRl i i R BE A

EPE X a1t Y B S ES R AR
ABEERERRRLEESE (BTH

FRAIEX) BRBHORETTRE S
FHE, SEAABXAEEFNERNLER
WEBONEIFHAER, XEABIRLHBE
HEK R

L. (EHEAE 7R IR

1) EHTX: EHRBRERXN, BmER
EHEREREREKAE, R REE, #
WA g 7K BRBE R ED R 1 B A 1 AN i i
I TFM.  Nankinolithus ZMEERIDL Micheli-
noceras A ERKERSIMBEEAR S HEEH
fr, AN EZahanEE ERRENR e
&gt

ME RS RER, L TROKERE

THREOENL, REBRBETEGRE, THEWS

TR, FEEESREHEYRNER
B RBE B ATEENFIENRHRE
K Rk, BHARRSBEXFHIAER
REBR? £HUN, BZOFEE TR
R K. .

H—, YR AT RO R SRR E, TR
K%, X B/ EBER, FREESEARE
YK, ERENTRSEEBRIRL, RERK
WARHEXEERXKEEEEREE, A&
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EIRME L, RBESER, BENES, BEXE
REME, ElEM L EERF. E=, EHTKX
B EEEREE, BREHHRXE
B, IRMNHTHEREANEFNT. mMAXK
BT ER#BRARKE R U EHHREY
B FXAREEZANERANHAE-. &
R, W 58 4 Rk R0 g IR AL (Olaus-
son, 1961),

2) THTFXMLEX: HEHT®, Y
HESRTPHENSRRHAS T, FEIFELEHL
o, KEHRETEREH TEREREUEEZR
KRR AEREFRNE R, EFLMRAE
2> 5 RS KR SEAT BT 2 0 R T
B, SRR FHNERBE R ERKOE
ft, Bz =AERENTRBSESE (LEE
5, 7). WG H LEYRKIZAE & /NE L2 (40
Rhynchotrema %) T30 B 2K (Strophomena ),
EHFHNEITRILE RK . BAZ—-317Ho —
R ok & BOR AR R T IR 9 4 RS o
SR, I EAY/NE [ R R B, B4R
fEaE R T EAMERBR—RHES Y (Go-
ldring & Langenstrassen, 1979), i@ hpgA
ST TURBLIRBR, EHRBEDRE, TRA
MRBAWBEETE L, AIEHRTFHRE
(HXE, 1986), EARLTRED, RRAKE
MR, KRR T KA AR A
Ko

THFRXNEHFXEOTE MR HE
R, BB RAEEASIDHNARIEEEE.
SR F(BE,1983), BTMES L. T
T HIEHRE BT EA IR LN L
%, BRTEFAEN THFXABHNRER
HINELREE, REGEXENTTREYE: £
TH TR, ANOKRHEMRBEEEEER
BREOKXERBKE, S EABEKREHEA
ARXB, BEHE— R X S R kA&, HE
BB MR A, 5 3GRERT K, @AM I8
B A GRE I,

2. A EREFH R

¥ f 26 %

1) FHFIX: e T IR0 5o me o 281 B 4
P UK Bk AR ERE, KT AR
SEWACHY Hirnantia ZhipEE (Havlidek, 1971),
Wi, FARVKEMENTERDBIAAZER
MgZ0K¥H, Bl Hirnantian (A TRLEH H)o
IKERHAERERENK, HIBERELH
WRIEE T, BEHSFNTREEINAAR
—, {ETFHE 50—100 m HMASRD A2 E
(Sheehan, 1973; Brenchley & Newall, 1979,
1984; FE A, 1984; BRJH, 1984) 01X A KRR
HFE FTHRELRIE LD FIEEAENEKRE
H, XRARAEHENEHERERBNE
—MEHER, HR, YBX R EFKER, 2K
SESHRE, BSERKNE KEERKAER
K&K FIRARER K L@ RzZE%, i
i b RS B X 5 2 R R 7K 48 75 2 (ventilation)
MR FREK, RROMBREER, 8858
IRFEN EE, SRR REAENERER AR T
B, EERARNMRESZESEMT, KX BIR(F
RIRES)—BE RERRE, TREBREEL
LB, BFEN TR, SAXKEKINEER
B EERER, BRAJNXEEEXNVRE
JEEIAN, DL BA 3 248y Hirnantia-Dalmanitina
EHEEYBEEAR, BRAEERKRENRE
RERWEE,

2) THTFEEBILEX: AFHHNEY
RENRBEN>RA NSRRI, BF
HRREE TREbLEmIARX, BEWREE
B, AWM B TFRPEFEN T LR,

AR THREZTIH, BHR2RE
SRR IR B Bk % DR Bt TR X B R 0RO Bk 52K
BftS, BKEER, BEBOHANTEAR
HHEO R B4 A (A Paromalomena),
“RIEHR EBXBAFLE (FEERD
FEAVNLNFAHEA R K), B RRTERBRH
PIX AR REAESSL. XEHRNRRKER, B

* WEREBKE TR, #3# Depth of oxygen mini-
mum (Berry & Wilde,1978), E 5#HKE (Pycoocline)
%Ekﬁ—ﬂo
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B B gt e R LBFE ey ] Bt A
(Late Ashgill) (Upper Yangtze platform) (Lower Yangtze platform) Zhe-wan Basin
PG Hirnantia MBS (5 REEARIS, DL E
1
&> H8¥E Dalmanella, Kinnella, |Paromalomena,degiromena !
Draborshis, Mirorthis, /N :
B E X Dysprosorthis, Aegiromena, Coolinia = BEBEK Paromalomenaf (“K- 1"
(Brachiopod1) Leptacnopoma, Paromalomena, GROR) : i)
Aphanomena, Cootinia, Cliftonia, |
]
Plecrothyrella, Hindella, \
Triplesia & I}
=#d Dalmanitina, Platycoryphe, Dalmanitina, Platycoryphe Dalmanitina i
(Trilobites) Leonaspis ‘
RBKKR B
W # Borealasma, Brachyelasma, ik % : 73 %
(Corals) Streptelasma, Gryngwinkia, (absent) (absent)
Lambeophyllum,Xinkiangophyllum
%
B R TR R IB B = £ Goud) | BB
{Substrate) (mud, lime, lime-mud, silt, sand)| (mud) i(mud, silt,sand)
i
EEAS _ _ ! . !
(Benthic AS!:;blagC) BAZ—3 BA4—S E BA4—S5 E BAS
EMBRE (Depth) <60m] 60—100m | >100m | 60—100m |  <60m
H !
ERNBERED B B % O
(Stabxh;:s:r:ccin:;)txvuy of (stable) (stable) (active)

R RBEE AN, HIFTREXN BA3, HRH™EAR, BREFEMEMLA, B AR
AR AL, MK DECL—F, Al B, KT 100m, B#FIRARHE, WRE.E

| .
tHFX THTFX oE X
‘\ &\% (Upper Yangtze) (Lower Yangtze) (Jiangnan (SE China))
f+5540 (Shelly facies 348 (Shelly facies
L #3548 (Shelly facies) & or & or
(Ruanyinchaoian ) 2L Graptolite facies) B A# Mixed facies)
BV TR RAKR WHRNR, BT TR
t(Sea :;:mr:;vmg, oxie 4 (Old plates subduction, sea level lowing) 4
- R Y
/  (Bioherm &
e bi
ZEHCRER) galCRan)  (GRAHEM Petem)
(\V_:Ef.&m 3 Graptolite facies (Condensed | Graptolite facies (Condensed |(Shelly facies
ufengian
5 type) type) KRR
Graptolite facies (Carbonate
(spread-outtype)) mud-mound )
BEPHA, ERRR B TR AT 5
} (Semi-enclosed sea, anoxic
bottom) # (Old plates subduction, morphology of sea bottom variable) $
| _ s~ PPV A A s VA s A A
(Linhsiangian) %4 (Shelly facies) #5248 (Shelly facies)
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@ ® ©)
TH F & e BAMR Fers 2 RS W * 8 5 K
(Lower Yangtze Platform) (Southern Anhui Slope) (Zhe-Wan Basin) (Zhe-Gan Platform)(Cathaysian land)

A Paromalomena-Aegiria , ‘ B
‘ Dalmanitina-Platycoryphe Diplograprtus bohemicus ®
mE H : W -
(K_uar)yinc?[aoian e — / ///fﬁf/ ER(Uphtt)
7 = Hirnantian i@ W= FAT
( Wufeng Fm.) ' ( Sanjushan Fm.)
LN d_“xm @
( Xinling Fm.) | (Changwu Fm)
o 40 sokm
e TEA ' LERDC I/ T4
( Yuchien Fm.) ( Relative amount of Subsidence)
( Shelly Fauna)
(Early & Middle ) s <
Wufengian RES (Dicellograptus st | g | LlA@ ‘7
Wy ( part)-Wa ® :' RN /
I . 7)) s £ A
e T 2 .. uangnehkang ( UPI'H)
( Linhsiang Fm) %9:?3.3&%%%%’ LTS Fm.)
( Tangtou ar Huangnehkang
Formation)
-
inhsiangian .. . R
(Early Asf?gillian) /yankmo//ﬁ:w—Fa//omenazshm&
5h1—W1(P3T{') ~1~J~qu~r~
e f
(Pagoda Fm.) MELA

( Yenwashan Fm.)

R 7 mREEHEEE DENSAEFREERRRLEEROERRE RS2 BN RREER RS RE .

Bottom topography, facies change, and depositional rate of Yangtze basin during Late Ordovician

PR %R BRESM, KIEA™ EERDE  BEBNEASSARE RN EERERETY
Bk HERE, BERBGHT, AXE HELT:. (BRERTE),

BB SHNRKEATHESL Lingula,Sower- . MMLEERLE O ERE
byclla, J¥E2E Modiolopsis, #NB T ILK BA 3 RN AR ERSLRBZN, B8R
FEZE BA2 RS, HIEBMERET, R4  £IR Hirnantia-Dalmaniting 2 %) B 70 Dicello-
BT graptus ST RAER EE K, BifixX &2—&#A

SE LR, FERIEAMESERMETIR SRS RAERAK (Mass Extinction), 74
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BEXS:

FRERRG HNYEH SRR YR, BEN AR

X Kk W
{ Non-glaciation)
!

BREAE

(Oxyqen mmlmum) :

ayer

Diversified Dicellograptus Fauna (

A4 sEoKE

Triarthrus ( Oxic water)
) {ﬁtﬁﬁ,ﬁ[]}(ﬁ (Anoxlc & Siugglsh wafer) (

72

8 T B
Sea-level)

RSB ( 50-60mt)

Normal wave base)

|- FIRARED
No benthic fife)

(1) Wy (Dicellograptus szechuanensis Lone )

Low Dwersu’ry
X A D/ce//agrapr‘us Fauna ! BEET®
(Glaciation) ; (Sea-leve! lowering)
Hirnantia~ Dalmaniting == VR+ Iﬁ 71<f135\/ fer>
(& Fauna (Ventilation of Ware FE R
__ = (B (Clrculahon) /(Rmh benthic fife)
il // 0 oan
( r];:i‘:::z;l\y g;/g:n) //// //(Previouslly wave base )

(2) W5-5 (= H:rnan’uan)

BT

Beginning BEELA
(of the ice t Low Diversity graptolites i ( Sea-level rising )
-melting 2R OK &
A ; ( Oxic water)
5}‘5,7](17;( noxic wafer) 1 xR
RREEE . (Normal wavey
( ‘O'X)lgenl _H28 " base
minimum la // // 7 //

(3 Ly (Glypfoympfu_v perscufpfus Zone)

A8 BREMHT RPSEIHEAR LS TEARERARER,

Facies pattern succession of Yangtze platform during mid-late Ashgillian to early Llandoverian

R EHFEMAREHFD SEEENHL,

Sheehan(1979, 1981), Brenchley & Newall
(1984) B ¥ 58 1A B T 0 SR P 1 oK B e i &
KIBE BN T, ¥ Hirnantia-Dalmanitina 5850
PIRHBERX AT, F A EHLH A KA
XEEZ —(HESR, 1984) IR LEXA W Ao
A, H—PRREERRYG T X Hirnansia
B EINEHERE, E2FIANAXEH
BHERAKTTEELEMARZEEMNE R,

RALREXBRIAHE (B KEE EE R
ERHEREZIN, REERNR—FMELS
23k Hirnantia ﬁ%ﬁ&ﬁﬁﬁﬁfﬁzﬁﬁﬁﬁ N
%o

FEALBR G, (R TS Hirnantia ShEERy
HWENLERRATERBRE. BHESAN
M, 16RA B S AR R AT B o o R
TR BEIRYE, WM Hirnansia Zh¥yEtse s
WEHAIR R B {5/ (Brenchley & Newall,
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26 &

1984), (B, ¥ T LHFX(EE Hirnantia )
YEEANXBERNHXIMNE, WERE, REER
BELS, 5EREDRAHREAEMN, E5 MK
REEUUTIEREH & Hirnantia SHYREHE
T EERIREE, Bk, SREEFEREER
TRE(KRE 50m), BKEE Hirnantia B8
SEEBEHS, @REZEHNEYE L
EHEmEK T, WRIM G. persculptus 1,
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BIOFACIES AND LITHOFACIES

PATTERN OF LATE ORDOVICIAN (ASHGILLIAN)
IN SOUTH CHINA

Rong Jia-yu and Chen Xu

(Nanjing Institute of Geology and Palacomtology, Academia Simica)

Introduction

Faunal differentiation, biofacies and lithofa-
cies of the Ordovician in the South China Region
display clear variations both laterally and verti-
cally, and are readily recognisable (Lu, 1979;
Zhang, 1964; Lu ez al., 1976; Lai, 1982; Mu, 1983).
Many geologists have offered their interpretations
and made discussions on the main factors control-

ling the facies changes and faunal differentiation..
This article documents a platform to basin tran-
sect in the Late Ordovician (Ashgillian) of the
South China Region (Text-fig. 1). Vertical and
lateral facies changes and faunal differentiations
are analysed in an attempt to reconstruct the sequ-
ence of environmental settings, including Linhsi-
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angian (=Early Ashigillian), Wufengian (Middle
to late Ashgillian), and Kuanyinchiaoian (= latest
Ashgillian) in this region, and the environmental
factors controlling the spatial distribution of both
fauna and facies are also discussed in some detail.

The South China Plate

The tectonic framework of the present-day
China consists of 3 major Precambrian cratons and
as many as 16 microcontinents which have coalesced
(Huang, 1980; Zhang ez al., 1984). The eastern
and central parts of southern China built on the
Yangtze craton and covering the full drainage
system of the Changjiang (Yangtze) River are cal-
lIed the South China Plate. It is believed that this
plate was separated ‘from the Sino-Tarim Plate
during the Early Palaeozoic (Li er al., 1982; Sco-
tese et al., 1985; also see Textfigs. 2, 3). All the
present geologic, tectonic, and palaeobiogeographic
data indicate thar the Chinese continert is actually
a loosely welded agglomeration of the South China,
Sino-Tarim, Xizang (Tibet) and other small sepa-
rate palaeocontinents, which appear to have had
leng and independent plate tectonic histories before
their incorporation.

The western and southern borders of the
South China Plate are illustrated in Text-fig. 1. The
northern border of the plate is bounded by the
Qinling-Qilian mobile belt; it seems that the Soutl
China Plate and the Sino-Tarim Plate were separa-
ted by a Cathaysian ocean. The eastern border has
not been defined because its geological record has
been obliterated by volcanism and tectonism. Some
border of the
South China plate was located along the Lishui-

geologists argued that the eastern

Haifeng fault zone in the Zhejiang-Fujian-Guang-
dong costal region (Luo, 1979; Guo er al., 1980
and others). However, underlying the volcanic
rocks of this coastal region is still the basement of
Caledonides and not Variscanides nor Variscan-
Indosiniides (Ren er al., 1984). the
writers that the Cathaysian Land extended from
the coastal region into the area of the East China
sea, and the eastern border of the plate probably to

the east of the Taiwan Island.

It seems to

Faunal differentiation and facies changes
of the Late Ordovician in South China

The Late Ordovician sedimentation was wide-
ly distributed on the South China Plate, not only on
the Yangtze craton, but also on the Kiangnan and
south-eastern China regions. Here a special termi-
nclogy is used for the simple platform, slope and
relatively deep-water basin. The concept of the
slope and basin is quite different from that of the
continental slope and ocean basin at the present
time. It is believed that the seas on the slope and
basin of the northern part in South China were

epicontinental during the Ordovician and Silurian.

1. Middle and late Caradocian of the

Yangtze and Kiangnan Regions

In the northern part of South China the Pago-
da limestone and Yenwashan Formation of the mi-
ddle to late Caradoc are widespread in the Yangtze
and Kiangnan Regions respectively. The Pagoda
limestone with polygonal-veined structure on the
bedding planes was previously inferred as accumu-
lated under a tidal flat environment with very
shallow water, and the structure was wrongly in-
terpreted as some sort of mud-crack. However,
there was an extensive transgression in the middle-
late Caradocian of these regions. Sedimentologi-
cally, the Pagoda limestone is composed of micrite
with fine calcirudite and bioclasts or of bioclastic
micrite (Yang Wan-rong, in Chen & Zou, 1984;
Chen & Qiu, 1986).
veined structure” is considered as a shrinkage re-

The so-called “polygonal-

precenting a kind of irregular fissure formed un-
der the sea water during idiogenous and diagenetic
stages when the lime and mwud shrank. It commonly
occurs in the subtidal zone and completely differs
from mud cracks which usually indicate a tidal or
supratidal environment.

The limestone contains number of nautiloids
(mainly Sinoceras associated with Michelinoceras),
rare trilobites (such as Cyclopyge and Hemmaroc-
nemis), and scarce brachiopods (among which a
single species “Terraodonzella® transversa Chen has
been recorded), indicating the accumulation of the
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pagoda limestone in a relatively deep water envi-
ronment on the Yangtze Platform. This is con-
sistant with the worldwide transgressive nature of
the Caradoc (Fortey, 1984).

The Yenwashan Formation in the Kiangnan
Region consists of nodular limestone or argillace-
ous limestone in which are present abundant nau-
tiloids (Sinoceras, Michelinoceras, and Eurasiari-
ceras), trilobites (Xiwshuilithus, Jiangxilithus, Cy-
clopyge, Hammatocnemis, and Corrugatagnostus)
and ostracodes (Aparchites, Primitia, Euprimitia,
Ulrichia, and Aechemina). According to our in-
vestigation, the environment of this formation may
be similar to or a little deeper than that of the Pa-

goda limestone.
2. Linhsiangian (=Early Ashgillian)

Following the middle-late Caradocian trans-
gression (with a peak of sea-level), there were the
accumulations of the Cheantsaokou and Linhsiang
Formations in the Upper Yangtze platform, the
‘Tangtou Formation in the Lower Yangtze Plat-
form, and the Huangnehkang Formation in the Ki-
angnan Region, which are considered to be early
Ashgillian in age (Rong, 1984).
contain a distinctive shelly fauna characterized by

These formations

the prescnce of Nankinolithus nankinensis Lu asso-
ciated with brachiopods and ostracodes.

The Cheantsackou Formation, 1—2 m thick,
consists of silt and fine-grained sandy shales, yiel-
ding trilobites (Nankinolithus, Hammatocnemis,
Lonchodomas, Shumardia and Kweichowilla) with
rate brachiopods (Trimurellina incerta Xu and
Rong). Based on data available in palaeogeogra-
phy and community palaececology, this shelly fa-
una might have lived in a near-shore and shallow
water (above the wave base) environment.

The Linhsiang Formation, usually 2—5m in
thickness, is composed of nodular argillaceous li-
mestone or calcareous mudstone, containing abun-
dant trilobites (Nankinolithus, Trinodus, Ampy-
xinella, Hammatocnemis, Corrugatagnostus, Shu-
mardia, Ampyxis, and Calymenesun) and brachio-
pods (Kassinella, Trimurellina, Aegiromena, Seri-
coidea, Foliomena, Leptestiina, Christiania, Dedze-

ting and Cyclospira). Both sedimentologic and

community evidences indicate that this shelly fauna
inhabited an environment with quiet water condi-
tions, soft mud substrate and a depth which was
mostly beneath the wave base. This conclusion is
consistent with the abundance of small size, thin-
shelled brachiopods which are mainly plectamboni-
taceans (Sheehan, 1973, 1979; Harper, 1980; Willi-
ams & Wright, 1981). A position of Benthic Assem-
blage 4—5 is reasonable for this Foliomena fauna
(Rong, 1984).

The Tangtou Formation, about 20m thick,
consists of nodular argillaceous limestone interca-
lated with shale or mudstone, from which the fol-
lowing taxa were recorded by Lu & Zhou (1981):
Trinodus; Corrugaragnostus, Shumardia, Telephina,
Nileus, Cyclopyge, Bumasius, Madygenia, Phillip-
stnella, Nankinolithus, Dionide, Lonchodomas, En-
crinurella, Hammatocnemis, Atractopyge and Dia-
canthaspis, in association with a few brachiopods
(only plectambonitaceans). The high diversity of
the trilobite fauna and the presence of only ple-
ctambonitaceans among the brachiopods indicate
that this shelly fauna might have inhabited an off-
shore, deep and quiet water environment within
Benthic Assemblage 4—5. It is believed that this
fauna lived in deeper water than the Linhsiang
Formation fauna.

In the Yangtze Platform from Sichuan in west
to Jiangsu in the east the Upper Ordovician shelf
area is relatively flat or may have gradually sloped
in the eastern part, with no discernible basin reco-
gnized. From the high diversity of the trilobite
fauna it can be concluded that the water depth of
the lower Yangtze Platform is greater than that of
the Upper Yangtze Platform.

The Huangnehkang Formation in western
Zhejiang, southern Anhuji and northern Jiangxi of
the Kiangnan Region, usually 1550 m in thick-
ness, is mainly composed of mudstone or calcare-
ous mudstone intercalated with siltstone, shale, or
calcareous nodules, yielding trilobites (Nankinoli-
thus, Remopleurides, Burmanites, Nileus, Hamma-
tocnemis, Cyclopyge, Geragnosius, Corrugatagnos-
tus, Parisoceraruus, and Dionide), ostracodes (Ap-
archites, Paraschimidiella, Primitia, Acchmina, By-
thocypris, and Cterobolbing) and brachiopods (Fo-
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liomena, Trimurellina, Kassinella, Leprestiina, Ch-
ristiania, and Cyclospira). This shelly fauna oc-
cupied an environment of Benthic Assemblage 3—4
with a soft mud substrate and low energy.

The schematic representation of fauna, facies
and topography in the Upper and Lower Yangtze
Platform and Kiangnan Region in the Early Ash-
gillian is illustrated in Text-fig. 4.

3. Wufengian (=Middle and Ilate

Ashgillian)

In the Wufengian, the facies changes and
faunal differentiation were more remarkable be-
cause the topography of the shelf and hence the en-
vironments of the epicontinental sea in the Yangtze
and Kiangnan Regions were getting more compli-
cated. In these regions there are four types of en-
vironments which are recognized as follows:

(1) Yangtze Platform: Wufeng Formation,
which covers extensive regions including Sichuan,
N. Guizhou, N. Hunan, Hubei, N. Jiangxi, S.
Anhui and S. Jiangsu, thousands of kilometres apart
from west to east. The formation which is confi-
ned to epicontinental seas is mainly composed of
black, siliceous shales and cherts, usually 5—10 m
thick. The very fine-grained nature of the black
shale, absence of current structures and horizontal
lamination in the cherts suggest-a low-energy en-
vironment of deposition, while the dark colour and
absence of a benthic shelly fauna indicate anoxic
bottom conditions. Only a few inarticulate bra-
chiopods that might have lived attaching to floa-
ting debris have been encountered and they are con-
sidered to have been pseudoplanktonic in habit.
Very rare trilobites (Triarthrus) and nautiloids
(Pleurothoceras) are present in the Upper Wufeng
Formation (Zhang, 1974; Zou, 1985).
with these, the graptolites are extremely abundant
with a high diversity (Mu, 1954, 1974; Mu ez al,,
1984; Chen and Lenz, 1984), including Climaco-
grapius (longispinus and venustus groups), Ortho-

In contrast

graptus (amplexicaulis group =truncatus group),
Glyptograptus (uniformis group), Diplograptus (bo-
kemicus group),Amplexograptus (disjunctus gro-

up), Pargorthograprus (pacificus group), Lepro-

graptus (macer group), Dicellograpius (complana-
tus and wrgidus group), Diceratograpius, Pleuro-
graptus, Tangyagraptus, Neurograptus, Nympho-
graptus, Pararetiograptus, Arachniograptus, Pleg-
marograptus, Paraplegmatograptus, and Yinograp-
tue. ‘They incorporated themselves with sediments
accumulated in a special depositional environment
of a shallow sea with relatively deep, quiet, and
stagnant water at a slow rate of sedimentation.

(2) Southern Anhui slope: Xinling Forma-
tion, which consists of siltstone, shale, and arena-
ceous shale intercalated with fine-grained sandsto-
ne, resembling slope sediments, about 80—800 m
thick. Graptolites are abundant in some bedding
planes, containing many genera of the Yangtze Plat-
form with the exception of Pleurograptus, Tangya-
graptus and others (Li, 1984). No benthic fossils
have been found from this formation because of the
unsuitable bottom environments.

(3) Zhe-Wan Basin: Yuchien Formation and
“Changwu Formation”, which are composed of a
very thick (usually 1000—1500 m) sequence of
flysh-like clastic sediments intercalated with sili-
ceous black shale and siltstone with turbidites.
(Yang, 1986). Graptolites have been known to oc-
cur on a few bedding planes with a low diversity,
such as Dicellograpius (szechuanensis), Climacogra-
ptus (leptotheacalis), Pseudoclimacograptus (anhu-
iensis), and a few species of Diplograptus and Pa-
raorthograptus. However, very few other fossils
have been encountered from this formation. It is
believed that the Yuchien sediments accumulated
in western Zhejiang belong to the basinal facies
where there was a depression with subsidence, se-
diment supply and sedimentation at high rates (Sce-
Text-fig. 7).

(4) Zhe-Gan Platform: Changwu and San-
jushan Formations with Jitoushan limestone.

The Changwu Formation is mainly composed
of a very thick sequence of clastic sediments inclu-
ding sandstone and mudstone but with no sign of
tubidites. Graptolites are very rare, and shelly fa-
unas are dominated by a small number of trilobite
and brachiopod genera. The brachiopods include:
Sowerbyella, Strophomena, Eospirigerina, Oxoplecia,.

Rhynchotrema and a few others. The formation
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was formed in a particular way, probably a clastic
platform sediment under conditions of high rates
of subsidence, plentiful sediment supply and fast
sedimentation.

The Sanjushan Formation consists of interbed-
ded limestone and mudstone with a thickness of
800—1500 m, yielding abundant tabulates and he-
liolites in the limestone and brachiopads and trilo-
In the limestone facies the
tabulates and heliolites iriclude Agetolites, Agetol:-

bites in the mudstone.

tella, Palaeofavosites, Rhabdotetradium, Sarcinula,
Stelliporella, Heliolites, Sibiriolites, Proheliolizes,
Plasmoporella, Taeniolites ,Catenipora, Warmsipora
and Acdalopora, which are associated with stro-
matolites, stromatoporoids, bryozoans and sponges
occurring in biostroms and reefs. The reef cores
have a different organic structure, composed of an
algal and stromatolitic limestone framework. Patch
reefs dominated by tabulates (plus heliolites) and
stromatoporoids are also known from some areas
of southwestern Zhejiang and northeastern Jiangxi
(Chen et al., 1987). At several horizons of the li-
mestone, there are a great number of single bra-
chiopods, the pentamerid Tcherskidium sp., but
with none of the reef fossils mentioned-above. This
brachiopod fauna is inferred to have lived ‘on a
lime-mud soft bottom in quiet water conditions,
bclonging to Benthic Assemblage 3 (above the wave
base) (Rong & Han, in press). In the mudstone
facies there is a low diversity brachiopod assem-
blage characterized by Sowerbyella and Zygospira
in association with Oxoplecia, Anoptambonites, Stro-
phomena, Infurca and Eospirigerina. In addition,
there are some trilobites (Cheirurus, Remopleuri-
des, Calymenesun, Dulanaspis, Eoharpes, Pliomelina
and Lickas), gastropods (Girvenia, Clathrospira,
and Lophospira), bivalves (Simitlodonta, Praeleda,
and Cardiolaria) and ostracodes. They lived on
and in a soft mud substrate, probably also in the
environment of Benthic Assemblage 3 (above wave
base, Upper subtidal zone). At the end of the Or-
dovician, the eastern part of the Zhe-Gan Platform
was filled in and exposed by the uplift of Cathay-
sia.

In the Jitoushan area of Yushan, NE Jiangxi,
there are much larger carbonate mud mounds more

than 200 m in thickness and at least [ km across,
which can be called the Jitoushan limestone. These
mounds which appeared lacking any sort of macro-
fossil frame, were situated in the marginal area of
the platform west of the Cathaysian Land. It seems
to the writers that the early to middle Ashgillian
may be considered as an important period for the
development of these reef and carbonate mud mo-
unds. This is because they also occur in North
America, S. Norway, central Sweden, Estonia, Ire-
land, N. England, Spain, Kolyma, N. Kazakhstan
and Siberia (Webby, 1984, p. 93—94), and indi-
cate relatively warm conditions of low latitude.

Here the environmental reconstructions of all
the rocks mentioned above and the schematic re-
presentation of shelf morphologies, biofacies and
lithofacies with relative amounts of subsidence in
SE. China during this stage are illustrated in
Text-figs. 5 and 7 respectively.

4. Kuanyinchiaoian (=latest Ashgil-

lian or Hirnantian)

This is the time when a widespread and dis-
tinctive brachiopod Hirnantia Fauna, usually asso-
ciated with the low diversity trilobite Dalmanitina
fauna, flourished in many parts of the world. This
shelly fauna is well-developed in the Upper Yang-
tze Platform including NE. Yunnan, N. Guizhou,
Sichuan, S. Shaanxi, and W. Hubei.
bearing this fauna on the platform, which was na-

The stratum

1ned the Kuanyinchiao Bed, is intercalated between
the Ashgillian Wufeng and the Llandoverian Lun-
The Ku-
anyinchiao Bed consists of mudstone, argillaceous
limestone, marls and silty shale, usually 0.2—I1m
thick, yielding Dalmanella testudinaria (Dalman),
Hirnantia sagivifera (M’Coy), Kinnella kiclanae
(Temple), Cliftonia cf. oxoplecioides Wright, Ae-
giromena ulimg (Marek & Havlicek), Plectothy-
rella crassicosta (Wahlenberg) and Hindella crassa
incipiens (Williams), which are the most common
representatives for the Hirngnzia Fauna in the Up-
per Yangtze Platform (Rong, 1979, 1984). This
fauna may be equivalent to Upper and Lower

gmachi Formation of graptolite facies.

Benthic Assemblage 3, although the constituent ge-
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nera may vary in their relative frequencies (Rong,
1982). In the near-shore area, two sedimentary
facies, limestone and shale facies, have been recog-
pized. 1n the limestone facies, a low diversity
Hirnantia fauna (containing abundant Dalmaneila
testudinaria Dalman, Plectothyrella crassicosta (Da-
Iman), Hindella crassa incipiens (Williams) and
rare Aphanomena sp., Coolinia or Fardenia sp.,
Doryireta sp.) is associated with a great number
of rugose corals (Borealasma, Lambeophyllum,
Xinkiangophyllum, Grynwinkéia and others) which
have been described by Ho (1978). In the shale
facies, a level bottom, the brachiopod-dominating
community, also called the “Whitfieldella” Com-
munity (containing abundant ‘“Whitfieldella” sp.,
Hindelle crassa incipiens (Williams) and Dalma-
niting sp. with a few specimens of rugose corals)
has been placed in Benthic Assemblage 2 based on
comparison with its surrounding communities
(Rong, 1984, 1986).

In an easterly direction towards the lower Ya-
ngize Platform (N. Jiangxi, S. Aphui and SW,
Jiangsu, eastern China), the Xinkailing Bed con-
tains the latest Ashgillian shelly fauna, a brachi-
Only

three taxa have heen encountered, i.e., common

opod assemblage with very low diversity.
Puromalomena polonica (Temple), Aegiromena
ultima Marck and Havlicek and very rare Ferdeia
or Coolinia sp., in association with Dalmanitina
and Plarycoryphe. 1t is likely that this shelly fauna
might have inhabited a quiet and deeper (beneath
the wave base) environment which was not suitable
for the typical Hirnantig Fauna of the Upper
Yangize Platform.

Eastwards towards the central part of S. Ji-
angsu, no shelly horizon lies between the Wufeng
(Ashgillian) and Kaochiapien Formations (Llan-
dovery). Instead, there is a continouos graptolite
sequence with the Diplagraptus bohemicus (=Cli-
macograpius extraodinarins) Zone at the top of the
Wufeng Formation and with Glyprograptus gru-
crits Ge cquivalent to the G. persculprus Zone at
the base of the Kaochiapien Formation. This sug-
gests that the graptolites might have accumulated
in a deeper, quiet water environment with anoxic
Lottom conditions where no benthic life was pre-

sent (see Text-fig. 6—38).

A big event of latest Ordovician

n case many important, biologically and ec-
oligically unrelated widespread groups disappear-
ed at about the same time in geological history, one
must seek out the general rather than particular
czuses which should be of cosmopolitan impact,
Many possible causes have been proposed to acco-
unt for such mass extinctions, such as geomagnetic
reversal and extraterrestrial events, climatic and
sea-level changes and others. There was an indi-
rect effect in the case of the late Ordovician epi-
sode, due to withdrawal of epicontinental seas as a
consequence of the growth of an ice sheet possibly
in northwestern or western Africa. As suggested
by Sheehan (1973, 1975, 1982), shallow water in-
vertebrates suffered a major extinction at the Or-
davician-Silurian boundary in association with a
glacio-eustatic lowering of sea level which destroy-
ed most shallow water, epicontinental sea habitats,
The explanation is suitable for interpreting exam-
ples from North America, North Europe and other
regions, but it does not account for the faunal chan-
ges in South China where the strata across the Or-
dovician-Silurian boundary are completely conti-
nuous. The disappearance of the shelly fauna (in-
cluding the Hirnantia-Dalmaniting Fauna) was not
caused by a drop in sea-level, nor by a world-wide
withdraw of epicontinental seas.

The black shales of the Wufeng Formation
and its equivalents with an anoxic environment
over a large part of the South China Region in the
Mid-Ashgillian have been recently discussed by
Chen ez al., (1987). The ventilation of deep ocean
water would have primarily resulted from the high
palaeolatitudes during the late Ordovician glacia-
tion, and the minimum depth of oxygen would in-
crease at this interval (see Berry & Wilde, 1978),
when the South China Plate was situated in a low
latitude area and partially enclosed by lands. The
ovygenated fresh waters from the lands might have
emptied into the sea and the superficial waters of
the sea might have been ventilated from the inter-
mixing fresh waters. These formed a suitable ha-
bitat for the rich graptolite faunas associated with
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rare inarticulate brachiopods, trilobites (such as
Triarthrus) and nautiloids (suchas Pleurothoceras).
It is inferred that the water depth of the Yangtze
Platform, which was restricted to and different
from the open seas, was not deeper than about 100
m. Therefore, there was no deep water ventilated
by deeper cold water from the high palaeolatitude
areas.

In the latest Ashgillian (=Hirnantian), the
Hirnantia-Dalmanitina fauna (mainly BA 3) oc-
curred and flourished in this area (Rong, 1979,
1984, 1986). It is postulated that the two
controlling factors here might be the eustatic sea-

major

level fall and the ventilation of the sea bottom on
the Yangtze Platform. It seems to the writers that
the glacio-eustatic lowering of sea-level did not

destroy the shallow water, epicontinental sea habi-

tats of this area. A large part of the sea bottom
rose to the level of the ventilated surface water
layer and the minimum depth of oxygen would in-
crease when the latest Ordovician glaciation had
rcached its climax.

In the Earliest Llandovery time, anoxic condi-
tions returned due to an immediate and rapid rise
in sea-level associated with the melting of ice-sheets.
The rise in sea-level resulted in an increase in the
minimum depth of oxygen and the disappearance
of ventilation on the sea floor, decimating the shelly
faunas habited in well oxygenated shallow water
conditions. Thus, the Hirnantia-Dalmanitina Fa-
una was severely affected and eventually became
completely extinct at the beginning of the Glypro-
graptus persculprus Zone (Li) which occurs at the
base of the Lungmachi Formation in South China.



