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N FRMERMERCHEBEZMERMES, BAWEYEE SRR EREREE
RRAESHEZMS, EANKRESFURRED, K20 5K, ATEEERWR TIEERE
BEMREAQNIIRAFVEKIRR, REEANMASERIBRBE, EFEANMEES
(autecology) AR AKXMATHT —F, BREAWEER G AL (synecology) IEHEFHIRT,
XEBRERAEABEBEARAAET, BFIREEHARTBIETERORES, LELEA
EARZUBCEHRK, CHENERFIDEE. TENEBEREANESYEREFH—EE
ASFHESR LR TREMR N, X#I7ERRATRURREA—SERE I, HH AR,
BRIADEEZERBEAKNREFENEHECARNELMBER EO YR REY EVEE
RERE KBS (Berry,1962; Bulman, 1964; Rickards, 1975;Kaljo,1978; B HE ~, 1983;
Bates and’ Kirk, 1984), {H¥EPIHGIAREARBEENWENERE. Bit, BRKAENEA
HEEARFEE KB ARG, R THREONBERESFNESHEENER RS,

Ziegler(1965) 7EIAE T RERUR L R X M O ES Y BEE NS M ER, RAT
5 MEFIHFY (Telychian) ZEREBHINESER, X—RIARKMR T RS £S5
DRI, thiERT ABHELER. —RHIRIGEE, RAEAFRAMRIE—, Boucot

(1975) FEHEM EXN ERLNEZLFHEBIE (level bottom) DIBIRENHy HILH & B &,
CEAFEBEWTRRE, B THRMNE 5 MEWAESH (benthic assemblage zone) ¥R BAl—
5o WEHER(IBOXIKIIET 7o BHEHAAFHBRIIAEEET RAEEDEIZHE
BB A ESERESBEENME, ANGREEEMAERLZEELAESHLRT L
BARUIRE S B o Berry A1 Boucot(1972a) MBI ERE L BErh 5 AR ML A8
EREE—ENEEMEL BERER T T EGRES T NERNGER 1)
WMRFENVE Berry F1 Boucot X —BAMNEES NFE—T, RARBH TILIE
#:
_ L E%Eﬂ%ﬁimﬁﬁi%ﬁﬁﬁﬁ“ﬁﬁﬁiﬁnrﬂ:‘%“ﬁ:mﬁ@ﬁ%ﬁiq]EYJ%E R
YRR S AN AR EEREEDHEN TS
LERARENERESHEATENERH4 AR, HAXEARNECHEBREE
BEAARERNKERR. EEWEL TARERRABRTRFEECHSE, BEETLIAE
EBRFEANER, MBEEKETHREELAHSUNAKXTHEINEIRRNER, F5EK

ot MEREANEES 970090 TERS, HhEEHRASTEORERELA,
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R ERLELHEEST (38 Berry and Boucot, 1972a; Boucot, 1975)
Silurian Graptolite Depth Zonation (After Berry and Boucot, 1972a; Boucot, 1975)

HERBEEDREE K.
3. XFEES W RRTRERENEHRENTEEEIK &t

Berry HI Boucot NEARENHRBETETRATARTRIEMME ., Mbi1xE
LR, HAMDALENSHESDREE—RNEL S RILIERIFE 20081
BOM e BIBHE, EER/R MG RRE TSNS ERBRE N, M R EH L EE
RBRBE 2T, EEHED MBI, RO R S H ATk YR ITE—
X Berry HI Boucot(19722) FrikiEfvZ it ki, RAK M AR BRHR L. MREE
ML ARG THE, SHENMEBT HH(H 4 90 T35 AR B RELE, A
FEARNEBL LBERAT SHESI MR ELFNEGHE, XRAEEBYUMELELEE
I BRR T TRk BAATRNEG THE Zﬁ?ﬂﬂiiqﬂﬁﬁﬁﬁk%T —ERE
R B TS (R &), EERUE R ENRE(RIREWEATTETRERFT, R
BAWE T R F AR IR, # TR B O RORE S B ER, I EREX
—IT AT E R BN, FIBE P E NI, EEEX—HENTIEFET 80 4
R, MG WARRT AVEEEH (Chen Xu, in Mu En-zhi e al., 1986), 4T EFEH,
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ZE(198ONRMALEEALY (GA) SEMEMELE (BA) Who AXELRERA
G B RL R T I bR R RN E G AA W (GA2—5), 1824 BAL WIREr 5
W EGEIEHY BAS DUSMNRERE R IEISNOKRE$132, Zieglar(1965) Zifk %
TN (pelagic), Berry HI Boucot(1972a) AMREHILISNELL R AT GEIRED
AR GAS DSMUKKAHE BB RIBINER REDH, BE TTLLIE FR % s, M
BB LR R AT, (BB Rk R i — S R MR MIRE % B4
BZEEEYASENEE, EXRREUNNES IR ANEEBANRENSITERT
IRID, R & R H T T SR BESY 1 AR BE TR 200 X 05 16 HO T M Ho MU FF
# (Fortey,1984; Bates and Kirk,1984 ;W fB,#ik%, 1988), LIk (8, B E 4 iRk iE g
BEEHTHEZHEFEE T — M EMAERE LG EY, BATONX—HRIESRT
B

AR DHERE P ER SRR YRR S EEER L ANERASTES
FETE, RX—TRE WS B RE 2 — BRisREh &R E R, A.JBoucot R W.B.N,Berry #
FHEUR DS 38 , A E S N EE R EEB L, &R
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(1) BNEHER T . BRE
REEREE ARMPBRETUE, LR, LRBREEZEE.
BA 3 Isorthis
GA 3 Climacograptus miserabilis, C. angustus, C.bicandatus (EZB R EED)
B A R '
(2) BtME )5
EWEA RECHAERRIEE. SEWE.
BA 3 Zygospiraella-Borealis B
GA 3 Climacograpius cf. yangtzensis (ZEHMETE)
(3) BEMRR/\EZ
EREE RECHBRBERE, ¥EHME.
BA 3 Borealis
GA 3 P.(Coronograptus) gregarius, Pseudoclimacograptus, Climacograpius (%S
mEE)
4) BEMSNEHS
BREH RECHHEBEBRE. SEWE.
BA 3 Airypa, Aegiromena Fr =W Encrinuroides %
GA 3 Pristiograptus xiushanensis (FHRGHIX HE LM EN, 1974)
(5) FIEEWIIKRE
REH RBaEERRKEEHK.
BA 4—5 Aegiria Bt
GA 4—5 Demirastrites triangulotus group DI R W ELEL(FHEE%, 1986)
BN ERTIE M
(6) #deHEEKRHM ' -
DEIFATH. aHBERERBRREXRS, ®EWE.
BA4—5 Stricklandia, Zygospiraella & ,
GA4—5 Streptograptus,Rastrites, Monoclimacis arcuara, R WF|EES EFH (7 =
#,1978) )
(7) POJIHE 7= X
REWHIEH: EASBRESXEERKE,
BA 3 Striispirifer, Mesopholidostrophia, Aegiria %
GA 3 Climacograptus, Pristiograptus cf. concinus, Monograpius cf. distans (388
| 2%,1983)
SRl .
(8) RAMMEFEEEH 5
AHEH SHBEZZE. SEME.
BA 3 Pentamerus ) Stauria M HITHIAE LS
GA 3 Neodicellograptus (BRJB.¥K3E3,1978)
(9) #dbEERPM ‘
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PR RIBARBE.

BA 2—3 Kazastrophomena, 9Zygospiraella, Nucleospira

GA 2—3 Galeograptus, Pristiograptus variabilis, Climacograptus nebula, Petalolithus

sp., Demirastrizes supernus({HlE5Eg,1978)

(10) PJIIZE s i

“NETEUA” R IR B Ao

BA 2—3 Nucleospira

GA2—3 Galeograpius, Pristiograptus xiushanensis (ZEEZSMEE)

(11) #EARI B

OHMEARERE SHEREE, BELE, FRER.ZHER.

BA 2 Nucleospira

GA 2 Hunanodendrum (PiEXHE LM, 1974)

(12) BB LERE

FEREE RisRRES,AEHELE,

GA 2 Hunanodendrum (fEit:1§,1986; FEJESE,1988)

(13) BMILER S

FRTATE EABPERERIS.

BA2—3 Airypa

GA 2—3 Monograptus parapriodon (ZEEZBITERD)

(14) BENEHERE

FLH EHHEREBESEKERERE.

BA 3 Spinochoneres, Sirisspirifer, Nalivkinia, Aegiria, Mesoleprostrophia &

GA 3 Stomasograpius, Monograptus parapriodon, Monoclimacis griestoniensis group
(EEBX RS EYF, 1974, REZERETR)

(15) mNFLE#E

FE BHaREEREERKES.

BA 3 Siriispirifer, Spinochonetes, Salopinella, Aegiria

GA 3 Siomatograpius, Monograptus parapriodon, Monoclimacis operculum (FHEGH
X3 E& =W Fa, 1974, REERIETRE)

(16) P& 7= Rl

FlLH BRFEHEESBDE

BA 3 Srriispirifer, Atrypoidea, Nucleospira, Leptosirophia %

GA 3 Stomarograpius (72 B 2% ,1983)

Q7) ISR |

TRE SHRBRLECEELE, REWHE.

BA 3 Spinochonetes, Aegiria, Striispirifer, Clorinda, Nalivkinia, Paracraniops %

GA 3 Stomatograptus, Monograptus spiralis group, Monoclimacis griestoniensis
group (EZEBIEHRD) |

(18) BRAETEER M AR
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THRAE BERBREBRILE RIS, REDEE.
BA 3  Awrypopsis, Airypa, Salopinella, Mesophalidasiraphia, Spinochonetes, Siriis.
pirifer, Aegiria %
GA 3 Stomavograpius, Monograptus spiralis group, Monoclimacis griestoniensis gr-
oup (EEFFITHHL)
EREFEHTHELSHUR R A RNOREDMHEET (BA) HOH, HRE AR
A FER(1981), RER VBB 5 FI(1984), HER(1986), Wang Yu ez al.(1986) [y
Blo
2 ERARLER
PR RE
FISEEAR AR RELERES, FRAERSEE, M ETABHLE,
BA 2—3 %2 Praectenodonta &N =M Encrinuroides, Leonaspis, Scharyia
GA 2—3 Glyprograpius tamariscus group, Climacograptus tamariscoides, C. nanjin-
gensis
3. BXM K BE AR R
(1) FEEE/RLDEBX %D EBOGRE | 54570
LAV GHREFI T R ATUHS T
BA 5 Clorinda #¥% (Cocks and Rickards, 1969)
GA 5 Spirograpius turriculatus
(2) ALEFHEETUS L
BA 59 Glassia, Craniops 7 (Cocks and Rickards, 1969 I\ E Clorinda 55745,
BRI R &, IA X —B B R RX BRI S o
GA? Monoclimacis griestoniensis, Monograpius priodon
(3) XERB/RTLREBX AT EBT A% 2 ST
ZZRTIGERET TN RATUE
BA 5 Leangella, Glassia, Craniops, Eoplectodonta (Cocks and Rickards, 1969)
GA5—4 Monograpius discus, M. cf. priodon, ‘Spirograptus’,
(4) EEB/RTOEHX %S L BERRE 3 S5
L HFG Pentamerus 2
BA 3 Pentamerus #£35 (Berry and Boucot, 1972)
GA 3 Glyprograptus incertus, triangulatus RN
ZEZRTIGREFIFM R OGS
BA 5 Clorinda ¥ (Cocks and Rickards, 1969)
GA 5 Pristiograptus nudus
(5) BEEB/RTIEHX AT LML EE 5 SHHEL
ZZRFNGIEFN Y Pentamerus |2
BA 3 Pentamerus $£3% (Cocks and Rickards, 1969)
GA 3 Pseudoclimacograpius retroversus, Climacograpius sp., Pristiograprus ct. gre-

garius
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(6) XEB/RLOBEHME AT ERMES

ZEEFGRRVIRNREATUEXHEKE SN aEE.

BA 5 Eocoelia curtisi, Costisiricklandia alpha (Cocks and Walton, 1968)

GA 5 Pristiograpius nudus, Monograptus priodon, Acanthograptus sp.

(7)) EEERLAEHBX S /RIE (Malvern district)

=B ETIERTIEFH Wych B

[E 2204 Eocoelia sulcata (Ziegler, 1974)

%7 Retiolites geinitzianus angustidens

(8) EEHKM =FEHEME (Shalford) il

=L HTIGRE (26 m)

BiRsh4) Eocoelia hemisphaerica, E. intermedia (Zieglar ez al., 1974)

225 Monograptus cf. distans
4. N E A KBE

(1) EERREF Sidi-Mbellej

= BRI GRE G TS

BA 2—39 Cardiola interrupta, Chonetes

GA2—32 Reriolites geinitzianus, Oktavites spiralis, Monograptus priodon

Berry A1 Boucot (1967) JA4 Cardiola FERFLMKIEITBEKWNFER-ERE & 1
3% Mo

(2) F/REFI Oved Ifrane

ZEZRINKELTE

WF=2s Cardiola interrupta, C.sp. %A Monograprus regularis, Pristiograpus cf,
nudus (Berry and Boucot,1973)

(3) M/REFIW El Kseib

TEES Oved Ali ARER

M2 Cardiola interrupia, pterinea sp. 24 Colonograptus colenus (Berry and
Boucot, 1973)

(4) FI/REFII Ougarta 1[[fk Drea Oued Ali i

TEES Ouved Ali 4

F2REKE MFE2 Cardiola interrupta 27 Colonograpeus colonus, Pristiograpius
nilssont

FIBKRE MEH Cordiole interrupta %7 Colonograpius colonus (Berry and
Boucot, 1973)

(5) FUMRERIRI DI X% Cerro del Fuerte HH

XS Harringronina #5 B EZ-=H B -EAHE

BA 2 Clarkeia antisiensis, Harringtonina australis, Leptaena argentina, Phacops ar-

gentinus, Dalmanitoides drevermanni, Trimerus kayeeri
GA2 Monoclimacis aff. vomerinus, Pristiograptus sp. (Amos in Berry and Boucot,
1972b ; Cocks, 1972)
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(6) FUMRERT R MBI E % Rio La Chilca

M FagE Las Espejos 41

Wi JEEhY Chonetes fuertensis, Australing jachalensis 27 Monoclimacis aff. vome-
rinus(Amos, in Berry and Boucot, 1972 b)

5. deELHiRBR

(1) AL M Oneida

XL &L % Willowvale TiA

BA 2 Eocoelia BE¥%

GA 2 Retiolites geinitzianus angustidens, Monograptus clintonensis (priodon group)
(Berry and Boucot, 1970;1972a)

) MEKFHRE

B S Gascons 20

BA 3 Kirkidium, Janius

GA 3 Pristiograpius bohemicus (Berry and Boucot, 1970)

(3) & RRF A WARE

2L %45 Beaverfort 48

BA 3 Pentamerus BfJ%

GA 3 Sromarograptus grandis, Monoclimacis aff. vomerinus, Monograptus walcozto-

rum (Berry and Boucot, 1970)

LAESMEEEM TR, REA S TR RBE T, AR RET O RER P REA
B (BA) MXAEESEMNHENEH. ALt hRE EWBEABRRHBTEBAET
XRZ N AR RS HMERAGRERE . BMARTIA. RENERTH TG
AT, REAGWHERE. MWEMBMMENTET, BHEAESTREEESFRENR
R EHHURTTRAERERER o

=, SRR TR

SHOEARESWEAXZERAZL4FMNEARES G, WIAEEEBETOENX
BRMPEEENESD, XEEERRTEHIIERERN . X EEEFHNEGRES
W HERIEAER, REREHTHEZLS4ATIHELRNNHBRLEIMNIERM K 2
JE %% Berry F1 Boucot(1972a) WEBLEAREHWHERXEEW TEGEAE 3),

ERRKE P T bR R R e SR A H A TR N N ERREST, FA
BREARGMIUTHMAL, Y BA1 MRS REEAS M, HY BA2 pyHH
WM T W LA E GA2 WERASE, UL Retiolites, Monograptus priodon group
NUEHEEY Hunanodendrum X%, [GERREH T HEXNE=. HET BA3 WH T L,
HEFARXRBSERNREA - RE—RAEY 60 m, FEBEHFNREEE, X—HEN
KERSHRNBEEEARE (GA3) UINFI#E&E A Diplograptids %%, 3H Stomaro-
graprus, Monoclimacis griestoniensis 1 Pristiograptus xiushanensis, P.(Coronograpius)
gregarius FER,EHTHE L X—KEKBHIEHA—BRENEMER, EHREMXH
HI5T, MEESMERIE. 5 BA 4 XM GA4 RILEEMERMA,FR Berry Fl
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Graptolites absent

- Monograptus pripdon group jefinfifes » Hunanodendrum I ———

o
<
9 N . . -
I__—————{ Coranagraptus bohemicus Monodlimacis vomerinus , Monograptus parupriodan, Galaograptus
— T 7
3 Morocinasis ariesioems. Sh x
* o Cln e

——— Pristographes xushanensis, P (Coronographs) gregarus, Biserial groptoloid:

| e———

[ grapius spirals group l X
1 1
~—|Demirastntes, Rushrites, Streptograptus, Spirographust—e
L] []

~~— Cyrtographds ——

BE3 SELERRESHER
A Model of Silurian Graptolite Depth Zonation

Boucot(1972a) $_Y M.spiralis group Tl M. discus E 2 X—KBERPEES T, EkHE
ek, BTN %2 GA3Z—4 W5 To ESE AL (cyrrograptid) WRIFEMIIFIERL, A48
J GAS WRPEHA A BRT X Berry M Boucor(1972 a) R E W BB ERIA T 2 5, K
XFRUNEEENFELREEEARREKELENELAEG, BRBREERL, &
R L LI PWEAHARLRER Berry R Boucot(1972a) HMAMMBHES B AL B ERHE
BBz, H—ERENEAHGHAMRE —RERKED, 2 D AEEERESHAR
KB, HdiEE GA2—3 BKEUENGIER Galeograprus, Monograpius parapriodon,
Monoclimacis vomerinus ¥1 Colonograptus bohemicus: GA 3—4 JEENK Oktavizes spi-
ralis group; GA 4—5 JGHIINAY Demirasirites, Rastrites, Sirepiograpius F1 Spirograptus,
MERITEERINTEF IR EHE—FITERRR D, AAMNRNEAGHAR &L GA3
%, X ESRESYEET BA 3 HAR] WL —BOLFER,1986; Wang er al., 1987),
GA 3 #1 BA 3 Wy Z o MABMIEI T 22 45 # £ 3R B kR GFIEEIE B8
RUGREAHEL 60 m HER/KER ST KBONER,

SHLNERERELFENEEAET BA) MENEARES TR, 5XEREER
WBREEMERRENFEREE BN, EREKEDEER Monograpius priodon —
RBER, RERKEREGEMREKS) RN (Rickards, 1975), Reriolites W Tk
BRI, R BRI EE TEER, AL EHERITE, M BEEEREEE, BE L2 XIRAE
%2 T Hunonodendrum K ZERMEERN. GA 2 REXBERBATHLE, EEH
. GA 3 HANE NN IWESFIBAET, KEWET Resiolires, HlLBIER, F
FEMUIRE—ERKB H&tho Stomarograpius BRME—RUMEWER, BEEEHNEREL
Reziolites E4T™ 8 , N ML 4 IR AE R ZBEIR — K B MAEFE T IEW R EKd (BA 4—5)
HHRERE — k2 il S, S DB SR BRE RN E RO

BTHEZZAFIHBRLAET T —ERCEATNE . NESREA, XE—EBEHEK
RRERFNREGEE, AL AR LHAZ L, MAXERCERARSEE MR HEHR

" ";(persculptus WE convolutus WU E sedgwickii ), KITRABET L AK, I, EFw

"
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i
REEX—~ZARESTREAZAZIZDEANELRFIIRE (Mu e o, 1986), MRR
ML BN AR R 2 DR AN ERFFIAFIRMURIE, WA LR EARES HEIAR
BREF S, B AR ERBEEATREFIH B FEOE LN,

FESRERDRACGKE, #EH, 1978)

Oktayites communis Hy

Rasirites, Oktavites RAETELE GA3 KETHRIEALEE GA4—5

Pristiograptus (Coronograptus) gregarius ¥y
Demirastrites, Rasirites JptE7E7E GA3 7}(}241&’]317‘(]&“‘*%6%{] P.(Co- GA4—5

ronograpius)gregariug

Pristiograptus cyphus-Monoclimacis lunata U R BEERATSELE
Rastrites, Demirasirites GA3—4

Cystograptus vesiculosus #
Akidograptus ascensus—Climacograptus bicandarys GA3
Glyprograpius perscul ptus—sinuaius 5

ERTBRRNBAER
MEHRAS Hirnantia—Dalmanitine ZHHYEE BA3

FREBRESWNSN, BRTESHINE BT AN ERTREELE SR R
EERHERWARS (GA3), M cyphuslunata FEITIEEBRET gregarius H5, GA4
—5 BT EEShr, AR T EYE LA ORE, X —&FE AR E, 5EE
(1984) FriR X VK S IMRERY Post-cyphus zone HURTEIER—BIMo 1HRE R F(1984) s
BB FRXEDREYE EFHE, 11X —a g E LA, SEEERIH
NEDBREAHETRRRNRETER LE—EW.

B GA BROFEHREEATENEAHANNE, RAANZL KINEALNG
5 (diversification) XB|FF K. RELRNELETERL 29, cyphus FHLE, FHIRE
3| gregarius W, ERRE A, B0 Demirastrites, Raserites 5%, HBAZE AR
XABREAASREFELENHE, B—MEEANEANBRETE EE =S HTIRRE
B, TiA—E Rk HEm A LA (R AT —F 552 [ 70 X 2 76 72 B8 /K 3R 8
THEARZWE, RAEEFHRANX M. &k, EEFFEAWR T HEMEXEEHE &
ERBERTE, RABB=LENSERTLERATRNE2E S f, WADNFIEEER, &
— My RERIKNSIME, SWSZHEANFELE, ZHESMAAGRESRAEESY
B E, X— M ABMMIZRFE GA2—3 BIREINEY, MiX S MELERRT cyphus
M gregarius WHIHER, X—HRERZSAFIMELATE L LAREREE, REMUE
R, AAXHBEREMIEKRANEARDTAZELREE? XTAREGRTFERH
REBEKOTNHR, 5LRRDEREASEENAMRELASIBOEEREAR, tﬁ%ﬁﬁﬁé”ﬁ‘
RHEFENANPEASIHOEEREAR, XEERAAELGHENRBEEFEARE
EHAETYN, ELERABRATRETELHEAFIIRBHROA L EEAR L LAHE, B
A R T P E L, Rickards % (1977) 48 H b mMBE AT 7K (evolutionary

* BBOEAKREEREBIEFERE: FREEEARREFXAERARGETD
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expansions) MIBIBMWERE—HN. SBRAAXFRWELRES HERX, oL 458/
HBEECHAFY LRt —F AT X — &,

S ELRES WARRAUANESNE AR E D EGHA RS R R ELSER
FEAE A, AR DL ARG P EN AR A RINE ko BEYHIT )L mEILAR
EAEHE,1964; FRIB, 1984), ZMBBRMH KM ER AT L AHBE T 2L 45
GREFIETNINETAH, NEZRA—VENRES, A8NEEMILAGRDBREAT —E
S. turriculatus W& Spirogroptus, Streptograptus, Monograptus marri, Pseudoplegmazo-
graptus, Petalolithus K Glyptograptus %, 61T GA4—SHHE - HAET 3 Z 2 GA4—5
hELE,E 3 EMREREKE GA3 WRES T, AN HRESHEREE—R, XH—
FTEEHKEEFRN R A ERREKNELAEE, R THHELEES iR
LR UGV T MG 8 HKTE , 2225 e BIHE B FEBY B2 SR M I 308 W7 BB R BB S K T RO /N B, T WA
B M IFREmMAR T, R EH GA4—S WER. MAXFI Y, BITREFLLHEEI
XA AR T RO B AT A R A E e IR R A R Tl s B, bR RETHE S
B EFHE¥E FiAnHEIX o Johnson F0 Rong (1988) 34 FI 38 Uiy 5 o R F B X R iflg V- I 2
W ETFe MR IMERAR IS BFE S RE L -RALE B Collingword HFEAT
FIEERARZ L, ZHERKEN 30 cm B Dalmanitina 552, 2 FRIREGELEHE,
AT A X EFER T —F P HNZE B A

EMRERLEARED TR, Kaljo(1978) WIVELSEBRERE., AAETH
HWARECEWIR. B4 WAISZ M8 58 ) B R S AR [ R B AR AR Fh R A A SR E AR
REENEAAE, REFERSHEAESGEEELSEAER I OKEEED 190 m),
BARMEEEREHBEROARARRENECHA XM T ERE o EEEREN,

9., RFgL 22 RITR BE S iif

B A v AL R IR B BB 5B MITT 86 » B AT OUFR T8 i SR S A U 5T o 1
BHE R (1984) SHUSHLET Foliomena W25 (BA 4—5) MM ENEH Hirnantia 3
WE: (BA2—3) WM R, EHXNASENESNRNEEHT Y ECRIWEE, RiZER GA4
—3 WREREMGE, £&E, 1986), NRELHTHEREAEZEAZIYENTREXRS
¥T, szechuanensis 7o R Tangyagraptus BB D RE RS, Diceratograpius i 2 J5
W4y S BRER, LRSI E & E A4, XM E L EF SRR T E T FE—%, Bates
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GRAPTOLITE DEPTH ZONATION*

Chen Xu

(Nanjing Institute of Geology and Palacontology, Academia Sinica)

Summary

Graptolite biozones are generally recognized as the standard zonal scheme for correlation in
Ordovician and Silurian biostratigraphy and chronostratigraphy. However, graptolite depth zonation
" has been considered only rarely as tool of ecostratigraphy. The reconstruction of graptolite fine struc-
ture ‘and ultrastructure based on isolated and three-dimensioned specimens in the past twenty years
has made great progress possible in graptolite autecology. However, graptolite synecology is still a
virgin field for the graptolite workers due to the absence of significang evidence for the graptolite li-
ving environment and especially the absence of living graptolite for comparison. All explanations of
graptolite ecology are based upon functional morphology and the structure of the rhabdosome. .
~ Many authors assume that graptolite lived in different water layers during the Ordovician and
Silurian (Berry, 1962; Bulman, 1964; Rickards, 1975; Kaljo, 1978; Mu En-zhi, 1983; Bates and Kirk,
1984), but they all found it difficult to work out the relative depth positions of various graprolite
based only on implications of morphology. -

In a study of Telychian brachiopods in Wales, Ziegler (1965) demonstrated that 5 brachiopod
communities paralleled the shoreline and indicated a differential depth zonation. His study strongly
encourages paleontologists to examine benthic communities. Boucot (1975) critically summarized 5
Benthic Assemblage zones, and tried to determine the depth significance of the benthic assemblages,
Ziegler’s communities or benthic assemblages may thus be interpreted as reflecting an increasing de-
pth along the bathymetric gradient. Graptolites associated or buried with shelly faunas are also indi-
cative of the same depth. Based on data from Europe, North Africa and North America showing the
occurrences of Vgraptolites with shelly faunas from Telychian deposits, Berry and Boucot (1972a)
and then Boucot (1975) proposed a model for the depth distribution of Silurian graptolites (Text-
fig. 1). Subsequently Rong (1986) proposed that BAI laid in the intertidal zone, and Chen (1986) also
suggested that GA2—75 should be used for graptolite gssemblages instead of graptolite “BA2—S5”
which was used by Mu, Boucot ez al. (1986). Unfortunately, the basic data which supported Berry and
Boucot’s model were insufficient to emphasize the major aspects since the shallow water platforms,
both in Britain and in the Baltic, were narrow during the Silurian, and the graptolites associated
with the shelly faunas are present only in a few localities both in North America and in North Af-
rica. The Chinese material in the present paper represents about 13 localities at different Horizons
where the graptolites are associated with the studied brachiopod communities or benthic assemblages
(Text-fig. 2). Most of the data come from the Yangtze Platform (about 9X10°km?®), the major part
of the South China Paleoplate, which was occupied by a widespread epicontinental sea during the
Early Paleozoic; these data provide abundant support and a reasonable revision for this model.

1. South China Paleoplate
(1) Qisuwan, Shigian, Guizhou

* Supported by the National Natural Sciences Foundation No. 4870090 as contribution paper No. 6 to the Transhe-
misphere Telychian Project.
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Lungmachi Formation (Ruddanian); Dark shale with limestone lenses, near shore.
BA3 Isorthis, etc. .
GA3 Climacograpius miserabilis, C. angustus, C. bicaudarus
(2) Lungjinpo, Wuchuan, Guizhou
Xiangshuyuan Formation (Aeronian): shallow water carbonate rocks with biostrome.
BA3 Zygospirella-Borealis Community
GA3 Climacograprus cf. yangizensis
(3) Balixi, Fenggang, Guizhou
Xiangshuyvan Formation (Aeronian): shallow water carbonate rocks with biostrome.
BA3 Borealis Community
GA3 P. (Coronograptus) gregerius, Pseudoclimacograpius, Climacograptus
(4) Lungjinpo, Wuchuan, Guizhou
Leijiatun Formation (Aeronian): shallow water carbonate rocks with biostrome.
BA3 Airypa, Aegiromena, and Encrinuroides, etc.
GA3 Pristiograptus xiushanensis
(5) Changwan, Xichuan, Henan
Changwan Formation, mudstone with argillaceous limestone lenses.
BA4—S5 Aegiria Community
GA4—S5 Demirasirites rriengulatus group and biserial graptoloids
(6) Dazhongba, Yichang, Hubei '
Lower part of the Lojoping Formation (Aeronian-Telychian): shallow water limestone
with shale, biostrome.
BA4—S5 Stricklandia, Zygospiraella, etc. )
GA4—5 Sereptograptus, Rastrites, Monoclimacis arcuata, and biserial graptoloids
(7) Shuanghe, Changning, Sichuan
Base of the Linqiqao Formation (Aeronian-Telychian): shallow water calcareous mudstone
and thin-bedded limestone.
BA3 Striispirifer, Mesopholidosirophia, Aegiria, etc.
GA3 Pristiograptus cf. concinnus, Monograptus cf. distans, and Climacograpius
(8) Hanjiadian, Tongzi, Guizhou
Shihniulan Formation (Telychian): shallow water carbonate rocks with biostrome.
BA3 Pentamerus, Stauria, etc.
GA3 Neodicellograptus
(9) Dazhongba, Yichang, Hubei
Shamao Formation (Telychian): shallow water fine-grained clastic rocks.
BA2—3 Nucleospira etc.
GA2—3 Galeograprus, Pristiograptus variabilis, Climacograptus nebula, Peralolithus sp.,
Demirastrites supernus
(10) Rongxi, Xiushan, Sichuan
“Siachoba Formation™: shallow water clastic rocks
BA2—3 Nucleospira
GA2—3 Galeograpius, Pristiograptus xiushanensis
(11) Lungchihe, Shimen, Hunan .
Majiaochong and Rongxi Formations (Telychian): shallow water fine-grained clastic
xocks, marine red beds with ripple marks and cross-beds.
. BAZ Nucleospira
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GA2 Hunanodendrum
(12) Houjiatang, Tangshan, Nanjing, Jiangsu
Houjiatang Formation (Telychian): shallow water clastic rocks with marine red beds.
GA2 Hunanodendrum
(13) Luomian, Kaili, Guizhou ‘
Top of the Upper Wengxiang Group (Telychian): shallow water silty shale.
BA2—3 Airypa
GA2—3 Monograptus parapriodon
(14) Leijiatun, Shigian, Guizhou,
Xiushan Formation (Telychian): shallow water fine-grained clastic rocks with thin-bedded
limestone.
BA3 Spinochonees, Striispirifer, Nalivkinia, Aegiria, Mesoleptosirophia, etc.
GA3 Stomazograpius, Monograptus parapriodon, Monoclimacis griestoniensis group
(15) Rengxi, Xiushan, Sichuan
Xiushan Formation: shallow water fine-grained clastic rocks with thin-bedded hmestone.
BA3 Swriispirifer, Spinochonetes, Salopinella, Aegiria, etc.
' GA3 Stomartograpuus, Monograpius parapriodon, Monoclimacis operculum
(16) Shuanghe, Changning, Sichuan
Xiushan Formation. shallow water mudstone and siltstone.
BA3 Striispirifer, Airypoidea, Nucleospira, Leprostrophia, etc.
GA3 Stomatograprus
(17) Xuanhe, Guangyuan, Sichuan
Ninggiang Formation (Telychian): carbonate deposits with marine red beds and bioherms.
BA3 Spinochonetes, Aegiria, Siritspirifer, Clorinda, Nalivkinia, Paracraniops, etc.
GA3 Stomatograpius, Monograptus spiralis' group, Monoclimacis griestoniensis group
(18)  Yushitan and Dapingding, Ningqiang, Shaanxi
Ningqiang Formation (Telychian): carbonate deposits with marine red beds and bioherms.
BA3 Atrypopsis, Atrypa, Salopinella, Mesopholidosirophia, Spinochonetes, Striispirifer,
Aegiria, etc.
GA3 Stomarograprus, Monograptus sgiralis group, Monoclimacis griestoniensis group
AII the brachiopod communities and benthic assemblages listed above were described by Rong
and Yang (1981), Rong, Johnson, and Yang (1984), and Mu, Boucot, Chen, and Rong (1986)
2. Tarim Paleoplate

Dawangou, Kalpin, S. Xinjiang
Kaipintake Formation (Ruddanian-Aeronian): shallow water clastic deposits with ripple marks
and cross-beds, containing marine red beds at the top.
BA2—3 Encrinuroides, Leonaspis, Scharyia, and Praectenodonta assemblage.
GAZ—3 Glyprograpius tamariscus group, Climacograptus tamariscoides, C. nanjingensis

3. European Mainland Paleoplate

(1) Borehole 1, Eaton Farm, Shropshire (Cocks and Rickards, 1969)
Telychian Purple shale (lower part)
BAS5 Clorinda Community
GAS Spirograptus wrriculatus
(2) The same locality
Telychian Purple shale (upper part)
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BA? Glassia, Craniops. Cocks and Rickards (1969) proposed a Clorinda marginal zone;
however, Rong (oral comm.) thought it seems to have a smaller depth than the Clorinda
Community.

GA? Monoclimacis griestoniensis, Monograptus priodon.

(3) Borehole 2, Robury Ring, Shropshire (Cocks and Rickards, 1969)
Telychian Purple shale

BAS Leangella, Glassia, Craniops, and Eoplectodontg
GAS5—4 Monograptus discus, M. cf. priodon, ‘Spirograptzlz:’.

(4) Borehole 3, Springbank Farm, Shropshire (Cocks and Rickards, 1969)

Llandovery Pentamerus beds
BA3 Pentamerus Community

GA3 sriangularus monograptids, Glyprograpius incertus
Telychian Purple shale
BAS Clorinda Community

GAS Pristiograprus nudus

(5) Borehole 5, Hamperley, Shropshire (Cocks and Rickards, 1969)

Telychian Pentamerus beds
BA3 Pentamerus Community

GA3 Pseudoclimacograptus retroversus, Climacograpius sp., Pristiograptus cf. gregarius

(6) Devil’s Dingle, Shropshire (Cocks and Walton, 1968)
BAS Eocoelia curtisi, Costistricklandia lirata alpha
GAS5 Pristiograpius nudus, Monograprus priodon, Acanthograptus
(7) Malvern district, Welsh Borderland (Ziegler ez af., 1974)
Brachiopods: Eocoelia sulcata
Graptolites: Reriolites geinitzianus angustidens
. (8) Shalford borehole, S. England (Ziegler ez al., 1974)
Brachiopods: Eocoelia hemisphaerica, E. intermedia

Graptolites: Monograpius cf. distans

4, Gondwanaland

(1) Srdi-Mbellej, Morocco (Berry and Boucot, 1967)
Landovery dark shale
BA2—3 (?) Cardiola interrupra, Chonetes
GA2—3 (?) Reiiolites geinitzianus, Monograptus spiralis, Monoqmptu: priodon
(2) Oued Ifrane, Algeria (Berry and Boucot, 1973) Llandovery graptolite shale
Pelecypods: Cardiola interrupta, C. sp. :
Graptolites: Monograptus regularis, Pristiograptus cf. nudus
(3) El Kseib, Algeria (Berry and Boucot, 1973)
Ludlow Oued Ali Formation: limestone
Pelecypods; Cardiola interrupra, Ptermea'sp.
Graptolites: Colonograptus colonus
(4) Drea Oued Ali section, Ougarta Range, Algerla (Berry and Boncot 1973)
Ludlow Oued Ali Formation
Second Limestone Pelecypods Cardiola mzerrupm, Graptolztes Colonograprus colonus,
Przstzograpzus mlssom
Tlnrd Lnnestone Pelecypods Cam'tola mterrupta, Graptohtes Colonagraptu: colonu:
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5. North American Paleoplate

(1) Oneida, New York (Berry and Boucor, 1970, 1972a)

Llandovery Willowvale shale

BA2 Eocoelia Community

GA2 Retriolites geintzianus angustidens, Monograptus clintonensis (priodon group)
(2) Nova Scotia, Canada (Berry and Boucot, 1970)

BA3 Kirkidium, Janius

‘GA3 Pristiograprus bohemicus
(3) SE. British Columbia, Canada (Berry and Boucot, 1970)

BA3 Pentamerus Community

GA3 Stomarograprus grandis, Monoclimacis aff. vomerinus, Monograptus wealcottorum

After reviewing all the materials mentioned above, the writer proposes a revised model of the
Silurian graptolite depth zonation as shown in text-fig. 2. This illustration deals only with graptolites
distributed in epicontinental seas or shelf seas, excluding those distributed in the continental slope
or the deep ocean basin. There were no graptolites in the supratidal zone corresponding to Boucot’s
BAl. The characteristic graptolites in GA2, in which the depth is in the lower part of the intertidal
zone and the upper part of the Subtidal zone corresponding to BA2, are dominated by the Retiolites,
and the Monograptus priodon group as well as the benthic and endemic Hunanodendrum. The base l
of GA3 (Corresponding to BA3) is about 60 m in coincidence with the maximum wave base. The
characteristic forms of the layer are dominated by biserial graptoloids and also by Stomazograprus,
Monoclimac is gricstoniensis, Pristiograprus xiushanensis and P. (Coronograpius) gregarius. There are
some other monoclimacids and monograptids in assemblage 3; however, they are all endemic forms.
More evidences for the nature of these assemblages are needed. It seems to the writer that almost no
characteristic graptolites are restricted to GA4 and the boundary between GA4 and GAS5 is unclear,
although cyrtograptids are the characteristic forms in GA5. An important revision from the present
model is that some special groups are not restricted to one layer but also occur in two neighbouring
layers above and below. Galeograpuus, Monograpins parapriodon, Monoclimacis vomerinus, and Colo-
nograptus bohemicus are distributed in both GA2 and 3; Monograpius spiralis group in both GA3
and 4; while Demirasirites, Rastrites, Sireprograprus and Spirograpius in both GA4 and 5. By count-
ing all the localities, it can be easily seen that GA3 occupies a huge area in the epicontinental sea and
the shelf sea in different plates. This agrees with the conclusion of Wang ez ol. (1987) and Rong
(1986) that BA3 occupies the largest level bottom area in different plates.

An explanation of the graptolite functional morphology is also applicable to the depth 2onation.
The M. priodon group can easily float in the upper layer (GA2) because of their streamlined forms
{Rickards, 1975), while the lightened Retiolites is adaptable to floating since the periderm of the rha-
ndosome is reduced. However, the framewark, consisting mainly to clathria and reticular, provides
enough strength for preventing destruction by the turbulence of wave and storm. Some benthic
forms such as Hunanodendrum are suitable to the bottom with BA2 shelly fauna since the photic
zone provides rich sunlight and nutrients. Most of the biserial graptoloids were living in ‘the GA3
depth zone owing to their reasonable compact rhabdosomes. Both of the biserial graptoloids and Szo-
matograptus are a little heavier than Reriolites. Generally speaking, the flexible and spiral forms with
elaborate thecal apertures sank to the deeper layer (GA4—5).

The Early Llandovery graptolite shale (Lungmachi Formation) is well developed and widely dis-
tributed on the Yangtze platform, especially on the upper Yangtze platform, indicating a stable and
anoxic enviromment in a restricted sea. This shallow water platform graptolite shale is uncommeon in
other paleoplates. The writer has made an attempt to apply Berry and Boucot’s model to these con-
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tinued graptolite sequence (in Mu ez al., 1986). The revised model will be more suitable to this inter-
pretation. Based on analysis of a”representative section, the Hanjiadian section, where the graptolite
systematic palaecntclogy has been studied, different graptolite assemblages would indicate the chang-
ing sea level.

Lungmachi Formation, Hanjiadian, Tongzi, N. Guizhou (Chen and Lin, 1978)

Monograptus communis Zone

Rastrites, Monograpius and biserial graptolites GA4—s

Pristiograpius (Coronograpius) gregarius Zone
Demirastrites, Rastrites, biserial GA4—5

graptoloids, and P.(Coronograpius) gregarius

Pristiograpius cyphus-Monoclimacis lunata Zone
predominated by biserial graptoloids with GA3—4

a few species of Rasirites and Demirastrites

Cystograptus vesiculosus Zone
Akidograpius ascensus-Climacograptus bicaudarus Zone GA 3

Glyptograprus perscul ptus-sinuatus transient bed biserial graptoloids

Kwanyinchiao beds: Hirnanzia-Dalmanizina fauna BA 3

The Ruddanian graptolite assemblage indicates the same depth as implied by the Hirnansza Com-
munity (BA3). From the cyphus-lunata Zone, especially the gregarius Zone, the graptolites were do-
minated by a GA4—35 assemblage which indicated an obvious rising sea level. The abrupt sea level
rise coincided with the cyphus time when a rapid melting of the Gondwana ice sheets prevailed
(Chen, 1984). It is interesting that the Llandovery evolutionary “burst” of graptolites expansion ha-
ppened at the same time (Rickards ez al., 1977), it is perplexing as to whether this is a result of grap-
tolire diversification or that of the rising sea level. The Llandovery graptolite assemblage in Kalpin,
S. Xinjiang, which was recently examined by the writer and his colleagues, may clear up the entang-
lement. The graptolites in the middle part of the Kalpintake Formation consist of a very low diver-
sity fauna with two biserial graptoloid gensra. Associated with this low diversity graptolite fauna is a
shallow water trilobite-pelecypod assemblage in the shale and fine-grained clastic rocks. The age of
this graptolite fauna is about that of the cyphus-gregarius Zone, the time of the Llandovery grapto-
lite diversification. The only reason for the absence of the Llandovery diversification is the small
depth control (about GA2—3). Therefore, by comparing the Kaipintake and Lungmachi graptolite
faunas, it is believed that different graptolite assemiblages actually existed in different depth layers.
On the other hand, by analysising the Llandovery graptolite sequence it can be concluded that
both evolutionary expansions coincided with the marked transgressions in the Northern Hemisphere
(Rickards er af., 1977).

If the Lungmachi graptolite assemblage changing in the continuous graptolite shale shows the
gradually changing sea level, some others will show an abrupt change of the sea level. In Nanjiang,
N. Sichuan, the graptolitic Nanjiang shale overlies the Hirnantiz beds in discomformity (Liu ez al.,
1964; Chen, 1984). A rurriculatus graptolite fauna with Spirograptus, Streprograprus, Moxograpius
marri, Pseudoplegmatograprus, Petalolithus, and Glypiograprus occurs near the base of the Nanjiang
Formation, indicating a GA4—5 assemblage, and also implying that the Nanjiang-Wangcang area
was rapidly flooded at the beginning of the zwrriculatus Zone after a relatively long time subaerial ex-
posure. A similar analysis was given by Johnson and Rong (1988), who recognized the rapid sea



526 : =) Li:—_ M Z 29 B

level rise around the Manitoulin Island, Canada during the late Caradoc. A graptolite fauna occurs
at a level of 30 cm above the base of the Collingwood Formation, indicating that a rise in sea level
must have been relatively rapid to erode large quarizite clasts. '

The graptolite zonation of the Ordovician was probably more complicated than that of the Silu-
rian. Rong (1984) suggested that a Foliomena Community present in the Linhsiang Formation (early
Ashgillian) indicates BA4—>5, and the Hirnantic Community from the Kwanyinchiao beds (late Ash-
gillian) indjcates BA3. The writer proposed that GA4—S5 would be suitable for the Wufeng grapto-
" lite fauna (Chen and Qiu, 1986). In the early Wufengian a high diversity graptolite fauna, including
Tangyagraptus and other dicellograptids with long stipes, might have existed at a relatively deep po-
sition (GA4). By the late Wufengian, a low diversity graptolite fauna dominated by a biserial grapto-
litoid fauna might have been inhabitants of GA3. The diversity change in the Wufeng fauna coin-
cided with the lowering eustatic sea level. Bates and Kirk (1984) inferred that the extinction at the
close of the Ordovician was selective, and that the survivors were the smallest and most streamlined
forms which usually existed in the upper layer.

Fortey (1984) concluded that as trangréssion proceeded, especially in more exterior sites, the pre-
viously extra-cratonic biofacies would be brought onto the shelf. The South China paleoplate provided
the best place to test this theory since the Yangtze Platform gradually graded into a trough basin sou-
theastwards. Chen and Yang (1988) illustrated the Areingian sea transgression from the Nanling
basin to the transitional belt (bas'in slope and platform edge), and then to the Yangtze Platform.
Based on this progressive transgression, the Oncograpius-Cardiograptus fauna occupied the transi-
tional belt from the Nanling basin but never reached the Yangtze Platform, indicating that this fauna
([.;art of the Isograptid fauna) existed in a deeper layer than the Didymograpius (Expansograptus)
fauna. The latter was distributed in the Yangtze Platform, the transitional belt and the Nanling
basin; it seems that this fauna must have existed in an upper layer. .
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