
％

E麟y琶⑪唖雌eぬ翼e麗⑪量cc⑪醜⑪舳重s翫⑪醗

　　　丁恥譲翫醗魂総醜魂P㊧盟醗su勲難：r　1畷翻訟ys鹸

　　　　　　　　　　A］D量器㊧礁舗量⑪甑S曲麟重電ed重⑪

伽G膿du罐Sc臨⑪⑪豊⑪置：L量艶翻d　E晒鵬購e晦思Sc繍。£§，

　　　　　　　　　　曲㊧U］謡ver§量重y⑪ぼT闘k服賊逸

　　　　　軸P隷］寵謡墨F醜豊董鼠盟醗　en重⑪奮甜墜e盈．eq旙re鵬e醜轄

　　　冨⑪r電ぬ㊧D㊧霧ree⑪ぼD⑪c重⑪r⑪雷P恥鯉⑪s⑪phy童聡Sd㊧隙ce

　　　⑳⑪c重⑪醗墨Pr曜三軸E隷r曲E輔櫨量⑪魍S伽囎

覇
攣

氏

S翻。踊k⑪AGE醸ATSU

⑪翻鎗駐轟謬8



C$twewts

Abstract

List efFigtires

Listoffabges -

vg

VIEI

x

g . imtroductioii

2. Metbodology

2.1 Field work

2.2 Laboratei y methods

3 . rlectonic a2xd geoEogic fraxnework

3 . i "ITgxaigegiid

3 .2 Peirkasulegsr Maiaysia

3 .3 Previokxs works on Eariy to Middle Paleozeic conodonts in Tliailaitd

4. Lithogegy

and Malaysia------

4, g rrglong Pha Phum area

   4.1.1 Section I

   4.1.2 Sectioit IE

   4.1.3 Section M

4.2 IFIaung SoRg area

4.3 [Exungwrarea

1

3

3

3

5

5

6

7

8

8

10

10

4.3.g Sectieka FUW 1

4.3.2 Section rl'UW 2

4.4 Satwx area
11

4.4.g Section ST 1

4.4.2 Section ST 2

4.5 lart}tao Island g3

4.5.1 Section TAR 1

4.5.2 Section TAR 2

4.6 Lewxgkawi Islands 14

4.6.1 Section LAN 1

4.6.2 Section LAN 2

i



5.Cenedontbiostratigraphy --

5.1 Tarutao Island

    5.1.   1 Section TAR 1

   1va¥)nocostodus sevierensis range Zone

   fva¥)nocestodus sevierensls - lariabiloconus bassleri i iterval Zone

5.1.2 Section TAR 2

   Rossodus man,itouensis range Zone

   Rossodus manilouensis - 7brldontus nahamzarai i iteirval Zene

    7leridonlzts nahainurai - I>Zzriabiloconus bassleri i iterval Zone

    Geit. et sp, kidet. 7 range Zene

    Gen. et sp. indet. 7 - Colaptoconusf7oweri i iteirvai Zone

5 .2 [thong Pha Phum area

    5.2.g Sectien TPP

       Pancieino

        Z"iangt{lodus b

        n'ig]7grtlodus

      dus nogamli - n"iangbllodus brevibasis interval Zone

           revibasls rexige Zone

           brevibasls - Drepanoislodus coslatzts interval Zoixe

Plectodina opzychodonla assemblage Zoixe

5.3 "xLmg Wa area

5.3,1 Sectien 'IVW 2

   Periodon aculeatus rewige zone

5.3.2 Sectioit TUW 1

    Prolopancieroaizis gr"adolors range zone

5 ,4 Thlaslg Song ecrea

5.4.g Section 'rUs

   Panderodus nogamii raiige zone

5.5 Sawti area

5.5.1 Section ST 1

   Rygodus anserinus range Zone

   Baltoniodus sp. cf B. variabilis range Zone

   Scabbardella almpes - HZ7marodus ew"opaeors interval Zone

    Hbzmarodzts ew"opaeus range Zone

5.2.2 Sectien ST 2

                                ii

17

17

21

22

24

24



0za7"kodina exccrvala excewata range Zone

5.6 Langkawi Islaxids

    5.6.1    Sectien LAN 1

   Geit. et sp. indet. g3 ratxge Zone

   Drepanoistodus costatzis range Zone

   DrepanoistodLis cestatzis - Panderodus nogamii intervag Zone

   Balxoi7iodus sp. cf B. variabilis range Zone

   Geit. et sp. indet. g2 ra2ige Zone

   ffZ2maroders eu]opaeus raaige Zone

   ?lerespanhGduspennatorsprocezts range Zonc

   Dapsilodus obliguicostalzts range Zone

    drarkodina remscheidk2i?sis re7nscheidensis ratkge Zone

    0. x remscheidensis - Pseudooneolodus beclananni i iterval Zone

5.6.2 Section LAN 2

   Scolopodus gugcb'alors range Zenc

    Cooperigrzathus arandu range Zone

6. Correlatioit

26

6. 1 Coirelatioit withiEi the studied sections

    6.1,

    6.1 .2 Upper OrdoviciEti? zones

    6. I .3 Siluriaxx to Devoxrllata zones

6.2 Comp

    6.2.i lhailand exid Malaysia

    6.2.2 Australia

        Section TAR g

        Section TAR. 2

        Section TPP

        Section TUW 2

        Section LAN 1

        Section LAN 2

        Section ST 1

    6.2.3 North Clima

1 Lewer to Middle Ordovgcian zenes

arisoR witl k Ordoviciegii c#oodont biostratigraphy in the worgd

32

32

----------------- 3ag

iii



           Sections [ffrAR 1 axkd TAR 2

           Section TPP

       6,2.4 South Cliiiia

           Sections TAR 1 aiid TAR 2

           Sectien TPP

           Section LAN 1

           Section ST i

       6.2.5 Nonix Atgdiitic ag'ea

           Sections WW 1

           Sectien LAN 1

           Section ST 1

       6.2.5 Neuli Ainerican Midcontinent

           Section TAR 1

           Section TAR 2

           Section TPP

           Section LAN 2

           Sectien LAN 1

           Section ST

   6.3 Comparison with Silv[ria2i aiid Lewer Devoniaii ceitodent biostratigraphy in the werld-- 47

       6.3.1 Section ST2

       6.3.2 Section LAIN 1

7. Siliciclastic beds overlying the Ordoviciati and Siluiiari 1isnestones --

    7.1 Age ofthe siliciclastic beds everlying the Ordeviciari limestones -------------------------

    7.2 Ordoviciaii - Silurian bouiidary

    7.3 Age of the siliciclastic beds overlying the SilLni aii gisnestones ---

    7.4Siluriati--Deveniatxbouridaty -

8. Paleobiogeography

    8.¥)

9. Depositional enviromnent

8 . 1 Eafly Ordoviciaii conodonts --

8.2 Middle Ordovician conodonts

 n Late Ordoviciaii conodonts

9. 1 Lower Ordoviciaii in the rlat7utao - Laiigl<awi ai'ea

                                   iV

49

49

50

50

51

53

54

54

55

58

58



9.2 Middle to Upper Ordovician in the "Iatutao - Langkawi area ----

9.3 Siluiian te Devonian in the rlratutao - Langkawr area

9.4 Lower to Middle Ordevician in the

9.5 Sea-level charige in the study areas

1O. SLXgllllllat Y

thong Pha Phuni area

SystematicPaleentolegy

Ackiiowledginents --- - -

References

 59

- 60

 60

 6g

 63

 66

 139

 140

Plates
1-55

v



Absgwa£tr

  Early to Midd}e Paleozeic (Early Ordovician to Early Devoniatk) cenodent biostratigrapgry exid

taxonomy have been investigated from TliailEmd aiid petmsular Malaysia. fotalRy 3 1 conodont zenes

are established in the [[laong Pha Phum area (western Thailaiid), the 1[giurxg SeRg, Thurag Wa, aiid Sami

areas (southem peiimsular [[hailaiid), TaruLtao Island (southem peii{insular Thailaaxd), aiid the Laikgkawi

Islands in northem peiiinstgla2r Malaysia. On "Iatutao Isla3kd, the fo11owigig seveR zones are built ups the

Mbnocoslodus sevie7"ensis rdiige zone atid the M sevierensis - lariabiloconbls bassleri interval zone, in

ascending order, in the TAR 1 section; the Rossodus manitouensis range zone, the R. manitouensis -

7leriodon nahamurai i iterval zone, the T nahamurai - V bassleri i iterval zone, Gen. et sp. indet. 7 rewige

zone, aiid GeR. et sp. kidet. 7 - ColaptoconusfloM7eri i iterval zene, in ascending order, in the [IrAR 2

sectien. kx the 'Ilxong Pha Phu!tn area four zones are established in the TPP section; the .Pancierodus

nogamii - 7i"iangnlodus brevibasis interval zone, the T brevinasts x'emige zoRe, the Z breviitasts -

Drepanoistodus costalus interval zone, and the Plectodina oaychodonga assemblage zone, in ascending

order. in the rl'hung Wa are& followiiig twe zones, the Periodon aculealus range zone agad the

Protopanderodus gradutus range zone, are made up in the WW 2 and WW 1 sectioits, respectively. in

the 'IThuiig Song area, the lil nogamli raiige zone is estabgished in the TUS sectioR. The foglewiiig five

zones are built up in the Satm area; the Rygodus anserinass raixge zone, the Baltoniodus sp. cf B.

variabilis range zone, the Sk7abbaidella altipes - Zlamarodus em"opaeus interval zone, ex3d the H

ew"
opaeus raiige zone, in ascending order, in the ST 1 section; the 0zarkodina exem7ala excm?ata rax}ge

zone in the ST 2 section. ka the Langkawi Islaiids, the twelve zoncs are set up; the Gen. et sp. indet. 13

range zone, the D. costatus range zone, the D. costatus - A nogamil iRtervai zone, the B. sp. cf B.

variabills raiige zone, the Gen. et sp. Ixidet. 12 range zone, the H ew"opaeus xagage zone, the Cigarkodina

pennalusprocezts range zone, the Dopsilochis obliguicoslatus range zone, the drarkodincx

remsckeiciensis remscheictensis ratige zone, and the 0. x remscheiciensls - Pseucfooneetodus beckozanni

iiiterval zone, iii ascenCiiiig order, iti tkie LzMNI 1 section, aiid the Cooperlgnathus arando raiage zone and

the Scolopodus qz{adi"alus rarige zone, in ascending order, in the LAN 2 section.

  Reconstmcted sea-ievei curves ofthe study areas exltibit several characteristic tratisgression and

 regressien events dtmig the Ordoviciaii to Siluiian tirne. TEie late rl}t'emadociaxt aiid earliest Middle

 Ordovician regressions are parallel to the global sea level falls, and late Arenigian to middle Dariiwilian

 transgressions at'e compared with a regienal sea level rise in the northern Gondwatia. Tlie glacio-eustatic
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sea-level changes, which are fourid in the most ofthe uppeimost OrdoviciEm sequences in the world, do

not have a great irxfluence to the depositional envii'oiitinent ofthe study ai'eas. Cerrelatiexas between tlke

Ordevician conodoims from the study areas and those ofthe Ausix'ali4 Noith and South CIijii& North

Atiantic, and Nordi Agnerica suggest that the Early to Middle Ordoviciaii conodont faurias from the

study areas belong to the East Asia - Austr'alasia Province aaid the Upper Ordevician conodonts have a

close affmity with those ofthe Nerth Atlatitic Province. rlltis most innpoiftant fayEgial chaiige took piace in

middle Datmiwiliati and was caused by a regional transgressien in the ma3rginal area efthe mordiern

Gondwaiia. Tlie Caradocian conedont fawia from the study ai'eas is coinpared with ene ofthe ¢ypicag

cenodent biofacies ofthe North Atlantic Province, which was distributed in the iniddle te highlatittgdes.

Based en the paleogeograpliic correlation a2id the depositional enviroilinerkts, the }ixistorical geology of

the study areas is inteipreted as foleows: the Lowerto Middle Ordoviciart rocks in the study areas

accmnulated on a shelfofthe Shaii-"I7hai BEock, which had been situaked neag' Austragia and Noirth agid

South Clrkia in the lew 1atitvtdes; the transgression oftlae nordNenk Goiadwana in late tser¥)igiafx to

middle Darriwilian caused the fauiial change ofconodents from the East Asia - Australasia fauaia to the

Nordi Atlaiitic faLma; the Shaii-"Ilhai Block moved to the higher 1atitudes kllitil Caradociaga; the

depositional environineRt ofthe study areas was maintained in a heinipegagic condition dtEritig Late

Ordovicidii to Eaxrly Devoman.

  Ninety five species belenging to 50 genera and 22 unidentified species ofEEgrly Ordoviciait te Early

Deveniaii conodonts di'e described and ill"sti'ated.

Key words: biostratigraphM conodonts, Early Devonian, Malaysi& Ordoviciem, SilvEEian, lhailand,
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fi, ][NTROouCTgON

  From tectonic aiid paleentological evidence presented in last 20 years, it has become cleai' that Asia is

an aggregate efseveral allochtbonous continentak blocks. A inajority efthese blocks owe their orighx te

Gondwari4 diid had progressively divided atid moved noirthward frem the ner¥(Eiern periphery ofthat

vast continent (e.g., Metcalfe, 1999). flxe traces from the dispersion to accretion have been discussed in

detail based chiefiy on paleobiogeographic evidence from inicrofossi}s such as Radiola3ia and

Foranrktifera (Metcalfe, 1991, 1996; Sashida et al,, 1999). On the basis ofthe paieontological

ittfbnnation, the fu'st rifting events ar'e thought to have begni in Late Devoniaai ¥(e.g., Metcalfe et al.,

1999¥).

  "ie at'ea which constitutes a part ofthe present-day indoclrdia arid Malay Peirkxsula ef Sovgtheast

Asia was eriginally a }ong and nan'ow centinentai piece of Gondwana Eas]d a basin that held thick

carbonate and clastic sedirnents ofCanibrian to Devonian age (e.g., BuEgiopas, 1992). lhese Paleezeic

rocks are preserved in the several areas from itombwestern El taiIand to West Malaysia aftid yield vafious

macrofbssils such as ctilobites, nautiloids, gaset'opeds, dixd brachiopods ¥(Kebayashi, 1964; Hecnada et al.,

1975; Haim atid Siebenixtwter, i982¥). Eat'ly te Middle Paleozoic fossils were fii'stly described in g950s

¥(Kobayashi, 1964¥) and have been studied paleontologically since then ¥(e.g., KobEryashi and Hagnad&

1964b; Hdinad& 1968; Igo aaid Koike, 1967, 1968; Stait and Burm'ett, 1984; Boucot et ai., 1999¥).

Hewever, few biostratigraphic and paleebiogeographic studies have been undertaken. in this twenty

yeairs, the Early Paleozoic ari'a] Rgeex}ent efanciept continents ofSoutlxeast Asia has been discussed ¥(e.g.,

Metcalfe, l988, 1999, 2e02, 2005; Wang and Chen, 1995; Fortey exad Cocks, g998s Nicoll atxd Metcalfe,

200 1 ¥), based on con"elations with Australia dixd Cgxiiia suggested by these n kacrofossiis. Hewever, study

ofthe Lower Paleozoic efSoutheastAsia lags behiiid that ofadj acent areas becaliase there h3ve been few

fuaidaxnental biostratigraphic studies. RecentiM advaExced sttgdies ofOrdevi£iari conodonts fi'oii[g the

neithern areas ofGondwana including Australia and Cliiti& aNow us to cees'elate with Ekxropeaix ai3d

North Ainertcan conodont fatmas ¥(e.g., Nicoll et al., 1993; Stait and Druce, 1993s Wang et al., 1996;

Zhen et al,, 1999, 2003a. b, c; NicelE and Metcalfe, 2001¥). Conodeitts have al[igla stratigraphic value

tili'ougliout the Paleozoic Emd 'Ilriassic, atid patticularly Ordoviciaii coitodoxxts have been s"tsdied in

detail because ofthe wide disnibution ef0rdovician rocks aiid a high diversity ofOrdovician conedents.

in "iailattd arid peindisulat' Malaysk nurnerous iecalities efcenodonts have been reported previeusly

from the widely exposed Lewer to Middle Paleezoic sedinaentary x'ocks. diatpada et al., 1975; Hagan
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and Kemper, 1976¥),

  Based on these facts, the objectives ofthis study ag'e as fo11ows; description ofthe Eax'ly to Middle

Paleozoic conodonts fi'oni Thailand arid peirkisular Malaysia; establishrnent efthe Lower to Middle

Paleezoic conodont biostratigraplry; correlation oftlxe conodeExt favgias from ']Zlzaailaxid aiid Malaysia

with those froxn the Nordx Axnericdii, North Atlaiitic, atid other Gondwemari areas, exid discussion on the

paleebiogeography of"iailatid arid peirkis"1ar' Makaysia; recensmuction efthe depositienal

enviroirmeRts ofthe studied areas durkig the Eat"ly to Middle Pageozoic time.
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2. mswaOD{O}roGY

 1[he studied ai'eas ai'e showii in Figtll'e 1 . 0ne is located in the Tliong Pha Phuxn area, westei7n

Tliailexid. Tlie other areas lie in the Malay peirk3sula. 1flie TEiuiig Seng, Zfl¥)uiig W4 axid Sattm ai'eas and

Tatutao Islatid are in southem pembrsular [ETEaailatid, atid the Latigl<awi Islands is in nordxemei peiikttmsular"

Malaysia. Field sv[tveys were undertaken in July of2eO1 , February of20e2, and March, November, aRid

December of 2003 .

2.fi asfiegdixrewk

  fotaily ten sections eti'e studied ixi the ai'eas mentiegxed above; the Sectiexi TPP in the 1[Exong Pha

Phum are& the Setien TUS in the 'Iliung Song ag'e& the Section TUW 1 and TUW 2 in the lhv!tig Wa

area, the Section ST 1 and ST 2 in the Sattlli ai'ea, tbe Section IRrAR 1 agid 'IrAR 2 in lvrugtao Isgaixd, and

the Section L/W 1 and 2 in the Laiigkawi Islaiids. "}wo hu[tidred aixd thirty twe rock sainpies were

cellected frem these sections. hatervals between each sarnpling horizoix at'e 2 to 20 m in tltickrxess. rllie

sainpling interval ofthe TAJR 2 section in the rlrarutao Islaiid aixd the LAN 2 sectioR in Laiighawi Islarids

reaches several tens to mere t]aaaa 100 m dvae to the difficRjkRties ofaccess to tbe c¥)utcrops, w13ich aa'e

}ocated along a ceast. Every rock sarnpge averages 1 .5 kg Euid i kg, respectively, and contains linxestone

or silicicEastics beds which cover less tliaii 20 cm in tltickness.

2.2 Sab$waSorygxRegk*ds

  All the satnples were treated with acid atxd heavy liquid to isolate conedents. [[iie rock sarnples were

crushed into smaEl pieces and weighted before soakec! in acid. Lin testone samples were ct'eated with

acetic acid at a concentration of 1O - 15 %, exid siEicic}astics sainpEes were with hydrefiuoEic acid at a

cenceitct'ation ef5 %. Four days later, the residues were sepai"ated by sieves aiid Cirted out. "] iie dried

residues were subj ected to sodiunrpolymgstate treatment, which allows te separate residues centaiii[ing

conodont and beavy miiiera]s with a gravity ofniere than 2.80. Cenedonts were picked up from the

residues and aligned en the SEM stubs. Photogrraphs were taken using a ScanE3ixig Electron Microscope
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¥(SEM¥) from lateral aiid oral or aboral angles ofconodont element.

  Liinestone sainpies were tiim sectioned aiid observed Lmder a polewization n3icroscope to mvestigate

their components such as gr'aiiis, manices, fossils, aiid sedirnentaiy structtrves. Lirnestone classification

is fo11owed that ofFelk (1959, 1962).
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3. TECTONIMIC mo eGEOLCPGE¢ FIfflagAMei)W$IRex

3.fl Tkageagedi

  It is the general consensus that the geology ofThailand comprtses twe pmbxcipal continenta1 bEocks,

the western Shaii-[iliai Block aiid the eastern kidocEi[iria Block (e.g., BkKnopas, 1981). Accerding to

Bimepas (1981), these two biecks have a surm'e zene between tEiem, wR rkch is bordered by the westem

Sukliethai arid eastem Loei-PetchabLm Fold belts. "Ilie ai'ea ofthe sutw'e zene is called tlie Naii-Utti'adit

te the north aiid Sra (or Sa) Kaeo-ChaiithabLui to the south (Figure 1).

  Tlie Shati-Tliai axd indoclainia blocks at-e both elongate stable blocks vvith a Precegxnbriaga basement.

Lowerte Upper Paleozeic sequeitces are preserved onthe Shan-1[hai Block. Cambria] t agxd Ordoviciata

strata are siliciclastic and cai'bonate rocks, which ai'e distributed in several resuicted a]reas. [[he Middle

to Upper Paleozoic sequence covers a more widespread ai'ea axxci inclEgdes terrestrial clastic aiicl

carbonate rocks. A chaxacteristic rock ofthe Upper Paleozoic oftffitis bleck is Upper Cag'beEikiferetEs to

Lower Pernriata diatnictite that is probably the result ofglaciatioR (BaJ[gxopas, 1992). On the indocltixia

Block, Middle to Upper Paleozeic sequences are recogrtized. Tiiese sedixnentary recks are accoxaxpewried

by some shallow matine fauiias and fioras suggesting a warxn cltmate (Metcaife, 1 988). Bugiopas (1 992)

suggested that the Paleozoic to Mesezoic sequences ofthese two blocks caii be divided inte the seven

stratigraphic belts, BS-1 to BS-5 belonging to the Shai2-[[hai Block and BI-6 aiid BI-7 te the Irtdoclrkia

Block (Figure 1). TIMe Thong Pha PhuEn area iies witlixigx BS-2, aixd the Tkiaxxig Song, 'ptikRxig Wa, axxd

Sattm areas aixd Tamtao Is}and are withiii BS-3. Lewer to Middle Paleozoic sedinnepmtagy rocks in BS-2

and BS-3 a{Ae divided into the fo11owiiig main stratigraphic uixits by BxEnopas (1 992): Cainbriaai [Iatrutae

Group, Ordovician Thukiig Song Group, Siluniexx to Carboniferous Tlxong Pha Phum Grovkp, and

Carboniferous Mae Hong Son Group (FigLu'e 1).

  The Tliung Song Group was established in Naklion Sri [hanunarat province in the south ofthe

peiimsuia (Javanaphet, 1969) and is officially applied to al1 Ordovician litnestone in 'fiiai1and.

Paleontology ofthis greup has long been studied maitdy in southern petmsular '}]xai1and, due to

abuixdant macrofbssils (e.g., Kobayashi et al., 1964; BuRlon, 1967b; Hainada et al., 1975; W)ngwditich

et al., 1983; Stait and BuiTett, 1984; Boucot et al., 1999¥). 1[iie "fiiong Pha Phv!tn Group, which is mairdy

kiiowii in noithwestern, westem, and southern Thailaiid, exhibits various lithologys for exa2nple

fossiliferous carbonate rocks in Katichanaburi, western rlThailand, aiid sandstone and shale in Mae Hong
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Son, northwestern rlliai1ecid (Bwiopas, 1992). Buriopas (198g) desigtiated the Ordoviciati Tlitmg Song

Group in westera [giailand as the [iia Manao Foimation. He gave narnes, the Bo Phlei Fonnation and

Mae Piullig Shale, to the Siluiian to Cai'boniferous sedinientaiy rocks in western TEiailaiid. Wbngwanich

et al. (1 990) subdivided the "Iliung Song Group in the Sat] [ti ai'eas southem pei tiiasulai"Iliailand, into the

Kiiao Ngiap Limestone, the Khao Nui Lirnestone, and the Pa Kae Fonnation, and the Silintian and

Devonian recks into the Wang "Ibng, Kuaii Thuikg, enxd Pa Semned Fonnatioiis, in asceitdnag order.

Cocks et al. (2005) reviewed the Paleozoic sequences disuibuted in the southem pei tiiasulex' Tliailand

including 'Iatutao Island, aiid temporarily tenned these rocks, in ascending order, the Thtmg Seng

LimestoRe, the Satui Shaie, arxd the Pa Kae Fonnation. The compilation ofthe Lower to Middle

Paleezoic sequence is complicated because a continuous section has not yet been observed, arxd eniy

parts ofthese rocks are exposed locally. in tltis paper, I temporaiily use "Thixxxg Song Group" as the

Ordoviciaii 1irnestene aiid "[Eliong Pha PhuEtn Group" as the Siltuiaax to Devenidin'ocks in rlliailaiid.

3.2 P£waE[gk¢asRaffMaNaysSa

  Geolegical fi'ennewerk ofpeirkisulai- Malaysia is also composed oftwe priEicipal blocks, the

Shan- IThai akxd indeci)ixia Blocks (e,g., Buriopas, 198'1 s Metcalfe, i999). Metcalfe (1999) smuiixnaiized

that the Naix-Utu'adit to Sra Kaee sutkxres in fiiailand correspond to the Raxgb-Benteng skiture m

MaEaysia, which sepai'ates these twe continental blocks (Figure 1).

  Lower to Middle Paleozoic rocks on the Shatx-1[gxai Bleck in nerdiwestem pei]insula3' Maiaysia ar-e

typically exposed on the Langkawi Islands, the central Kedah province, and the nerdiei rg Perak province

¥(Haniada et al,, 1975; Jones, 1978¥). Oit the Lexxgkawi Islarids, the Lower to Middle Pageezeic recks are

grouped into the Catnbrtan Machnichang and the Ordovician to DevoniaEx Setu1 Formations ¥(Jones,

1 978; Metcalfe, 2005¥). Zfiie Setu1 Forrnatiomnostly consists ofcarbonate rocks a[td includes two cgastic

rkaembers (Jones, 1978). On the basis ofthe lithogogy, the Setu1 Fonnation is subdivided into tlxe Lewer

Setu1 Limestone, the Lowef Detrital Member, the Upper Setual Limestone, aaad the Upper Denital

Member, in ascending erder. The age ofthese !nembers, wlrich sunds oit several fossils centaisimg

nilobites, graptolites, aiid conodonts, ai'e Ordovician, Early Siluilan, Silurian, aiid Early Devemaii,

respectively (}Iainada et al., 1975; Jones, i978). The 1fliurig Song Greup is correlated with the Lower

Setul Limestone, and the [[iiong Pha Phuin Group is cempai-ed with the Lower I¥)etrital Membai', the

Upper Setu1 Linaestone, enid the Upper Denital Member (Wbngwanich et al., 199es Metcalfe, 2e05).
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3.3 Previ*$s vv$k'ks ox Ekerly tg Mfididfi£ PaReezggc cgpt$detws tw ℃k3gkaeedi agedi M3Saysgge

  Occuirences of Ordevician te Devonian conedonts have been reported by several vvorkers in

Thailatid atid Malaysia. Hagati and Kemper (1976) showed ntmxerous localities efOrdoviciark to

Devoniati conodonts in nordiwestem and westem [[1iailand. Harnada et al. (1 975) sesrunewized several

biostratigraphic data ofconodonts, graptelites, tentaculites, milobites, corals, brachiepods, gastropods,

etkid cep}kalopods in 1fliailand and peninsular Maiaysia. Early to Middle Ordoviciewi conodont fakmas

were reported by Metcalfe (19gO) fi'om the Peiis em'ea in peninsugar Malaysia. Ear'ly Oxdoviciaix

conedont locagities emid their biostratigraphic raiiges were shewii by Teraoka et al. (g982), who stwdied

the 'I]atvtao a3id rrliwig Song Groups in the Tatutao Island. Descrtptien ofconodonts a2id their

biostratigraphic studies were ugideirtaken only by Igo and Koike (1967, 1968, 1973) in Langkawi Islands.

[[Eiey described Middle Ordevician to Early Silurian and Late SilvEiian to Early DevorriEm conodents

from Lemigkawi Islands and established four conodont zones based on Middle Ordeviciaii te Early

Siluriaii conodonts. They aiso mentioned apaleogeegraphic sirnilaiity ofthese conodont fakxnas to those

ofNoith America and Et}i'ope.

7



4. klTHOM¥(PGY

4.a Tkgng Pkk Pkskggx amea

  rl Eie studied section in the TRiong Pha PhLlln area is located about 5 krn nordieast ofTIiong Pha Phurn

City, iaear KEiwae Noi River (Figut'e 2).Ordovician conodonts were fouiid in 1irnestones from the TPP

section, which cemprises tirree separated sections, I, fi, ewid I[E. Section I is lecated at a roadside cliff

along a legging road from Ba3a Wara Kiang to the KEiao Laem Datn. Sectioit ff is oxi hiliside, atid

Section I[I is along a small plantation road (Figvti'e 3). Based en lithelegic characteristics, field

ebservations, arxd previously ktiowki cenedont biostratigraphy, rocks of Section I ew'e stratigraphically

llower than those ef Section U, which are k3 tu2tri lower thEuk those of Section M. A sitnplified geologic

map ofthe studied sections aiid a coluiim showiiig the lithosts"atigraphy Emd sampling levels are showix

in Figtures 4, 5.

aj.fi.g Sewiwtg

  IFIie rocks stsike N 30OW to N 40OW and dip 80O to 85e nertEieast. Based on the sedimentary

structru'es in 1isnestone arid coRvex upwai`d orientations ofbivalve shelgs, tlris section is a

nortlieast-upward sequence. flie sequexice nieasured in this section is as follows in ascending order;

dark gray, massive or partially imely lainigxated 1itaxestene (about 1 5 nx); gray laxninated 1itnesteiie

¥(about 15 m¥); pale gray massive 1iniestoite ¥(about 20 xn¥); agid calcareous sexidstone ¥(about IO m¥).

Linnestone in tlie Iowest Liiikit consists ofpelletal eosparite as seen iii tlikiii sectioft. LiRnestoRxe

classification based on inicroscopic obsexrvatiens foglows that ofFolk (1959, 1962). Grains ai"e inostly

uiicleax' small ooids E"ad peloids along with coagrse- to fiiie-grained quaitz atad bioclasts. Bioclasts

include ostracods, bryozoaiis, brachiepods, atxd their fi'agtnents. Gray immbiated 1inxestene is pelsparite

atid contains peieids, 1unips, arid bioclasts coated by some orgaxric inatter wirkrki spany calcite cement

This 1irnestone intercalates with tlmbi layers consisting ofclasts efbivaAve shelis, with diameters less than

2 cm. Sik-sized quexlz grains are alse present. Pale gray massive 1ixnestone is an arenaceeus biosparite

consisting ofsilt- to donirdiarit fuie-grained qua2tz and bieclasts with spatrry calcite cexnent. Bieclasts

contain fragtnents ofcrkioids, bryozoatis, and nilobites. Peloids atid 1urnps are aise present in places.

Calcareeus sandstone censists maintly ofsik-sized to a donrkiatit fuie-grained quartz and inii"er dinourrts
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ofpeloids aiid bioclasts witlrin spairy calcite aiid nticritic matrix. Bioclasts ai'e less thaii 1 cm m

diexneter and include nilobites atid bryozoans,

4.g.2 Se£tigeeM

  Section fi is located about 3OO m northwest ofSection I, Rocks stsikeN 30O to 50eW aiid dip 70O to

75 O nort1ieast. [[Rie sequence includes, in ascending order: }ight gray to gray 1isnestone (about 35 m) exid

gray massive 1itnestone (about 20 m). Tiie lower gray to liglxt grray 1itnestoixe is characterized by

higli-angled cross 1anti tiations. Tlris liniestone consists of sik-sized quartz graiiis, ooids aRd peleids in

spaiiy caEcite cement. rlliese grains also fo! tn laininatiens. Bioclasts consisting ofbryez()af}s, crttioids,

algae, aiid other fragnents ai-e coiiMnonly sLm"ouiided by manix, [[gie upper gray 1imestone is aii

arenaceous biocgastic pelsparite consisting ofpeloids, bioc}asts, atid sik-sized quEntz graiirs wirkziii spairry

calcite cement. Bioclasts are ofbryozoairs, criiioids atad algae. [ff Eie diemneter ofbioclasts rarely exceeds

several centirneters.

`g.g.3. Se£stoitRII

  SectioA llI{ is located abeut 800 m southeast ofsection I. Rocks in this sectien strike N 45 e to 55 O W

and dip 60O to 80O nortlieast. Tlie complete sequence could not be measured due to soil cover. 'rlxe

sequence measured in titis section is as fo11ews in ascending order; fossMfereus gray laininated

limestone (about 3O m); red to gray liniestene (mere thari 50 m); gray massive 1itiy}estone (about 12 m);

enid b}ack 1innestoExe (more than 80 m). [[he lowest lisnestone u2tit is exi arenaceous, eogitic, pelleta1

biosparite consisting ofpeloids, silt-sized quartz grains, ooids, and bioclasts ceated with organic Enatter

witlfui spai7ry calcite cement. TEijiri Eexniaiations consisting ofcoarse qme graims a] td bioclasts

composed offragtnents efbivalve shells, algae, and bryozoaris are frequently ebserved in the upper patt

ofthis urtit. ']Jlie diametea" ofbioclasts coininonly exceeds 1 cm. Ig he red to gray 1irxiestone is a pelsparite

consisting ofpeloids, silt-sized quartz graiirs, aiid bioclasts witlixin sparty calcite cement. Bioclasts

include fragrnents ofcrkieids, ostracods, algae, and bryozoaris. "Irkie gray massive 1isnestone is a

bieinicrite composed ofbiociasts, the maximurn diatneter ofwhich freqtiently exceed 1 cgn, ewid small

ennourits ofsilt-sized quaitz grains atid peloids in a micritic mattix. Tlie highest linkestoite mxit is thickiy

bedded (30 te 60 cm thick) bioinicrite with fragrnents ofsponges, criiioids, estracods, and cephalopods

along with silt-sized quaitz grams.
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  Ddi'k gray to gray, tlikiidy bedded (less than 1O cm thick) sandstone crops eut aleng a loggtng road.

Field obseirvations suggest that titis saiidstone may be stratigraphicaily below TPP I{.

4e2 TtwngSengarea

  Ordovician conedonts were recovered fi'om the TUS section in the Tliung Song area (Figv!t'e 6). 'IIItis

sectien is lecated at a roadside about 1O kin southeast ofrfiiuEtxg Song City (80 OO' 420N, 990 44' 590E)

¥(Figne 7¥). Locality map ofthe sectien and a coluiim shewing the lithostratigrErphy aakd saxnpling ievels

are shown ki Figmes 8 aii¥(S 9. Elie lithology ofthis section is cha2'acterized by repetitiokxs ofbeCifded

limestone with several-nMn to 1 -cm tiaick }aiii[iiiations, aiid tlrickly bedded lirnestone, several tens efcm

thick. A total tltickriess oftixis section is 3e m. These limestenes are pale gray and strike N300 E aikd dip

350 to north. I collected ifuie sexnples from the thickly bedded Iitnestone. Under a inicroscepic

observatien, this 1iniestone is a lisne mudstone with silt-size to very fuie-grained qixeutz witliin a nticritic

inauix. Laxtijaiatiens consist efaggregatiens ofquartz grains. Fossils were not observed in tlirkii sectioix

satnples.

4.3 TkasitgWtsewea

  Ordovician conodoxms have been recovered frona two sectioits, Section 'IUW I and TUW M in the

Tlximg Wa area (Figure 6). Locality map ofthe sections and a coluiiigk showiiig the lithestratigraplry aiid

saiaapling levels are showii in Figui'es 1O-14.

rge3efi Se£siggerffvwg

  rlrhis sectioniies along a road about 1O kin northeast of"Mauaig Wa City (70 1O' 808N, 990 46' 509E)

¥(Figure 1O¥) agid is composed oftlrickiy bedded lknestoRes, which are several tens cm tlrick. Litnestoixes

ofthis sectien strike N 200 E and dip 150 to south, totally about 2e m tltick, are brownish gray in color,

and are characterized by a styiolitic texture pai'allel to the bedding plane. 'ffke litnestene consists ef1irne

mudstone to fossiliferous niicrite, based on niicroscopic observatien (Figui'e 1 1). Fine-grained clasts of
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ostracods, gastropods atid bivalves, and silt-sized to very fine-grained quartz are contaiiied in a nticritic

mattix. Tlie stylolitic texture consists ofveins ofdolontitized inicrtte.

4e3e2 SecwhewT'W"W2

  "tis section is located about 6 kin east ofThuiig Wa City (Figtrre 1O), aiid most ofits litho}egicag

featui"es coincide with those ofthe TUW l section. 'IIhe 1imestones ax'e dark gray in coler aiid stiike N

300 east and dip 450 to south. "ie totai thicktiess oftltis sectien is about 80 m. rEke microscepic

characteristics ofthese 1imestones are smilar to those ofthe TUW 1 section (Figrifre g3).

4.4 Satwwaarek

  Tlie section studied iii tlie Satm eg'ea is 3O kni nonii ofSatuii City (Fign'es 6). Sagnpling was Ciogee at

twe sections, ST 1 and ST 2, which are totally about 160 m and 50 m titick, respectively. A sinnp}ified

geologic map ofthe studied section atid a colusmi showiiig the lithostratigraphy ecid sdinpling levels are

sbown in Flgures 15-l9.

4eajefi Se¢gfigee s']gr g

  The ST 1 sectieia lies along the Klabong Huai Ba River ffigure 15¥). Rocks im the sanxpged sectiogx

sctike N 800 W exid dip 450 S. 'ITkie sequence measured in this sectien is as fo11ows, in ascending order;

gray te red 1irnestone, gray sandstone, and black shale (I?igme 16). Titie lower 1ixnestone is subdivided

into the gray tiim uiidulatory 1irnestone (abent 30 m), gray to yellowish gray itoduiai' lii taestone (about

55 m), arid red nodular 1ixnestone (about 4S m), in ascending order. rllie lewest rock ugtit consists ofthix?

dark gray layers, whose thicktiess is nonnally less than i cna, atkd composed ofdag'k-colored silt and

nodular iirnestone, whose maxirnum diatneter reaches several centirneters. On the basis efa thiix-sectioxk

study, tltis 1imestone is classified as biomicrite, composed mak"y ofbioclasts withiii xnicritic xnatrices.

Bioclasts at'e ofestraceds, brachiopeds, bryozo& algae, nilobites, and unidentified shell fiagniepts, ef

which the maxknuin diarneter is less than 2 nMn. Limestone in the upper part oftltis unit is partly

dolontitized, atid contaiiis aburidatit tirtn shells, less thdii l nmi in size, Gray te yellowish gray Redular

lirnestone is characterized by suipes parallel to the bedding platie, which cempxdise dar'k gray tlidii layers
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atid nedular 1irnestene as mentioned above increasing in tixicktiess atid width. Tlie thni Iayers have a

three-dirnensional strTukcttll'e, aiid polygonal sttuctLll"es resembling "mud cracks" can be ebsexTved on the

bedding smface. r] ktis 1im testene is biognicrke and centains ostracods, brachiopods, gastrepeds, ciinoids,

trilobites, bivalves, abuiidexit unideiuified tltiii shells, exid a iniiior atnouiit efluinps, Iess thati 4 nlln in

size, witi¥) in micritic manices. Red nodular limestone, which has a siniilar textugi'e to that in the lower

rock urtit, is bio!nicrtte consisting of abLmdatit tliiii shells, ostracods, brachiepods, tiilebites, cephalopods,

crixioids, and bivalves in xnicritic matrices. Diameter ofbioclasts rarely exceeds more thaii several

centuneters.

  flie bedding type composed oftlrki layers and nodular girnestone is ktkown from the lhLmg SeRg

Group in southem peiikisular 'ITIiailaiid aiid the SetuR Lbnestone in the Laiigkawi Islaiids ofMalaysia

¥(e.g., Teraoka et ag., 1982¥) and is tenned "deep water stromatolite" ¥(Wbngwdiriclx et ag., 1990¥) or

"stylolitic 1irnestone" ago and Keike, 1967¥).

  Tlie lower 1irnestone beds are ever}ain by gray saridstone atid black shale. Tlae gray sagidstone is more

thati 2 m in thicktiess arkd the black shale is more tharx 14 En thick. 1[Eae black shale consisting efclay

imbierals and silt-sized qEkartz grainis, intercalates several graptolite beds in the lower 4 m. I do not

recogrtize atiy fbssils except graptolites arid smal} sponge fragrnents. 1fiie ijgpper part ofthe biack shale is

siliceous aiid intercagates tliiii fikns ofless tha2i i nMn tlrick consisting ofclay niiiierals.

  Wbnguranich et al. (1990) distkiguished the limesteRe and fuie-grained ciastic sequence, which

exposed in this are& into the Ordovician Pa Kae Fonnation Emd the Ordovician to Silurian Wang rlbng

Feirmation. On the basis ofthe lithologic characters, the lower 1irnesteite ofthe ST 1 section is corg'eiated

with the Pa Kae Fei niation and the gray saiidstone aiid black shale ofthe section ST 1 aa'e a part ofthe

Wa]2g 'fong Forrination. Altheugh VVbngvvaiiich et ai. (1 990) distingtiished the }ower, niiddEe, aiid vtpper

members in the Wang 'Ibng Foxmation, the gray sandstone and black shale beds ofthe present study

partgy correspoitd to the nxiddle atid upper members. Tkie relationship ofthe lewer lknestene aiad gray

sandstone ofthe ST 1 section is not recogrrized by my investigation. However, the gewer membex' of

NM[)ngwanich et ag. (1990), 14 m in thickiiess, coiifbnnably overlies the Pa Kae Fopmnation.

`g.`g.1;2 Sects*ptS[if2

  The ST 2 section is located along Route 4078 (Figui'e 15). Recks sti7ike N500W aiid dip 800 south.

The sequence is subdivided into the lower gray bedded 1itnestoite (about 45 na) and the upper black

shale (about 5 m) (Figure 1 8). Under a ni6croscopic obseirvation, the gower 1irnestone is bioxnicrite

                                     12



censisting ofbioslasts atid a nricritic manix. Ostracods are donrkiarit atid unidentified shell fragrnents

are niiiiorcoxnponents ofbioclasts. "IThe upper black shale seems to be composed maiidy ofqEga!tz

graiiis less thaii a silt size, clay niiiierals, aiid black orgaiitic matter. Matiy sii kall, trlangulag' shelEs of

tentaculite are also contained.

4.S thrwtaglslagedi

  [fiie rTatfutao Islarad, which ratiges 12 ktn north to south and 5 kni east to west, gies about 25 ktn west

of Satuii (Figtll'e 6). Bedrock oftlris island comprises clastic rocks ofthe Catnbriewx Tatutao Group exid

lknestones ofthe Ordeviciaii [Iliukiig Song Group. Tlie TlkLmg Song Group exposes in iitie noitheast te

sombeast pait ofthe islaiid. Ordovician coi3odonts were fouilid firom 1lrnestones in the llrAR 1 af}d "I7/va 2

sections. A map ofthe [faifutao Islaiid aiid coEumiis oftlie studied sections showiRig the Eithestratigraphy

aiid sainpling levels are showra in Figtll'es 20-24,

4.S.fl Sewigit"ff7A[Rfl

  Rocks ofthis section expese along a path to a hilkop, which is lecated at nerdiwest efthe Tartitao

Islaiid, atxd is made up of40-xn tltick Eirnestone beds, which smike N 4eOW to N 70OW agid dip 30Oto

nonheast (Figui'e 20). The 1linestene sequence comprises gray massive 1innestone interbedded with

brownish gray, miidy bedded iknestones. A!i interval ofmassive 1iniestone is more than 50 cm tltick.

The bedded 1irnestone eften shews a cross 1atmbiation. [ltis section intercalates a fossiliferous bed about

4 m belew the top. 'I tie rock saniples were ce}lected frem massive giniestones. Litnestone in the lower

te iniddle part oftl te section is mostly classified into pegspatite by a knicroscopic observatio" GFigtkre 2l¥).

Grains consists ofabkmdarrt peloids and small arnouirt oflurnp, sik-sized quartz grains, agxd nilobite

fragrnents. I.itnestone in the upper part ofthe section is aii eospaiite consistiftg ofoeids, lkrmp, agid srrkall

dinomxt ofpeloids and silt-sized quaitz vvitliin spax ky calcite cement Fragnents ofuilobites aiid shel}s

are also present in places. rfiie fossiliferous bed is biomicrite with aburidant fossils such as cephalopods

arid trilebites, peloids, arid silt･-sized quartz grains m nllcntic matiix.

4.S.2 Sewiee 'grdi 2

  Tltis section lies along a southeastern coast ofthe islatid at¥)d maisdy comprises iinaestenes paitly
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intercalated with shale beds. "flie rocks strike N 1OOW to N 1OOE and dip 30Oeast (Figv!re 20). Tiie

sequence measured in this sectieR is about 1OOO m tliick, ai3d is as fo11ows in ascending order;

argillaceous lirnestene (about 30 m); gray bedded limestone (about 57e m); red and gray shale

interbedded with linaestone (about 200 m); gray bedded 1itnestone (about 2eO m) (Figure 23).

Limestone in the lewest uttit consists ofdat'k gray argillaceous litnestone, which is bedded with 1- te 3O-

cm thickness, atid comprtses sik-sized quattz arid calcite grains. Gray lirnestone everlying the

argillaceous 1ixnestone is bedded with thicktiess ratiging from 50 cm te 1 gn atid pextly aitemated with

1arniiiated }irnestones. Tliese 1irnestones are inicrite er peknicilte consisting ofpegoids, silt-sized quartz

grains aiid bieclasts in nticritic mauix. Bieclasts contain firagrnexrts oftrilobites emad shells. Stylogite

textures are observed, [[lie uppeimost part ofthis gray bedded 1inxestone sequence is pegsparite

consisting ofpeloids, imnp, and smagl atnount ofsilt- sized quaxtz gratns witlim sparfty calcite cement

lnterbeds ofred te gray shaie diid gray 1innestone overlie the gray lianestone seqvEence. 'E he shale, nxostly

red in color, consists ofsilt-sized quatz and calcite grains atid partly cogitains fuxe sarxd-sized grains. Aaiy

fossils do not ebsekved in a tlwhi section. "flie 1itnestone beds, 1O cm to 1 m thick, are knicrite or

bioRiLicrite uaider a inicroscope aiid include abLmciaiit qL}artz gi'aiiis. Fragrnents oftrilobites, osti'acods,

exid urtidentified shells are also contaiiied. Tliese grains frequently form cross iaiirkiation. Tlie shale beds

are predenrinant in the lower 40 m diid upper 1 OO m intexvals ofthe interbed sequence, and the

limestoRe beds are thicker than the shale in the ntiddle 60 xn intexrval. Gray bedded 1iniestone ofthe

uppemiost par1 efthe TAR 2 sectien is nrtcrite or peknicrite censisting ofpeioids, silt-sized quaitz

grains, aiid fragrnents ofct11obites m nMcretic matnx.

aje6 ktcitgkawvggsMaeeds

  Laiigkawi Islaiids lies 7 kin south ofthe "Iatrutao Islaiid. Tiie biggest Langkawi Islaiid ranges 23 ktn

nenh to south aixd 3O kin east to west. TWe studied sectiens, the LAJN 1 aixd Lsu 2 sections, are locgsited

in the Laiigoon Island, northeastern the Larigkawi Islatid (Figixx"es 6, 25), Amap ofthe Laiigoen Islarid

aiid a route map ofthe LAN 1 section are showii in Figui'e 25. Colunms ofthe studied sections showing

the lithostratigraphy aiid sainpling levels ai'e showri in Figures 26-29.

4.6.g Se£bo ge L/W g
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  Tlie LAJN 1 section is }ocated along a westem te northwestern coast ofthe isgarxd aiid coixsists of

lixnestone aaid cEastic rocks. Rocks in titis section strrike N 500 W to N 700 W aiid dip 250 to 400 noxrk.

Several faults are present in a nriddle part ofthis section, and reconstmcted sequences are totaEly 350 m

tltick (Figure 26). 1[lxe LAN l sectien comprises bedded and nodugar 1itnestones (about 150 rn), black

shale (about 20 m), bedded 1iniestone (about 1 50 m), ewid shaie (about 40 xn), in ascending order. 1[liese

rocks correspond to the Lower Setu1 Lirnestone, Lower Deuital Member, Upper Setu1 Lixxxestone, and

Upper Deuital Member, respectively ago and Koike, 1967; Jones, 1978¥).

  [lhe gower bedded and nodular 1irnestones comprises the lower, ntiddle, agad upper parts. Mie lower

pait, about 3O m in tli[icktaess, is gray 1irnestone strata, which ai'e bedded with XO-cin to 1-m tfitickiiess.

Under a inicroscopic observation, this iirnestone is pelbienricrite or bionticrite consisting ofpegoids,

bioclast contairting uilobites, ostraceds, atid unidentified shells, aiid silt-sized quattz graigis in nxicritic

matrix. [he ntiddle part ofthe lower Iixnestone is about 50 m thick and represented as an interbed

sequence betweexx 1exninated 1ixnestone exid massive 1innestone, whese interval is 1O cm to 1 rn in

tlticktiess. ln the middle patt eftlris interbed sequence, a set consisting ofcross-1ecniiiated 1innestene,

lirnestone with slurnping structm'e, atid massive 1innestone is repeated several tixnes at about g .5 m

intervags. These 1isnestones consist efbioclasts and silt-sized qLmu grains in inicritic matiix. Bioclasts

comprises ostracods aiad vEttidentified shells. Gray to red feodular 1isnestone, 70 m in tlrick3mess,

constitutes the upper part ofthe lower 1iniestoRe. [[1ie lithology both efoutcrops atxd tiiiii sections eftinis

Eiinestone is quite siitnilai' to that ofthe ST 1 section iix tkie Satwk area. rlTlie upper 5 m iaitervag ofthe

nodular }iniestone chexiges to a bedded 1irnestone. ']ltis bedded 1in¥)estone is bienricrite with a smaller

diversity efbieclasts, which are gnostly estracods, thatx that ofthe uraderlying nodular 1ixnestone.

  Black shaEe, which is con'elated with the Lewer Denitai Megnber (Jones, g978), consists ofcgay

minerals aiid silt-sized quattz grains. Graptelites atid radiolariatis occk]i's in tltis shale.

  Bedded iirnestenc everlying the black shale is bedded with tlrtckriess ragiging from 20 to 50 cm

tli[roughout the sequence, Tgtis 1irnestone is bionticrite consisting ofbioclasts and inicritic mauix.

Bioclasts are predoniiiiaiitly ostracods, aiid coRtain small a!nouiit oftrilobites diid shells. Lithology of

this limestone resenibles that ofthe uppennost pait ofthe nodulat' Iinxestone in the LAN 1 sectioR aixd

that ofthe 1iniestones ofthe ST 2 section. 1[iris bedded iisnestone sequence in tlzae LAN l sectioR is

intercalated with severai black shale beds, w}tich is 1O to 20 cm in thickness, near the tep.

  Tlie upper mest strata ofthe LAN 1 section comprises black, gray, piriLk gray, aikd greenish gray

shales. Nthogli the thicktiess is urridentified, it may reach more thati 2e ik it.
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aje6e2 Se£bo it LAN 2

  Rocks eftlris section exposed aloAg a southein to southeastellk coast ofthe LatigooR Islarid ¥(Figtll-e

25¥). Tlris section is 530 xn in tlticktiess diid consists of gray Iiniestone, which stril<es N 400 W to N 600

W aiid dips 3OO N. Tliese 1inaestones are bedded with 1O-cm to 1-m thicktkess t} [t'oughout the sequence

aiid classified into bioRaicrite and pelspaxrite by a fiiicroscepic obseiTvatioR. Grains ai'e fraginents of

ostraceds, tr11obites, and urrkdexuified shells, peloids, and smal1 ameurit ofquartz grains, which are fi11ed

with nticrttic manices atrd partly cemented with spariy calcite. Altho℃xgli the northeast part ofthe section

is abeve the southwest patt in appearance, the conodont biostratigraphy suggests an upward sequence

fi"om the nortlieast side to the southeast side ofthe section.
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s. coNoDeNT Bgos'ffgeeArifEGRAgpew

  Most ofthe satnples collected in each section yielded conodonts. Ninety five species belonging to 50

genera atid 22 kllxidentified species have been systematically studied (fab}es 1-1O). Based on the

occi.xTence ofsti'atigrapliLically iinportant species, totally 3 1 coRodont zones ai'e established ±ii tlie

studied areas. On Tangtao Islaiid, foilowing 7 zones are buik up; the Lower Ordeviciaii ?va¥)nocostedus

sevierensis ratige zone atid the A4 sevierensis - lhriabiloconors bassleri i aterval zone, in ascending order,

in the rlrAR 1 section (Figu[i'e 22)s the Lower Ordoviciaii Rossodus maniloztensis raixge zoxke, the R.

maniloorensis - 7Z?rioclon nahamurai i iteirval zone, the T nahamurai - V bassleri i itei7val zone, ¥(}en. et

sp. indet. 7 ratige zone, and Geix. et sp. Indet. 7 - Coloptoconorsflowerl i xterval zene, in ascending order,

in the TAR 2 section (Figure 24), ki the rfiiong Pha Phum are& the Lower to Middle Ordovician 4 zenes

are established in the TPP section; the Panderodus nogamii - 7¥)"iangulodus bi"evlbasis inteirval zone, the

77 brevibasis raiige zone, the 7r brevibasls - DJ"epanolstodus coslatus interval zone, aixd the Plectedlng

ong7chodonta assemblage zone, in ascending erder (Figux'e 5). in the TEiurig Wa ar"e& fo11ewiiig 2 zones,

the Lewer to Middie Ordovicidix Perlodon aculeators range zone ewad the Middle Ordoviciaii

Protopancierodus gr"acialors range zene, are inade up in the TUW 2 exad T¥(JW 1 sections, respectively

diign"es 12, 14¥). in the "iung Song en"ea the Middle to Upper Ordovician Pancierodzts nogamii range

zone is estab}ished in the TUS sectien (Figtrre 9). The Middle Ordovician te Lower Siluxlati 5 zones are

built up in tgie Satuii ai'ea, wliich ai'e as fbllows; the Rygodus anserinus raxxge zone, tk3e Baltoi7iodus sp.

cf B. variabilis ratige zone, the Scabbardella allipes -- H12marodus europaeus intervag zone, aiid the

                                               'ffLimarodus ew"opaez{s ratige zone, in ascending erder, in the ST 1 section (Figne 17); the 0zgrkodina

excm7ala excm7ata range zone in the ST 2 section (Figur'e 19). ln the Laaxgkawi Isimxds, the Lower

Ordovician to Lewer Devonian 12 zones are set up; the Gen. et sp. ladet. g3 range zene, the D. costatus

raiige zone, the D costalus - Panderodus nogamii interval zone, the B. sp. cf B. variabills raiige zoite,

the Gen. et sp. indet. 12 range zone, the H europaebls range zone, the 0zarkodinape7malztsprocezts

raiige zone, the Dapsilodus oblieuicostatus raiige zone, the ¥(]zarkodlna remschelctensis remsclzei¥( tensis

range zoixe, atid the 0. x remsckeictensis - Pseudooneolodus becim2anni g' rterval zene, in ascending

order, tti the LAN 1 section, aiid the Scolopocints ¥(7ziath"atzts range zone and the Cooperig72alhus arandu

raiige zone, in ascending order, in the LAN 2 sectien.

S.g 'grkrwtagRsgaitd
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S.g.fl Se£tiegeTARfi

?gdoyzscostoaus seyieregzsis g"ageg£ Zgee£

  Tltis is the lower zone ofthe TAR 1 section on [E'atfutae Islaiid aRd has about 24-m thickness ¥(Figtrre

22¥). [he lower and upperliiiiits oftli[is zone ai'e mai"ked by tlie fu'st diid last eccuaTences of

AdoJ7ocostatzts sevierensis (Miller, 1969). Tli[is zone aiso contaiiis Scolopodus g]"ansistans DErykce aiid

Jones, 197l, Colaptoconors quacb"oplicatas (Bratrson atid Mehl, 1933), lariabiloconas bassleri osimtish,

1938), 7leridonlus nakomzirai (Nogatiri, 1967), andAcedus sevierensis Miller, I969. M sevierensis is

described from the upper Tremadociatk strata in the nuinerous areas ofNorth AEnerica ¥(Miller, 1969,

1980; Leviding et ae., 2003) diid Australia (Druce exid Jones, a971). This species also has beeia reported

from the lower to middle ']rlrremadociazi in Canadian Arctic Islands (Nowlem, 1985). C. quambaplicalus

has been knowri from the upper 'Ilremadociati sts'ata in the North AinericEm Midcontinent at'eas

contamiiig Missouri, Mimkesot& Iow& 1[exas, and New Mexico ¥(Bragison and Mehl, 1933; Furnish,

1938; Ethrigton and Clark, 1971, 1982; Keimedy, 1980; Repetski, 1982¥) and the upper Tremadocian

sequences ofthe St. George aiid Cow Head Groups in Newi]ou{idlaiid ¥(Stok]ge Emd Bagnoli, 1 988; Ji aiid

Baimes, 1994). See et al. (1994) reported this species from the ntiddle [ifkremadociaii te lowerAg'enigiati

recks in the Baegtxgisan Syncline, Korea. Druce and Jones (1971) firstly described a ntiddle

Tremadociaix species, S n"ansislans, frem Queenslaiid, Austt'ali& and Jenes (g971) also reported titis

species from the Bonapaite Basin, Australia. Tkiese 1ines efbiostratigraphic evideitce ignply arx age fbr

the Mbnocosrodus sevlerensls zone efxiniddle [remadecian.

Moyzocostodus sevierensts - B>2tzrg"esbilocomgs bassleri Swt£geraE Zgee£

  [[ltis is the upper zone ofthe TAR 1 section exid abeut 16 m in thickness (Figu!Rre 22). 'flie base aiid

top ofmis zone ax'e defiikxed by the last eccusTences ofMbnGcostatus sevierensis aiid X¥)Zxriabiloconus

bassleri, respectively. rllie conodont faunia eccurred frem t13is zone consists ef 7leridontus nahamurai,

Acodus sevlerensis, and two species mentioned abeve. Tl3e lewer te nxiddle llremadociaii sequences

distributed in Nomb Anieric4 including Missouri, Minnesota, Ioweg "I¥)2xas, New Mexico, New Ybrk,

Newfoutidland, Quebec, aiid Canadiaii A rctic Islaiids, yield V bassleri and T nakomw"ai ¥(Fu[rirish,

i938; Nowlaii, 1985; Laixding et al., 1986, 2003; Falrr2£us aiid Roy, 1993; Ji Emd Bewnes, 1994). "fo s}siR

up, this zone may indicate middle r]lremadociati.
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S.fi.2 Seeboge[ffAR2

Rosssdggs y7zewzitoggeyfsis pt`aeege ZoR3e

  1[ktis zene, abont 90 m titick, is the lowemiost interval ofthe TAR 2 sectioR on Tarutao Island ¥(Figt[r'e

24¥). Tlie lower aiid upper boullidaries oftltis raiige zolte are marked by the fia'st aiid 1ast eccuxTences of

Rossodus manitoztensis Repetski and Etlriiigton, 1983. Rocks ofthis zone yield fo11owhig coRodont

species; 71briocion nahanurai, lhriabiloconus bassleri, Coloptoconus bolltes (Repetski, 1982),

Colaptoconus.77oweri (Repetski, 1982),Acanthodus llnealus (Furktish, 1938), aiid Gen. et sp, indet. 19,

R. maniteuensis occui's frem the Nordi Ainericaii Midcontinent ai'eas ¥(Repetski axid EtRitixigtoia, 1983;

Nowlan, 1985; Landing et al., 1986) and Newfouiidland (Ji emd Barxies, g994), and is aim tr}dex species

ofiniddle to 1ate "Ii'emadocian. C. bolites and C fleweri were firstly described by Repetski (1982) fi'em

the gniddle to upper rTta'emadocian sequences in rlexas and New Mexico. 'ITEiese species ag'e also ktiewix

from iniddle 'Ilrremadocian to lewer Ai'enigian rocks in Newfourxdlemd (Ji a2id Banies, 1 994). A. Iiiteatz{s

has been reported from the lower te iniddle Tremadociaxa rocks distribnted in the Nortli As itiencan

Midcontinent at-eas, inclvgding Utah, Mirmesot& Missou[ri, and Iewa ¥(FLKnxish, 1938; Ethiiigton and

Clax'k, 1971, 1982) aiid the east ofCaiiada (Laiiding et al., 1986; Fali[k'Eeus aiid Roy, 1993; Ji aiid Bai ties,

l994¥). Tiaese 1ines ofbiostratigraphic evidence iniply an age for the Rossodus manitouensis zene of

middle [Mlrremadecian.

Rosssdess mewzitog£eyesis - glarg"doyzwts yztskgueesrtsi k"xkgegwaS Zgee£

  IIIie next yeunger zone ofthe TAR 2 section raiiges firom the top ofthe Rossodus manitouensis zone

to a horizon about 61O m above the base efthe TAR 2 section (Figure 24). "ITEie base ofthis irrte!rval zone

is defuied by the disappeai'aiice ofRossodus manllottensis, and the top oftlris zone is taken at the upper

1itnit ofthe lecal rarige of 7bridontus nakamurai. T nakomurai, l>Ziriabiloconers bassleri, Coloptocenus

boliles, Di"epanoistodus concewus (Branson and Mehl, 1 933), Emd Acodets seyierensis raiige tlrroykghout

this zone. Gen. et sp, kidet. 1 diid Gen. et sp. kidet. I 1 have xnoderately shert ranges enid occug' from the

iower te iniddle patt ofthis zone. Tlie uppeirnost par1 oftltis zone yields Drepanodus arcualus Pander,

1 856, Colaptoconus quadrapllcalus (Branson and M.ehl, l 933), Paropanderodus strialus (Graves nad

Ellison, 1941¥), and Gen. et sp. Indet. 9. R sn"iatus is a early to iniddleArenigian species, which has been

ktiowii fi'om Utali (Etliingten atid Clark, 1982), Quebec (Bariies aixd PopEawski, 1973), and

Newfondlarid (Ji atid Batnes, 1994). Therefbre, tltis zone may indicate a nriddle [lrlrremadociati to eex'ly

/trelMglall.
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:lleg"idoyMrs gzesktsm.ew"gi -- P/22g"itsbmaoeoizges bassleri g"xteft'vaf Zene

  'Mtis zone covers aii imterval with 80-na tltickiiess, which is above the Rossodus manitouensis -

7leridonlus nahafnorral zone (E?igure 24). The base aikd top oftltis interval zone is marked by the

disappearaiice of 7] nahamurai aiid the last occLurences of lariabiloconus bassleri, yespectively. IE]1i[is

zone is characterized by ce-occurrence of V bassleri, Colaptoconors boliles, DrepanolstodZts concm7zfs,

Acodus sevierensls, Di"epanodus arcualus, Scandodus sp. c£ S farnlski Lindstr6m, 1955, and

Drepanoistedusforceps (Lindstr6m, 1955). Gen. et sp. kadet. 9 also occews frorn this zoite. See et al.

¥(1994¥) reported S sp. cf S farnishi frem the ntiddle Tl'emadociati to lewer Ascenigiati rocks in the

Baeguaiisati Syxicline, Kerea. 'Ib suin up, this zone is interpreted earIy Ai"enigian.

Gek. eg sge. fipmdet. 7 yagege Zoeee

  ']1ie zone is established in ati interval above the 7leridonlus nahamural - lariablloconus bgssleri zone

and about 1 20 m in tlticktiess (Figm'e 24). "fltis range zone coincides with the stratigraphic range ofGen.

et sp. kidet. 7. Tlie ether chai"acteristic species ofthis zene axe Colaploconors bolites, Colaptocoitors

.17oweri, Acodus sevierensis, Acodus conzptLts (Braiason and Meh], 1933), Dropanodus arcuatus,

DropanoislodZisforceps, Conrnorodus longibasis Lindstr6m, 1955, Protoprionlodusyapu Ceoper, 1981,

and Geit. et sp. indet, 3. A. conzplus, which was fu'stly described by Braixson aixd Me}d (1933) fi"om the

Ordoviciagi strata in Misseuri, has been reported from 'fexas, New Mexico, Augstrali& and Korea. rlTEtis

species kxdicates gate 'frernadociarrto iniddle Ax-enigian (Lee, 1970; Repetski, 1982). Proloprioniodus

yapz{ is ktiovvii to have a stratigraphic rarige fi'om middle te late Arenigiait in Australi& Airgentin& exid

Newfoundland (Cooper, 198l; Albanesi et ak., 1998; Johnsten and Banies, 2000; Zhen et al., 2003c). 'fo

stwn up, titis zone may indicate a xniddle to late Ai'enigiaia age.

Gen. eg sge. imdiee. 7 - thgoptoeggzusfo#g7ere' Swtege7aR Zgme

  [[Etis is the uppennost zone ofthe TAiR 2 sectioR and covers Egi intei7val ranging fi'oiir} the top ofthe

Geii. et sp. kidet. 7 zone to a borizon about 20 m begow the top ofthe TAR 2 sectioR (I?igux4e 24). rptiee

lower bouridary oftlris interval zene is marked by the disappeak'arkceefGen. et sp. indet. 7. Z[gxe upper

boundairy ofthis zone is taken at the upper 1irnit ofthe local raiige of Colaptoconus./7oweri. Rocks of

this zone yield C. .floweTi, Scolopodus sp. A, Filodontbls sp. c£ fT.filosus Pyle, Baines, and Ji, 2003,

Dropanoislodusforceps, Gen. et sp. indet, 2, GeR. et sp. indet. 17, and Gen, et sp. kidet. 18. Filodonlus

filosus has been reported fi'om the lewerto nriddle Ai'enigian rocks in 1fexas, Utaii, New Mexico, and
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Newfotmdland (Etl tiiigton and Clark, 1982; Repetski, 1982; Steuge and Bagrioli, 1988) exxd froiikm the

upPer 'Il'emadociexi to lower Ai'enigiatn'ocks in Albeirta (Pyle et ai., 2003). lhese 1ines of

biostratigraphic evidence oftltis zene atid the age ofthe uiiderlying zofte indicate ati age fbr the Gen. et

sp. kidet. 7 - Colaptoconusfloweri zone ofmiddle to }ate Arenigiari.

S.2 Tk ong Pha Pkskwt area

S.2.g Se£boeeTPP

Pewzaef"odess ezo.gew?eii -- 7>ng"ewzgeelodges b"seyibessts ixNt£]"vae Z$eee

  Tltis zone corresponds to the iowennost interval oftlie TPP section in the Tlkoitg I'ha Phtlln ai'ea aiid

is abeut 40-m tliickrtess (Figui'e 5), The base and top oftliis iaitegTval zoxae coincide witRi the fiie'st

appeai'ances ofPancierodus nogamli (Lee, 1975a) and n"langulodus bMevlbasts (Sergeev& 1963),

respectively. [lris zone yieeds .R nogamli and JZtanog77atkus variabilis Serpagli, 1974. R nogamii has

been reported from several at'eas ofGondwan& including Kore& Malaysi& Australi& ewxd Argentina

¥(CaiitiXl aiid Bun'ett, 2003¥), aiid indicates an age ofDaaTiwilian to ea&ly Cax'adociaai ¥(e.g., Lee, 1975a;

Watson, 1988). Albanesi (1998a) aiid Aibatiesi et ag. (l998) showed that R noga7nii raiiges fi'om Eate

Axenigiexi to early Darxiwiliati in Ai'gentina. J variabilis was firstly described from the iniddle

Arenigiexi strata in Argentina (Serpagli, 1 974). "ITitis species has been ktiowEi from the Arenigidii to

Rower Daimiwiliaii sequences in Nordi /Sllnerica, including Albeirta, Newfotmdland, Biitish Coluknbia,

rlexas, New Mexico, aixd Utak ¥(Etlittigten and Clark, 1982; Repetski, 1982; Stouge aixd Bagnoli, 1988s

Pohier, 1994; Pyle axid Batmes, 2003; Pyie et al., 2ee3), New Seuth Wa}es in Austraka (Zhen et al.,

2003b), Ai'gentina (Aibanesi, 1998), and Malaysia ago and Koike, 1967). rlThese two species have

relatively long stratigraphic ranges. However, on the basis ofthe age ofthe everlying zene, titis zone

may indicate early to middle Arenigian.

M"taizgeslodws breyibasts k"aeege Zon£

  rfltis is the next younger zone ofthe TPP section and about 70 m tltick (Figue 5). Tltis raiige zone

coincides with the stratigraphic range of 7i"iangz{lodus brevibasis. T b7"evibasls, Panciero< in{s nogamli,

7i"iangulodus laTaplnensis (Crespin, 1943), Drepaneislo( ins cestalas (AbaiRnova, l971), E F"ralicocfon sp.

B, andAnsella sp. D occur fi"om this zone. 77 laraplnensls has been knowri firoxn New South Wajes, the
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Georgina Basin, and the Ainadeus Basin ki Austs'ali& and indicates a iniddle Ax'enigian age ¥(Cooper,

1 98 1 ; Satit and Druce, 1 993 ; Zhen et al., 2003c¥). [flierefore, this zene is iri[ferred to be ntiddle Ai'enigian.

?>"iGgzbaeslodggs breg,ibasts - Drepew2oistodees costwstus twgeervafi Zgite

  lrEtis zone over}ies theAcodus sp. D zone and has about 320 m tltick (I igure 5). ETIie base eftlris

interval zone is defiiied by disappeararice of n'ia77gulodus brevibasis. [Ilie top ofthis zene is taken at a

upper lirnit ofthe stratigrapliic range ofDi"ezpanoislodors coslatzts. Panderoorcis nogamii has its raiige

tlrrougliotEt tltis zone, [[1ie upper part oftltis zone yields Aw"ilobodus leptosomalus AJii, g983 ¥(in Ati et al.,

1983¥), Be] gstr"oemognalhus sp. B, and HZstiociella kolo`ientata Etlitiiigton and Clark, g982. A.

Ieptesomalzis has been reported from the Lipper Arenigiaii to lower Dai7riwiliaii strrata in Noirtlk Cirkia exid

Australia (Axi et al., 1983s Watson, g988; Stait and Druce, 1993). H kolodenlala has been described

from the No!th Aniexican Midcontinent areas (Etliiiigton arkd Clark, i 982), Nonh and Soxgth CIiiiia

¥(Wexig et al., 1996¥), arkd Austraiia ¥(Watson, 1988¥), atid has a stratigraohic range in gower Daxxiwilian.

[[1ierefore, this zene is intekpreted as middle Arenigian te ntiddle Daixiwiliaii.

swectodezes ogaych.gdogztw asseggkbgage Zgite

  TEiLis is the uppennost zone ofthe TPP section aiid coi responds te a 20-m interval above iikeAcodizts

sp. D - Di'epanolslodus costalus zene (Figtme 5). The base oftlris assemb!age zone is inarked by the

appearance ofPlectodina opzychodonla Aai, 1983 (in Aai et al., 1983). [Rike top is defuied by the

disappeara2ice ofPanderoucis nogamii, Gen. et sp. indet. 14, Gen. et sp. indet. 16, agid Gen. et sp. kkdet.

1 8 are alse contaiiied in this zone. Pleclodina oizychodonta is reported from the upper Datziwiliaii to

}ower Caradeciagi rocks in North Clima (Waiig et ai., 1996). [[herefore, tlris zone is inxferred to be late

Ddiriwiiiati to early Caradociari.

S.3 Tk ge eeg Wge tc ptea

Se3eg S£wieeTew2

A7rtodsg? escesfeutus wange z*ite

  "[kris zoRe is established in the TUW 2 section ofthe TliLuig Wa area. It covers a3i interval ratiging

from a horizon, which is about 3 m above ofthe base ofthe TUW 2 sectieii, te the tep ofthe section
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¥(Figui-e 1 4¥). Tlie base ofthis raiige zone is taken at the lewer linait ofthe stratigraplikic raiige ofPerlodon

aculealus Hadding, 1913. 1[Eie top ofthis zone has not been deflried. Aiiy cenodont zones kEtiderlying

tltis zone cati net be estabiished. R aczflealus has been reported fi'em the A renigiati, Darttlwilidii, exid

Caradocian strata in Nordi Anierica ¥(Sweet and Bergstr6m, 1962; Bradshaws 1969; Barnes and

Poplawski, 1973s Laiiding, 1976; Jolmston aiid Bariies, 1999, 2000; Pyle aiad Bames, 2003¥), Sweden

¥(Hadding, 19i3; Lindstr6m, 1955; L6fgt'en, 1978¥), Poland ¥(Dzik, 1976, 1994¥), Scotlarxd ¥(Artnstrong,

1997), Argentina (Albanesi, l998a), and Cliiiia (Wang and Luo, 1984; Wang aiid Bergstr6m, 1999a;

Warig atxd Qi, 20e1¥). ProtopancterodZ{s g7'adntus Serpagli, 1974 eccuki's in aknost all sainples from the

present study section, aiid has a stratigrapliic raiige fi'om the lower /trei3igiaii to upper Daixiwiliaii in

Noitli Aanerica, Australia. Ai'gentina, aiid CliLiiia ¥(Serpagli, 1974; Laiiding, 1976; Edmgtoit aixd Clai"k,

l982; Aai et al., 1985; Stouge atid Bagrioii, 1988; Albanesi, 1998b; Jolmston and Bewne, g999, 2000;

Zhen et al., 2003b). 1[Eie occuiTence togethqr with Cooperig77athors arandu (Ceoper, 1981), C. ]z)7inti

¥(Cooper, 1981¥), Protoprionioch{syapu and Protopanderodus leonardZl Serpagli, 1974 characterizes the

lower part oftlris zone. These species ai"e kiiown te have shoit stratigraphic raiiges, iniddle to 1ate

Ai'enigiati, in Austraiia and Argentina (e.g., Cooper, 1981 ; Albanesi et ae., 1998). fixe upper part oftltis

zone is also characterized by 0islodus sp. A, which is reported from several at-eas ofNorth AEnerica

¥(Sweet aiid Bergstrbm, 1962; Bergstr6m aiid Sweet, 1966; Wibers, l966¥), Britakx ¥(Rliedes, 1953¥),

Norway (Heenar, 1964), Sweden (L6fgten, l978, 20e3), Poland (Dzik, 1994), and Estoitia (Viira et al.

2001¥). TliLis species is ktiowri firom lower Daniwiliaii to Ashgilliati. 1[lxese Eines ofbiostratigraphic

evidence imply aEx age for the Perioclon aculealus zene ofnxiddle ts'eEikigiagi te late ]¥)airriwiliaik.

S3.2 Sewitw 'g'rw fi

ftuafopesgzderodus gvadaafews rang£ zgme

  TEris zone, about 20 m tltick, is established in the [ftJW 1 section ofthe "fiignig Wa aifea (Figtire 12)

arid marked by ati occurrence ofProtopancierodus gradulus. Its upper and lower lmits are xxet defuied.

A g7'aclatus generally has a stratigi'aphic range from the lewer Arenigian to upper Daniwilian.

Jiptilliserodzts costatus Dzik, 1976 is present in the iniddle pew1 oftltis zofte. rrltis species was ortginally

described by Dzik (1976) from the LenodZis variabilis zene ofthe Mojcza Lirnestone in Poim3d, arad it

has rather short stratigraphic ratige. M costatbls also has been reported froxn the middle A!'enigiari to

lower DaiTiwiliaii in Sweden (L6fgten, l978), ai)d from the upper Arenigiaia to lower Daiilwiliaii in

Ait"gentina (Albariesi, 1 998a; AJbeniesi et al., 1 998). Based on these biestratigraphic occLwr-ences, tlxe age
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ofthe Prolopanderodus g7"adotus raiige zone is iii[fen'ed to be iniddle /Sll'enigiaii to early DEgxiwilliaii.

S,4 TkoeeitgSggegewea

Se4efl Se£bogeTWS

Pew2deg"odess ?zogew?eii yaitge zggee

  'IIEris is a ratige zone ofthe TUS section in the Tliurtg Song area exid has about 3e-ni titickness ¥(FigiM'e

9). Tliis zone is marked by the presence ofPanderodZ{s nogamii (Lee, 1975a), aEid its upper agiCg lewer

1initits are not yet knovvii. Erralicodon sp. and Scolopodus sp. B also occyEr from tiRikis zone. A nogamii has

been reported from several areas ofGondwaneg including Kore& Malaysi& Australi& aiid Argentina

¥(Canui11 and Bixxrett, 2003¥), ranging from Daixiwilian to eai"ly Cai'adociaai ¥(e.g., Lee, 1975a; Watson,

1 988). Albexxesi (1 998a) and Albanesi et al. (1 998) showed that R nogamii ranges fi'om 1ate Arenigiaii to

early Dai riwilian in tsgentina. I cexikiiet state a precise age for ti ris zone, but tentatively place it in tEie 1ate

Ax'enigiar} to early Caradocidii.

S.S Satwgearea

SeS.a SecbogeS'IfiI"e

ielp?godws gyzserimes waeege Zgme

  Tltis zone is established in the lowest pdit ofthe ST 1 section in the SaUgii ai'ea diad has about g2 m

tltick (Figure 1 7). Tlie lower atid upper litnits oftitis zone are marked by the fust axxd East eccukTence of

fygodus anserinzis Lainont and Lindstr6m, 1 957. 'ITIris species is described fi'om the upper Da[riwilian

stage ofthe Bakoscandic region (e.g., Dzik, 1994; Zhang, 1998), South Chna (e,g., Wang et ai., 1996;

Wang and Qi, 2001), aiid nuinerous places in eastem Nomb Ainerica (e.g., Sweet and Bergstr6m, 1962).

in the British Isles, Bergstr6m atid Orchard (1985) reported titis species from the "pper Darziwiliati to

lowest Caradocian. This zone also contains Pancierodzts gracilis (Branson atxd Mehl, 1933), which is

lfiiowti fi'om the Upper Ordovician, in Englaiid and NMitles (e.g., Rliodes, 1953, 1955; Orchard, 1980)

and Ausnia (e.g., Ferretti and Schenlaub, 2001), the Middle Ordovician to near the top ofthe
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Ordevician in Missouri ¥(e.g., Branson and Mehl, 1 93

the ntiddle Caradecian to Ashgillian stage ofTakiini

inteipreted as late Darxiwiliati te early Caradociati.

3) and Alabexna (Sweet aaid Bergstr6m, i 962), and

akari (Wexig and Qi, 2001). [flierefore, tlris zene is

Besdeoszioeifgrs sp. ¢lft B. yg?"tabiZts R"agege Zgft£

  The next yovgiger zone ofthe ST 1 section coff'esponds to the 21-m interval above the Rygodus

anserinus zone (Figure 1 7). [[Etis raiige is defuked by tbe fu'st and last occugvences efBalxoniedus sp. c£

B. variabills (Bergstr6m, 1962). Other chai'acteristic species ofthis zoRe aa'e BesselodZis

semis)7mmetricus (Hainair, 1966), Drupanodus arcuatus Patider, 1856, and Pandig7odus sp. A.

Baltonioim i7ariabilis has been described from the iniddle Caradociari in maRiy places ofthe world ¥(e.g.,

Bergstr6nx, 1 971 ; Dzik, 1 994; Leslie, 2000). Although no description was given, Wagig et ai. (1 996) alse

reported tiafs species from Seuth Chiiia. Besselodus semisymmelricz{s is kiiown frem the ntiddle

DarTiwiliaii atxd ntiddle Caradocian stages ofBaltoscaikdia (e.g., Dzik, 1983, 1994; Leslie, 2000). "Ib

surn up these lkxes ofbiostratigraphic evidence, the age oftltis conodoixt zone is assvEgined te be

Caradocian.

Segbbewdeifg gkipes - thmesrodus eges"opuegss RRRgeewaR Zgme

  [flris is aii interval zone, abeut 20 m in tlrickiiess, above the Baltoniodus sp. c£ B. varlabilis zonc

¥(Figure 17¥). 1flie lower aiid upper bouiidaries oftltis zonc ax'e inarked by appearances ofSk abbarciella

allipes (Heiaximgsmoen, 1 948) aiid demarodus europaeus (Serpagli, 1967), respectively. "Illris zone also

yields Dapsilode{s n2utatus (Branson and Mehl, 1933), Protopan(ieroucis sp. A., and D7"epanolstodus

arcztatus. Most of species oftitis zene have a coxnparatively leng stratigraphic rdiiges. On the basis of

the ages ofthe uriderlying arid everlykxg zenes, tiris zone is intexpreted as early to iniddle Caradociaia.

.Efkimew"odgds etwmpeseess x`kitge Zgite

  'fltis is the uppennost zone ofthe ST 1 section ki the Satukii area and cevers arx intervag raiigng fren¥)

the top efthe iSicabba7"ctella akipes - demaredus eu]"opaeors zone to the top ofthe 1isnestone sequeitce of

tlxe ST l section (Figtg'e 17). Tlie base aiid top ofthis raiige zone are defuied by the furst aiid last

occLurences efHZxmarodus europaeus. As fai' as is knowii, the }ovvest occun'ence ofH europaeus is

}owerAshgiiliaii in Eui'ope ¥(e.g., Walliser, 1964; Dzik, 1978, 1994; Orchard, 1980; Ferreni and Batnes,

1 997; Ferretti aiid Serpagli, 1 999) ai3d lower Upper erdeviciaii in South Chiixa (Wang et ai., l 996). ']]tis

zone is also characterized by Protopanderodors liripipors Keimedy, Baines, aird UyeRe, 1979,
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Scabbarciella altipes, atidAnsella sp. B, .A llripipus has been reported firom the nriddle Caradocian to

Ashgillian ofthe Baltoscandia regions (e.g., Dzik, 1976, 1994; Leslie, 2000) and New South Wales

¥('frotter aiid Webby, l994; Zhen et al., 1999¥), and tlie iniddle te upper Caradociaii ofrlrakliinakaii ¥(Waiig

and Qi, 200l). S allipes has been reported from the Caradociati ofEngland atid Wages (e.g., 0rchar'd,

1980) and Malaysia ago and Koike, 1967), the upper Darxiwilidix to upper Caradecian ofPoland (e,g.,

Dzik, 1 994) and South Chiiia (Wang et al., 1996), the iniddle to uppex' Cat'adecian ofTakfiinnakan (Wang

and Qi, 2001), and Upper Ordovician ofNorth Ainerican Midcontinent area (Sweet, 200e), Eurepe

including ItalM Bohentia, and Gemiaiiy ¥(Fen"etti aiid BaiMes, 1997; Ferretti, 1998; Ferreni aiid Seirpagli,

1999), aiad Australia ([[rotter aiid Webby, l994). 'fo suni up, tlris zone may indicate 1ate Caradociaii.

S.S.2 Se£egonST2

Ozavksdi]wt excayestw excayGtw rkitge Zgeee

  [[litis zone, about 45 m thick, is established in a lirnestone sequeitce ofthe ST 2 section in the Satwi

ai'ea (Figuu'e 1 9). This range zone coincides with the biostratigraphic raiige ef 6igarkodina excm7ala

excavata (Braiison and Mel", 1933), but its upper diid lower lknits ax'e not defigied. Tlxis zoRxe yieids O. e.

exccrvala, Decoriconus.77"agilis (BransoR and Mel", 1933), Pseudoeneotodus becinnannl (Bischoffaiid

Satmemaim, 1958¥), Pancierodus langim47iensis Ggo atid Koike, 1967¥), ar}d 0ulodus sp. A. AIthet}gh

most ofthese species have relatively long sct'atigraphic ratiges, R langkcxM7ie]7sls is ktxowii to occtur from

the Iowerto upper Llandovery sequences in Nortii Ainerica (Bagzick, 1 977). 'Mieit'efore, the age oftfris

zone is assEgned to be Llandovery.

S.6 Lamgkawglslands

S.6.g SectienL2ajNg

Gege. eg sge. geedi£g. fi3 raitge Zgite

  Z[Etis zone is established in the Lower Setul Limestone ofthe LAN 1 sectien in the Laitgkawi Islaiids

ewid cen'esponds to the iowerrnost 1O-m intexval oftlris section (Figure 27), rlTlie base atid top ofthis

raiige zone correspond to the stratigraphic raiige ofGen. et sp. kadet. 13. The conodent famia yielded

                                         p
from this zene contains Gen. et sp. kidet. 13, ]'iangulodus larapintinensis, ScelopodZts mbllticoslalzts,
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Baines aiid Tuke, l970, Scolopodus guadi"atus Paiider, 1856, aiid Pan¥(ieredus nogamii. T

larapintinei7sis has been described from the iniddle Arenigian rocks in Australi4 as mentiened above

¥(Cooper, 1981 s Stait ewid Druce, 1993; Zhen et al., 2003c¥). S guadratus is knowki from the A renigiexi

recks in nuinerous areas in the world, including North Aineiica (Lar3ding et ai., i976; Repetski, 1982),

Sweden (Lindstr6m, 1955; L6fgt'en, 1978; Falrra2us, 1982), Australia (Zhen et al., 2003b, 2003c), aiid

Argentina (Serpagli, 1974; Nbataesi, 1998). "3ese 1ines efbiostratigraphic evideixce irnply an age for

the Gen. et sp. indet. 13 zone ofniiddle /li'enigiaiN.

2)gtepewzotstodas costwafges wageg£ Zegee

  1[Tiitiis is the next youiiger zone overlying the Gen. et sp. kidet. I 3 zone ofthe LAN 1 section diid about

3O m thick (Figui'e 27). "fitis ratige zone coincides with exi interval, which yieids Drepai7oisto(dets

costalzis. Other characteristic species oftitis zone are Panderodas nogamil, Prioniodas amadezfs Cooper,

1981, andAnsellaJ'emtlancfica (L6fgten, 1978). D, coslalus has been kiaowtk from the lower Ai"enigian

to iniddle Ddiriwilian rocks in Australia ¥(Cooper, 1981 ; Watson, 1988; Stait arxd Dguce, 1993; ZheR et

al., 2003c), Ai'gentina (Albanesi, 1998), and Cliiiia (Waaig and Luo, 1984). Prieniodus a7nadeus was

described by Ceoper (198 1) from iniddle Ax'enigiaii in Austs"alia, Tlierefore, this zone is interpreted as

nrkddle Ax'enigi ati.

D. costwtus - lkyzdeyydgss g2g.gew?zii tweeR"vall Zggee

  This is ark interval zone ranging fi'om the top ofthe Drepanoislodus costators zene to a hortzon, which

is about 75 m above the base ofthe LAN 1 section (Fign'e 27). rlilxe base oftlris zene is mairked by

disappearatace ofD. costalzts. r]]ie top ofthis zone is defined by the upper linrtt ofthe stratigraphic range

ofPan,derodus nogamii. This zone centaiiis Au7"ilobodus leplosomagus, Perlodon sp. A, and

Be7 gsfi"oemognathus sp. A. As previously mentiened, Pande7"odus nogamithas a relatively iong

stratigraphic raiige, whose upper 1intit is lower Caradociaix, as mentiofted abeve ¥(Caiitkrill aiid BintTeitt,

2003¥), AurilobodZ{s leplosomatus has been kiiowii from the upper Arenigian to lewer Dariiwilian strata

in Nordi Clima and Australi& as mentioned above ¥(Aii et al., 1983; NMittson, 1988; Stait and Drugce,

1993¥). 'Ib suin up, tiris zone may indicate iate Ai'enigiari to Daixiwiliaii.

Bgltoyzigdess sge. £g B. g,esriitbifts erkeege Zeeee

  [[Itis ratige zone is established in dii interval be"veen the horizons, which at'e about 80 in atkd 95 m

above the base efthe LAN 1 section, respectively (Figui'e 27). Tlie first aiid last occtmrences of
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Baltoi7iodeis sp. cf B. variabills defuie the base atid top oftltis zone, respectively. Other characteristic

species ofthis zone ai'e Pandei"othis g7"acilis, Scabbardella allipes, Ansellal'emtlandica, and Dapsilodus

mutatzts. B. variabilis has been described frem the iniddle Caradociati in mariy places efthe world, as

previously noted (e.g., Bergstr6m, 1971 ; Dzik, 1994; Leslie, 2000). [[he other species have longer

stratigraphic ratiges than that ofB. i7ariabills. 1ffrherefore, the age ofthis conedont zone is intempreted as

ntiddle Caradocian.

Gewa. ee sR). ffgedee. fi2 ffaeeg£ Zene

  This zone covers aii about 1O-m interval, which is above the BaltoniodZts sp. c£ B varlabllis zeRe

¥(Figui'e 27¥). fltis range zone coincides with the stratigraphic range ofGen. et sp. indet. 12. 0ther

characteristic species are Stabbazdella allipes, Dapsilodus mutators, atid Pancterouds gr"crcills, which ai"e

compairatively long stratigraphic ra!iges. Based en the ages ofthe overlying aixd iAiderlying zones ofthe

Gen, et sp. kidet. 12 zone, tliis zoRe is assLllned to be Cai'adociatia.

thmesrodus eewopuews range ZgR£

  rllikis is the uppertnost zone efthe Lewer SetuX Lixnestone eftlie LNxl 1 sectien. 'li iie base and top of

tk3is zone ai'e defuied by twe borizons, which ai'e about 105 m aiid 14e m above the base ofthe LAJN 1

section, respectively (FigJJi'e 27). r]]1ris range zone is marked by the gower aixd vapper eccuaeAces of

thmarodus eui"opaeors. rlThis zone contains a cenodont favaieg consisting SZrabbaidella altipes,

Dapsilodus mulatus, Pi"otopanderodus liripipus, Pancie]"odus g7"acilis, atxd Coi"nuodus longibasis. Tliiis

fauria is sitnilaa' to that ofthe H europaeus zone ofthe ST 1 section. As mentioncd above, H ezti'opaeus

is knowii fi'oan the Upper Ordevician sequences in Europe ¥(Walliser, 1964; Dzik, 1978, 1994; Orchard,

198e; Ferretti aiid Baines, 1997; Ferretti aiid Serpagli, 1999) Emd Seuth Clitiiia (Waaig et al., 1996). 2

liripipbls has been also reported fi'om the Upper Ordoviciaii strata in the Baltoscaxidia regions ¥(Dzik,

1 976, 1994; Leslie, 2000), New South Wales (Ticetter and NM:bby, 1994; Zhen et al., 1999), Taklimakan

¥(Wdiig arid Qi, 2001¥). 'Iliese 1ines ofbiostratigraphic evidence irnply a] t age for the Hk}marodus

eerropaeors zone oflate Caradocian.

fteFnssptsthoaesspeizy3utes ptroceus massge Zgite

  ri Etis zone is established in the loweirnost interval, about 1 5 m thick, ofthe Upper Setu1 Linaestone of

the LAN l section (I?igui'e 27), IEIie base aiid top ofthis rdiige zone aire defuied by the fu'st aiid Xast

occv[ti-ences efPterospalkoduspennatuspioceus (Walliser, 1964). Other charactertstic species ofthis
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zone ai'e Dapsiloduspraecipz{us Banikk, l 977, Dapsilodz{s hamarl ago aiad Koike, 1 967¥), Panderodus

langim47iensis (Igo aiid Keike, i967), Pancieroucis sp. c£ R serralus Rexroad, 1967, A blnicoslalus

¥(Branson enid Mehl, 1933¥), and Decorieonusfi"agilis. Plerospathoduspennatusp7"ocezts has been

ktiown firom the upper Llaiidovery to lower Wenlock strata in maiiy areas ofthe world ¥(e.g., Walgiser,

1964; Igo and Koike, l968; Barrick aiid Klapper, 1976; Uyeno, 1990; Matmik, 1998¥). However, the

next zoiie, Dapsilodus obliguicostators zoRe, is an upper Llandevery sequence, as mentioned below.

Z[lierefbre, the age ofthe Plei"ospatkoduspennalztsproceors rEnige zone is kiferred to be late Llaiidovery

Pupsihodges obldygeieostwt£gs vagege Z$eee

  This is the youxiger zone overlying the Pterospalhodzfspennalusproceors zone in the LAN 1 section

and about 30 m in thicktiess (Figui"e 27). 'Ilie base and top efthis range zoite are taken at the Iower and

upper lirnit efthe stratigraphic ratige ofDapsilodus obliguicostan{s (Bratiseit a2id Mehl, 1 933),

respectively. Occurrences ofDapsileduspraecipuus, Dopsilodus hamari, Pancierodus unicosgalus, and

Pandei"odus langim47iensls raiige firom the Lmderlytng zone, axid they disappeai- in the D. obliquicostat･bls

zone. Pseudooneotodus sp. A and Dopsilodus sparsus Baixick, 1 977 as'e restricted their stratigrapEXc

ratige in tltis zone. Mest of species, which occur fi"om this zone, have relatively long spt'atigraphic rariges,

except for D. praecipuus and A langim42iensls. D. praecipztus was described by Banick (1 977) fron3 the

upper Llaxidevery to lower Wenlock rocks in Okialioma. R langim47iensis is kxxowii fi'oxn the lower to

upper Liaiidovery strata ( =R spasrovi Drygant, 1974? in Banick, 1977). "R}ese 1ines ofbiostratigraphic

evidence itnply a2i age for the Dapsilodus obliguicostalus zone of1ate LIEmdovery

0zewAkgdiy2g remscheideyzsts remscheg"dey2sts yagege Zggee

  Tltis zone co"'esponds to an inteival, whose base and top are about 70 m and 120 m above ofthe

lower lirnit efthe Upper Setul Lirnestone in the LAN 1 section, respectively (Figure 27). 'li ltis raiige

zone coincides with the stratigraphic ratige of Qzarkodina remschelciensls remsckeiciensz's ¥(Ziegler,

1 960¥). Tliiis zone is characterized by occLn'eitces of 0 x remscheidensis, Panderodus zinlcostalbls,

Decoriconus.17"agilis, Belociella reslma (PIiilip, 1965), Beloctella anomalis Cooper, 1974, Ozarkodina

e)ccdi7ata exccrvata, Pseu(Jiooneotochis beck]77anni, aiid 0ulochts sp. A. O. x remsckeidensis has been

kiiewii from the Pridoli to Lochkoviaii, widely distributed in the world ¥(e.g., Banick and Kapper, 1 992s

Corradnti et al., 200l s Farrell, 2003¥). B. anon7alis has been reperted frem the upper Ludlow to Pridoli.

Tlie ether speceis have lenger stratigraphic ranges thaii 0. 7v"emsckeiciensis. However, the ages ofthe

overlying atid underlying zones suggest that the drarkodina remscheiciensis remscheldensis zoRe is
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Pridoli.

0nerkodiytw rescaseheideyzsts reg7gscheide"ests - keggdooye.eotoaus beck"72ewtwi g"gkg£k"vaE Zoge£

  This is the uppennost zone ofthe Upper Setu1 Lixnestone in the LAN 1 section and about 1 5 m tltick

¥(Figure 27¥). Tlie base oftltis interval zone is defuied by disappearaEtce of &arkodina remsckeiciensis

remscheidensls. [EIIie top ofthis zone is tal<en at the upper 1intit ofthe stratigraphic range of

Pseudooneolodus becla77anni. Characteristic species ofthe lower pat1 ofthis zoite are 0zarkodZna

remscheidensls eosteinhornensis (Walliser, 1 964), aiid Panderinellica sp, A, The krpper pait oft13 is zone

is characterized by occuiTences ofi[7Zcijsella s4ygia (Flaj s, 1 967), rvay'sella slgn7osngia Vlitleiikztgela-Rios

atid MurphM 1997, .FZcijsella sp. A, .FZojsella sp. B, and Gen. et sp. kidet. 22 are also containted in tltis

zone. 0. z eosleinkornensis is ktiowii to be widely distributed in the world and is an indicator ofthe 0. i:

eoslelnkoTnensls zene, which is one ofthe global staiidai'd zogies in the Lesdiow to Pridoli. Species ofthe

genus Panderinellica ftrstly appeai'ed in Late Siluriaii and has existed dtmxg a Lecnkoviaii to Einsian

age (Fan'ell, 2e03). E sngia and F sig7nostygla have been reported from Nerdx Americ4 Caritic Aips,

aiid Spain (FEajs, 1967; Valeiizuela-Rios and Mewphy, 1997; Valenzuela-Rios akxd Gat'ci& 1998) aiad

indicate a xniddle Loclikovian age. 'fo suin up the above fatllial evidence, titis zone interpreted as Prideli

to Loclikoviaii.

S.6.2 SewienkNNI2

thoperigyewthus tsy"esssde yaitge Zgge£

  "ITItis is the lower zone efthe LAJN 2 section on the Langkawi Islaiids anid established in aii lowennest

interval, about 150 m thick (Figui'e 29). The base aiid tep ofthis zone ai'e taken at the lower aiid upper

1isnit ofthe stratigraphic range of Cooperigr7alhus arando. C arandu is ktiown to be restsicted its

occk!rrence withiii a middle te late Arenigiaix age in North /tmerica, Austragia, and Argentina ¥(e.g.,

Cooper, 198l; Etli[irigton and Clark, i982; Falrreeus and ReM 1993s Aaabnesi et al., 1998; Zhen et ai.,

2003c¥), as mentioned abeve. Tltis zone is characterized by tlris species, ewxd Drepanoistodus costalzis,

Stolopodus mblllicostalus, and fumoclontz{s ganando Cooper, 1981 area also contaiiied in this zone. J

                                                                       'ganancin has been reported from the Ai'enigian rocks in the North Ainerican Midcontinent areas,

including Utaii, 'Ilexas, and New Mexico (EtlrkxgtoR and Clark, 1982s Repetski, 1982), New Ybrk

¥(Landing, 1976¥), Newfoundland ¥(Johiiston and Barnes, 1999, 2000¥), Australia ¥(Coeper, 1981 ; Nicoll.

I992; Zhen et al., 2003c), aiid Argentina (Serpagli, 1974), D. coslalus indicates a early Ai'enigian to
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iniddle Daniwiliati age ¥(Cooper, 1981; VVlettson, 1988; Stait and Druce, 1993s AIbagiesi, 1998; Zhen et al.,

2003c¥), as mentined above. Therefore, the age oftltis zone is interpreted as iniddle to late Arenigiari.

Scompodges gelasdeesders waitge Zogee

  This is tlie upper zone ofthe LAJN 2 sectioA. 'ff Eie lower aiid upper 1initits oftltis zone ax'e about 15O m

and 270 m abeve the base oftlie LAJN 2 section, respectively (Figtli'e 29). "Illiis zone coiiRcides with a

stratigraphic rexige ofStolopedus gz{adi"atus. Characteristic species oftltis zone are n"iangbllockfs

larapinllnensis, Pancterodus nogamli, Aurllobodus sp. cf A. Ieptosematus, ag¥)d v4codus sp. A. As

mentioned above, S gorath"alus has been reported fi'om the Airenigian rocks in the werld ¥(L6fgten, 1 978;

Repetski, 1982; Albanesi, 1998; Zhen et al., 2003b, 2e03c¥), and T la7'apiminensis has been ktiowti from

the ntiddle Aa"enigiata rocks in Australia (Coeper, 1981 ; Stait exid Druce, 1993; Zhen et al., 2003c).

Aurllobodus le:plosomalz{s indicates a 1ate Ai'enigiexi to earIy Darrriwilian age ¥(Watsen, 1 988; Stait diid

Druce, 1993¥), as previeusly noted. "I Eiese 1ines ofbiostratigrap}iic evidence imply atx age for tifie

Seolopodus quacb"alus zone oflate Arenigian. Aiiy conodent zones overlying tiris zoite caii not be

established.
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6. CORRas]L/wrVE¥(}N

6.g CesgeMatieit wvfitkimg gkestwdied se¢st$ges

  I have attempted to correlate the conodont fauiias from the studied sections with those from other

ai'eas in the world. Correlation ofOrdoviciaii to Devonian conodontzones is showii irt Fign'es 30 te 32.

Firstly regional correlation witlim the saLidied ai"eas is discussed below.

6.a.g Lgweygg]M(firkdgeOerdigvfi£gkkzgee£s

  Tlie TAR 1 and rl]A 2 sections are the Lower Ordovician strata. Mbnocoslatus sevieTei7sis and

lhriabiloconzts basslerl are indicators ofthe M sevierensls aiid M sevierensls - V bassleri zones ofthe

TAR 1 section. A 1though M sevierensis does not occur from the TAR 2 sectioia, V bassleri is yieided

firom tgie Rosocins manitoorensis zone te t}ie 7Z?ridontus nakomurai - V bassleri zone ofthe TAR 2

section. Most ofspecies fi'om the TAR 1 section, such as U bassleri, T nakomurai, Drepanoislocins

concm7z{s, Drelpanodus arcualus, aiid Colqptoconus guath"oplicatus, co-eccLtEr fi'oiirx tEie trpper 30-nza

inteiival ofthe R. manilouensis - 7r nahamz{rai zene ofthe TA[R 2 section. [[ifie T[rAR 1 section is

compared with strata below the T nahamurai -V bariabilis zone ofthe TAR 2 section, becawse tbe

stratigraphic raiiges both of T naha]m{rai and U bassleri attain the top ofthe TAR 1 sectien. "} gierefore,

the Ml sevlerensis and M[ sevierensis - V bassleri zenes ofthe TAR g sectien are cerrelated with the

uppennost pait ofthe R. manilouensis - T nakomorral zone ofthe 'TAR 2 section (Figui'es 30 aiid 3 1).

  'Ilie uppenirxost zone ofthe TAR 2 sectien is the upper Lower OrdoviciE"i coittenrporaiteous with the

lowemaost pent ofthe TPR TUW 2 and LAN 2 sections. However, species ofthe TAR 2 section at'e not

conllnon in the other sections.

  [flie TPP, TUS, TUW 1, TUW 2, aiid LAN 2 sections and the lower pait efthe LAN 1 section

contain the uppefinost Lower Ordovician or Middle Ordovician. ']]iie lrUW 1 section does not yield

species, which occui`s fi"om the other sections. Althougli the TUS section shar'es Pancierodus nogamii

with the TPR LAN 1, aiid LAN 2 sections, this species has a relativeiy leitg stratigraphic ranges and is

Lmusefu1 for a detailed correlation. Tlierefore, correlations oftlie TPR TUW 2, and LAN 2 sectioiks aiid

the lower part ofthe LAN l section aire discussed here.

  "Ilie ioweimost emd uppennost zones ofthe TPP section, the R negamii -Acodus sp. D zone and the
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Plectodina eii ychodonta zone, yield A nogamii, which also occuk's firom other sections. 1ff iie Acodors sp.

D zone ofthe TPP section shares 7]"iangz{lodus larapinlinensis with the Prolopandk2roas g7"adol'us zone

ofthe TUW 2 section, the Gen. et sp. indet. 13 zone to the lower part ofthe Drepanoislodus costalz{s

zone oftlie LAN g section, and the Scolopodus quadratus - Ceoperignathors arando zoRe ofthe LAN 2

section. D. cosmtus, which defiities the upper bouridaty efthe Acodus sp. D - D costralzts zone ofthe

TPP section, is also the noimbial species efthe D costatus zone ofthe LAN 1 section. Aw"ilobodus

leptoso7nalzts occurs fi"om the upper part oftheAcothis sp. D - D. coslalus zone ofthe TPP section ai¥)d

the uppemiost pext ofthe D. coslalz{s - R nogamii zene efthe LAN 1 section. C arandu and S

quadratus detemrkie the C. arando zone aiid the S quadi"alus - C. arancia zone ofthe LAN 2 section,

and are conimon species to the R g7"adulors zone ofthe TUW 2 section ewid the Gen. et sp. 13 zoite to the

D. costalus zone ofthe LAN 1 section, respectively. rlb surn up abeve, theAcodus sp. I¥) zone ofthe

TPP sectien ai'e correlated with the lower to iniddle pa{t ofthe R g7"adulus zene ofthe TUW 2 section,

the Gen. et sp, indet. 13 zene te the lower part ofthe D. coslalzts zone ofthe LAN 1 section, and the C.

arando zone to the S guathntors - C arancia zonc ofthe LAN 2 section. TlaeAcodus sp. D - D. cestators

zone ofthe TPP section is compared with the D costatus zone to the D. costalus - A nogamii zeixe of

the Lrw 1 section (FigLll'es 30 aiid 31).

6.g.li!l WgegeexOR"davgcEarkz@ptes

  [[ifie ST l aiid LAN 1 sections are Upper Ordoviciaii aiid share most oftheir chai'acteristic species,

contairiixig Balloniodus sp. cE B. variabilis, Scabbardella allipes, Cornztoch{s longlbasts, Dopsilodus

mutatus, demarodus europaeus, aiid Pi"olopancie7"odus liripipbls. Ilke R}godus anserinus zone ofthe ST

1 sectioit is defined by the occumence ofR anserinus, wliich is net yieRded from the LAJN 1 sectien.

Pancierodus g7"acilis is also contaiiied in the R anserim{s zone aiid has a relatively long stratigraphic

rarige. [[ifierefbre, the R anserinus zene efthe ST 1 section can not be compared with any zones ofthe

LAN 1 section. Tlie B. sp. c£ B, variabllls zones both ofthe ST 1 aiid LAN 1 sections are correlated

with each other, because ofthe preseRce efthe hidex species, B. sp. cf B. variabills, 1[lie S allipes -- H

ew"
opaeus zone ofthe ST 1 section yields S altipes and D. imtlaiors, which have the stratigraphic ranges

froin the B. sp. c£ B. i7ariabills zone to the H europaeus zone. [E Eie H europaeus zoncs both ofthe ST 1

and LAN 1 sections di`e detemiLined by the occunence ofLl ew"opaeus and shar'e S altipes, D. mectalus,

atid Protopancierodus liripipz{s. 'flierefore, these two H ew"opaeors zones are compared with each other,

aiid the uiiderlying the S allipes - H europaeors zone ofthe ST 1 section aiid the Gen. et sp. lndet. 12
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zone ofthe LAN 1 section ai-e also equivalent (Figtrres 30 aiid 3l).

6.R.3 SRtwygaxt g$ Devgitikge zogees

  Conedont zones ofthe ST 2 section ai"e Silmian aiid these ofthe upper part ofthe LAN 1 section ai'e

Siluiian to Devonian. Species yielded from the ezarkodina excavata exccrvala zone ofthe ST 2 section

also occtll' firem the LAN 1 section. 0. e. excavata, Pseudooneotodus becinnanni, aiid f'ancierodus

langim4?iensis are restricted to occur in the LAN 1 section. However, the sct'atigraphic raiige ofA

langim7ensls do not overlap those ef 0. e. excavata and R beck]nanni in the LAN 1 sectien. 2

beck7nanni has been reported fi'oi n tlie Lower Ordoviciaii to Upper SilLniEllrstt'ata in nLmiereuks ai'eas of

the world (Uyeno, i990). OccuiTence of 0. e. excavata raiiges frem the Lewer to Upper Silukiaix

sequences (Ban ik atid Klapper, 1976; ArznstroRg, 1990; UyeRo, 1990). On the etfxer hand, 2

langkm4?ensis has been knowii frein the Llandovery rocks eanik, 1 977¥). rllae stratigrapiiiic rakige oftlitis

sepcies is 1intited te the Ple7"ospathochtspennalz{spf"oceus zone to the Dapsilodzts obliguicostalus zone

in the LAN 1 section. 1fiierefore, the 0. e. excavala zone ofthe ST g section is correlated with tlxe R p.

proceors zone te the D. obligziicoslatus zone in the LAN g section (I iguki'e 32).

6.2 ¢gxgNgeargsoge wwggk Oydigvg¢iaee £gn$dgwt bgosSvastgwageky Ege gk£ ww@ergdi

  Ordoviciari conodont zones in the studied areas are correlated with those froni [Rliai1ewid, Malaysi&

Australi& Nonli ClidRk South Clrkk the Noxth Atlaixtic at'eas, and the Nor{lx Anierican Midcontixaent

areas. Correlatien ofOrdoviciaii conodont zones is showii in Figt"'es 30 aiid 3 1.

6e2efi Tla3reandagedMa]agrsta

  'Tb date, Ordoviciati conodont fauiias have been reported from 'Iatfuktao Isla3id, the Laxxgkawi Islai¥)ds,

arid the Peris area in penikrsular Malaysia ¥(Igo atid Keike, 1967, 1968; Metcalfe, 1980; 'Ieraoka et al.,

1 982). Aitheugh rferaeka et al. (l 982) identified 28 species ofT!'emadocian to Ai'enigian conedont, their

conodont fauiias have few species in conMnon with those from the TAR 1 and T/va 2 sections ofthe

present study. Ms reaseii is that the studied sections by ']]eraoka et al. (1 982) are tetally more thaii 2,OOO

m thick aiid raiige a much longer tirne than the TAIR 1 aiid TAR 2 sections. [[lierefore, it is knpossible to

compare with these faLllias.
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  Metcalfe (1980) showed a list ofOrdoviciati conodonts fi"om the Setul Lirnestone in the Peris are&

peirkisulex- Malaysi& and stated their ages. He recovered tlrree conodont faurias from the locality l , 2,

aiid 3 in the Peris aa'ea. Tlie age ofthe faurias fi`om the locality 1 aiid 3 is Eai'}y Ordoviciaxi aikd the fauiia

frem the locality 2 is Middle Ordoviciati. [Eiese fam3as do not share exiy species with faurias efthe

present study, except fbr Pancieroch{s nogamii ( = Scolopodus sp. iia Metcalfe, 1980) in the faLma fi'em

the locality 1 . However, tltis species is ulliusefui for the correlation due to its ieng stratigraphic range.

  Igo aiid Koike (1967, 1968) described Middle Ordovician to Early SilExtiatk ceRiodonts firom the

Laiigkawi Islaiids arid established four conodont zones as fo11ows; the Scolopodus sxazafori -

Scolopodus gi.aanleus, Scabbardella almpes, Acodus 7nulatus - Dopsiledus hamarl, aiid Pesnderodus

z{nicoslatus zones, in ascending order. Tliese zones yield several species iii cermnon with tifie LAN I

section in tltis study. Ordoviciari species such as Scabbazciella allipes, n"iangulodus laropinlinensls,

.7itanog77athus variabilis, aiid Pancierodus nogamii are described by Ige and Keike (1 967) as Acodus

similaris Rliodes, l 955 aiid Drepanodus altipes HemrigsmoeB, 1 948, Scolopodeis vulgnrls ¥(Bxraiison and

Mehl, 1933¥), Aconliodus sp. B, aixd Scolopodus sp. cf S bassleTi Fuinish, I938, respectively. Silvniaii

species, Pancierodus unicostators, Pancierock{s langimvlensls, and Dopsllodus kainari, also have

reported by Ige and Koike (l967). Consequently, the Gen. et sp. Ixgdet. 13 zone to the demarodus

eui"
opaeors zone in the LAN 1 section in tltis study is compax"ed with the Scolopodus staufarl - Sl

gi.aanteus zone to the lower part oftheAcodus mulalus - Dapsilodus hamari zoRe ofIgo and Koike

¥( 1 967¥). Tgie Aerospathoduspennalusproceus zone to the Dapsilodus obligutcosldtus zone efthis study

is roughly correEated with the upper part efthe the Aco¥(Jins mutalus - Dapsiledus hamari zone to the

Panderodus ztnicostalus zone ofIgo and Koike (1967).

6e2,2 Awsggaggk

  Ordoviciati conodont faunas are reported froxn the several basins in Australia. rftremadociaR coRodont

zones in the neirtiieast ofAustralia ai'e recogrtized by Druce aiid JoRes (1971) and Jenes (197l) as

fo11ows; the Corc471odusproavus, 0neotodus blcuspatbls - Drepanodus slnzplex, Cordylodus

oklahomensis - C, lincistr"omi, Coidylodusprion - Skrolopodus, CoTdylodus reXundnlors - C. angulalus,

Chosonoduna heifarthl - Acodus, aiid b"epanodus? g7"acills - Scolopodus sexplicalus zones, xn

ascending order (Figu[t'e 3O), Lower to Middle Ordovician strat& such as the Horn Valley Siitstone in the

A2nadeus Basin, the Coolibah Fonnation in the Georgina Basin, the Tabita Fonnation in the

Koonenberry Belt, and the Hensleigh Siltstone in the Wahriiiga are& yield conodont faunas ¥(Figut'e
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30) (Cooper, 1981 l Stait and Druce, 1993; Zhen et al,, 2003b, 2e03c). Middle Ordovician faurias have

been reperted fi'om the Goldwyer aiid Nita Fonnatiens in the CaiM)itig Basin (Figne 3O) (NMittson,

1 988¥). [fiie Waiiririga Lisnestone in the Wallliiiga area aiid the C}iefden Caves Lin3kestone aixd the

Malongu11i Fonnation in the Cliefden Caves at'ea yield Late Ordoviciari fauxias (Figtll'e 3O) ("I]icotter and

NM2bby, 1994; Zhen et al., 1999; Zhen et al., 2003a¥). "IIEiese zones and sequences are cerrelated with the

Ordoviciaii zones in thils study, except fbrthe TUW 1 aiid TUS sections, which yield quite a few

conodoiits.

Se¢stigge TAR fi

  lariabiloconus bassleri, which raiiges tlrroughout the TAR 1 section, and Scolopodus gTansistans

were reported frokik k the Bonaparte GulfBasin aiid the Nimnax-eo Fomaation in the mordieast efAustralia

¥(Druce aiid Jones, i971; Jones, 1971¥). U bassleri i's ktiovvii from the Coidylodusprlon - Scelopocins

toepanodus to Drepanodus? g7"acilis - S sexplicatus zones in Australia. S transltans occuxrs fi"om the

Co7"dylodus rolundalzts - C. angulalus to D. ? g7'acilis - Scolopodus seuplicatus zenes in Austragia.

Tlierefore, the imnocostatus sevierensis to MsevieTensis - V bassleri zones in the TAR 1 section ax"e

approxirinately compared with the C. i"olz{ndotus - C. angulalus to D. ? gr"acilis - S sexplicatus zones in

Australia (Figtll'e 30).

Se£tiwt TAR 2

  Tlie TA[R 2 section shares Rossodus manltouensis ¥(=Acodus oneolensis FLmiSsh, 1938, isi Drugce aiid

Jones, 1971 aiid Joxxes, 1971¥), which detemrkies the lowerrnost zone in tlxe TAR 2 section, with the

Chosonoduna heijurthi - Acodus te Drepanodus? g7"acilis - Stolopodus seuplicatus zones in Ausct-alia.

[fi kerefore, the R. manitouenesis zene in the TAR 2 sectien is equivagent to the C hei:77trlhi -Acodus to

D. ? g7"acllis -- Sl seuplicators zones (FigLire 30). rllEie ntiddle to upper pagt ofthe 'IrAR 2 section does not

yield coniiiiion species to Australia, except for Proloprioniodus yapu. Tliis species has been described

frem the Horn Valley Siltstone and the Tabita Fonnation (Cooper, 198i; Zhen et al., 2003c). However,

these strata are not directly compared with each other, because thls species has a stratigraphic ragne

fi'om ntiddle to late AJrenigian and the other chai'acteristic species ofthe Australiar} faurias do not occui'

from the TAJR 2 section.

S£wiee TP?

  Five species fi"em the TPP section, Pancierodus noganzii, J2ianegnalhus variesbills, 7]"iangulodus
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larapintlnensis, D7"epanoistodus costmus, Aw"llobodus leplosomalz{s, aiid LIZstiociella kolo¥( ientata, have

been also reported from Austt'alia, R nogamii, which occui' tli[roughout the TPP section, has been

described fi`om the Hom Valley Sikstone, the fabita Fonnation, the Hensleigh SiksteRe, the Goldwyer

Fonnation, aiid the Nita Fonnation (Cooper, 1981; Watson, 1988; Zhen et al., 2003b, 2003c). X

va7"iabilis aiid T laraplnlinensls occur from the A nogamli - 7]"inangulodus brevibasis zone and the T

brevibasis zone ofthe TPP section, respectively. .I va7"iabills has been kiiowii firom the Heiisleigii

Siitstone (Zhen et al,, 2003b). However, occuri"ence ofthis species in other areas is ktiewii from eat'ly

Arenigiaii te eaily Daniwik'aii (e.g., Serpagli, 1974; Etlrkigton aiid Clark, 1982; Pohler, 1994). T

larapinllnensis has been reported fi'om the Horn Valley Siltstone, the Coolibaix Femiation, the wabita

Fomiatien, the Geldwyer Foffnation, aiid the Nita Fonnation ¥(NMiLtson, g988; Stait aiid DxTuce, 1993;

Cooper, 1981l Zhen et al., 2003c¥). Tlierefore, the A nogamii - T brei?lbasis zone aiid the T brei7ibasis

zone ofthe TPP section can not be compared with exiy paiticular sequeitces in Australia.

  Tlie upper 1irnit ofthe T brevibasis - D. coslatus zone is defined by D. coslalus, which has been

knewii frem the Hem Valley Siltstonc (= Drepanoisolduspiij'anll, in the Cooper, a981), the Coolibala

Foixx3atien, the fabita Femiation, aiid the Geldwyer Fomiation ¥(Cooper, 1981 ; Watson, 1988; Stait and

Druce, 1993; Zhen et al., 2003c). NMittson (1988) described A, leptosemalers (=JZtanognathus

leplosomatus, in Watson, 1988¥) and H helodenldta, which characterize the'T brevibasis - D. cosl'alors

zone ofthe ']rPP section, from the 6eldwyer Fennation (Watson, 1988). 1(b sum up above, the upper

part ofthe T brevibasis - D. costalus zone ofthe TPP section is centemperaRxeeves with the Goldwyer

Fomiation (Figure 30).

Secboge TW"W 2

  "] his section shares most ofspecies with the Lower to Middle Ordovician strata in Australia. '11ie

Horn Valley Siltstone contains Cooperig77athz{s arando (=Protoprioniodus arando Cooper, 1981),

Cooperig77alhus ayinll ( =Protoprleniochts pzJ71nll Cooper, 1 98 1), Eratticodonpalu, .Prolopi"ioniodzis

yapu, and n"igonodus laropintlnensis, all ofwhich are present in the lewer to iniddge paits efthe

Perlodon aculeatus zene in the present study (Cooper, 1981). [[Eie Coolibali Fonxixatien yields a

conodont fauna compaiable to that ofthe TPP section, such as C arancia ¥( =Prolop]"ioniodZts ]aylizli, in

Stait and Difuce, 1993), Paroistodus originalis, and T larapintinensis (Stait Emd Druce, 1993). Zhen, et

al. (2003c) reported C. arancia, C. ayinti, E. patu, Prolopanderodus g7'adutus, ]l? leenai'd7i, R yopu, aiici

T laropinllnensls fi'om the fabita Fonnation. Therefore, the lower part ofthe Periodon aculealus zone

ofthe TUW 2 section is correlative with the I{orn Valley SiltstoRe, the Coolibah Foptnation, and the
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wabita Forination (Figtll'e 3O).

S£wien LAN fl

  1[llie Gen. et sp. indet. 1 3 zone, Di"epanoistodz{s costalzts zone, and D. costatus - Pandeorucis nogamii

zone efthe LAN 1 section yields several sratigraphically inipotraiit speceis, includkxg Stolopodus

ez{ath"alus, Prloniodus amacieors, aiid Aorrllobodus leplosomalus. S quath"alus is ktiowri from the

HensXeigh Siltstone atid the Tabita Fofination (Zhen et al., 2003b, 2003c), and fl am.adeers was

described by Cooper (1981) from the Horn Valley Siltstone. Watseit (1988) repoitedA. Ieptosoinatzts

firoRn the Goldwyer Fonnation. Althogh D. costatus, R nogamii, aiad ]"iangulodus larapinlinensis have

comparatively long stratigraphic raiiges, these species are conlinon to the LAN 1 section, the Hom

Valley Siltstone, the Coolibali Fomaation, the fabita Fonnation, aiid the Geldwyer Formation ¥(Cooper,

l98l; Watson, 1988; Stait and Druce, 1993; Zhen et al., 2003c¥). The age ofthe Hensleigli Siltstene is

sliglitly older than those ofthe other Lewer Ordoviciexi sequences in Australi& arkd predoniinewxt species

ofthe Hensleigh Siitstone do not occux' from the LAN 1 section. fo surn up above, the Gen. et sp. bidet.

13 zene aiid Di"epanoistodus costalus zone ofthe LAN 1 section may be con'elated with the Henk

Viitlley Siltstone, the Cooiigak Fonnation, aiid the [labita Foimation. rfiie D. coslatus - Pancieorucis

nognmii zone ofthe LAN 1 sectien is compared with the GoldwyerfFormatien.

  Tlae Ballonioch{s sp. cf B. variabllis zone to the Hlrimarodus ew"opaeus zone ofthe LAN 1 section

shai4e Plei"opanderodus llripipz{s, Sbabbai"della allipes, aiid Dapsilodus mulatus with the Upper

Ordoviciari strata in Austr"alia. However, H europaeus, which is the index species ofthe H ew"opaeors

zone, is not kxxowri frem Australia, Prolopancierodus liripipers has been reported from and the Malachi's

Hill Beds (Zhen et al., 1 999). Tiie lower pewt ofthe Malongulii Foimation yields A llripipus, Dapsilodus

mutatus, and SZrabbarciella altipes ("Ilt'otter and Webby, 1 994). On the basis efthese species, the B. sp. cf

B. variabilis zone to the H europaeus zeite at"e patlially corelated with the Malachi's Hill Beds aixd the

iower pait ofthc MaEengulli Formation (Figure 3e).

Se£twge MAN 2

  D7"epanoistodz{s costatus, Pande]"odus nogamii, 7¥)"langulodus lai"opl"linensis, Stolopodas guacb"alus,

aiid Cooperignathors arando afe conmion to the LAN 2 section aird the AustraliEm strata, as mentioned

above. JZ{modonlzas ganacia also occui' fi'om the LAN 2 section, the Horn Valley Siltstene, and the

fabita Fomaatien (Cooepr, l981; Zhen et al., 2003c). Therefore, the C. arandu ai3d Sl guadi"alzts - C.

arandu zones ofthe LAN 2 section are approxinnately correlated with the Hom Xlalley Siltstone, the
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Coolibali Fom3ation, aiid the 'fabita Fomaation (Figvii'e 3O).

Sewiee ST fl

  Tlie SeabbaiAdella altipes - Htimarodus europaez{s zone and tlie H eui"opaezts zone ofthe ST 1

section share Ploi"opanderodzts liripipz{s, S allipes, diid Dapsilodus mulalus with the Malachi's Hiil

Beds aiid the lower part ofthe Malongulli Foin3ation in Australia, Tlie Sl gltipes - U ew"opaeus to H

ew"opaeus zones ofthe ST 1 section is partially equivalent to the previous two seqEgeRces in Australia

¥(Figtll'e 30¥).

6e2.3 Ngg"tbeCkgma

  According te Wang et al. (1996), 14 Ordoviciatx conedont zones are recognzed in Nonh Chiik as

FigJ.u'e 3 l . The rlrAR 1 , TA.R 2, aiid TPP sections in the stLidied Eg'eas shaa'e several species with North

Clima.

Secboms TAR ft and TAR 2

  7leridontzis naham.w"ai diid 7Vfonocostalus sevierensls have relatively long sct'atigraphic ratiges.

Colaptocenus guath"oplicalus (== Goptoconus qbliadraplicatus, in Watig et al., 1 996) is ktiowii froin the

Coi"dylodus ¥(7uath"oplicatus - Co7dylodus heijui"thi zoRe to the Serratogv7alhas bilobatus zone ikx Noirth

Cli[ina. On the basis efthese species, zones oftltis study may be correlated as fo11ows; the M sevierensls

zone in the TAR 1 section exxd the Rossodus inanitouensls zone to the Gen. et a[E. indet. 7 zexxe in the

TAR 2 section are reughly coinpared with the C. quath"aplicatus - C heifarthl zone to the S bilobatus

zone in Nordi Cli[Liia (Figtrre 3 l)

Sewitw T?P

  ffZstiociella holodenlala and Plectodina oayckodonta, which occur fi"om the TPP section, ai'e

characteristic species ofthe 7Zzngskanodus tangshanensis te Eoplacog77,athors suecicus - 2 oi4J2chodonla

zones aiid the E. suecicus - R oayckodonta te Aurilobodus serrators zones ofNoith Chna, respectively

¥(Wang et al., 1996¥). Therefore, the upper pait ofthe T brevibasls - D7"epanoislodus cestalus zone in the

TPP section is compai'ed with the T langshanensis zone to the E. sueclcus - R oizychGdbnla zoike ka

Nordi Clitiiia. 'I Eie R oayckodonta zone iri the TPP section is equivalent te the E. suecicus - R

oaycheclonla zone to A. se]"ralus zone in Nortli Cliiiia (Figui'e 3 l),
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6.2.4 Sewtk¢kiniga

  }Follewing 19 zones ofOrdovician conodont were established in South Clrkia by Waiig et a]. (1996)s

the Coi"dylodusproavors, Co7'c471odus intern7ediors, Corcb71odus angnlalus, Coi"dylodus guath"apllcalus,

Paltodus cieltijZir, Skii"ratog77athus, 0epikodz{s evae, Balloniodus tr"ianguralis, Balloniodus newis,

Parolslodus origlnalis, Lenodus varlabilis, Eoplacog77alhus suecicus, bgodzis serra, 2¥)lgodus

anserinus, Baltoniodus variabllis, Baltoniodzis alobalus, demarodus ew"opaeus, Prolopanderodus

lnscuiptus, aiid Amo]zpkog77alhus oxdovicicus zones, in ascending order (Figexi'e 3 1). Correlatioits

between these zones and those efthe TAIR 1, TAR 2, TPR ST 1, and LAN 1 sections, contak tiiag several

stratigraphically usefu1 species, are discussed belew.

secmoRAs [grAR g and grma 2

   7Z?riclontus nahamurai, ?va¥)nocostalz{s sevlerensis, and Colaptoconus guadrapllcatzfs have been

reperted frern the lower Lower Ordovicia2i, the Co]"c471odusp]"oavors to Cordylodus gua¥( 0"oplicatus

zones in South Chiiia (Wang et al., 1996), However, the otherspecies centained in the TA[R l and TAR

2 sections have been iciowii to occLir from tlie iniddEe to late Early Ordoviciaxi strata. Tlierefore, tlie

TAR 1 and TAR 2 sections seems te be slightly youiiger thaii the zones in South Clrk]a mentioned

above (Figtire 31).

Se¢box TPP

  .hianog77athz{s variabllis occui`s both fi"om the Pandei"odus nogamii- Acodus sp. D zene cfthe TPP

sectien and the Se]"ratognathus to Baltoniocins l]'iangz{i"alls zones agid the Pa7"oislodus o7"iginalis zone in

Seuth Clrixaa (Wang et ai., 1996; Wang arxd Bergstr6m, 1999a). [he upper part oftheAcodus sp. D -

Drepairoislodus cestatzts zone in the TPP section is characterized by HZslloctella kolodentata, wl#ch

occurs from the Eoplacog77atkus suecicus zone in South Clitiiia (Wang et al., 1996). [fl te foui' zones of

the TI'P section ai'e approxiinately correlated with tlie Baltoniodus n"ianguralis zone to the

Eoplacogr7athzts sueclcus zone iii South Chnia (Figui'e 31).

Se£utgit it/WN fl

  [ptie lowermost part ofthe LAN 1 section does not share atiy species with South China. Hewever, the

Baltoniodus sp, cf B. vai"labilis zone to the demarodors europaeus zone in the LAN 1 section yield
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severa1 conunon species to South Cliiiia, such as ScabbaJ"della altipes, Dapsilodus mutalus,

Ptoropanderodus liripipus, emid H europaez{s (/Mi et al., 1985; Waiig et al., i996). S altipes atxd D

mulalus are representative species ofthe B. sp. cf B. variabills zoiie to the H ew"opaeus zone in the

LAN 1 section atid have reperted from the the Aygodus serra zone to the H europaeus zone bk South

Chiiia (Aii et al., 1985; Watig et al., 1996). R liripipus, which is ene ofthe characteristic species ofthe H

europaeus zoRe efthe LAN 1 section, has been kiiowri fi'om the Baltoniodus i]a7"labilis zene to the

Amoizphog77athus oimbvicicas zone in South Chiiia (Aii et ai., 1985; Waiig et al., 1996). OccvxtTence ofH

ew"
opaeus, the nonwhiate species ofthe Hlfxmarodus ez{ropaeus zoRe ofthe LNsg 1 section, is reswicted

to the H eztropaeus zone in SoutiEi Clima (/in et al., 1985; Wewig et al., g996). B. variabilis (=: Prionlodzts

varlabllis Bergstr6m, 1962, in Waiig et al., 1996¥) occurs firom the B. variabllis akid Ballonledus alobatbls

zones in South Cli[ina (Waiig et al., 1996). "Ib surn up the above faLmal evidence, the B. sp. cf: B.

varlabilis zone, the Gen, et sp, 12 zone, atid the H ez{ropaez{s zone in the LAN g section are cornpared

with the B. variabilis, B. alobalus, aiid H eui"opaeus zones in South Clima, respectively (Figure 3 1).

Secstgit ST fi

  rthe Baltoi7,iodus sp. c£ B. varlabilis zone to the Ll2fzmarodus ew"opaeus zone in the ST section, as

well as the LAN 1 sectioR, yield Scabbardella allipes, Dopsllodus mzilatus, Pto7"opanderodus llripipus,

aaid H ew"opaeus, which aEso occur frem South China (Aai et al., 1985; Waiig et al., 1996). Rygodus

anserlnus defuies the 2 anserinus zone both in the ST 1 sectien agid South Clxiiia ¥(Aik et al., 1 985; Waiig

et al., 1 996¥). These 1ines ofbiostratigi"aphic evidence indicate that the 2 anserinus zone, the B. sp. cf B.

varlabilis zone, S altipes - H europaezis zone, and the H eu7"opaeus zone in tlxe ST 1 sectien ai'e

correiated vvith the 2 anserlnus, B. variabllis, B. alobalors, and H ew"opgeus zones in Soutli Chigk

respectively (Figtrre 3 1).

6.2.S NgptkAggewti£3rek

  W3bby et al. (2004) compiled the conodont sequence in the Nordi Atlantic ar'eas as foIIows, in

ascending order; the Cordylodbls angulatus, PallodZ{s cieltdeT, Paroislodusproleus, Prionlodus elegans,

0qpikodZts evae, Balloniodus fi"iangularis, Baltoniodus ncrvis, Paroistodus originalis, Balloniodus

norrlandicus, Lenodus variabills, Eoplacognatkus suecicus, Rygodus serra, R}godus anserinus,

Amoizphog77athus A7aerensis, Amo7zpkog72atkors superbas, aixd Amoizpkognatkus orciovlcicus zones

¥(Figure 31¥). [IIhe TUW 1, ST 1, aiid LAN 1 sectiens in tiMs study share several ixnpoirtaiit species with
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the Nerdi At}aritic ai"eas.

s£¢ti$ge Trw a

  J>i>2zllise7edZds costatzts raiiges a more resnicted sequgence than that ofProlopancie7"odixs g7'esdutas ¥(Dzik,

1976; L6fgt'en, 1978¥). 1[lie R g7"adutus zone in the TUW g section is correlated with the Baltonlodus

n"iangularis to Lenodus variabilis zones, wlitich occLir M¥)Zzlllserodus costalus, iii the North Atlaxrtic areas

¥(Figui'e 31¥).

Se¢tiege g.2opl A

  The Middle Ordovician strata in the LAN 1 section do not contain any coimnoxa species to the Neith

Atlatitic areas. Upper Ordoviciari strata ofthe LAN 1 section yieid several species, wltich also occuE'

fi'om the North Atldiitic areas. Scabbazdella allipes and Dapsilodus mutalus occur fi'om the Baltoniodus

sp. cf: B. variabills zone to the Hl imarodus ew'opaeus zone iii the LPSNI 1 sectien, aEici ai'e representative

species ofthe Rygodus ai7serinzts to Amo7vkog77athors ozdovicicus zoixes in the Nortlx Atlantic ew'ea

Ozik, 1976, 1994; Orchai'd, 1980; Ferretti, l998¥). Protopanderodus liripipbls, wl [ich is one efthe

nonitiiial species ofthe H europaezis zone ofthe ST 1 section, has been reperted froin the

Amoizphognathors superbus and A. ordoviclcus zones in the Nerth Atldiitic areas ¥(Orc}xasrd, 1 980; Dzik,

1994; Leslie, 2000¥). H ew"opaez{s, which is the noniiiiate species ofthe H ew"opaeus zone ofthe LAN

1 section, is a representative species ofthe A. sz4?erbus andA. o7"dovicicus zoites in tlie Nortlx Atlaiitic

at'eas (Wlitlliser, 1964; Dzik, l978, 1994; Orchard, 1980). Baltoniodus variabilis is a characteristic

species efthe lower part oftheAmo7zphognathus A7aerensis zone ¥(Bergstr6m, 1971s Dzik, 1976, l994;

Leslie, 2000¥). These iines ofbiestratigraphic evidence indicate tliat the B. sp. cf B. variabilis zone, the

Gen. et sp. I2 zene, aiid the H europaeus zone in the LAN 1 section are correlative with the lower part

ofthe A. A7aerensis zone, tlie upper part efthe A. Ivaerensls, and theA. superbus zene in the Noith

Atlarxtic area. rllie upper beundary ofthe H ew"opaeus zone in the LAN 1 sectieit may not attam

Ashgiiliati, because tlris zone does not centain the latest erdoviciexi conodonts, such as A. oi"dovicicus

Branson atid Meld, 1933 and Pi"olopanderodus inscuiplus (Bransoik and Mehl, 1933) (Figui'e 3 1).

S£ctiee ST fi

  Several species in the ST 1 section, as well as in the LAN 1 section, are in cointnon with the Nerth

Atlantic areas. Seabbai"ctella altipes, Dapsilodus 7nutalus, Protopancierodus liripipus, and Hlxinarodors

euJ"
opaezts are representative species ofUpper Ordovicidii in the North Atlantic areas, as neted above,
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OccuiTence offygodus anserinus detem3kkes the R anserinus zone both in the ST 1 section and the

Noith Atlantic areas (Bergsti"6m, l971s Dzik, 1994; Zhang, 1998). Tb surn up the above fauiial evideRce,

the R anserinus, Baltoniedus sp. c£ B. va]"iabilis, S allipes - H europaezts, exxd H ew"opaeus zones in

the ST 1 section are con'elative with the A?godus anserinzts zone, the lower pext oftheAmeiphog77alhus

lvaerensis zone, the upper pait ofthe Amoizphog77athus n?aerensis zone aiid the Amoi? ¥)hog77alhzis

superbus zone in the Nerth Atlaiitic are& respectively (Figi.ll'e 3 g). rlhe upper boundaxy ofthe H

ew"
opaeus zone in the ST 1 sectien may net attain Ashgillian by the saikxe reason as the LAN 1 sectioii.

6e2.6 Nofirtlaim£gea¢ageMgd£egetigeeptg

  Accordingte Etlimgten and Clark (1982) and Sweet and 'folbert (i997), the sundard Ordovician

conodont sequence in the Nordi Ainerican Midcontinent axrea caii be suininarized as fo11ews, in

ascending order: the Co7dyloduspi"oai7zts, C. intennedius, C. Ilnestr"omi, C lapelog77alhus, C ai7gulalus,

Rossocins manitouensls, Low Diversity interval, Ml7cieredus dianae, Diopkorodus deltalus - 0n,eolodus

costalus, 0epikodZ{s communis, Reutterodus andinz{s, 77"ipodus laevls, HZsliociella alltfi'ons, H sinuosa,

LI holodentata, Phragn7odus 'Pre 77exuosus ", Cahabag77alhusfi"ien`Jisvlllensis, C si47eeli, Periodon

aculealus, Erismoch{s gz{aabidoctylz{s, BelodZna conzpressa, Ph]"ag7nodus undotus, Pleclod7na lenuis,

Belodlna co7zfluens, 0ulodus velicuspis, 0ulodus robztstus, mphelognalkus grgndis, Aphelog77athus

divergens, aixd mphelogr7athus shetzeri zones (Figure 3 1 ). CoirreRations witla conodont zoites in the Nortli

Axnerican Midcentinent ax'eas are discussed about the TAR 1, TAR 2, TPR ST 1, LAN 1, axtd LAN 2

sectiorxs, because the TUW 1 , TUW 2, and WS sections do not share Emy biostratigrapE3icaily irnportagxt

species with the Nordi Ainericewi Midcontinent areas.

s£cboee TAR a

  Several species are coiniMon to the TAR 1 section and the Nortli AiMerican Midcontinent ar'eas.

71?riodon nakomurai, J¥)Z}rlabiloconzts basslerl, diid fVfonocoslatus sevierensis have been reported from

the foexiaia series in the North Ainericati Midcontinent areas ¥(Funtish, 1938g Miller, 1969, 1980;

Ethirigton and Clai'k, 1 971 ; Repetski, 1 982¥). Colaptoconus quacfi"iplicalzts has beeR described from the

Low Diversity interval te the 0epikodus communis zones (EtliLiiigton and Clark, 1 982; Repetski, 1 982).

"Mierefore, the A4 sevierensls diid M seviei"ensis - V bassleri zones in the TAR 1 section ai-e

approxitnately cempai"ed with the Low Diversity inteiTval to the 0 commz{nis zones (Figv[re 3 l),
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Sectiee TAR 2

  [ftte TAR 2 sectien shares its several representative species with North Ainerica. 7i?rlocion nahamorrai

aiid l¥)Ziriablloconzts bassleri have been kiiowii from tlie I]bexidii series iii the Noith dniericaii

Midcontinent di-eas, as previously mentioned. RossodZts manitouensls is the nontirtate species ofthe R.

manitouensls zone of in the TAR 2 section and the North Aanericati Midcontinent a2'eas ¥(Ethjiigton diid

Clark, 1971, 1982; Repetski, l982; Repetski and Etli[irigton, 1983¥). Acanthodus linealus, which also

chai'acterizes the R. manilouensis zone in the TAR 2 section, has been reported fi'om the ifbexiaii series

ofthe North Aniericari Midcontinent areas (FvRnish, 1938; Etliiiigtolt and Clark, 197I ; l982).

Coloploconus boliles aiid Colaptoconors.77oweri ai'e representative species ofthe R. manitoueizsls to Gen.

et sp. indet, 7 zones aiid the R. manltouensis to Gen. et sp. kidet. 7 - C. .f7oweri zones in the TAR 2

section, respectively. Repetski (1 982) described these species from the Ibexiari series in the Nortga

Ainerican Midcentinent areas, atid Ji atid Banies (1994) also reported thean from the sequeitce, which

cerresponds to the Diophorodus dellatus - Oneolodus costatus zone, in Newfoundland. 'ITEie upper patt

ofthe R. 7nanilouensis - T nahamurai zone to the Gen. et sp. Iiadet. 7 zoRie in the "Il/va. 2 sectieix yields

Colaploconus guath"iplicalus, wliich has been described froEn the Low Diversity krtexrval to tExe

0eplkodz{s commz{nls zones (Etl [iiigten aiid Clark, l982; Repetski, 1982). One ofthe representative

species ofthe Gen. et sp, indet. 7 zone in the TAR 2 section, Acodus conzplus, has been reported from

the foexiari series in tlae Nenli Ajtnericem Midcontinent areas (Bratisoix a2xd Mehl, 1 933 l Repetski, 1 982).

¥(I¥)ccun'ence of,F71odontorsfilosus ranges the Low Diversity kiterval to the Reug'terodus andiers zone in

the Nordx Ainericasct Midcontinent areas (Etlitiiigton and Clat'k, 1982; Repetski, 1982). TEiese lkies of

biostratigrapltic evidence indicate the followings the R. manitouensis zone efthe TAR 2 sectien is

compared with the R. manllouensis zone in North Ainerica; the R. manilouensis - T nahainaxrai zone,

the 7r nakomural - J>f bassleri zone, aiid the Gen. et sp. kxdet. 7 zone oftlxe "rA[R 2 section ai'e equivaleRt

to the Low Diversity interval to the 0. commw7is zone in Nordx A tnerica; the Gen. et sp. indet. 7 - C.

./7oweri zene ofthe TAR 2 section is coirelated with the R. andius zone in Nei7tla Aapterica (Figne 3 1).

Sewiee TPP

  TIie Panderoch{s noga]nii - 77"iangulodus brevinbasis zene atid the T brevlnbasis - Drepanolsloth{s

coslatus zone ofthe TPP sectien yields ,,12danogrzathzts i7aTiabilis and HZsliodella holocienidla,

respectively, which are conMnon species to zones in the North Ainericata Midcontinent areas. J

variabilis has been reported from the Lew Diversity kiteival te the ]'ipodus laei7is zone in the Noith

imiericari Midcontinent areas (Etlfuigten diid Clark, 1982; Repetski, 1982). H holodentala is the index
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species ofthe H holocienlata zene in the North Aimicati Midcontinent areas ¥(Etlfuigton atad Clark,

l 982¥). Futhemiore, the loweltnost occui3'ence efR nogamil, which ragiges tlll'ouglieut the TPP section,

is kiiovvii to be the T leai7is zone in the Gondwana areas (Cannill and Burrgrett, 2003), although tltis

species has not been repoiled fi'om Noith Ainerica. "Ib sdin up above, the rlTEie A nogamii T brei7inbasis

zone ofthe TPP section is correlated with the T lem7is zone in the Nortlx Ainerican Midcontinent ew'ea.

"ie T brevinbasis zone and the T brevinbasls - Drepanoistodors coslalus zoRe oftgie TPP section

corresponds te the HZstiociella altif"ons to H holocienldla zones in the Nordi Agnericara Midcentinent

area. lhe uppemiost zone efthe TPP secion, the Plectodina opz¥)7chodonla zoite, may be compai'ed witlx

the Phragnodus 'lprev7M7xuosus 'f zone, which is above the H kolectentala zone in the NerCkk Amertcan

Midcontineitt area (Figurre 3 1 ).

Sectieee k/W 2

  [[he I.AJN 2 section shares followiiig four species with zones ofthe NoEth A tnericaia Midcontinent

area; Cooperiognanhus arandn, Scolopocins mullicostators, aiid JZemGdonlus ganandu, which occu@' frona

the C araitdo zone, and Scolopodus guadratz{s, which is yielded from tlzae C. arando zone aiid the S

quadratus - C. arandu zone oftlie LAN 2 section. C. arando has been described by Ethitigton and

Clar-k (1982) from tbe Reurterodus andinors to ]"ipodus laevls zenes in the Noxth Axnericaii

Midcontinent ai'ea. J gaduncia and S guath"alus ( = Scolopodus rex, in Repetski, 1982) have beexx

kraown fi'om the Low Diversity Interval to the R. ancfinus zone ¥(Ethir}gton and Cgark, 1982; Repetsgci,

l 982). Eimigten aiid Clark (1 982) described S multicoslatus fi-om the 0epikodus communis zone in the

Nordi Ainerican Midcontinent area. ln other areas, however, this species is ktxown to occvEr from the

sequences, which corresponds to the 0. communls te the T laevis zenes ofNortim America ¥(Stait and

Druce, l993; Zben et al., 2003c¥). Tgaerefore, the C. arando zone and the S quad>"atus - C. arandu zone

ofthe LAJN 2 section ai'e approxiniately compared with the R. andZnus zone and the T laevis zene in the

North Americaf} Midcontinent area respectively (Figur'e 3 1 ).

Sewion g.A[N R

  Middle Ordevician strata ofthe LAN 1 section yields Scolopodbls guadeatus, which also occur from

the Low Diversity interval to the Retlerodus andinz{s zene in Noirth Aineric& as mentiened above

¥(Etlthigten and Clark, 1982; Repetski, 1982¥). However, the Middle Ordovician zones ofthe LAN I

section, the Gen. et sp. lndet, l3 zone, the Di"epanoistodors costalus zone, and the D. coslatus -

Panderouds nog7nall zone, ai'e not cerrelated vydth zones ofNeirtli dmierica in detail.
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  Late Ordeviciaii speices ofthe LAN 1 sectioB, such as Scabbardella allipes, Bakoniodus variabilis,

Prolopan.cierodus liripipus, and Ifainarodors europaeus, have been reported fi'om Nordi Anierica.

Occurrence ofS altipes ranges from the Balloniode{s sp. c£ B. variabilis to H ew"opaezts zones ofthe

LA]N 1 section. H ew"opaeus is the representative species ofthe H ew"opaeus zone in the LAN 1

section. ']]iese species occur from the Upper Ordovician sequence, which is equivaleirt to the

Aphelog77athus g7'andls to Aphelog72athus diveigens zones in North tsnericaii (Sweet, 2000). fii liiipipus

is also representative species ofthe H ew"opaezas zone in the L/VNI i section aiid has beelt kirowii from

the Middle to Upper Ordovician strata in Yukon enid Nuvavut, which coii'espoixd to the Cahabagr7athz{s

.17'iencisvillensis zone to the A. shetzeri zone in the North dniericara MidceRtinent area ¥(McCracken,

1 989). Bakoniodus variabilis (= Prioniodus variabilis, in Etliiiigtoxx aiid Schugkmaclxer, 1 969; Bergstr6m,

l971, 1978¥) has been reported fi'om the strat& which correspond to the upper Cahabagr7athus su?eeti

zone to the Etismodus guad7"u¥( iactylus zone in the North Aniericar} Midcontinent areas ¥(Etlfuxgton andi

Schumacher, 1969; Bergstr6m, 1971, 1978; Nowlan, 1981¥). In other ex"eas, occumence ofS allipes

ranges tirreugliout Upper Ordovician and H eui"opaeus occui's fi'om the tgpper Caradociati te Ashgiliiata

(Dzik, 1978, 1994; Orchard, 1980; rlicotter and Webby, 1994; Waiig et ag., 1996; FerRretti and Banies,

1997; Ferretti aiid Serpagli, 1999; Waiig aiid Qi, 2001¥). The Upper Ordoviciaax zones ofthe LAN g

sectioft do iaot share species with those ofthe Noxrtli A tnericaii Midceirtinent ai'eas, except for the abeve

two species. rlb swn up the above faLixiai evidence, the B. sp, cfl B. yariabilis zone is coinpag"ed witli the

upper Cahabag72athus s"v42eeli zone to the Elismodus gz{adi"uductylus zoxxe in North Aikigierica. Tlke Gen.

et sp. indet. 12 zone, and the H ew"opaeus zone ofthe LAN 1 sectien rnay be correlated with Upper

Ordovician strata in North Ainerica (}Figug'e 3 1).

Sectiifee ST fi

  One ofthe stratigi'aphically itnpoiitairt species ofthe ST 1 sectien, bgodus anserinus, also Ixas beeR

ktxown from the Middle Ordoviciati rocks, which is equivalent to the Cahabagr7athus siig7eeli zeite in the

Nordi Ainerican Midcontinent area (Bergstr6m, 1971, 1978; Haxxis et al., 1979). Secabba]'ctella allipes,

Protopancierodus llripipbls, atid demarodus eui"opaeus, which ai'e representative species in the ST 1

section, have been reported from the Middle to Upper Ordoviciaia in North Americ& as Rnentioned

above. "flierefere, the 2 anserinus, B. sp. c£ B. variabilis, the S almpes - H europaeors, and H

europaeus zone ofST 1 section are approxirnately compared with the Middle to Upper Ordevician

strata, which is yeuriger than the Cahabagriathus su7eeti zone in the North Americaii Midcontinent di'ea

¥(Figure 31¥).
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6.3 CeNKRpaeris$it wiek Sreewegapt aeedi EJgwwxek` D£vggegait c*ge$dignt bE$strratigwageky gKk gke wv$ecRdi

  Aldridge diid Sch6nlaub (1989) compiled the statidard biestratigraphy efSilvwidii conodont as

fo1}ows; the Distomodors kentorckzyensis, Dislomodus staorrognalkoicies, PterospalhodZts celloi7i,

PterospalhedZ{s amo7phogrzatholdes, 0zarkodina sagitta 7"henana, azarkodlna sagilta sagitta,

0zarkodina bokemlca bohemica, Ancoradellaploeckensis, Po(Mg77athoidt?s slluricus, ()zarkodina

snay'th"i, 0zarkodlna crispa, drarkodlna remscheiciensis eosteinhornensis, aixd 7b7"iodus wosckmidl

woschmldil zones, in ascending order (Figui"e 32). According to Uyeno (1990), Lower Devenia3i

conodont biostratigraphy in Cariadiaix Cerdillera is fo11owiiig; the lbrlodus weschmidi hesperius,

Cigarkodina ez{rehaensis, Ancyrocielloicies delta, Pedcrvispe7"m7is zones, in ascenCEing order (FiguEi"e 32).

Correlation ofthe Siluiiaii aiid Lower Devonian zones ofthe ST 2 arid LAN 1 sections in this study are

discussed below.

6.3.fi Se¢tion S gr 2

  Most ofspecies, which occur from the 0zarkodina excavala excm7ala zone ofthe ST 2 sectien, have

relatively long stratigraphic rdiiges. Ainong them, occurrence ofPancierodus langim47iensls is restricted

witliiii the Plerospalkodus a]no7zphog77athoides zone, [therefbre, the O. e. excayala zone ofthe ST 2

sectioit is compared with the R a7noizphog77alhoicies zone ofthe Siluiian staixdard.

6.3.2 Se£bogekANg

  The LAN 1 section centains several species, which ai'e usefu1 for correlation. Pterespalkodus

pennatorsproceus is the noininal species ofthe R p. proceors zonc ofthe LAN i sectien aixd has been

ktiowii from the Pterospalhodus celloni zone te the 0zarkodlna sagltta rkenana zone ofthe Silurian

staiidard (Sweet, 1988s MbuMul< and Aldridge, 1989; Corradmi and Sexpagii, 1999). BEmick (1977)

described Panderodz{s langim47iensis (=Pai7derodus sparovl7. ), wliich occurs from the R p. proceors

zone and the Dapsilodus obliquicostatzts zone ofthe LAN 1 sectioik, from the A amoizphogpaalhoicies

zone. Dapsilodus sparsus, which is a representative species ofthe the D. obliquicostalus zene ofthe

LAN 1 section, has been reported frem the A amoilphognathoides zene to t13e drarkodina sagitia
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sagitta zone (Barrick, 1977). The Qzarkodb7a remscheidensls remscheidensis zoAe efthe LAN 1

section is characterized by O. x remscheidensis diid Belodella anomalis. rflie stratigraphic ratige of0. ff

remscheldensis covers from the 0zarkodina remscheiciensis eosteinkornensis zsne to the

Ancyrocielloicies ciella zone ¥(Uyeno, l990; Bariick and Klapper, i992; Corradini aiid Serpagli, 1999;

Mawson et aR., 2e03¥). B. anomalis has been kiiowii fi'om the Pe4y g77alkeides siluricors zene to tlie

llri'iodus M7oschmidi woschmldii zene (FaiTell, 2004). Tlie lower part eftkie 0. x remscheictensls -

Pseudooneolodus beck7nanni zone ofthe LAN 1 section yields 0. x eosteinhornensls, which is aRi index

species ofthe 0. 7: eosteinhornensis zone ofthe Siltniati staiidard ¥(Walliser, 1964; Uyeno, 1990;

Corradkri and Serpagli, 1999; Mawson et al., 2003¥), rvay'sella stygia ax}d rvay'sella sligrnostygia occtll'

fi'om the upper part ofthe 0. i: remscheiciensis - R beck]nanni zone ofthe LAJN 1 section. Accerding to

Valexva]ela-Rios and Mvwphy (1997), these species co-occur from the Anayrodelloicies cielta zone.

  'Iliese 1ines ofbiostratigraphic evidence indicate the fo11owirig; the A p. proceus zone, the D.

obliquicostatus zene, and the O. m"emscheiciensis zone ofthe LAN 1 sectieit are correlated with the .F?

celloni to R amoizphognathoides zenes, the A amo7zphognathoides zene to 0. sagltta sagitta zones, Egid

the R siluricus zene to 0. x eosteinhornensis zones efthe SiguifiaEk standard, respectivelys the 0. x x - A

beck]nanni zone in the LAN 1 section is compared with the 0. x eosleinhemensls to Ancyrectelloides

cielta zones ofthe Silurian statidat'd atid the biostratigraphy conducted in the Caiaadiaii Cordillera.
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7. StiILICR¢I.AS[ffEC B}ilDS OVIffl])[RIg.11Yi[ING [iirme OIRfi]POVIRI¢[glAN ma SIifELWIRIillAIIi

                          mffmasTemas

  [1ie ST 1 and LAN 1 sections contain siliciclastic beds, overlying the Upper Ordoviciaik aiid Si}uiiatx

1in3estone strata (Figui'es 16, 18 and 26). [[liese clastic beds do not yield coRodoiats, btxt contaiii

graptolites and tentaculites. On the basis ofthe graptolite arid tentaculite biostratigraphy, the ages of

these clastic beds are discussed below.

'7.g Age off tkae sgli£gcRasti£ bedis ovek-Rytieeg gk£ Oerdgvg£gait Rfigmgest$eees

  Siliciclastic beds everlying the Ordovician 1innestone in the ST 1 arkd Lrw 1 sections consist EnairiGy

offiiie-grained sdiidstone atid shale, Black shale sarnpies cofitattrkig graptolites were collected from the

loweffnost pait ofthe black shale beds ofthe ST 1 section (I?igmes g7 aiid 33). 1[ltis graptolite fauiia

contain at least two species, Albrmalog7"optuspsez{dovenorstuspsez{dovenerslus (Legrexid, 1 986) agkd

Aibrmalog7"aplors sp. OccxkiTence ofN p. pseudoi2enuslus is 1irnited witlitin the N perscuiplus zone of

uppennost Ordoviciaii (Legraiid, 1986) (Figtxre 33). WbRguairich et al. (1990) agso reported two

graptolite fatmas from this siliciclastic sequence. Tlae lower fauiia is yielded frona shaEe beds underlying

the sandstone beds oftltis study and contains Aibrmalogr"optusperscuiptus (Elles agxd Wbed). However,

I couEd not observe these strata in the field. 'Ihe upper fauiia occurs from the horizon, which is abeut 8

m above the base ofthe black shale (Figui'e 33), atid includes Paralddogroplus acwninatus (Nicholson)

aiid Climacog7"aptus normalis (Lapwortli). 'I iie ages ofthese fatma ai'e the latest Ordoviciaii aiid Late

Ordoviciairto Early Silurddii, respectively.

  Several shale saniples, collected from the L/VNI 1 section ofmis stLiciy, yield numerouts gg'aptoRites

¥(Figures 27 aiid 33¥). However, these speciniens could not be identified, due te therr poor preservatien.

Jones (1 978) reperted four graptolite fauiias from the Lower Denital Mexnber, which cerresponds to the

siliciclastic sequence ofthe LAN 1 sectien in tl¥)is study. Tlie lowest faixxia eccv[iTed from the horizeR,

which is about 1 m above the base ofthe clastic sequence, contains the species ofthe Aibrmalog7"oplus

perscuiplus zone (Figure 33) (Jones, l978). 'Ilie other im4ee fau!iias occur firom the beds between 1 to 5

m below the top ofthe clastic sequence. Tliese beds are correlated with the ¥(lyslog7'oplus veslculoszts to

Setimulogt"aptus seaglwicld zones (Figtll'e 33) (Jones, 1978).
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  rlb surn up above, the ages ofthe si}iciclastic sequences ofthe ST 1 and LAN 1 sectiens are as

follows. ']llie base ofthe siliciclastic sequences ofthe ST 1 section is the uppemiost Ordeviciaii,

Hiniaiitia2i. The age ofthe top ofthe siliciclastic sequences ofthe ST 1 section is you2igex- than

Rliudoaitiaii (eai"ly Llaiidevery). r]lie base aiid top ofthe siliciclastic sequences ofthe I.AN 1 section at'e

Hitrmantian arid Aeronian (ntiddle Llandovery), respectively (Figure 33).

7.2 Ogedgvi¢gaxt - Sgeew"Rage ftpeugediak`:y

  Z]¥)almanitina, which is a Hinidiitiati wiXobite, has been reperted fi'om the Satwi area arxd the Latigkawi

Islands. According to Wbngwattich et ai. (1990), Dalmanitlna occurs from a saikdstoike bed, which is

correlated with the saiidstone ofthe ST 1 section in tlxis study (Figne 33). in the Latigkawi Islaiids,

Jones (1978) reported ar} occumence ofDalmanitlna malayensis Kobayashi and Hanaadeg 1964a frein

the horizoii about 1 .5 in above the base ofthe silisiciastic beds ofthe LAN 1 section (Fign'e 33). "}rb

                                                      e
suxn up, the Ordeviciaii-SilLiriaii bouiidaiTy is considered to Iie between tlie horizons of?Vbrmalegr"aptors

pseuclovenustuspseudovenustors aiid upper graptelite fauiia ofWbngvvanic}x et al. (1990) in the ST 1

section, diid to the level directly abeve tl ke Dalmanllina horizon in the LAN 1 section (Figvgi'e 33).

7.3 Age gftENe swt£g¢kasetfic beds gv£ecgytwg gk£ Sif$xE3ee im£stoeees

  The black shage sequence, which is the upper pait ofthe ST 1 sectioit, yields tentaculites fi`om the

horizon abeut 3 m above the base ofthe shale (Figure 19). Altheugh this tentaculitc bed seems te

contain several species oftentaculite, oiily one species could be identified herein, Albwakia gcuaria

¥(Richer, 1854¥). [[]1tis species has been reported from the Lock}iovian te Emsian rocks in Europe,

Merocco, and Australia and fi'om Pragian strata in Ai[ask& northern AJfiic& and Czechoslovakia

¥(Bou6ek, 1964; Lai'deux, l969; Chui'1<iii and Carter, 1970; CEi{lupa6 and Williain, 1989¥). 'Ientaculite

beds in northwestern Malaysia yield many allied species ofA7bwalda (Bvpten, 1967a) and some ofthe

beds also contajii graptolites. Wbngwanich et al. (1990) reported several knds offossils, including

Albwakia, Slyliolina, Ml7tastyliolina (tentaculite), ILdonog7"aplus (graptolite), and Plagiolarig (trilobite),

fi'om the same tentaculite bed ofthis study. [I Eiey cited the depositional age ofthe bed as Eai'ly to A4iddle

i)evoniati. Boucot et al. (1999) also mentioned that this tentaculite bed appear to be late Pragieci to
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eai'liest Emsiaii. This tentaculite fa}.llaa is sirnilar to that ofthe lk'aiig are& southei ni peirkrsulai' rl 1iailaiid,

where Kobayashi aiid Hainada (1 968) reported Albwakia, Sb71iolina, Mbnog7"optus, aiid I'lagiolarla. Oxi

the basis ofthe graptolites, the faLma ofthe [k"aiig ai"ea is thouglit to be the earliest Emsiaii in age

¥(Hexnada et al,, 1975s Yblkin et al., 1997¥). in suininary, the age ofthe tentaculite bed in the ST 1 sectien

is earliest EmsiaA (Figure 34).

  'Ientaculite beds yielding the Aibwakia - Sb71iolina fauiia have been reported from the fo11owtig areas

ofThaildiid and Malaysia: the Fatig (e.g., I-Idinadeg 1968), Sri Sawat (e.g., Browii et al., 1951), Tragig

¥(Kobayashi and Hainad& 1968¥), and Satui ai"eas of"IThailand, the Laaigkawi Islands ¥(jones, 1978¥) aiid

the Maliarig and Baling areas (Burton, 1967a; Harnada et al., 1975) ofgierthwestern Malaysia, On the

basis of graptolites arid trilobites coexisting with tentaculites, Harnada et al. (1975) subdivided the

Devonian tentaculite faurxas in "Iliailaiid aiid Malaysia into foug' fauiiaE umits, labeled 'IN 1 to TN 4.

They ai'e assigned to Loclikevian, early EmsiEm, Emsiaii to Eifelia2i, and Eifeliaxi ages, respectively

¥(Figure 34¥). 'Illie rl"N 1 fau[tia corresponds to the faukiia ofthe La2igkawi Islands. [EThe rlTN 2 fauna is

1fiiown fi'om the Faiig, Sri Sawat, 'I}i"ai3g, aaid Ba}ing ai'eas. [lhe TN 3 fax[ixa occurs in the Ti'aiig aiid

Baling ai'eas. "Ilie rlTN 4 fauiia is correlated with a paxt ofthe tentaculite beds in the Fang agxd Sri Sawat

ax'eas (Hamada et al., i975). rllie tentaculite bed in the ST 1 section is compai'ed with that efthe Mi"aiig

ai'ea. which is earliest Emsiaii, as stated above. 'fiierefore, the tentaculite bed in the present study

belongs to II N 2 (Figure 34).

  Siliciclastic beds overlies the Si}uuiaii to Lower Devoniaii 1irnestone sequence ofthe LAN 1 section

¥(Figure 26¥). I could not ebtaiii agry fossils frem this clastic beds. However, on tlke basis ef

lithostratigraphic correlations, the silicislastic beds in the LAN 1 section is equivalent to the black shale

beds, which are the upper pait ofthe ST 1 section (Wbngwaitich et al,, 1990).

7. 4 SsueeRefiftit - DevggeEapt bgesitdiary

  On the basis ofthe conodont biostratigraphy, the drarkodina renzscheiciei7sls remscheidensis -

Psez{dooneotodus beck]77annl zone, wiiich is the uppennost part oftEie limestone sequence oftEke L/SrfNI 1

section, contairis the Siluriaii - Devoii[iaii boLmdary (Figui'e 27). ptie conodiiot and tentaculite

biostratigraphy indicates that the limestone aiid black shale strata in the ST 2 section are Llairdovery of

Lower Silmiaii and Emsiaii ofLower Devonian, respectively. AJthough the boutkdarsi ofthe 1ixnestone

and black shale ofthe ST 2 section is not exposed, the SiluRian - Devoniaii bouaidary may lie in the
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uppemiost pait ofthe 1iniestone sequence, as well as the LAIN 1 section.

  0n the basis ofthe above discussions on the conodont, graptolite, atid tentaculite biostratigraphy, al1

ofthe sections in the study areas are aiTanged in Figui'e 35.
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8. PAg.EOBgOGEOGwwew

  Conodonts exhibit strong provincialism duwiiig the Ordevician rkne Bergstr6m aiid Sweet, 1966;

Baines aiad Falrraeus, 1975¥). I have attempted to discuss on paleobiogeography ofthe Ordoviciaii

conodonts fi'om the studied sections. Sweet et al. (1959) suggested that Ordoviciari conedont

disuibutioR cati be separated into the Noith Ainericati atid Noith Atla[itic areas. [ff]his provincialism

distingtiishes the North A {nerican Midcontinent and Nonii Atlatitic Px-ovinces (Banies et al., l 973). rirhe

Nordi Aanericexa Midcontinent Province inck}des the westem Appalachiewa ew'eas arid the Catiadiack

A rctic Archipelago. 'flie North Atlai3tic Province inamly consists ofnorthwestern EkErope, the British

Isles, atid the eastem Appalachiati areas. Sweet arid Bergstr6m (1984) suggested that the cenodex]t

fauixas distributed in the Nort1i Ainericaii Midcontinent aiid NoEth Atlaiitic Provinces represent

"wann-water" aiad "cool-water" fauiias, respectively. Conocient fatmas ofthe North tsk teiican

Midcentinent type are consistently asseciated with iithologic featw'es that suggest depositienal

envirorunent generally abeve 1 50C, and paleomagrietic evidence indicates that these strata accuinulated

in the low latitudes witlitiii 25-300 firom the Ordoviciaii eqLvator ¥(Bergstr6m, 1973; Sweet aixd Bergsts'6m,

l974, 1984¥). On the other hand, North Atlatitic conodont faurias were disnibuted typically in areas that

were situated above 400 parallel and in the peii-cratonic areas oflow-1atitude continents ¥(Sweet and

Bergstr6kn, 1 984). "I itxese peri-cratonic strata including the Nerth Atlairtic fau(tias are exposed ixt aa'eas

frem eastem Appalachian to Newfoundlaf}d in Noxth Anierica ¥(Bergstr6m, 1 971 ; Stouge, 1 984s Stouge

aiid Bagrxoli, 1988; FalarE£us and Roy, 1993; Ji and Baines, 1994; Pol"er, 1994s Jolmaston aiid Baines,

1999, 2000¥) diid these strata accurnulated in a deeper- and coeler-water envireirment tham those ofthe

Nerth Ainericati Midcontinent areas.

  Conodont faurias both ofthe Noith Ainerican Midcontinent arxd Noith Atlantic Provinces have beeR

reported from the Gondwaria areas, including Australi& Nortli and South Clrki& and Ai'gentina

¥(Serpagli, l974; Cooper, 1981¥). Bergstr6m ¥(1971¥) fu"st suggested the existence ofan Australasiaxi

Provkice. ki addition, an AustralasiEm or Gondwanan Province were propesed based exi the disuibution

ofsevera1 endemic cenodonts, such as 727ogupog77athz{s and }lroxianognathors ¥(Nicoll and WebbM 1 996s

Nowian et al., l997). Nicoll and Metcalfe (20e1) suggested that several Ordovicidirconodonts defuied

the EastAsia-Australasia Province, which is characterized by Serratog77alhus aiidAz{rllobedus in Eai'ly

Ordovician, Pleclodlna oaychodonta and 7Z7smanogr7alkus in Middle Ordevician, and 7Z7equpognathz{s

aiid >keozlanognathus in Late Ordiviciaii. TEie disuibutiens ofthese conodonts are piriticipally resnicted
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ki Australia and North and South Clrkia.

8.g EaergyOerdigvg£gaR¢gge$diowts

  Ear}y Ordovician conodonts maii"y occur fi"om the TAR 1 and TAR 2 sections aiid the lower part of

the TPP and LAN 2 sections. Some species ofTAR 1 and TAR 2 sections, ¥)>Ziriablloconus bgssleri,

Mbnocostalus sevierensis, Rossodeis manirouensis, Acanthodz{s lineatz{s, Colaploconas euadraplicalas,

Parapanderodzts striatus, Colaptoconus bolites, aaid Colopleconus.fZoweri, have been kiiewn from the

Nordi Anierican Midcontinent areas and the Nonli Aniericai k deeper-water sequences ¥(Bransoit and

MeE", 1933s La!iding, 1976; Fuinich, 1938; Etlimgton aiid Clai'k, 1982; Repetski, 1982; Repetski and

Etlimgton, 1983; Nowlan, 1985; Landing et al., 1986; Stouge and Bagnoli, 1988; Fblll'eeus and Rey,

l993; Jolmston and Barnes, 1999, 2000; LaRding et aE., 2003¥). SColopodus lranslstans fronx the 'IIAIR l

sectioit has been described only from Australia (Jones, 1971; Zheit et al., 2003c). Tlae lower part efthe

TPP section yields JZtanoganthus variabilis, which has been repexted frem the Gondwai3a areas,

including Cliiii& Australi& arid Argentineg atid the Noith Ainericemi deeper-water seqt}ences, such as

Newfouuidland (Serpagli, 1974; Jolmston and Banies, 1999, 2000; Zhen et al., 2003b, 2e03c).

Pan¥( ierodus nogamii, which occui's firom the TPP aiid LAN 2 sectioiits, is restricted its disuibution in the

Gondwaiia ai"eas (Caiitrill and BuxTett, 2003). "Ib sum up above, the Early Ordoviciaxrconodont faugias

ofthe study at'eas ar'e closely related to the Nordi Arkierican Midcontinent fauna aixd the Noith Ainertcatx

deeper-water fauna throughout Early Ordovician. Faunag affutity between the study areas aiid other

Gendwaiia areas is also recogttized. Although Serratognathus, vvhich defines the Early Ordovicieti&i East

Asia-Australasia Prevince (Nicoll and Metcalfe, 200 1 ), is not fovggid from the studied sectioits, Metcalfe

¥(1980¥) reported Sen"atog72alhzts bilebatus Lee, 197e firoin the Setu1 Limestone in the Perts area,

petmsule[t' Malaysia. [[b suin up, the Shan-Thai Bleck, where the study areas were sited, was situated

near' Australi& North Clima and South Chiiia in the East Asia - Australasia Prevince, which was in the

low latitudes together with the Noith American Midcontinent areas, in Easrly Ordovician (Figure 36).

8e2 twffRdidifieOerdigvfi¢gaee cegeediogegs

rrhe TUS, TUW1 , and "IUW 2 sections
, the ntiddle to upper par't ofthe TPP sectien, the upper pait of
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the LAN 2 section, exid the lower part ofthe LAN l sectioR in the study ax`eas contain the Middie

Ordovician conodonts. According to Nicoll and Metcalfe (2001), species ofAurilobodus and PlectodZua

ohy7chodonta ai'e representatives ofthe EastAsia - Austraiasia Province. Species ofAurilobodus occui'

firom the TPR LAN 1 , aiid LAN 2 sections. Plectodina ok ychodonta is contained in the trpper pail efthe

TPP section. 77'iangulodus larapinlinensis is aii Australian endeinic species aiid occurs firoin the TPR

LAN l and LAN 2 sections. HZslloctella holoctenlata, which characterizes the upper part ofthe TPP

section, is a typical species efthe Noith Ainerican Midcentinent Province. This species also has been

ktiowri from Australia aiid North Clitiiia ¥(Etlittigton aRd Clark, 1982; Watson, 1988; WEgiig et ai., 1996;

Johristone aiid Baines, 1 999, 2000¥). "I kie TPR TUS, LAN 1 , aiid L/Vxl 2 sections yield endegxiic species

ofGondwaiia, such as Panderodus nogamii aiid Drepanoistodus costatbls ¥(Cooper, 1981s Stait and

Druce, 1993; Zhen et al., 2003b¥), Cooperig77alhus arando, Cooperig72alhus aylnti, JZtmodonlors

ganando, and species ofBei gslroemegrzathors are coininon in faurias ofthe Nenh Aanericaik

deeper-water areas, Nonh Chin& and Australia (Warkg et al., 1996; ZheR et al., 20e3b, 2003c). TEie

TUW 1 section contains a typical North Atimitic species, halllserodus costalus. rllEaese 1ines ef

biostratigraphic evidence suggest the fo11owiiig; the Shari･-1]liai Block lay wiimx the East Asia -

Australasia Province duiing Middle Ordovician; the Middele Ordoviciaia conodent faurias ofthe study

areas ar"e closely related to those ofAustra}i& North CIiiiia and the North A knericagi deeper-water areas;

typical species both ofthe Nerdi Ainerican Midcentinent and the North Atiantic Provkxces are fbtKiid

from the sections iri tltis study areas, as well as other Gondweeia areas.

8.3 kageOrdgwg£kan¢ogegdoxgs

  Late erdoviciaii conodonts occi.u- from the ST 1 and LAN 1 sections in tl tis study at'eas. fiiese fatmas

centain representative species ofthe North Atlantic Province, SZrabbaxdella allipes, DopsilodZts mutmus,

Protopanderodus liripipus, Emd H2rimarodZ{s europaebls. [[Eiese species are cokngnon in the NoithAtlantic

areas, the Nerth Anierican deeper-water areas, Australi& and So"th Clikina ¥("}irotter and WebbM 1 994s

Waiig et al., 1996; Feiretti Emd Serpagli, 1999; Zhen et al., 1999; Sweet, 2000¥). Sweet aiid Bergstr6m

¥(1 9g4¥) recogrtized severai biofacies ofthe Late Ordovician conodonts in the Nerth Ainericaii and North

Atlantic areas. According to Sweet and Bergstr6m (1 984), the low-blatitude Nordi Aineiicarx

Midcontinent Prevince in Late Ordovician is characterized by wairn-water atid coei-water fauiias.

'fota11y six biofacies, controlled by water temparatm'e, salirtity, turbidity, and ether depth-related
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enviromnental factors, were distinguished in these fauixasl the Dapsilodus nzulatus - Pe7"lodoit g7"andis

biofacies, the Amo7zphog77athus superbz{s - Amoilpheg77alhus oimbvicicus biofacies, the Phrag7nodus

biofacies, the PlectodiJ7a biofacies, the Pseudobelodina biofacies, and the lvkelognalhus - 0uledus

biofacies (Sweet exid Bergstr6m, 1984). On the other hdiid, tfie high-latitude Nonii Atlaiitc Prevince in

Late Ordoviciaii is chai'acterized by foui' distkict biofacies, the demaroch{s eu]"opaeus - Dopsilodus

]mttalus - Scabbarciella altipes (HDS) biofacies, the Phragrnodus undolus - ?lrrioctella- Plectodina

biofacies, the Amoizphog77athus - Plectodina biofacies, and the iSingirtodonllna robusla - Scabbai"della

alxipes biofacies (Sweet arid Bergstr6rn, 1984). Distributioits ofthese biefacies were probably defuied

by the local environtneRtal conditions, for exdinple water depth arkd tempax'ature ¥(Sweet and Bergstr6m,

1984). The }IDS biofacies shows laigh frequencies ofH eLe'opaezts (eccupies about 40% ofntxgnbers of

eiements in a cenodont faLma, which occur' fi'om one horizon) and D. mutalors (35% - 40%), aiid

conMnoiily centegiiis S allipes aiid Amoilphog77alhus. Other conrmoik taxa oftE tis biofacies ai'e

Panderodus atid Prolopanderodus liripipus. [E iie ratie efthese taxa and kjiids ofether additional species

depend on areas. TIie representatives ofthe 2 undutus - .lbriociella-- Pleclodina biofacies are Panderochis

and ether conodonts with conifonn elements, in addition te P undotus, .lbrio¥(Jtella and Plectodina. [EIGe

Amoilpkog77alhus - Plecledina biofacies is characterized by higli fi'equencies ofPlectodina, Pancterodus,

Am,o]zphognalhers, Rhociesognalhus, and la"iociella. The S robusta - S almpes biefacies is doimbxated by

S robusta, S allipes, Amoivhog77alkors, and lslorlnzis. This biefacies is distributed in the Mediterratiean

area. including Thumbigia, Spain, Libya, aiid noiftiiwest France, and occupied the position closest to the

pole (Sweet aiid Bergstr6m, 1984; Ferr'etti aiid Serpagli, 1999). rlllie Upper Ordoviciaitx H euF'opaeus

zones in the ST 1 and LAN 1 sections in tltis study are chag'acterized by the higli frequencies ofH

ew"
opaeors, D. morlalus, Sl altipes, aiid A liripipus. Fign'e 37 shews the proponion ofegexnent xxurnber of

these species in the total number ofelements, which occur from each hoxizon ofthe H europaeus zones

in the ST 1 atid LAN 1 sections, H ez{ropaezts, D. mutalus, S altipes, dikd R liripipus occupy on average

19%, 6%, 70%, aiid 3 % nuinbers ofelements in the conodont fauikas from the ST X sectioix,

respectiveiy. in the LAN 1 section, the average frequencies ofthese species ai'e 27% (H eu7"opaeus),

16% (D mutatus), 37% (S altipes), atid 1O% (R lii"ipipus), 'flkese species are associated with rare

elements of species ofAmoilphog77atkus, Pancierodus, aiid Ansella. These faLmas efthe H eu7"opaezis

zones in the ST l exid LAN 1 sections in this study are close to the HZDS biofacies in the Nenix Atlantic

Province. "]lie faurias in this study have regional char'acteristics thetit S altipes is a domnarit component

and that species ofAmo7phog77alhzts at"e rarely contaiiied. According to Sweet atid Bergstr6m (1984)

aiid Ferretti a!id Serpagli (1999), the H]DS biofacies appears to be widespread in the Baltic, British, and
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Mediterrexieati at'eas ofthe North Atlecitic Province, arid suggests that these areas were sitwated in

niiddle to 1tigh latitude (FigiM'e 36).

  Tiie representatives ofthe Upper Ordovician East Asia - Australasia Province are 7Z2ogupeg77athus

and }2zoxianogr7atkus (Nicoll and Metcalfe, 2eO1). However, these taxa do net occtw' from the ST 1 and

LAN 1 sections in this study.

  Tb sulln up the above fauiial evidence, the paleobiegeography ofthe Shan-Tliai Block, where the

study areas were sited, is interpreted as fo11ows. 1fiie Shan-[EThai Block has beega sitwated in the East Asia

- Australasia Province, which eccupied a low-latitude ai'ea duiing Ea2-ly to Middle Ordoviciaii ¥(Figasre

36¥). Subsequently, the Shati-Tl3ai Block nioved to the higher 1atitudes in late Middle Ordoviciewi. [[]Iie

conodont fauiias ofthe Shari-Tliai Block changed from the representatives ofthe East Asia - Akxstralasia

Province to that ofthe Noith Atlantic Province. hi Late Ordeviciaxx, the Shaia-[ptiai Block reached tbe

middle te high latitudes, where the Baltic, British, and Mediterragieag t areas were also simated ffigure

36¥).
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9. DEPOSemgNAig¥) EIIWeRgNtwgENT

  Based on field observations Emd tlim section Emalyses, the depositional enviroiiinents ofthe study

areas are here iriferred. [he reconstmcted paleoenvirorunents and ¥(Eie sea-level chaiiges ofeach section

ai'e showed iR Figures 4, 8, 11, 13, 16, 18, 21, 23, 26, aiid 28. [EJhe depositionaa envirof}ineRts efthe

study areas are approxitnately divided into two types. One is a relatively deeper water eitviroim?ent

spreading arourid the border between fiiailcuid and Malaysi& diid is well represented as the 1itnestone

aiid siliciclastic sequences ofthe 'ITAR 2 aiid LAN 1 sections. I texm tlxis area the Tair"tao -- Laiigl<awi

ai'ea texnporaiily. Tlie other is shallow-water enviromnent, which existed in the 1[Eieng I'ha PhiMn ai'ea,

western [Riailaiid. [[Rie TPP section, represented by a shallow-water eRviroixnent, ranges only a short

sct'atigraphic interval, uppermost Lower Ordevicimi to upper Middle Ordeviciarlt. IE ffie fo11ewixig is the

discussion ofthe paleoenvironinents atid the sea-level chariges ofthe [Matutao - Lexigl<awi area atid the

[ffrhong Pha PhLmi ai'ea. Discussions ofdepositional enviroiikinents efcai'bonate rocks aa"e based on the

medels by Walker (1979), kcker and Wilglit (199e), and Scholle et ag. (1991).

9.g kewyer Ord$vgefitw gkg gke thx"utkg - thaeegkawR ay£a

   [[llie [{TAiR 2 section consists ofthe Lower Ordeviciaii strata (Figug'es 23 and 24), ']lie 1itnestone facies

 efthe lower pait efthe R. manilouensis zone, the lowerrnost part ofthe TAIR 2 sectioia, suggests that its

 depositienal enviroiunent was on a she}furider high--energy conditions where terTigenexks graigis were

 continmily provided. [lhe enviromnent changed to a deeper-watershelfby a transgression and tltis

 condition continued }Jmtil 1ate [lt'emadociati, Tlie Itmestones ofthe upper pext efthe R. manlloueitsls

 zone aiid the R. manltoztensis - T nakomurai zone accuinulated under tltis eRviroimiexxt. Tiie interbeds

 ofs}iale aiid 1innesteixe, w}iich are main strata ofthe T nakomorrai - larlablloconus bassleri aiad Gexk. et

 sp. kidet. 7 zones, indicate a low sea level interval, which started with a regression eflate "ft"emadociexx

 arad ended with a trag}sgression ofearly Arenigian. Tltis inteival was chdi"actertzed by inflows efa iarge

 atneLmt oftenigenous materials ar}d strong cLm'eBts, which fonn cross lewninations. [[he alteination of

 limestone enid shale suggests some cyclic chatiges ofenviromnent factors, sucli as a depth, salirtity,

. temperatt"'e, and tui`bidity. Tliese factors may more or less have been iritfiuekced by transgressioixs and

 regressions. [[he upper pait ofthe TAR 2 section is theught to have beeR depesited vKtider deeper-water
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conditions, which is sinular to that the gray lirnestone beds in the lower paat oftltis section (Figtii'e 23).

  rlTlie TAR 1 section and the lower part ofthe LAN 2 section alse consist ofthe Lower ()rdoviciaii

rocks. On the basis ofthe conodont biostratigraphM these sequence is correlated with the upper pait ef

tiae R. manitoz{ensis - T nahamurai zone and the Gen. et sp. Indet. 7 -- Colaptocenus.fZoweri zone ofthe

TAR 2 section, respectively. 'Ilie depositional envirorunents ofthe TAR 1 aAd LAN 2 sectioRs agree

with those ofthe equivalent strata efthe TAR 2 section (FiguE{'es 21 aixd 28).

9.3 Mgddfie tg Wgepew Ordgvfi¢gaitk ggR tke kaR"wtag - Lkgegkavvg axea

i

  rlThe lower part ofthe LAN 1 section is the Middle to Upper Ordovician successioxa. The lower par1 of

the 'ITUW 2 section and the upper part ofthe LAN 2 section are correiated with the Middle Ordevician

strata ofthe LAN 1 section. ff lie Upper Ordovician sequences ofthe ST 1 aif}d LAN 1 sections are

cempared each other. Based on the limestone facies, the depositional enviroiitgnent efthe lewemiost pE"t

ofthe ILAIN 1 section, which is correlated with the Gen. et sp. indet. 13 zone to the lower part ofthe

D7"epanolstodus coslalzts zene, were on middle or outer shelf(Figures 26 and 27). rllie liniestone facies

efthe TUW 2 and LAN 2 sectiens suggest that the depositional enviroimakents ofthese sectioms were

sirnilar to the iithefacies ofthe the Gen. et sp. kidet. 13 zone to the liower pExtt ofthe DF"epanoislodus

costalus zene ofthe LAN 1 section (Figures 13 atid 28).

  'ITIie strata with sluinping structu'es ofthe upper part ofthe D. costalus zone ofthe L/YNJ 1 section

irnply the begirminig ofa transgression in late Arenigiaxx to early DarriliwieErk (Figtli'e 26). 'lhe

depositional environmeiit ofthe LAN 1 section continued to subsiding and settled in a heinipelagic

condition in iniddle Daziiwiliaii. TEie strata ofthe upper part ofthe D. costatus - Pan¥( terodus nogamii

zone to the Mimai"odus europaeus zone ofthe LAN 1 section are characterized by the nedular

1irnestone. Accerding to Schelle et al. (1991) the nodular 1itnestone is foinxed by diagenesis en a

hemipelagic sea floor. Tliese 1iniestone ofthe L/woI 1 and ST 1 sections yield abuitidexxt inacrofossiRs aiid

Wbngvvanich et ag. (1 990) reported pelagic trilobites from the ST 1 sectieit. lhese facts demenstrate that

the nedulai- linnestenes were deposited on compar"atively pelagic enviroiptnent, such as slope to basin

¥(Figpa"es 16 and 26¥). "flxis condition extended from early to late Caradocian, Uppexmest Ordovician of

the LAN 1 aiid ST 1 sections are hemipelagic siliciclastic sequences everlying the nodulai' 1inkestone.

[ilie fine-grained satidstene bed ofthe ST 1 section suggests a briefregression in Hi[kiantian ¥(Figui-es 1 6

arid 26¥).
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9.`g Sgtwectait Sg Devggefiakt Sit tke kag"gggao m# Laeegkawvg aRe£a

  [[Eie Siluriaii to Devoniaii sequences are preserved in the ST 2 and LAN 1 sections. The lowemkost

shale beds ofthe Siluriaii strata in the L/VSI 1 section iniply that the heittipelagic depositional

enviroimient ofthe latest Ordoviciaii continued Lmtil late Aeroniari (Eai'ly Silvgkiexi) (Figtgg'e 33).

Lirnestone sedirnentatioR resuined at least in rlelychiatx (Early Silu[tidii).'] Etis 1innestone is thouglit to

have been deposited Lmder axi equable coRdition duuiiig Siluiiaii (Figtik'e 26). AExy data, indicating a

depositional depth ofthe Siluridia iitnestones, were not fotmd fi'em the studied sectioit. I temporevMy

mention that the Siluriarx 1innestone accurnulated en slope te basin, because the facies ofthe SilvEiidii

liniestone is quiet sirniIai' to that ofthe uppermost part ofthe Ordoviciaki 1ixnestone in the LAN 1 sectioia,

uiider a nticrescopic observation (Figui"e 26). 'Iltis condition continued xiixtil Early Devonian.

  On the basis ofthe conodoitt biostratigraphy, the Siluiian strata ofthe ST 2 section is correlated with

the Pterospan7oduspennalorsproceus to Dapslodz{s obligoricostalus zones ofthe LA[N 1 section. The

depesitional enviroimients ofthe ST 2 sections coincide with those ofthe equivalent strata ofthe LAN 1

section (Figui'es 19 aiid 26).

  Siliciclastic depesitien replaced the liniestene accuinuiation in Eaily Devonia2i. The facies ofthe

Lower Deveniaii shale in the LAN 1 diid ST 2 sections suggest that the depositioital envirorgnents of

these shaEes were relatively pelagic enviroimient, suclk as slope to basin (Figmes 19 and 26).

9.S g.gwvev gg MgdidRe Oerdevgcfiaee tw tke [ifRkgeeg Pka PkasgxR ayek

  Tlie eithofacies efthe uppemiost Lower Ordovician te the upper Middle Ordevician strata in the TPP

section differ from the Lower to Middle Ordovician sequences in the la"tao - Langkawi ai'eas as stated

above. [1ie loweimost 1iniestone ofthe TPP section, which corresponds to the lower to ntiddle pdit of

the Pancierodors nogamil - n"iangulodus brevibasis zone, deposited on iniddie shelfurider higli-energy

condition (Figne 5). The 1lrnestQne aiid saxadstone sequence rexiiging frem the Egpper pait ofthe A

nogamil - T brevibasls zene to the iniddie pait ofthe T' brevlbasis to Drepanoislodus costalus zene

accumu}ated urider back shoal and saRd shoai conditions and represents a low sea level interval. [[Etis

interval begati with eni earliest Middle Ordoviciari regression and ended with exi early Datxi"dlian
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trdiisgression. Subsequently to titis tratisgression, the qepositional enviroimient ofthe 1isnestones ofthe

TPP section changed to a deeper-water condition, such as ni{iddle te outer shelfl ']ke deepeiiiiig

progressed durTiiig ntiddle Deilxiwiliaii (Figui'e 5).

9.6 Sea-Eevefi £kageg£ gffe gRxe stwdy eweas

  [iie sea-level cuirves kx tlie rfairutae - Laiigkawi and Thong Pha Phvmi az'eas ak'e sExown in Figure 38.

Several censpicuous trarisgressien atid regression events are recegttized in tlxese ai'eas, the 1ate

"fremadociatM'egression, the earliest Middle Ordoviciari regressien, atid the Iate Ai'enigiaxx to eem"ly

Daixiliwiemi ti'aiisgression. Tlie chai'acteristics ofthe sea--level cui7ves in tlie study aa'eas, iiiclu¥(lixig these

tipt-ee events, at'e discussed below,

  On the basis ofthe conodont biostratigraphy, the late Tl'emadociexx regressioxa event, which is

reporded in the TAR 2 section, is cerrelated with the global sea level fal1 ¥(Fortey, 1984; alba3zaesi aiid

Bergstr6m, 2004¥) . Tli[is regression is repx`esented in a deeper-water facies by oxidized sediments in tlie

Cow Head (}roup ofwestein Newfoundland (Stouge and Bagnoli, 1988) and in shalIow-water

sequences ofNorth Aaneilca by hiatus (Ress aiid Ross, 1995). Nicel} et aR. (1992) recogrxized the hiatus

as the "Kelly Creek Eustatic Event" in Australia. This event is compared with the " Ceralopyge

Regressive Event" in Scaiidinavia (Nielsen, 2004) (Figui'e 38),

  [flxe TPP section recerds the earliest Middle Ordovician regression, which is con"elated with a global

regression event (Bames, 1984; ForteM 1984; Ross and Ross, 1995; Aibanesi a3zad Bergstorom, 2004). In

North A tnerica, the foexiaii - Whiterockiaii boLmdaiy ag'e defued by a pronouaiced extinction event,

which is related to the global regi'essiolt (Figui"e 38). [[liis sea-Ievel chaiige does not obseiTved in the

Middle Ordovician sequences ofthe LAN 1, LAN 2, and TUW 2 sections in the Tarugtao - Lemgkawi

area. "l Etis is probab}y caused by their depositional enviroi3inents, which were deeper water than that of

the TPP section.

  Tlie late Arenigiaii to Rtiddle Dalliliwian traiisgressive sequence is represented in the LAN 1 section.

Middle Ordovician in North Ainerica and the Baltoscandia areas does not preserve sedixneRts indicating

a marked transgression. However, the deepeii[irig facies efthe Axenigian to Daniwilian have been

reported fi'om the Ai'gentine Precordillera and the noxthern margin ofti te Yangtze Platfenn, Ssuth Chiiia

¥(Chen and Batties, 1995; Aibanesi et al., 1999; Albanesi and Bergstr6m, 2004¥). "] kie Middle to Upper

Ordoviciati in the Ai'gentine Precordil}era arid the noiTthein margin ofthe ifaiigtze Platfonn are partiy
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chen"acterized by nodulai' liinestone resembling that ofthe LAN 1 section, aiid shew the laigh sea level

inteirvals (Chen aiid Baines, 1995; Ajibatiesi aiid Bergstr6m, 2004) (Figui'e 38). [[Eierefore, the late

Ai'enigiati to early Da! iiliwiati tratisgression arid the subsequent deeper-water condition efthe LAN 1

section are the regienal characteristics cointnon to the peri-platfbiin areas ofGondwexia. lhe

tr'aiisgression is also recerded in the TPP section ofthe Thong Pha PhLxxn areeg where the depositional

enviremnent was shallower-water en a shelf However, a sea-level change ofa shallow-water condition

after Late Ordoviciaii caii net be itiferred due to aii absence ofdata.

  Most ofHinnantiexi (Latest Ordevician) sequences in the world slaow the evidence ofthe regression,

reflectiixg glacio-eustatic sea-level changes (BreiacEitley, 1988, 2004). Brencl"ey (1988) gllustrates the

Hirnantian shallowiiig facies in a glaciomairiiie, clastic, aiid cat"bonate enviroiptnents. Fer exag}iple, oR a

clastic shel£ mudstone grades upwar'd into a shallow mariiie sand facies. "IThe fkxe-grained deposits ofa

clastic basin usually chaiige to chatmel-fi11, debris flow, arid submarkie faix sedirnents. 1[he fine-graiiied

sandstone bed ofthe uppennost pail ofthe ST 1 section does not show a lag'ge-scale infiw< ofclastics

fi'om a shelf [I lie siliciclastic sequences ofthe uppennost (i)rdoviciE"i in the LAN 1 aiid ST 1 sections

suggest that the depositionag basins ofthese sections were isolated frexn the source ofcoarse clastics emd

the flucmation ofthe sea level did not lai'gely affect the basin (Fign'e 38).
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¥(1¥) [E he Lower Ordoviciaii to Lower Devonian conodoitt zones are estab}ished in the [[1iong Pha

   Phmn are& westem [Miailand, the Tliuiig Song, 1iliuiig W& and Satuii areas and Tarutao Island,

   southein peii[irisular "ihailatid, arid the Ldiigkawi Islatids, nordiem peirkisulag' Malaysia. On Temitao

   Islai3d, the fbllowiiig seven Lower Ordoviciemi zones are built up; the Adonocostodus sevlerensis

  range zoRe diid the M seyierensis sei"ie7"ensis - lhriabiloconus bassleri i rterval zoRe, in asceiadimg

   order, in the TA[R 1 section; the Rossodus nzaniteuensis raiige zene, the R. mantlouensis - 7leriedon

  nahamurai interval zoRe, the T nahamurai - V bassleri i iterval zone, Gen. et sp. kidet. 7 range zone,

  aiid Gen. et sp. kxdet. 7 - Coloptoconus.fioweri inteiTval zoixe, in ascending erder, in the "rAR 2

   section. in the 'ITRaeng Pha Phurn ak'ea the four Lower to Middle Ordeviciara zones are established in

  the TPP section; the PaJ7derodus nogamii - 7]"iangulodus brevlbasis intexrval zenc, the T brevibasis

  range zone, the T brevibasis - Drezzr)anoislo( ins costalus interval zone, and the PlecgodZna

  oaychodonta assemblage zone, in ascending order. in the 1lhung Wa are4 the followiiig two Middle

  Ordoviciaii zones, the Periodon acztleatzts range zone and the Prolopancierodus g7"adulors rdiige

  zone, are made up in the TUW 2 and TUW 1 sectioRs, respectively. in the fiiurig Song are& the

  Middle Ordeviciati Panderodus nogamii range zone is established in the [ruS sectioR. 'IIIie

  fbllowing five Middle Ordovician to Lower Silurian zenes are built up in the Satugi ax'ea; the

  Rygodus anserinus range zone, the Baltoniodus sp. cf B. vai"iabilis raxxge zone, the SZ7abbaidella

  allipes - HZ2mai"odus eu]'opaeus interval zone, and the ffl7marodus europaeus raxige zone, in

  ascending order, in the ST 1 section; the Cigarkodina exccrvata excavaid raxige zone in the ST 2

  sectien. in the Langkawi Islaiids, the twelve Lower Ordovician to Lower Devoniaii zones are set up;

  the Gen. et sp. indet. I3 range zone, the D. costatus range zone, the D. costmz{s - Pancterodus

  nogamli interval zone, the B. sp. cf B. variabilis range zene, the Gexx. et sp. kxdet. 12 range zone, the

  H ew'opaeus rarige zone, the Qzarkodinapirala ratige zone, the Dapsilodus obliqutcestalus ratige

  zone, the ¥(Jigarkodina remsckeiciensis remscheidensis rEmge zone, and the 0. x rensckeiciensls -

  Psebldooneolodus beck]nanni interval zone, in ascending erder, in the LAN 1 section, aixd the

  S2 olopodus quadratus range zofte and the Cooperlgnatkus a7'andu range zone, in ascending order,

  in the LAN 2 section,

¥(2¥) On the basis ofthe conoodont and graptolite biostratigraplry, the OrdeviciEm - Siluriari boui¥)decy is
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recognized in the siliciclastic seq"ences ofthe ST 1 aiad LA[N 1 sectioiis. [[gxe conodont aiid

tentaculite biestratigraphy suggests that the Siluriati - Devoniaii bouaidary is defiiRied in the

uppemiost lirnestone strata ofthe LAN 1 section and may be lie between tfae lower 1irnestone and

upper shale sequences in the ST 2 section.

¥(3¥) Depositional enviromnents ofthe Lower to Middle Ordoviciati strata in the study sections are

  distinguished into two types, the shallow-water shelfte satid sheal cenditioits in the Tlieng Pha

  Phugin ai-ea and the relatively deeper water shelfto basin conditions in the "faiTutao - Laiigkawi ai"ea.

  rrlie late IIh'emadocian regressions in the Eatutao - Ldiigkawi area is cerrelated with the glebal sea

  level fall, recorded as "Kelly Creek Eustatic Evenf' in Australia aiid "Ceratopygc Regressive Event"

  in Scaridinavia. rl he earliest Middle Ordoviciara regression is recognized in the shallow-water strata

  in the 'IIhong Pha Phurn area. Tltis is parallel te the global regression event, which is related te the

  Lower exxd Middle Ordovician botmdary. TEie upper Ai'enigidiad to iniddle DarriwiliarR seqa]ences

  both ofthe rlatr"tao - Langkawi aiid TEiong Pha Phutn ai'eas represents a transgtressioia event, which

  is compared with a regional sea level rise in the northern Gondwexia. Tlie hemipelagic enviromanent

  in the 'Iatutao - Larigkawi ai'ea continued up to Eariy Devonian. 'ffhe glacie-eustatic sea-level

  change, which is fourid in the most ofthe uppennost Ordoviciaai sequences in the world, do not

  have a great ixiifiuence to the depositional enviroimient efthe study areas.

¥(4¥) OR the basis efthe cerrelations between the Ordoviciati conodonts from the study areas a2ad these

  ofthe Australieg Nertlx and South Chineg Nerdi Atga2itic, dixd Noith Americ& the Early to Middie

   Ordovician favifias dixd the Upper Ordeviciarx faurtas from the study areas beleng te the East Asia --

  Australasia Province and tlie Noith Atlantic Province, respectively. '1 Exis faunai change teok place

  fo11owing the Arenigiaii to Darriwilian transgressioA in northem Gondwagxa. TEae Caradocian

  coitodont fauria from the study areas is compared with one efthe typical conodent biofacies efthe

  Noith Atgdirtic Province, Hk7]narodus ez{ropaeus - Dapsilochts mulatus - S2 abba7della altipes

  biofacies. Tltis biofacies had been distributed in the iniddle te high latitudes in Late Ordovicidii.

¥(5¥) "flie paleogeography ofthe Shdii-Thai Biock and the depositional environinents ofthe study e"'eas

  aire interpreted as fo11ows. [[iie Lower to Middle Ordovician rocks in the study areas accugnulated en

  a shelfofthe Shaii-']rliai Block, which had been simated neai' Amstralia aiid North and South Clma

  in the low latitudes. 1[1ie lirnestone and sandstone sequence in the ']Ilieng Pha'Phwn area was
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deposited on a shallow-water shelfclose to a land. The llrnestone aiid fiiie-grained clasitic rock

sequences in the "Iatrutao - Langl<awi ai'ea were fonned on a deeper-water shelfthan the depositienai

enviromnent ofthe Tliong Pha Phurn at"ea. The regional transigression proceeded dimbig late

Ai'enigin te nriddle Daniwilian, and conodont fatmas chataged from the EastAsia - Australasia fauiia

to the Nertli Atlai3tic fauiia. Tlie Shati-rlliai Block moved to the higher latitutdes tmtil Caradociaii.

[[]lie hentipe}agic enviromnent ofthe rlatrutao-Laiigl<awi ai'ea extended into Eaily Devoniaii.

¥(6¥) Ninety five belonging to 50 genera and 22 uitidentified species ofEaily Ordovician to Eex'ly

  Devoniaii cenodonts are systematically investigated ar¥)d illustraled. 'Ilwe species ofLate Ordovician

  gi'aptolites aiid 1 species ofEarly Devoniaii tentaculites are also systematicaily investigated.
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SYSTEMATgC PA]LEONTOgOGY

¢gNeeoNms

 All specitnens described in tltis paper are deposited in the institute of Geoscience, University of

Tsukubeg with the prefix IGUT, Conodont taxa herein are oniy classified to genus af}d species. Genera

aiad species are listed in alphabetical order. Element temfukology basicaliy fo11ows that ofBanies et al.

¥(1979¥). CIass is from Sweet ¥(1988¥).

Class Cavfidopwh Sweet, 1988

                    Genus /gizse?la Falrrai¥)us aizad Htmter, 1 985

  7]pe species.--Belodellal'emllandica L6fgt'en, 1978.

  Remarks.--Several authors have preposed morphotypes ofAnsella elements ¥(e.g. L6fgreix, 197&

Fal g'Eeus aiid HLmter, 1985; Watson, 1988; Sweet, 1988¥). I use here the ceixcept ofFal n'EeEJas aiid Htmter

¥(1 985¥). They wi'ote that species ofthe genus are composed ofnendenticuiate plaiio-convex to bicenvex

conifonn eleinents, plano-convex conifbptn eleinents with denticles aleng upper posterienndi'gin of

base, sytrunenical bicestate denticulate conifonn elements, and geniculate nondexxticulate elemewts.

                      Aj2seeefffey7ztiewzdicts (L6fgten, 1978)

                              Plate 45: 11-13

Belodellal'emtlandica L6fgren, 1978, p. 46-49, pl. 15, fig. 1-8, text-fig. 24: a-d; Stouge, 1984, p, 60, pl.

  6, figs. 13-･23, pl. 7, figs. 1-4.

'Belo¥( iella'f sp.ASerpagli, 1974, p, 38, 39, pl. 8, fig. 7, pl, 20, fig. 1e.

Ansella7'emllandica (L6fgten, 1978). Fahi'Eeus aiid Hunter, 1985, p. 1173-1175, pl. i, figs. 1-5, 9, pg. 2,

  fig. 12, text-fig. 1; Bauer, 1989, p. 98, fig. 4: 4, 6, 1O; Pol"er, 1994, pl. 1, figs. 15, 16; A3bagiesi, 1998b,

 p. 160, 161, pl. 1, figs. 18-23, text-fig. 27.

 AdoleTial e)camlned--Twenty two speciinens; 6 a, 3 L>, 6 c, 5 e, aiid 2felements (Figured speciixiens

are listed here with IGUT nuinber; IGUTLag2066 to 2068¥).

  0ccurrence.--Beds LAN-8 te 1O, 27, 28, 3l, 33, 79, and gO in the LAN 1 sectien.
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  Remarks.--L6fgten (1978) described adenticulate biconvex, deirticulate pgano-convex, denticulate

triaiigutlar, aiid oistodontifonn elements, consisting the apparatus oftltis species. Fali[t'a:¥)vks aiid Huirter

¥(1985¥) recogrtized two types ofdenticulate niangular elemeirts, which at'e sytmanectical atid

asytmnenical elemexrts. "ieir denticulate elements occupy a, b, atid c positioits in apparatus and foxxn a

synitinetsy tr'ansition series. Oistodentifbnn aiid adenticulate elements ofL6fgx'en (1 978) and Fahreeus

diid Htmter (1985) cerrespond to e andfelements, respectiveiy (Albanesi, 1998b), Colgection ofthis

study contains evexy type ofelements.

                                Agzseha sp. A

                                 PIate 47: 3

  Description. --Element has procgined cusp fomitiiig 90-1200with posterior margin ofbase. Posterior

margin is compressed atid fiRely denticulated at base. Unit has distinct aritereiateral cestae bordekivig fiat

anterior face. Basal margin is niangulaif with aiiterolateral arid posterior edges in aboral view.

 Material examined--One specimen; i c element aGUIE:-agl158¥).

  0ccurrence.--Bed S"IL4 in the ST 1 section.

  Remarks'.--Specitnen is bilaterally syirunenical aiid assigried to c element in apparatus ofthis genus.

However, identificatoin ofspecies is difflcult due to a lack ofother elemexits.

                                /gffzseases sge. B

                                PIate 47:i, 2

 Description. --Element is proclined atid has slisn cusp and expanded, loitg base. Unit twists toward

imier side aixd has keeXed aiiterier margin. Base is laterally conrpressed axid denticulated on posterier

margin. Outline efbasal margin is elliptical with sharpIy pointed anterior aaad posterior ends in aboral

view.

 A4kzlerial examined--[thi'ee specirnensl 3 a elements aGU'Ii-agl649, 1770¥).

  0ccurrenee.--Beds S"IL9, 1O, aiid 18 in the ST 1 section.

  Rema}"ks.--Specimens are asymmeuical elements with lentictilar cross-sectioR at base, 11zaese

char'acteristics suggest that the specirnens are a elements.

                              /$g3segla sp. C

                              Piate 40: 2, 3

Descriplion. --Syii "netrical bicostate element atid geniculate elements occvEg' from the study section.
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'IJhese elements correspond to a and e element in apparatus oftitis genus, respectively. C element has

erect cusp aiid aritero-posterierly exparided base. Posterior naai-gin is compressed arid fuiely denticulated

at base. Cross-section is lenticula3r at base. E eiement is laterally compressed with shdiply edged Egitekior

and posterier mai"gins, Cusp inwardly twists. Upper margin efbase is strexagly compressed ecxd meets

basal marghi at 300. Aiitertor and basal margirrs fonn an angle approxinxately 900. Basal margin is

dowiiwardly convex inlateral view.

 Adaterial examinea--[firree specimens l a and 2 e elements aGUr]]Lag2020 to 202l¥).

  0ccurrence. --Bed TPP-l 8 in the TPP section.

 Remarks.--Above-mentioned characteristics ofa aiid e eienxents suggest that these specisnens ai'e

components of apparatLxs oftliis genus. E{owever, identification of species is diffick}lt due to a lack of

other elements.

                               AF2seifG sge. D

                                PIate 40: 13

  Descripllon. --Element is subsyiiiinetricai bicestate fonn with proclined cusp, A:titerior face is wideEy

fiattened and edged by shaip anterolatera1 costae on each side. Base is 1aterally compressed aixd

triaiigulai' in 1ateral view. Fine denticles ai'e developed on pesterior mai'gin. Basal cavity shaiply tips

llear alltellox' margm.

 Material examined--TWo specirnen; 2 bfo elements (IGU'ILag2031).

  0ccurrence.--Bed TPP-27 in the TPP section aiid bed LAN-77 .in the LAN 2 section.

 Remarks.--Specirnens are characterized by extremely firke denticuiation ofthe posterior margin and

relativeiy wide diiterior face ofbase. Base is short cempared with other denticvklated egements in the

collection efthis study.

                         Genus Belodeffes Etiitington, 1 959

  2]c7?e specles.---Belodus ¥( ievonicus Stauffer, 1 940.

 Remarks.--Baiirik aiid Klapper (1 992) suggested that a, b, c, d, e, and "l" elemeirts aire compoitents of

apparatus ofthis geRus. Tlie a, b, c, aiid d elements fonn a syiirmetry tratxsitien semees.

Belodeifes ewzogscesgts Cooper, 1974
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                                 Plate 53: l 2
                                         '
Belociella anomalls Cooper, 1974, p. I121, pl. 1, figs. 2-10, text-fig. 1; Cooper, 1978, fig. 3; Jeppsson,

  1989, p. 25, pl. I, fig. 15; A tiderson, 20e3, pl. 3, fig. 13-17, 19-21, 24-26s Fex3'ell, 2003, pl. 1, figs. 6,

  7; Farrell, 2004, p. 949-952, p}. 1, figs. 1--17. text-fig. 4.

                 '  Description.--Asytmanewicai atid laterally compressed d arid ''t" elements are identified. D elemept

has erect cusp, which lacks developoment ofdenticulation. Cross-section is modified lenticular at base.

Aiiterior margin ofbase is pinched atid fonniiig a fiattened area. [[lie exaterior edge is denticulated,

Posterior margin is also fuiely denticulated. "Tt elenient has proclined cusp and slender base, Cusp is

lenticulair in cross-section atid inclines to irmer side. Anterior margin is shatply edged arid posterior

margin is denticulated.

  Material examlned--Four specirnen; 2 d and 2 "l" elements aGUIIi-ag2123, 2124¥).

  0ccurrence.--Bed LAN-60 in the L/YN 1 section.

  Remarks. --Only four specitnens occur fi'om the studied sections. I-Iowever, d element, having

denticulated atrterior margin, is sigitificant for identification ofthis species.

                         BeggdeffG devomeca Stauffer, 1 940

                                 Plate 53: 3-5

Belodella devonica (Stauffer, 1940). K}apper and Barrick, 1983, p. 1224, pli. 7, figs. i,j; AndersoR, 2003,

  p. 470, pl. 3, figs. 1-3.

Belodus debonicus Stauffer, 1940, p. 420, pl. 59, figs. 47, 48.

  Description, --Element is characterized by its high, slender, arid uiecigular shErpe in 1ateral view.

Sixnple cusp is proclined to erect. Posterier margin is finely denticulated at base. Symmenical to

asynllneuical specitnens correspond to a, b, and c elements, C element is symmenical ewrit. Mest of

them are uiangular in cross-section at base, but some arg Ienticulew-. Asytmnetrical b arad a element twijst

inwardly and have triarigu1ar and lenticulat' cross-sectiens at base, respectively.

  Mtzterial examineal --One huridred aiid five speciinen; 14 a, 22 b, and 69 c elenxeENts aGU"Ii-ag2125 to

2127¥).

  0ccui"rence.--Beds LAN-64 and 65 in the LAN 1 section.

Belodeffss resimes (Phi}ip, 1965)
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                                Plate 52: 4, 5

Belothis remlnors Philip, 1965, p. 98, pi. 8, figs. 15-17, 19.

Belociella cievonica (Stauffer, 1940). Mawson, 1987, p. 272, pl. 5, figs. 4, 5, 7; Mawson axtd 'ffhleec 1989,

  p. 258, pl. 8, figs. 1, 2; Wilson, l989, p. I48, pl. 1, figs. 4-7; Mawson atxd falent, 1994, p. 58, pl. 4,

  figs. 5-7,

Beloctella resima (Philip, 1965). Mawson, l987, p. 272, pl. 5, figs. 6, 8. 11, 12; Wilson, 1989, p. i48, pa.

  1, figs. 1-3; Mawsen and Talent, l994, p. 66, fig. 15: g; Mawson, "faient, and Fxxx'ey-Greig, 1995, p,

  424, pl. 4, figs. 2-9; Aiiderson, 2003, p. 470, pl. I, figs. 1-20, pl. 2, figs. 1-1O; Farrell, 2003, p. 121, pl.

  1, figs. 14-21; Mawson et al., 2003, pl. 5, figs. 1-6, 1O, 11; Faii'ell, 20e4, p. 954, pl. 2, figs. 6-13.

Belociella triangularis (Stauffer, 1940). Mawson, l987, p. 272, pl. 5, fig. 13l WilsoR, 1989, p. 148, pl. 1,

  figs. 8, 9s Mawson and falent, 1994, p. 66, fig. 15: n-p.

 Description.---Bi}aterally synllnenical c element occm's from the study sectioit. Element has erect

cusp arid fiattened atrterior face with two keeled ariterolatearl costae. Cross-section ofbase is

atitero-pesteriorly elongated triatigular. Posterior margin is denticulate at base.

 Malerial examinea --Four specinien; 4 c e}ements aGUTLag2109, 21 1 O¥).

  0ccurrence,--Beds LAN-56 aiid 57 in the LAN 1 section.

                        Genus Bessefodus Aldridge, i 982

  7:llpe species.--Besselodus arcliczts AIdndge, 1982.

 Remai"ks.-- [Eiis genus was established by /Vdridge (1982) en the basis offused cluster. He

reconstrfEgcted a bitnexr}brate apparatus for tltis genus. Leslie (2000) described three types efelements,

containiiig distacodontiform, acontiodontiform, arid oistodoinifoim eEements, as compoitents ef

apparatus oftltis genus,

                    Besselodus sey72twmi?2etrg"cus (I-Iarnar, 1966)

                                Plate 45: 15

Acontiodus semlsymmetricus n. sp. Hamar, 1966, p. 51, pl. 7, figs. 5, 6, text-fig. 3, no. 6.

Paltodus semlsym]nel]"icus (Hatnair, l966). Dzik, 1976, p. 435, text-fig, 18: b--f

Paltedus? semisymmetr'icus (Hatnar, 1966). Dzik, 1994, p. 76, text-fig. 12: d, pl. I6, figs. 14, 15.

Besselodus semisym7nefi'icbls (Han3ar, l966). Leslie, 2000, p. 1 126, figs. 3, 15-g9; Agexir}atsu, Sashida
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Salyapongse, and Sat'dsud., in press C.

  Descriplion. --Element has reclined to recuived cusp arid laterally compressed base, which is

extended posteriorly. Longitudinal costa is on at least one anterelateral face a2id niore proneunced at

point ofmaximurn ctuvatut'e ofLmit.

  ?vailerial exanzinea--One specirnen; 1 "distacodontifonn" element aGU'I:-ag1153¥).

  0ccurre7ce.--Bed S"Ii-3 in the ST 1 section.

  Remarks. --Leslie (2000) did not mention a locationai notation ofelements. I caill?ot discuss the

appai'atus reconstmction oftltis species with single specirnen.

  Besselodus varlabilis (Bergstr6m, 1962) is closely related to B semisymmetricus arid has sixnilai'

distacedontifornx elements (Leslie, 2000). "Mie specimeit oftftis study does itot have the most

coRspicuous char'acter ofthe fonner, which is a small kxxob-1ike keel at the posterior end ofthe basal

xllat'gm.

                         Genus Dapsilodess Cooper, l976

  npe specles.--Dislacodus obliqulcoslatus Bratisen aiid Mehl, 1933.

 Remarks.--Apparatus is composed ofconifonn elements, wliLich are laterally compressed artd have

triaiigulai' base in 1ateral view. Dzik (l 994) illusctated thi'ee or fokgr rryoi photypes in the apparatus oftltis

genus.

                     Dapsiloaus hesueewg" (Igo and Keike, 1967)

                                Plate 51: 5-11

Aconllodus hamari Igo aiid Koike, 1967, p. 15, 16, pl. 1, figs. 6-8, 1O, 11 (oi[gy), text-fig. 6:f

 Description. --A, b, c, atid e eiements are identified. ']Ihese eiements are slender and }aterally

compressed uirits with erect to recurved cusp. LoRgitudinal, sharp costae ax'e developed on beth latera1

faces in & b, diid c eiement arid on one gateral face in e elexnent. The costae extend aleltg pesterior

margin fi'om mid base to tip ofcusp. Bilaterally sytninenical c element is erect to recukved and has a

maxinnLlln recuiTvatv[re at one-tlitii"d lengtli ofelement from basal ma2'gin. Some specknens has narrewly

rourided aiiterior face. Others have a fiattened emterior face, which is edged by two axiterolatera1 keels.

Upper mat'gin ofbase is short and keeled, and meet basal margin at 90 to 1 1OO. Aiitenor mex'gm
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dowiiwai'dly extends aiid foim anterobasal corner with 60 to 800. Basal mai"gin tmis up at a position of

one-halflenghi with ari angle of l 1O to 1200. 0utline ofbasal margin in aboral view is nari'owly

elliptical, whose anterior end splits in some specitnens. Bilaterally subsynmietrical b element is sitnilai'

te c element. Erect to reclined cusp eutwardly twists. Iniier exiterolateral costa gs slightly shifted

pesterierly. Airterobasal corner preniiixently projects atid fonns ewi at3gle about 600. Asytmnenical a

element resembles b element. However, a element sct'engly twists atkd its atiterolateral costa on itmer

side is weakened. E element is more stout uitit thdii the ether elements. Lateral coxnpression is relatively

strong and fornis ariterier arid posteiior keels, Cusp is erect. Upper margin efbase is short and keeied.

Basal margin is slightly convex on outer side exid concave on irmer side in 1ateral view, A, b, axid c

elements fonxx a syirmxetsy trEmsition series.

  M27terlal examined--ORe hutidred and seventy two specisnens; 14 a, 30 b, 58 c, 70 e elements

¥(IGUTLag2095 to 21O1¥).

  0ccz{rrence.--Beds LA]V--49 to 55 in the LAN 1 section.

  Reinarks. --Igo aiid Koike (1 967) described tlxis species as Acontiodus sp. However, above-xneEuioned

chai"acteristics and compesition ofapparatus suggest that tlxis species belongs te Dapsilodus. Igo axid

Koike (1967) iisted Distacodus sp. described by Haniax' (i964) as a syiionyin ofDopsilodifs kamari.

Dislaceduts sp. ofHainai' (1 964) is Enai'kabliy reclined aixd has base, whose upper and aiiteiSor xnaa'gins

are relatively long dixd short, respectively. Aiiterier margin meet basal margirx at 9eO. Maxixnurxa

curvatm'e ofbasai margin in 1ateral view is a rigtit angles. On the basis ofthese feattires, Distacodus sp.

is distinguished fi'om D, hamarl. AJithough D. hamari is sirnilar' to Dapsiloduspraecipuzts Bewrrik, 1 977,

these species differ in fbllowing peints; element ofD. hamari has markably short upper max'gin; basal

margin ofa, b, aiid c eiements ofD. han?ari is dowriwax'dly convex in Eaterai views in contrast to D

p7"aecipuus, whose basal margin is straiglit.

                      Dupsilodus mggtwtws (Brar}son ar}d Mehl, 1 933)

                                 Plate 47: 5-7, 11

 Belodus(?) mutators n. sp. Branson diid Mehl, 1933, p. i26, pl. 1e, fig. 17.

 Dapsilodus mulalbls (Brarison atid Mehl, 1933). Bergstr6m, 1978, pl. 80, figs. 21--23; Orchard, l980, p.

   20, pl. 5, figs. 6, 15, 16, 21; Dzik, l994, p. 64, pl. 1l, figs. 24-26, 3i-35; pl. 14, figs. 8, 9, text-fig. 6: d;

' Ferreui and Barixes, 1997, pl. 3, figs. 15-19; Agematsu, Sashida, Salyapongse, aiid Sai'dsud, in press

   C.

 Distacodus procerus n. sp, Etlrkigton, l959, p. 275, pl, 39, fig. 8.

                                      72



Aconliodusprocerus (Etlrkigton, 1959). Serpagli, 1967, p. 46, 47, pl. 9, figs. 6-11.

  Desa"iption. --Element is erect to reclined, with maxinnuin cuivatui'e at halflength ofixxfu. Cusp is

slender aiid twisted. Base is strongly expajided to posteiier ai3d niacigular in shape iik latera[E view.

Sharp-edged costae are on each posterolateral side, which are inost remarkabie at point ofmaxinnurxx

curvature atid disappeat' before reaclndig both basal margin di3d tip ofcusp. Axxterior and posterior

margins are keeled, and forrn angles of80 to 900 arad 45 to 600 with basai margin, respectively. 0ral

outline ofbase is a ndii'ow oval with bluntly edged posterier end, ewid aiiterior one-tl tix'd is alniost clesed

Raterally.

  M22terlal examinea--Eighty specknens (IGU'I:-ag1439, 1420, 1454, 165X).

  0ccurrence.-Beds S'I:-4 to 1O aiid i2 to 18 in the ST 1 sectien aiid beds LA[N-30, 31, 33, 37 to 39,

aiid 70 to 81 in the LAN 1 section.

  Remarks.--Specirnens recovered in tltis study are compared with the "hi" element ofI)zik (1994).

Stratigraphic ratige eftltis species covers slightly higher beds thati that ofScabba7"della alafipes in the

LAN 1 section.

                 Dupsilodess gbgigesicgstwwts (Brdiisoxi atid Mehl, 1 933)

                                 Plate 52: 6-9

Acodus mutmus (Bransoit and Mehl, 1933). Serpagli, 1967, p. 856.

Acontloch{sprocerus (Etiitiiigton, 1959). Serpagli, 1967, p. 856.

Dopsilodus obliguicostalus (BranseR and Mehl, 1933). Cooper, 1976, p. 212, pl. 2, figs. 1O-13, 18-20;

  Uyeno, 1990, p. 98, pL 2m figs. 11-15; KozLir, 1998, pl. 1, fig. 6.

Dlstacodus obliqntcostalus Brdirson and Mel", l933, p. 41, pl. 3, fig. 2; Nicoll and Rexroad, 1968s p. 31,

  pl. 7, figs. 1-4; Aldridge, 1972, p. 171, pl. 8, fig. 4.

Dlstacoclvsprocerus Etli[irigton, 1959. Ethington and Furnish, 1962, p. 1265.

  Description. --Elements is characterized by ornatnented ariterior margin with shert, oblique striations,

and by 1arge, "ianguiar base in 1ateral view. Cmsp is siender and sharply reclined. Specitnens are divided

into mb and c elements, C element is bilaterally sytnmenicai atid aiiterior margin is generally

compressed. Some specinnens have nan'owly fiattened or cencave anterior face, wirich is edged by two

ariterolateral keels. Posterior margin is sharply edged. Upper margin ofbase is laterally compressed.

Asytmnetrical mb element possesses sharp posterolateral costa on itmer face. Aiaterior men'gin is
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laterally compressed diid inwat"dly bent.

 1vaxlerial examineal--Foirty five specirnens; 14 mb aiid 31 c elements aGU[Ii-ag2111 to 2114¥).

  0ccurrence.--Beds LAN-51 to 55 in the LAN 1 section.

 Remarks.--According to Serpagli (1974) atid Bariick (1977), obliquegy striated exrterier margin,

elongate base, and deep basal cavity are the characteristics, which distingtiish D. obliqicestatus from

other species oftltis genus. Zflie specimens fi"om the study section show these chEg'acteristics. Agiterior

mdi'
gin ofmb atid c elements fi'om tiie study sectiolts is generally edged, exid a few specitnens have

atiterier margin, which splits into two anterolateral keels. Elements ofDaosilodors sparsus Emd

Dopsllodus kan2ari, which co-occur with D. obliguicostalors from the study sectioflas, predoxkiiiiantly

have anterior margin with two keels.

                      Dupsifoauspmaecipgsas Barrick, 1977

                               Plate 51: 12

Dopsiloduspraecipuus Bariick, 1977, p. 52, pl. 2, figs. 1-5.

  Descriptlon. --EIements is bilaterally syirunetrical aiid has erectto recuived cusp. A:titerior mai'gin

typically splits two keels at base. Posterior margin is 1aterally compressed, TWo shamp-edged costae are

situated on iniddle to posterior pait ofeach lateral face. Base is expaiided aiitero-posteriorly. BasaX

margin is straiglrt diid fbmis atigles of45 to 600 with diiterter arid postexxor nxargll¥).

 Adalerial examinecl --Five specinnens; 5 c elements (IGU"Ii-ag21e2).

  0ccztrrence.-Beds L/VNI-49, 5e, axid 53 in the LAIN 1 sectioR.

  Remai"ks. -- [he specinnens confoim with description ofBarrick (l 977). [ff]iey are bilaterally

sytmneuical atid assigtied te c elefnent in apparatus eftlris species.

                       Popsdodas spewsus Barxick, 1 977

                               Plate 52: 1-3

Dapsilodus sparsus Batmick, l977, p. 52, 53, pl. 2, figs. 7-9, 11.

 Descriplion. --Eleinents fottn a syxrunetry traitsition series. Cusp is erect to recurved arxd latera11y

compressed. Each lateral face bears sharp-edged costae frem above basal margiirto tip ofcusp aleng

posterior mai'gin. Airterior margin is keeled, Basal mai'gin is dowriward}y convex in lateral view. C

element is bilaterally sytnnietrical and erect. Asymmetilcal mb element is erect to recv!rved Emd
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inwardly twists, Posterolateral cesta on oRe side is rather shallow.

  M271e7"lal examlnea--rllen specitnens; 8 mb and 2 c elements (IGUrliLag21e6-2108).

  0ccurrence.--Beds LAN-54 aiid 55 in the LAN 1 section.

  Remarks. --Element ofD. pracipuz{s has base with sharp cerners at atrtexior and posterior ends ef

straiglrt basal margin. Aiiterior mar'gin oftltis species typically splits. Oit the ether harid, aBtero- ajid

posterobasal comers ofelements ofD. sparsors ai"e rotitided. Basal mai'gin gently cvEtrves diid anterior

margin is laterally compressed. [[liese characteristics distingriish the two species. D. sparsors is

discrkmbiated froin D. hamarl by having strongly projected posterobasal corner.

                          Genus fftsmewvaws Viir& 1 974

  75ipe species.--Dlslomodus europaeus Seipagli, 1967.

  Remarks. --Dzik (1 994) mentioned that the genus has seveR morphotypes in the apparatus,

ofa, b, c, d, e,f and g elements.

coRslstmg

                       ffkgmew4gedus eesmpeseess (Serpagli, 1967)

                                 Plate 48: 1-16

A7eoprioniodz{s breviramezfs n. sp. Walliser, 1964, p. 47, pl. 4, fig. 5; pl. 29. figs. 5-1O.

New genus and new species Hennar, 1966, p. 77, pl. 3, figs. 8-1O, text-fig. 5: no. 5.

Dislomodus ewQpaeus n. sp. Serpagli, 1967, p. 64, pl. g4, figs. i-6.

demaroch{s euf"opeaus (Serpagli, 1967). Dzik, l976, p. 435, text-fig. 36: a-g; Dzik, l978, text-fig. 2;

  (])rchai'd, 1980, p. 21, pl. 4, figs. 22, 25, 29-31; Ferreni aiid Barties, 1997, p. 22, 23, pl. 3, figs. 1-14;

  Fen'etti aiid Serpagli, 1999, p. 226, 228, pl. 2, figs. 1-14; Sweet, 2000, fig. 9-1, 9-2; Ageinatsu,

  Sashideg Salyapongse, and Sardsud, in press C.

Hlzmarodus brevirameecs (Wkilliser, 1964). Dzik, 1994,p. 111, 112, pl. 24, figs. 14-19, text-fig. 3l: a.

  Descripllon. --Six types ofelements are recogrtized in the collection oftltis study. Felexneirt is

proclined ctfiegigular vmit in latera1 view with fiai'ed base and cusp tapeiing toward tip. Basal cavity is

deep atid conicai with tip located at one-halfto two-thirds length ofurtit fi"em basal mai'gin. Anterior and

posterior margins are sharply edged and more keel-1ike at the lower part efbase. Illiese keels, beexing

several short denticles basally, project beneath main part ofbasahnargin. eutline ofaboral margin is

expatided laterally and has sharply elongated ariterior evid posteiier eRds. Aiiterior edge is ioiager thari
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posterior one ewid deflected to irmer side. kiiier lateral margin is inore broadly convex thdii outer. 0ne

specirnen has a longitudinal mediati keel-like ridge on outer-lateral surface.

  Eleinents fomiisig a syininetry-traiisition series have erect to reclined cusp, slender base, aiid

denticulate posterior process. Posterior process is strongly laterally compressed and has several small

denticles sepai"ated by denticles that are more thaii twice as lai'ge. C elemeRt is a syimnetrical unit. Base

bears narrow costae on both diiterolateral faces with rather concave exaterier svEgface. B element has

asytrunetrical transverse section with narrow ridge on aRterolaterag margiti. One lateral face is broadly

convex aiid other face is more platiai' in oral view ofbase. A element has cusp with circular cross section

aiid a small denticle aleng ewiterior edge ofbase. Base ofd element bears ridges witgi smal1 denticle on

each side. It has atiteroposteriorly sytxmietrical basal ma2rgin in eral view.

  E element is a relatively ieng, slencler vlltit. Cvgsp cvErves slightly iiiward and is lenticular iix traiisverse

section. Base has sharp-pointed atiterior end aiid elongate upper mai'gin, which has a sirnilai' leitgt1i to

posterior mai'gin ef cusp. Basal cavity is natTow in oral view.

  Malerial examined--One hundred arid twenty one specimens; 11 a, 23 b, 11 c,5d, 38 e, arid 43f

elements aGUrlLag1461, 1462, 1468-1470, 1513, 1560, 1564, 1623, 1654, 1659, 1690, 1691, 171&

l7191775, ¥).

  0ccurrence.--Beds S'Ii-6 to 12, 17, aiid 18 in the ST 1 sectioR and beds LAJN-35 to 39, 79, aitd 80 in

the LAN 1 section.

  Remarks. --Orcha2'd (1 980) preposed im'ee gnorphetypes ef elements fomiii?g a sytnRnetry traixsitien

series, foui' ai'e identified here. Dzik (1 994) x'ecognzed two Cypes ofelemegxts irt conical specirnens aiid

describedfaiid g eleiir}ents. It is difii[cuilt to discriiiiiiiate these elements. Dzik (1994) suggested the

species naine, Mi]narodus breviran7,eus. Ferretti aiid Seipagli (1999) discussed this preblem and

concluded that Dzik's (1 994) nemenclatu"e was insufficient because it stood oR incomplete collectiens. I

fo11ow the concept ofFerretti and Serpagli (1999) aiid use the name ffl7marodus eui"opaeus.

                    Genus eb?goaus Laniont a2id Lindstr6m, i957

  Zipe species.-- RJgocins anserinus Latnont and Lindstr6rr}, 1957.

 Remarks. --[nite m"kielement apparatus efRygodus consists oframifomx elexnents fomimg a

sytninetry tremisition series (a, b, and c) and haddingodontifomi ig) and pygodentifom <D eiements

¥(Bergstr6m, l971, 1983; McCracken, 1991¥). Zharig ¥(l998¥) discussed the evolution oflb7gocints based

en the most chai'acteristicfelement.
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                  Azg odus ew2serimws Lanient and Lindstr6m, 1957

                               Plate 45: 1-4

Rygodus anserinz{s Larnont atid Lindstr6xn, 1957. Sweet and Bergstr6m, 1962; Hainay, 1966, pl. 7, fig.

  I; Bergstr6in, 1971, p. 149, pl. 2, figs. 20, 21; Dzik, l976, p. 440, text-fig. 29: fi Bergstr6m, 197g, pl.

  79, figs. 1, 2; Hewxis, Bergstr6m, Etixiiagton, and Ross, 1979, pl. 3, figs. 16, 17; pl. 4, fig. 17s Dzik,

  1994, p. 1e5, 106, pg, 17, figs. 7, 8, text-figs. 26, 27; Zhatig, 1998, pl. 3, figs. 1-8; Wang and Qi, 20e1,

  pl. 2, figs. 19, 2l, 25, 26; Agematsu, Sashid& Saiyapongse, and Sex'dsud, in press C.

 Descriplion. --F element has niaiiguEar outline aiid flat to arched platfb"n with fovEr denticle rows oix

platfoxan. rl hese ridges are straight or smoetltly concave to inmer side. Tlxe tlll`ee rows, except secoRd

row firom itmer side, which is shorter thaxi ethers, diverge from cusp.

  G element has denticulated pesterier process that is mederate}y 1tigh atid tapers in heiglxt towex'd

posterior. Main cusp curved strongly arid at least 12 denticles on posterior bag' inciine posteriorly.

 imterial examined.--Foui' elements; 3fand 1 g elements aGU'ILaglO04, lO05, 1068, 1069¥).

  0ccurrence.--Beds Srli-1 and 2 in the ST 1 section.

  Remarks.--Zhang (1 998) discussed the inerphological vaiiation ofb?godus Eiiieage tixrougli tirne. IIEie

mtsnber ofdenticle rows ar}d aii"aiigement efour specirnens define them as R anserlnus, the youikgest

descendaiit.

                     GenitJgs wafftseg4gdus Serpagli, 1974

7:mpe species. ---Paltodus deboltl Rexi'oad, 1 967

                        gig>tseetserodus egstwtws Dzik, 1 976

                               Plate 41: 7, 8

l¥)thlliserodus costatus Dzik, 1976, p. 421, pl. 41, fig. 2, text-fig. 14: rn, n; Dzik, 1978, pl. 15, fig. 7; Dzlk,

  1994, p. 56, pl. 12, figs. 1-6, test-fig. 2: a; Albanesi, 1998b, p. 113, e14, pl. 14, figs. 15-19, text-fig. 7.

]ip2zlliseredus cf ethingtoni Falrra2us, 1966. L6fgten, 1978, p. 113, pl. 4, fig. 13, 14.

Mbterials examinecl--rlWo specixnenss 1 mb element 1 e element a(}U'ILagl799, 180e).

0ecz{rTence.--Bed TW2 in the TUW l section.
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 Remarks. ---'Dzik (1 994) described three species beionging to tiiis genus, a3id distinguished elemellts in

their appar'atuses into six fornis. Sytnnietry mb element atid acostate e element di'e recegnized in our

collection. /{LZZ¥) eleinent witli tlii'ee costae on each lateral faces is axRtero-posterioriy syiiiixnetiical uitit.

Base is elongated. /Mrterior mairgiii is gently rouiided and postertor margiii is weekly keeled tlrrough unit.

E element is laterally compressed and has rouiided laterai faces. Anterior and postenor mar-g!ns afe

strongly keeled at base. Basal rnai'gin is oval shape with naiTow aiiterior edge in aboral view.

Class Cegegdopes Sweet, 1988

                        Genus /fiewffzth.odus Fuinish, 1938

  7]<pe species. -rt<{canlhodus unicinators Fu[inish, 1938

                       Aeewgrkoages giyzeutges (Funtish, 1938)

                                Plate 38: l6

Di"e:panodus linealus Funtish, 1938, p. 328, pl. 41, figs. 33, 34, text-fig. Ih.

Acanthodus lineatus (Fuinish, 1938). Etlitiiigton and Clark, 1982, p. 17, pl. 1, fig. 7; Repetski, g982, p.

  10, pl. 1, figs. 1, 3; Ji aiad Baines, 1994, p. 24, 25, pl. 1, figs. 1-8, text-fig. 22: a.

  Description. --Sspecitnen has slender cusp atid expanded base. One 1ateral face has a shaip costa frona

abeve basal ma!'gin to tip ofcusp. 'IThis eleinent is identified with "asytnxiEaeuical element", descrtbed by

Furiitish (1938).

  Adoterlals examinea--One specimen; 1 a element (IGUT:ag20e1).

  0ccurrence.---Bed TAR-17 iii the 'ITA[R 2 section.

  Remarks.--Characteristics ofthe e}ement coimbnn with the description efJi and Baxixes (1994).

                          Genus /gcgdws Pander, 1 856

  7]dpe species.--Acodus ereclus Paiider, 1 856

 Remarks.--I follow Zhen et al. (2003b), regarding 7)"opodus as ajuixior syiionyin ofAcodus.

According to them, this genus has apparatus consisting a, b, c, d,f aixd g elements.
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                     Acoaus cogTopwts (Bremisen and Mehl, 1933)

                               Plate 38: 1O, 11

Acodus cenzplbls (Branson and Mehl, 1933). Ji and Bewnes, 1994, p. 26, pl. 2, figs. 1-21, text-fig. 23: a.

Paltodus coneplzts Branson and Mehl, 1933, p. 6l, pl. 4, fig. 9; Zhen, Percival, and Wi¥)bby, 2ee3b, p.5e,

  51, pl 1, figs. 1-19.

Scolopoduspseudoguath"atus Branson and Me}", 1933, p. 63, pl. 4, fig. 19.

n"opodus conmptus (Branson and Mel", g933), Keimedy, 1980, p. 65, 66, pl. 2, figs. 20-27; Stouge akid

  Bagrxogi, 1988, p, 141, 142, pl. 16, figs. 1-8 (only); Albanesi, 1998b, p. 151, pg. 13, figs. 19-22;

  Jehiisten aiid Baines, 2000, p. 47, pl, 11, fig. 22, pl. 15, figs. 22, 23, pl 16, figs. 26-29,

7i"opodus conzplus australis (Seipagli, 1974). L61gi'en, 1993, fig.9: o, s, t.

iip2zlliserodus conzptus Ethrigton aiid C}ark, l982, p. 114, pl. 13, figs. 6, 7, 11-13, text-fig. 34.

uazllise7"odus ausu"alis Serpagli, 1974, p. 89-91, pl ,19, figs. 6, 7, pl. 29, fig. 9, 11-12.

 A`lalerial examineds.--'IVvo specinien; 2 delement (IGUrl:-ag1995, 1996).

  0ccztrrence. ---Bed TAR-42 in the TAR 2 section.

  Remarks. --Element has edge-1ike asutero1ateral aiid posterolateral costae on each 1ateral face akid

keeled posterior mai'gin. This element is idendified a foxxn species SZrelopodus Gseudoguath'atbls

Bransen arid Mehl, 1933. Kemiedy (1980) described this fomi species aixd Pallode{s conzptus Branson

and Mehl, 1933 as components ofmultielement species n"opodus cenzplus (Braiison arxd Mehl, 1933). I

fo11ow Zhen et al. (2e03b) and assign the spectmen efthis study te d elegnent ofAcodus co7mptus.

                  Acodus sge, £e A. dekutus aindstr6m, 1955)

                              Plate 43: 7-9

 Adaterials examinea--Eight specinnens; 1 a, 4 b, 2 c, and 1 delemeRts aGU'ILag2e39 to 2041¥).

  0ccurrence.--Beds LAN-76 aiid 77 in the LAN 2 section.

 Renzarks. --EtEiington aikd Clark (1 982) described six types ofelements as apparams oftli[is species

contaiii[irig drepanodifolln, prieniodifomi, gothodifolln, distacodifonn, trichonedellifo"n, and

oistodifoirn elements. Collection ofthis study yields a, b, c, atkd d elemepts. Hewever, b exzad c

elements differ in shape from those ofA. cieltatus described by Ethington arkd Clark (1 982). The b and

c elements oftltis study have elongate and slender base with developed upper blade. Tliese

char'acteristics are sintilar to b aiid c elements ofAeodus ciellalz{s cieltalus Lindstr6m, 1955 aiid
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  Acoclvs deltatus liongibasis Mcfavish, 1973, However, it is difiiicult to discuss the taxonomy ofthe

  element due to few specirnens.

                          Acodus seyieytey2sis Milier, l969

                                 Plate 1: l1-13

Acodzts sevlerensis Miller, 1969, p. 418, pl. 63, figs. 21-24, 32 (only), text-fig. 3: h.

  fvaiterials examinea--"IWeRty one specirnens; 1 a egement, 3 b elexnents, and 17 c elements

aGU"Ii-ag1943 to 1945¥).

  0ccurrence.--Bed TAR-3, 4, 6-8, l1, and 14 in the TAR i sectlon.

  Remarks. --Eiements coincide with description ofMiller (1969). On the basis efituEnber arid pesition

ofcostae, the eEements are divided into a, b, aaid c elements, which fonn a sytiwnetiy traxksitien series

                                 Acsdus sge. A

                                 PIate 43: 1-4

  imterials examinecl--Nine specirnens; 2 b, 3 c, 1 e, aiid 3felement ¥(IGUrlLagl80g, 18e2, 1804,

1805¥).

  0ccurrence. ---Bed 'IVW-1O in the TUW 2 section aiid beds LAN-76 and 77 in the LAN 2 sectEon,

  Remarks.--C, e diidfelernents are sitnilar te those ofAcodus coi7zplus (Brexason exxd Mehl, 1933)

described by Zhen et al. (20e3a). However, b element oftiris pecies difurs frem that efAcoch{s conzptors

in the asytninetrical twptt, which has three blade-1ike cestae agad a keelied posterier margin. Basal margin

is trapezoid in aboral view.

                   GenusAmorphagyzanhus Branson and Mehl, 1933

  npe species.--Amoiphog77alhus o]"dovicica Branson and Meld, 1933.

  Remarks.--Branson atid Mehl (1933) proposed the name ofAmoiphog77athus to branched

asyimnetrical denticulate pectirxifonn elements. Several studies have revealed that the genus has a

septimembx"ate appai'atus (e.g., Orchard, 1980). Dzik (1994) proposed that "dinerphognathus" ig) and

"holodontifonn" (e) elements were mest usefu1 fbr identification of species be}onging to the genus,

which have seven morphotypes.
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                             Amsogphoggzesth us sp. A

                                 PIate 49: 3, 6

  Description. --F exidg elements occt}r fi'om the study sectiens, G element has rovggl}ly cresceixt-shaped

base in lateral view and steut cusp. Row offused denticles is deve}oped on atiterior process, which is

longer than posterior one atid fonns laticeolate plate. SmalI adenticulate }ateral process is on outer side.

Aititerolateral processes defiected orally. F element is asysMnenicai denticulated plate with rays

extending both Iateral sides witlfui conmion basal platie that is sliglitiy at'ched. A[Rl processes are inore or

less lariceolate-shape in ora1 view, with conspicuous longitudinal mediewi crest on oral surface that

consists offused denticles. kmer ray has two small breniches ofuneqwa1 size. Outer ray is brokeit.

AJnterior process cuaves gently to outer side diid tapers to ariterior end in oral view from lateral Eebes;

enter lobe is largex' thatx inmer.

  Materlal examinea--Ten specirnens; 4fand 6 g element aGU'ILagO1446, O1447¥).

  0ccztn'ence.--Bed SlfL6 in the ST 1 section and beds LAN-39 agid 79 in the LAN 1 section.

  Remarks. --Identification of appai-atus ainong severa1 Amoizphognathus species is maix tly based oik e

elemexat (e.g., Dzik, 1994). It is isnpossible to give a species narake to the specimeits ofthis study,

because ofthe absence ofe elements.

            Genus /fiewilobodws Xiexig and Zhag}g, 1983 (in Aii et al., 1983)

7:ldpe specles.-- 77"icladiocthis2 aurilobors Lee, l975a.

                 Aesrg"loboaus mptosoj7zutggs Ait, 1983 (irk An et al., 1983)

                                Plate 40: li l2
                                         '
Aurilobodzts leptosomalz,s Aaa, 19g3 (iAtn et ai., i983), p. 72, 73, pl. 21, figs. 14-17, pl. 22, fig. 1;

  Agematsu, Sashida, Salyapengse, aiid Sardsud, in press A.

Azfrilobodus2 leptosomalus Aii, 1983. Stait and Drugce, 1993, p. 302, fig. 17: a-c.

u]Ztanogrzalhus leptosomalus (Aii, 1983), Watson, 198g, p. 116, pl. 1, figs. 1-3, 6.

  Deseription. ---Syimnetiical sf aiid asyinineuical t elements are identified. Telement is

atitero-posteriorly compressed atid generally has fiatuied anterior face and breadly concave postener

face. 'flfui, blade-like lateral costae at"e developed on each side. Tliese costae continue to adenticulated

1ateral processes, which downvviardly extend. ene 1ateral process has spt"aight magin, Tlie other is wider
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atid loitger arid its mafgin arches. Small arid shallow basal cavity is located beiow cusp atid posteriorly

expanded. S element resembles t element. 1flrki lateral costae widely extend and inwex'dly bend at base.

  M271erlal examined--Z[1rree specisnens; 1 l diid 2 s' elements aGU"Ii-ag2029, 2030¥).

  0ccun"ence, --Bed TPP-1 5 in the TPP section, bed LAN-76 in the LAN 2section, and bed LAN-24 in

the LAN 1 section.

  Remarks. ---Watsen (1 988) recognized asyimnenical l arkd lf aiid syimanetrical s aiid s' elements as

apparatus oftlris species. ERements ofthe study sections coiiicide with 1itis l exid s' elements ofWatson

¥(l988¥).

             /Slgeriloboaus sp. ¢ZA, feptossrwestws Aii, 1983 (in Aia et al., 1983)

                                 Plate 40: 1O

  imlerial examlnea --One specimens; 1 t elements (IGU[Ei-ag2028).

  0ccurrence.--Bed TPP-13 in the TPP sectien.

  Remarks. --Element is laterally compressed atid asyimnetrical. IE]itrkx 1aterai cestae has straight marghis

aiid asyinmerical Rertgth. Nthough tltis speciinen is signilar to l element ofAurilobodus leptosomatrzts, it

is difficult to discuss the taxonomy due te its poor preseivation.

                        Genus Boftogziodus Litidstr6na, 197Z

  ?:ipe species.--Prioniodus J7crvis Lindstr6m, 1955.

  Remarks.--Dzik (i976) aiad L6fgren (1978) fouiid that Baltoniodus was a subgeitus ofPrionioch{s,

but Lindstr6m et al. (1974) argued for the rdiik ofgenus for Baltoniodus. Sogne authors (e.g., StoEgge,

1984; Dzik, 1994) agree with the opirtion ofLindstr6m et al. (l974). Baltoniodus has been reported to

have either a sexitnembrate appairatus (Bergstr6m, 1971 ; Lindstr6in, 1971) or a seprknembrate

apparatus (Sweet, 1988; Dzik, 1994).

                   Besdeg?etoaess sge. £fl B, varigbigts (Bergstr6m, 1962)

                                 Plate 46: 1-l7

Baltoniodus sp. cf B variabilts (Bergstr6m, 1962). Agematsu, Sashid& Salyapongse, and Sak"dsud, in

  press C.

  Desc]"iption. --F element is pastinate element with denticulate anterior process directed dowiiward at

                                                                          '
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atigle ofabout 45O frem the horizontal plane fomied by base efexpanded, denticulate, posterior process.

Basal margin ofposterior process expaiids to both outer and ixiiiersides and fonns asygmanenical

platfb"p, imier platforrn frem cusp to twe-tliii'ds lengtgi ofposterier process m matu'e specllnens

extends laterally foiniting seinicircle. Outer platfbmi is nan'ower thati iruxer side. Height of denticles on

posterior process is low atjunction with cusp atid posterior end, ax}d relatively 1tigh at xniddie ofprocess.

Outer lateral process extends dewiiwar'd from erect cusp.

  G element is pastinate elemeRt with erect to proclined cusp aiid denticulate anterior aiid pesterior

processes. Margin efposterier process is sliglitly expenided to ixigierside. Aiiterior process, whicli is

loRger thaii posteiior process aiid robust in matLEre specitneRs, is dii"ectecl dowiiward at aiigle of70-900

from herizontal plane passing along base ofpestertor process. Lateral process is directed dowrxward.

  E element is compressed iaterally. hmer lateral face ofbase is concave and posterobasal comer is

defiected to outer side. Elongated atid distally tapered ariterebasal corner is denticulate on airterior

margin efmost specirneits.

  C elemexat has one posterior atid two 1ateral denticulate processes. Lateral processes ax'e directed

dowiiward. A/Z¥) elemeRt is bipeimate element with proclined cusp exid adenticvglate slender ewitexlor

process. Posterior process has several small, latera}ly compressed deinicles sepdiated by laterally

compressed denticuies that are mere than twice as 1arge. D element is asytiiginetrical qvtackirankate

element with one antertor process, two 1aterag processes, agid one pesterior process, alg efthem

denticulate. Denticles on posterior bar are rhytRMnic sinnilar to these on pesterior process of

ligeRoCgixtifoim eRemeirt. Lateral processes are directed dowiiward,

  Adaterial epcamined.--Seven huiidred and eleven speciinens; 107 mb, 42 c, 145 d, 56 e, 173.f; a2id 188

g elements aGUTLaglO09, 1018, 1037, 1080, lg33, 1163, 1168, l172, 1243, 1262, 1306, 1332, 1341,

1362, 1365, 1372¥).

  0ccurrence.--Beds S[fL2 te 4 in the ST 1 section and beds LAJN-27 te 3 1 in the LAN 1 section.

  Remarks. --Bergstr6m (1978) mentioned that a!i appai'atus ofB. variabilis ( =Prioniodus variabilis) is

sintilai' to those efB. prevariabilis ( =A p"evariabilis) and B. aZobatus ( =R globalus) except aii

atnorphogriatltifoim element. [[gxis element ofB. variabilis has processes with more censpicuous ledges

thati that ofB. prevariabilis. Aposterior process oftitis element ofB. variabills has a lower riin than that

ofB. alobatus, and shows a triar}gular lateral exparision ofits tmer side. However, Dzik (1994) noted

that characteristics distinguisliiiig these three species ex'e obscui'e, beca"se their platfbrm-like posterior

processes exltibit a high variatien in their shapes, atid a triatigular pesterior precess, which is eni

identifiable feature ofB. variabilis, is not shovvii in itsjuvenile. TEie dinorphegnatitifonn specin3ens of
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titis study have thickly ledged processes, which ai'e sisnilar te those efB. variabilis, and have a platfbnn

with low to high riins in their posterior processes. Although no specirnen bears a 1aterally expar3ded and

triaiigular posterior process, eur speciniens are most closely related to B varlabilis. A huge collection is

necessary for mere reliable identification.

                     Genus Beggstroe??zggrsweszus Serpagli, 1 974

  n4?e species. --0istodus extensors Graves and Ellison, 1941

  Remarks.--Zhen et al (200g) described tirree species efthis genus aixd disckxssed its appatt'atus.

According to tliem, components of apparatus ofthis genus ai'e aiigu1atefaiid g eleEnents, make}late e

egement, paknate-alate c eleinent, aiid diguate or bipeimate a, b, aiid d eleinents.

                           Beggstroey?2ogyewrkus sge. A

                                  PIate 40: 9

 Description. --Bilaterally sytmnetrical specinien is palmate--alate c eleniegxt ak td arktero-posteriorgy

compressed. Cusp is located in the center ofelement, which has denticulated gatex'al processes. Axiterier

face is fiattened to geiuly convex aiid posterior face is broadly concave. Lateral processes beai' xakie

deRticles, which are basally coii[fluent aaid apically discrete. Basal cavity is smalg aiid shallow, Emd

posteriorly projects. The cavity 1aterally continues to basal fiurews aNider 1aterai processes. Pestefior

face is irimined with lateral ridge along basal mat'gin.

  Material examined --Fov!r specimens; 4 c elen Lents aGU'TLag2027¥).

  0ccurrence.--Bed I.rw-23 in the LAN 1 section and bed LNxl-70 in the LAN 2 sectien.

  Rema7"ks. --Elexnent is sEightly sirniai' to that ofBe7 gstr"oemognathus extensus ¥(Graves and Ellison,

1 941 ¥). However, width, heiglit, atid direction ofdenticulation on lateral processes suggest that the

specirnens aiid elements ofB. exlenszis are distinguished.

                           Beggsittoemogrutrfzus sge. B

                                  PIate 40: 8

 Adaterial examined--"IWo specimens; 2 c elements aGU'Ii-ag2026¥).

  0ccurrence.--Bed TPP-15 in the TPP section.

  Remarks. --Bilaterally syi3mienical element is atitero--posteriorly compressed with fiattened te gently

convex anterior face and concave. posterior face. Olte lateral process bears denticles, which are basally
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confiuent aiid apically discrete. Tlie other process is broken. Basal cavity is small and shallow, aiid

expanded posteriorly. Height and shape efdenticles and shape ofbasal cavity differ from those of

Bei gstr"oemog77alhus sp. A.

                       Geiaus Cggaptoegyzus (Keimedy, l980)

  npe specles.--Scolopodus guadroplicatus Branson and Mehi, 1933.

 Remarks. --Diagiiosis oftlris genus is revised by Ji and Bagnes (I994). Apparatus oftltis genyks

generally consists of four or five shapes ofelements. A, b, c, e, atidfelements ax'e multicestate

scolopodifonn, nicostate scolopodifoim, syimanenical staufferifbirm, coinpressed drepanedifoim, and

uhichodintifoxm elements, respectively (Ji arid Banies, 1994).

                       th?mptoeoEzus bogites (Repetski, 1982)

                               Plate 36: 1-6, 8

Scolopodus bolltes Repetski, i982, p. 46-47, pl. 21, fig. 9-11,

G41ptoconus bolltes (Repetski, 1982). Ji and BEgtries, 1994, p. 36, 37, pg. 8, figs, 8-13, text-fig. 25: a.

 Description. --Eiements are syimnenical te asyimanertical conifonn aiid characterized by having

costae aiicl deep grooves. 'IThey are distinguished into a, e, and e elements. A element is svLbsygxMnetiScal

aiid has proclined to erect cusp with maxisnurn curTvatme at one-fouEgftgk lengtii ofelement firom basal

margin. Cusp grradL}ally tapers distally and sliglniy twists, Base is expaixded axrtero-posteriorly. Aiiterior

face is rotmded enid smooth. Posterior face is fiattened except for well-developed pesterior caxrina. tsie

lateral sides are keeled as knife-edged 1ateral costae, Pesterior cambia coxmnonly without mediaii groove.

Base is oval in cross-section. C element is proclined to erect and sirniiar to a element. Hewever, titis

element is syminenical. E element is gaterally compressed and asyminetrical. Cusp is erect and tvvists.

Aiitertor face is broadly reuxided, Flattened posteir"or face has weak cartna without rr}edi2m groove.

Kxrtfe-edged lateral costae beginjust above basal mai'gin atid continue to tip ofcusp. Base is expemded

posteriorly atid basal margin is oval in aboral view.

  imlerial examiited,--rlZwenty five specitnens; 9g, 8c, and 8e elernents (IGUTLagl957 to 1963).

  0ccurrence.-Beds 16, 17, 20, 21, 23, 27, 28, 32, 33, 36, 38, and 39 in the TAR 2 sectiolt

  Remarks. --Ji and Barnes (1 994) recogrtized im'ee types ofelements, which constitute appaiams oftltis

species. [iie specinkens ofthis study coiifbnn with description ofthese elements.
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                       CDgaptoeoyzus,ffowey"i (Repetski, 1982)

                                Plate 36: 7, 9-12

Scolopodusfloweri Repetski, 1982, p. 47, 48, pl. 24, figs. 7, 9, pl. 25, figs. 1, 4.

Gopteconus.77oweri (Repetski, 1982). Ji and Barnes, 1994, p. 39, pl. 8, figs. 14-26, text-fig. 25: b.

 Descr4?tion. --Element is slender and costate having long cusp and small base. Fokxt" types elements, a,

b, c, aAd e, egre recogrtized in the collection ofthis sttidy. Erect and synllnetrical a element has two Iateral

costae and twe anterolateral costae. These costae are sharply edged ay}d extend fromjust above basal

cavity te tip ofcusp. /tnterior face is bx"oadly convex. Posterior face is itaiTowly rovgiided Cifistally, Emd

fiattened at point efmaxisnurn cugrvatw'e ofelement. Base is fiared posterierly. Basal inargh is elliptical

in aboral view. B element is asymneretical Lili[it and has erect te recgined cusl¥) and short base. One

antero}ateral costa and two posterolateral costae begin from above basal margin to tip ofcusp. Base is

atitero-posteriorly compressed. Basal margin is elliptical in aboral view. C elesckent is sytmanertical, erecg

and latera11y compressed forrn. Aiiterier face is edged by two anterolateral costae. Pesterier face has

shamp posterier carkia. Outline ofbasal margin is triangu1ar in aboral view. E element is strongly

compressed atiterior - postseriorly and twists. Cusp has broadly rounded a3xterier face and convex

posterior face. Latera1 mai'gins ai'e keeied, Base is expaaided posteriorly.

  Malerial examined.--"rkty twe specirnens; l 8 a, 1 1 b, 2 c, and 1 e elements aGU'ILagl964 to 1968¥).

  Occurrence.--Beds 16-1g, 20, 22, 42, 44, a2id 46 in the TAR 2 section.

  Remarks. --Tlie specirnens coincide with four types ofeiement, which are descrkbed by ji dixd Banies

¥(1994¥).

                Claegoptocgemes gestsdrapgicntus Branson and Meld, 1933¥)

                               Plate 35: l2, 14, 15

Colaptoconus gz{adrapllcatus (Branson and Mehl, l933). Aibar}esi, 1998b, p. 122, pl. 2, figs. 18-25;

  Pyle, Bariies, and Ji, 2003, figs. 5: 16-l8.

Drepanodztsparallelus Branson and Mehi, 1933, p. 59, pl. 4, fig. 17; Lee, 1975b, p. 85, 96, pl. 1, fig. I6,

  text--fig. 3m; Repetski, 1982, p. 21, pl. 6, figs. 9, 10.

Drepanodbls smbarcuatus Fuinish, 1938, p. 328, pl. 41, figs. 25, 32; Etliiiigton and Clax'k, 1964, p. 689,

  pl. 113, fig. 20.

Gijploconus guadroplicatus (Brairson and Mehl, 1933), Keimedy, 1980, p, 61--63, pl. 1, figs. 39-41, 45;
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  Ji Emd BarEies, 1994, p. 39, pl. 8, figs. I4-26, text-fig. 25: b; Seo, Lee, and Etirbigton, 1994, figs. 8-11,

  l1-8-11.

Scolopedus guacb'aplicalus Braiison aiid Mehl, 1933, p. 63, pl. 4, figs. 14, 15; FvEtnish, 1938, p, 332, pl.

  41, figs. 1-12, text--fig. 1:j; Etliiiiigton and Clark, 1971,p, 73, pi. 2, fig. 5; Repetski, 1982, p. 50, pl. 23,

  figs, 4, 5.

 imlerial examined.--kwo specirnens; 2 a elements aGU[[:-agl954-1956¥),

  0ccurrence,--Bed TAR 41 in the TAR 2 section,

 Remarks. --Ji and Bairries (1 994) described a, b, c, e, aiidfelements aixd revised defurkion efappak'atus

ofthis species. Only two speciniens occur fi'om the study sectien, but they coimbnn with description of

Ji aixd Bariies (1994).

               Genus ¥(]boperigrwtrkus Zhen, Percival, axid Webby, 2003b

  n<7r,e species. --Protoprioniodus ]zyinti Cooper, 1 98 e

 Remarks.--Conodonts belonging te this genus, which is established by Zhen et al. (2003b), have

sexitnembrate apparatus composed efratnifonn atid pectirrifonn elements having adenticugate

processes. Ale elements have a ledge-like costa above the basal margin. "lrWo species, C. arando aiid C

izyinli are included in tltis genus, to date.

                      (]Dopeg"igffz6thws ewgnde (Ceeper, 1981)

                               Plate 42: 12-15

New genusASweet et al,, 197g. Repetski, 1982, p. 56, pl. 27, figs. 1-6.

Cooperig77alhus arandu (Cooper, 1981). Zhen, Percivai, aiid NMDbbM 20e3b, p. 188, 190, fig. 12: a-p.

0elandodus costalus van Watnel, 1974. Aii, Du, and Gao, 1985, pl, 6, fig. 20 (only).

Preloprionlodus arando Cooper, 1981, p. I75, l76, pl. 30, figs. 1, 6, 7, 1O, 12; Ethiiigton and Clai-k,

  1982, p. 86. 87, pl. 9, figs. 27-29 (oidy); FaliurE£us and Rey, 1993, p. 30, 31, text-fig. 5: 21-23; PoEder,

  1994, pl. 6, figs. 1O-i2; Jolmston a23d Barnees, 2000, p. 42, pl. 6, figs. 26, 30 (only); Norfbrd, Jacksoii

  atid Nowlaii, 2002, p}. 3, figs. 4-6; Pyle, Bariies aiid Ji, 2003, figs. 8-1g, g-E9.

Proloprioniodus aylntl Cooper, 1981. Stait and Druce, 1993, p. 317, pl. 19, fig. m (only); Pyle, Baines

  and Ji, 2e03, figs. 8-22, 8-23 (only).

Protoperloniodus sinzzplicissimus McTavish, 1973. Albanesi, 1998b, p. 17e, pl. 1e, fig. 22 (oniy).
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  M22terlal examz'ned--'Ien specimens; 2 a elements, 3 b elements, 3 c elements, 2 e eleinents

¥(IGU'ILag18I5, 1817, 1827, l829¥).

  0ccurrence.--Bed TUW-15 in the TUW 2 section aiid beds LAN-77 agid 78 in the LAN 2 section.

  Remarks.--A, b, c, aiid e egeiinents are recogitized in the col}ection oftltis study. Zheii et al. (2003b)

describes a, b, c, e,7g aiid g elements in a sexirnembrate apparatLis eftlris species, F and g elements are

also reported from New Mexico (Repetski, 1 982). However,fand g elemexxts are Ret recognized in the

Ceoper's (1981) collection fi-om the Hom Valley Siltstone, which yields more thait 2eO elenaents oftltis

species. Discussion ofthe appaiatLis ofthis species requii'es more specimens effand g elements.

/lithough Jolmston and Bariies (2000) relegates the eEements ofProtoprioniodz{s Jyapu to a pawt efaxi

appai'atus ofR arandu (== Cooperig72athus arandu), we follew tlie concept ofZhen et al. (2<)03b) that fl

yopzt is one ofthe species ofthe genus Proloprioniodus Mc'favish, i973.

  [IJhe specinnen of 0elanclodus costatus in Aik et al. (i985; pl. 6, fig. 20) lxas a stotxt cusp with a

conspicuous costa en the posterior face and a ledged-1ike cest& which is parallel to a basal mat'gin, oia

the irmer aiid outer 1ateral processes. en the basis ofthese characteristics, the specinien ofAn et al.

¥(1985¥) is identified to e eiement ofC. arando.

                       thoperigyasthess gayinafi (Cooper, 1 98 1)

                                PEate 42: 4, 7-11

Cooperignalhors ayinti (Cooper, 1981), Zhen, Percival, and Webby, 2003b, p. 1 84-1 88, figs. 1e: a-n, 1 1 :

  a-o.

Protop7"ienlodus ayinti Cooper, 1981, p. 176, 178, pl. 29, figs. 1-8, 1X, 12; Pyle, Bewrg tes azid Ji, 2003,

  figs. 8-20, 8-21 (only).

PTotoprioniodus arancia Ceoper, 1981. Etlfuigton aiid Clai'k, 1982, p. 86. 87, pl. 9, figs. 2ag-26, 30

  (only); Johiiston aiid Baines, 2000, p. 42, pl. 6, figs. 23, 24 (only),

 MZ71erial examlnea--"IiweRty six specitnens; 4 b elements, 2 c egements, 9 e elements, and 1lf

elements (IGU"ILag1818, 1819, 1825, 183O, 1833, 1836).

  0ccurrence,--Bed TWI5 in the TUW 2 section,

  Remarks. --B, c, e, aiidfelements occu!t' fi"om the study sectien. Cooper (1 98 1) and Zhen et al. (2003b)

recogrtized five and six types ofelements in appatatus oftltis species, respectively. B ewid c elements

show a s>ifninetry trenisition series. E element is able to be distinguished frem that of Cooperignathus
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arando by wavy basal margin in anterior and posterior view and af} acute aiigle, about 3OO, between

costa on posterior face of cusp diid iedged-like horizontal costa on iiMier arid outer lateral processes. F

element is a crescent urtit with a ledged-like costa above basai margin. On the basis ofa size ofouter

1ateral process, Zhen et al, (2003b) distinguished g element fi"omfelement. However,felemeitt has

gradual variatioit in censpicuousness oftheir outer lateral processes. Tl kerefox'e, it is difiicugt te separatef

and g eleinents in the collection ofthis study.

                      Genus thrwge#dws Fahi'Eeus, 1966

7:ilpe specles.--Cornztodus ereclzts Falii-a2us, 1966.

                      Ccprmgsdgiss loizgibasts (Lindstr6m, 1 955)

                              Plate 35: 13, 16, 17

Drepanoch{s longibasis Lindstr6na, 1955. p. 564, pl. 3, fig. 3l.

CGTnuodus ereclus i}. sp. FalrrEeus, 1966, p. 20, pl. g, fig. 8, text-fig. 2: b.

"Cornuodus" longibasis (Lindstt'6m, 1955). Serpagli, 1974, p. 43, p}. 7, fig. 2, pl. 20, fig. 12.

Cornuodzts longibasis (Lindstr6m, l955). Laiiding, 1976, p. 631, pl. 1, figs. 12, 13, 15; Stouge, 1984, p.

  62, pl. 8, figs. 1-81 Stouge aiid Bagiioli, 1988, p. 114, pl. 1, figs. 20, 21; Stouge atxd Bagrioli, 1990, p.

  I4, 15, pl. 3, figs. 3-7; Dzik, 1994, p. 61, 62, pl. 11, figs, 8-13, text-fig. 4: a; AJrraxstrong, 1997, p. 785,

  pl. 4, figs. I2-22, text-fig. 6; L6fgt'en, 1999, p. 178, 180, 182, 184, pl. 1, figs. 1-21, pl. 2, figs. 1-13, pg,

  3, figs. 1-7; Wang and Bergstr6m, 1999b, p. 333, pl. TVI figs. 4, 5, 7; Wang and Qi, 2001, pl. g, fig. 1l.

 Description,--Collection ofthis study contains a, d, andfelements. A element has posterolaterag

costae. D element is 1aterally compressed atid twists. This elemexrt is subdevided inte two types; one has

relatively long aiid slender base, aiid the other has aiitero-posteriorly fia3'ed base. RecurvedfeEemexxt has

short and fiared base,

  Malerlal examlned.--Nine specinnens; 2 a, 6 d, and 1felements aGU'ILag2169, 2170, 1417¥).

  0ccui"rence.--Beds TAR 38 aiid 41 in the TAR 2 section, beds ST4 aiid 18 in the ST 1 section, bed

LAN-79 in the LAN l section, and bed LAN-77 in the LAN 2 section.

  Remarks.--r]Jlie specianens fully ceitfbnn with the description ofL6fgren (1999).
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                        Genus Decoriegszggs Cooper, l975

  7ii4,e species.--Paltodus costulatus Rexread, 1967.

                   Decorieggaus.fieggitis (Bransen and Me}", 1933)

                              Plate 52: i3-l7

Decoi'lconusfi"agills (BransoR and Mehl, 1933). Cooper, 1976, p. 212, 213, pl. 2, figs. 5, 8, 14-17;

  Banick, l977, p. 53, 54, p}, 2, figs. 15, 21-23; McCracken, 1991, p. 79, 80, pl. 4, figs. 33, 39; Barrick

  agid }llapper, 1992, pl. 2, fig. 5; Farrell, 2003, p. 151, pl. 12, figs. 11, 12, 14, 17s Farrell, 2004, p. 958,

  pl. 8, figs. 16, g7.

Di"epanodus aduncus Nicoll and Rexi'oad, 1968, p. 35, pl. 7, figs. 11-15; AJdrifdge, 1972, p. 175, pg. 9,

  fig. 17.

Paltodusfi"agllis Branson and Mehl, 1933, p. 43, pl. 3, fig. 3; Rexi'ead aixd Nicogl, 1972, pl. 1, figs. 42,

  43.

 imlei"ial examined.--One hwidred and Sixteen specirnensg 29 a, 77 b, 6 bic, and 4 c elements

aGU [i-agO1422, O1440¥).

  0ccurrence.--Beds I.AJN-49, 6e to 62, aiid 65 in the LNxJ 1 section.

 Remarks. --According to Cooper (1 976) and Bairtck (1 977), tltis species has apparatvgs coxxsisting efa,

b, and c elemexrts. rlThese egements fonin a sysmietry traiisition series. A, b, b/ic, aiad c elements are

recogrtized in the collectien ofthis study. Tliese at'e asynMneuicako sytinmenicag coniform e}ements,

which change their shapes gradualgy.

                        Genus DrepaEswdus Paiider, 1 856

  npe species.--b"epanodus arcuatbls Pander, 1 856,

                       Dreptw2gaus ew℃esutus Patider, 1 856

                               Plate 35: 6-11

Drepanodus arcuatus Pander, 1856. Lindstr6m, 1955, p. 558, pl. 2, figs. 30-33, text-fig. 3:j; Fal¥)x'ecus,

  1966, p. 21, pE, Iff, fig. 15; Lee, 1975b, p, 84, pl. 1, fig. 13, text-fig. 3: 1; Dzik, 1976, text-fig. g7:a. c;

  Stouge aiid Bagneli, 1988, p. i15, pl. 2, figs. 1-6; Dzik, 1994, p. 68, 70, pl. 15, figs. 2-6, text-fig. 8: &

  b; Albanesi, l998b, p. 122, pl. 3, figs. 1--81 Jolmston and Bames, 2000, p. 17, pl. 10, figs. 3, 5, 7-9;
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  Warig, 2001, p. 352, pl, 1, figs. 2, 6; Zhen, Percival, and Webby, 2e03b, p. 52, 53, pl. 3, figs. 1-12.

  Ml7terial examined.---Sixteen specirnens; l6 g elements (9 arcuatifroxn exid 7 sculpeneafomi)

¥(IGU[ILag1422, 2164 te 2168¥).

  0ccurrence.--Beds S'Ii-4 and 5 in the ST section, beds TAR 6 and 13 in the TAR 1 section, beds

TAR-27, 28, 3 i, 36, and 38 in the TAR 2 section, aiid bed TPP-17 in the TPP sectien.

  Remarks. --Johnston atid Banies (2000) proposed apparatus composition oftlnis genus censisting ofg

and r eiements. R element is oistodifofin and e elements contms ai'cuatifomi exiCif scuklpneafonn

elements. e element occLErs fi'om the study secteins.

                        Genus Dregasotwodus Lindstr6m, 1 97 1

  7:ldpe species. --0istodusforceps Lindstr6m, 1 955

  Remarks.--According to Johnston atid BatMes (2000), tftis genus had appggratus censisting efp, q, and

r egements. Nthough Zhen et al. (2003c) 'described sexiniembrate appartatus, contmig a, b, c, d, e, and

feleftnents, each element is sirnilar in shape, except for oistodifoptn e elements, and it is dificult to

distinguish. Therefore, I follow Jolmston and Barnes (2000) and classify specixnems intep, g, and r

elements here.

                  Dg"epewzoistodges eew2cevus (Branson and Mehl, 1 933)

                                 Plate 35: 1-5

Drepanodus conccrvus (Brarison and Mel", 1933). Keimedy, 1980, p. 55-57, pi. 1, figs. 26-34; Repetski,

  1982, p. 20, pl. 6, fig. 11.

Drepanoistodus concavus (Branson and Mel", 1933). Ji and Batpmes, 1994, p. 34, 35, pl. 7, figs. 1-7.

0istodus concm7us Branson and Mehl, 1933, p. 59, pl. 4, fig. 6.

  Ml7terial examinea--Sixty tirree specirnens; 3p, 54 g, and 6 r elemepts GGU'ILag1949 to 1953¥).

  0ccztrrence.--Beds TAiR 3-8, 1O, 11, and 14 in the TAR i section and beds TA[R 22, 23, 27, 28, 32, 3,

aiid 36 in the TAR 2 section.

  Remarks. --Ji and Baines (1 994) described mis species in detail. IIIie elements fi'oxn tlie study sections

coiifofins with their description, Ji and Bariies (1994) recognized a, c, and e elements efihis species,

aiid they are correlated with q,p, aiid i" elements ofJelmstoR and Bames (2000), respectively.
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                     Drepewzststodess coswttws (Abairnov& 1971)

                                Plate 43: 1O-13

Di"epanodus coslalus Abainiov& 1971, p. 490, pl. 1O, fig. 6, text-fig. 3.

Drepanoduspiijanti Cooper, 1981, p. 162, pl. 26, figs. 3-5, 7, 8; Watson, 1988, p. 111, pl. 3, figs, 14, 16,

  17, pl. 5, fig. i5; Albanesi, 1998b, p. 136, pl. 4, figs. 1-7m text-fig. 16.

Drepanoistodus coslatus (Abainiov& 1971). Stait and Druce, 1993, p. 303, figs. I2: 1, m, 17:j-n; Zhen,

  Percival, and Webby, 2003c, p. 191, 194, fig. 15: a-r.

Scolopodus cornulijZ¥)rmis Lee, 1976, p, 172, pl. 2, figs. 18.

Scolopodus oitibsensls Wang and Luo, 1984, p. 284, pl. 4, figs. 22, 23,

  imlerial examinea--rlWenty specirnens; 4p and l6 g elements (IGU[[Lag2042 to 2045).

  0ccurrence.--Beds TPP-11, 18, aiid 27 in the TPP section, and beds LAJN-8, 9, 11, and 17 in tEie

LAN 1 sectioit, and bed LAN-77 in the LAN 2 section.

  Remarks. --Cooper (1981) described Drepaneduspiijanti from the HoRk Vkitlley Siltstone in Ausit"alia.

Zhen et ag. (2003c) suggested that this species is ajiMi{ior syiionytn ofDrepanoistodus costalors, aikd I

follow them. Aibariesi (1 998b) reported a q element having short upper margin aiid straiglit airkerobasal

projection ofbase. He described this element as 'lf" element, which was net reported by Zhegx et al.

¥(2e03c¥). Ms mpe ofelements also occurs from the study sections.

                      Drepgyzotstodusforceps (Lindstr6in, 1955)

                                 Plate 39: 3--7

Dropanolstodusforceps (Lindstr6m, 1955). Lindstr6m, 197l, p. 75, figs. 5, 8; Serpagli, 1974, p. 46, pl.

  1O, figs. 8-12, pl. 21, figs. 9-14; Falli"eeus and Nowlan, 1978, p. 459, pl. 1, figs. 22-25; LOfgt'en, 1978,

  p. 53, pl. 1, figs. 1-6; Faln'Eeus aiid Roy, 1993, p. 21, 22, pl. 2, figs, 9-i2; L6fgten, 1995, fig. 7: ag-al;

  Nbdiiesi, l998b, p. 136, pl. 3, figs. 19-22; Zhen, Percival, and Webby, 2e03b, p. 53, pl. 3, figs. 13-18.

Drepanodus homocurvatzts Lindstr6m, 1955, p. 563, pl. 2, figs. 23, 24, 39, text-fig. 4d.

Dre;panodL{splanus Lindstr6in, 1955, p. 565, pl, 2, figs. 35-37, text-fig. 4a.

0islodusforceps Lindstr6in, 1955, p. 574, pl. 4, figs. 9-13, text-fig. 3m.

imterial examinea---rlWenty six speciniens; 1 p, 23 q, and 2 r elements aGUrli-ag2004 to 2008¥).
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  0ccurrence.--Beds TAR 36, 38, 42, 45, aiid 46 in the TAR 2 section.

  Remarks.--Zhen et al. (2003b) described asyimnetrical drepanodiform, synrmetricako

subsytimieuical drepatiodiforni, at3d oistodifoxxn elements, which at'e con'egated withp, e, atid r

elements, respectively. Elements, which occui' from the study section, coincides with the description of

these tfrree types of element.

                        Genus .Elrguticodogz Dzik, 1978

7JYdpe species. --Erratlcodon ballicus Dzik, l978

                          Ervaaficodoit pestw Ceoper, 1981

                                 Plate 4e: 15

th"raticodonpatu Ceoper, 1981, p. 166-168, pl. 32, figs, 1-6, 8; Zhen, Percival, and NMibby, 20e3b, p,

  195-198, figs. 16: a-k, 17: a-o.

 MZ71erlal exan7ined--One specinaen; 1felement (IGUrl]Lag1816).

  0ccurrence.--Bed TW1 5 in the TUW 2 section.

 Remarks. --Specinien coiifbrms withf(lonchodinifonn) element described by Cooper (1 98 1 ). 1[lie

egement oftl tls study is distinguished from that ofth"raticodon balticbls Dzik, 1 978 by having the

anterior, posteirer atid 1ateral processes, which are ofsisnilar length atid beeif tlrree te four discrete

denticles.

                               Errasgcgdogz sge. A

                                 PIate 4e: 16

 A4Lzterlal examined--One specimens; 1 b element aGU'Ii-agl797¥).

  0ccz{rrence.--Bed TUS-8 in the "I'US section.

  Remai"ks. --Specirnen is a 1iinideodellifonn element with a long cusp ewxd denticvglate axiterelatefal diid

posterior processes, which are distally broken. Cusp has keeled atrtero1ateral and posterior costae, whiclk

continue to the processes in their lower patt. The poor preservation ofthe specimen preveRts its

identification of species.

thnrasiesdoffz sge. B
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                                 Plate 40: 14

 fLlaterlal examined--One specirnens; g c element (IGU'Ii-ag2032).

  0ccztrrence.--Bed TPP-27 in the TPP section.

  Remarks. --Tlichoftedellifbrni element occvg's fi'om the study section. Tltis eieinent is syimnetrical aiid

has long cusp, two 1ateral processes, and posterior process. Tlie poor preservation ofthe specitnen

prevents its identification of species.

                     Gen"s ff7Zlodoyztws Pyle, Bafiies, and Ji, 20e3

  7]ipe species.--Scolopodus771osus Ethioitgten aiid Clai'k, 1964.

  Remarks.--Pyle et al. (2003) fouiided the genus Filodonlz{s and assigned Filodonlors.filosus to this

genus. This is the sole species belonging to tltis genus. Pyge et al. (20e3) described two types ofelement

as apparatus ofEfilosus. Elements oftihis species are chat-acterized by bearing many extremely fkxe

longitudinaE costae from above basal magin te tip ofcusp.

                 ewfodogesus sp. ¢£ E.fifgsas (Etlfu)gton and Clark, 1964)

                                 Plate 38: 1, 2

Scolopodus.filosus Ethiiigton and Clark, 1964. Jones, 1971, p. 63, pl. 5, fig, 1g (enly); Repetski, 1982, p.

  47, pl. 22, fig. 2.

  Description. --Element is slender aiid sirnple cone with proclined cusp. Unit slightgy curves at

one-tli[ird to one-halfgength from basal margin. Cusp gradvsaEly tapers toward tip and base is

ugiexpaiided aiid cy}iiidrical. Elexnent has circula2' cross-section tEi[roughont their gexkgh. The sEJggrface is

omamented by fuie longitudinal costae that extend from nrid base te tip efcusp arid eccur oR all sides.

The cost3e ofdistai part at-e micher than those ofbasal part ofelen kent. Lower halfofbase is srxiooth,

Basal mai'gin is straight in lateral view and circular in aboral view.

  M27terial examined.--Fou[r specimens; 4 nongeniculate elernents aGUIIiLgl986, 19g7¥).

  0ccw'rence. --Bed TA[R 46 in the TA[R 2 section.

  Remarks.--Pyle et al. (20e3) described two types ofelemeRt ofFf21osors. One is slender fonn, and the

other is stout and squat uitit. Both types has reclined cusp and more or less expaRkded base, which is

greater thati halflengtli ofelements. ']1ie elemeRt from the study section is proclined emid more slender,

and has shorter base than those ofPyle et al. (2003). Jones (1971) atid Repetski (1982) reported
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elements sintilar to the specirnen ofthis study. Stout elements do not occui' from the study sectioR.

                 Genus f7Zaseha Vlitleirzuela-Rios and Murplry, l 997

  7iipe species.--Sipalhog77athodus s4gius Flajs, 1967.

 Remarks.--VaEenzuaela-Rios and Muaphy (1 997) defiiied camiiitiscaphate element witEi expanded

coxi[lcal cusp asfelexnent ofspecies belonging to this genus. The other eleineRts efapparatus oftliis

gentgs are not entirely recoxistructed. On the basis efstratigraphic rarige oEfelemeitt, ValenziLiela-Rios

and Murphy (1997) temperally described a, b, c, e, andg elenkents, which co-occur withfelement.

                          eway"segla sdygig (Flajs, 1967)

                               Plate 55: 1, 2

f77ojsella sngia (Flajs, 1967). Valeiizviela-Rios and Murplry, 1997, p. 139, 140, figs. 8:26--28, 9: 26-30

  (oniy).

0zarkodlna s4y<gia (Flaj s, P67). Laiie aiid Omiiston, 1979, p. 57, 58, pl.1, figs. 45, 46, pE. 2, figs. 10, 1 fi .

iSioathognathodus sngius Fiajs, 1967, p. 204, 205, pl. 5, figs. 16, 17.

  Descriptlon. --Caiasmiscaphate felement has straight aiiterior blade, wEitich shaxply cv[rve at prexirnal

end, iik oral view. tsrteirior blade beat's 1O to 16 CleBticles, with the higliest ¥(lenticEes at one-third to

one-halflength from the ariterior end ofthe blade. Cusp is higli aiid wide, ex}d loeated at the posterior

part. Shert posterior cai igia is nearly straight er gently bent. One to tl [ree denticles are poorly developed

on posterior carina with adenticulate gap between cusp. Basal fiares ai'e syimanetrical to asyimanetrical in

oral view and occupy about ene-third to one-halfofposterior part efelement.

  Adoterlal examined.--Fifty seven specirnens; 57felements aGUrifLag2151, 2i52¥).

  0ccz{rrence.--Bed LAN-65 in the LAN 1 section.

  Remarks. --Specitnens, which occur firom the study section, alf}xost coii[fbrm withfeleinents of

Valeivaiela-Rios and Mumphy ( 1 997), except for slightly short posterior cariiia argd relatively smagl basal

cavity.

               avay"sede signessngtw Valeivaiela-Rios and Mwphy, 1 997

                              Plate 55: 4, 5, 7

"ay'sella sigtnos4gia Valeirzuela-Rfos and Murphy, 1997, p. 137, l39, figs. 8: 23-25, 9:5-8 (oniy).
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0zarkodina s4gia os1ajs, 1967¥). Murphy and Mani, 1983, p. 1O-12, pl. 3, figs. 1, 2, 7, 8.

 Description. --F eXexnent has neatly straiglit to gently curved atiterior blade beating 1 O to 1 5 denticles.

Several denticles, which located at anterior end, are the higliest and the rest gradually descend toward

the cusp. Postertor cartna is short and gently cLrwes. 'IWo te five denticles ar'e poorEy developed on

posterior catkia. Large basal flares at'e sytmnetricag to asytimienical and occupies abe"t one-thii'd to

ene-half ofposterior part of eiement,

 Adaterial examlned.--One hundred aiid four specirnens; 1e4felements aGU"ILag2156 to 2158¥).

  0ccw"rence.--Bed LAN-65 in the LAN 1 section.

  Remarks. --1[lie specitnens are distinguished froin the elements ofE sngia by having more denticEes

en posterior catina without adenticulate gap between cusp.

                              evay"seifts sp. A

                               PIate 55: 8, 13

rvay'sella sh'eptosijgia? ValeivaJeXa-Rios and Murphy, 1997, fig. 9: 19, 20, 25 (only).

 ?walerial e.xamlned.-- [irkty seven specimens; 37 g elements aGU li-ag2i59, 2160¥).

  0ccurrence.--Bed LAN-65 in the LAN 1 section.

 Remarks. --Vaieirzuela-R(os and Murphy (1997) descrtbed ew3gulate e}ement as g element ofsevera}

species efflcy'sella. Asyininetrical Emgulate elements occurs from the study sectieR and may correspond

te g eEement. However, it is difficgk to discuss the taxonomy ofrvay'sella sp. A , because all the ele] rtents

belonging to F7ojsella are yieEded frem only one reck satnple in this study.

                              ff7?tsfseffasp. B

                              PIate 55: 3, 6, 9

FZojsella stygn7osngia? Valexrzuela-Rios aiid Murphy, 1997, fig. 9: 9-1 E (only).

 Mi7tei"ial examined.--Sixteen specirnens; 8 b and 8 c elernents (IGU'ILag2153 to 2155).

 0ccurrence.--Bed LAN-65 irt the LAN g section.

 Remarllrs. --Sytninenical to asytimietrical digyi"ate elements eccurs frem the study section. [[hese

elements fonn a synrmetry trarisitien series. Valeiumela-Rios and M}Jgrphy (1997) descitlbed digm'ate

elements as b atid c elements of several species ofrvay'sella. However, sinularly rvay'sellg sp. A, it is
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irnpossible to discuss the taxonomy.

                         Genus fftssiodeffa Hanfis, l 962

  7Jlpe species.--HZstiodella aif"ens Hariis, 1962.

                  ff?safiodegla deglodegftwtw Etlmbigton atid Clar"k, 1 982

                               Plate 40: 79

H7sliociella holodentata Etliiiigton aiid Clai'k, 1982, p. 47, 48, pl. 4, figs. 1, 3, 4, i6; NMittson, 1988, p,

  115, 1i6, pL 4, figs. 15, 20.

ffZstiodella sinuosa (Graves and Elgisen, 1941). Banies extid Popgawski, 1973, p. 776, pl. 1, figs. 17, X8.

H7sliociella sp.ASweet, Etiimgten and Bexnes, 1971, p. 167, pg. 1, fig. 16.

H7sliodella sp. 1 Hewris, Bergstr6m, Et13iiagton, and Ross 1979, pl. 1, fig. 9.

 M22Xerial examined.--One specisnen; 1 blade-gike egement aGU'I:-ag2025¥).

  0ccztrrence.--Bed TPP-g5 in the TPP section.

 Remarks. --EthingtoR aiid Clai'k (1982) recogrtized blade-like element, synmmesticai e}ement, aikd

oistodiforrn element in apparatus ofspecies ofHZstiociella. Blade-like element is yielded fi"em the study

sectlen.

                       Genus inewwgr36thas Seipagli, 1974

  ZLpe species.--･-StolopodZtsfilosus Etitiongton emd CIai'k, 1 964.

                      imewzggywtthus vtsrigbects Serpagli, 1 974

                                Plate 39: 1

Acontlodus sp. B Igo and Koike, 1967, p. I7, pl. 2, fig, 15, text-fig. 4: 1.

.h{anognalhus variabilis Serpagli, 1974, p. 49, pl. 11, figs. 1-7, pl. 22, figs. 6-17, text-fig. 8; Lakiding,

  1976, p. 634, pl. 2, figs. 15-17, 19-23; Etlimgton and Clark, 1982, p. 50, figs. 8-1O, 17; Repetski, 1982,

  p. 27, pl. 8, fig. 9, pl. 9, figs. I, 2; Wang and Luo, l984, p. 263, pl. 6, figs. 8, 9; Stouge aixd Bagiaoli,

  1988, p. 120, pl. 3, figs. 20, 2I; Pohler, 1994, pl, 3, fig. 4; Nbanesi, l998b, p. 126, pl. 5, figs. 1O-14;

  Zhen, Percival, and NM:bby, 2003b, p. 53, 54, p}. 4, figs. 1-14; Agematsu, Sashid& Salyapongse, and
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  Sar'dsud, in press A.

Scoipedus sp. AIgo and Koike, 1967, p, 26, pl. 2, fig. 7, text-fig. 8.

  Material examined.--One specirnen; l c element aGU"Ii-ag2002¥).

  0ccun"ence.--Bed TPP-21 in the TPP section.

  Reamrks.--Accordkig to Zhen et al. (2003b), a, b, c, d, aiid e elements censtitute appaiatus efthis

species. SpecirneR ecctu`s from the study section is syminetrtcaijuaaisgriatftifonn element agid coincides

with the description ofc element ofZhen et al. (2003b).

                         Genus ,hemodoyztws Cooper, 1981

  7:lwe species.---JZenodbnlus ganandu Cooper, l981 .

                        imy?zodoyzafas gewzGyzde Cooper, 1 98 1

                                 Piate 44: 17

u7Ztmodontus ganandu Cooper, 1981, p. I70, pl. 31, fig. 13; Nicoll, 1992, p. 216-223, figs. 4-8; Pohler,

  l994, pl. 3, figs. 15, 16; Jo}mston aiid Bai nes, 2000, pl. 4, fig. 22; Zhen, Percival, axid WebbM 2003c,

  p. 198, fig, 18: hj.

  Material examined.--One spechnen; 1 felement (IGUrli-ag2173).

  0ccurrence.--Bed LAN-77 in the LAN 2 section,

  RemaTks.--Nicoll (1992) revised a diagriosis ofthis species axid described coniform aitd rexniform

e}ements, which are assigned to a, b, c, d, e,i and g element. Stout ratnifonn elerr¥)ent is yielded fi'om

the study section. Tlie specinien coitfbmis wtihfelement ofNicell (1992).

                         Genus Mggegcgstwtws Miller, 1980

  npe species.---Acodus sevie7"ensls Miller, 1969.

                       Moyagcostwgus seygeereitsts (Miller, 1 98 1 )

                                 Plate 1: 6, 7

Acocins sevierensls Miller, 1969, p. 418, pl. 63, figs. 25-3 1 (only).

                                     98



Acontiodus (Semiaconliodus) unicoslatus Miller, 1969, p. 421, pl. 64, figs. 49-54 (oniy).

Adonocostalus sevierensis (Miller, 1969). Miller, 1981, p. 27, pl, 2, figs, g, 9, text-fig. 4u; Landing,

  Westrop, and Hemick, 2003, fig, 7: 14, 18,

 imlerial examined--Six specirnenss 1 mb and 5 c elements aGUrli-agl941, 1942¥).

 0ccur7"ence.--Bed IErAIR-3, 6, aiid 9 in the TAR l section.

 Remarks. --Specixnens occLxr fi'om the study section contain s>Gninetrical af}d subsytixtnenical

elements. Tliese elements fomi a syimeneti7y transition series and co!ifbi3n with the descriptien ofMiller

¥(1981¥),

                     Genus 0eprkodes Lindstr6m, 1955

7:Slpe species.--0eplkodus sn7ithensls Lindstr6m, 1955.

                             0epthgdus sge. A

                              PIate 43: 5, 6

 imlerial e.xaminecl--[[1iti'ee speciinens; 1 b, 1 d, aiid 1 e elemei3t a(}UTLag2e37, 2038).

 0ccurrence.--Bed LAN-70 in the LAN 2 section.

 Remarks. --()n the basis efnatu[t-al assemblages aiid discrete e}ements of 0apikodus evge (Lindstr6m,

1955), Stewart and Nicoll (2003) defuied apparatus of Oepikodus as septirnembrate. A, b, c, and d

elements ofspecies belonging to 0epikodus are qaudrtramate or modified qwadmamate fonns. E

element is geniculate makellate elerr}ent. F and g element are pastinate element. Ii ft this studM

q"ackiramate b and d elements and geniculate e element are yielded fi'om the LAN 2 section.

                      Genus Otstodus (Pander, 1856)

npe species.--0oislodus lanceolatus (Pander, 1856)

                              aststodws Sgee A

                               PIate 41: 17

Drepanoistodus? venuslzts (Stauffer, 1935). L6igen, 1978, p. 57, pl. 1, figs. 19, 1O.

Di"epai7elstodus? aff: venuslus (Stauffer, 1935). L6fgt-en, 20e3, fig. 7ac (only).
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DrepanoisledZts cf D, venuslus (Stauffer, 1935). Viir4 L6fgi'en, Magi, aiid Wickstr6m, 2001, fig. 9h.

Oistochis abz-7cians Bratason atid Mel", 1933. Rlaodes, 1953, p. 294, pl. 21, figs, 9i, 92.

0istodus venustzas Stauffer, 1935. Riiodes, 1953, p, 295-296, pl. 22, figs. 168-170; Sweet aiid Bergstr6m,

  1962, p. 1232, pi. 168, figs. 10, 11; Hatiiar, 1964, p. 269, pl. 3, figs. 3-6, 9, 11, test-fig. 6,10; WDbers,

  1966, p. 34-35, pl. 2, fig. 18, 19; Bergstr6m and Sweet, 1966, p. 341-342, pl. 35, fugs. 20, 21.

"0istodzis" sp. A. Lesiie, 2000, p. 1136, figs. 3.30-3.32,

Pallothts? venuslors (Stauffer, 1935). Dzik, 1994, p. 76-78, text-fig. I2: c (only).

  M27terial examined--rlWo specimens; 2 geniculate elements aGUIi-agl806¥).

  0ccurrence.--Bed TWIO in the TUW 2 section.

  ReJnarks.--According te Leslie (2000), his "0istodus" sp. Ais similar to 0istodus venustors (Stauffli)r,

1935¥), but they are different species. "0. " sp. A has inore strongly compi'essed cusp with more marked

cesta than 0. venuslus, and is divided into two morphotypes, Al agad A2. Specisneia ofthis study has

1ateralIy compressed and conspicuously cestate cusp, An anterebasal comer is roimded and foiitxas about

800. Basal naargin tums up at a position oftwo t13ii'd from pesterior end. [[hese checacteristics

correspond to those ofthe typeAl of "0. 'i sp. A (Leslie, 2000).

                    Genus Oeslodws Bransoix and Meld, 1933

7:llpe species. --Coi"clykodus sen"atus Stauffer, 1 930

                                0eslodus Sgee A

                                 PIate 53: 8, 9

  M2zlerial examined--rlen specirnens; 1 a, 5 b, and 3 c elertxents aGUrl:-ag2g30, 2131¥),

  0ccurrence.--Bed SrlL 20 in the ST 2 section and beds LAN-56, 57, 60--62, 64, axad 65 in tixe LAIN 1

sectlon.

  Remarks.--Sweet (1988) described a, b, c, e,.7g and g elements as apparatus ofspecies oftlris genus.

[[hi'ee types of dygirate elements occurs from the study section and constitute a synuneixy transitEon

sertes.

Genus 0zgrkgaigzes Bransen aiid Meld, 1933

               1OO



  7jmpe species.--0zarkodlna ijpica (Branson and Mehl, 1933)

  Reamrks.--Species ofthis genus possesses sexi- or septirnembrate appraajks, consisting ofcat7iiiitiiiatef

element, atiguiate g element, bipeimate e element, arid a, b, c, arad d elemeitts ofa sytixgnetry transition

series (Sweet, 1 988). 'ITiie syininecty transition series contains alate, dygirate, and bipeimate elements.

                Ozewekodigzff exeesvfftw excayestw (Bratison and Mehl, 1933)

                                 Plate 54: 6-11

Fer sytionyiny, see Faxre11 (2003).

Additions to the above sytionytny: ･

Qza7"kodina excavata excavata (Brarison aiid Mehl, 1933). FarTell, 2e03, p. 135, pg. 6, figd. gO-21;

  Mawson, falent, Molloy, atid Sinapson, 2003, pl. 3, figs. 1-19, pl. 4, figs. 1-15.

  Ml7terial examlnea--One huridred atid fourteen specirnens; 1O a, 26 b, 17 c, 6 e, 39f and 16 g

elements (IGUrlLag2143 to 2148).

  0ccurrence.--Beds S'I;20 to 23 in the ST 2 section axtd beds LAN-56, 57, 60 to 62, 64, akid 65 in the

LAN 1 section.

  Remarks. --F element ofthis species occurs from the study section. Unit is bilateralgy synignetrical te

asytmnenical enid has various denticies in size and nurnber. "iese elements are distinguished by having

obviously low anterior and posterior blades and relatively smal1 basal fiaE'es fromfegements of 0.

renschenciensis remsckeiciensis atid 0. remschelciensls eostelnkornensis. G element of 0. excdi7afa

exccrvaafa is atigrtlate foiin. fiie element is elongated atitero-posterierly, conipax'ed with the ether species

efthis genus.

                      Ozgrkodiyzes g"ei?asclt,eiaegzsts (Ziegler, 1960)

              0zesrkodiFzes remscheidefigsts eosteinfegry2egzsis (Vla11iser, 1964)

                                 Plate 54: 1-5

For sytionytny, see Mawson et al, (2003).

Additions to the above synonymy:

0zarkodina remscheidensis eosteinhornensis (Wailiser, 1964). Mawsen, 'Taient, Molloy, arid Simpsen,

  2003, p. 89, 90, pl. 1, figs. I-3, pl. 2, figs. 20, 21.

lel



  Description. -･-F elexnent is cai tniiiate fbnn. Cusp is located at one-tirird lengtkx froiti posterior end of

urtit. imterior atid posterior blades bear 5 to 7 atid 4 to 5 denticles, respectively. Height atid width of

dexrticles at'e generally coxitstant, except for cusp. Some elerr}ents have deinicule 1ine, wErich is bilaterally

syxmaneuical in ora} view. 'ITiie others have subsytmnetrical denticle Iine, whose posterior part slightly

cwues inwai'dly. Basa} fiai'es are vaiious in shape and size. Aiigulate g element is 1aterally cognpressed

and has conspicuous cusp. Denticles on anterior and posterior blades are 6 to 8 af}d 4 to 5, respectively,

aiid descend their height toward each distal part. Basal cavity is smail and shallow.

  imle"ial examined -- [hiirty five speciniens; 27fand 8 g elemetws aGUrlLag2138 to 2142¥).

  0ccurrence.--Bed LAN-64 in the LAN 1 section.

  Remarks, --Nuinber ofdenticles, shape aiid size ofbasal flai'es, and syinnietry ofkxitiltit ofthefeleinent

are vaxious. Hewever, tlxis element coni!neniy has denticles, which are regu1ar in widtli aiid heiglat, kx

contrast with that of 0. x remscheiciensis. G element of 0. 7: eosleinhomensis differs firoxn that of 0. r

]"emscheiciensis in having more remarkable cusp exid realtively low atiterior ewid posterior denticEes.

               0zGrkgdines g`ey7gscheg'degzsts remseheidewsts (Zeigler, 1960)

                             Plate 53: IO, 11, l3, 14

For synonytny, see Mawsen et al. (2003).

Additions to the above synonytny:

0zarkodina remscheiciensis remscheidensis (Ziegler, l960). Mawson, falent, MoHey, aRid Sixnpsork,

  2003, p. 89, 90, pl. 1, figs. 1-3, pl. 2, figs. 20, 21,

  Description. --F element is carimbaate and nearly straight in ex'al view, Aiiterior and posterior blades

bear 7 to 8 aiid 4 to 5 denticles, respectively. rThese denticies are iri'egulai' ki height aitd width. Lower

margin ofsome specirnens is straight in gateral view. Aiiterior ar}d posterior lower margins ofether

specirnens fonn ati angie ef 160 to 1400 in lateral view, Basal flares are various in shape and size. G

element resembles that of 0. z eostelnhornensls. Aiiterior atid posterior blades bear 8 to 1 1 atad 5 to 1O

fuie denticles, respectively. A atad b elements are bipeimate and digyi'ate iMtits, fornimg a synrmetr>i

trarrsition series. E element is digyrate foim.

  7vaiterlal examined. --Fouirty specimens; 5 a, 2 b, 2 e, 21f 1O g elements aGUrl:ag2132 to 2135¥).

  0ccztrrence.--Beds LNV-56, 57, 62, aiid 64 in the L/WNI 1 section.

  Remarks.--Tiiefelemeitt is chai"acterized by having denticles with in'egular height axid width. This

chexacteristics discrinimate 0. x remscheidensis from 0. x eoslelnhornensis. G elemeRt ef 0. K
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remscheidensls bear's higher dentilces thati that of 0. x eosteinhornensis.

Genus lk]?derodus Etl Lingtoxi, l 959

  npe species.--Paltodus unlcoslalus Branson and Mehl, 1933.

 Remarks.--According to L6fgten (1978), the apparatus ofthe easliest species oftltis genus had

bimembrate appai"atus consisting ofslender conifomi elemexrts. Late ()rdoviciaii species ofPancierodors

have quinquirnegnbrate skeleta1 apparatuses, and the apparatus of fully evoXved species was probably

sexiniembrate (Sweet, 1979). Nowlaii and Batnes (l981) suggests that apparamses eftltis gent}s include

several patterns.

                  lkyadey"odgas gvacg"gts (Bratisen and Mehl, 1 933)

                              Plate 45: 6-9

Paltocins conzpressus sp. Brarxson and Mehl, 1933, p. 109, pi. 8, fig. 19.

Pallodus gracills sp. Branson and Mehl, 1933, p. 108, pl. 8, figs. 20, 21.

Pan( ierodz{s gracilis (Bratison Emd Mehl, 1933). EtlfuigtoR, 1959, p. 285, pl. 39, fig. 1; Sweet argd

 Bergstr6m, 1962, p. 1233, text- fig. 1: h; Bergstr6m, 1964, p. 30-32, text-fig. 16s Falir2eus, 1966, p. 26,

 pl. 3, fig. 14a-b; Serpagli, 1967, p. 85-87, pl. 23, figs. 3-5s Orchard, 1980, p. 23, pl. 3, figs. 1, 2, 8, 10,

  14, 15, 19, 22, 23, 26, 32, text-fig. 4: b; Ferreui aiid Scheniaub, 20el, pl. 2, figs. 21, 22; Wang atxd Qi,

 2001, pl, 1, fig. 16s Ageinatstg, SasEikida, Salyapongse, and Sar¥(isud, in press C.

 Description. --Sisnigiform element is gradLially curved with xinaximum cv¥(Rrvattire foirrmbig

approxirnately 90-1200 at halfIength ofLgzrk fi'om basal margin. Longitudinal fuTows iuxi each 1ateral

side and broadiy cenvex, smooth atiteiier face fomi atiterolateral costae. Posterior pemt efbase is

strongly cempressed laterally. Basal margin forms aii angle of45-600 with upper naargin.

 ?vaxgerial examinecl--Fifty tEig'ee specimens (IGU'if:-ag1OO1, 106e, 1061, i154).

  Occurrence.--Beds SrTLI to 3 in the ST 1 section aixd LAINJ-- 27 te 30, 33, 35, 39, 79, aixd 80 in the

LAN 1 section.

 Rem,arks.--Orchax'd (1980) illustrated five inidcone sections ofelements aiid discussed four

morphotypes oftltis species. Tlke nurnber of specimens and their preservation in tixis study are net

adeqwate for analysis efthe apparatus.
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                    Pesgzderodus lajzgkgpofg"eg3sts ago axxd Koike, 1967¥)

                                  Plate 51: 1-4

Acodus langkaviensis Igo and Koike, 1967, p. 12, pl. 1, figs. 19, 20, text-fig. 4: b.

Drepanodus malcl}7ensis Igo and Koilke, 1967, p. 18, pl. 1, figs. 1, 2, text-fig. 5: h.

  Description.--On the basis ofcur7vatu'e, siniple-coned speciniens ai'e distingnished into two types. I

temporally noimbkate these speciniens tep atkd q elements. P element has proclined to erect cusp and

relatively long base. e element is strongly reclined, atid its base is shoxt arid fiares posteriorly. Nl the

specknens are stout and asytiunenical urrits with posterolateral fukrow ruiming from basal margin to tip

ofcusp on ene 1ateral side. Aiiterior mar'gin is naxrowly rourided in cross-sectioit at cusp, and smoothly

arcs from atiterebasal corner te tip ofcusp in latpral view. Posterior margin is slkEaply edged. Some

specimens have broadly rounded costa between the imew and anterior marghi. [Eie other 1ateral face is

smooth. Axxterior face ofbase is broadly convex with conspicuous anterier cewin& which is sharply

roLig kded. Elements oftltis species are generalgy characterized by mai'kable aiid rounded rkxa aieng basal

margin. Upper edge ofthe rkn is omarnented with a row ofshert, loxigitudinal sniations. Posterior

margin ofbase slightly projectsjust above basal rirn in lateral view. Conical basal cavity is peinted neair

exaterior margin. Outline ofbasal margin is oval exid slightly notched by lateral im'ow.

  MZJiterial examined--Seventy specimens, 42p and 58 e elements (IGU[Ii-ag2091 to 2094).

  0ccurrence.--Beds STL 2e aiid 21 in the ST,2 section and beds LAN- 49 to 51 and 53 in the LAN 1

section.

  Reamrks.--Igo axid Keike (1967) describedAcodus langim42iensis a2ad Drepanodus malayensis from

the Latigkawi Isgands. These species correspond to g andp elements ofPanderouds langim7iensis,

respectively. Eiements ofR langkmviensis ai'e slender coiiifoini element, aird bear iateral fuTew aiid

longitudinal str iation. [fliese charactertstics suggest that this species belongs to Pgnderocins. Althougli R

langakieiensis is siiixilai' to Panderoucls sp. c£ R serratus Ceeper, 1975, P. sp. cf A serratz{s has

markably iong cusp and base with broadly rouiided anterior me"'gin Mabillar'd and AJdridge (1985)

illustrated a coiiiforin elexnent with slender, long base as R langkva4?iensis. However, sEender elements of

A langkcn471ensis do not occur from the study section.

Pewzdergdess gz#gesmii aee, 1975a¥)

        Plate 44: 1-7
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Pancierodus sp. Serpagli, 1974, p. 59, pl. 24, figs. 12, 13, pl. 3e, figs., 12, 13.

Pancierodus nogamil (Lee, 1975a), Cantrill aiid BLurett, 20e3, p. 41O-415, pl, l, figs. 1-16; Zhen, Banies

  and Cooper, 20034 p. 16, pl. 5, figs. 1-5.

Parapancierodus nogamii (Lee, l975a). Watson, 1988, p. 124, 125, pl. 3, figs. i, 6.

Paropanderodusparacornzybrmis (Etlimgten atxd Clark, 1982). Aibaiiesi, 1998b, p. 116, 117, pl. 12,

  figs. 8-10, 12, l3 (only), text-fig. 9.

Prolopanderodus nogamii (Lee, 1975a). Zhen, Percival, aiid WebbM 2003c, p. 207, 2e9, fig. 23: a-q.

P7"olopancierodusprimitus (Druce). Cooper, i981, p. 174, 175, pl. 27, figs. 3, 4; Agematsu, Sashid&

  Salyapongse, and Sardsud, in press A .

Prolopanderodus?p7"imitus Cooper, 1981. Stait aiid Druce, 1993, p. 30'7, 308, text-figs. 13: a-c, 18: d, e,

  g-k.

Scolopodus cf bassleri (Furnish, 1938), Ige and Koike, 1967, p, 23, pl. 3, fugs. 7, 8, text-fig. 6: b.

Scolopodus nogamii Lee, 1975a, p. 179, pl. 2, fig. 13, text-fig. 3: I.

  Descriplion. --Elements eftitis species are vdiious in syiiwnetry and cuxvatux'e efv[grk. Several

appai"atus plaiis have been proposed ¥(Cooper, 1981 ; Stait aiid Drece, 1993; CEmwiII aiid BuaTett, 2003;

Zhen et ae., 2003c). On the basis ofnotation efBEgrgies et al. (l979) aiad Ji aiid Bai kies (g994), I discribe

this species here. Elements are classified into a, b, c,f and g elements and have preciined te reclined

cusp aikCi gongitudinal fuirows, which are developed firom basal mai'gin to tip ofcusp en botgx lateral

faces. Element is ornamiented with longitudinal suiation, which is conspicuous at base.

  Symmetilcal c element has procgined to erect cusp. /Miterior margin is broadly coxRvex and bordex'd by

rouiided anterolateral costae. Lateral faces bear deep fturows. Posterior margin is rougided. Posterobasai

patt ofbase projects downwardly. Outline ofbasal iinargin is modified oval with flattened aiiteiier end

and nan'ewly rourided posterior end. Some specitnens bea2' a shallow groove on a iateral side, which is

most remarkable at point ofmaxknuin ctrwature aiid disappeai' before reachng basal margin and tip of

cusp. B element is sirnilar te c element, but is asytnnietrical and inwardly twists. Sytxaxnetrical to

sL}bsyininetiical a element has procliiied to erect cusp and LmexpaiiCled base. Laterag fiL}rrews ai'e

shal}ower thexi those efb and c elements, Aiiterior and posterior mat'gins are rotmded. Basal r[gargin is

oval, which is netched by lateral futrows, in aboral view. Some subsytmenetrical specimens bend

inwardly.

  Syn tnieuical to subs>mmnetricalfelement is strongly compressed laterally. Proclined to erect cmsp has

nari-owly rouixded airterier margin and keeled posterior mai'gin Longitudinal fuTows mai from basal
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mai'
gin to tip ofcusp along aiiterior mai'giii on lateral faces. Short base is wiexpaxided with naiTowly

roLmded aiiterior aiid posterier mai'gins. Aboral outline ofbasal margin is narrow ellipse. Sorne elexnents

twist inwardly. Sytninetrical to subsytrrtnenical g element resemblesfelemeirt. But cusp ofg element is

erect to reclined and weakly compressed. Base is expanded antere-posteriorly.

  Materials.--Ninety twe specirnens; 32 a elements, 23 b elements, 17 c elemei]ts, 6felements, and 15

g elements (IGUTi-ag2052 to 2058).

  0ccorrrence.-Beds TPP-l1, 17, 18, 21, 22, 24, 27, and 28 in the TPP section, beds [IUS-5, 7, 8, 1O,

agxd 11 kx the TUS section, beds LAN-6 to 8, Ie to g2, 16, 23, Efiid 24 in the LAN g sectien, egid beds

LAIN-76 to78 in the LAN 2 section.

  Remarks. --Catinill and Buii'eitt (2003) described this species as a member ofPancierodus. However,

Zhen et al. (2003c) relegated tltis species to Prolopanderodus Linidstr6rr}, 1971 . According to Cannill

axid Bwweitt (2e03), species efPancierodus is generally defuked by foilowi&ig characteristics ofits

elemewts; longitudinal fui'ows on lateral faces and loikgitudinal striations en sini7ace, especialgy at base.

Zhen et aE. (2003c) concluded that deep, lateral im'ows ofthis species disappearjust above basal marghx

aiid differ froxn a paixderodoRtid fuTow. However, the specirnens ofihis study bear panderodentid

furrows and mere conspicuous striations thari those ofProlopancierodus. Therefore, I describe this

species as Panderodus.

                    Pewderodus sge. £S A servaafws Rexg'ead, 1967

                                Plate 49: i3, 14

 Adalerial examineal ･--Ninety ifuie specknens; 99 nongeniculate elements aGU"I:-agO 1 Oe 1 te O 1 O03,

Ol059 to O1066¥).

  0ccurrence.--Beds LAN-49, 50, 52, Emd 55 in the LiasI 1 sectien.

  Remarks, --Element has strengly recumied cusp and long, slender base. rlThese elements are sintilar to

costate element ofPancierodus serratus Rexx'oad, l967 esid R sp. c£ A serralus, described by Coeper

¥(1975¥). However, sen'atid elements, which are one ofthe characteristic elements ofR serratus, are iiot

fourid in the collection ofthis study.

Pesitderodus ewzicostwtws (Bratason and Mehi, 1933)

For syiionyiny, see Fari'ell (2003).

Additions to the above synonytny:

Plate 52: 10-12
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Pancierodus unicostalus (Branson and Mehl, 1933). Fati'eli, 2e03, p. 122, a23, pl. 1, fig. 2; Mawson,

 falent, Molly, axid Sinapson, 2003, pl. 5, figs. 7-9; FaiTell, 2004, p. 959, pi. 4, figs. 1O--13.

 MZ21erial examined--Sixty mbie specimens; 69 nh elements aGUI[]Lag21 15 to 21 i7¥).

 0ccurrence.--Beds LAN-49 to 54, 60 to 62, aiid 64 in the LAN 1 section

 Remarks.--According to Cooper (1976) and Baxxick (1977), apparatus ofrktis species consists of

sinrplexiform e element exid costate a, b, exid c elemeirts, fo"mhig a sytrrtnetiy transition series. Eiement

from the study section is subsynMnenical te asytmnenical atid bears longitudinal grooves on a laterag

face. These specitnes coii[fbim with a aiid b elements described by Bairtck (1977).

                            Pgizderoaus sge. A

                              PIate 45: 5, 10

 Descr4?lien,--Cusp is proclined with maxinNun caMxiatun'e at halfleng¥(Ri efugtit from basal margin.

Element has longitudinal furows on both sides and breadly cenvex, smooth anterior rr}ai'gin. Posterior

part ofbase is strongly compressed laterally. Basal margin is riinnied by thick axd srr}ooth iateral ridge.

 M27terial examine(l--Four speciinens; 4 r}ongeniculate elements aGU"ILag Oi423, O1441, O1662).

  0ccurrence. ･--Beds Srli-2, 4, 5, diad 1O in the ST 1 section.

 Reamrks. --Tlie specimens ax'e sinitilai' to I? g7'acllis in severag respects, such as fuTows en each 1ateral

side and outline ofbase in aboral view. However, the short and stout urtit with riinined base

distinguishes the specknens from A g7"acilis.

Genus deszdoriyzethgas MUIIer emd MutIIer, 1 957

7:i4pe species.--Pandorina insita Stauffer, 1940.

                            Pewzdorinede sge. A

                             PIate 54: 12, 13

 Descriptlen. --Caarnimate element occurs from the study section. F element is nearly straight to gently

curved inwat'dly. Aiiterier blade has the "highest denticle set" consisting ofcenspicuous large tlrree

denticles at aiiterior end. Basal fiai'es ai'e syiruneuical and asyininertical. Some specitnens bear a

denticle on basal flare, Posteiior and atiteilor lower margins fonn ari enigle of 120 to 1 600 in lateral vie"i.
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 Mixterial examined--rl]rree specknens; 3felements (IGU'Ii-ag2l49, 2l5O).

  0ccun"ence.--Bed LAN-64 in the LAN 1 section.

 Remarks,--Fairrell (2003) classified species oftltis genus into the optinia, exigrta, aiad steir"xomensis

groups. The elements ofthis study have the "highest denticle set 'f at aiiterior eiad. The posterior-most

denticle witlrki this set is the higliest. Tltis characteristics suggest that this species belongs te the exigtia

group.

                      Genus Pgrapewderodess Steuge, 1984

Zipe species. --Parapancterodors as ¥)?mmetylcus Bariies and Poplawski, i973

                 Ptsrapewzderodus striestws ((i;waves aeedi Eems$rk, g94g)

                                  Plate 37: 1

b"epanodus strialus Graves and Ellison, 1941, p. 11, pl. 1, figs. 3, 12.

Paropandeiodus sntatus (Graves a!id Ellison, 1941). Stouge, 1984, p. 67, pl. 1O, figs. 1-3; Ji and Bames,

  1994, p, 49, 50, pl. 21, figs. 1-10, textfig. 3la; Nbanesi, 1998b, p. 117, pl. 7, fig. 27

ScelopodZis g7'acilis Etliiiigton aiid Clark, 1964, p. 699, pl. 1i5, figs. 2-4, 8, 9.

"Scolopodus" g7"acills Etlijxigton aiid C}a3rk, 1982, p. 1OO, 1O1, p. 11, fig. 28 (only).

Strolopodusparacornzgformis Etlxirigton aiid Clark, 1982, p. 102, pl. 11, fig. 2g, text-fig. 25.

Scolopodus qoradrapllcatus Branson and Mehl, 1933. Ethiiigton and Clark, 1964, p. 699, 700, pi. 115,

  figs. 12, 25,

Scolopodus sn"iolatz{s Hanis aiid Harris, 1965, p. 38, pl. 1, fig. 6.

Scolopodus variabilis Ethigigton and Clark, 1964, p. 701, pl, 15, fig. 14 (ogdy).

 Adoterial examlned･--One spechnens; 1 c element (IGUT-agl972).

  0ccu7"rence.--Bed TAR 3O in the TAR 2 section.

 Remarks.--Ji and Banies (1994) described a, b, c, aiid e elemeirts as aparatus ofthis species. Eleinent

efthis study is bilaterally symnetrical form and characterized by widely fiaStened pesterior cewtrxa with

shallow mediemi groove. 1[his element is identified as c element ofJi and Batzzes (1994).

Genus Pesroistodus Lindstr6m, 1 971
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  npe species. --01stodusparallelus Pander, 1 856

  Remarks.-rlZwo element foims, drepanodentifomi atid oistedontifomx, have been described as an

appai'attis ofthe Paroistodors species (e.g., L6fgt'en, 1978). L6fgten (1997) subdivided

ckrepariodontiforrn elements in her huge collection into 6 types. However, Jolmston and Bewnes (2000)

redescribed a PaivistodZts appar'atus consisting oftwo element types, r (oistodifonn) and q

¥(drepaAodifoxxn¥) elements. I follow their concept in this paper, because drepaiiodifofin elements exixibit

a gradual chatige eftheir merphoXogy diid subdivision ofthose elements is quite difficult.

                       Pesroistodus origieeagis (Sergeev& 1963)

                                Plate 41: 13-16

Olstodus originalis Sergeev4 1963, p. 98, pl. 7, figs, 8, 9, text-fig. 4.

.Paroistodusparallelus (Paiider, 1856). Jolmston and Banies, 200e, p.31, 32, pl. 1O, figs. 1O, 15-17, 20

  (only).

Paroistodus orlgz'nalis (Sergeev4 1963). Lindstr6m, 1971, p. 48, 49, figs. 8, 12; L6fgren, 197g, p. 69-71,

  pl. 1, figs. 22-25, text-fig. 28; Aii, Du and Gao, 1985, pl. 5, figs. 4, 5, 22; Stait and Druce, 1993, p. 306,

  text-fig. 18: fi L6fgteR, 1994, fig, 6: 13-16; L6fgt'en, 1995, fig. 7: u-y; L6fgten, 1997, p. 926, 927, pl.

  1, figs. 13-16, 1 8-20, 22-33, text-fig. 5: h-o; Nbatxesi, 1998b, p. 143, 144, pl. 8, figs. 17-23, test-figs.

  17, 18; Beckieifczyk, l998, pl. 1, figs. 6, 18; Lelmert, Ke}ler aixd BordonE"'o, g998, p. 56, pl. 2, fig. 10,

  pl. 3, fig. 15; Wang and Bergstr6m, 1999& pl. 2, figs. 6, 7; Wang and Bergstr6g}, 1999b, p. 339, 340,

  pl. 2, figs. 6, 1g, 12; Albanesi atid Banies, 2eOO, fig. 5: 20-24s Viir& L6fgten, Magi and Wickstr6m,

  20el, fig. 6: 1, m

 7Vlaterials.--1[Eiiirty two specinnens; 16 r elements, i6 g elements aGU'I:-agl814, 1822, 1831, g834¥).

  0ccurrence.---Bed rl'UW-15 in the TUW 2 section.

  Remarks.--Defutitions ofParolsloduspai"allelzts emid R originalis ar'e sti}1 in dispute. "I hese species

have been distinguished maiii[ly by a presence eflongitudinal costae en lateral faces. Hewever, seme

researchers regai'd this mogpholegical feattxre as a variation in a species ¥(e.g., Johnsten aRd Bairries,

2000¥). I considerthat there is some distinction ofbiestratigraphic disnibutien betweeR R parallelus aiid

R originalis, because ou[i` specixnens are obtaiiied fi'om a level akid consists ofoniy acostate element.

fflarotstodus Sgee A

  PIate 38: 12
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 MLiterial examlnecl --One speciiptens; 1 q element ([GUT-agl997).

  eccztrrence. --Bed 46 iii the TM 2 sect!on.

 Remarks. --Element is drepaiiodentifonn with erect cusp, Cusp is characterized by sharp carina on

irmer lateral face. However, the identification ofspecies is difficult beeause oizily ogae elemeitt is fouiad in

the collection ofrktis study.

                        Genms Pegniodog?, Hadding, 1913

  7impe specles. --Periodon aculealus Hadding, 1 9 1 3

 Remarks.-I follow the concept ofJehiiston and Bairrxes (2000), wbo described a, b, c, e,.lg aixd g

elements in apparatus ofPeriodon species.

                       Periodox escuteestus Hadding, 19i3

                               Plate 41: 9-12

Periodon aculealus Hadding, 1913, p. 33, pl. 1, fig. 14; Lindstr6xn, 1955, p. 11O, pl. 22, figs. 1O, 11,

  14-16, 35g Sweet aiad Bergstr6m, 1962, p. 1235, pl. 171, figs. 3, 9; Bradshaws 1969, p. I159, 116e, pl.

  137, figs, 1-6; Baxnes aiad Poplawski, 1973,p. 780, 781, pl. 5, figs. 15-18; Latiding, 1976, p. 636, pl.

  3, figs. 3-6, 141 Dzik, 1976, figs. 34i･-r; L6fgten, l978, p. 74, 75, pl. 10, fig. 1, pl. 11, figs. 12･-26;

  Waiig and Luo, 1984, p. 271, 272, pl, 6, fbgs. iO-16, pl. 9, fig. 32, pl. 1i, fig. 5; ArRnstrong, 1997, p.

  774, 775, pl. 2, figs. 13-21,text-fig. 3;Albatiesi, 1998b, p. 170, 171,pl. g5, figs. 16, Z7, pg. 16, figs.19,

  20; Wang arltd Bergstr6m, 1999& pl. 2, fig. 20; Johiiston aiid Bames, 2000, p. 32-35, pl. 13, figs. 12,

  13, 17, 18, 20-31, pl. 14, figs. 1-7, text-figs. 4, 5; Waixg aiid Qi, 2001, pg. 2, figs. 8--11; PyEe a[xd

  Baines, 2003, figs. 15-6, 15-7, 15-8.

 imterlal exan7ined--Six specirnens; 2 a, 3 b, and 1 e elements aGU'I]-agl807, 18e9, 1837, 1839¥).

  0ccurrence. --Beds TUW-1O, 13, 15, aiid 16 in the TUW 2 sectioR.

 Remarks,--A, two types ofb (ligonodirtifbnn aiid cladogiiathifoirn), atxd e elements are included in

the collection ofthis study. E element bears tlii'ee denticles on atiterior margin at base. Rainifolln

elements (a atid b) have acute anterobasal comer, and their basal margixrs cmuve at ati angle of900 under

cusp. On ti ge basis ofthe characteristics ofPeriodon77abellum (Lindstr6m, 1955) exid R aculeatus,

suggested by Jolmsten aiid Baines (2000), the specirnens oftitis study ai'e identified with R aculealus.
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                                .Periodosc sge. A

                                PIate 44: 12-14

 ?Vlaterial examined--Eight speciniens; 2 a, 1 b, 3.7g and 1 g elements aGU'I:-ag2063 to 2065¥).

  0ccztrrence,--Beds LAN-18, 22, 23, aiid 24 in the LAN 1 section.

  Remarks. --Specisnens are digyrate aiid bipe!mate fonn aiid }aterally coiir}prepssed. Eliese elements are

correlated with a, b,f atid g elements, but identification of species is difiiicult due to their poor

preservatlon.

                                Pesi#doyz sp. B

                                 PIate 40: 17

 M2zterial examinea--One specinnens; 1 b element (IGUrTLag2033).

  Occze"rence.--Bed TPP-17 in the TPP section.

  RemaTks. ---Element is bipeimate form with fiattened aikterior face and denticxklated posterior process.

"Ihis element is cerrelated with b elements, but the preservation are not adequate for arialysis ofthe

apparatus.

                          6enus ffectodigtw Stauffer, 1935

  7;ipe species. --Prioniodus aculeatus Stauffer, i 930

               "ectodi,wt gmp7ehsdontre Aii and Xu, 1983 (in An et al., 1983)

                                  Plate 40: 1

Plectodlna ong7choclonta n. sp. Aii and Xu, 1983 (Aii et al., l983), p. 121, pl. 23, figs, 1-16, pl. 24, figs.

  1-15, pl. 25, figs. 4, 7, text-fig, 13:19-24.

  Description. --Eiement is prioniodrtifoim uutit, Latemi faces bear inoderateiy pren kinient median ridge.

Denticles are 1aterally compressed, indiscrete, atid pointed acutely with sharp-edged aaitero-postenor

mdi"
gins. Aiiterior denticies ar'e erect and decrease their size toward ariterior end. Main cusp is }argest

denticle, which is slightly directed pesteriorly ar}d inwaidly. Aboral side is entwely grooved, with

proiniiient lateral expansion developed beneath maiii cusp.

  M2?lerials, ---Twe speciniens: 2 pidoniodmifbma elements (IGU [i-ag2019),

  0ccun'ence.--Bed TPP 1 8 in the TPP section,
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 Remarks.-- Ati et al. (1983) recogrtized six morphotypes in the appai`ans ofthis species,

subcordylodontiforni, cxytoniodontifofin, dichogriathifonn, prioniodintifomi, nichenodelliforui, arid

zygogrkatliifonn elements. "IWo prieiiiodiritifbnn eiemeirts occui' fi'om the [rPP section.

                         Genus "ioyzigaus Pander, 1856

  npe species. --Prioniodus elegans Pander, l 856

                        Prioxiodges ew?swaeess Cooper, 1981

                                Plate 44: 11

Prionlodus amadeus Cooper, 1981, p. 173, 174, pl. 31, figs. 1-3, 5, 6, 8, 9.

 A41 ilerlals. -- Eight specixnens: 4 b aiid 4 c elements (IGUILag2062).

  0ccz{rrence.--Beds LAN-8, lO, 11, aiid 24 in the LAN 1 section.

 Rema7"ks.--Coeper (1981) described a, b, c, e, andfelements as appai'ams oftktis species. Elenxents,

which occurs from the study section, are symnetrical ticbonodellifonn atad asymmetrical

tetraprioniodontifonn urtits. rilhese elements cerresponds to b and c elements, which constitute a

                          'SYIINIIectY tratISItlOll SelrleS

                     Gen"s Anoafopewzderodas Lindstr6m, 1 97 1

  Zipe species. --Acontiodus rectz{s Lindstr6m, 1955

 Remarks.-I use the apparatus reconstruction ofMcCracken (1 989) and Jolmsten aitd Barnes (200e),

which includes mb and c, and e eiements. A/Z¥) aiid c elements form a synmietry transition series. Most

species efthis genus have a trknembrate appai'atus (Johnston and Banies, 2000).

                     ieigpteafopewzdergaus grGdegws Serpagli, 1974

                                Plate 41: l-4

Prolopancierodus gt"aciatus Serpagli, 1974, p, 75-77, p}. 15, figs. 5-8, pl. 26, figs. 1i-15, pg. 30, figs. 1&

  lb, text-fig. i7; Landing, 1976, p. 639, pl. 4, figs. 8, 9, 11, 12; EimigtoR and Clark, 1982, p. 84, g5, pi.

  9, figs. 16, 17, 20 21; dm, Du and Gao, 1985, pl. 5, figs.2, 3, 15; Stovtge and BagnoEi, 1988, p. 136,

  137, pl. 14, figs. 9-12; Pohler, 1994, pi. 6, fig. 5s Albatiesi, 1998b, p. 128, 129, pl. 11, figs. 13-16, pl.
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15, figs. 12, 13, text-fig. 14: B; Lelmert, Keller and Bordonare, 1998, p. 57, pl, 3, figs. 4, 5; Jolmston

aiid Baines, 2000, p. 40, pl, 8, figs, 7-9, test-fig. 6: 7-l1; Zhen, Percival, and Webby, 2003b, p. 204,

207, fig. 22: a-k.

  Adoterials.--Eighty speclinens; 63 mb, 1O c, and 7 e elements aGUrlLagg803, 1808, 1811, 1823¥).

  0ccurrence.--Beds TUWI-3 in the TUW 1 sectien and beds 'IUWIO-17 in the TUW 2 section.

  Remarks.--A/b and c elements in the collection oftihis stLidy are cerg'egated with "Scolopodus'f-1ike

element ofSerpagli (1974), which cemprises a sytmnetry trdiisition series, axid their foscns chaRge

gi'adually. Prelopandei"odus sp. cf: A g7"adulz{s described by Jolmsten akiCl Barr)es (200e) differs frogin A

graciatus in having asytirnnenical mb (acontiodontifofin) element in its apparatus. 'Ilite specimens oftltis

study do not centain acontiedontifoma-type mb eEements.

                      P7ogopesyzderoages feoxavdii Serpagli, g974

                                 Plate 41: 5, 6

Prolopancterontis leonaidii Serpagli, 1974, p. 77･-79, pi. 16, figs. 1-4, pl. 27, figs. 12-16, text-fig. 18;

  Albanesi, 1998b, p. 129, pl. I1, figs. 1･-4, text-fig. 14: E; JoEmston and Barnes, 2eOO, p. 40, 41, pl. 9,

  figs. 22, 26-28, test-fig. 7: l, 2, 6, 9; Zhen, Percival, and Webby, 2003b, p. 207, fig. 22: 1-r.

 imterials.--Five speclinens; 5 mb elements aGU fLagl826, 1838¥),

  Occurrence.---Bed TEfWL15 in the TUW 2 section aiad bed L/W-18 in the LA[N 1 sectioR.

  Remarks. --EEeiinent is bilaterally 3syii]inetrical and bears postero1ateral costa oit a lateral face. Ike

specisnen cerresponds to asyininetrical elements ofthe "Aconliodus"-like element (Serpagli, 1974) and

the mb eleinent ofJohrxsten and Banies (2000). C and e elements ofJehiastoit and Baxgaes (2000) are not

recogtzized due to the smal1 collection oftltis study.

               Mnotopewzderoaus giripipess Kennedy, Banies and Uyene, 1979

                                 Plate 49: 7-11

Protopancierodus liripipus n. sp. Keimedy, Banies, aiid Uyeno, 1979, p. 546-550, pl. 1, figs. 9-19;

  McCracken, 1989, p. 18-20, pl. 3, figs. 15, 16, 18, 20-25, text-fig, 3: gj; Dzik, 1994, p. 74, 75, pR. 14,

  figs. 6, 7, text-fig. 11: c; Leslie, 2000, fig. 6: 19-24s Wang and Qi, 2eOl, pl. 1, figs. 5, 22; Agematsu,

  Sashid& Salyapoitgse, and Sardsud, in press C.
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Prolopancierodus inscuiptus (Branson and Meld, 1933). Dzik, 1976, p. 443, text-fig. 16: h, k.

  Descriptlen.--Speciinens ai'e classified into syiianneuical c aiad asyiillnetrical mb elements. Slender

cusp is erectte reclined witli sharply edged aiiteroposterior max'gins. Base is expandeCE posteriorly.

Upper margin ofbase particularly develops a wiiiglike projectioxi dwnwardly. C elements have two

proniment sharply edged costae, which extend im'ough latera1 and posterogateral faces eii beth sides.

Deep, lengitudinal greoves occur between two cestae on each svrface. 1[Eie grooves on one lateral face

are shaliower thari those ofthe othex' face in mb elemeRts. Basal xnai"gin in aeral view is nar t"ow and

swells at two points aligried with costae.

  Adoterial examinecl--rl"wenty fbur specitnens; 6 mb aiid 18 c elements ¥(IGU"ILag1473, 1518, 1693,

2073, 2074¥).

  0ccurrence.--Beds SrlL6 to 8 aiid 11 to 13 in the ST 1 section agid beds LAN-34, 35, 37 to 39, 79, Emd

81 in the LiMxl 1 sectEon.

  Remarks.--The elements coiitfbxxn with desciiptions by some recent akithors ¥(e.g., McCracken, 1989;

Dzik, 1 994¥). Characteristics ofthe specirnens oftltis study di'e also sirni1ar to that ofthe aticestrai species

A varicostalzis (Sweet aiid Bergstr6m, 1962), which has weaker development ofaixterobasal wtigs atkd

antere--posterior asytimietry oftransverse section thati R liripipus. McCracken (g 989) aiid Dzik (g 994)

suggested that R liripipus differs from 2 inscuiplbls because it lacks a depticge en tE te posterior pagt of

base. T}ie materials oftltis study ai'e not elements ofA inscuiptus because all the specisnens ax'e

adenticulate elements.

               bvgopewzdeyvaus yew"g"csstwtws (Sweet and Bergstr6m, g962)

                                 Plate 44: 1O

Scoipo¥(hts varicostatbls Sweet and Bergstr6m, 1962, p. 1247, pl. 168, figs. 4-9, text-fig. 1:& c, k.

Standodus unislTlatus Sweet and Bergstr6m, 1962, p. 1245, pl, 168, fig. 12, text-fig. 1:e; Bradshawl

  1969, p. 1161, pl. 135, figs, 5, 6.

P7ntopanderodus varicoslatus (Sweet and Bergstr6m, E962). Bauer, 1987, p. 27, pl. 3, figs. 19, 21-23;

  Dzik, 1994, p. 74, pl. 14, figs. 1-5, text-fig. 11:b; A]banesib, 1998, p. 130, pl. 16, figs. 21-22; Zhen,

  Percival, and Webby, 2003& p. I57, 158, fig. 8: n-x.

imlerial examined--1[Wo specirnen; 2 b element aGUrlLag2e61¥).

0ccurrence.--Bed LAN-27 in the LAN 1 section aiid bed LAN-70 in the LAN 2 section.
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 Rem,arks. --Eiement is subsyiirmeuical fonn with deep lateral a2xd posterolateral greoves on ene

lateral face. Lateral aiid posterolateral grooves on the other face ai'e shallower, 1therefore, these

specirnens are b element.

                            swosopew?derodges sge. A

                                 PIate 49: 5

  Adaterial examine61--One specisnen (IGUTLagO1442).

  Occztrrence.--Bed SIi-5 in the ST 1 section.

  Remarks.--Two im'ows on each side ai'e an'anged asynMnewically, anterier rnargin is 1aterally

compressed, aiid expanded base is smilaxr to these ofR varlcoslatus, I{owever, it is inipossible to assigii

the specknen to a species because the specimen is broken and does not have basal margins.

                      Genus .swntopif"gongsdus Mcfavish, 1 973

  npe species.--ProtoprioniodZts siimpliclssimors Mcfavisin 1973

 Re]77arks.--I follevv tlie concepts oftli[is genus proposed by Sweet (1988) ewkd Zben et aE. (2003b).

Apparatus ofProloprioniodus species is a coiifigk]ration of adenticulate rexnifomi diid pectittifomx

elements.

                       botopris"2igdusJ7mpes Cooper, 1981

                              Plate 42: 1-3, 5, 6

0elandodus coslatus van WEunei, 1974. An, Du, aiid Gao, 1985, pl. 6, fig. 21 (eEi[gy).

Protoprioniodus yopu Cooper, 1981, p. i78, p}. 3e, figs. 3-5, 8, 9, 11, 13; Zhen, Pekval, Emd NM¥)bby,

  2003b, p. 210, fig. 24: a-d.

Proloprioniodus arancia Cooper, 1981 . Jolmston and Bexnes, 2000, p. 42, pE. 6, figs, 17, 22 (oniy).

  Adaterials.--"IWenty one specitnens; 8 b, 6.E and 7 g elements aGU'I:-agl820, 1821, 1824, l832,

1835¥).

  0ccurrence. --Bed "IUW- 1 5 in the TUW 2 sec"on.

  Remarks. --Zhen et al. (2003b) divided Cooper's (1981) "P" elements intofand gelements. Tifxese two

elements are recogrtized in the collection ofthis study. F elemeirt has c"sp with a iengitudinal costa on

outer face, which extends te short outer lateral process. G element is alse characterized by having a
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wider cusp and shorter posteriox' process with arched upper mai'giii tliaii those oflf'element, B element is

strongly compressed laterally. Cusp inclines inwardly aiid bears irmer inid costa. Long, slender posterior

process atid shert ariterior process are adenticulated. "]lie b element is identical to asytrmietrical "S?

element ofCoeper (1981). Sytmnenicai c element and e elements are net included in the collection of

this study.

                      Genus ]llsewdooEzeotodws Drygant, 1 974

  7;izgr)e species.--Oneolodus (?) becla72anni Bischoff aiid Saiiiiematm, 1958

             keesdooyzeotodess beck72ewzyzi (Bischoff atid Sa]Miernarm, 1958)

                                Plate 53: 6, 7

Oneotodus2 beclananni Bischoff aiid Samemaim, 1958, p. 98, pl. 15, figs. 22-25.

Pseudooneotodus beclananni (Bischoff an.d Saniiematm, 1958). Drygant, g974, P. 67, pl. 2, figs. 34-39;

  Cooper, 1977, p. 1068, 1069, pl, 2, figs. 14, 17; Ress, Nowlan, and Hatxis, 1979, fig. 6: y; Newlan

  and Bames, 1981, p. 23, pl. 2, figs. 20, 21; McCracken and Barnes, l981, p. 89, pl. 2, figs. 30, 31;

  Uyeno, 1990, p. 99, 1OO, pl. 1, figs. 36, 37.

  Adalerial examlnecl --One hundred aiid fifiy three speciniens; 1 53 squat elements aGU"ILag2g28,

2129¥).

  0ccurience.--Beds S"IL21 aiid 22 in the ST 2 section axid beds LAN-60 to 62, 64, aiid 65 in the L/VNI

1 section.

  Reamrks.--Accerding to Batirick (1977), aparatus eftltis genus contains twe types ofelements,

slender atid squat fonns, However, only squat element with siRgle denticle occurs from the study

section.

                            kewdooEgeotoaws sge. A

                                PIate 51: 13-15

Pseudooneotodus sp. MdrMuk and Maikowski, 1998, pl. 1, fig. 8.

  imlerial examinecl--Six speciinens; 1 slender aiid 5 squat elemeims (IGU'ILag21e3 te 2105).
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  0ccurrence.--Beds LAN-52, 53, and 55 in the L/Vxl 1 section,

 Remar7lrs.--1[Erree types ofelements, slender cenifbmi and two types ofsqvtat conical fornis, ai'e

included in the collection oftlris study. Slender element atid squat element with single denticle are

siinilai' te those ofPseudooneolodus bicornis Drygant, 1974. ILatearlly compressed sqwat elemexxt is

elliptical in cross-section. "Ibp ofelement is sliglitly fiattened and elliptical in ora1 view. Str-atigraphic

range efthis species does not overlap that ofP becko7,anni i the study setion.

                     Genus Pterospesthodws Drygant, 1 974

754?e species. ----Pterospalhodus amoiphog77alhoicies Walliser, l964.

fterospesthoduspeyz]ztstws (NMiliiser, g964)

                  Rerospesthgaus pey2gwttws proceess (Walliser, 1 964)

                                Plate 50: 1-15

Carniodus sp. B. Igo and Koike, 1968, p. 8, p}. 3, fig. 20.

All?oprioniodus costatz{spaucidentatus Walliser, 1964. Igo aiid Koike, 1968, p. 12, pg. 3, figs. 16, 17.

Ail7oprioniodus n"iangz{larls lenutrameus Waliiser, 1964. Igo exid Koike, 1968, p. 13, pl. 3, figs. 18, 19.

Plerospalkoduspennatusprecez{s (Walliser, 1964). Baixick axid Klapper, 1976, p. 86, pl. 1, fig. 19;

  McCraken, 1991, p, 109, pl. 4, figs. 12-23s Mdrmik and Malkowski, 1998, pR. 1, figs. 6, 7, 11-g3, 18;

  Mdraxuk, 1998, p. 1037, 104e, pg. 6, figs. 1-25, 27--35, text-fig. 16.

Sloanhognathoduspennatusproceus Wailiser, 1964, p. 80, pl. 15, figs. 2-8; Igo and Keike, 1968, p,

  18-19, pg. 2, figs. 8･-10 (only).

 imle7"ial examinecl --Fifty six specimens; 26 Pa, 8 Pbl, 7 Pb2, 8 ma, 3 Sbl, 3 Scl, aixd 1 de

elements (IGUI[i-ag2075 te 2090).

  0ccerrrence.--Beds LAN-49 and 5e in the LAN 1 section.

 Remarks'.--Mdrmik (1998) described 21 types ofelements as apparatus ofthis genus. I fo11ow the

locational notation ofMdrMuk (1998) here, because these elements at-e not able to be represented by the

notation ofBatnes et al. (1979). Pa, Pbl, Pb2, M7, op, Sb2, and Sc2 elen tents are included in the

collectioik ofthis study. However, it is isnpossib}e to discus,s the apparatus cornposition ofthis species,

because these specknens eccur from only two saniples and each foirn is representated by less than 1O
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specitnens, except for Pa element. Walliser (1 964) described Pa and Pb elements oftlrree subspecies of

Plerospathoduspennators, According to liiin, Pa eiement ofR pennatorsproceus has basal groove,

extending posterierly, and nearly straight lateral process. Tltis element is sintilar te that of2 pennatus

pennalus (Wailiser, 1964), but Pa element ofR pennatuspennalors is chex'acterized by shorter basal

gi'oove aixd higlier denticles thaii that ofR pennalztsproceus. Tlie element oftExis study ceEmbnns with

diagriosis of2 pennators proceors.

                    Genus R#ssifdas Repetski and Etlitisigton, 1 983

  7:ilpe species. --Rossodus maniteuensis Repetski and Etlitiiigton, g 983

 Remarks.--Apparatus efthis genus censists offoliowixig four types ofelements; acontiodifonn g

element, drepatkodifonn b element, suberect and syimanetrical c element, atid oistedifo"n er

scatkdodifofin e element (Ji atid Batnes, 1994).

                 ftsssgdens netsgzitoeseiasts Repetski and Etlimgton, 1983

                              Piate 37: 7, 8, 10, 11

Rossodus manitouensis Repetski and Et}rkigton, 1983, p. 289-301, figs. i-5; La]mding, Baxiaes, ex¥)d

  Stevens, 1986, p, 1940, pl, 2, figs. 1O, 11, 14, 181 Etlikington et al., 1987, pl. 8-1, fig. 14; Repetski,

  l988, figs. 2: r-v; Ji aiid Banaes, 1994, p. 56, pl. 17, figs. 1-9; Seo, Lee, ag¥)d Etlimgtoix, 1994, fig. 7:

  23--29.

  Description. --A element has proclined to erect cusp a!id xnid cariiia eia aiiterior face. Pesterior face

gently concave. Base is smaEl Emd expaiided antero-posterierly, and especially projects posteriorly.

Lateral margiiis ai'e keeled. Latearlly compressed b element has precliiied cvgsp ar}cl arrterior agid

pestertor keels. Outer 1ateral face bears cariiia and imier lateral face is gently concave. Aiiterolateral arid

posterolateral faces ofbase ai-e strongly compressed. Basal cavity is shallow Emd 1ateraliy expaiided,

  imterial examinecl--Eight specinieiits; 5 a aiid 3 b elements aGU"I -agl978 to 1981¥).

  Occurrence.--Beds TAJR-16, 17, 20, aiid 21 in the ErA.R 2 section.

  Remarks. -- Sytmnetrical c eiement and oistodlforrn e element do not occuif frem the study areas. 'Ile a

and b elements correspond to the conifomi element descrtbed by Repetski and Etfrdigton (1983).
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                       Genus Sedobewdeifts Orchard, 1980

  7iipe species.--b"opanodus altipes Hemiingsmoen, g948.

 Remarks.--Apparatus eftltis genus consists of drepanodontifo"n, acodontifoma, axid

distacodontiforrn xnoi photypes (Orchai'd, 1 980). Scabbarciella is sinitilax' to Dapsilockts, but Dopsileders

does not coRtain drepeniodontifoxxn elements atid differs in the ratio ofeach xnorphotype ¥(Orchard,

1980¥).

                    Sces.bbesrdeffes esdeipes (Hem)iiigsmoeik, 1948)

                           P}ate 47: 4, 8-10, 12-17

Drepanodus allipes n. sp. Heimiiigsnaoen, 1948, p. 420, pl. 25, fig. 14; Rhedes, i955, 125, 126, pg. 1O,

  figs. 6, 8, 29; Ige and Koike, 1967, p. 17, 18, pl. 2, fig. 8, text-fig. 4: m.

Drepanodus? allipes I{erutigsmoen, 1948. Bergstr6m, 1964, p. 22, 23, text-figs. 8, 9.

Acodus slmilaris Rhodes, 1955. Bergstr6m, 1964, p. 8, 9, text-fig, 1; HEmiar, 1966, p. 48-50, pl. 2, figs.

  3-9, 13, text-fig. 4, nos. 5-lO, 12; Igo and Keike, 1967, p. 13, 14, pl. I, figs. 16-g8, text-fig. 4: e;

  Serpagli, 1967, p. 14-16, pg. Z figs. i-le.

Panderodz{s (Z)apsilodorsi similaris (Illiedes, 1955). Dzik, i976, p. 435, text-fig. 15: c, d, k-m.

S?rabba]"ciella altipes (Hemiiiigsmoen, 1948). Orchard, 1980, p. 25, 26, pl. 5, figs. 2-5, 7, 8, 12, 20, 23,

  24, 28, 30, 33, 35, text-fig. 4: c; Dzik, 1994, p. 64, 66, pl. 11, figs. 36-39, text-fig. 6: e; Wagag,

  Bergstr6m, aiid Lane, 1996, pl. g, fig. 18; Ferretu aiid Banies, g997, p. 34, pl. 1, figs. 17-22; Ferreni,

  1998, pi. 2, figs. Ie-12; Leslie, 2000, figs. 3-36, 3-37; Sweet, 2000, figs. 9-14, 9-15; Wang and Qi,

  2001, pl. 1, fig. 3; Agematsu, Sashid& Salyapongse, Emd Sardsud, in press C,

 Description. --"]]wo moiphotypes, acodontiforii g t and drepgmodontiform s eiex3aents, are recegnzed. T

elements are oftwo types, long and short urtits, Tlie long fomi has proclined to recurved cvgsp and

exteiided, relatively long base. Depth ofbasal cavity varies, but it is approximately twice width ofbasal

margin Upper pdit ofcusp is straiglit and tapers gradually, aiid terrninates with anteriorly defiected

posterior mai'gin. Unit generally bears proniinent groeve en one side, which xxetches basal mai'ghi in

seme specimens and is gradually tuMed posteriorly omniddle ofcusp. Aaxteropostenor margm is

sharply keeled. Base is laterally compressed aiNd has usvtally straight or coRcave oral margin in 1ateral

view. Outline ofbasal margin in aboral view is elliptical with lateral expai tsion betweeR greoved

position aixd airterier eRd, Generally, aiiterior edge is sha!p and pesterior edge is blxmt. Latter element

type has a short, abruptly expanded base. Upper margin ofbase is aknost sEgne lengh to basal mai"gin in
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lateraI view. Lateral surface ofsne side is smooth and broadly convex, while other side is ornatnented

by a sharp wedgelike posterolateral groove extending fi'om base to neai' tip,

  S element is typically erect with ma><knt"n curTvatui'e at approxiniately tlM'ee-fifths length ofkitxit from

basal margin. Cusp is straight to atiteriorly defiected atid its cross section is aknost circulex'.

Aiiteroposterior max'gins are keeled froxn gniddle ofcusp to basal margin axid cempressioit xs strongest at

lower part ofbase. Lateral surface ofbase is gently convex. Basaknargin is genex"ally teai'dr-op-shaped,

in oral view, with sharply edged posterior end, atiterelateral convexities, aiid pointed atiterior end;

however, several specirnens have asytninetrical bulges on each side,

  Mixterial examineal --[[ hree hu3idred emid miiety seven specimens; 282 t aiad 1 1 5 s eleiikents

¥(IGUrlLag1475, 1495, 1500, 1544, 1682, 1703, 1723, 1737, 1748, 1763, ¥).

  0ccurrence.--Beds Srli-4 to 18 in the ST 1 section aiid beds LAN-27 to 31, 33 to 39, 43, 79, aixd 80 in

the LAN 1 section.

  Remarks. --Although Orchard (1 980) recogttized six xnerphotypes, drepanodontifonn, acodontifoim,

and distacodontiform elements, enly the two types are identified in this study. Acodontifoim elements

are considered indicative ofa curvatua'e･-tratisition series.

                  Sewbbewdegha sp. ££ S eskipes (HexptiGiigsmoeit, 1948)

                                  Plate 49: 4

  imlerial examined--One specinnen aGU[iLag1663¥).

  0ccurrence.--Bed ST-1O in the ST l section.

  Remarks'. --Specinien has laterally compressed anteropesterier margins and Em expag kded base. [Iliese

characteristics are sin tigar to the 1aterally compressed bicostate element efS altipes. However, i]2 several

other respects, such as an asyminetric trarisverse sectioit ofbase and ebscure costa on 1ateral surface,

these are discerdarit with S allipes.

                        Genus Scewzdodus Lindstr6m, 1 955

  Z}pe speeies.--Scandodus./Z{rnishi Lindstr6m, i955

                    Scgndodus sp. ce Sjuryashi Lindstr6m, 1955

                                Plate 37: 14, 15

Scandodz{sfarnishi Lindstr6m, 1955, Seo, Lee, and Ethington, 1994, fig. 1O-18, 1O-24.
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  Descriptiolt. ･---Sscaiidodifonn element is erect and siender Lllrit. Laterally compressed cusp is streftgly

bent inwai'dly with keeled aiiterior aiid posterior mai'gins, Latera1 faces bear gnid cai tiias. Base is shoit

ai id expenided inwardly. Agrterior matigti ofbase is strengly compressed exxd sligl¥)tly curves to fomx an

aiigle 900 with basal mai'gin. Basal cavity is shailow aiid tips towai'd aiitener inargm.

  Mi71erial examlnea --'Ien specirnens; 1O scatidodifonn elements aGU'I Lagl984, i985¥).

  0ccurrence.--Bed TA[R-36 in the TA[R 2 section.

  Remarks. --Lindstr6m (1 955) fu'stly described a scaiidodifonn element as a foirrn species Scesndodus

fie"nishi. Tlris species has beexi redefiiied by Lindstr6m (1971) as a multielexnent species contetmiiig

scaridodifbnn ai3d drepexiodifonn elements in its appai'atus. Jeimston aiid Batnes (2000) suggested an

apparatus eftlris species consisting ofsuberectifbfinp eeement, scaridodifoiry}k or drepexiodifoim G

element, arid oistodifonn r element. Although the specknens in the collectioxi ofrkxis study reseixible

scaa3dodiforrn element efthis apparatus, those specinnens differ frerr} elei nents ofS farnlski i a having

strongly incRined cusp inwardly arid base with rotmded diiterier niargin.

                        Genus Scogopgdws Patxder, 1856

npe species. --Sbolopodz{s szablaevis Pander, 1 856

                   Scoiopodas mutgicastwgus Baines aiid Tuke, 1 970

                                 Plate 44: 8, 9

Skrolopodus mullicoslatus Baines aiid "TLike, 1970, p. 92, pl. 18, figs. 5, 9, 15, I6, text-fig. 6: d; Eimgtolt

  ewid Clat`k, g982, p. 1O1, pl. 11, figs. 19, 20; Stait atid Diiugce, 1993, p. 31O, figs. 13: h-i, g9: f:j, 1; Zhei],

  Percival, exxd Webby, 2003c. p. 212, fig. 6: a-r.

  Descriplion. --Eleinent has erect cusp and short base. Posterier margin is sha2ply edged. One lateral

face bears keeled anterelateral and posterelatear1 costae. Several short, low costae ai'e situated between

the iong costae. [[Eie other lateral face is snxoetlily roLmded with a iow costa along postescor mai'gm.

Aboral outline ofbasal mai'gin is circular to ellipse.

  imterial examined--"Ien specimens; 1O.7Zg elements (IGUrlLag2059, 2060).

  0ccurrence.--Bed LiMsl-5 in the LAN 1 section aiid bed Lrw-77 in the I.AN 2 section.

  Remarks. --According to Zhen et al. (2003c), apparatus oftltis species is sexirnernbrate with a, b, c, d,
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f atid g elements. Scatidodifoian element, included in the collection ofthis study, is correlated withfor g

elements ofZhen et al. (2003c), but these elements are grad"ally changed in shape. The specirnens of

this study are disciimfuiated by having less vagL}e cestae from Scolopodus quaduatus.

                        Scogopodws gggadeatees Pander, 1 856

                               Plate 43: 14, 16-19

Stolopodus quath"alus Paxader, 1856, p. 26, pl. 2, fig. 6; Falll"eeus, 1982, p. 21, pl. 2, figs. 1-g4, pl. 3, figs.

  1-8, 15; Zhen, PercivaP, exid Webby, 2e03b. p. 58, 59, pl. 5, figs, 15-2g.

ScolopodLis cGstalus Paiider, 1856, p. 26, pl. 2, fig. 7.

Scolopodus strialors Pexider, 1856, p. 26, pl, 2, fig, 8.

Slrolopodus rex Lindstr6m, 1955, p. 595, 596, pl. 3, fig. 32; Serpagli, g974, p. 86, pi. 17, figs. 1-3, pl. 28,

  fig. gO; Landing, 1976, p. 640, pl. 4, fig. I4; L6fgten, 1978, p. 109, pl. 1, figs. 38, 39; Repetski, 1982,

  p. 50, pg. 23, fig. 6; Stouge and Bagnoli, 1988, p. 25, pl. 9, figs. 1-6; Wang, Bergstr6m, and, Larte,

  1996, pL 2, figs, 18, 191 Albatiesi, 1998b, p, 133, pl. 12, figs. 14-17.

  Description. --A element is subsymmetrical fonn arid slightly coxnpressed laterally with keeled

posterior margin. Oiie to six keeled costae at'e situated on each Iatera1 face. Subsytnnietrical b element

bears 2 to 3 costae with sharp edges on each lateral face. Basal mai'gin is circular te elliptical in aboral

view. C element is synunetrical foirm with 3 to 9 costae on each gateral faces, Aboraa outline ofbasal

margin is circular te elliptical. Asytrmetrical g element has sharply edged posterior knargin. Oite 1ateral

face bears 3 to 5 keeled Eateral costae. rlTixe other face is smoetialy rouiided.

  Material examlned --Sixteen specitnens; 5 a, 2 b, 6 c, and 3 g elegnents aGUI[i-ag2046 te 2050¥).

  0ccurrence. --Bbeds LAN-8 and 1O in the LAN 1 section, aixd beds LAIN-75 to 77 in the LAN 2

sectlon.

  Remarks.--I fo11ew the defiirkion ofmis species described by Zhen et al. (2003b, 20e3c). 1[ifie a, b,

and c elements from the collection oftitis study forrn a sytiunetry tratisition series as well as those of

Zhen et al. (2003b, 2003c). The specimens ofthis study are highly vecious in nv[gnber efcostae,

synaxnetiy and curvatui"e ofcusp, and degree oflateral compression.

                     Seggopodess suewzsiafffves Druce and Jones, 1971

                                 Plate 34: l 2
                                         ,
Scolopodus bw7sitans Druce atid Jones, l971, p. 95, pl. 15, figs. 1O-15, text-fig. 30: g, h;
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68, pl. 6, figs, 8-1g, pl. 9, fig. 6.

 Material examined--"pt'ee specitnens; 3 nongeniculate elements aGUrlLagl933, 1934¥).

  0ccorrrenee.--Beds 'Ir2Mil-3 aiid 4 in the T/SR 1 section.

  Remarks.--Elements described by Jones (1971) have relatively long and slender cusp. Specixnens

occur from the study section have various length ofcusp and degree ofexpairsioit ofbase.

                               Scofopodes sge. A

                                 PIate 39: 7-17

  DescTiption. --Eleinent has proclined to erect cusp diid long base. Conspicuous, coaa'se stnations cover

mest efthe surrface ofurtit, fi'om abeve basal margim to tip ofcusp. A/b, c, a and e elements are

recogttized. A/Z¥) egement is subsytmneuical to asymneuical and laterally compressed. Oxie 1ateral face

bears longitudinal greove. Airterior face is broadly rounded, diid posterior face is gent}y convex to

flattened. Acestate c element is sytrunetrical fonn with circular cross-section in'oa gghout the element,

Syiiwnetricai d element is 1aterally cempressed and has erect cusp. Lengitudinal grooves are develeped

from above basal max-gin to tip efcusp on lateral faces. Axiterier face is broadly rourided, atid posterior

face is convex to fiattened. E element is asyimnenical aiid acostate fonn with proclined cusp and

twisted base. Cusp has remided anterior face and keeled posterier margin, ag}d is drop-shaped in

cross-section. Base is circulai' in aboral view. th, c, a2id d elements form a syimnetry ts-atxsitieR se"es.

  Material examined--rlWenty two specimens; 4 a-b, 8 c, 8 d a3id 2 e elements aGU"I:-ag2009 to

2018¥).

  0ccurrence.--Beds TAR-46 to 48 in the TAR 2 section.

  Remarks. --The specinnens ofthis study are sinxi1ar to those ofParopancierodus Steuge, 1 984 egnd

SZ]"latodomus Ji and Bdines, 1 994 in having coarse, Iongitudmal striations. However, the speciniens of

this study do not bear mediari groove on posterior" face, which is sigrtificaikce characteristics for

defmition efParapancierodus and SZ]"ialociontus. Therefbre, I teinporaly describe tlxis species as

Scolopodus.

                             Seogopedas sge. B

                                PIate 42: 16

Materials examined --One specirnens; 1 nongeniculate element GGUrlLag2036¥).

0ccurrence.-Bed rlVS-1 1 in the TUS section.
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  Remarks.-- Element has reclined cusp aiid short base with fbua' shaip costae en each lateral face.

Anterior and pesterior mat'gins at'e keeled. Outline ofthe basal xnargin is oval in aberag view. Keeled

costae ofthe specisnen suggests that this element is identified as species ofScolopoucis.

                               Scsgopodus sge. ¢

                                  Plate 39: 2

  imXerials examined--One specixnens; 1 nongeniculate element aGU"]]Lag2003¥).

  0ccurrence.--Bed TPP-1 1 in the rTI'P section.

  Remarks.--Element has recihied, slender cusp and fiared base. Cusp twists inwEifdly. Deep,

longitudinal fuie costae are developed on surrface of entire element, Agiterior and postenor mai'gms are

nerrowly rounded and broadly convex, respectively. Longitudinal depressions ai'e located on laterai

faces from above basal margin to tip ofcusp. Tlie nurnerous fiiie costae on sy[2rface Emd fia2re-1ike base

characterize tltis species.

                          Genus 717ridoEg.tws Miller, 1980

  7:l4pe species. --0neotodus nahamurai Nogami, l967.

                       7leridguetges gzgPkesmew"ffi ptoganii, 1967¥)

                                Plate 34: l4-16

0neotodus nahaurai NogEuni, 1967, p. 216, 217, pl. 1, figs, 9, 12, test-fig. 3:a, b.

7leridontz{s nahamz{rai (Nogaini, 1967). Miller, 1980, p, 34, 35, pR. 2, figs. 15, 16, test-fig. 40; Lax tdimg

  and Baraaes, 1981, p. i614, pl. 1, figs. 15-17, 20, text-fig. 3: 16; Nowlan, 1985, p. I16, fig. 5: 26-32, pl.

  1, figs. 1-3, 5s Ji aaid Baines, 1994, p. 64, 65, pl. 24, figs. 1-9, text-fig. 37: c; Landing, NMistrop, aiid

  He"rick, 2003, fig. 7: 3

 ?imlerials. ---rllhiiTty one specimens; 3 1 mb elements aGU[E:-agl946 te I948¥).

  0ccurrence.--Beds TAR-3 to 5, 6, 8, and 11 to 14 in the TAR 1 section a[ud beds TA.R-16, 17, 20 to

22, 27, 3l, aiid 33 in the TAR 2 section.

  Remarks.--Siniple conifoirm element is erect to reclined atid nearly circular in cross-section. Tliese

elements coxfiom with afb element ofJi and Bairries (1994).
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                     Genus M`iageggffodus van Watnel, 1974

7:it?ge species.--Paltodus volchovensis Sergeev& 1963

                     7:kfiaszgeslodes brevibasts (Sergeev4 1963)

                               Plate 40: 18, 19

Scandocins brevibasls (Sergeeva, 1963). Lindstr6m, 1971, p. 39, p}. 1, figs. 24-27, text-fig. 3; Serpagli,

  1974, p. 82, g3, pl. 18, figs. 5-7, Pi. 27, figs. 2･-3, text-fig. 21.

  Description. --Elemept is slender atid twists. Cusp is proclined. Anterolateral faces bear keel-like

costae iTuiMitiiig tlM'ougli the unit, but they de net reach basal margin. tsrterior svgface is sliglxtly rovkiided

to fiattened, atid posterior margin is edged. Basal mar"gin is triangular in aboral view

  Ml7terials.--Four specknens; 4 nichonodellifoini elements (IGUrlLag2034, 2035),

  0ccw'rence.--Beds TPP-24, 27, aiad 28 in the TPP sectien.

  RemaTks.--Serpagli (1974) described three types ofelements as apparams efthis species,

drepaixodifonn, nichoxxodeEiifbxm (acodifbim), aiid destacodifonn elements. [[he specirnen ofthis stuidy

coincides with his trichonodelliforrn elements.

                    T>ninitgeslodess gew"apintineg2sis (Crespin, 1943)

                               Plate 41: 18-20

0istodus laropintlnensis Crespin, 1943, p. 231, pl. 31, figs. i-6, 9, 12, 13.

n"iangulodus la7"oplntinensis (Crespin, 1943). Stait aixd Druce, 1993, p. 315, 317, figs. g4: a-c, 21: d-£

 hj; Zhen, Percival, and Webby, 2003b, p. 212-216, fig. 28: a-v,

n"lgonodZ{s larapintlnensis (Crespin, 1943). Coeper, 198l, p. 180, pl, 27, figs, 5, 6, 11 ,12 ,16, 17;

  Watson, 1988, p. I29, pl. 2, figs. I2-14, 18-20, 22, 23.

  Descriplion.--I foliow the apparatus reconsrmction efZhen et al. (2003b). Cellectien ofthis sttxdy

yields a, c, e, aiidfelements. Asyiii[t nenical a element is chai'acterized by strongly asyni[tneuical cusp

with keeled atiterior and posterior margins. C element is synrmenical aitd reclined forni with one

posterior and two lateral costae. F element has erect cusp, which slightly curves and twists inwardly. E

element is recurved oistodentiforni.

  Mblerials. --"]ren specirnens; 2 a, 1 c, l e, and 6fe}einents aGU[Ei-agl81O, 1812, 1813¥).
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 0ccurrence.--Bed TPP-28 in the TPP section, beds 'I'UWI3 aiid 14 in the 1ffrUW 2 section, beds

LAN-5 aiid 8 in the LAN 1 section, and bed LAGxl-76 in the LAN 2 sectioEa.

 Rema]'ks.--[flie elements firom the study sections fully coiifbnn with description efZheit et al.

¥(2e03b¥).

              Genus gi2igriabilocoregss Landing, Bafixes, and Stevens, 1986

  npe species. --Paltodus bassleri Furnish, 1 938.

                     g>IigriGEIpilocomes bassferi (Fuinish, 1938)

                            Plate 34: 3-5 8-10
                                     '
Paltocints bassleri Fugnish, 1938, p. 331, p}. 42, figs. 1, 9, 1O; Etirkigton and Clag'k, 1971, p. 72, p}. 2, figs.

 2, 4, 6.

Uahconus? bassleri (Funrisix 1938). Laiiding agkd Baines, 1981, p. 1622, 1624, pE. g, fig. 19.

i)ixriablloconus bassleri (Funtish, 1938). Laiiding, Bemies, aiid Stevens, 1986, p. 1944, pg.1 3, fig, 7; Ji

  atid Baines, 1994, p. 67, 68, pl. 25, figs. 14-26, text-fig. 38: d; Landing, W2strop, and Hentick, 2003,

  fig. 8: 2-5.

 Mi71erials.--Seventy twe speciniens; 48 a, 19 b, and 5 c eleinents (IGUZELagg935 to 1940).

  0ccurrence. --Beds TAiR-3 to 14 in the TAR 1 section aiid beds TAR-16 te 18, 22, 23, 27, 29, aitd 36

in the TAJR 2 section.

  Remarks. --According to Ji and Bargies ( i 994), apparatus ofthis species is quadmaaembrate consisting

a, b, c, atxd e elements, lilie specirnens ofmis study are simple conifonn eleknents with proclined to

erect cusp aiid assigned te a, b, and c elements. A aiid b egements fonn a syimanetry traiisMoR seiies.

Genus WnR"[itowit

                          Ge*. eg sp. twdieg. S

                             PIate 38: l4

M2 ilerial examined--One specinien (IGU[[Lagl999).

0ccurrence. --Bed TAR-23 in the TAR 2 sectien.
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 Remarks.--Elements is asyi3mietiical atid conical fbfin, atid characterized by markably keeled

posterolateral cesta on itmer face. Cusp is proclined and base is exparided antero-posteriorly. imterier

arid posterior margins are laterally compressed diid shai ply edged. O"ter laterag face is smoothly

fiattened, Airterobasal process dowiiwardly proj ects,

                             Geee, eS sp, ggediee. 2 '

                                Plate 38: 15

 imterial examined--One specixnen (IGUTLag2000).

  0ccztrrence.--Bed TAR-46 in the TAR 2 section.

 Remarks.--Element is asyimnenical fbnn having proclined cusp. Strongly compressed akiterier aiid

posterior xnai-gins bend inwardly, Both lateral faces bear conspicuously keeled costae. Upper margin ef

base is short a2id rv}eets basal margin at 600. Blade-1ike anterior process is adenticulate. Ehe elernent is

sitnigar to Gen. et sp. lndet. 1 . EIowever, Gen. et sp. kidet. 2 has logitudinal costae on both lateral faces.

                             Geit. eg sge. twdet. 3

                                Plate 37: 6-8

 Adolerial examined --Four specimens; 4 geniculate ele] r}ents aGUIifLagl992 to i994¥).

  0ccun"ence.--Beds TAR-41 aiid 42 in the TAR 2 section.

 Remai'ks.--Element is oistodiforrn ewid laterally compressed. Aiiterior margisa is reuiided aiid posterier

margin is shdiply edged. Upper margin efbase is at-ched and keeled. Posterobasal corner is narrowiy

rodiided atid anterobasal corner fonns ati angle of450 . 0uter and imier faces ofbase are fiattencd and

sweg}ed, respectiveiy. Basal margin is riinined by rouiided ridge. Identification ofthe elernents is

diffitcult due to therr poor preservation.

                              Gee. £g sp. fi]gxd£g. 4

                               Plate 37: 2, 3, 6

Acodus sp. Seo, Lee, aiid Etiimgton,1994, figs. 7-15, 7-16,

 M27terial examined--Feur specirnens; 4 nongeniculate elements aGU'ILag1973 to 1975¥).

  0ceurrence.--Bed TAR-27 in the [rAR 2 section.

 Reinarks.--Element is sisnple conifonn aiid laterally compressed. Blade-1ike cusp is proclined xvith

ariterior and posterior mat'gins, which are keeled and straiglit in lateral view. Outer face is fiatteRed atid
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irmer face bears ntid catinia, Upper margin of short base is 1aterally compressed. Anterobasal blade

extends dowiiwardly, Basal cavity is small aiid inwai'dly expaiided below the cairina, Basal max'gin is

straight in 1aterai view.

 Acodus sp. described by Seo et al, (1994) resembles the elements ofthis study. See et al. (1994)

assigried their element to Acodus. }-Iowever, it is difficult to discuss the taxonoiny because they did not

give a description atkd the elements ofthis study are poorly preseived.

                              Gex. eg sge. gmkdieg. S

                                PIate 53: 12, 15

 Ml2terial examined --Six specinien; 6 geniculate element aGU[Ii-ag2136, 2137¥),

  0ccblrrence.--Bed LAN-61 in the I.!pt 1 section.

  Remarks.--Specirnens are oistodifonn element. Slender cusp is alinost straiglrt atid slightly cuarves

downwardly in distal part. Base has ai'ched akiterior aiid posterior mag'gins exid neargy straiglrt basal

margin in lateral view. Aiateobasai atid posterobasal comers fonn ati agigle of60 to 800. Aboral outline

ofbasal margin is modified elliptical forsn with sharply pointed a2iterier and posterior ends. lhe

preservation at"e not adeqkvate for identification of species.

                              Geee £t Sgee twdege 6

                                 Plate 45: l8

 imlerlal examinednm-One specimen; 1 genicugate element aGU'I:-ag1438¥).

  0ccurrence.--Bed ST-4 in the ST l section.

  Remarks.--Element is oistodifonn withlong, robust cusp aiid short base. Cusp slightly bends

inwai`dly atid has lenticular cross-section. Aiiterior margin fo"ns 600 with basal margin. Basal cavity is

narrow in oral view.

                              Geee £t Sgee twdege 7

                                Plate 37: 3-5, 9

 imterial examinea--rl;wenty imee specitnens; 23 noRgeniculate elements aGU'I:-agl9g8 to 1991¥).

  0ccurrence. --Beds TAR-38 to 42 in the TAR 2 section.

  Remarks'.--Element is siniple cone with slender, proclined cusp aikd posteriox"ly expaiided base.

Aiiteiror margin is nan"owly romided. Posterier part oflateral faces is strongly compressed at cusp.

Cross-section efcusp is drop-1ike fonn with pesterier tip. Aiiterior margin ofbase meets basal margin at
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90 to 1200. Posterobasal comer is an angle of30 to 600. Basai cavity is sharply pointed near airtenor

margin. Outline ofbasal margin is oval to drop-shape with posterior tip in aboral view.

  Elements exitibit a higli veeiation in degree ofcompression ofcusp and in expexmsion ofbase. Most of

specisnens biiaterally ai-e syxrunetrical fbnn, but soine ai'e asyimneuical. Tlie as>qrmenical elements

possess markably rouiided costa along atiterolateral face ofismer side,

                             Geee. eg sp. twdieg. 8

                                 Plate 40: 6

 imlerial examined--"I:vvo specknen; 2 digyrate elements aGUrlLag2024¥).

  0ccztrrence. --Bed TPP-1 8 in the TPP section,

 Remarks.-- Digyrate element is aiitere-posteriorly compressed with sleRder ct}sp aiid two gateral

processes. Anterior face ofelement is flattened. Cusp is inclined inwardly atid has redikded posterior

cariiaa. Keeled gateral costae of cusp extend to latera1 processes, whiclx downwardly elongate. Owter

lateral process is adenticualte. kmer lateral process bear at least five denticles. Aborag side is entirely

groeved, with proniment posterior expansien developed below cusp, Basal ma]rgins ofthese processes

meet at about 600.

                             Gee. ee sge. twdeg. 9

                               Plate 37: 12, 13

 MZ2terial examined-Five specirnens; 5 geniculate elements (IGU"I:-agg982, 1983).

  0ccurrence. --Beds TAR-3 1 te 33 in the TAR 2 sectgon.

 Remarks.---Element is oistodifbrm with edged anterior Emd posterior margins. Outer face is gently

convex 2md irmer face has inid carina. Upper margin of sbort base is shaiply edged. dnterobasal coirner

fonns an acute angle. Basal margin is wavy in lateral view emd eiliptical with expemsxen m postenor part

in aboral view. Identification of species is difflcult due to therr poor preservation.

                             G£ee, eg sp. gxkdiet. ftO

                                PIate 49: 12

Drepanocin{s2 sp. 5 Repetski, .1982, p. 24, pl. 8, fig. 2.

Adolerlal examinecl--One specirnens; 1 nongeniculate element (IGU'I:ag2174).

Occurrence. --Bed TAR-42 in the TAiR 2 section.
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  RemaTks.--Element is conifonn arid laterally compressed with proclined cusp. Keeled anterior and

posterior margiriLs are developed inte adenticulate atiterior aiid posterior blade at base. Basal marghx

gently concave in lateral view. Aboral side is entirely groeved, with smail and shallow basal cavity

develeped below cusp. Tlie element is identified with Drepanodzts? sp. 5 described by Repetski (1982).

However, the preseirvation and number ofthe specirnens oftliis study are not adequate for identificatioRk

of species.

                              Gen. eg sge. Rptideg, flk

                                 Plate 37:4 5
                                         ¥)
  Adaterial examined--"I]wo specirnens (IGUT-agl976, 1977).

  Occun"ence. --Beds TAR-26 axd 23 in the TAR 2 section.

  Remarks.--Unit is slender, sirnple cone element aiid has proclined cusp. imer Iateral face is flattened

at cusp. Mid cariiia is developed on owter lateral face. Aiiterior margin is itaxrewly rouraded dista11y aaid

broadly convex in basal pext. Posterior fnargin ofcusp is sharply edged. Base is shert ewxd vgnexpaixded.

Basal cavity is pointed toward aiiterior margin, Outline ofbasal margin is cit'cxkgar te eval with xxary'ew

posterior end.

                              Geit. £g sge. twdieg. fi2

                                Plate 45: 16, 17

  Adaterial examinea--Five speciniens (IGU'Ii-ag2069, 2070).

  0ccurrence.--Beds LAN-3 1 to 33 in the Lsu 1 sectioEx.

  Remarks.--Element is siniple conifonn and has erect to reclined cusp with slxagply edged anterier and

posterior itxargins. Both laterai faces beai' cartr}ae. Base is sliglitly fiared. A txterior part efbase is strogkgly

compressed 1aterally aiid anterobasai cornersliglitly warps outwardly. Basal margin is straight in lateral

view axid elEiptical with sharp projection at posterior end in aberai view. [[Eie anterier compressioix of

base charactertzes this species.

  rlhe elements are sitnilar te g element efDrepesnodecs species. }{{owever, the element ofthis study is

characterized by more remat'kable anteiior compression diid breadly rotxgided posterior mai`gin at base

than those ofD7"epanedus species.

(l}ew. eg sge, jixRd£g. fi3

  Plate 44: 15, 16
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  Adolei"ial examinecZ--pSix specitnens; 6 geiiiculate elements (IGU[ILag2171, 2172).

  0ccurrei7ce.--Beds LA[rxl--5, 7, aiid 8 in the LNNI 1 section.

  Remarks.---Geniculate element has slender cusp, which is inclined inwai'dly arid tapers distally,

Airterior and postertor margins are shatply keeled, Outer gateral face is gently convex arid ixmer laterag

face is concave, except for reurided caxina. Short base is expaiided bilaterally. EIoxigated a rterobasal

blade bears 1 to 3 denticles.

                              Geit. eg sp. igRdet. fi4

                                  Plate 40: 4

 Malerlal examined--ORe specimen; 1 nongeniculate element aGU'I:-ag2e22¥).

  eccztTrence. --Bed TPP-1 8 in the TPP sectien.

  Remarks.--Element is chat"acterized by conspicuously wide, tli in latera! costae. /Miterior and posterior

faces are flattened aiid rounded, respectively. Base is expaiided posteriorly with shaiiow basal cavity

[[kiese characteristics may cori'espond to diagnesis ofJZtanognarhus, }I{owever, it is difficvglt te discvgss

taxonomy ofthe element due te its peor preservation,

                              Geee. eS sp. keed£g. fiS

                                 PIate 45: 14

 Material examined--One specirnen; 1 nongeniculate element aGUTagl437¥).

  0ccurrence.---Bed S[[L4 in the ST 1 section.

  Remarks,--Unit is nongeniculate aiid erect with tlrki cusp and wide base. tsxterier a2ad posterior

ma2'
giiis ai'e laterally compressed. Base is expaiided posteriorgy firoRn a poiEit ofnxaxi2num curwat!ki'e,

Upper mai'gin ofbase fofins aii aiigle of450 with basal margin. Lengitudinal im"ow rtms along

pesterelateral susface ofirmer side. Outer lateraE face is convex at base.

                              Gege. £g sge. twd£t. g6

                                  Plate 40: 5

 imterial examlned--Four specirnen; 4 nongeniculate element aGU"ILag2023¥).

  Occurrence.--Beds TPP-17 aiid 1 8 in the TPP section.

  Remarks.--Unit is 1aterally compressed conifoim with proclined, straight cusp and sma}1 base. llie

elemeRts are sligtitly sixnilar to Gen. et sp. lndet. 4, but their poor preservation is not adequate for

discussion oftaxonomy.
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                              G£ge. eg sge. ggRdeg, fl7

                                 Plate 36: 15

  M27tei"ial examined--One specinien; 1 genicuiate element aGU"ILagl971¥).

  0ccurrence. --Bed TAR.-46 in the TAIR 2 section.

  Remarks.--Element is laterally compressed with elongate cusp. One lateral face is fiattened ag}d tikie

other face beat"s low catina. Short upper margki ofbase, which is arched Emd mai'kabXy keeled, itieet

basal margin at about 8OO. Aiiterior margin ofbase is nafi'owly rounded afi kd foim riglit angles with basal

margre.

                              Gen. et sge. ggkdieg, fl8

                                Plate 36: 13, 14

  M27terlal examinea--rl"wo specirnen; 2 geniculate element aGUrli-agl969, 1970¥).

  0ccz{rrence,--Bed TAiR-46 in the TAjR 2 section.

  Remarks.--Eiement is distinguished from other oistodifoma element in tl [is study by its stout wtit atid

basal maa'gin kinimied by reuiided ridge. Cusp has niiid cairiiia on outer lateral face. Upper margtEk ofbase

is short and keeled. Aiiterior masrgin is narrowly roLmded t}itroughout element arkCl sm()c>tR2Iy ai'clxeci in

latera} view.

                              Gen. eS sge. twdieS. fi9

                                 Plate 38: i3

  Ml7teTial examlned--One specimen; 1 geniculate element aGU[I;agl998¥).

  Occurrence.--Bed TAiR-18 in the TA[R 2 section.

  Remarks.--Element is characterized by inwa2'dly twisted base aiid broadly roewided euter lateral face.

imer face efcusp is concave, except for mid cairina. Basal margin is expanded inwai'dly and its anterior

and posterior epds sharply pointed in aboral view,

                            Gee. eg sp. ggkd£e. 2e

                               Plate 49:1 2
                                       '
imlerial examinea --Foug' specimen; 4 geniculate element aGUrli-ag2071, 2072¥).

0ccztrrence.--Beds LAN-33 and 34 in the LAN 1 section.

Remarks.--0istodiform element has slender cusp xvith shdiply edged anterior and pestexior ma2'gms.
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Base is extended posteriorly. Straight posterior mairghi ofcusp foxnm about 600 with upper mai'gin of

base, Aiiterior margin is sharply bent dowiiwardly with an angle of40 O at one-tlain'd lenghi from basal

margin. Basal margin sharply tuins up with about 400 at one-halflenghi in }ateral view. Aiiterobasal exid

posterebasal corners ai"e pointed at 60 to 800 aiid 30 to 45 O, respectively. Basal cavity is slightly

expaiRded bilaterally aiid tips towa!`d aiiterior mai'gin in aboral view.

  "Ilie elements are discrki3inated from other geniculate elements eftltis study by having higlk base,

whose outline is niexigular or lozenge in lateral view.

                               Gen. eg sge. Eitdieg, 2fi

                                  Plate 43: 15

  Malerial examinea--Mrree specknen; 3 geniculate element aGUTag2051¥).

  0ccurrence.---Beds LAN-76 aiid 77 in the LAN 2 section.

  Remarks,--Specitnen is oistodifoxxn element with inwardly inclined cusp a3 xd short base. A {xterior di3d

pesterior maxgins are nart'owly rourided. Outer face is broadly convex atid ismer face bears gnid cesta.

Base has short posteobasal bar. Basal cavity is sligluly expanded laterally, 1[]i ae elements affe

characterized by rounded uitit with smoothly curved arrterebasai and pesterebasal cerners.

                               Geit. et sp. ggedi£S, 22

                                 Plate 55: 1O-12

  Descriplion. --Element is 1ateral}y cognpressed ratiriforrn uitit with fuaeiy denticulate exiterior and

posterior processes. [[lie denticles are basally fused and distally discrete. SRsxrface ofelegnegxt is

omainented by irifurite fiiae pits. Basal mai"gins ofprocesses are entirely grooved, with sliglitly 1ateral

expairsion developed below main cusp. Tlie elements ai'e divided into two types, A aiid B. Type A has

high, prociined cusp ar}d relatively short atiterior atid posterior processes. Ovgter gateral face is broadly

convex. Basal margins ofanterior and pesterior processes foirrr} a3k angle of30 te 450 in Iateral view,

Type B is chai'actertzed by having recurved cusp aiid long aiitertor aiid posterior precesses. A titenor

denticles are higlier thexi posterior oixes. Anterior atid posterier processes inwardly inclined distally.

  imlerial examinea--Sixteen specimeRs; i4 typeA and 2 type B element aGU'I:-ag2161 to 2163¥).

  0ccurrence.--Beds LAN-65 in the LAN 1 section.

  Remarks, ---Although the elements oftype B resemble fonn species Dinodus leplus Ceoer, 1939, it

seems that Cooper's (1939) specbnens possess more robust denticies than those efthe specimens ofthis

study. Dzik (1997, fig. 26) illustrated several sketches ofa and b elements efDinodus sp., which is
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sisni1ar to the elements oftypeA and B eftltis study. However, it is difficult to discuss their taxonomy in

detail, because Dzik (1997) did not describe the a and b elements ofDinodus sp. Cooper (i939) and

Dzik (1 997) reported their specisnens fi'om the Mississippiexi sequeRces. However, the elements oftltis

study co-occur with rvcy'sella singia aiid FZojsella sig7nosij<gia, which ai'e typical species ofEax'ly

Devenian.
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SYSTEMATRC PA[LEONTOkOGY

Gwwrffog.Hrg"gl¥)s

A[1 specixnens described in tltis paper are deposited in the institute ofGeoscience, University of

Tsukub& with the prefix IGUT.

Fairnly NewergRkgegwagetidiae Sterch atxd Serpagli, 1993

     Genus A7la¥)ptmeslograpafus Legr'and, 1 987

npe species.--Albrmalograplzfs noTmalis (Lapwoith, 1877)

Diagnosis.---Albrmalog7"aplus species have astogenitic pattekn H (Meiclitin, 1 998) atid clinnacograptid to

glyptograptid thecae, wltich are rotmded exid alternating, Mediari septwn is straiglxt. fi2iox" seme 1atex'

theca are dicalycal.

            Mrmeslogroptuspseesdovemesdeespse£edoyeyzuswts (Legrarid, 1986)

                                Plate 32: 1-le

Cliinacog7'aptbls venustus venuslus Legraxid, 1976, p. 158-162, fig. 3A-3E.

?Cllmacog7'aptus venustus venustzts Legrdiid, 1976, p. 160, 161, fig. 4A.

Climacograptztspsebldovenuslus (Legrand, 1976). Legrand, 1986, p. 197, fig. 2.

 Description.--Rkxabdosome, 1 8.8 n gn in maxirnurn length, has a ioitg virgelga and iaegna. Virgella mex'

is up to 1O.9 nun alid the gatter attains l8,9 iimn. Width is O.5-1.0 nxin at th1i 'Nyth12 level, dixd reacli[liig

1 .3-2.2 nMn in maxitnum between a halfto twe-tirii"ds lengtli frem the sicula. Septmi is aknost sit"aiglat.

Geirtly sigrnoid thecal wall are inclined proximally, arid are verdcal te weakiy geniculate distally. [EJiie

nurnber ofthecae is 1O to 15 in 1O inin proximally atid 9.5 to 11 subsequently.

 Maafe7"ial examined.--ptnity-two specinnens aGU'I:-agOOOI to Oe07, Oe09 to OOg8, OO20, O024 to

O026, O028 to O031, O036 to O038, O043, O044¥).

  0ccztrrence.--Becl S'Ii-g in tlie ST l section.

 Remarks. Althougli the specirnens oftltis study pessess various sized rhabdesoxne, their

morpholegical characteristics accord with the description of Climacograptus (Cl. ) venustus Legraixd,

1976. Ainong the venuslus subspecies, whose name is transposedpseudovenusgus by Legraiid (1986),
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Cl, (Cl.) venustors venustus is distinguished from the other subspecies especialXy by a long virgella and

measurements ofmorphology. rM te specirnens described herein are somewhat smaller thara the type of

Legraiid (1976), but aiiy other measvgi"ements coirespond with that ofLegraiid (1976). One ofthe

venorstus subspecies, Cl. (Cl.) venuslors venorstulors, is also smaller thati venustbls venuslus. However, titis

subspecies has a rhabdesome whose width is nearly constaiit as a whole, af}d differs froin the specinieRs

oftltis study in titis respect. Although seme speciniens have particularly short rhabdosomes, 4.7-6. 1 nmi

in }ength (Plate32: 8, 1O), I assigri these speciniens to N pseuclovenustuspseudovenorslus because other

chaiacteristics such as a width ofrabdosome, a nLmiber and shape ofthecae, aiad a leng virgella and

nema agree with this species.

Nbj-meslogrmpgws sge,

   Plate 32: 11

  Description.--Rhabdsoxne, lO rmn in lengt]a, is O.9 nMn in width at th1 i te thi2 level agxd tmiediately

reaches tEie maxirnv!txi width, 1 .3 rmn [lhecae have venical walEs. Virgella is 1nmx and nema is 8 Raxn in

length.

  ?Ltlalerial exam.ined.-- One specirnen (IGU"Ii-ag 002i).

  0ccurrence,--Bed S"I:-g in the ST 1 section.

  Disczission.--[fltis speclinen is distingrtished from the ethers by thecal fo"n, which is cliniacegraptid,

atid a short virgella. However, it is irnpossible to ditemiiiie a species narne because of smal} Ruknber of

specinien atkd poor preservation.
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SYSTEMATIC PA[ff.EONTOMOGY

TEN'ffACWkgTES

Agl speciniens descrtbed in tltis paper at'e deposited in the kistitute ofGeoscience, University of

Tsukub& with the prefix IGUT.

                      Order Da¢R`y£ogeasiidk Fisher, 1962

                  Fantily N*xyvakigdae Bou6ek aiid Prag ktl, 1960

                        Genus Newakia Gimch, 1896

 7ilpe species.--7lenlaculltes elegans Ban'ande, 1852

 Diag77osis,--Tube is straight, mediuni in size, aiid conMnonly 3 to 5 nmi iong, maixaly with a conical

shape that is often neax"ly cylindncal distally. Transverse rings ai'e sharp, with vaxiovgs height and width.

Lengitudinal ribs are present. hmer side ofwall refiects the outer relie£ Drop-shaped itrktiaa charnber is

difiierentiated from a tube. It ranged from Llandvery (Lower Siluian) te Frasniewx (Upper Devonian) and

is ifiiown werldwide ¥(Churkni aiid Caiter, l970; Tuiliticliffl g983, 1989; Ybchelsen aiid Kii'clagasser,

1986¥).

                      Mwtskies eseesesries (Richter, 1 854)

                             Plate 33: 1-15

7lentaculites acuarlus. Richter, 1854, p. 285, pi. 3, figs. 3-9.

Aibi47akia acuaria (Richrer, l854). Bou6ek, 1964, p. 60-69, pl. 1, figs. 1-7, pl. 3, figs. 1-6, pl. 4, figs. 1-4,

 text-figs. 10, 11, 13-17; Lardeux, 1969, p, 91-96, pl. 30, figs. 1-3, pl.31, figs. g-8, pl. 32, figs. 1-4,

 text-figs. 64-66; Alberd, 1970, p. 391, 392; Churkri and Carter, 1970, p. 62, pl. 16, figs, i-8;

 Agematsu, Sashid& Salyapongse, and Sardsud, in press B.

 Descriplion.---Tube is straight, conical, less thEm 3 .3 gnik in lenghi, and gi'adkxally increases in width to

e.5 imn; angle ofdivergence is 1O to 15 O. Aii ixrkial chatnber, which is differentiated from a tube, has a

teai'di'op shape slightly pointed dowriward, O.I5 to O.2 nun in lengtli, O.12 te O.16 nMn in diameter, and

has distinct longitudinal ribs. rl}ransverse irings with shatp crests are present on a tube, with higliest

density (1O to 17 per O.5 xznin) proxirnally, and lower density (l0 per O.5 iruzz) distally. Longitudinal rtbs

ofthe tube are weak.
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 Adaterial examinecl --Fifteen specknens aGUTLagO05 1 to O065¥).

  0ccurrence.--Bed S[ILt in the ST 2 section.

 Remarks.--"flie specitnens at'e smaller than those described by Churkiix atkd Carter (1 97e), which ai'e

7 rmn in mE[><inidin leiigth, Althougli the specirnens indicate a higli density oftransverse rkigs

proxirnally, N acuaria shows a vatiety ofdensity and rkig spacing (Churkwi evid Caiter, 1970). [[he

mitial chaniber has seveial characteristics, which is sintilai' to those Aibwakra bar7"andei Bou6ek and

Prantl, 1959), and N cancellata (Richter, 1854). However, the specinkems diffk)r frem these two species

in having no distinct longitudinal ribs, nurnerous transverse rkigs, atad a dista1, cone-shaped tube.
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Table 1. List of conodont species from the Thong Pha Phum
 About 1.5 kg limestones were processed for each sample.

area.

Thong Pha Phum area
Section TPP

TPP
22 21 24 28 27 11 13 15 18 17 total

Anse/lasp.C 2 2

Anse/!asp.D 1 l

Auri7oboduscf./eptosomatus 1 1

Aurilobodus/eptosomatus 1 1

Bergstroemognathussp.B 2 2

Drepanodusarcuatus 1 1

Drepanoistoduscostatus 1 1 1 3

Erratlcodonsp.B 2 2

Gen.etsp.gndet.14 1 1

Gen.etsp.Indet.16 2 2 4

Gen.etsp.Indet.8 2 2

H/shade//aho/odentata 1 1

Juanognathusvarlab/7is 1
tttt

1

Panderodusnogami7' 2 1 2 6 2 8 4 3 28

Penbdonsp.B 1 1

Plectodihaonychodonta 1 1

Sco/opodussp.C 2 2

Trv'angu/odusbreyibasls 1 2 1 4

7rianguloduslarapinensis 1 1

total 1 2 3 8 7 11 1 4 14 7 58
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Table 2. List of conodont species from the Thung Song area.

    About 1.5 kg limestones were processed for each sample.

Thung Song area
Section TUS

,specles

samplenumber TUS
5 7 8 10 11 totaI

Erraticodonsp.A 1 1

Panderodusnogamt7' 2 1 1 2 2 8

Sco/opodussp.B 1 1 2

total 3 1 2 2 3 li
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Table 3. List of conodont species from the TUW 1 section

       About 1.5 kg Iimestones were processed for each

in the Thung Wa area

sample.

Thung Wa area
Section TUW 1

samplenumber
,specles

TUW
1 2 3 totaI

Protopanderodusgradatus 8 1 1 10

eva/11seroduscostatus 2 2

total 8 3 1 12
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Table
4. List of conodont species from theTUW 2 section in the Thung Song area.

        About 1.5 kg limestones were processed for each sample.

Thung Wa area
Section TUW 2

samplenumber
,specles

TUW
10 " 12 13 14 i5 16 17 total

Acodussp.C 4 4

Cooperignathusaranda 8 8

Cooperignathusnyinti 26 26

Erraticodonpatu
1 1

Oistodussp.A 2 2

Parolstodusoriglnaffs 32 32

Perlodonaculeatus 1 1 2 2 6

Protopanderodusgradatus 12 5 5 2 4 29 11 2 70

Protopanderodus/eonardfr' 4 4

Protoprlonlodusyapu 19 19

Trlanguloduslarap/'ntlnensls 1 2 3

total 19 5 5 4 6 121 13 2 139
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Table 5. List of conodont species frorn the ST 1 section

     About 1.5 kg limestones were processed for each

in the

sample.

Satun area.

Satun area

Section ST 1

ST
1 2 3 4 5 6 7 8 9 10 11 12 13 17 18 totaI

Amorphognathussp.A 2 2

Anse//asp.A 1 1

Anse!lasp.B 1 1 1 3

ta/tonlodussp.cf.B.varlabi7is 53 83 256 392

Besselodussemlsymmetrlcus 1 1

eornuodus/ongr'hasis 1 1 2

Papsi7odusmutatus 4 1 8 1 1 3 3 2 1 1 1 26

Drepanodusarcuatus 1 1 2

Hamaroduseuropaeus 12 6 12 5 9 5 9 2 4 64

Panderodusgraci71s 3 8 4 15

Panderodussp.A 1 1 1 1 4

Panderoduslt7ipipus 2 2 1 2 1 2 10

Protopanderodussp.A 1 1

Pygodusanserinus 2 2 4

Scabbarde//aaltipes 13 3 37 36 47 22 24 14 35 7 12 256

Scahbarde/lasp.cf.S.a/tiies 1 1

Gen.etsp.indet.34 1 1

Gen.etsp.Indet.35 1 1

total 5 64 88 279 7 61 45 61 31 39 21 47 3 10 25 786
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Tabie
6. Ust of conedonfe species from the ST 2 section in the

     About 1.5 kg Iirnestones were processed for each sarnple.

Satun area.

Satun area
Section ST 2

ST
2e 21 22 23 total

Decoriconusfragi7is 16 16

Oulodussp.A 1 1

0zarkodinaexcavataexcavata 10 6 2 3 21

Panderoduslangkawlensfs 1 1 2

Pseudooneotodusbeckmanni 1 2 3

total 13 9 18 3 43
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Table 7. List of conodont species from the TAR 1 section in Tarutao Esland.

     About 1.5 kg lirnestones were processed for each sample.

Tarutao gsland

Section TAR 1

TAR
3 4 5 6 7 8 9 10 11 12 13 14 tota1

Acodusserierensis 2 1 6 6 1 2 1 19

Drepanodusarcuatus 1 3 4

Drepanoistodusconcavus 8 1 1 10 3 1 1 4 3 32

G/yptoconusquadrap//'catus 2 2

Monocostatusserierensis 1 4 1 6

Scolopodustrantistans 2 1 3

Teridontusnakamurai 3 2 2 5 3 1 2 2 1 21

Varlab/7oconusbass/er/' 11 5 1 15 10 14 2 1 3 2 2 4 70

total 27 12 4 41 19 19 3 2 10 4 7 9 157
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Table 8. List of conodont species from the TAR 2 section in Tarutao Island.

     About 1.5 kg limestones were processed for each sarnple.

Tarutao Island

Section TAR2

mo

oa

TAR
16 17 18 20 21 2223 26 2728 29 30 31 3233 34 363839 40 414244 45 4647 totai

Acanthodus/ineatus 1 1

Acoduscomptus 2 2

Acodusserlerensis ll ll 4

Colaptoconusbo/ites 1 2 2 2 1 42 21 422 25

Co/aptoconusfiorveri 2 1 2 3 9 11 13 32

Co/aptoconusquadraplicatus 2 2 4

Cornuodus/ongibas/s l 1 2

Drepanodusarcuatus Il 1 31 7

Drepanoisotodusconcavus 62 8 1 7 51 30

Drepanoistodusforceps 33 2 3 15 26

Ft7odontussp.c£IE:ff/osus
4 4

Gen.etsp.Indet.Ol 1 1

Gen.etsp.Indet.02
1 1

Gen.etsp.Indet.03 22 4

Gen.etsp.Indet.04 4 4

Gen.etsp.Indet.07 16 1 123 23

Gen.etsp.Indet.09 3 11 1 5

Gen.etsp.Indet.1O 1 l

Gen.etsp.Indet.11 1 1 2

Gen.etsp.Indet.17 1 1

Gen.etsp.Indet.18 2 2

Gen.etsp.!ndet.19 1 1

Gen.etsp.Indet.4 4 4

Parapenderodusstriatus l 1

Paroistodussp.A 1 1

Protoprioniodusyapu 2 2

Rossodusmanltouensls 3 1 2 2 8

Scandodussp.cf.S.furnlshl 4 4

Sco/opodussp.A 1 201 22

Teridontusnakamural 2 1 1 1 2 4 1 1 13

Variabdoconusbasslerl 2 1 1 32 5 1 4 19

total 10 7 4 8 5 218 1 3e5 1 1 6 103 1 24108 1 17121 4 581 256



Table 9. List of Ordovician conodont species from the LAN 1 section in the

             About 1.5 kg lirnestones were processed for each sample.
Langkawi Islands.

LangkawHslands

ro

o"

Section LAN 1 ¥(Ordovician¥)

LAN
5 6 7 8 9 10 11 12 16 17 18 22 23 24 27 28 29 30 31 32 33 34 35 36 37 38 39 43 80 79 81 tota[

Amorphognathussp.A 5 5 10
AnsellaJ'emtiandlca 1 1 1 4 4 3 2 1 5 22

Auri7obodus/eptosomatus 1 1

Baltoniodussp.cf.B.variabllis 23 1OO 15 120 64 322
Bergstroemognathussp.A 2 2

Cornuodus/ongibasls 3 1 4
Dapsi/odusmutatus 3 2 6 2 1 1 10 25 3 53

Drepanoistoduscostatus 2 3 1 1 7

Hemaroduseuropaeus 11 8 3 10 3 17 5 10 67
Panderodusgrac/7is " 14 1 4 2 1 2 2 1 38
Panderodusnogami7' 2 1 1 6 1 1 2 4 2 20

Periodonsp.A 2 l 2 3 8

Prloniodusamadeus 1 2 1 4 8

Protopanderodusleonardl7 1 1

Protopanderodusbuipipus 2 2 1 2 2 3 2 3 17
Protopanderodusvaricostatus 1 1

Scahbarde/laa/tipes 2 1 1 11 32 16 1 17 1 17 3 4 1 16 26 149
Scolopodusmu/ticostatus 1 1

Sco/opodusquadratus 1 1 2
Triangu/odus/arapi'nt/nensis 1 2 3

Gen.etsp.Indet.12 3 1 1 5

Gen.etsp.Indet.13 3 1 1 5

Gen.etsp.indet.20 2 1 3

total 5 2 2 9 4 10 3 1 2 1 3 1 8 10 41 119 l7 141 104 1 29 15 28 4 30 9 31 1 37 75 6 749



Table 10. List ofSilurian

            About

conodont species from the LAN 1 section in the
1.5 kg limestones were processed for each sample.

Langkawi Xsiands.

Langkawi Islands
Section LAN 1 (Silurian)

LAN
49 50 51 52 53 54 55 56 57 60 61 62 64 65 total

Be/odellaanomalls 5 5

Belode//adevonlca 73 62 135

Be/odel/aresima 2 2 4

Dapsi7odushamari 47 28 28 19 22 19 12 175

Dapst7odusobllqulcostatus 12 13 10 6 4 45

Dapsi7oduspraecijuus 3 1 f 5

Dapsdodussparsus 6 4 10

Decorlconusfragr71s 3 84 14 9 6 116

F/ajse//as/gmostygia 105 105

F/ay'se//asp.B 19 19

/CTIay'se//aspA 37 37

Flay'sellastygia 94 94

Gen.etsp.Indet.05 6 6

Gen,etsp.Indet.22 18 18

0u/odussp.A 1 5 1 4 11

Ozarkodihaezcavataexcavata 12 10 33 1 5 10 45 116

?zarkod/haremscheldenslseosteinhornensls 35 35

Ozarkodinaremschei'denslsremschefdensls 9 5 22 36

Panderodus/angkawlensls 73 34 2 1 110

Panderodussp.cf.P.serratus 64 28 3 2 2 1 1 4 105

Panderodusunlcostatus 39 7 4 9 2 1 3 1 1 2 69

Pandorlnel/inasp.A 3 3

Pseudooneotodusbeckmanni le 8 2 135 1 156

Pseudooneotodussp.A 3 1 2 6

Pterospathoduspennatusproceus 41 15 56

total 270 113 15 47 37 32 24 23 17 142 31 41 262 391 1445
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Table 11. List of conodont species froni the LAN 2 section in the Langkawi

    About 1.5 kg limestones were processed for each sample.

gsiands.

Langkawi Islands

Section LAN 2

LAN
70 75 76 77 78 total

Acodussp.A 4 1 5

Acodussp.c£A.de!tatus 5 2 7

i4nse/lasp.D 2 2

Auri7obodusleptosomatus 1 1

Bergstroemognathussp.A 1 1

Cooperignathusaranda 2 1 3

Cornuoduslonglbasls 1 1

Drepanolstoduscostatus 11 11

Gen.etsp.Indet.21 2 1 3

Jumodontusgananda 1 1

0emaodussp.A 3 3

Panderodusnogam/7' 11 29 10 40
Protopanderodusvaricostatus 1 1

Sco/opodusmulticostatus 15 15

Scolopodusquadratus 1 2 tt 14

Triangulodus/arapi'nnhensls 2 3 5

total 5 3 28 76 11 123
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Explageatg$pm gif Plate g

Figtxre g-- Lianestene exposvgre efthe section III in the Thong Pha PiikuEn area.

    Limestones ofthis area are partly covered by soil and conmoeixly beddeCl aEid

    steeply dip.

                                                   .

Figure 2--Bedded limestone efthe lowest rock unit efthe sectiegi III in the Thong Pha

    Phum area.

Figure 3--Limestones ofthe highest unit ofthe sectioR III in t] ie Thong Pha Phum area.

    These lignestones are thickiy bedded and yield abvgndant macrofossils.
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ExptawaaeSgwa $ff PMnte 2

Figure 1-- High-angle cross laminations ofthe gray limestone efthe sectioR II in the

    Thong Pha Phum area.

Figures 2 and 3-- Biack limestone ofthe highest part ofthe sectien III iix the Thoiig Pha

    Phum area and nautiloids.
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Exptaee3aivee $ff PEate 3

Figure 1--Limestone exposure ofthe TUW 1 section in the Thung Wa area.

};igure 2-Gray limestone ofthe TUW 1 sectioik in the rThung Wa area.

Figure 3--Limestone mountain in the Thung Wa area. This meuntain shews the dip ef

   the bedded limestone. The TUW 2 sectien is located aleng the base efthis

   nxountaln.
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Exptaeeatggpt gif Plase 4

Figure 1--A limestone exposure of the TUW 2 sectien in the Thung Wa area.

    Limestenes ef this area are partly covered by soil aRd comxnenly bedded and

    steeply dip.

Figure 2--Gray limestone of the upper part of the TUW 2 section.

Figure 3--Gray iimestone ofthe middle part ofthe TUW 2 section.
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ecxptapmkstgwa gff PMate S

Figure 1--A limestene mountain, covered by thejungle, in the Tht}ng SoRkg area. The

    TUS section is along a fissure ofthis mountain.

Figures 2 and 3--Gray limestone ofthe TUS section in the Thung Song area. Tbe

    limestone with thin laminations akernates with the thickly bedded limestone.
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]Exgelaxkgg$ee of IMIkRaee 6

Figure 1--Gray thin undulatory limestone ofthe lowest part efthe ST 1 section iia the

    Satun area.

Figure 2--Gray nodular limestone ofthe ST i section in the Satuix area.

Figure 3--The bedding plane ofthe gray no¥(SuEar limestone ofthe ST 1 section in the

    Satuit area. The bedding surface is characterized by polygoiaal striEctures

    resembling mud cracks.
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Exptkgeatggge *ff PRage ew

Figure 1--Gray nodular limestone ofthe ST g section in the Sattm area. The inarked

    stripes is made up of thin, dark colored }ayers.

FigRtsre 2--Close-up ofthe red nodular limestone ofthe ST i section in the Satun area.

Figure 3--Exposure ofthe black shale ofthe upperinest part ofthe ST g section in the

    Satun area.
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Exptameaeiopm $ff Pllnt£ 8

Figure 1--Graptolite shale ofthe ST 1 section in the Satun area. The white sticks

    printed en the surface ofthe shale are graptolites.

Figures 2 and 3--Exposure ofthe black shale efthe uppermost part ofthe ST 2 sectien

    iit the Satun area. This shale contains abundant tentaculites.
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Exgelaeeaiffigee $ff PMate 9

Figure 1--A limestone mountain sited at northwest of Tarutae Isiand. This meuRtain

    shews the dip ofthe bedded limestone. The 'IAR 1 sectioR is located aloxxg apath

    to the top ofthis mountain.

Figure 2--Bedded limestone ofthe Eowermost pait ofthe MR l

    Island.

section in Tarutao

Figure 3--Limestones ofthe middle part efthe 'IIAR 1 section iga Tarutae Island. This

    limestene comprises gray massive limestone interbedded with brownish gray,

    thinly bedded limestenes.
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Exptaeeatfi*ge *ff PRatc gas

Figure 1--A view ofthe southern coast efTarutao Island fi'om the effing. The strata

    consisting the mountains dip about 300 to east.

Figure 2--Dark gray argillaceous limestone ofthe lowennest part ofthe "IIAR 2 sectien

    on Tarutao Islaitd.

Figure 3--Exposure ofthe gray limestone everlying the argiglaceous lirgiestone iR the

    MR 2 section on Tarutao IsXand.
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ExplawafttEgwa $ff Plaife flfi

Figure 1--The upper part ofthe gray bedded limestene overlying the argiliaceous

    limestone irt the "IIAR 2 section on Tarutao Island.

Figures 2 and 3--Exposures ofthe interbeds ofred to gray shale and gray limestone

    everiie the gray gimestone sequcnce in the 'IAR 2 section on Tarvgtao Island.
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eexpRaeeatkgwa eff PBate fi2

Figure 1-- Mmestone alternated with red shale ofthe rlAR 2 section on Tarutao Island.

Figure 2--Close-up ofthe interbeds ofthe red shale aRd gray liinestone beds. The lewer

                                                         '    lixnestone shows the cross Iammation,

Figure 3--Gray bedded limestone of the uppermost part of the TAR 2 sectEen on

    Tarutao Is1and.
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Figure 1--Gray bedded limestone ofthe iowermost part ofthe Lower Setu} Limestene

    ofthe LAN i section on Langkawi Islands.

Figure 2--The middle part ofthe Lower Setul Limestone ofthe LAN g sectioit.

Figure 3--Limestone ofthe middle part ofthe Lower Setul Liinestonc ofthe LAN 1

    section. These beds consist ofthe massive limestone, the cross-lagninated

    limestone, and the limestone with the slumping structure.
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Figures 1 and 2--Red nodular limestone ofthe Lower Setul Lienestone ofthe LAN 1

    section on Langkawi Islands. The marked stripes is m3de up ofthin, dark colored

    l ayers .

Figure 3--The beCEding plane ofthe reCg nodular llgnestone ofthe Lower Setygl

    Limestone ofthe LAN 1 section on Langkawi Islands. The beddiiag surface is

    characterized by polygonal structures resembling mud cracks.
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Explaeegeeg$ee gff PRage flS

Figure 1-- Reddish gray limestone ofthe uppemiost part ofthe Lower Setul Liiinestene

    ofthe LAN 1 section on Langkawi Islands.

Figugre 2--The boundak7y ofthe Lower Setul LimestoEie and tbe black shale eft}iite

    Lower Detrital Member ofthe LAN 1 sectiolt on Langkawi Isgands. Fault clay,

    about 1O cm thick, is intercalated between the gg'ay }imestoxae and the black shale.

Figure 3--Bgack shale beds of the Lower Detrital Member ef the LAN 1 section on

    Langkawi Islands.
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Phetographs ofthin sections.

Figure 1--The upper part ofthe Lower Detrital Member ofthe LAN 1 sectien ogk

    Langkawi Islands. Gray limestones, which is back ofthe black shale beds, are the

    lowermost limestone ofthe Upper Setul Limestone ofthe LAN 1 sectiogx egx

    Langkawi Islands.

Figures 2 and 3--Bedded gray limestone ofthe Upper Setul Liniestone ofthe LAN 1

    sectioik on Langkawi Islands.
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Phetographs of thin sections.

Figure g--Pelletal oesparite in the lowennost part efthe TPP section in the ffrhong Pha

    Phum area. This liinestone mostly consists ofunclear sinall ooids, peloids, coa!'se-

    to fiite-grained quartz, and bioclasts with spany caicite cement. Scale bar is g mm.

Figure 2--Arenaceous biosparite in the lowermost part ofthe TPP section in the ThoRg

    Pha Phum area. This limestone contains silt- te doininant fine･-graiited quartz and

    bioclasts with sparry calcite cement. Bioclasts ofthis picture inciude trilebites aitd

    bryozoans. Scale bar is 1 mm.

Figures 3 and 4--Lamination within arenaceous pe}letag oosparite iit the iewer part of

    the TPP section in the Thong Pha Phuxn area. Silt-sized quaEtz grains, eoids, and

    peloids form laminatiens with sparry calcite cement. The medi3R horizontal white

    layer ofFigure 4 is an accumulation of quartz grains aRd the other parts inainly

    comprise eoids and peloids. Scaie bars ofFigux`es 3 and 4 indicates 1O mm and 1

    mm, respectively.
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Photographs ofthin sections.

Figures 1 to 4--Arenaceous, oelitic, pelletal biosparite in the middle part ofthe TPP

    section in the Thoitg Pha Phum area. This limestone consists ofpeloiCis, silt-sizeci

    quartz grains, ooids, and various bioclasts within spany calcite centents. Figure 4

    is a crossed po}ar efFigure 3, Scale bars ofFigures 1 and 2 are 1 mm, and 3 and 4

    are e.5 mm.
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Photographs of thin sections.

     '
                                                                    tFigures 1 and 2--Biomicrite ofthe gray limestone iix the txpper part oftlte 'TPP sectioia

    in the Thong Pha Phum area. This limestone composed efbioclasts, siit-sized

    quartz grains, and peleids within micritic matrices. Bieclasts include trilobites and

    shells. Scale bars are l mm.

Figures 3 and 4--Biomicrite of the black limestone in the upperrnost pan of the TPP

    section in the Thong Pha Phum area. This limestone cognprises ofbieclasts and

    small amount of silt--sized quartz grains within micritic matrices. Scale bars are 1

    mm.
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Phetographs ofthin sections.

FigvEres g aRd 2--Lime mudstone collected from a thick lirnestorke bed efthe ofthe

    rl'US section in the ThuBg Song area. This limestoRe contairxs sik-size to veiry

    fine-grakxed quartz within a micritic matrix. Figure 2 is a crossed pogar ofFigure 1 .

    Scale bars are O.5 mm.

Figures 3 and 4--Lime mudstone sampled firom a thinly lamigxated gimestone ofthe

    TUS sectien in the Thung Song area. Lanxinations censist ef aggregatioRs of

    silt-size to very fine-grained quartz grains. Figure 4 is a cressed pelar ofFigkxre 3.

    Scale bars are O.5 mm



一■■■■■■■4

τ
す
δ

No



IEExptameatigee gff PMnte :]2 fi

Phetegraphs ofthin sections.

Figures 1 to 4--Fossiliferous inicrite ofthe efthe TUW 1 sectien in the Thung Wa area.

    This lignestene includes biociasts and sik-seized quartz graxRs nk a micritic matrix.

    Figures 3 and 4 centain a fragment oftrilobite. FigRJgre 2 and 4 are cressed polar ef

    Figure i and 3, respectively. Scale bars are O.5 mgn.
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Photographs ofthm sections.

Figures 1 to 4--Fossiliferous micrite ofthe ofthe TUW 2 section in the Thung Wa area.

    This limestone includes bioc}asts and sik-seized quaxtz grains in a micrxtxc matrix.

    These figures contain shell fi'agments. Figures 3 and 4 show a stylolitic texture.

    Figure 2 and 4 are crossed polar ofFigure 1 and 3, respectively, Scale bars are O.5

mm.
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Photographs of thin sections,

Figures 1 to 4--Biomicrite ofthe gray thin undulatory limestone ofthe lowermost part

    ofthe ST 1 sectien in the Satun area, These pictvgres show ostracods, fragments of

    trilobites, and Lmidentified thin shells within micritic matrices, Figure 2 and 4 are

    crossed polar ofFigure 1 and 3, respectively, Scage bars are O.5 mgn.
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Phetographs ofthin sections.

Figures 1 and 2--Biomicrite ofthe gray to yellowish noduiar limestone ofthe middle

    part ofthe ST 1 section ilt the Satun area. This limestone censists of abvgndant and

    various bieclasts in micritic xnatrices. Bioclasts showed by these pictug'es are

    trilobites and small thin shells. Figure 2 is crossed polar ofFigxgre 1 . Scale bars are

    O.5 mm,

Figures 3 and 4--Biomicrite ofthe red noduiar limestone of tke upper part of the ST 1

    section in the Satun area. This limestene consists ef abundant and various

    bioclasts in micritic niatrices. Bioclasts showed by these pictvgres are gastropods,

    tri}ebites, and small thin shells. Figure 4 is crossed polar ef Figure 3. Scale bars

    are O.5 mm,
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Photographs of thin sections.

}Figures 1 and 2--Black sha}e ofthe uppermest part ofthe ofthe Slif" 1 section in the

    Satun area. This shale consisting ofclay minerals and sik-sized quartz grams.

                                                   '    Small sponge fragrnents are centained. Scale bars ofFigures 1 and 2 are 5 min

    and O.g mm, respectively.

Figures 3 and 4--Biomicrite in the ST 2 section in the Satuit area. These pictures

    include abundant ostraceds within micritic matrices. Scage bars are 1 gnm.
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Pbotographs of thin sections.

Figures 1 to 4--Black shale ofthe uppermost pait efthe ofthe ST 2 sectioR in the Satun

    area. Figures 1 and 3 are the verdcal sections and 2 and 4 are tEae parallei sections

    to a bedding plane. This limestone consists of quartz grains less than a silt size,

    clay minerals, and black organic matter. Many small, triangugar shells of

    tentaculite are also contained. Scale bars ofFigures g and 2 are gO inm, agad

    Figures 3 and 4 are 1 mm.
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Photographs ofthin sections.

Figures 1 and 2--Pelsparite ofthe lower limestone ofthe rllAR 1 section oix Tarutao

    Island. This liniestene contains abundant peloids and sgnall aii kount ofI}smp, ancl

    silt-sized quartz grains in spany calcite cement. Figure 2 is cressed polar ef

    Fig"re 1. Scale bars are e.5 mm.

Figures 3 and 4--Oosparite ofthe upper Iimestone oftbe "IIAR 1 se£tion on Tarutao

Island. This limestene consists ofooids, luinp, and small aniouitt ofpeloids and

silt-sized quartz within spairry calcite cement. Figure 4 is crossed polar efFigure 3.

Scale bars are O.5 rmn.
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Photographs ofthm sectiens.

Figures 1 and 2--Red shale in the interbeds ofshale and limestene oftlae waR 2 section

    on Tarutao Island. This shale is calcareous mudstone and consists ofsigt-sized

    quatz and calcite grains and partly contains fine sand-sized grains. Figkxre 2 is

    crossed polar of Figure 1. Scale bars ak'e 0.5 gnm.

Figures 3 and 4--Limestone in the interbeds of shale and Eiinestene of the 'IIAR 2

    sectioR on Tarutao Island. This limestone is biomicrite and inclg}des qukartz grams

    and bioclasts. Figure 4 is crossed po}ar ofFigure 3. Scale bars aife O.5 mrkk.
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Phetegraphs o f thin sectiens.

Figures 1 and 2--Biemicrite in the lower part efthe Lower Setul Limestone efthe LAN

    1 sectien on Langkawi Is}ands. This limestone comprises peloids, biec13sts, and

    silt-sized quartz grains in micritic matrix. FigRgre 2 is cressed polar ofFigure 1.

    Scale bars are O.5 rnm.

Figures 3 and 4--Biomicrite ofthe gray to red Rodular limestene in the Lower Setul

    Limestene ofthe LAN 1 section on Langkawi Islands. This limestone consists of

    abundant and various bioclasts in nxicritic matrices. Bioclasts showed by these

    pictures are estracods and unidentified thin shegls. Figvkre 4 is cressed polar of

    Figure 3. Scale bars are O.5 mm.
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Photographs ofthm sections.

Figures 1 and 2--Black shale ofthe Lower Detrital Member ofthe ofthe LAN g

    sectieRx on the Langkawi Islands. This shale consisting of clay mineraEs and

    sik-sized quartz grains. Radiolarians are contained. Scage are O.5 ynm.

Figures 3 and 4--Biomicrite ofthe Upper Setul Limestone ofthe LAN g section en the

    Langkawi Islands. These pictures include estracods and thin unidentified shells

    within gnicritic matrices. Scaie bars are O.5 mm.
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Figures i to 4--Mode ofoccurrence of graptolite-bearing shale. White sticks are,

   graptelite fossils. Scale bar is 1 mm.
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Photographs of graptolites. Scale bar indicates 5 mm.

Figures 1 te 10--Albrmalograpafztspseudovenusluspseudovenuslus (Legrand, 1986)

    1, IGUT-ageO07, saxnple G.

   2, IGUrl:agOO06, sample G.

    3, IGUT agOO02, sample G,

    4, IGUT-agOOOI, saxnple G.

    5, IGUT-agOO11, saanple G.

    6, IGUrlLagOOI5, sample G.

    7, IGUT-agOe38, saniple G.

    8, IGU'ILagO035, sample G.

    9, IGUT-agO028, sample G.

    IO, IGUrli-agOOE3, sample G.

Figure 1 1--Albrmalograptus sp.

    11, IGUIgeagOO02, sa nple G.
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Photographs ofisolated tentaculite specimens. All figures are digital images ef

scaxming electron gnicroscope. Scale bar indicates 500 ptm.

Figures g to 15--Nowakia acuaria ¥(Richter,

    1, IGUT-agO0652, sample T.

    7, IGU'Ii-agO056, sample T.

    8, IGUT-agO053, saniple T.

    9, IGUT-agO062, sample T.

    10, IGUTLage061, sample T.

    11, IGUT-agO051, sample T.

    12, IGUT-agO064, sample T.

    13, IGUT-agOe65, sample T.

    14, IGU"ILagO054, sample T.

    15, IGUT-age057, sample T.

l854¥)
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N} figui'es are digitaR irnages efscatllrkig electron nrkcroscepe. Scale bar indicates IOO pan.

FigkJ[res 1, 2--Scolopodus transtans Diuce and Jones, 1971 .

   g, posterior and aboral views, IGUrlLagl933, sewnple TAR -3.

   2, posterior and aboral views, IGU"]]-agl934, sewnple TAR -3,

Figures 3-5, 8-1O--lariabilocenus bassleri (I?uirnish, 1938).

   3, lateral aiad aboral views ofc element, IGU'ILagl935, sainple TAR-g

   4, gateral and aboral views ofb element, IGUrlLagl936, sample TAR-4

   5, posterior and aboral views ofc element, IGUI{Z-agl937, sampge TAJR-27

   8, 1ateral and aboral views ofc element, IGUrli-agl938, sEmiple TAR-7

   9, Eateral arxd aboral views ofb elexnent, IGU'ILagl939, saniple TAR-7

   1O, lateral and aboral views ofa element, IGU"I:-agl 940, sample TAR-8

Figt"'es 6, 7--?va)nocoslatus sevierensis (Miller, 1969).

   6, gateral and aboral views ofc element, IGU"Ii-ag1941, saxnple TAR-6

   7, 1ateral and aboral views ofc eiement, IGUTLagl942, sample TAR-9.

Figues 11-13---Acodus sevierensis Milger, 1969.

   11, 1ateral axd aboral views ofc element, IGUrlLagl943, sample TAR-8.

   12, latera1 and aberal views ofb element, IGU"I;agl944, sexnple TAR-6.

   I3, lateral and aberal views ofc element, IGUrli-agl945, sarnple TAR-6.

Figures 14-16--7leridontus nahamurai (Nogaini,1 g967).

   14 1ateral axid aborag views, IGUrlLagl946, sainpge TAR-6.

     ,   15 Eateral agid aborag views, IGU'I:agl947, sample TAR-11.

     '   16, Eateral and al¥)eral views, IGUrlLag1948, sample T/Vl-4,
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Nl figures are digimi itnages ofscaniring electron microscope. Scale bar indicates 1OO pmn.

Figures 1-5--Drepanoistodus conccn7us (Branson and Mehl, 1933).

   1, lateral dikd aboral views ofa element, IGUT-agl949, sarnp}e TAR -3.

   2, lateral and aborai views ofa element, IGU'ILagl950, saanpEe TAR -7.

   3, latera} and aboral views ofa element, I¥(}U"ILagl951, sample TAR -6.

   4, 1ateral and aboral views ofc element, IGU'ILagg952, sample TAR -7.

   S, 1ateral and aboraE views ofe egement, IGU']]Lag1953, sainple [IAR -3.

Figures 6-1 1--Di"epanodus arcualus Pander, 1 g56.

   6, 1ateral and aberag views ofe eEement, IGU'Ii-ag2164, sanrple rlTAR-27.

   7, 1ateral and aborag views ofq element, IGUTLag2165, sainple TAR-36.

   8, 1ateral and aboral views ofg element, IGU"Ii-ag2166, sarnple TAR-g3.

   9, lateral and aboraE views ofg element, IGUrlLag2167, sample Tnk-g3.

   1O, lateral and aboral views ofg element, IGUTLag216g, sarnpge TAR-36.

   i 1, 1ateral and aboral views ofg element, IGU"I:-agl422, sewnple S'IL4.

Figures 12, 14, 15-- Coaptoconus guath"aplicalzts (Branson and Mehl, 1933).

   12, Iateral and aboral views efa element, IGU'ILagl954, sample TAR-28.

   14, lateral and aboral views efcelemept, IGUTLagl955, saniple TAR-4.

   15, lateral aiid aboral views ofa element, IGUI[Lagl956, sainple TAR-4g.

Figures 13, 16, 17-- Cornuodus longibasis Seipagli, 1974.

   13, 1ateral and ahoral views ofc element, IGUrl:-ag2169, sarnple TAR-38.

   16, 1ateral and aboral views efdelement, IGUrlLag2170, sagnpEe rlTAR-41.

   17, lateral and aberal views ofd element, IGUrlLag1417, satnpge ST-4.
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Nl fignes are digitag irnages ofscamrkig electron nticroscope. Scale bar indicates 1Oe pan.

Figures 1-6, 8--Coraploconus bolites (Repetski, 1982).

   1, 1ateral and aboral views ofa element, IGUrlLagl957, saniple TAR -27.

   2, EateraE aiid aboral views ofa element, IGU"ILagl958, sainp}e r]rwh -36.

   3, posterior and abora} views ofa element, IGUrlLagl959, sampEe "]rAR -16.

   4, lateral and aboral views ofed element, IGUrlLagl960, sample TAR -27.

   5, lateral and aboral views ofc eiement, IGU'Ii-agl961, sexnpge TAiR --28.

   6, lateral and aboral views ofc element, IGUrli-agl962, satnple TAiR -36.

   8, lateral and aboraE views ofe elexnent, IGU"ILagl963, sa2nple TAR -32.

Figmes 7, 9-12-- Coraptoconzts.f7oiveri caepetski, 1982¥).

   7, lateral and abora} views efb elemept IGU"I:-agl964, satnple TAR-46.

   9, Eaterae aiid aboral views ofb e}ement, IGUrlLagi965, satnpie TAR-44.

   iO, latera1 and aboral views efa eiement, IGU"ILagl 966, saEnple TAR- g 8.

   1 1, lateral and aboral views efa eiemegpt IGUrlLagg967, saixaple TAJR-22.

   12, Eateral aiid ahoral views efa element, IGU'TLagl968, sagnpie 'lrAR-46.

Figure 13, 14--Gen. et sp, Indet. 18.

   13, Eateral aiid aboral views, IGU[ILagl969, sarnple TAR-46.

   14, lateral and aboral views, IGUrlLagl970, satnple TAR-46.

Figures 15-- Gen. et sp. indet. 17.

   15, lateral and aberal views, IGUrlLag1971, saxnple TAR-46.
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Alg figures are digita1 itnages ofscarmiiig electron inicroscope. Scale bar indicates 1ee ymi.

Figure 1--Parapancierodbls str"iatus (Gravus aiid El}ison, 194g).

   1, lateral and aboral views efa elernent, IGU'ILagl972, sarnple TAR -30.

Fignes 2, 3, 6---Gen. et sp. indet. 4.

   2, lateral and aboral views, IGU"]¥)agl 973, sexnple TAR-27.

   3, posterior and aberal views, IGU[¥(i-agl974, sarnple TAR-27.

   6, postertor and aboral views, IGU"Ii-agl975, satnple TAR27.

Figtxres 4, 5--･Gen. et sp. Indet, 11.

   4, Eateral and aboral views, IGUrli-agl976, sa2nple TAR-26

   5, 1ateral atid aboral views, IGU"I:-agl977, satnp}e TAR-23.

Figures 7, 8, 1O, 11--Rossodus maniteuensis Repetski a2id Etliltiiigton, 1983.

   7, lateral agxd aberal views efb element, IGUrffLagl978, sample TA[R-Z6.

   8, 1ateral and abomi views efb element, IGU'Ii-agl979, satnple TAR-20.

   1O, lateral and aberal views ofa element, IGUrlLagl980, sample TAR--20.

   1 i, lateral and aboral views ofa element, IGU"ILagl981, sample TAR-21 .

Figue 9--Drepanoitodus suberectus (Bransen and Mel", 1933).

   9, lateral atid aboral views, sainple TAJR -32.

Figures 12, 13-Geit. et sp. indet. 9.

   12, lateral and aboral views, IGU"ILagl982, sample TAR-32.

   i3 1aterai arkd aboral views, IGU [:-agg983, sample TAR-32.

Figures 14, 15--Scandodus sp. cf S fam,lshl Lindstr6m, 1955.

   14, 1ateral and aberal views, IGU"ILagl984, sample TAR-36.

   51, lateral and aboral views, IGU"I:agl985, satnple TAR-36.
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Ng figui'es are digital irnages of scaniniig electren inicroscope, Scale bar indicates 1Oe pan.

Figui'es 1, 2--Filodontus sp. cf ITfilosus (Ethjiigton and Clark, 1964).

   1, latex'aE and aboral views, IGU'I;-agl986, sewnple TAR-46.

   2, lateral and aberal views, IGUIi-agl987, satnple TAR-46.

Figures 3-5, 9--Gen. et sp. indet. 7.

   3, }ateral and aboral views, IGUTLagl988, sarnple TAR-39.

   4, lateral and aboral views, IGUrli-agl989, sarnple TAR-40.

   5, lateral and aberal views, IGUTLagl990, sarnple TAR-40.

   9, lateral and aboraE views, IGU'Ii-ag199l, sainple TAIR-42.

Figures 6-8--Gen. et sp. ladet. 3.

   6, Xateral and aboral views, IGU"ILagl992, sample TAR-41.

   7, lateral and aborai views, IGU"ILagl993, sarnple TAR-42.

   8, 1ateral and aboral views, IGUrli-ag1994, sample TAR-41 ,

FigtMres 1O, 11--Acodus conzptz{s (Bratisen atid Mehl, 1933).

   1O, posterior and aboral views, IGU'ILagl995, sdinple TAR-42.

   1 1, 1aterai aiid aboral views, IGU"ILagl996, sarnple TAR-42.

Figtrre 12---Parolstedus sp. A.

   12, gateral atid aboral views, IGUT-agl997, satnple TAR-46.

Figure 13--Gen. et sp. kidet. 19.

   13, 1ateral and ahorai views, IGUrli-agl998, sarnple TAR-18.

Figwre 14--Gen. et sp. Indet, 1.

   14, gateral and aboral views, IGUrlLagl999, sarnple TAR-23.

Figui'e 15--Gen. et sp. indet, 2.

   15 laterag aRd aboral views, IGU'I:-ag2000, sainp}e TAR-46

Figuki'e 16--7Acanthodus lineatus (Funrish, 1938).

   16, lateral and aborag views ofa element, IGU'Ii-ag2001, sewnple TAR- g 7.
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Nl figures are digital irnages ofscemMfuig eEectron nticroscope. S cale bar indicates 1Oe pmn.

Figua'e 1--ntanognathus variabilis Serpagli, I974.

   1 , posterior and aboral views, IGUTLag2002, sample TPP-21 .

Figutre 2--Scolopodus sp. C.

   2, lateral and aboral views, IGU'ILag2003, satnple TPP-15,

Figmes 3-7--Drepanoistedusforceps (Lindstr6m, 1955).

   3, lateral and aberal views ofe element, IGUrlLag2004, sexnple TAR-42.

   4, 1ateral and aboral views ofc element, IGUrl:-ag2005, sample TAR-46.

   5, 1ateral and aboral views ofa element, IGU"I:-ag20e6, sarnpge TAR-46.

   6, 1ateral and aboral views ofa egernent, IGUrlLag2ee7, sample TAR-45.

   7, lateral and aboral views efa elexnent, IGU'ILag2008, sample TAR-46.

Figui'es 7-17--Scolopodus sp. A.

   7, 1ateral and aboral views ofd element, IGU'ILag2009, sample TAJR-46.

   8, lateral and al¥)oral views ofd element, IGU"ILag201O, saniple TAR-46.

   1O, lateral and abora1 views ofc element, IGUrlLag201 1, sarnple TAR-46.

   a 1, lateral and aheral views ofc element, IGU'ErLag2012, sexnple TAR-46.

   g2, lateral and aboral views ofd element, IGU"ILag2013, sample TAR-46.

   g3, lateral and aberal views ofmb element, IGU"Ii-ag2014, sample TAR-46.

   14, lateral emd aboral views ofmb elemeRt, IGUrl:-ag2015, saniple TAR-46.

   15, lateral aiid aboral views ofc eEement, IGUIIi-ag2016, saniple [irAR-46.

   16, 1atera} and aboral views ofe element, IGUrlLag2017, sample TAR-46.

   17, 1ateral and aboral views ofe element, IGUIfLag2018, sampie TAR-46.
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Nl figtires are digitaa itnages ofscaiMiirig electron microscope. Scale baxr indicates lOe ptm.

FigEn'e 1-- Plectodlna oaychodonta tsi and Xu, 1983.

   1, lateral and aboral views, I¥(}UrlLag20l9, sarnple TPP-18.

Figt]i'es 2, 3--A,7sella sp. C.

   2, lateral view ofa eXement, IGUIILag2020, sarnple TPP-18.

   3, 1ateral and aboral views efe element, IGUTLag2021, saxikple TPP-l 8.

Figure 4--Gen. et sp. kidet. 14.

   4, posterier aiid aborag views, IGU"ILag2022, sennple TPP-1 8.

Figure 5--Gen. et sp. lndet. 16.

   5, lateral and aboral views, IGUrli-ag2023, saniple TPP-17.

Figtll'e 6--Gen. et sp. indet. 8.

   6, 1ateral and al¥)oral views, IGU'I:-ag2024, satnpge TPP-1 8.

Figure 7-- enstioctella holocientata Etltingtoxx and Clark, 1982.

   7, lateral viewl IGUT-ag2025, sexnple TPP-i5.

Figu[re 8,-- Be7 gstr"oemognathus sp. B

    8, posterior and aboral views, IGUTLag2026, semnple TPP-15.

Figue 9-- Beigsn"oemog77athus sp. A

    9, posterior aiid aboral views, IGUT-ag2027, saxnple LAN-23.

Figue 1e--AurilGbodus sp. c£ A. Ieptosomatus Axi et al., l983

    1O, posterior and aberal views ofl element, IGU"I:-ag2028, sanxple TPP-i3.

Fignes 11, 12--Aurllobodus leptosomalus A ti et al,, 1983

    1 1, posterior and aboral views ofl element, IGUrl]Lag2029, sarnpge TPP-15,

    12, posterier and aboral views ofs' element, IGU"ILag2030, sarnple LAN-77.

Figue 13--Ansella sp. D.

    13, lateral view ef b/tr elen kept IGU"I:-ag203 1 , sexnple TPP-27.

Figuki'e 14･-- Erraticodon sp. B.

    14, posterier and aboral views ofc element, IGU'I:-ag2032, sample TPP-27.

Figme 15-- Erraticodonpatu Cooper, 1981.

    1 5, postebor view ofLfelement, IGUT-ag 1 8 1 6, sarnple TUW- g 5.

Figverre 16-- Erraticodon sp. A.

    16, laterag and aboral views ofb element, IGU'ILagl797, sarnple WS-8.

Figux'e 17-- Periodon sp. B.

    17, latera} and aberal views ofb element, IGUrl:-ag2033, sample TPP-17.

Figues 1g, 19-- 7i"iangz{lodus brevibasis (Serveeba, 1963).

    18, iateral arkd aboral views, IGUrlLag2034, satnple TPP-28,

    19, lateral and aboral views, IGUIE:-ag2035, sample TPP-24.
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Aal figv!res are digital innages ofscdiming electron nxicrescope. Scale bar indicates 1Oe ptm.

Figures 1-4--Prelopanderodus g7"adnlus Serpagli, i974.

   1, lateral and aboral views ofmb element, IGU[ffP-ag18g1, sample TUW13.

   2, 1ateral and aboral views ofc element, IGUrli-agl803, sdinple "IVW-1e.

   3, 1ateral and aboral views ofe element, IGU'ILagl 808, sainple TUW12.

   4, lateral and ahoral views ofmb element, IGU'ILagl823, sainple TUW-15.

Fign'es 5, 6--Protopanderodus leena]dli Serpagli, 1974.

   5, 1ateral and aboral views efmb element, IGUrl:-agl826, sample TUW-15.

   6, lateral exxd aboral views oflfelement, IGU"ILagl 838, sariipge TUWg5.

Figui'es 7, 8--va>Zilllserodus costatus Dzik, 1976.

   7, Iateral and aboral views ofe element, IGUrlLagl800, satnple WW-2.

   8, Iatera1 and aborag views ofmb element, IGU'Ii-agl799, sa2 kxple TUW-2.

Figures 9-12--Periodon aculealus Hadding, 1913.

   9, lateral and aboral views efa element, IGUrli-agl807, sample TUW1O.

   IO, 1ateral and aboral views ofb element, IGU'ILag1837, sexnple TUW15

   1 1, 1ateral and aboral views efb element, IGU]]Lagl839, sarnple TUW-16

   12, 1ateral aiid aboral views ofe element, IGU'ILagl809, satnple TUW-I3

Fign'es 13-16-･-Paroislodus originalis (Sergeeva, 1963).

   13, Iateral arkd aborai views ofr elemept IGU"ILagl g34, sexnpge TUW-15.

   14, lateral and aboral views ofg elenaent, IGUrl:-agl814, saanple TUWa5.

   15, lateral and aboral views efq element, IGUIfLagg831, sarnple TUW15,

   16, 1aterai and aborag views ofg eiement, IGU'Ii-agl822, sarnple TUW-15.

Figue 17--Oistodus sp. A.

   17, 1ateral and aboral views ofr element, IGU"ILagl806, sem "ple TUW1O.

Figures 18-20-- 77"iangulodeis larapimlnensis (Crespin, 1943).

   18, lateral and aboral views efe element, IGU"Ii-ag181O, sarnpie TUW-3.

   19, lateral and aboral views ofLleelement, IGUrlLagl813, satnple TUWg4.

   20, lateral ewid aboral views efa element, IGU'I:-agl812, sample WW-14.
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AJI figtrres at"e digital irnages ofscanifuig electron xnicroscope. Scale bar indicates 1Oe pmn.

Figurres 1-3, 5, 6-- Protoprioniodus .yopu Cooper, 1981.

   1 , posterior and aboral views of.a element, IGU'ILagl832, saniple TUW-15.

   2, lateral and aboral views ofLfelement, IGU"ILagl820, sdinple TUW-15.

   3, posterier arid aboral views ofb element, IGUT-agl 824, sarnple TUW-15

   5, posterior and aboral views ofg element, IGU'ILagl821, sarmple TUW-15

   6, lateral and aboral views ofLfelement, IGUrlLagl835, sarnpge rlVWLg5.

Figvtres 4, 7-1 1 Cooperignathus ayinll (Cooper, 1981).

   4, ag xterier and aboral views ofe element, IGU[ifLagl825, semnple TUW15.

   7, anterior and abex'al views ofe element, IGUrl:-ag1818, saxnple TUW15.

   8, lateraI and aboral views ofb eleinent, IGUTagl819, saniple TUWL15.

   9, lateral and aboral views ofb element, IGUIEi-agl836, sample TUW-15.

   1O, 1ateral and aberal views ofLfelement, IGU"I:-ag1 833, sarnple TUW15.

   1 1 , gateral aiid aberal views ofLICelement, IGUrli-ag1 83O, satnple TUW1 5.

Fign'es 12-15--Cooperignalhors arancia (Cooper, 1981).

   12, anterier and aboral views ofe element, IGUrlLagl827, sarnple TUW-15.

   13, anterior and aboral views ofc element, IGUTLagl815, sdinp}e TUW-15.

   X4, lateral and aberal views ofe element, IGUrli-agl 829, saniple [EIUW15.

   15, 1atera1 and aboral views efb element, IGUrlLagl817, sample TUW-a5.

Figme 16--Scolopodus sp. B.

   12, lateral view, IGU'Ii-ag 2036, satnple rlUS-1 1 .
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Nl figrfi'es are digital ixnages ofscatlifuig electron inicroscope. Scale bax' indicates 10e ym.

Figues 1 ･-4-- Acodus sp. A..

   1 , 1ateral and aboral views ofb eleinent, IGU"ILagl 805, sdinple "I"UW-1O.

   2, lateral and aboral views efLleelement, IGUTLagl804, sample TUW-1O.

   3, lateral ag}d aboral views ofe element, IGUrl:-ag1801, sewnple TUW-ge.

   4, posterior and aboral views ofc element, IGU'Ii-agl 802, sample [WW-1O.

Figtires 5, 6--0opikodzfs sp. A,

   5, 1ateral view ofb eieinent, IGU'ILag 2037, satnple LAN-70.

   6, 1ateral and aboral views ofe element, IGUIEi-ag 2038, satnpge LAN-70.

Figures 7-9-:,4codus sp. cf A. cieltatus (Lindstr6m, 1955)

   7, postebor Emd aboral views ofc element, IGU'ILag 2039, satnple LAN-76,

   8, EateraE aiid aborai views ofb element, IGUrli-ag 2040, sainpge LAN-76.

   9, iateral arid aboral views ofa element, IGUIII-ag 2041 , sainple LAN-76.

Figui`es 1O-13--Di"epanoistodus costatus (Abainxove, 1971)

   1O, lateral and aboraE views ofp element, IGUrl:ag 2042, sainple L!pt-9.

   11, lateral and aboral views ofg element, IGUrXi-ag 2043, satnple LAN-8.

   g2, lateral and aboral views ofg element, IGU"Ii-ag 2044, satnple LA]N-77.

   13, 1ateral and aboral views ofg element, IGU"ILag 2e45, sexnpge LAN-77.

Fignes i4, 16-19--Scolopodus guath"atz{s Pander, 1856

   14, lateral and aborag views ofg element, IGU'ILag 2046, sainple LAN-77.

   16, iateral and ahoral views ofc element, IGU"I:-ag 2047, sewnpge LAN-8.

   17, lateral and aborai views ofc element, IGU[ifLag 2048, sarnple LAN-77.

   18, laterag ai2d aberal views ofa elegnent, IGU'I;ag 2049, sample L/W-77.

   19, 1ateraE and ahoral views ofb element, IGU[I;ag 2050, sample LApt-77.

Figue 15---Gexx. et sp. indet. 21.

   1 5, lateral and abora} views, IGUrlLag 205 1 , sarnple LAN-76.
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All figtrres are digital images ofscatmiiig electron nticroscope. Scale b ar indicates 1OO ptm.

Figures 1-7--Panderodus nogamii (Lee, 1975)

   1, lateral and aboral views efc element, IGUrlLag 2052, saniple LAN-77.

   2, lateral and aberal views ofb element, IGU'ILag 2053, satnple LAN-77.

   3, iateral aiid aberag views ofb element, IGUTLag 2054, sample LAN-78.

   4, lateral and aberal views ofa element, IGUrlLag 2055, sanrple LAN-77.

   5, lateral and aboral views ofg element, IGUrli-ag 2056, segnple L/W-77.

   6, lateral and aboral views efLlfelement, IGUrli-ag 2057, sa2nple LAN-78.

   7, lateral ai3d aboral views ofLfelement, IGUrl:-ag 2058, sainple LAN-76.

Figures 8, 9--Scolopoucls mz{lticostatus Barries axid Tuke, 1970.

   1, lateral aiid aboral views ofL19¥(g element, IGUI[i-ag 2059, saknple LAN-77.

   2, lateral aiid aboral views ofL19¥(g element, IGUrlLag 2060, sainple LAN-77,

Figure 1 O--Protopancierodus varicostalus (Sweet and Bergstr6m, g962)

   iO, lateral and aboral views, IGU"ILag 2061, satnple LAN-70.

Figne 11--Prioniodus ainadeus Cooper, l981.

   1 1, lateral and aboral views efc element, IGUrli-ag 2062, sewnple LAN-8.

Figu[res 12-l4--Periodon sp, A

   12, lateral and aboral views ofg element, IGU'ILag 2063, sainple LAN-77.

   13, lateral aixd aboral views ofLleelement, IGUrlLag 2064, sampge LAN-77.

   14, Eateral and aborag views ofa element, IGU'ILag 2065, saniple L/Vxl-77.

Figukres 15, 16--Gen. et sp. indet, 13.

   15, laterai and aboral views, IGUrlZ-ag2171, sa2nple LAN-8.

   16, iateral and aboral views, IGU'Ii-ag2172, sexnple LAN-8.

Figv"'e g7--Jitm,oclontors ganando Cooper, 1981.

   17, 1ateral and aboral views, IGUrli-ag2173, sexnple LAN-77.
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Nl figm'es are digital irnages ofscaiMimg electren niLicroscope. Scale bar indicates 1OO ym.

Figures 1-4--bgodus anserinus Lainont aiid Lindstr6m, l957.

   1,felement, IGU"ILagl069 sarnple S Ii-2.

  2,felement, IGUI[i-agl068, sdinple S"IL2.

  3,felement, iGU'ILaglO05, satnple S"IL g .

  4, gateral and oral views ofg element, IGUrlLaglO04, saniple S"IL1.

Figtgres 5, 10--Pan¥( ierGdus sp. A.

  5, Iateral and aboral views, IGUTLag1441, sewnple S'IL5,

   1O, lateral and aboral views, IGU'Ii-agl423, sainple S I:-4

Fignes 6-9--Panderodus g7"acilis ¥(Sweet asid Bergstr6m,

  6, 1ateral ak¥)d oraE views, IGUrli-agl154, sainple S fL3.

  7, Eateral aiid oral views, IGU'Ii-agl06l , sainple Srl:-2.

   8, 1ateral and eral views, IGUrlLag1OOg, sample S'IZ-1.

  9, Rateral aiid oral views, IGU"Ii-agl06e, sainple S'IL2.

1933¥).

Figures 1 i-13--AnsellaJ'emtlandica (L6fgt'en, 1978).

   1 1 , lateral and aboral views efd element, IGU[fLag2066, sainpge LAN-27.

   12, Eaterag aiid aboral views efLfelement, IGUrli-ag2067, sagnple L/XNg-27.

   13, 1ateral aiid aborai views ofe element, IGUrl:-ag2068, saniple LAN-27.

Figure 14--Gen. et sp. indet. 15.

   14, lateral and al¥)ora1 views, IGUIE:-ag 1437, saniple Srl:-4.

Figure 15--Besselodus semisymmen"icus (I{ainaii, 1966).

   15, 1ateral and aboral views, IGU"Ii-ag1153, sample S"I:-3.

Figures 16, 17--Gen. et sp. indet. 12,

   16 gateral and aboral views, IGUrl:-ag2069, sample LAN-3 1.

   17 lateral atid aboral views, IGUrli-ag2070, sarnple LAN-33.

Figui"e 18--Gen. et sp. kidet. 6.

   18, Iateral and aboral views, IGUrli-ag 1438, sarnple SrlL4.
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Nl figures ex'e digital iniages efscarllimg electron nticroscope, Scale bai' indicates 1OO ptm.

Figm'es 1-17-- Baltoniodus sp. cf B. i2ariabilis (Bergstr6m, 1962)

   1, 1ateral, oral and aheral views of7nelement, IGU"ILagl262, sarnple S"ffL4.

   2, laterai and aberal views ofLfelement, IGUrlLaglO18, sanipge S'Ii-2.

   3, 1ateral and aboral views ofg element, IGU [Lagl243, sagmple Srl:-4.

   4, lateral and oral views efL7eelement, IGUrl;-agl306, sarmple S"IL4.

   5, lateral and aberal views efe elemeirt, IGUrli-agl332, sarnple Sl[L4.

   6, lateral and aboral views efg element, IGU"ILaglO09, sdinple S']]-2.

   7, lateral view ofg element, IGUrli-agl080, sarnple S'IL3.

   8, iateral and aboral views ofa e}ement, IGU"ILagl037, semnple S'iL2.

   9, 1ateral view ofa element, IGU"I:-agl341, sanaple SIIi-4.

   1O, iateral and aheral views ofa element, IGUrl:-ag1133, sarnpge SrlL3.

   1 1, 1ateral and oral views ofd element, IGU"I:-agl365, sewnple S'Ii-4.

   12, 1ateral view ofd element, IGU"I:-agl 372, sennpge S[l]L4.

   13, 1ateral and eral views ofd element, IGU'IZ-ag1361, sewnpie SrlL4.

   14, 1aterag and oral views ofd elemeRt, IGU"I:agl362, sasnple S'I:-4.

   15, 1ateral ai td aboral views ofe element, IGU'ifLagl 163, sample S[ffL4.

   16, lateral and abora1 views efe egement, IGUTLagl 168, sarnple S"I:-4.

   17, 1ateral and aboral views ofe element, IGU"I:-agl 172, sexnpge SrlL4.
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All figui'es ai"e digital images ofscaiMrkig electron inicroscope. Scale bar indicates 1OO ".gn.

Fignes 1, 2--Ansella sp. B.

   1, gateral and aberal views efa element, IGUrli-agl649, sainpge S'IL1O.

   2, 1ateral and aboral views efa eiement, IGU[ifLagl770, sample S[ifLg8.

Figure 3-･-Ansella sp. A.

   3, 1ateral and aboral views ofa element, IGU'I:-agi158, sexnple S fL4.

Figures 4, 8-1O, 12-l7----Scabba7"della allipes (Heiliiiiiigsmoen, 1948).

   4, Iateral akid abomi views ofs elexnent, IGU"ILagl748, saxnple S'I:-12.

   8, laterag and aboral views ofs element, IGUrlLagl544, saniple SrlL7.

   9, Iateral and aboral views ofs element, IGUT-agg500, satnple SrliL6.

   1O, iateral and aberai views oft eiement, IGU[Ei-agl723, sewnple S"I;12.

   12, 1ateral aiid abora1 views oft element, IGUTLag1475, sarnple SrlL6.

   13, lateral and aboral views oft element, IGU[ILagl763, satnple Sl{i-17.

   14, Iateral ai¥)d aboraE views efg elemexrt, IGU'ILagl682, sample SrlLgO.

   15, gateral and aboral views oft element, IGU"ILag1495, sampge Srl:-6.

   1 6, 1ateral aiid aboral views ofl element, IGUrl:-agl703, sainple S"I¥)- g 1 .

   g7, Eateral aiid aboral views oft element, IGU'ILagl737, sainple S[fL12.

Figures 5-7,1 1--Dapsilodus mutatus (Bransofi and Mehl, 1933).

   5, laSeral and aboral views, IGU'ILag1651, sanaple S"IL1O.

   6, lateni and aboral views, IGU[ELagg439, saniple S'IL5.

   7, 1ateral and aboral views, IGUT-ag1420, saxnple Sl]L4.

   11, lateral atad aboral views, IGU Ei-agl454, sarnple S'IL6.
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All figtrres ax'e digitag isnages ofscatliiLing electron xnicroscope. Scale bax' indicates 1OO ptm.

Figixx'es 1-16-- HLimarodus eui"opaeors (Serpagli, 1974)

   1, 1ateral and aboral views ofLICelemexrt, IGU"Ii-agl690, sagitiple S[[L1 1.

   2, lateral and aboral views ofLf'element, IGUI[Lagl623, sarnple STL9.

   3, 1ateral and aboral views ofLICelement, IGUrlLagi560, sampge SrliLg.

   4, lateral and aboral views ofLf-element, IGUrlLag1691, sarnple SrgLga .

   5, lateral and aborag views of7"elenkent, IGUTLagl659, sagxkpge S'I:-1O.

   6, 1ateral and aboral views cfL7Cegement, IGUrlLagl5l3, sample S"IZ-7.

   7, iateral and aboral views ofa element, IGU'I:-ag1468, sample SrlL6.

   8, lateral and aberal views ofc element, IGU"ILagl564, sample S'IL8,

   9, 1ateral and aboral views ofb element, IGU'Ii-agl718, sample STLI2.

   1O, 1ateral and aboral views ofb eleiir}ent, IGU"I:-agl719, sainple S[fLl2.

   11, lateral and aboral views ofa element, IGU[I:-ag1469, sainple S"IL6.

   12, 1ateral Emd aboral views ofb element, IGU"ILagl775, sexnple S'ILI8.

   13, lateral and aboral views efd eleinent, IGUT:-agl470, sataaple S'I:-6.

   14, gateral and aboral views ofe element, IGU'ILag1462, sample S[[i-6.

   15, 1ateral and aboral views ofe element, IGUrl:ag1460, saxnple S'I:6.

   16, 1ateral and aboral views ofe element, IGU'ILagl654, satnple Srl;1O.
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AEI figvEk'es are digital irnages ofscatmiig electroix nricroscope, Scale bar indicates 1OO gem,

Figmes 1, 2--Gen, et sp. Indet. 2e.

   1, lateral atad aberal views, IGUrlLag207i, sample LAN-33.

   2, lateral and aboral views, IGU'Ii-ag2072, sarnple LAN-33.

Figmes 3, 6--Amo7zphog77athodus sp. A.

   3, 1ateral and oral views ofL7eelement, IGUrlLag1447, secnple S'ifL6.

   6, 1ateral arxd aboral views ofg element, IGUTLagg446, sdinple S'IL6.

Figusre 4---Scabbarciella sp. cf S almpes (Heimbigsmoen, 1948).

   4, 1ateral and oral views, IGU"ILagl663, sarnple STL6.

Figne 5---l'rolopancieroucis sp. A.

   5, gateral and eral views, IGU'I:-agl442, sample S'IL5.

Figutres 7-1 1--Prolopanderez{cis liripipz{s Keimedy, Banies, aiici Uyeno,

   7, 1ateral and aboral views, IGU[[Lag1473, sarnple SllL7,

   8, Eateral and aboral views, IGUTLag2073, sainple LAN-35,

   9, 1ateral atid aboral views, IGUT-ag2074, sewnple LAN-37,

   1O, lateral diad aboral views, IGU"ILagl51 8, sainple ST:p7.

   1 1, 1ateral and aboral views, IGU"ILagl693, satnple S'I:-1 1 ,

1979.

Figure 12--Gen, et sp. indet. 10.

   1, 1ateral and aboral views, IGUrli-ag2174, sarmple TAR-42.

FigLrres 13, 14--Pancierodus sp. ef serralus Rexroaci, 1967.

   13, 1ateral and aboral views, IGU'I:-ag2175, sainple LAN-49.

   14, lateral and aboral views, IGU"ILag2176, sewnple LAN-49.
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Nl figures are dig itag innages ofscatmiiig electren nricroscope. Scage bar indicates 1OO pan.

Figtst'es g-15-- Plerospathoduspennatusproceus (Walliser, 1964)

   1, lateral and oral views ofPa element, IGU[E:-ag2075, sarnp}e LAN-49.

   2, 1aterag and ora1 views ofPa element, IGUrlLag2076, satnple LAJN-49.

   3, 1ateral and oral views efPa element, IGUTLag2077, sexnple LAN-49.

   4, 1ateral and oral views efPa element, IGU'I:-ag2078, saimple LAN-49,

   5, 1ateral and aboral views ofPb element, IGU'ILag2079, sexnple LAN-49.

   6, lateral aiid aborai views ofPb element, IGUIfLag2080, sagnple LAN-49.

   7, lateral aiid aberal view efPb elemeRt, IGUTLag2081, sa2nple LAN-5e.

   8, 1ateral and aboraE views ofSc2 element, IGU'Ii-ag2082, sainple L/W-49.

   9, 1ateral and aboral view ofPb2 element, IGU'ILag2083, saniple LAN-49.

   1O, lateral and aboral views ofPb2 elemeirt, IGU'ILag2084, sampge LAN-49.

   1 1, lateral asixci aboral views efPb2 eEement, IGU"ILag2e85, sample L/VSI-50.

   12, Iateral view of?va element, IGU"ILag2086, sanrple LAIN-49.

   a3, lateral and aboral views ofSta element, IGUIifLag2087, sample LAN-49.

   14, 1ateral arid aborai views ofSca element, IGUrlLag20g8, sexnple LAN--49.

   15, lateral aiid aboral views of?W element, IGUIELag2089, sanipie LAN-50.

   I6, 1ateral atid aboral views ofSb2 element, IGUTLag2090, saiRple LAN-49.
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A}1 figures are dig ital images ofscatmjiig electron micrescope. Scale bai' indicates 100 pmi,

FiguLres 1-4--Pancierodus langkm4?iensis (Igo and Koike, 1967)

   l, lateral and aboral views ofg element, IGU"I:-ag2091, semrple LAN-49

   2, 1aterai and aboral views ofg element, I¥(}U[Ii-ag2e92, satnple LAN-49

   3, lateral and aboral views efp eiement, IGUTLag2093, sample LAN-49

   4, 1ateral and aboral views ofp element, IGU'I:-ag2e94, saxkkple LAN-49

Figtll'es 5--11--Dopsilodus hamari (Igo and Koike, 1967)

   5, lateral and aboral views ofc element, IGU"ILag2e95, sample LAN-49.

   6, }ateral and aboral views ofc element, IGUrlLag2096, sarnple LAN-49.

   7, 1ateral and aboral views ofc element, IGUrlLag2097, sexnple LAN-49.

   8, gateral and aboral views ofb element, IGU[ifLag2e9g, sexnpge LAN-49.

   9, 1aterai and aboral views ofa element, IGU'ILag2099, satnple LAN-49.

   1O, 1ateral and aboral views efe element, IGU"Ii-ag21OO, sewnple LAN-49.

   11, lateral and ai¥)oral views ofe element, IGUTLag21e1, saanple LAN-54.

Figurre g2--Dapsiloduspraecipuus Baizick, 1977

   12, 1ateral and aboral views ofc element, IGUTLag2102, sagnple LAN-53.

Figures 13-l5--Psebldooneetoclt{s sp. A.

   13, 1ateral aiid eral views ofsqLiat element, IGU"Ii-ag2103, sagnpie LAN-55.

   14, laterag and aboral views ofsquat element, IGU"]]-ag2104, sample LAN-52.

   15, gateral and aboral views ofslender egement, IGU'I:-ag2105, saxxiple LAN-52.
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Ail figures are digital ixptages ofscarliiiiig electron inicroscope. Scage bar indicates 1OO pap.

Figures 1-3--Dapsilodus sparsus Baizick, 1977

   1, lateral atxd aborai views ofc element, IGU[l]Lag2i06, sarnple LAN-54.

   2, lateral and aboral views ofmb element, IGUrli-ag2107, saniple LAN-54.

   3, latera1 and aboral views of mb element, IGUrlLag2108, semnple LAN-54.

Figui'es 4, 5--Belodella resima (Plxilip, l965)

   i, 1ateral and aboral views ofc element, IGUI[i-ag2109, sainple LAN-56

   2, lateral and aboral views ofb element, IGUIfLag211O, sa2xxple LAN-56

Figtgres 6-9-･-Dapsilodus oblieuicostalus (Bransogk and Meld, g933)

   6, 1ateral aixd aboral views Dfc elemeirt, IGU'I:-ag21 g 1, sample LAN-52.

   7, lateral and aboral views of mb eiement, IGU[Ei-ag21 I2, sarnple LAN-5 1 .

   8, lateral aiid aboral views ofc element, IGU"Ii-ag21 13, sdinple LAN-52.

   9, lateral and aberal views ofmb element, IGU"Ii-ag2i14, sample LAN-52.

Figugx'es 10-12--Panderodus unicostalus (Bransen emd Melab, 1933)

   1O, iateral and aboral views, I6U"I:-ag2115, satnple LAN-49.

   I l, Iateral evid aberal views, IGU'ILag21 16, satnple LAN-49.

   12, lateral and aboral views, IGUrli-ag21 17, sainple LAN-49.

Figures 13-17--Decoriconusfragilis (Branson and Mehl, 1933)

   13, 1ateral arkd aboral views ofa element, IGU ILag21 1 8, sagnple LAN-60.

   14, gateral and aboral views ofa element, IGU"ILag21 19, sampRe LAN-60.

   15, lateral agid aboral views ofb element, I6U Ei-ag212e, saanple LAN-60.

   16, lateral and aboral views ofc element, IGU"ILag2121, sample LAN-60.

   17, Eateral and aboral views ofb element, IGU'ILag2122, sa2npie LNSI-61.
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All figLKes are digital irnages ofscaraxiiiig eiectron inicroscepe, Scale bar indicates gOO pan.

Figues g, 2--Belociella anomalis Cooper, 1974,

   1, Eateral aixd aberal views ofdelement, IGUTLag2123, sainple LAN-6e.

   2, lateral agid aboral views effelexnent IGU'I:-ag2l24, sampge LAN-60.

Figures 3-5--Belociella cievonlca Stauffer, i940.

   3, 1ateral aiid aboral views ofa element, IGUT:ag2125, sa2np}e LAN-64,

   4, laterag aiid aboral views ofc element, IGUTLag2126, sainple LAN-64.

   5, lateral Enid aboral views efb element, IGUrli-ag2127, sainple LAN-64.

Figures 6, 7--Pseudooneotodus becko2anni (Bischeff aiid Saimemaima, 1958).

   6, lateral aiid oral views, IGUT-ag2128, satnple LAN-64.

   7, 1ateral and orag views, IGUTLag2129, sarnple LAN-64.

Figures 8, 9---0ulodus sp. A.

   8, 1ateral and aboral views, IGU'ILag2130, sarmple L/W-60.

   9, 1ateral and aboral views, I6U'Ii-ag2g3l, sample LAN-60.

Figmes 10, 11, 13, 14--02rarkodina remscheidensis re777scheidensis (Zeigler, 1960).

   1O, lateral aiid orag views ofLf'element, IGU'ILag2132, sdinple LAN-62.

   I 1, 1ateral aiid oral views of7rtelement, IGU'ILag2133, saxnple LAN-62,

   13, Iateral aiid aboral views ofg element, IGU"Ii-ag2134, sample LAN-64.

   14, 1aterai artd aboral views efg element, IGU'ILag2135, sarnple L/"l-64.

Figures 12, 15--Gen. et sp. indet, 5.

   12, lateral and aborai views, IGU E:-ag2136, sexnple LAN-61 .

   15, gateral a!xd aboral views, IGU"ILag2137, sataiple LAN-61 .
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Nl figu[t'es are digita1 images ofscarmiiig electron inicrescope. Scale b axr indicates 100 ptm.

Figures 1-5--0zarkodZna remscheidensis eosteinhornensis (Wailiser, 1964).

   1, lateral aaxd orag views efd eiement, IGU"I:-ag213g, sainpEe LAN-64.

   2, 1ateral and oral views oflfeiement, IGU'ILag2139, sewnple LAN-64.

   3, iateral and eral views oflfelement, IGU'Ii-ag2140, sarnple LAN-64.

   4, 1ateni aiad aberal views efg elernent, IGUIELag2g41, sexnple LAN-64.

   5, gateral and ahoral views efg element, IGUrl:-ag2142, saRiple LAN-64.

Fignes 6-1 1--Qzarkoding excavata excm7ala (Bwnrson aecltd Mehi, r933).

   6, iateral axid oral views efd element, IGUI{:-ag2 143, sampge LAN-65.

   7, IatevaI axid oral views ofLfelemeitt, IGUTLag2144, sanipie LAN-65.

   8, lateral aitd oral views eflfelement, IGUrlZ-ag2145, sanipge LAN--65.

   9, 1ateraa aixd aboral views ofg eEement, IGUrl:-ag2146, sample LAN-65.

   ge, 1ateral and aboral views ofg element, IGUI[:-ag2g47, sample LAN-65.

   g g, gaterag and aboral views ofg egement, I6U"I:-ag2148, sample LAN-65.

Figures 12 ,13--Pandorinella sp. A.

   12, gaterEd aixd oral views ofLfelement, IGU ELag2149, saniple LAN-64.

   13, laterai and oral views oflfegement, IGU"ILag2150, satnple LAN-64.
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Nl fign'es ai'e digimi innages efscamig electron inicroscope. Scale bar indicates 1eO pan.

Figures 1, 2--Egojsella s4gia (Fiajs, 1967).

   1, 1ateral af}d oral views ofd elernent, IGU'I:-ag2l51, sennpge LAN-65.

  2, 1ateral axd orai views e£7Celement, IGUrlLag2152, sexnple LAN-65.

Figux"es 3, 6, 9--flcy'sella sp. B.

   3, 1aterai agxd aberal views ofa elexnent, IGU[[Lag2153, sample LAN-65.

   6, iaterEali and aboral views ofb elernent, IGU [Lag2154, sample LAN-65.

  9, laterag arxd aberal views ofa element, IGU"ILag2155, satnple LAN-65.

Fign'es 4, 5, 7--rvay'sella sig7nostygia Valeirzvgela-Rios exkd MuxphM 1997.

  4, Eaterait aiid eral views ofLfCelement, IGU"ILag2156, saniple LAN-65.

   5, Iateral asad erag views efLfelement, IGUI[:-ag2157, sainple LAN-65.

   7, 1ateral arid oral views offelenment, IGU[ELag2158, sample LAN-65.

Figures 8, 13--rvay'sella sp. A.

   8, 1ateral and aborai views ofg element, IGUrli-ag2159, satnple LAN-65.

   13, 1ateral and aboral views ofg element, IGU']]-ag216e, sainple LAN-65.

Fignes 10-12--Geit. et sp. indet. 22.

   1O, 1ateral emxd aboral views efA elemeRt, IGU'ILag216l, sampie LAN-65.

   1 1, laterag view ofB elemeikt, IGUrl:-ag2162, sample LAN-65.

   12, Iateral arud aboral views ofB element, IGU'ILag2163, sample LAN-65.
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