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T &M a FIHATR RN EBEREK, BEHK b, B LR HETE A E R, 8= B
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The faunal and stratigraphical data of the six sections of the middle-upper part of Ningkuo Formation in

JCY area
Huangnitang Hengtang Chenjiawu Huangnigang| Fengzu |Quantoupeng
species No
Co |Base Top|Co |Base Top |Co|Base Top|C|Base Top [Co|BaseTop|C|Base Top
U. sinodentatus 1| 4(31.38 36.48( 1 30.61 2{13.75 17.95|%[33.1 33.9| 1 0.6
U. curvethecatus 2 0.6 4.8
U. austrodentatus 3129(31.78 52.5%(12{26.79 32.98|12{14.35 22.55{2|33.9 37.1/1110.6 9.7|3/1.56 3.68
U. reflexus 4| 2)42.31 44.814 1 31.84 1 17.45 1 1.56
U. formosus 5[10]33.85 52.59| 6(29.77 36.99| 5;/15.95 17.95)1 37.16 3(6.6 9.7{4|0.78 3.68
U. uniformis 6| 5[42.31 S52.59| 4(29.77 32.98 810.6 10.
U. sinicus 7| 5(33.85 49.11| 2(30.61 32.25| 2j17.45 17.95 3{1.7 €.6|2|0.78 3.68
U. rigidus 8 6[35.98 40.58| 4(29.77 32.98| 1 15.55 1 2.12
U. nanus 9| 4[33.85 44.14 ) 4(30.61 32.98) 6|16.95 20.?3 1 2.8
U. sp.A 10| 5!/35.98 52.59| 5(27.16 32.98| 3|15.95 16.95(1 37.16 1 7.9
C. amlpus 11| 8|31.28 35.08(12|26.79 32.98(11|13.75 18.75|2(33.9 36.2| 5|0.6 3.7
C. giganteus 12| 4(32.25 35.58| 6(26.79 32 69| 5{15.15 16.95 1 0.6
C. intermedius 13| 2(32.25 35.98| 4(27.48 32.69| 4/15.15 18.75 2(0.6 1.2
C. ordovicicus 14| 8(32.25 42.71( 8(29.03 33.76| 7|15.95 22.15|1 33.9 1 0.6
C. orudus 15| 1 33.o00 5126.23 32.25
C. sp.A 161 1 35.98 6(27.48 32.69| 5|14.35 19.55
G. fimbriatus 17} 3j42.71 45.51 1 8.8 2]|2.12 5.24
G. acanthus 18! 4(18.00 42.71] 3(30.61 32.25| 1 17.45 2}2.8 6.6(2(2.12 3.68
Cr. antennarius 19 3{29.77 32.25| 2|15.95 17.95 1 3.7
P. m. janus 20| 1 37.53 4[25.11 29.77] 7[11.85 17.45|5(22.5 2%.0| 1 1.7
P. m. koi 21| 2|32.25 35.98| 2|25.11 26.23| 5|10.70 14.35
P. m. harrisi 22 1 31.18 1 26.23 1 13.05 1 24.9
A. jiangxiensis 231 7{33.85 43.94| 6(26.79 32.25} 1 15.15 2(22.5 33.9) 4(1.7 7.9|411.56 5.24
A. zhejiangensis 241 3{32.25 40.58| 6|26.79 32.25| 4|13.75 15.95|1 33.9 4]0.6 6.6}1 3.68
A. dumosus 25 3(25.11 29.77| 2|13.05 15.15|1 23.7 4|0.6 6.6(1 1.56
P. cf. bellulus 26| 1 43.94 .
C. (P.) cor 27 1 31.38 2]25.11 25.23| 1 11.85
C. (P.) ovatus 28| 1 31.38 1 26.23
C. (P.) obesus 29 2|25.11 26.23
E. clavus 30| 2(31.18 32.5 2|25.11 26.23| 1 10.7
E. uniformis 31| 2(31.18 31.78| 3|25.11 26.79| 4|11.20 13.75(1 20.0
E. nanus 32| 2(31.18 231.38] 3|25.11 26.79| 1 10.70
D. hirundo 33| 2/31.18 31.38| 4(25.11 32.98| 2|11.85 13.75|2(5.13 17.8| 1 0.6
Number of Species 29 30 26 20 13 10
Num. of Collection a7 21 26 13 11 5
Num. of Species Level 133 125 96 57 22 21
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LR A2 0, A TETETE 0 = A N 19 25 R DR B R UUAR R XU 2 AR 48, B R 72 J2 (B ¥y 18] i
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B RS, mEst T E LA R T B KSR ERUNEHE, FESIX—F5z L,
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The correlation of the three sections by means of graptolite ranges

A BRERE SRR E SR AT B RREHE S GCSSU—2) (BIE A &R M E SxT .,

WS LEATHERRBAEI SN, #HIE GCSS X 2 B “Arenig”/“Llanvirn”
R LB E A, Bl Cardiograptus (Procardiograptus) cor % (F) 1 Undulograptus
austrodentatus A (1), WA Z MK JEEAHZ M L, MR EELHE 71Ma i}, 83 7 GC-
SS & BT & AR BE H U T DU & KRB BRI B, C. (PL) cor KA T
0.51Ma, i U. austrodentatus WA 3.57Ma., B Al WEAHHF AELUERITA YIRS
ARBH T4 AR, AR ER AT 2R BIK X FH AR H A {ULFEArenig”/*Llan-
vim"F A ETHR, BN EBELHBEHEARELR EHRA BB AHZER, i Cooper
(1992) R HTIE By A 4E Wy GCSS, 1+ H i B A Yapeenian By (R ALTE B 4H) 1y i R 2
0. 6Ma, Ifj 8 B — 24 Lancefieldian By @58 —4H# La2 #15 T 14. 5Ma. B FHRELEWE L
HORHED ARG —FFAE T & &t BT B S A, 0 537 F P A A5 b, AR 4 M B A 28 0 6 ik
— 8, A I, GR SRAR A B[R] R A 0 T 5 IR 4 XA SE PR A SR AR K o SERR AR 22 A0 BRI
ERATEENERCEANEEEREOCERAE SN,

M= X GCSS B 7] LAE 1, “Arenig”/*Llanvirn” R 28 F T AEIL R B4
B PR B R AR BT AL 2 B e B W R B R . I\ Exigraptus By & 4 5
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WE 4 X TEAS . EHEAMNE SIHEF(GCSS)
The Graptolite Com posite Standard Sequence (GCSS) of the middle-upper Ningkuo Formation in JCY area
A. Didymograptus hirundo B #4345 & BI=L , thf W EME
B. Undulograptus austrodentatus i3 & B MR, thd HFEME ;
C. Undulograptus formosus #ifin & B AR ,th) IR ERE .

Glossograptus fl Cryptograptus B &£ L2 H T K 1. 41Ma. REIFEIHH 27 M FHERF =4, WA
Glossograptus & Cryptograptus ] 5B Undulograptus (%2 FHT 2. 67Ma, HAH R E 5 M
WEAT . IR, EXFENE T ArENRFARRASETEE . FHIFE“Arenig”/
“Llanvirn” R & E N E A 208 00 B A PR B SRS R AR, B MR T8
AR AL A

IR TE R LR 2R E R ERFSHIE, AT AL GCSS 2 L EE ik
MRWATEERR T SEEMAPERFEHN S —FHEAERAMK, UEXHAIEGHEL
A ERSEY BREBORKWERL RN, EERMPFREELZHEERWERRRE,
AR W KRB @A BME LA, Z I XA GCSS R4 T X — B R 09 B #F32
i

EOMBEHREER=KREN, B REZEONEE B AV EEEOHRE. S
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=R HM KA (Bulman,1963) . HFRFIEANREZ SMARS %, REHEERE
REBILER T BXREANERZ TN, J53k, Mitchell Q98DFIR T IR S ELH
R TR, PRI & 7512 (1988 AR B R B IL I LA R & by B E G &R
—— Undulograptus austrodentatus FR7RBF T , 2 B X B B AT B 2 4 19 0 o & B 2R
B 7%, U th HRUGEME , A% 2—3 MIER AR THERKMBNER. BEHELHTHFE
BHEREABLERT 5HEL—BHIRE.

ER W EEAEURN —ER A RARIEE A BN R E B AR 82 F e
PRy, VU M R S . S I RSB R A I A E A R ARG
$RAE, LA th! ¢ th? ARUFERE , BERLRFHIAN . SZEBEUEREZX RN —BEL. W
Eoglyptograptus dentatus , It BB FIEMER L TR, U th; AXCFRE . X5E5%
B A IESFAR B, IR 2 A B B AL S B I RE RN M R BB E R B A Z KK
BISE . B 2 TSR i 35— AN R BN E R 5 H2Z i E A Z [/, fEdhs & F B n AL
FREHEERNHEE. WAERREZH, BRERN G E § R R isograptid 3, BT
th? HWERE, B LEBRENINEL K E [sograptus #J M 5 (Thomas, 1960) , i ==K H
Tetragraptus B W & (Bulman, 1936) , 8 & IR T Meandrograptus §)%& % (Jenkins,1980),
R IR 3% 2 )3 R 3 o ) 28 2 B F S ARIERT Sl K E 2 R A R RE . KB
BLF Undulograptus B BLH Exigraptus L EH SR M HHA TR th TIE thy N
XU .

FLHI G E B F AR B, SR UL S W T A R A B R AT RE R TR — R A Y
P L R . T R A KRB R A TE N BT E 09 SRR 7 2 AL
28, W0 75 B T 3 AR i B R 3 el A0 AR TR M, (L 28 4 SR O R R B L X — B3R
2 BRI 2 S BT AL R, R B AT BB — N HRE A A SRR I . AR, X — R
Fhog R A, Vi e K R A . BT A AR, S BT E A 2R R
Broe s RTE, AT AL T RATERE P BRI FIE G RA7EI. HIL . B
47 Arenig”-—"Llanvirn "Bt B B L R BAH K, X FEAE R AR 38—
BB T REBLEERRELN AW FESR.

ERREAERYA L EE ST ARG . Y Undulograptus austrodentatus 11X
KRR FER ANEB/NTIREBE T L X ETEEBKRE. Arenig BRE —T23K
%2 B3 (Fortey , 1984; R/ 24 T, 1986 BRI 173k 42, 1988) , LT[ b FHAf, XKE
AESEEL. FEEMFEHTETFETE LA WEREKREESZR, X
“Arenig”/“Llanvirn” 528 £ THREH S XA, BER TERENZEHRET R Y
FRA R IE AL , AR, AN T AT B E .

g ®

i ERTR, TAE B AT ILR ERL R
1. Z X # GCSS HA EARR W 2 7E X — i 1B A W L SEE AL 751, AT
£y 1 J2 300 43 A et b B PR AR AT — 2 B O B SEAT RO . X — RS ARG T K R A
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H K GHEFRE T L E &

.= X T E AW, EF GCSS Wi 5K B8, TE R I £ 7 Fr &b Y “ Arenig”—
“Llanvirn” B R P, L BIL R BT EMELWN DI ERFSHZWHNEA Z M & PR 2K H
T o X B B B 2 A PR 43 S PV A A

3. i@t =1 #i X “Arenig”/“Llanvirn” f 28 F T &G FiEL W20, £ 0 WELE
FRIRAY S, EHREGIEN D A 5B KNEER TS, A\TTHEEaEREL
RIH S FHER,

4 ERAREAERNELTREFIESEFEYFRAEE.
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GRAPTOLITE COMPOSITE STANDARD SEQUENCE

AND MACROEVOLUTION
——WITH GRAPTOLITES FROM NINGKUO FORMATION OF
ZHEJIANG-JIANGXI BORDER AREA AS AN EXAMPLE

Zhang Yuan-dong and Chen Xu

(Nanjing Institute of Geology and Palaeontology,Academia Sinica,Nanjing 210008)

Key words : Arenig/Llanvirn boundary,graptolites ,Composite Standard Sequence,duration

of graptolite zones,evolution rate
Summary

The method of establishing a Graptolite Composite Standard Sequence (GCSS) has
been considerably applied to quantitative biostratigraphy researches. In order to obtain the
relatively precise range of the Ordovician graptolite species,Cooper and Lindholm (1990),
and Cooper (1992) have tried to set up the GCSS for the most important Ordovician
species,following the methods of Shaw (1964) and Miller (1977). Unfortunately,the GC-
SS study has not been carried out in China over the past years. The present GCSS study is
based on the systematic and continuous collection of the early Ordovician graptolites from
6 “Arenig” to “Llanvirn” sections in Jiangshan and Changshan of Zhejiang and Yushan of
Jiangxi (JCY area). The results turn out to be quite significant for the precise biostrati-
graphical divisions and correlations ,together with an important bearing on the macroevolu-
tion of graptolites within this interval. The Huangnitang Section (Changshan) is consid-
ered as the reference section,while the other five are Hengtang (Jiangshan), Chenjiawu
(Yushan), Fengzu (Jiangshan),Huangnigang (Jiangshan),and Quantoupeng (Jiangshan)
in order of superiority. The present GCSS study is limited to the strata across the base of
the Undulograptus austrodentatus Zone which is proposed by the authors as a candidate
boundary stratotype for Ordovician subdivisions,with the results as shown in the text-fig-
ures of the Chinese text. This study comes to the following conclusions ;

1. The evolutionary rate of the Ordovician graptolites is not uniform, with a large

” b

number of genera and species occurring in the zones across the “Arenig”-*Llanvirn”

boundary,but only a few species occurring within the long interval above. A rapid specia-
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tion of graptoloids took place just before and at the beginning of the Undulograptus
austrodentatus Zone.

2. The Ordovician graptolite zones through major bicevents are obviously uneven with
the Cardiograptus (Procardiograptus) cor Zone lasting only 0.51Ma, while the
Undulograptus austrodentatus Zone as long as 3.57Ma. This calculation agrees approxi-
mately with that of Cooper (1992). The preciseness of the calculation depends on the num-
ber of appropriate sections on which the GCSS analysis is based,the more,the better.

3. The absence of the intermediate link between the biserial graptoloids and its possi-
ble ancestors is indicated by results of the GCSS analysis. The early biserial graptoloids
usually bear the advanced proximal development type with th: or even thj as their dicalycal
theca, whereas their possible ancestors,such as tetragraptids and isograptids, take th} or
th? as the dicalycal theca. The intermediate development type has not yet been found from
the horizons in between. This differs from the traditional gradual evolutionary trend which
is described as the gradual delaying of the dicalycal theca. The sudden appearance of the

diplograptids might be involved in punctuated equilibrium rather than phyletic gradualism.



