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Abstract

Gastropod form one of the most diversavertebrate groups marine habitats during the
Permian period. vasa major component of marifi@unasandwasbroadly distributed in all
seasof the world. Permian carbonatase widelydistributed throughouthailand and have
yieldednumerous maria invertebrate fossils e,drachiopods, fusulinids, corals, bryozean
ostracodsbivalvesand gastropod4Jnlike for instance brachiopods, Permian gastropods had
been largely unstudied until recently. Several newly discovered Early and Middle Permian
gastropod faunaBom Thailand are presesd in this thesisto supplement our knowledge of
Permian gastropod wirsity and palaeobiogeography Southeast Asia and also at a global
scale The main aim of thighesisis to investigate the diversitgnd structureof Permian
gastropod faunas from two differeobntinental terranes of Thailand, namely the Sibumasu
Terranein the west and the Indochina Terranethe eastin this thesis Permian gastropod
faunas from Thailand are represented by at |&@6tspecies including twenty-two newly
described species and one new geffrasn two newly discovered occurrences Tinailand
Therefore, the Permian gastropod fauna of Thailand is otteeafichest of AsiaThe newly
discovered Permian gastropod faufrasn Thailandrevealpalaeobiogeographielationships
to Permiangastropod faursafrom the eastern Palag@ethys, esecially South China.

Fromthe SibumasUerrane, thirtyfour newsilicified gastropod species are described,
17 nominate species and 17 in open nomencldiam theMiddle Permian(Wordian)Ratburi
Group exposed at Khao Phrik, Ratiebie ProvinceCentral ThailandNine species are erected
as new species:Retispira khaophrikensis Amaurotom& multispiratg Eoplatyzona
ratchaburiensisHesperiella cyrtocostataVortheni& waterhouseiStegocoelia centrosinuata
Procerithiun? inaequetuberculataChlorozyga asiaticaand Hyphantozyga khaophrikensis
This gastropod fauna is reportém the Sibumasu Terrane of Thailaiod the first time The
gastropod assemblage is strongly dominated by bellerophontids (esp&tetiisia and
Retispirg.

Forty-four Middle Permian(Roadiarn gastropodspeciesare reportedfrom the Khao
Khad Formation, Saraburi Groupf the Indochina Terrane(Lopburi Province, Central
Thailand) Thirteen new species and one new gareserectedl he new genus i&ltotomaria
The new spees araBellerophon erawanensiBiarmeaspira mazaevApachella thailandensjs
Gosseletina microstriataWorthenia humiligradaAltotomaria reticulata Yunnania inflata
Trachydomia suwanneeaé&rachyspira elegantaHeterosubulitedongusapertura Platyzona
gradata Trypanocochlea lopburiensiand Streptaci® khaokhadensisMost species of th
assemblagbelong tovetigastropods and caenogastropods.
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An unusual Early Permian (Kunguriampicrobiatfusulinid limestones with large
gastropodsis also eported fromthe Khao Khad FormatignSaraburi Province, Central
Thailand The gastropods contribute most to the rock voluméh a height of more than 6 cm,
theyare amongst the largest Early Permian gastropods ever reported.

Regarding to Permian gastap diversity from Thailand, quantitative datassetre
analyzed for thefirst time from assemblageof the Middle Permian(Wordian) Tak Fa
Limestone of theSaraburi GroupThis gastropod assemblage is strongly domindtgdhe
vetigastropodAnomphalusp..

All studied faunas come from shallow water carbonates that are rich in fusulinids,
followed bye.g.,gastropods, ostracods, bivalves and brachiopddst of thestudied gastropod
species belong to Late Palaeozoic cosmopolitan gesech asBellerophon Warthig
Worthenia Naticopsis Meekospira Protostylusand Streptacis The comparison between the
taxonomic compositions (at the species level) odlteree Permiamastropod assemblages
suggests that the gastropod faunas from two diffeéeerdanes difér strongly from each other,
theyshareonly a single species’helndochina Terranéauna (Khao Khad Formation and Tak
Fa Formation) is dominated liyaenogastropoda and Vetigastropoflais contrasts with the
gastropod faunas from ti&bumas Terraneg(Ratburi Limestone) in whichellerophontidsre
the most abundant group.

In addition,Permian gastropofauna from Asia(Thailand, Malaysia, East Timor and
Japan) are comparecegardingtheir diversity Rarefaction, diversity indices and rank
abundance distributions suggest that the diversity of the gastropod faunah&adwiddle
Permian Tak Fa Limestong distinctly lower than that of othekiddle Permian assemblages,
in descending ordethat fromPerak, Malaysiahe Akasaka Limestone, Japan and frémmor.
This could suggest an inverse diversity gradienfatitudinal decline in species diversity
towardsthe Palaeoequatpm the Palaed ethys.

Thegastropod fauna frothelndochina Terranes similar to the Late Permian gastropod
faunas from South China of the Paldesthys This suggests that the Indochina Terrane was
not located far from South Chinla addition, the gastropod faufram theSibumasurerrane
shows relationships to Late IR@ozoic gastropod faunas from the eastern Pdladtys, such
as those of Australia and Malaysldeseresultsfacilitatea better understanding thfetectonic
evolution and palaeobiogeography of this regidowever, the high number of Formation
singléons (pseudoendemic) shows that betaersity is high in the Permian of Thailand and

sampling is still insufficient.
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Introduction

The present thesis comprises four contributions about Permian gastropods from Thadand (
published two submitted(reviews require minor revisionsll to ISHisted journals). Two of

those are alpha taxonomic descriptions of newly discovered gastropod faunas from different
terranes, one is a comparative diversity analysis and one is a microfacies analysis of an unusual
mass occurrence of rather large gastropods. The investigations started almost from zero and it
was the question whether there are Permian gastropod faunaailemdhand if so, what taxa

are present, how diverse are they and what are the relationships of gastropod faunas from the
various terranes of the Eastern Tethys.

Gastropods are one of the most diverse groups of animals and represent the largest class
of molluscs. They appeared in the fossil reaartthe early Cambria(Parkhaev 2007) and have
radiatedthroughout their longvolutionary history until the presentheyare diverse in size,
shell morphology, halatsandare globally distributed

Theknowledge of Late Palaeozoic gastropod faures been availablaostly fromthe
U.S.A. (e.g.,Hall 1858;Knight 193Q 1931,  Moore 1941; Chronic 195Batten1958, 1964,

1989; Hoare and Sturgeon 1978, 1980; Erwin 1988a;; Bandel et al. 2002 Europe(e.g.,
Gemmellaro 1887Hollingworth and Pettigrew 198&lapham and Bottjer 200 Posenato

2009), Russia (e.g., Mazaev 2002, 2006, 2011, 2015), China (e.g., Pan and Yu 1993; NYtzel et
al. 2002; Pan and Erwin 200Ran andShen 2008), Japan (e.g., Hayas4d95; Isozaki and

Kase 2014; NYtzel and Nakazawa 2012) and Australia (e.g., Dickins\Waé&hous 1963;

Yoo 1988, 1994 However, until the start of our research program (Ketwetsuriya;2016
Ketwetsuriya et al. 2016, published master thesis of autbasfropodshave been scarcely

known from Southeast Asia, especially from Thailand which is the mainland of this region.
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Thailand is composed of at ledsto continental terranes which are the Indochina Terrane
located at nearly 10% south of tleda@o-Equaor (Tabakh and Utharoon 1998; Thambunya
et al. 2007; Metcalfe 2013) and the Sibumasu Tervemeh was a part of the Cimmerian
continental strip (SengSr 1984; Metcalf884, 1988 in the eastern Paladaethys during the
Permian period. e study of Permian gastropod faun&®m Thailand regarding their
composition, diversity and distributioffem these two terrandéacilitatea better understanding
of thetectonic evolution and palaeobiogeography of this region

Late Ralaeozoic sedimentampcks are extensively distributed in Thailafdheyform
an importansource of industrial raw material and have been proven as a potential oil and gas
reservoir (Booth and Sattayarak 2011; Khin Zaw et al. 2014; Warren et al. 2014). Therefore,
these rocks&wve becoméargets for geological studiencluding palaeontological studieBhey
yield numerous marine invertebrate fossils (Ueno and Charoentitirat 2011) $acinaisifers
(e.g., Sakagami 196%anagida, 1988IngavatHelmcke 1993)corals €.g.,Fontaine 1986,
1988) brachiopodsge.g.,Waterhouse and Piyasin 19Aanagida 1970; Grant 19} ®ivalves,
echinoderms (e.g., Recey et 808949, ostracodge.g., Chitnarin et ak012, 201Y, sponges,
conodonts and gastropoddowever,until recentlythe knowledge of théPermian gastropod
faunafrom Thailand has beescarce, including a single nominate spectesng 201pand a
few mentions ofjastropodccurrences (e.g., Grant 1976; Waterhouse J1982

In this contribution,newly discoveredPermian gastropod faun&®m Thailand are
presented. They derive from twerranes, the Indochina and the Sibumasu terranes, which
formed the core of Sundalari®/letcalfe 2002 2011). Tkese faunas are studied regarding
diversity and composition.Permian gastropod faunas were collected from the Ratburi
Limestone(Middle Permian, Ketwetsuriya et al. 202006f the Sibumasu Terrane on the west
and the Saraburi Limestone (Khao Khad Formation and Tak Fa Form@fiolje Permian,
Ketwetsuriya et al. 202Qtx) of the Indochina Terrane on the e@dsg. 1.1) Apart from that, a
mass occurrence of rather large Early Permian gastropods (> Basnijeen discovereahd
analyzedusng microfacies analysisKetwetsuriya et al. 2020). Furthermore,Permian
gastropodfaunas from Asia (Thailand, Malaysia, East Timor and Japan) are compared
guantitativdy to investigate their diversitypy usingrarefaction, diversity indices and rank
abundance distributiongKetwetsuriya et al. 202). In summary,this study focuseson
systematics, diversity, paaecology andoalaediogearaphy of these Permian gastropod
faunas from Thailand
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1.2 General geology of Thailand

The geology and geotectonic evolution of Thailand as a mainland of SouthegdSukslalanyl

has been extensively studied in various aspects (see Ridd et al.\204t19pf Thailandconsists

of two major continental blocks (terranes), namely the Sibumasu (previouslyT8agn
Terranen thewest and the Indochina Tarre n the east (l§s 1.1, 1.2), which collided during

the closing stage oPalaeeTethys Ocean (late Palaeozoic to early Mesozoic) (Sone and
Metcalfe 2008;Khin Zaw et al. 201% In addition, there are two sydarallel suture zones
between the Sibumasu Terrane and thedhoha Terrane, that is, the Inthanon Suture Zone and
the Sukhothai Terrane (Barr and Macdonald 1991; Sone and Metcalfe 2008).

Figure 1.1Tectonic subdivision of mainland Southeast Asia, showing the Sibumasu Terrane and the Indochina
Terrane including the Palad@thys Suture Zone (the Inthanon Suture) Zone and-&acgutures (the Sukhothai
Terrane)(Sone and Metcalfe 2008
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The Sibumasupfeviouslytermedas ShaBrhai) Terrane (Metcalfe 1984, 1988)as a
part of the eastern elongate Cimmerian continental strip (SengSr 1984). This terrane is
characterized by Late Palaeozoic Gondwana biotas and Late CarbofiemdydPermian
glaciakmarine damictites(Metcalfe 1984) The Sibumasu Terrane wadagedistanceo the
palaeecequatorial Tethyan domain (Ueno 2003his terraneforms Northern Thailandthe
western part of Central Thailand and Peninsular Thailgrgd 1.1).

The Ratburi Grougfrom which a new gastropod fauna is descripagtwetsuriya et al.
20209) comprisedPermian carbonatdominded deposits oiVestern and Peninsular Thailand
including massive to bedded carbonates, locally recrystallized and dolomitized, with chert
nodules.The lithology of the Ratburi Limestonfom which another gastropod fauna is
described (Chapter 2ppresents platform carbonatédeposited on a shelf of the Sibumasu
Terrane(Fig. 1.2. It is known for its highly diverse Permian marine invertebrate fauna,
including foraminifers (e.g., Sakagami 1969; BrSnnimann et al. 1978; Inghahatcke 1993),
corals (e.g., Fontaine 1986, 1988), algae (Fontaine and Salyapongse 2001), echinoderms (Recey
et al. 1994), brachiopods (e.g., Waterhouse and Piyasin 1970; Yard&3id, Grant 1976) and
bryozoans (e.g., Sakagami 1965, 1970, 1973), whereas gastropods have been largely neglected
so far. The fossils indicate that the Ratburi Limestone ranges from the latest Early Permian to
the Late Permian (Ueno 2003).

The Indochindl errane haderivedfrom Gondwana by the opening of the Paldethys
ocean in the Early Devaan (Metcalfe 1998, 2002, 2002011).The Late Palaeozoic faunas
and floras of this terrane are wammater, equatorial Tethyan/Cathaysian Province biotas
(Metcalfe 1998, 1999)This terrane covers NE Thailand and the eastern part of SE Thailand
including the eastern siad central Thailand (Fig. 1)1Various fossils have been reported from
the Indochina Terrane, especidilgm itswestern margin where UppPalaeozoic outcrops are
widespread These exposures mainly consist of carbonate sequences with minor clastic
sedimentary rock@~ig. 1.3. Many studies indicate that the sedimentary rocks along these areas
were deposited in two carbonate platforms Rha Nok Khao Platform to the east and the Khao
Khwang Platform to the west) with a basin (the Nam Duk Basipgétween (e.gWielchowsky
and Young 1985; Ueno and Charoentitirat 2011; Morley et al. 2013).

The Saraburi Groupf the Khao Khwang Platform rangy from Late Pennsylvanién
Permian is one of the most interestihgnestone complexes of Thailand regarding
palaeontology, sedimentology, structural geology and tectonics because it yields several groups
of fossils such amsulinids (e.g, Toriyama and Sgi 1959; Toriyama et al. 1974Toriyama and
Kanmera 1977, 1979; Hinthong 1981; Dawson 1993), bivalves (i&dghachon et al. 2007),
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corals (e.g.Yanaida 1988fontaine et al. 1996, 1999), conodonts (Metcalfe and Sone 2008),
brachiopods (e.g., Yanagid®@4, 1988; Yanagida and Nakornsri 1999; Sone et al. 2009),
bryozoans (Sakagami 1975, 1999; Yanagida 1988), calcareous algae (Fontaine et al. 1999),
ostracods (e.g., Chitnarin et al. 2012, 2017) and gastropods (Sone 2010; Ketwetsuriya et al.
2014, 2016)The Saraburi Group is exposed along the eastern side of the lower Chao Phraya
Central Plain from Nakhon Sawan to Saraburi provinites.composed of several formations
which have been assigndad different stages othe Permian (ranging from Asselian to
Capitanian, see Ueno and Charoentitirat 208h)Jd which comprise different lithologiesd

have differendistribution areasthe Khao Khwang Formatiothe Nong Pong Formatiothe

Pang Asok Formatiorthe Khao Khad Formatiofthe present studied gastropod faunas are
investigated Ketwetsuriyaet al. 2020b, JJ and the Tak Fa Formatidim which quantitative

data set of Permian gastropods are analyzed fofiteetime (Ketwetsuriya et al. 2020 They

consist mainly of shallow marine carbonates.

Figure 1.2Model showing the tectonic evolution of Thailand during Baliddle Permian times (after Metcalfe
2013, 2017).

The Inthanon Suture represents the main Palatloys Ocean (Metcalfe 2011). This
suture contains CarbonifauEPermian shallownarine limestones with Cathaysian faunas
deposited on intraceanic volcanic edifices and it is interpreted as PBlgabyan sea mounts
now incorporated into the Pala@@thyan Suture Zone (Metcalfe 2005; Wakita and Metcalfe
2005;Feng et al. 2008).

The Sukhothai Arc Systemas interpreted as being derived from the margin of South
Chinaindochin&East Malaya by baekrc spreading in the Late CarboniferBldarly Permian
(Sone and Metcalfe 2008). This arc terrane is situat€®imral Thailandindis composed of
granitic batholiths and mafimtermediatefelsic volcanic rocksincluding pyroclastic and

carbonate sedimentghis zone is devoid of marine invertebrate faunas
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Figure 1.3 Map showingeneralized distribubh of Carboniferous and Permian strata in Thailgseho and
Charoentitira011).
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1.3 Previousknowledge of Permian gastropods fronThailand

Palaeontological studies over the last two decades from thettSibumasu Terrane and the
Indochina Terrane of Thailand have providaaundantinformation about Permian marine
invertebrate fossils. However, very few informationRermian gastropods has previously been
available.Until the Master thesis of the aoth(Ketwetsuriya 2016; Ketwetsuriya et al. 2016)
was published, only a single Permian nominate species had been reported from Thailand:
Magnicapitatus huazhanga8one, 2010 (Fig. 1)4from the Khao Taa Ngog Formation
(CapitanianMiddle Permian) of Est Thailand'southern margin of the Indochina Terrafdis
naticiform species is preserved as an internal molaeprésents the first record of thisPeb
Triassic genus outside South China (Wang and Xi 1980) and from the Capitanian. The Khao
Taa NgokFormation is the Thai equivalent of the Sisophon Limestone of western Cambodia,
and together they form a continuous Guadalupian carbonate platform over th@ahtizodia

border.

Figure 1.4Magnicapitatus huazhangagone, 2010 from a limestone bed at Khao Makha (Capitanian, Middle
Permian), East ThailandB®, apertural, ventral, apical and basal views respectively.
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The most diverse Permian gastropod fauna of Thaltasdeewlescribed from the Tak
Fa Limestone fothe Saraburi Group, Nakhonsawan Province, central Thadlamdsult of the
master thesis of the author and colleageswetsuriya et al. 2014, 201@his gastopod fauna
consists of typical &ate Palaeozoicgenera and comprisesforty species especially
Bellerophontidae, Pleurotomarioidea, Meekospiridae and Goniasmalidak/e species and
one genugTakfaig, are new to sciendéig. 1.5. The Tak Fa Formation is a part of Saraburi
Groupthat is exposedlong the westermarginof the Indochina Terranén addition, there are
some reports of Permian gastropddsm Southern Thailand but they lack descriptions,
illustrationsand detailed systematic assignments. Grant (1976) investigated brachiopods from
the Ratburi Limestone of southern Thailand and meetl the presence platyceratids and
pleurotomarioids. Waterhouse (1982)died the early Permian fauna from Keeng Krachan
Group at the Tong Lang Bay and Ko HPhi Island, Southern Thailanéle reported the
occurrence oé singlespecieqPeruvispirasp.) from this locality. Theséwvo reportsvere from
the Permian Ratburi Limestone of the Sibumasu Terrane.

Figure 1.5 The new genliakfaia kuessp. et gen. noWYtzel and Ketwetsuriya, 2016 Ketwetsuriya et al. (2016)
from the T& Fa FormationNakhon Sawan Puince, northern Central Thailand.

1.4 Distribution of Permian gastropods in Southeast Asia and East Asia

Exceptfrom the studied fauna fromhhailand Permian gastropods fro@outheast Asihave
been reportednly from three areasCambodia, East Timor and Malaysikhe first diverse
Permian gastropod fauna was described from the Sisophon Limestone of Cambddresby
(1913, who reportechbou 30 species from this limestan®evengastropod species from the
Permian limstone of Laosvere reported by Mansuy (191 Pelpey (1940, 1941, 1948 vised
the gastropod fauna from the Sisophon Limestone of Camlzodiareported62 species
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including, severahewgenera and species. The Sisophon Limestone is situateel sduthern
margin of the Indochina Terrane.

Batten (1972, 1979, 1985) report@8 Permian gastropogpeciesfrom limestones at
LeeMine, Perak, Malaysia which derived from the Sibumasu Terrane (Tsegab et al. 2017). This
gastropod fauna yielded bellerophontids, euomphalids, pleurotomarians, trochids, patellids,
neritids, murchisoniids, cerithiids, loxonematids and subulitids. The abesdimestonas late
Early Permian(Kungurian. This gastropod assemblage is dominatedthry highspired
caenogastropodsf whichOmphaloptychia paleozoida the most abundant gastropod species.
Vetigastropodsare as diverse asaenogastropodd he gener&labrocingulum Anomphalus
andApachellaare the most abundant \gastropodsThe lellerophontoideansomprise mostly
the typical Middle to Late Palaeozoic gemelerophon Neritimorphaarethe mostlypresent
with the genu3rachydomiaThegastropod fauniom Perak, Malaysiasivery diverse and Ba
major implications for the palaeobiogeography at the margin of the eastern-Peihgs.

Wanner (1941)eported 67 species of Permian gastropods from Timor with planispiral
shells of theeuomphalid specieSchizostoma pusilliformieeing the most abundant, followed
by Schizostoma pusilliformear. weiensi, both contribute ainost 30% of the total abundance
Bellerophontoideans make tipe second most abundant group in Timor and are dominated by
the genusBellerophon In addition, typical Late Palaeozoic genera such Naticopsis
TrachydomiaandSoleniscusre rare in the fauna from Timor

Rich Permian gastropod fausihave been reposdd from Japan and China. NYtzel and
Nakazawa (2012) studied a very diverse Permian (Capitanian) gastropod fauna from the
Akasaka Limestone (Gifu Prefecture, JapBxg fauna that has yieldesbme of the largest
gastropodspecies from the Permian and théirenPalaeozoic, with specimens as large as 40
cm. This fauna comprises at least 74 species. The Akasaka limestone is dominated by packstones
with dark grey colour that were deposited in an open shallow manm®ement (Ozawa and
Nishiwaki 1992). The inertebrate fauna is strongly dominated by gastropods and lsvalve
(Nakazawa 2007; NYtzel amtdbhkazawa 2012). Caenogastropoda are the most abundant and
diverse group among the gastropods. The Akasaka gastropod fauna shows relationships to
faunas from ChinaMalaysia, and Vietnanbut contains also many formation singletons at
species level

Permian gastropadthave beenescribed fronvariouslocalitiesof South ChinaMansuy
(1914 reported7 speciesrom the Permian limestone of Yunndfan (19781983a, b 1985)
reported a total of 19 Early Permian species and 10 Late Permian species. Yu et al. (1985)
reported4 Early Permian species and 5 Late Permian species. Wang and Xi (1980) studied
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one of the most diverdeermian gastropod fausgielding 94speciegepresentindgl genera.
Wang (1982) recorded 14 speciesm the Heshan Formation of Guangxi ProvirRan andvu
(1993) described 47 species fr@hina such as from Sichuan, Guizhou, Yunnan and Xizang
Autonomous RegiarPan and Erwin (2002) reped a diversePermian gastropofaunafrom

the Heshan Formation of Guangxi, Ninglang and Yunnan provinces, South Chinayieltdet

a total of 73 species including numerous new taxa. The positibe 86uth China Terrane was
closeto thelndochina Terrane durintdpe Permian periogMetcalfe 20112013. The Permian
faunas fron this geographic province playa significant role for understanding

palaeobiogeographic relationships in the Palbethys.

1.9 Objectives of the thesis

The main aim of this study is to provide new information on the Permian gastrivpods
Thailandwhich derivefrom the Indochina Terrane and Sibumasu Terrane and to compare the
diversityand compositiomf Permian gastropod assemblaffesn bothterranes of Thailands

well as with assemblages froadjacent areas i,eMalaysia, Cambodia, Laos, South China
Timor and Japan This facilitates a better understandingf gastropod diversity and
palaeobiogeography during the Permian in the eastern Phddleys.It integrates taxonomic
studies and quantitatianalyse to answer the question how gastropods were distributed during
thePermian The more specific goals of this thesis include thi@fong:

1.! First documentation of systematic taxonomy and description of Permian gastropods
from the Sibumasu Terrane of Thailafkktwetsuriya et al20203.

2.! Documentation of systematic taxonomy and description of Permian gastropods from
the Indochina Terrge of Thailand and comparison of the species compositions with
the other Permian gastropod faunas from Thailand and adjacen{leetastsuriya
et al.2020h.

3.I Evaluation of diversity of the Permian gastropod faunas of Thailand including
comparison with taé other Permian gastropods from the eastern Raleknys
(Ketwetsuriya et al20209.

4. Description of an unusual facies with large gastropods play an important role in this
facies and their associated organigiestwetsuriya et al2020d.

These topicare treated ithe next four chapters (Chapteb? of this thesis. Each of these
chapters was written to stand on its own as an independent publication but are nevertheless

related to each other and complement each other.
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1.6 Overview of manuscripts

Chapter 2 provides the firgtxonomic study of a new silicified Middle Permian gastropod fauna
from the Sibumasu Terrane of Thailacawllected fromthe Middle Permian (WordianRatburi
Limestone exposed at tiao Phrik hill, Ratchaburi Province, Central Thailand. Triour
gastropod species adescriled, 17 nominate species and 17 in open nomenclatuvejich
nine species are new to sciendéiis gastropod assemblage is strongly dominated by
bellerophontids (especiallWarthia and Retispirg. The faunareveat reldionships to Late
Palaeozoic gstropod faunas from the PalaBethys, such as those of Australia and Malaysia.
On the other handhé fauna shares ontnespecies with faunas from other Permian deposits
from Thailand the Tak Fa Limestonand theRatburiLimestone

Chapter 3describesA4 gastropod species, includinge new genusAltotomariaand
thirteen new specidsom the Permian Khao Khad Formation, Saraburi Group, Central Thailand
of the Indochina Terrane. The gastropod fauna represents anothee ddegmian gastropod
known from ThailandMost spetes of the studied assemblage r@@resented by vetigastropods
and caenogastropods and moepresent_ate Palaeozoic cosmopolitan genera. Ephecies
composition is compared witihe gastropod assemblages from other Permian Formations in
Thailand, the Tak Fa Linstone and the Ratburi Limestone, suggesting tlshiaites no species
with these faunasiowever, it is similar to the Late Permian gastropod fatmas South China
of the Palaeelethys, therefore it supports the hypothesis that the Indochina Terasctse
to the South China Terrane.

Chapter 4 focuses on diversiggmalysesof Permian gstropodassemblagefrom the
Middle PermianTak FaLimestoneof the Indochina Terranandother Permian gastropod
assemblages from Asia (Malaysia, East Timor and Japhis) studypresents the firstetailed
guantitative analysis dPermiangastropod diversity usingarefaction, diversity indices and
rank-abundance distributiond he reslts suggest that the diversity of the studied fatroan
Thailandis distinctly lower than that of othé&unas of the eastern Tethglespite coming from
similar depositional environments. This is surprising bec#uselak Fa gastropods lived at
lower lditudes(close to thePalaeecequator)than the others. This could suggest an inverse
diversity gradient in the Paladcaethys.

Chapter 5 revealsnusual microbiafusulinid limestones with large gastropods which
contribute most to the rock volume. At le&stir gastropods speciase presentthey belong
probably to undescribed taxath a height of more than 6 cfihe gastropods are amongst the
largest Early Permian gastropods ever reported. The studied fauna comes from the Early
Permian (Kungurian) Khaolad Formation of Central Thailand on the western margin of the



12 | Chapter 1

Indochina Terrane. Besides gastropods, fusulinids, large dasycladdangactasts and thick
microbialcyanobacterial coatings and reticulate microbial patches as well asntackand
intragranular radial fibrous cement crusts are also pre$éet.carbonate is interpreted as
product of shallow water, nemetazoareefal platform community with a high productivity
providing the large gastropod with sufficient foétbwever, conditionsvere too eutrophic for

sessile filter feeders such as brachiopods, bryozoans, bivalves, corals and sponges which are
rare or entirely absent.

Author contributions

Chapter 2:Chatchalerm Ketwetsuriya, Alex G. Cook and Alexander Ytzel: Permian
gastropod from the Ratburi Limestone, Khao Phrik, Central Thailand.
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analyzed the results, revised and wrote the final manuscript. AC provided the studied materials.
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Chapter 3 Chatchalerm Ketwetsuriya, Baran Karapunar, Thasine€haroentitirat and
Alexander Ntzel Middle Permian Roadian) gastropods from the Khao Khad Formation,
Central Thailand: implications for palaeogeography of the Indochina Terrane.

CK collected and prepargdnd identifiedhe specimens, drafted the manuscript, conducted the
analyses and prepared all figurBk. contributed with the identification #leurotomarida. TC
identified the fusulinids for age determinati®®k and AN wrote the final manuscript. AN
acquired the funding for field work.

Contribution Percentag€K 70%; BK 15%; TC 5%;AN 10%.

Manuscriptpublished inZootaxa4766(1):doi:10.11646/zootaxa.4766.1.1

Chapter 4 Chatchalerm Ketwetsuriya, Imelda M. Hausmann and AlexanderYtkel:
Diversity patternsof Middle Permian gastropodssemblagefrom the Tak FaFormation

Central Thaiand.

CK designed and drafted the manuscript, prepared figures, identified specimens and conducted
the analyses. ligerformedrankabundance analysiall authors interpreted the dat€&K and

AN contributed to discussions and the final manuscript.

Contribuion PercentageCK 70%; AN 10%; IH 20%.
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2.1 Abstract

A new silicified Middle Permian gastropod faunaréported from Central Thailandt. is the

first diverse Permian gastropod assemblage itbestfrom the Sibumasu terrafdie gastropod

fauna comes from foreeef shallow water carbonates of thedie Permian (Wordian)
limestones of the Ratburi Group exposed at Khao Phrik, Ratchaburi Province-fotirty
gastropod species are reported, 17 nominate species and 17 in open nomenclature. Nine species
are new to scienceRetispira khaophrikensisAmauotom&? multispiratg Eoplatyzona
ratchaburiensisHesperiella cyrtocostataVortheni& waterhouseiStegocoelia centrosinuata
Procerithiun? inaequetuberculataChlorozyga asiaticaand Hyphantozyga khaophrikensis

The gastropod assemblage is strongly idated by bellerophontids (especiallyarthia and
Retispird. The fauna shares only a few species with faunas from other Permian deposits in
Thailand and elsewhere, namely the previously described gastropod fauna of the Tak Fa
Limestone. The fauna showdatonships to Late Palaeozoic gastropod faunas from the Palaeo

Tethys, such as those of Australia and Malaysia.

2.2 Introduction

Permian gastropods from Southeast Asia are poorly known, including in Thailand, which is part
of the mainland of Southeast Asihere are only a few publications on the Permian gastropod
fauna of Thailand. The earliest mention was provided by Grant (1976) from South Thailand.
Waterhouse (1982) recorded the presence of the gastropodREmsspiraat Koh Phi Phi,

South ThailandSone (2010) described a single gastropod genus and spéagscapitatus
huazhangaefrom the Middle Permian (Guadalupian) of East Thailand. Ketwetsuriya et al.
(2014, 2016) reported a silicified gastropod fauna from the Middle Permian Tak Fa Limestone,
North-Central Thailand. This gastropod fauna is one of the most diverse known from Southeast
Asia (Indochina terrane), yielding 40 species.

The present paper describes the Permian silicified gastropod fauna from the Ratburi
Limestone, exposed at Khao (BliPhrik, Ratchaburi Province, Central Thailand. Waterhouse
and Piyasin (1970) previously reported and described the brachiopod fauna from this locality.
However, the gastropods from this location have not yet been studied. The present contribution
represats the first systematical treatment of a Permian gastropod fauna from the Sibumasu
terrane and also the first report of a diverse gastropod assemblage from the Ratburi Limestone

Group.



22 | Chapter 2

2.3 Geological setting and age
Khao Phrik is a small limestone hillthe Mueang Ratchaburi district, located about 13 km east
of Ratchaburi city, Central Thailand (Fig. 1). This hill, extending 0.3 km in abveast
direction and approximately 1.5 km in a nd@gbuth direction, consists predominantly of
shallow marine limstones of the Ratburi Group (informally known as Ratburi Limestone) and
is underlain by sandstones, siltstones and pebbly mudstones of the Kaeng Krachan Group.
Geotectonically, the Ratburi Limestone has been recognized as a part of the Sibumasu terrane
(Ueno and Charoentitirat 2011) and is considered to have a latest Early Permian to Late Permian
age (Bolorian to Wuchiapingian). These limestones are widely distributed in Western and
Peninsular Thailand and normally occur as isolated small hills consistagrminantly of
massive limestone. The Ratburi Limestone comprises massive to bedded carbonates, locally
recrystallized and dolomitized, with chert nodules. It is known for its highly diverse Permian
marine invertebrate fauna, including foraminifers (eSakagami 1969; BrSnnimann et al.
1978; IngavaHelmcke 1993), corals (e.g., Fontaine 1986, 1988), algae (Fontaine and
Salyapongse 2001), echinoderms (Recey et al. 1994), brachiopods (e.g., Waterhouse and Piyasin
1970; Yanagida 1970; Grant 1976) and bryomo(e.g., Sakagami 1965, 1970, 1973), whereas
gastropods have been largely neglected so far.

Sakagami (1969) and Yanagida (1970) suggested that the Ratburi Limestone at Khao
Phrik is of an Artinskian age. Waterhouse and Piyasin (1970) reported the prese3t
brachiopod species from Khao Phrik and assigned a Kazanian (= Wordian) age to them. Grant
(1976) collected the block samples from Permian Ratburi Limestone in the Ratchaburi area
consisting of 37 species of brachiopods. Therefore, the gastropauKfrao Phrik studied here
are regarded to have a Wordian age.

The fossiliferous limestone of Khao Phrik yielding the studied gastropods is rich in
brachiopods. It consists of a muddy pale limestone and a black limestone that left a very large
residue of arbonaceous black clay after leaching in dilute hydrochloric acid (Waterhouse and
Piyasin 1970) and dilute acetic acid. Brachiopods, gastropods, bryozoa, some fusulinids,
sponges and corals are found. The depositional environment of the Ratburi Limédtbae o
Phrik was interpreted as a fereef setting with access to the open sea (Waterhouse and Piyasin
1970).
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2.4 Materials and methods
The limestone samples from Khao Phrik were collected from limestone beds in February 1964
by Waterhouse (whoonducted extensive work on Permian brachiopod faunas) and the staff of
the Geological Survey, Department of Mineral Resources, Thailand (Waterhouse and Piyasin
1970). The limestone samples were etched with HCI acid to retrieve the silicified fossital Seve
blocks of limestone were etched in dilute acetic acid. Most of the gastropod shells are small with
abundant individuals, forming the predominant share of the fossilized community, which is also
diverse in brachiopods and bivalves. The fauna has atdegi numerous bryozoans, some
fusulinids, sponges and corals. Most gastropod specimens are poorly preserved due to coarse
silicification. Thus, identification is difficult or impossible in many cases. However, quite a
number of gastropod specimens ardisigntly preserved for species or generic identification
including characterization of some new taxa. As mentioned, the brachiopods from this collection
were studied by Waterhouse and Piyasin (1970); this was the main purpose for this collection.
We havereceived WaterhouseOs collection of silicified gastropods and some bivalve specimens
in 2017. These gastropods were sorted, and representatives of each species were photographed.
The gastropod specimens were coated with ammonhlaride prior to photogrdyy. The
gastropod species and genera were classified according to Bouchet et al. (2017).

All type and figured specimens are housed in the Queensland Museum, Brisbane under
the repository numbers QMF 39@EB®133 and 3939B9400.

Figure 2.1: Geological npashowing the sampling localities that produced the silicified gastropods at Khao Phrik
hill, Ratchaburi district, Ratchaburi Province, Central Thailand.
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2.9 Systematic palaeontology
Subclass Amphigastropoda Simroth, 1906
Order Bellerophontida Ulrich and Seeid, 1897
Superfamily Bellerophontoidea McCoy, 1852
Family Euphemitidae Knight, 1956
Subfamily Euphemitinae Knight, 1956

GenusEuphemite$Varthin, 1930
Type speciesBellerophon uriiFleming, 1828, Carboniferous, Great Britain.

Euphemitesp.
Figure2.2a, b

Material. One specimen, QMF 39083.

Description. Bellerophontoid, subglobular shell; specimen 13.0 mm long, 14.8 mm wide, 11.4
mm high; whorl surface ornamented with approximately ten sharp, strong spiral lirae;
interspaces wider than spiral liraenbilical area rounded convex with narrow, distinct and deep

umbilicus; aperture kidneghaped.

Remarks. This specimen is a typical representative of the gamlemiteslt has the typical

spiral lirae on the dorsum. Yochelson (1960) illustrated varftushemitespecies from the
Permian of the Southwestern USA that resemble the present material, for inStdvatégni
Yochelson, 196(. crenulatusyochelson, 196(. aequisulcatu€hronic, 1952 and especially

E. sparciliratus Yochelson, 1960 in having strong, coarse, spiral lirae separated by wide
interspaces, but differs from the present specimen by lacking an umbilicus and having fewer
spiral lirae. However, it isnclear whether the present specimen is fully grown and the umbilicus
could be closed at later growth stag&siphemites graffhamMoore, 1941, is the only
Euphemitespecies which has been reported from Thailand by Ketwetsuriya et al. (2016) from
the Perman Tak Fa Limestone. However, this species has much deeper and wider umbilici and

has a geniculate outline in lateral view.

GenusWarthiaWaagen, 1880
Type speciesWarthia brevisinuatdVaagen, 1880, Permian, Pakistan.
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Warthiacf. saundersivyochelson, 180
Figure 2.2g

cf. 1960Warthia saundersy¥ochelson: p. 259, pl. 49, figsbe3.

Material. QMF 39084, 39085, 39086, 39087.

Description. Shell involute, longer than wide; anomphalous; largest specimen 9.4 mm long, 9.4
mm wide, 5.7 mm high; whorl pro&land dorsum evenly rounded; whorls smooth without
visible ornament; aperture strongly bent to triangular, crestexged in the transverse section

with central Ushaped indentation; anterior lip rounded; lateral lips steep, joining anterior lips

at an agle of nearly 90;j.

Remarks. Several smooth involute shells representing the §earhbkia are present in this
collection, which is widespread and diverse in the Late Palaeozoic (#zg) Bnd Nakazawa

2012; Ketwetsuriya et al. 2016). The preservatibthe material at hand is insufficient for
specific identification. Yochelson (1960) reported numekasthiaspecies from the Permian

of the Southwestern USA that resemble the present material. The compressed and smooth shell
is similar toW. fissusYochelson, 1960 antV. angustiorYochelson, 1960, but the slit is much
deeper in these two species than in the present specimens that have also a more rounded dorsum.
W. saundersiYochelson, 1960 is the most similar species although the slit of this species is
much shorter. As noted by Yochelson (196Q),saundersi is also similar W. welleri, W.
crassusand W. waageni However, these species can be distinguished by the siigpe

dorsum, the dimension of the sinus and the curve of the lateral slope.

Famiy Bellerophontidae McCoy, 1852
Subfamily Bellerophontinae McCoy, 1852

GenusBellerophonde Montfort, 1808

Type speciesBellerophon vasulitede Montfort, 1808, Devonian, Germany.

Bellerophor? sp.
Figure 2.2&e

Material. One specimen, QMF 39088.
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Remarks. This smootshelled, anomphalous bellerophontoid shows very faint traces of growth
lines withcrescenshaped aperture in the transverse section. The anterior lip is rounded and
seems to have a thick inductura. It is 8.1 mm long, 8.7 mm wide 8nar6. high. It could
represenBellerophonor Warthia However, the presence of growth lines or ribs is suggestive
of Bellerophorrather thanWarthia The preservation is too poor for further identification.

Subfamily Knightitinae Knight, 1956

GenusRetigpira Knight, 1945
Type speciesRetispira bellireticulataKnight, 1945, Middle Permian, Texas, USA.

Retispira khaophrikensisp. nov.
Figure 2.2Bwv

LSID. urn:Isid:zoobank.org:act:EDSDB8BSE6E-46F1-99E6FCB4AB10A450.

Etymology. After the Khao Phrik hilit which the studied gastropod material was found.

Holotype. QMF 39089.
Paratypes. QMF 390989093.

Locality and horizon. Khao Phrik hill, Mueang Ratchaburi district, Eastern Ratchaburi Province,
about 13 km east of Ratchaburi city, Central Thailang. (B}, Ratburi Group, Middle Permian,
Wordian.

Description. Shell relatively large, bellerophontiform, globose in side view but wider than long
in the transverse section; narrowly phaneromphalous; holotype 10.0 mm long, 10.8 mm wide
and 8.0 mm thick; dowen rounded, somewhat flattened; whorl surface largely smooth,
ornamented by weak traces of transverse undulations and faint spiral lirae; selenizone slightly
elevated; aperture broad, kidrglyaped; inner edges of lateral lips reflexed close to umbilicus;
winglike turnout of lateral lips (see Mazaev 2015) wide, parallel to coiling axis, almost covering
narrow umbilicus; inductura thin and unornamented; anterior lip and sinus not well preserved,;

lateral slopes strongly curved.
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Remarks Retispira khaophrikesis sp. nov. is placed in the genRgtispirabased on having
expanded lateral lips of the aperture, a depressed selenizone and an ornament of weak transverse
undulations as well as fine spiral lirae. This species reserRd@gspira fragilisYochelson,
1960 from the Permian of the Southwestern, USA in lacking a strong ornament (a few specimens
showing faint spiral lirae) and by being phaneromphalous (see also Kulas and Batten 1997).
However R. fragilis has distinct growth lines and differs frdRetispirakhaophrikensisp. nov.
in lacking transverse undulations, by having a more expanded aperture and a narrower
umbilicus. Retispira khaophrikensisp. nov. is als@imilar to R. modestaGirty, 1909) from
the Permian of the USA, but the latter species hagenous fine spiral threads.

Yochelson (1960) and Kulas and Batten (1997) mentionedRttigdgilis resembleRR.
modestan having a rounded shell, but they differ from each other by their lateral lips and the
umbilicusN the latter species has a wider ulitbis and develops low, transverse undulations.

The depth of the slit and sinus are unknown due to preservation.

Retispira lyelli(Gemmellaro, 1890)
Figure 2.2¥8ac

*1890 Bellerophon(Bucanig lyelli sp. nov. Gemmellaié Gemmellaro: p. 178, pl. 16, figs.
13p15.

1922Bucania lyelliGemmellaré Wanner: p. 18, pl. 151, fig. Pa.
1942Bellerophon(Bucanig lyelli GemmellaréN Delpey: p. 348, fig. 23.

1972Retispira lyelliGemmellarol Batten: p. 13, fig. 6a, b.

v 2016Retispira lyelli(Gemmellaro, 1890 Ketwetsuiya et al.: p. 490, fig. &&.

Material. Three specimens, QMF 39889096.

Description. Shell relatively small bellerophontiform, narrowly phaneromphalous; largest
specimen 6.9 mm long, 7.5 mm wide, 5.8 mm thick; inductura thin; whorls ornamented by
numerous closely spaced spiral threads and indistinct growth lines forming reticulation; slightly
raised selenizone; aperture equally expanding, kishaped; wingdike turnout of lateral lips
(see Mazaev 2015) covering large parts of umbilicus; anterieetypthin, having a narrow slit.

Remarks. According to the relatively characteristic shell morphology of the present specimens,
we assign them tBetispira lyelli(Gemmellaro, 1890) that was first described from the Permian
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of Italy (Sicily). Wanner (192) reported it from Timor. Delpey (1942), Batten (1972) and
Ketwetsuriya et al. (2016) also reported this species from SE Asia although these specimens
seem to have a narrower umbilicus and have two orders of fine spiral thikeaglstites
(Retispirg girtyi Yochelson, 1960 from the Permian of the Southwestern, USA is also similar

in having the lower part of the lateral slopes falling into the umbilici and consiéting orders

of ornament (stronger and weaker). Howetatispira lyellihas a much merbent aperture in

the transverse section and a wider umbilicus.

Basal Gastropoda, unassigned to subclass and order
Superfamily Trochonematoidea von Zittel, 1895
Family Trochonematidae von Zittel, 1895

GenusAmaurotomanight, 1945
Type speciesPleurotanaria subsinuatdMeek and Worthen, 1861, Pennsylvanian, USA.

Amaurotom@& multispiratasp. nov.
Figure 2.3&g

LSID. urn:Isid:zoobank.org:act:EBF8Bo&2DC-4391-ACD4-1D83ECD17457.

Etymology. Latin, for having many spiral cords.

Holotype. QMF 39097.
Paratypes. QMF 390€89102.

Locality and horizon. Khao Phrik hill, Mueang Ratchaburi district, Eastern Ratchaburi Province,
about 13 km east of Ratchaburi city, Central Thailand (Fig. 1), Ratburi Group, Middle Permian,
Wordian.

Description. Shell turbiform, moderately higispired, with gradate spire; larger specimen
consisting of ca. five whorls (apex missing), 12.0 mm high, 11.5 mm wide with an apical angle
of about 60j; early teleoconch whorls evenly convex; later whorls slightly angulated at about
mid-whorl and somewhat above middle of spire whorls slightly convex to flat reamp
dippingfrom upper suture at an angle of 30j; whorl face subvertical to markedly convex below



Permiangastropod from the Ratburi Limestorje 29

Figure 2.2: a, bEuphemitesp., QMF 39083. = Bellerophor? sp., QMF 3988. fj Warthia cf. saundersi
Yochelson, 1960, QMF 39084bi Warthiacf. saunders¥ochelson, 1960, QMF 3908%bmWarthiacf. saundersi
Yochelson, 1960, QMF 39086Eir Retispira khaophrikensisp. nov., paratype, QMF 39090bw Retispira
khaophrikensisp. nov., holotype, QMF 39089£x Retispira lyelli(Gemmellaro, 1890), QMF 39094. tzxa
Retispira lyelli(Gemmellaro, 1890), QMF 39095.
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angulation;two to three faint spiral cords and several weaker axial ribs on ramp; intersections
of axial ribs and spal cords slightly nodular; abapical portion of whorls ornamented by three
widely spaced spiral cords; second spiral cord strongest and forming periphery above lower
suture; outer whorl face of body whorl ornamented with five to six distinct spiral dmass;
evenly convex with rounded transition to whorl face, phaneromphalous, with several weak spiral

cords; suture distinct, moderately impressed; aperture evenly circular.

Remarks. The growth lines are indistinct due to preservation; they seem to atkwearolaon

the ramp. The present specimens reserblaurotoma humerosgMeek and Hayden, 1858)

as described and illustrated by Knight (1945) and Kues and Batten (2001) from the
Pennsylvanian of the USA in respect to ornamentation and other diagnosticteisara
However,A. humeroséhas a much more distinctly angulated whorl profile and stronger spiral
cords. The present specimens are also similinightinella ornataNYtzel and Ketwetsuriya,

2016 (in Ketwetsuriya et al.) from the Middle Permian of Tdradl, but this species has a broader
ramp and much stronger spiral cords, especially in the abapical portion of the whorls.
Amaurotoma multispirat@p. nov. resembles species of the geBa@eaand Biarmeaspira

but we found no clear evidence of a seleneand hence place it tentativelyAmaurotoma

Superfamily Trochonematoidea von Zittel, 1895
Family Lophospiridae Wenz, 1938

GenusWortheniade Koninck, 1883

Type specieslTurbo tabulatugConrad, 1835, Carboniferous, Pennsylvania, USA.

Wortheni& waterhousesp. nov.
Figure 2.3kl

LSID. urn:Isid:zoobank.org:act: CSE3ADEE-F242D5A8EO-EBO8C72A032D.

Etymology. After Waterhouse who collected the present material and for his work on Late

Palaeozoic faunas.

Holotype. QMF 39103, the only specimen.
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Locality and horizon. Khao Phrik hill, Mueang Ratchaburi district, Eastern Ratchaburi Province,
about 13 km east of Ratchaburi city, Central Thailand (Fig. 1), Ratburi Group, Middle Permian,
Wordian.

Description. Shell small, turbiniform, 3.0 mm high, gath wide with an apical angle of about

100j; apex lowspired, domeshaped; early whorls (first 2.5 whorls) convex, seemingly smooth;
later whorls convex with an angulation situated at aboutwhiorl separating slightly concave

to straight sloping ramp ansubvertical, slightly convex abapical portion of whorl; whorls
densely ornamented with collabral axial ribs, numbering up to 40 per whorl; ribs forming sinus
at angulation of whorl face, opisthocline and sinuous below it and prosocline on ramp; sinus
shalow in penultimate whorls; last preserved whorl; whorl face of spire whorls ornamented
with three spiral cords placed just below adapical suture at the angulation where the sinus of the
ribs culminates and in between both; spiral cords are knobby atertierss with axial ribs;

spiral cord 2 is strongest on last whorl suture and above lower suture; fourth spiral cord emerges
from abapical suture; last whorl inflated, convex with three pronounced spiral cords, adapical
spiral cord weakest located closeupper suture; sinus becoming selenizone atwhdrl;
selenizone widely concave with backward curving lunulae and bordered by two strong spiral
cords; whorl surface above upper border of selenizone ornamented by prosocline axial ribs and
opisthocline, prascyrt axial rip on whorl face below lower border of selenizone; intersection of
spiral cords and axial ribs distinctly nodular; suture distinct; base evenly rounded with rounded
angular transition to whorl face and ornamented with ca. 60 axial ribs; leasawvly
phaneromphalous; aperture circular, ca. 1.4 mm high, 1.7 mm wide; inner lip arcuate, outer lip
thin.

Remarks. Due to the strong and dense axial ornament and the concave selenizone, this species
is only tentatively assigned t@orthenia This singé shell resemble§Vortheniasp. as
illustrated by Yoo (1994: pl. 9, fig. 10) from the Early Carboniferous of New South Wales,
Australia in shell shape and ornamentation, but it differs from that species in having more
closely spaced axial ribg/orthenia eenilunulaYoo, 1994, also from the Early Carboniferous

of Australia, has a similar ornament. However, this species is morepigld, the axial ribs

are not as strong and it has spiral cords on the base, whereas the present specimen has only axial
ribson the base.
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Wortheniacf. crenulunulaYoo, 1994
Figure 2.3np

cf. * 1994Worthenia crenulunulap. nov. Yodl Yoo: p. 80, pl. 8, figs. 14, pl. 9, figs. BB.

Material. One specimen, QMF 39104.

Description. Moderately highpired shell, turbiniform,@roximately four whorls (protoconch
missing), 7.3 mm high, 6.9 mm wide; teleoconch whorls sharply angulated slightly belew mid
whorl, angulation forms periphery; whorl face with concave ramp and concave portion below
angulation approximately parallel thedl axis; selenizone situated at angulation, elevated,
convex, ornamented by lunulae, bordered by two spiral crests; whorls ornamented with two
nodular spiral cords, a weaker one somewhat below adapical suture and a stronger one near
abapical suture; sutel shallow; base evenly rounded; transitiorb&se angular; seemingly
ornamented by several faint spiral cords; narrowly phaneromphalous; aperture circular, ca. 3.3

mm high, 4.0 mm wide.

Remarks. This shell closely resembles the Early Carboniferougspéaithenia crenulunula
Yoo, 1994 (p. 80, pl. 8, figs. P14, pl. 9, figs. BB). However, it is not sufficiently well
preserved for a definitive identification.

Subclass Vetigastropoda von Salvitiawen, 1980

Order Pleurotomariida Cox and Knight in Khtget al., 1960
Superfamily Eotomarioidea Wenz, 1938

Family Eotomariidae Wenz, 1938

Subfamily Eotomariinae Wenz, 1938

GenusAnaniasKnight, 1945

Type speciesPhanerotrem@welleri Newell, 1935, Carboniferous, Kansas, USA.

Ananiassp.
Figures 2.3ft, 2.4a&d

Material. QMF 3910689114.
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Description. Shell trochiform with gradate spire; larger specimen consisting of ca. 4.5 whorls,
8.3 mm high, 7.2 mm wide with an apical angle about 80j; whorls angulated at abauthonid

whorls slightly convex above gualation, forming sloping ramp; whorl face below angulation
straight, to slightly concave, almost parallel to shell axis; selenizone situated at angulation at
about midwhorl; selenizone narrow, concave, somewhat elevated, bordergairbyf spiral

thread, lower spiral thread forming angular periphery; whorl face above selenizone ornamented
with prosocline elongated nodes or ribs and fine spiral threads; base minutely phaneromphalous,
with faint spiral threads, convex and evenly rounded without angulatitransition to whorl

face; suture distinct; aperture simple.

Remarks. This species has a distinct ornament on the ramp and the selenizone situated at about
mid-whorl; it seems to be a typical representative of the ganasias which is widespread in

the late Palaeozoiénanias permianuBatten, 1989 (p. 21, pl. 4, figsbB9) from the Permian

of the Southwestern United States is the most similar species in shape, in having well developed
selenizone margins and subsutural nodes or riblets and gitae@nament. In addition, the

base this species has exclusively spiral ornament on its base, which seems to be the case in some
of our specimens as well. Howevé:,permianuds more highspired than our specimens. The
present species also resemlfembrectusBatten, 1989 (p. 20, pl. 3, figs. M8, pl.4, figs. b

7), but it differs from this species in having an elevated selenizone and by having a markedly
concave upper whorl face immediately adjacent to the upper selemzmgin. The genus
Glabrocingulumholds similar species having axially elongated nodes above the selenizone.
However,Glabrocingulumis more depressed and its selenizone is situated close to the lower

suture.

Subfamily Neilsoniinae Knight, 1956

GenusPeruvispiraChronic, 1949
TypespeciesPeruvispira delicataChronic, 1949, Late Permian, Peru.

Peruvispirasp.
Figure 2.4&y

Material. QMF 39115.



34 | Chapter 2

Description. Shell small, turbinate, moderately ksgired; single specimen consisting of ca.

4.5 whorls (apex missing), 3.1 mm high4 2rm wide, apical angle about 72j; early teleoconch
whorls (first preserved two whorls) smooth, convex; later whorls slightly angulated at about
mid-whorl at lower border of selenizone that forms periphery; selenizone situatedwaharid

slightly concae and bordered by two strong spiral cords; adapical portion of whorls forming a
distinctly concave ramp with faint prosocline growth lines; abapical portion of whorl face below
margin of selenizone subvertical to concave, without visible ornament;daasted with weak
narrowly spaced spiral threads, minutely phaneromphalous; suture indistinct; aperture round, as
wide as high.

Remarks. This single specimen resemlitesuvispira gundyensi¥oo, 1988 from the Early
Carboniferous of New South Wales, Augtah shell shape and in the position of the selenizone

at about midwvhorl. However, this species has a convex, not a concave, ramp and distinct sharp
axial threadsNeilsonia nudaMazaev, 2015 from the Middle Permian of the Veldals

Region, Russia idso similar in whorl profile and position of selenizone, but it differs from this
specimen in having a broader shape, a wider selenizone and in having a deeper suture (Mazaev
2015, pl. 4, figs. 88). Apachella turbiniformidNinters, 1963 sensu Batten (1980 28, pl. 6,

figs. 1315) is also similar, but it is broader and lacks a strongly concave ramp. The specimens
representing. turbiniformisas illustrated by Winters (1963: p. 29, plfi§s. 2224, Permian,

USA\) differ considerably from both, BattenOs (1989) material and the present gpetiésa

Batten, 1989 resembles the present specimen in having a rounded base with very fine spiral
threads. However, the upper whorl surface engvrounded and slightly convexoconcavéin
glabrabut distinctly concave in the present specimen.

Family Gosseletinidae Wenz, 1938

GenusEoplatyzondr! da, 1998
Type speciesEoplatyzona pulchr&r! da, 1998, Devonian, Czech Republic.

Eoplatyzonaatchaburiensisp. nov.
Figure 2.4k

LSID. urn:Isid:zoobank.org:act:BD88C5BD824819AE88-1966701D2730.
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Figure 2.3: 8c Amaurotom@& multispiratasp. nov., holotype, QMF 39097 Adnaurotom@& multispiratasp. nov.,
paratype, QMF 390998y Amaurotora? multispiratasp. nov., paratype, QMF 3909& hVortheni&waterhousei
sp. hov., holotype, QMF 39103.8m Wortheniacf. crenulunulaYoo, 1994, QMF 39104. dnaniassp., QMF
39105. rAnaniassp., QMF 39106. s,Ananiassp., QMF 39107.
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Etymology. Afterthe Province of Ratchaburi where the species occurs.

Holotype. QMF 39116, the only specimen.

Locality and horizon. Khao Phrik hill, Mueang Ratchaburi district, Eastern Ratchaburi Province,
about 13 km east of Ratchaburi city, Central Thailand (Figraflpuri Group, Middle Permian,

Wordian.

Description. Shell lowspired, turbiniform, consisting of ca. three whorls (apex missing), 3.8
mm high, 6.2 mm wide; body whorl broad, with slightly convex whorl face; whorl ornamented
by distinct prosocline, widgland regularly spaced, sharp axial ribs (up to 60 ribs per whorl)
above selenizone; ribs orthocline to prosocyrt below selenizone; selenizone immediately above
suture, forming periphery, bordered by prominent spiral crests; selenizone concave, smooth,
pamallel to shell axis; base flatly convex with radial axial threads representing continuation of
the axial ribs on whorl face; base either narrowly phaneromphalous or anomphalous.

Remarks.Eoplatyzona ratchaburiensisp. nov. resembleBotomaria umbilicatayoo, 1994

from the Early Carboniferous of Australia (which also could be includdtbplatyzona in

shell shape, the position of the selenizone and the ornamentation of sharp prosocline axial ribs.
However, E. umbilicata differs from the present species having distinct lunulae on the
selenizone, in being distinctly phaneromphalous and in havisgafed ribs below the
selenizone, whereas they are orthocline to prosocyrt in the new species. The genus Eotomaria,
based on an Ordovician type species, laakisl ribs and has a coeloconoid shape but is
otherwise similar to the present spectesplatyzona pulchr#&r! da, 1998, the Devonian type
species from the Czech Republic, is more fsgined, has a wider selenizone with distinct

lunulae and more convexharls.

Superfamily Porcellioidea Koken, 1895
Family Porcelliidae Koken, 1895
Subfamily Agnesiinae Knight, 1956

GenusHesperiellaHolzapfel, 1889
Type speciesPleurotomaria contrariade Koninck, 1842, Early Carboniferous, Belgium.
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Hesperiellacyrtocostatasp. nov.
Figure 2.4

LSID. urn:lsid:zoobank.org:act:C23C96ATYBF474D-80253E40F075C21E.

Etymology. Latin, for the arched axial ribs.

Holotype. QMF 39117.

Paratype. QMF 39118.

Locality and horizon. Khao Phrik hill, Mueang Ratchabustriltt, Eastern Ratchaburi Province,
about 13 km east of Ratchaburi city, Central Thailand (Fig. 1), Ratburi Group, Middle Permian,
Wordian.

Description. Shell small, sinistral, conical with blunt apex; larger specimen consisting of ca. 4.5
whorls, 3.6 mmhigh, 3.6 mm wide with an apical angle about 70j; early whorls depressed,
dextral, smooth, coiling inward and covered by later whorl; early whorls umbilicated and thus
apex has funnel like chimney; teleoconch whorls slightly convex to straight, ornamattted
strongly opisthocline, widely spaced axial ribs, numbering more than 20 per whadbectise

more oblique and more strongly prosocyrt during ontogeny; suture distinct; selenizone located
below lower suture, visible only on last whorl, narrow withstidct lunulae; base

hemiomphalous, flat with rounded angular transition to whorl face; aperture unknown.

Remarks. Hesperiella elongat&’'oo, 1994 from the Early Carboniferous of Australia closely
resembles the new species. However, the axial ribs atlh mare prosocyrt (more convex) in
doubt because the illustration of de Koninck shows a specimen with much more convex whorls
and differs in this respect from the present spetlesperiella permianand H. wordensis

both described by Batten (1989pin the Permian of the southwestern USA, differ from the
present species in having the selenizone much higher on the whorl and in being more high
spired.Hesperiella karabolkensikicharev, 1975 from the Pennsylvanian of Russia is more
slender and the seleone is in a distinctly suprasutural position.
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Figure 2.4: aAnaniassp., QMF 39108. B Ananiassp., QMF 39109. 8y Peruvispirasp., QMF 39115. #k
Eoplatyzona ratchaburienssp. nov., holotype, QMF 39116. Arrow marks position of seleniz8pélésperiella
cyrtocostatasp. nov., paratype, QMF 39118. Arrow marks position of seleniz&hklasperiella cyrtocostatsp.
nov., holotype, QMF 39117.
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Order Seguenziida
Superfamily Seguenzioidea Verrill, 1884
Family Eucyclidae Koken, 1897

GenustEucyclogala Cossmann, 1895
Type speciesTrochus binodosus! Ynster, 1841, Late Triassic, northern Italy.

Eucycloscal& sp.
Figure 2.5&d

Material. QMF 391109.

Description. Shell small, moderately highired, teleoconch fragment of three whorls; whorl
face anglar with angulation below mid/horl; strong spiral cord on angulation; ramp wide,
straight to slightly concave with one or two indistinct fine spiral threads; lower part of whorl
face narrow and distinctly concave inclined inward, bearing a spiral condvdmat above
suture; a further spiral cord marks edge at base; about seven or eight varices or axial folds
developed on the upper whorl surface at the shoulder, forming wavy upper whorl surface,
shoulder and outer whorl face; whorl embraces at basal margnd; base flatly convex,

anomphalous; suture shallow.

RemarksEucycloscala asiaticBatten, 1985 from the Permian of Perak, Malaysia is the most
comparable Permian species, but differs from the present specimen in having coarser varices
forming stromg nodes on the periphery and in being more{sigihed. Moreovelt:. asiaticahas

strong spiral cords on the base whereas our specimen shows only a faint ornament on the base.
The assignment of botlgucycloscala asiaticatten, 1985 and the present spscito the

largely Mesozoic genus Eucycloscala needs confirmation.

Family Trochidae Rafinesque, 1815
GenusCoeloconulud\Ytzel, 2012

Type speciesCoeloconulus panalYtzel in Ntzel and Nakazawa, 2012, Middle Permian,

Japan.



40 | Chapter 2

Coeloconulus panakitzel, 2012
Figure 2.5&g

v * 2012 Coeloconulus panasp. nov. NtzelN NYtzel and Nakazawa: p. 118, figs. 00j
11a.

Material. QMF 39120.

Description. Shell small with coeloconoid profile; comprising about seven preserved whorls,
earliest whorlsmissing; whorls low; whorl face flat; suture shallow and indistinct; surface

seemingly smooth but strongly corroded; base flat, distinctly phaneromphalous.

Remarks. Due to the coarse silicification, the shell is poorly preserved but closely resembles
the Permian type specimens Gf panaefrom Japan as reported byfi¥el and Nakazawa
(2012).

Subclass Neritimorpha Koken, 1896

Order Cycloneritimorpha Fda, 1998

Superfamily Naticopsoidea Waagen, 1880

Family Naticopsidae Waagen, 1880

GenusNaticopsisMcCoy, 1844

Type speciedNaticopsis philippsiMcCoy, 1844, Early Carboniferous, Ireland.

Naticopsissp.
Figure 2.5R)

Material. QMF 39121.

Description. Small shell, low spired, naticiform with about three whorls, 2.3 mm high and wide;
apical angle about 4Q; whorls smooth, distinctly convex, rounded; body whorl inflated, much
higher than spire; spire distinctly elevated; suture shallow but distinct; aperture higher than

wide, columellar lip curved, seemingly with callus.
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Remarks. The preservation of theedure is insufficient for specific identification. However,

this naticiform smooth shell resembles species of the g¥atisopsis which is diverse and
widespread in the Late Palaeozoic. For instaNegicopsis minuta&¥oo, 1994 (p. 82, pl. 14,

figs. 9B12) is similar in shell shape, but that species is smaller and has fine collabral threads.
Naticopsis hologyroidesansuy, 1914 from the Productus Limestone of Cambodgia has less

convex whorls and a straight columellar lip.

Subclass Caenogastropoda CoKmght et al., 1960
Superfamily Orthonematoideavitel and Bandel, 2000
Family Goniasmatidae Wzel and Bandel, 2000

GenusGoniasmalomlin, 1930

Type speciedMurchisonia lasallensi¥Vorthen, 1890, Pennsylvanian, USA.

Goniasmasp.
Figure 2.5Em

Material. QMF 3912£89124.

Description. Shell mediursized, turritelliform, higkspired; whorls regularly increasing;
largest specimen consisting of ca. 3.5 whorls (apex and body whorl missing), 11.8 mm high, 7.5
mm wide; whorls without distinct ornameiperiphery angulated at about mwdhorl in earlier

whorls and well below migvhorl in latest preserved whorl; selenizone not well visible but
probably convex on angulation; upper whorl face above selenizone forming straight to gently
concave ramp; whorl && below selenizone concave, inclined inward to suture; base flatly
convex, anomphalous; aperture subovate (outer lip broken off); columellar lip nearly straight;
siphonal groove weltleveloped.

Remarks. The present specimens probably belong to the @omasma which however
usually has the angulation lower on the whorls. The selenizone is not visible due to the coarse
silicification, but is probably situated on the angulation. The present specimens also resemble
species of the subgenMirchisonia(Donaldospirg Batten, 1966 in being higépired and in
having angulated whorls. Howev&onaldospirahas the angulation at mwhorl throughout,

whereas in Goniasma the angulation moves from a middle position to a position low on the
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whorls, and this is alsithie case in the present species. However, the limide®oéldospiraand
Goniasmaare not entirely clear. The present material resembles the Permian species
Murchisonia(Donaldospirg malaysiaBatten, 1985 from Perak, Malaysia in shape, in having
angulate whorls and in having a siphonal groove. Howeler(D.) malaysiadiffers from it in

having finer spiral cords on the whorls above and below the selenizone and in having the
angulation higher on the whorls.

GenusStegocoeliddonald, 1889
Type speciesMurchisonia(StegocoelincompactaDonald, 1889, Early Carboniferous,
Scotland.

Remarks. Some of the taxa present in ourectibn do also fit the subgen®&egocoelia
(Hypergonig Donald, 1892, butlypergoniahas been treated as junior synonynstegocelia
by Mazaev (2001).

Stegocoelia sp. 1
Figure 2.5&8

Material. QMF 3912689130.

Description. Moderately highpired shell, comprising about five whorls (apex missing); larger
specimen consisting of ca. 5.5 whorls, 7.9 mm high, 4.6 mm, apical ammgle &y; whorls

low, strongly convex and somewhat angulated at-whdrl; whorls ornamented with two
median spiral cords at periphery of whorls; two weaker spiral cords somewhat below and above
suture; suture distinctly impressed; aperture subcirculdarger specimen 2.0 mm high, 2.1

mm wide; base flatly rounded, anomphalous.

Remarks. All the specimens are too poorly preserved for a safe identification. Assuming it had
a selenizone or sinus in the outer lip, it would represent the d&teg®coelia There is
resemblance tGoniasmasp. 1 as reported by Chronic (1949, in Newell et al.) from the Permian
of Peru, but this species has a stronger angulation of the whorBtaegmcoelia akasakaensis
NYtzel, 2012 from the Permian of Japan is also sipilat its spiral cords are more pronounced.
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Figure 2.5: & Eucycloscal@ sp., QMF 39119 & Coeloconulus panasYtzel, 2012, QMF 391208 Naticopsis
sp., QMF 39121. kKsoniasmasp., QMF 39122. Goniasmasp., QMF 39123. Mzoniasmasp., QMF 39124. n, o
Stegocoelia? sp. 1, QMF 39125. pStegocoelid sp. 1, QMF 39126. r, Stegocoelid sp. 1, QMF 39127k
Stegocoelia centrosinuasp. nov., holotype, QMF 39131. Arrow marks position of selenizoneStgegocoelia
sp. 2, QMF 39132aa, alStegocoelid sp. 2, QMF 39133. &rocerithiun?inaequetuberculatap. nov., holotype,
QMF 39350. ad, aBrocerithiun® inaequetuberculatap. nov., paratype, QMF 39351.
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Stegocoelia centrosinuatp. nov.
Figure 2.5Ex

LSID. urn:Isid:zoobank.orgct:54D2BD62FA5A-4BES-9881-16F1FC96096B.

Etymology. Latin, for having a sinus (selenizone) at aboutwdrl.

Holotype. QMF 39131.

Locality and horizon. Khao Phrik hill, Mueang Ratchaburi district, Eastern Ratchaburi Province,
about 13 km east of Rdtaburi city, Central Thailand (Fig. 1), Ratburi Group, Middle Permian,
Wordian.

Description. Shell higispired, slender, murchisoniform; specimen consists of seven whorls, 4.0
mm high, 1.0 mm wide with an apical angle of about 40j; whorls distinctly gamveamented

with four widely spaced spiral cords; first spiral cord weakest, located somewhat below adapical
suture; second spiral cord somewhat above-wdrl; third spiral cord strongest, forming
periphery somewhat below mwhorl, fourth spiral cordigiated somewhat above abapical
suture; fifth weak spiral cord emerging from abapical suture; selenizone (or pronounced sinus)
broad, situated at migthorl, bordered by spiral cord 2 and 3; selenizone with faint spiral thread
near abapical border; suturapressed and distinct; aperture elongated subovate, 2.0 mm high,
2.1 mm wide; base rounded with two revolving cords, anomphalous, growth lines prosocyrt.

Remarks.Stegocoelia centrosinuatp. nov. has the selenizone (or a distinct sinus) at about
mid-whorl whereas in other species of the geBtesgocoeliait is situated high on the whorls.

The present species resemb&isgocoelia acutiformiMazaev, 2001 an&. acuta Mazaev,

2001 from the Middle and Upper Carboniferous of Russia in shell shape and ornamentation.
However, these species have the selenizone situated high on the whorls. Both have higher whorls
and differ in details of the ornamentation.

Stegocoeli@ sp.2
Figure 2.5¥ab

Material. QMF 3913289133.
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Description. Shell small, higbpired, slender, consisting of approximately eight whorls (apex
missing), 2.9 mm high, 1.3 mm wide with an apical angle of 34;; whorls slightly convex, rather
flat; whorls expandslowly and gradually; whorls ornamented with four distinct spiral cords;
first spiral cord placed below upper suture; second and third spiral lirae stronger; spiral 2 at
about midwhorl, spiral 3 halfway between spiral 2 and abapical suture; fourth diparal
weakest, emerging from abapical suture; whorl face between spiral cords markedly concave;
sutures distinct; aperture subcircular; growth lines obscure due to preservation; base

flattened, anomphalous.

Remarks. Growth lines could not be observed in the present material, and thus it is unclear
whether this species represer@tegocoeliaor Orthonema There are a number of Late
Palaeozoic species which are very similar, but the perseveration of our histgapoor to
establish species identit$tegocoelia altdicharev, 1975 (p. 10,EB) from the Carboniferous

of Russia is very similar to our material but seems to differ in its rather variable arrangement of
the spiral cordsOrthonema borovskensiglazaev, 2002 from the Carboniferous of Russia
closely resembles our shells, but this species has less convex whorls and its spiral cords have
the same strength instead of having a weaker adapical cord. The present material resembles
Stegocoelia (Hypergonig elongata Yoo, 1988 (p. 245, figs. E¥5) from the Early
Carboniferous of Australia in shell shape and principal ornamentation. However, spiral cords

are weaker irs. (H.) elongata and as a consequence, interspaces are not as markedly concave.

Superfamilyuncertain
Family Procerithiidae Cossmann, 1906

Genus Procerithium Cossmann, 1902 (in Chartron and Cossmann)
Type speciesProcerithium quinquegranosu@ossmann, 1902, Jurassic, France.

Procerithiun® inaequetuberculatap. nov.
Figure 2.5aEne

LSID. urnisid:zoobank.org:act:C772DCEZD6D-478EBE35FDD6C8C93882.

Etymology. Latin, for the nodes being of unequal strength on the various spiral cords.
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Holotype. QMF 39350.

Paratype. QMF 39351.

Locality and horizon. Khao Phrik hill, Mueang Ratchaburi distEastern Ratchaburi Province,
about 13 km east of Ratchaburi city, Central Thailand (Fig. 1), Ratburi Group, Middle Permian,

Wordian.

Description. Shell higispired, turritelliform; larger specimen consisting of ca. 4 whorls, 5.2
mm high, 2.4 mm wide ith; apical angle about 40j; upper whorls convex; whorl face
ornamented with three to four spiral cords and an additional cord emerging form abapical suture;
adapical spiral cords weak; two abapical spiral cords strong, first (spiral 3) one forming
periphey at about midvhorl; spiral cords are irregularly undulating and knobby; knobs
especially pronounced on spiral cords 3 at periphery, weaker and spirally elongated at spiral
cord 4; whorl face between two main spiral cords concave; suture distinctooprsthrowth

lines; transition to base angular; base flatly rounded to rounded with up to five distinct spiral

cords; apex not preserved and aperture unknown.

Remarks. Due to the ornament of knobby spiral cords, thedpigéd shell shape and the
opisthayrt growth lines the present shells resemble Mesozoic shells belonging to the diverse
and often abundant families Procerithiidae or Cryptaulacidae. Such shells are rare in the Late
Palaeozoic, e.gRlicacerithiun®? sp. as reported byWel and Nakazaw&2012) from the
Permian of Japan, but this shell differs distinctly from the present ones, for instance, in having
strong varixlike axial ribs. The assignment of the present speci®docerithiumis tentative
because the early whorls could not be obs@grwhere are similar species of the vetigastropod
family Eucyclidae. However, the opisthocyrt growth line pattern of the present material points
more to Caenogastropoda. The specimens at hand have a different mode of preservation than
the other materialttsdied hereifll they are obviously not silicified. It seems to be possible that

they derive from a different rock unit.

Superfamily Peruneloidea 'Rta and Bandel, 1997
Family Imoglobidae Ntzel and Cook, 2002
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GenusChlorozygaNYtzel and Cook, 2002

Type specied-demizyga decussadoo, 1988, Early Carboniferous, Australia.

Chlorozyga asiaticap. nov.
Figure 2.6a, b

LSID. urn:Isid:zoobank.org:act:519CC4362248CF9CO06E1DE49DAA81S.

Etymology. After the Asian continent.

Holotype. QMF 39352.

Locality and horizon. Khao Phrik hill, Mueang Ratchaburi district, Eastern Ratchaburi Province,
about 13 km east of Ratchaburi city, Central Thailand (Fig. 1), Ratburi Group, Middle Permian,
Wordian.

Description. Shell minute, fusiform; consisting of caefivhorls (apex missing), 3.5 mm high,

2.0 mm wide with an apical angle about 50j; spire relatively low, whorls distinctly rounded and
convex, ornamented with distinct, densely spaced axial ribs numbering about 35 per whorl or
more; axial ribs slightly praxline prosocyrt; ribs continue onto base but become weaker; last
whorl inflated; sutures impressed; base anomphalous rounded, convex; aperture elongated
subovate; columellar lip reflected.

Remarks. The single present specimen is very simil&hlorozyg decussatdYoo, 1988)
from the Early Carboniferous of Australia as illustrated by Yoo (1988: fig®188n shell
shape and in the ornament of axial ribs. HoweRedecussatdas adpressed teleoconch whorls
which are less convex than @ asiaticasp. nov.(see also Mizel and Cook 2002the suture

is less impressed 1@. decussataThe specimens that were illustratedCaslecussatdy Yoo
(1994: p. 85, pl. 16, figs. :4) resemble our specimen more closely in these respects, but the
species ideification of these specimens from the Early Carboniferous of Australia is doubtful.
The type species @hlorozygahas a very characteristic reticulate ornament on the larval shell
(Yoo 1988; Nitzel and Cook 2002). However, the protoconch of the prepestrsen is not
preservedHemizygaGirty, 1915 has distinctly prosocline axial ribs that become weaker during
ontogeny (Hoare and Sturgeon 1980a: pl. 1, fig. 1). The Devonian deaeoghilinaFr! da,
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1998 andalbiniconchaFr! da, 2001 have a similar églconch morphology and could be related

to Chlorozyga GlobozygaThein and Nitecki, 1974vith the type specie&. tenuistriatafrom

the Mississippian of the lllinois Basin is also very similar, but has less convex whorls, the axial
ribs are weaker and orthocline for the most part except a weak subsutural sinus. The larval shell
of Globozygais unknown and if it has the same tygeChlorozyga these genera could be

synonyms.

Superfamily Pseudozygopleuroideae Knight, 1930
Family Pseudozygopleuridae Knight, 1930

Genus Hyphantozyga Knight, 1930
Type specieHemizygaHyphantozygagracilis Knight, 1930, Pennsylvanian, USA.

Remarls. Hyphantozygavas introduced as a subgenusHeimizygaby Knight (1930). It was
then considered a subgenusGdmizygaby Hoare and Sturgeon (1980a) andPiébcezyga
Knight, 1930 by Hoare and Sturgeon (1980bYtzd! (1998) and Mazaev (2015) treatedst

genus.

Hyphantozygakhaophrikensisp. nov.
Figure 2.6&f

LSID. urn:Isid:zoobank.org:act:52A524-A1 DA-4842B986-1CE2969F2FA7.

Etymology. After the type location.

Holotype. QMF 39353.

Locality and horizon. Khao Phrik hill, Mueang Ratchakiistrict, Eastern Ratchaburi Province,
about 13 km east of Ratchaburi city, Central Thailand (Fig. 1), Ratburi Group, Middle Permian,
Wordian.

Description. Shell higispired, slender; specimen consisting of ca. five whorls (apex missing),

3.8 mm high, 1.9nm wide; whorls rather convex; adapical portion of whorl forming steeply

sloping, gently convex to straight ramp, inclined at 50j; abapical whorl face subvertical, slightly
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convex; abapical half of whorl face ornamented by three equally strong spirs(fmndspiral

cords on last whorl), adapical spiral cord placed atwhdrl forming periphery, third spiral

cord close to lower suture; spiral cords separated by equally wide, concave interspaces; whorl
face ornamented with numerous fine, sharp axia thilat are much weaker than spiral cords;
axial ribs parasigmoidal, opisthocyrt on ramp, prosocyrt on abapical portion of whorl face; spiral
cords and axial ribs forming reticulate sculpture on abapical half of whorl face with intersections
being not nodwr; suture impressed; base flatly convex, anomphalous.

Remarks. The cancellate ornamentation suggests this single shell could represent the
pseudozygopleurid gend$yphantozyga However, unlike in this genus, the spiral cords are
much stronger than theial ornament and are restricted to the abapical half of the whorl face

in Hyphantozygakhaophrikensisp. nov. Therefore, we plaee?khaophrikensisp. nov. only

tentatively in this gendéit probably represents a new genus.

Superfamily Subulitoidea bdstrSm, 1884
Family Subulitidae LindstrSm, 1884

Genuseptoptygmanight, 1936
Type speciesAuriptygma virgatunkKnight, 1931a, Pennsylvanian, USA.

Leptoptygmasp.
Figure 2.6

Material. QMF 39354, 39,355.

Description. Shell turbiniform; larger spaeen consisting of four whorls (apex missing), 5.4
mm high, 4.0 mm wide with an apical angle about 70j; whorls smooth and distinctly convex;
last whorl inflated; whorls embrace low on the preceding whorl at rounded periphery at
transition to base; base raled, convex, phaneromphalous; inner lip developing single

columellar fold; suture impressed.

Remarks. The aperture of the present specimens is broken, but the whorl profile and the presence

of a columellar fold suggest them to represent Subulitoideavidexr sense (see¥izel et al.
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2000; Nvtzel and Pan 2005). The present specimens resdrepl®ptygma subtilistriatum
Knight, 1931 (p. 225, pl. 25, fig. 1a) from the Pennsylvanian of the US, but they

are too poorly preserved to establish species idertggtoptygma gremechaend$azaev,

2015 (p. 974, pl. 36, fig. 10) from the Middle Permian of the \\Jgals region, Russia is also
similar but has less convex whorBoleniscus girty{Erwin, 1988) as reported by Mazaev
(2015: p. 969, pl. 36, figsEB) from the Permian of Russia is similar but this species has more
convex whorls and according to Erwin (1988) the illustrated holotype of this species from the
Permian of the US has a more distinct columellar f8tdobeus dongluoens{®an Y.T. and

Yu, 193) as reported by Pan and Erwin (2002: p. 32, figs. B&3)4rom the Permian of China
differs in having a shallower suture and a more elongated shape.

Superfamily Soleniscoidea Knight, 1931a
Family Soleniscidae Knight, 1931a

GenusSoleniscudMeek and Worthen, 1861
Type speciesSoleniscus typicugleek and Worthen, 1861, Carboniferous, USA.

Soleniscusp. 1
Figure 2.6&x

Material. QMF 3935889358.

Description. Shell moderately higdpired with conical spire, conical; whorls smooth, slightly
convex; larger specimen consisting of seven whorls, 8.4 mm high, 4.9 mm wide with an apical
angle of about 360j; last whorl inflated; whorls embrace at rounded periphery at transition to
base; base rounded, anomphalous; aperture subovate, outer lphsdrtteckened, inner lip

with columellar fold; base anomphalous; suture shallow but distinct; apex acutely conical.

Remarks. Similar smooth shells with distinct columellar fold have been reported from the Late
Palaeozoic all over the world. For exam@e)eniscus girty{Erwin, 1988) (USA and Russia)

as illustrated by Mazaev (2015: p. 969, pl. 36, fid¥)3s similar but this species has a weakly
concave depression on the upper part of the whorls and a smaller pleuralSahghescus
callosusYoo0, 188 (see also Yoo 1994) is also similar, but it has fine transverse lirae on the
teleoconch whorls.
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Soleniscus sp. 2
Figure 2.6n

Material. QMF 3935889360.

Description. Shell fusiform, distinctly higher than wide, with last portion of last whorl lslight
constricted; larger specimen consisting of six whorls, 9.3 mm high, 4.7 mm wide with an apical
angle of about 50j; whorls smooth, slightly convex; periphery atwhiorl; whorl embracing

below periphery; base rounded, convex, anomphalous; apertureasybelongated, 2.8 mm

high and 2.4 wide; inner and outer lip thin; suture shallow; apex acutely conical.

Remarks. These poorly preserved specimens res@&uoldaiscuspecies, but a columellar fold

is not visible. They resemble for instarfseleniscus pdas Pan and Erwin, 2002 (p. 32, figs.
15.119) from the Permian of South China but the shape of the aperture of the present

specimens is more ovate.

Family Meekospiridae Knight, 1956

GenusMeekospiraJlrich in Ulrich and Scofield, 1897
Type speciesEulima peracutaMeek and Worthen, 1861, Carboniferous, USA.

Meekospir& sp. 1
Figure 2.6u, v

Material. QMF 39361.

Remarks. This moderately slender shell with slightly convex, smooth whorls consists of at least
five whorls, is 2.9 mm high (apex missing), 1.4 mm wide and has an apical angle of about 40;j.
The suture is shallow and indistinct. Details of the aperturdéhembdase are not observed. This

poorly preserved specimen could represent the widespread Late PalaecozoMeghkaspira

Meekospir& sp. 2
Figure 2.6w, X

Material. QMF 39362.
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Description. Shell higispired, consisting of at least six whorls (apex mgs 3.0 mm high,

1.6 mm wide with an apical angle of about 30j; whorl face smooth; whorls flat to slightly
convex; whorl embrace low at periphery of preceding whorl at rounded transition to base; Base
flatly convex, anomphalous; suture shallow but dctifast whorl slightly inflated.

Remarks. This single meekospiriform, smooth specimen resemblEszona politaGordon

and Yochelson, 1987 (p. 81, pl. 9, figsER3) from the Early Carboniferous of the USA, but
Bellazonahas a selenizone, and there is no indication that this is the case in our specimen,
although the preservation does not really allow statements about the growth line pattern. It also
resembles various other species that have been assigvegkospira most of these armore
slender, however, and have higher whorls (e.g., Erwin 198&gNet al. 2000). Similar shells

are also found among Permian species that have been assigned to tirrgestidusansuy,

1914 (e.g., Batten 1985;¥zel and Nakazaw2012).

Superfamily uncertain

Family Coelostylinidae Cossmann, 1908

GenusProtostylusMansuy, 1914
Type speciesProtostylus lantenoidlansuy, 1914, Carboniferous, Yunnan, China.

Protostylussp.
Figure 2.6¥ab

Material. Two specimens, QMF 393&H364.

Description. Shell higispired, slender; larger specimen with regularly increasing whorls (apex
missing), 11.1 mm high, 3.6 mm wide; whorl face flattened; suture shallow and indistinct;
surface smooth; base roundsazhvex, lacking umbilicus; apertiovate, outer lip thin, arched,
columellar lip short with posterior angle, well developed anterior siphonal notch.

Remarks.Protostylusis a problematic genus of higipired, smooth gastropods originally
described from the Late Palaeozoic of South Chie outlined by Nzel (in Nvtzel and
Nakazawa 2012), its type species was based on poorly preserved and documented type material.
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Figure 2.6: a, IChlorozyga asiaticap. nov., holotype, QMF 3935ZfcHyphantozygakhaophrikensisp. nov.,
holotype, QMF 39353. g, heptoptygmap., QMF 39354. i, eptoptygmap., QMF 39355. k, $oleniscu3 sp.
2, QMF 39359. m, Boleniscu® sp. 2, QMF 39360. o, $oleniscusp. 1, QMF 39356. g, $oleniscusp. 1. s, t
Soleniscusp. 1, QMF 39358. u, Meekospir& sp. 1, QMF 39361. w, Meekospir& sp. 2, QMF 39362. vy, z
Protostylussp. aa, aliProtostylussp., QMF 39364. ac, adimina sp., ae, aKimina sp., QMF 39366. ag, ah
Palaeozygopleuraf. obesayoo, 1994, QMF 39367. ai, &alaeozygopleuraf. obesayoo, 1994, QMF 39368.
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Batten (1985) identified specimens from the Permian of MalaysR &stenoisiMansuy,

1914, i.e., the type species of Protostylus. He placed the genus in Procerithiidae together with
Palaeostylus mainly because of the presencanoénterior siphonal notch. A placement in
Palaeostylidae is preferable because Procerithiidae is essentially a Mesozoic family and
Procerithiumdiffers widely fromProtostylus However, firm ground regarding its placement is

only reached if the type spesi of Protostylusbecomes better known, especially its aperture
and protoconch (Mzel and Nakazawa 201Zpmphaloptychia paleozoiddatten, 1985 from

the Permian of Perak, Malaysia is similar, but is broader and has higher whorls.

Superfamily and familyincertain

Genus Kimina Yoo, 1994

Type specieKimina globosa¥oo, 1994, Carboniferous, Australia.

Kiminasp.
Figure 2.6aEaf

Material QMF 39365, 39366.

Description Shell moderately highpired with gradate spire; larger specimen consisting of ca.
five whorls (apex missing), 4.3 mm high, 2.3 mm wide, with an apical angle of ab&050;
whorls evenly convex ornamented with slightly prosocline prosocyrt, strengthened growth lines;

base convex; suture deep, impressed.

Remarks. The present specimesamble&imina australisYoo, 1994 (p. 91, pl. 19, figsBa)
from the Early Carboniferous of the Tamworth Belt, New South Wales, Australia, in shape and
in having markedly convex whorls. However, the present material has much more distinct

growth lines ad higher whorls.

Subclass uncertain
Superfamily Loxonematoidea Koken, 1889
Family Palaeozygopleuridae Horil955
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GenusPalaeozygopleurddorn! , 1955
Type speciesZygopleura alinaderner, 1907, Devonian, Czech Republic.

Palaeozygopleuraf. obesaYoo, 1994
Figure 2.6 afgj

cf. * 1994Palaeozygopleura obesp. nov. Yodl Yoo: p.84, pl. 16, figs. B4.

Material. QMF 3936#89368.

Description. Shell higispired, small; apical angle nearly 40j; protoconch missing; specimen
with six preserved regularincreasing whorls; larger specimen consisting of about six whorls,
9.5 mm high, 4.4 mm wide with an apical angle about 45j; whorls sloping, gently convex with
periphery low on whorl so that whorl profile is pending; whorls embrace below; whorl face
ornameted with slightly opisthocyrt prominent, closely spaced axial ribs numbering aldout 28
32 per whorl; ribs nearly as wide as interspaces; suture distinct; base flatly convex with rounded
transition to whorl face; ribs continue onto base but cease rappmlytuae as high as wide,
rounded subquadrangular with almost straight parietal lip.

Remarks. Both specimens at hand strongly reseRdieozygopleura obeséoo, 1994 from

the Early Carboniferous of Australia in shell size, shape, whorl profileraadh@ntation. There

are also other similar species of the gelhakeozygopleuraA similar teleoconch morphology

also occurs in Pseudozygopleuridae and in the g@mlsrozygaNYtzel and Cook, 2002.
However, the knowledge of the protoconch morphology lvdee needed for a correct
placement of the present materlseudozygopleuréPseudozygopleuja lauta Gordon and
Yochelson, 1987 from the Late Mississippian of Utah is also similar, but the present specimens
have finer axial ribs. Gordon and Yochelson (1987) mentioned that their specinier{B.gf?

lauta lack the early whorls including the protoconcimdahence the assignment to
Pseudozygopleura (Pseudozygopleujais questionable PseudozygopleurdP.) convexus
Batten, 1985 from the Permian of Malaysia has fewer, straighter and broader axial ribs.
Palaeozygopleur&ushnaraelicharev, 1968 from the Latealaeozoic of Russia is similar to

the present specimens, but this species has straighter ribs.
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Subclass Heterobranchia Burmeister, 1837
Superfamily Streptacidoidea Knight, 1931b
Family Streptacididae Knight, 1931b

GenusStreptacidMeek, 1871
Type spea@s.Streptacis whitfieldMeek, 1871, Carboniferous, USA.

Streptaci® sp.
Figure 2.78&f

Material. QMF 3936889372.

Description. Shell higispired, minute, slender (apex missing), consisting of about nine whorls;
largest specimen 5.9 mm high, 1.8 mm wwdéh an apical angle of about 20j; protoconch
unknown; whorls regularly increasing, smooth and strongly convex; suture distinctly impressed;

body whorl roundegtonvex; base evenly rounded, anomphalous.

Remarks. The present specimens are too poorly peebéprotoconch and early teleoconch
are missing. These small, highired shells without ornamentation might resemble the
widespread genuStreptacisas it has been reported from Thailand (Ketwetsuriya et al. 2016)
and Japan (Mzel and Nakazawa 2012). &hspecimen number 70 and 71 are similar to
Streptacis inflataErwin, 1988b from the Permian of the Southwestern, USA in being
turritelliform with strongly arched whorls and lacking ornamer@treptacis subgracilis
(Netchaev, 1894) from the Permian of Rass also very similar (Mazaev 2018).

Family Donaldinidae Bandel, 1994
GenusYoospiraBandel, 2002
Type speciesDonaldina minutissim& oo, 1994, Early Carboniferous, New South Wales,

Australia.

Yoospir& sp. 1
Figure 2.7k
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Material. QMF 3937B89375.

Description. Shell small, higepired, slender, turriculate consisting of at least seven slowly
increasing whorls (apex missing); largest specimen 4.4 mm high, 1.4 mm wide with an apical
angle about 50j; whorls distinctly convex, ornamented with fogidt@rominent spiral cords;
adapical spiral cord located near upper suture, weakest; other cords of about the same strength;
abapical spiral cord just above abapical suture; suture impressed and distinct; aperture oval,
slightly higher than wide; base raded, anomphalous.

Remarks. The present shells closely reseMblespira but are only tentatively assigned to that
genus because they lack the protoconch. They resefoblgpira minutissim@y oo, 1994) (p.

93, pl. 21, figs. ©6) from the Early Carbonifeus of Australia. Howevery. minutissimahas

more convex whorls and its spiral cords are wedBenaldina filosaYoo, 1988 (p. 248, figs.
104P109) from the Early Carboniferous, New South Wales, Australia is also similar to the
present material. HoweveD. filosa has a strong opisthocline collabral ornamentation and
Donaldinain general lacks spiral cords in the adapical portion of the wHesksudoaclisina

microspirulataYoo, 1994 has many more spiral cords (22 fine spiral cords).

Yoospir& sp. 2
Figure2.71, m

Material. QMF 39376.

Description. Shell small, higgpired, very slender, turriculate consisting of at least seven slowly
increasing whorls (apex missing); specimen 4.6 mm high, 1.1 mm wide with an apical angle
about 34j; whorls flatly convex, il periphery low on the whorls; whorls ornamented with
several faint spiral striae; aperture circular, 0.5 mm high, 0.6 mm wide; base flatly rounded.

Remarks. This specimen is more slender and has less convex whoedspir® sp. 1. Itis
guestionable whetheYoospir® sp. 1 andYoospir& sp. 2 are congeneric. The specimen
illustrated here (Fig. 71, m) closely resembBsnaldina gracilis Erwin, 1988 from the
Wolfcampian Hueco Formation of West Texas, but preservation potwdor an identification.
Yoospira morgantownendgandel, 2002 from the Pennsylvanian of Ohio is similar bit its spiral

cords are finer.
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Problematic uncoiled sinistral taxon

Figure 2.7n, 0

Material. QMF 39377.

Description. Shell sinistral, vermifornepnsisting of ca. four whorls (apex missing), 3.3 mm
high, 1.1 mm wide; whorls disjunct, round, convex and smooth; aperture subcircular, 1.8 mm

high, 1.4 mm wide; protoconch not preserved.

Figure 2.7: a, Istreptaci® sp., QMF 39369. c, 8treptaci® sp., QMF 39370. e Streptaci® sp., QMF 39371. g,
h Yoospir& sp. 1, QMF 39373 Moospir& sp. 1, QMF 39374. j, ¥oospir& sp. 1, QMF 39375. |, Moospir& sp.
2, QMF 39376. n, o Problematic uncoiled sinistral taxon, QMF 39377.

Remarks. The singlergsent shell probably represents an undescribed new taxon, but it is too
poorly preserved for a taxonomic assignment. This shefliggie in that it has sinistrahcoiled
whorls. It is similar to the Late PermidmaxellaPan and Erwin, 2002 in having ancoiled,
vermiform shell. Howevel, axellahas a dextral teleoconch. The protoconch is not preserved
in our material. The possibility that this specimen is a steinkern of a sinistral taxon cannot be
ruled out entirely. However, the aperture seems to atelithat this is not the case, as it seems

to represent a replaced shell.
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2.6 Discussion and conclusion

The studied Wordian materials derived from the Ratburi Limestone at Khao Phrik, Ratchaburi
Province, Central Thailand, represent the first silicified Pamngastropod fauna known from

the Sibumasu terrane of Thailand. This fossiliferous limestone produced abundant brachiopods
together with gastropods, bryozoa, some fusulinids, sponges and corals. The presence of these
fossils suggests that the depositiomavironment of the Ratburi Limestone of Khao Phrik was
shallow water, probably from a fereef setting with access to the open sea.

The studied gastropod assemblage from this location is diverse and encompasses 34
species comprising 17 nominate specied &7 species in open nomenclature. The generally
poor preservation due to the coarse silicification resulted in extensive use of open nomenclature.
Nine new species are described herBatispira khaophrikensifdAmaurotom& multispiratg
Eoplatyzona ratisaburiensis Hesperiella cyrtocostataWortheni& waterhousei Stegocoelia
centrosinuata Procerithiun? inaequetuberculataChlorozyga asiaticaand Hyphantozyga
khaophrikensis There are a number of typical Late Palaeozoic cosmopolitan genera in the
present collection including aSuphemitesWarthia, Ananias Worthenia Meekospiraand
StegocoeliaSome of these widespread genera are reported from Thailand for the first time
(Ananiasand Worthenig. Bellerophontids are the most abundant group, Wtrthia and
Retispirabeing especially abundant. With five species and four genera, bellerophontoids are
also diverse. Vetigastropoda are diverse and abundant in this assemblagde Hsevigpical
Late Palaeozoic genésianiags reported for the first time from Thailand. Heterobranchia seem
to be diverse and important in this fauna. However, heterostrophic protoconchs are not
preserved, and therefore the attribution of the specigsi@stion remains doubtful given that
Heterobranchia and Caenogastropoda commonly have similar teleoconch morphologies.

The Permian gastropod fauna from the Ratburi Limestone of Khao Phrik shares only a
single species with the diverse Permian gastropachafafrom the Tak Fa Limestone
(Ketwetsuryia et al. 2016Retispira lyelli(Gemmellaro, 1890). Moreover, several taxa treated
in open nomenclature, such Maticopsissp.,Meekospir& sp.,Protostylussp. andStreptaci®
sp., are present in both faunasughalthough the gastropod faunas from the Ratburi Limestone
and the Tak Fa Limestone have approximately the same age (Middle Permian) and come from
the Palaed ethys, their species composition differs strongly. This suggests that they belong to
differentbiogeographic provinces. The Tak Fa fauna derives from the Indochina terrane, which
had an equatorial position, whereas the Khao Phrik fauna belongs to the Sibumasu terrane,
which was situated at lower latitudes (Ueno and Charoentitirat 2011).
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In addition,the gastropods described herein display relationships to several other Late
Palaeozoic gastropod faunas from the Paleethys.Retispira lyelli(Gemmellaro, 1890) is the
only species that was also reported from the Permian gastropod fauna from Pesagkjavial
(Batten 1972), and the only species that has been reported from all terranes of théd&hleeo
Several other species closely resemble species from Malaysia (Batten 1972, 1985), such as
Palaeozygopleur&f. obesaYoo, 1994, Eucycloscal@ sp.,Protostylussp. andGoniasmasp.
Moreover, several Khao Phrik species resemble species from the Early Carboniferous of
Australia (Yoo 1988, 1994) as discussed above, incluglopjatyzona ratchaburiensgp. nov.,
Chlorozyga asiaticap. nov.,Wortheniacf. crenulunulaYoo, 1994,Wortheni& waterhousei
sp. nov.Hesperiella cyrtocostatap. nov. Palaeozygopleuraf. obesaYyoo, 1994 Kiminasp.,
Peruvispirasp.,Stegocoelid sp. 2 antY oospirasp. However, the large difference in age (Early
Carboniferous vs. Midle Permian) makes it unlikely that species are actually identical. This
underlines the fact that the studied fauna from Thailand has a typical Late Palaeozoic character.
Several taxa are also shared with the Permian gastropod fauna from the Akasakankimes
Japan (Mzel and Nakazawa 2012) and South China (Pan and Erwin 2002). These faunas may
have been related in the Palaesthys. However, additional systematic and quantitative studies
of the gastropod faunas from the Paldethys are needed to imfdiversity dynamics and
palaeobiogeographical distributions of Permian gastropods from Southeast and East Asia.
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3.1 Abstract

A new Permian gastropod assemblage from the Roadian (Middle Permian) Khao Khad
Formation, Saraburi Group (Lopburi Province, Central Thailand) which is part of the Indochina
Terrane, has yielded one of the most diverse Permian gastropod faunas knowndianmdTh

A total of 44 gastropod species belongin@@xgenera are described herein, including thirteen

new species and one new genlifie new genus iAltotomaria The new species are
Bellerophon erawanensisBiarmeaspira mazaeyi Apachella thailandensis Gosseletina
microstriata Worthenia humiligradaAltotomaria reticulata Yunnania inflata Trachydomia
suwanneege Trachyspira eleganta Heterosubuliteslongusapertura Platyzona gradata
Trypanocochlea lopburiensandStreptaci® khaokhadensidMostof thespedes in the studied
assemblageepresentvetigastropods (35.6%) and caenogastropods (26.7%) and most of the
species belong to Late Palaeozoic cosmopolitan genera. The studied faunas come from shallow
water carbonates that are rich in fusuliniftdlowed by gastropods, ostracods, bivalves and
brachiopods. The gastropod assemblage from the Khao Khad Formation shares no species in
common with the gastropod assemblages from other Permian Formations in Thailand, from the
Tak Fa Limestone and the Ratbuimestone. However, it is very similar to the Late Permian
gastropod faunas from South China of the Paleetbys, therefore it suggests that the Indochina
Terrane was not located far from the South China.

3.2 Introduction

Permian marine invertebrat@unas from the Indochinderraneof Thailand have been
intensively studieadver the pastlecade (e.g., fusulinids, brachiopods, bryozoan, corals and
ostracods). The knowledge on the fauna together with the previous stratigraphic and
sedimentological studs suggest the existence of a carbonate platform along the western edge
of the Indochina Terrane during the Permi@dthough gastropods are a major benthic
invertebrate component in the limestones from the Indochina Terrane of Thailand, their
taxonomy andliversity have been rarely studied until recently. Permian gastropod faunas from
Thailand have been studied in detail only during the last 6 years by Ketwetsualy§2014,

2016), who provided the first detailed study of the Middle Permian gastréqgpoashe Tak Fa
Limestone (Saraburi Group) of the Indochina Terrane and by Ketwetstrala(2019), who

studied gastropods from the Ratburi Limestone of the Sibumasu Terrane. These studies reported
numerous new species mostly representing typical Lal@eBzoic gastropod genera. Prior to
these studies, only a few reports mentioned the presence of Permian gastropods from Thailand
(Grant 1976; Waterhouse 1982; Sone 2010) without providing a detailed study.
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Figure 31: Geological map of the studgcation at Erawan Hill, Chong Sarika sdistrict, Phatthana Nikhom
district, located about 13 km east of Lopburi Province, Central Thailand.

The present study describes a new Permian gastropod fauna from the Khao Khad
Formation (Saraburi Group) at Erawadill, Lopburi Province, Central Thailand of the
Indochina Terrane. The outcrops of the Khao Khad Limestone at Erawan Hill have yielded
several species of the Permian marine invertebrate fossils including fusulinids, brachiopods,
bryozoans, bivalves, ositods and especially gastropods which form the most diverse group in
this fauna. The studied gastropod assemblage represents one of the richest and most diverse
Permian gastropod assemblages known from Thailand and provides important information on
the digribution of Permian gastropods in the Paldethys. Some species and genera suggest
that the assemblage is related to the Late Permian gastropod faunas from South China, the
Permian faunas from Cambodia and Japan and the Pennsylvanian and Permiaof fdngnas
USA.

3.3 Geological setting

The Permian sedimentary rocks extending in central Thailand along thBsoortth orientation

on the eastern side of the Chao Phraya Central Plain have been assigned to the Saraburi Group
(informally known as Saraburiitnestone) (Nakornsri 1976, 1981; Bunopas 1981) which
consists of widely exposed carbonate rocks along the western margin of the Indochina Terrane
(Hinthonget al 1985).
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The Permian limestone in the study area is a part of the Khao Khad Formation of the
Saraburi Group (Fig3.1). The Khao Khad Formation was initially erected by Hinthong (1981)
for the carbonate rocks that exposed in an almost \BINS¥ direction in the Saraburi area
through southern Lopburi area. It mainly comprises-ttarnvery thickbedde limestone and
locally interbedded with argillaceous limestone and clastic sedimentary rocks, i.e., shale,
siltstone, sandstone and conglomerate. The bioclastic limestone lithology together with
abundant marine invertebrate faunas suggests shalbmme deposition in a carbonate
platform. The presence of several invertebrate groups has been reported in this formation, e.g.,
fusulinids, brachiopods, gastropods, ostracods, bivalves, corals and ammonoids. However, only
fusulinids have been investigated irtadk which indicate the age ranging from Early to Middle
Permian (Pitakpaivan 1965; Toriyarebal 1974; Toriyama & Kanmera 1977, 1979; Dawson
1993). The studied limestone samples yield numerous fusulinderbéekinasp. (Fig.3.2A,

B) that indicate Kibergandian (=Roadian, Middle Permizage based on CharoentitiratOs
identification.

The faunas described herein were collected from the weathered limestone surface
exposed at Erawan Hill, Chong Sarika-slistrict, Phatthana Nikhom district, located about 13
km east of Lopburi Province, Central Thailand (R4.). The samples were taken from several
limestone outcrops that exposed as the lapies 34, C) of 10 acres near the road No. 3334
at the west foot hill of Erawahlill (GPS N21ij56'24.5" and E96j30'11.2"). The outcrops
composed predominantly of shallomarine limestoneonsisting generally of black to light gray
limestone or recrystallizeargillaceous limestone (Fi§.2C, D).

Figure 3.2 Photomicrographs of thisections of the studied fossiliferous limestone 0f the Khao Khad Formation
at Erawan Hil, Lopburi Province, Central ThailandEB, the index tax&erbeekinap.CED, Bioclastic packstone
with gastropods, fusulinids, brachiopods, bivalves and dasyclad algae.
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3.4 Material and methods

The present fossil material was obtained by surface collection from weathered out material at
the surface of massive hard limestone blocks @8B, D). Fossils could not be obtained from

the unweathered parts of the hard, massive fossiliferous limsesgem@pling was performed

in March 2017 and May 2018. In addition to collection of fossils in the field, 5 kg of weathered
out scree sediments from six different exposures near the limestone block. Laboratory work was
done at the Bayerische StaatssammiirgPalSontologie und Geologie in Munich, Germany.

The sediments were wet sieved at mesh sizes of 0.2 mm, 0.5 mm and 5 mm and the residues
were dried at the 40 degrees Celsius for one day. All fossils were picked from the residues under
a microscope. Fodsiwere sorted according to species and selected specimens were documented
aided by microphotography (mostly whitened with ammonium chloride) or with SEM. Finally,
gastropods were identified as far as possible. In addition, thin sections of rock samples we
prepared for sedimentological analysis.

Repository. All type specimens of gastropods are housed in the Department of Earth
Sciences, Faculty of Science, Kasetsart Univerddgngkok Thailand)under the general
repository number ESKU19-LP 1EP21.

Classification. The classification used in this article follows Kniggdital. (1960) and
Bouchet et al (2017). Bellerophontids are classified as subclass of gastropods
(Amphigastropoda). A recent discussion of the systematic placement of bellerophontids was
given by Harper (2018). Euomphaloidea are classified BesaD taxa that are certainly
Gastropod@ (sbclass incertae sedicording to Harper 2018) because it is sure that they
represent Palaeozoic Gastropoda but their phylogenetic/systematic pasitimputed e.g.,
Bandel & Frlda (1998): subclass Euomphalomorpha, and NYtzel (2002): subclass
Vetigastropoda.

3.5 Results

The studied samples have yielded 221 gastropods representing 44 bpémiggsng to30
generaGastropoda is the most abundant divérse groupAs mentioned above, the stratigrapy

of the studied gastropod fauna is based on the fusulinids identified Bharoentitirat
Numerous fusulinidgepresentingverbeekinasp. (Fig.3.2A, B) indicatean Kubergandian

(= RoadianMiddle Permianjige As in many other Permian faunas from Japan and Southeast
Asia, the preservation of the gastropods is commonly poor and shells are strongly and coarsely
recrystallized (coarsely silicified). However, a number of specimens providediesoiffi

morphological characters for an identification or characterization of new taxa.
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Figure 3.3A, C, Limestone outcrops exposed as the lapies at the west foot hill of Erawan hill; hammer in the right
side for scale (C). B, D, Weathered surface limestorepresented by bioclastic packstonaragxample for
preservatiorthat the studiedhaterialswere collected; scale bars represent: 10 cm (B); 2 cm (D).

The present gastropod assemblage from the Middle Permian of the Khao Khad
Formation of SaraburGroup at Erawan Hill, Lopburi Province represents the most diverse
Permian gastropod fauna known from Thailand. This fossiliferous limestone is rich in fusulinids
and yields abundant gastropods together with ostracods, brachiopods, bivalves and some
crinoids. Gastropods are the most diverse clade in this assemblage. The studied material come
from the shallowmarine carbonate platform of the Khao Kwang platform of the Indochina
Terrane which is widely distributed in central and northeastern Thailand.

A total of 44 gastropod species have been deschieeg, thirteen of which are new:
namelyBellerophon erawanensiBiarmeaspira mazaevipachella thailandensj§sosseletina
microstriata Worthenia humiligradaAltotomaria reticulata Yunnania inflata Trachydomia
suwanneege Trachyspira eleganta Heterosubuliteslongusapertura Platyzona gradata
Trypanocochlea lopburiensiand Streptaci® khaokhadensisThe assemblage consists of
several typicaglcosmopolitarate Palaeozoic genera suctBatlerophonWartha, Worthenia

AnomphalusNaticopsis TrachydomiaPalaeostylusndProtostylus
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The clade proportions of the gastropod faunas that have been reported from Thailand so
far differ considerably from each other (F&¢). The clade proportion of the present gastropod
fauna (Fig.3.4A) shows that it is dominated by Vetigastropoda which comprise of 16 species
(35.6%). Pleurotomariida is the most diverse group of Vetigastropoda and most of the new
species belong to this grp. Highspired caenogastropods are present with 11 species (24.4%)
including several species of the superfamily Orthonematoidea. Neritimorpha are represented by
at least 8 species (17.8%) containing various species of the géate@psisandTrachydomia
and followed by Bellerophontida at 11.1%. Only a single species (2.2E)avhphalina and
Heterobranchia is present this assemblage.

The Permian gastropod assemblages from the Tak Fa Limestone of the Saraburi Group
reported by Ketwetsuriyet al (2014, 216) consists of 40 species and the relative quantitative
data have been analyzed by Ketwetsuayal (in prep.) from the Tak Fa Formation of the
Nakhonsawan area, which is also located at the western margin of the Indochina Terrane (Sone
& Metcalfe 20@). In contrast to the assemblage studied herein, Vetigastropoda is as diverse as
Caenogastropoda in the Tak Fa assemblage 3EiB) and both contribute 32.5% of the total
species diversity eachwith Anomphalussp. being most abundant. Although, thetgapod
faunas from the Khao Khad Formation and the Tak Fa Formation come from the Indochina
Terrane of the eastern PalaBethys, there is no species in common and thus their species
composition differs distinctly from each other as discussed above. ldovegthe genus level,
there are sever@ypical Late Palaeozoic cosmopolitan gersrared between the two localities
i.e., Warthia Bellerophon Euomphalus Anomphalus Yunnania Microdoma Naticopsis
Trachydomia StrobeusPseudozygopleurdrotostylis and Streptacis This result shows that
there are great variations in the diversihd composition of Permian gastropod assemblages in
the Saraburi Limestone of the Indochina Terrane which probably reflects different
environmental conditions within theonate platform of the Indochina Terrane.

The gastropod fauna from the Permian Ratburi Limes®athaburi Province, Central
Thailand, represents the first silicified Permian gastropod fauna known from the Sibumasu
Terrane(Ketwetsuriyaet al 2019).It consists of 34 species. Caenogastropoda are the most
diverse clade in this assemblage (44.1% of the total species;3Big), followed by
Vetigastropoda that encompass 26.5% of the total number of sgee@sphalina are absent
in the Ratburi Limestone. The studied assemblage from the Khao Khad Forwiation
Indochina Terrane has no shared species and its species content differs strongly from the

gastropod assemblage from the Ratburi Limestone. Howthexe are severdypical Late
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Palaeozoic generalso shareé between these two assemblag&¥arthia Bellerophon
Peruvispirg Worthenia Naticopsis Pseudozygopleurdrotostylusand Streptacis

Caenogastropoda and Vetigastropoda contribute most tgpéduges diversity of the
Permian gastropods in Thailand. Neritimorpha and Bellerophontida are mainly represented by
generally cosmopolitan genera. On the other hand, Heterobranchiauamgphalinglayeda
very minor role among the Permian gastropods froail@nd. However, thBermian gastropod
fauna from th&Khao Khad Formation of Erawan Hill studied herein sharespegies withthe
gastropod faunas frothe Tak Fa_imestone and the Ratburi Limestone. This suggesigh
betadiversity in this region an@lso that thePermiangastropod faunaf Thailandis still
insufficiently studied. On the genus level, many more taxa areddbetvgeen those three known
faunas Warthia Bellerophon Peruvispirg Worthenia Naticopsis Pseudozygopleura
Protostylusand Streptaciswhich are present in all faunas from Thailamat also have a
cosmopolitan distributianSeveral widespread Permian genera are recorded for the first time
from the Permian in Thailand hereiforcellia, Araeonema Biarmeaspira Trachyspira
PlatyzonaandKnightella

The comparison of the studied fauna and the other Permian easternRdlgecofaunas
suggests that the gastropods from the Khao Khad Formation of Erawan Hill are closely related
to the Late Permian gastropod faunas from SQitima (Wang & Xi 1980; Wang 1982; Pan
1985;Pan & Yu 1993; Pan & Erwin 2002). The studied gastropod assemblage seems to have a
connection with the faunas from South China, particularly the Guangxi and Yunnan provinces
in South China. The presence of theedps Euomphaluscf. pronodocarinatus Porcellia
magninodosaNaticopsiscf. heshanensiand Anomphaluscf. vanescens$urther supports that
the palaeogeographic positions of the Indochina Terrane and the@on#éPlatform during
the Permian period wepalaeogeographicallgiose to each other.

The studied gastropod fauna from the Khao Khad Formation of Erawan Hill (Middle
Permian) is older than those of the South China (Late Permian). This could suggest that
the gastropod faunas of Shu€hina migrated from the Indochina Terrane of Thailand to South
China. Some species, e¥lortheniacf. pagoda are commonly found from the Permian
gastropod fauna of Cambodia (Mansuy 1914; Delpey 1941). The Permian gastropod fauna of
the USA (Yochelson 956, 1960; Batten 1989) and the Permian gastropod fauna of Japan
(NYtzel & Nakazawa 2012) also share some taxa with the present assesublagVarthia
cf. welleri, Anomphaluscf. vanescens Anomphalu8 blancus Microdoma conicumand
Trachydomiacf. nodosum However, the taxa reported from the richest known Permian
gastropod fauna from Perak, Malaysia (Batten 1972, 1979, 1985) do rarely occur in the studied
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assemblage. The presence of several common taxa, especially on the genus level, in gastropod
faunas from South China, Cambodia, Japan and the USA suggest a faunal connection and
widespread palaeogeographic distribution of gastropods in the Padd®ees during the
Permian.

In conclusion the present Permian gastropod fauna from the Khao Kbadation of
Lopburi area has yielded about 44 spe@ad represents one of the most diverse Permian
gastropod faundenown from Southeast Asi®ne genusAltotomarig and almost 30 % of the
species described here are new. Vetigastropoda and Caenog@dasteop the most diverse
groups in this fauna. This assemblage has no species in common with other Permian gastropod
faunas in Thailand. However, a few taxa are shared with the Permian gastropod faunas from
South China, Cambodia, Japan and the USA, ed|yawsi#h the Late Permian gastropod faunas

from South China.

Figure 3.4 Relative species abundances of major clades of Middle Permian gastropod faunas in Thailand. The
gastropod faunas from the Khao Khad Formation (this study), Lopburi provinée(AYhe Tak Fa Formation,
Nakhonsawan province (B) as well as from the Ratburi Limestone, Ratchaburi province (C).

3.6 Systematic palaeontology

Class Gastropoda Cuvier, 1795

Subclass Amphigastropoda Simroth, 1906
Order Bellerophontida Ulrich &cofield, 1897
Superfamily Bellerophontoidea McCoy, 1852
Family Euphemitidae Knight, 1956
Subfamily Euphemitinae Knight, 1956
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WarthiaWaagen, 1880
Type speciesWarthia brevisinuatdVaagen, 1880, Permian, Pakistan.

Warthiacf. welleri Yochelson, 1960
(Fig. 3.5AED)

cf. Warthiawelleri Yochelson, 1960: 23256, pl. 48, figs 20P6.

Material. One specimerESKU-19-LP 24.
Dimensions (mm)ESKU-19-LP 24: height = 6.5; width = 6.5; thickness = 6.6.

Description. Involute, globose and inflated shell; minutefghaneromphalous; dorsum
moderately arched; inductura thick, smooth; whorls smooth with a distinct slit, approximately
20 percent of bodyvhorl circumference; lips thin; lateral lips gently curved joining anterior lips
smoothly; anterior lips evenly straigand slightly curved back forming a slit; aperture gently
expanded, kidneghaped in transverse section witkshhped indentation.

RemarksThis specimen has a smooth involute shell with a slit representing the\arhsa.
This specimen is the most similarWarthiawelleri Yochelson, 1960 from the Permian of the
Southwestern USA in shape and having a short slit, but the apert\Mrevefieriis morearcuate
than in the present material. The present specimen has dikenirnout of lateral lips (see
Mazaev 2015) covering large parts of the umbilicus, which differs Yomelleri with gently

sickle-shapedateral lips.

Warthiasp. 1
(Fig. 3.5EBG)

Material. One specimerESKU-19-LP 20.
Dimensions (mm)ESKU-19-LP 20: heght = 6.2; width = 4.9; thickness = 5.4.

Description.Compressed involute bellerophontiform shape, longer than wide; dorsum rounded,;
whorl seemingly geniculate in lateral view; whorls smooth without visible ornament, slit not

observed; anomphalous; indua smooth and thick; aperture kidrgyaped in transverse



Permian gastropods from the Khao Khad Formgtiahy

section but not broad; lateral lips gently siekleped and thick, joining anterior lips at an angle
of nearly 100 degrees; anterior lip curved and thin.

Remarks.This bellerophontiform shell ia typical representative of the getWarthia, which

is widespread and diverse in the Late Palaeozoic and has been reported from the Middle Permian
of Thailand (e.g., Ketwetsuriyat al 2016, 2019). However, the preservation of the material at
hand is isufficient for species identification.

Warthia? sp. 2
(Fig. 3.5HEY)

Material. One specimerESKU-19-LP 57.
Dimensions (mm)ESKU-19-LP 57: height = 11.1; width = 11.1; thickness = 8.9.

Remarks. This smooth bellerophontoid seems to be a representatieegeinudVarthia, but
the poor preservation prevents a certain generic assignmerngpé@tiesan be differentiated
from Warthia cf. welleri by being anomphalous arigy the absence of an indentation on the
aperture. It differs fronwWarthiasp. 1by a more inflated shape and a wider aperture.

Family Bellerophontidae McCoy, 1852

Bellerophonde Montfort, 1808
Type speciesBellerophon vasulitede Montfort, 1808, Devonian, Germany.

Bellerophorerawanensisp. nov.
(Fig. 3.6ABG)

Etymology.After the Erawan Hill at which the studied gastropod material was found.
Holotype.ESKU-19-LP 55.

Paratypes. Three specimeB§KU-19-LP 54, 56, 59.

Dimensions (mm)ESKU-19-LP 59: height =t. 11.7; width = 13.1; thickness = 10lBSKU-
19-LP 55: height = 9.9; with = 8.1; thickness = 8.&SKU-19-LP 54: height = 9.5; width =.
9.4; thickness = 7.1.
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Figure 3.5: &AD, Warthia cf. welleri Yochelson, 1960, ESK19-LP 24. BEG, Warthia sp. 1, ESKU9-LP 20. Hb
J, Warthia? sp. 2, ESKW9-LP 57. All scale barseepresent 2 mm.

Type locality and stratigraphical rangeraiwan Hill, Chong Sarika swtiistrict, Phatthana
Nikhom district, located about 13 km east of Lopburi Province, Central Thailand3(E)g.
Khao Khad Formation, Saraburi Group, Middle Permian diroa

Description.Bellerophontiform, subglobular and slightly compressed shigjher than wide;
anomphalous, umbilical region covered by distinct callus; dorsum evenly rounded; whorls with

a distinct slit; slit narrow and rather shallow; whorls covdmgchumerous closely arranged
strengthened growth lines forming almost ribs, growth lines slightly curved backwards towards
selenizone at an angle of about 70 degrees; inductura thin, ornamented with several growth lines
developed continuing from whorl far selenizone at periphery, narroe 0.3 mm wide),
marked by short curved transverse lunulae, at almost the same distance as of growth lines;
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aperture reniform in transverse section, tijghAped indentation at crest; lateral lip arched,
somewhat angutad after winglike turnout of lateral lips and smoothly joining anterior lips;

outer lip sickleshaped as suggested by course of growth lines.

Remarks.Bellerophonhas previously been reported from the Middle Permian of Thailand
(Ketwetsuriyaet al. 2016 2019) but it has been treated in open nomenclature because the
preservation of that material is too poor for identificatiBellerophonerawanensisp. nov.
closely resembleB. jonesianusde Koninck, 1863 from the Permian of Pakistan (Chideru),
which was also reported from the Permian of Pakistan (Salt Range) by Waagen (1880) and from
the Permian of Japan (Akasaka Limestone) by NYtzel & Nakazawa (ZBdiRrophon
jonesianudas a similanrnamentation of pronounced growth lines, a narrow slit angdlztlgl
elevated selenizone. Howevé&:., erawanensisp. nov. differs fronB. jonesianudn having a
less inflated shell, a narrower selenizone, a considerably higher number of fine threads formed
by strengthened growth lines.

B. (Bellerophon sowerby? d'Orbigny, 1840 as illustrated by Rollins (1975) from the
Lower Mississippian of Southeastern lowa is similar but this species has stronger growth lines
and a slightly narrower selenizori.(B.) kingorumYochelson, 1960 from the Permian of the
Southwetern USA is also similar but has a more globular shape, thicker inductura and deeper
slit. B. (B.) huecoensisrochelson, 1960 can be differentiated by a deeper slit, a much more

elevated selenizone, reflexed lateral lips and a very large size.

Figure 3.6: &G, Bellerophorerawanensisp. nov. AE, ESKU19-LP 55, holotype; E, shell showingshaped
slit at crest. F, ESKKL9-LP 54, paratype; shell showing growth lines and position of selenizone. G,-E$KBP
56, paratype. BJ,Bellerophorsp. Hal, ESKU-19-L P 58. JESKU-19-LP 59, shell fragment showing growth lines
and position of selenizone. All scale bars represent 2 mm.
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Bellerophonsp.
(Fig. 3.6HEY)

Material. ESKU-19-LP 58.
Dimensions (mm)ESKU-19-LP 58: height = 13.3; width (half) = 6.6; thiness = 12.1.

Remarks.A single anomphaloubellerophontiform shell and a fragment show strengthened,
threadlike growth lines and a distinct selenizone with slightly straight short lunulae, which are
the general characteristics of the geBaierophonThe involute shell is slightly elongated and
inflated and the whorl profile is moderately well rounded. The present specimens resemble
Bellerophon jonesianude Koninck, 1863. The specimens assigned.asf. jonesianusby
Mansuy (1913, p.103, pl.11, figs#R) from the Permian of Laos is the most similar form. The
specimens assigned Bojonesianudy Delpey (1941, p.346, figs 222) from the Permian of
Cambodia, by Waagen (1880, p.135, pl.8, fif®)¥rom the Permian of Pakistan doyiNYtzel

& Nakazawa (2012, p.109, fig. @A) from the Permian of Japan also resemble the present
specimens. The present specimens reseBilgl@wanensisp. nov. they have a more elongated
shape, more distinct selenizone, stronger growth lines and widespaces between the thread

like growth lines.

Basal taxa that are certainly Gastropoda

(subclass and order incertae sedis)

Superfamily Euomphaloidea White, 1877
Family Euomphalidae White, 1877

EuomphalusSowerby, 1814
Type speciescuomphalus pentagulatusSowerby, 1814, Carboniferous, Great Britain.

Euomphalugf. pronodocarinatug®’an & Yu, 1993
(Fig. 3.7)

cf. Euomphalugpronodocarinatu$?an & Yu, 1993: p. 36, pl. 2, fig. 4.
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Material. Two specimensESKU-19-LP 61, 95.
Dimensions (mm)ESKU-19-LP 61: height = 1.7; width = 7.&SKU-19-LP 61: height = 2.0;
width = 7.6.

Description.Small anisostropic, discoidal shell; whorls rounded, convex, circular in transverse
section, with the periphery at mwhorl; whorls slowly increasing in diametemly slightly
embracing; suture deep; widely phaneromphalous with basal umbilicus deeper; whorl surface
smooth with very faint and dense orthocline growth lines; rounded angulation on upper whorl
surface at transition to upper umbilicus; base roundedtuapesubcircular, inner lip straight to

somewhat concave.

Remarks.The present specimens closely resenthiemphalugpronodocarinatuPan & Yu,

1993 from the Lower Permian of Qixia Formation in Shangpingchuan, China in having a
discoidal shape, a deep sg and numerous dense growth lines. However, the holotylge of
pronodocarinatusas nodes which are especially characteristic for this species that are absent
in the studied materialStraparollus (Straparollug planorbiformis de Koninck, 1881 as
illustrated by Batten (1966 p. 15, pl. 2, figs 1214) from the Lower Carboniferous of the
Hotwells Limestone, England is also similar in having rounded whorls withdee#loped

growth lines but it differs in being more high spired. Another similar specieS is
(LeptomphalusmicidusYochelson, 1956 (p. 220, pl. 12, figB4) from the Middle Permian of
Southwestern USA which is discoidal and has a weaker upper angulation. Ho®/€\ey,
micidusdiffers in having a sinus on the angulation of the upper whorl surface. There are other
Permian euomphalid species which were reported from Southeast Asia Risbaaopissp.

from the Tak Fa Limestone of Thailand (Ketwetsurmyal 2016),S. (Euompfalus) sp. from

Perak, Malaysia (Batten 1978, khmerianusMansuy, 1912 from the Sisophon limestone of
Cambodia (Mansuy 1912; Delpey 1941) &dubcircularisMansuy, 1912 (pl. 7, figsEB). In
addition, the present species also resenBlés.) alaskesis Yochelson & Dutro, 1960 from

the Permian Siksikpuk Formation, USA, but the present specimens lack an upper angulation on
whorl and the former species is larger in size. The studied specimens might represent a new
species of the genl&iomphalusut thepresent material too poorly preserved to characterize

it sufficiently.
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Figure 3.7: Euomphalus cf. pronodocarinatus Pan & Yu, 1983, ESKU-19-LP 61. EEH, ESKU-19-LP 95. All
scale bars represent 2 mm.

Subclass Vetigastropoda Salviliawen, 1980
Order uncertain
Superfamily uncertain

Family Holopeidae Cossmann, 1908

HolopeaHall, 1847
Type specied-olopea symmetricilall, 1847, Middle Ordovician, USA.

Holoped sp.
(Fig. 3.8)

Material. Two specimensESKU-19-LP 2, 3.
Dimensions (mm)ESKU-19-LP 2: height =c. 3.8; width = 3.6 ESKU-19-LP 3: height =c.
6.3; width = 4.8.

Description.Turbiniform to naticiform, moderately higépired shell consisting of three to four
whorls (apex missing); whorls rapidly increasing strongly convex, roundedaeimip below
periphery; whorl surface ornamented by prosocyrt, prosocline collabral ribs; ribs irregularly
pace of unequal strength; suture impressed; base evenly convex; minutely phaneromphalous;

aperture seemingly circular, columellar lip somewhat dttaig
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Figure 3.8: Holopea? sp.p&, ESKU19-LP 2. DBF, ESKU19-LP 3. All scale bars represent 1 mm.

Remarks. These two incomplete specimens with deep suture, rounded whorls that bear collabral
axial ribs resemble the Ordovician gertdslopeawhich has never been reported from the
Permian of Thailand. However, similar shell morphologies have been reported frequently from
Palaeozoic and Mesozoic strata and were assigned to various other genera. For instance,
Coelostylina costatBatten & Stoke1986, a putative representative of the basically Mesozoic
genusCoelostylinafrom the Early Triassic of the U. S. is quite similar to our specinténs.
baccaPan & Erwin, 200Zp. 13, fig. 8.58.11) from the Permian of South China resembles the
present specimens the most in general features. The coiling direction of the protoconch is
important for species assignment and it is slightly oblique to the akishacca The coiling
direction of the protoconch in the studied specimens is poorly preserved, therefore the species

treated in open nomenclature.

Order Pleurotomariida Cox & Knight, 1960
Superfamily Porcellioidea Koken in von Zittel, 1895
Family Porcellidae Koken in von Zittel, 1895

Subfamily Porcelliinae Koken in von Zittel, 1895

PorcelliaLZveillZ, 1835
Type speciesPorcellia puzade Koninck, 1883, Carboniferous, Belgium, original designation.

Porcellia magninodos&an, 1985
(Fig. 3.9)

Porcellia magninodosaPan, 1985: p. 35, pl. 2, fig. 10; Pan & Yu, 1993: 43, pl. 6, figs 1
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Figure 3.9:Porcellia magninodos®an, 1985 ABEB, ESKU-19-LP 91 C, ESKU19-LP 126 D, ESKU-19-LP
125 All scale bars represent 2 mm.

Material. Two specimen&€SKU-19-LP 91, 125, 126.
Dimensions (mm)ESKU-19-LP 91: height = 4.0; width = 11. ESKU-19-LP 125: height =
3.0; width = 7.4ESKU-19-LP 126: height = 2.0; width = 9.4.

Description. Shell discoidal, pseutsmstrophic, with 5 whorls; whorls well rounded; firstavh
dextrally coiled, slightly elevated; later whorls planispirally coiled, expanding moderately; slit
deep, extends one third of the whorl; selenizone narrow, concave, situated approximately at
mid-whorl; selenizone bordered by two spiral lirae, représgreriphery; upper and lower
whorl face ornamented with. 24 to 26 prominent, regularly spaced nodes or obliquely
elongated (opisthocyrt) costae; suture deep and impressed; aperture subcircular.

RemarksThe present species is a typical representafiviee genu$orcelliawith its slightly
elevated first whorls and nearly planispiral, dextrally coiled later whorls, with deep slit and very
narrow selenizone. The present specimens closely resemble the type speciPoecelih
magninodos&Pan, 1985 (p. 35, pl. 2, fig. 10) in shape, size and ornaments as well as those
assigned td. magninodosdy Pan & Yu (1993, p. 43, pl. 6, fig®) from the Late Permian
of the Changxing Formation, China. Other similar specie$areellia paucituberclata Pan
& Erwin, 2002 (p. 10, fig. 5.#13) from the Permian of Guangxi and Yunnan Provinces, South
China andP. nodosaHall, 1859. The latter was also reported from the Lower Permian Sisophon
Formation, Cambodia (Delpey 1941, p. 365, fig. 8nodosadiffers fromP. magninodosan
having a rectangular whorl profile and fewer costad?.lpaucituberculatathe nodes and the
interspaces are wider and it has fewer costae compaRedrtagninodosa

This is the first known occurrence of the gefugceliia in Thailand and the earliest
occurrence ofP. magninodosaOur report extends the range of the species to the Middle

Permian and expands its geographical range to further south in the-Pallags.
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The Porcellia species that have been recorded frommNorth America (e.g., Thein &
Nitecki 1974; Kues 1984) and Europe (Haughton 1859; Batten al9&fe from the
Carboniferous of Panthalassa and the western Raktbgs, respectively. Theorcellia
species reported from Asia are from the Permian of thtereaBalaed ethys, e.g.P. nodosa
Hall, 1859 from Cambodia (Delpey 19419, puzoideaHayasaka, 1955 from JapaR,
lingshuiensiPan, 1985 from Chind. magninodos#&an, 1985 from China and Thailand and
P. paucituberculataPan & Erwin, 2002 from SoutlChina. Our report further fills the
biogeographic gap between these Carboniferous and Permian occurrences.

Superfamily Eotomarioidea Wenz, 1938
Family Eotomariidae Wenz, 1938

BiarmeaspiraMazaev, 2006
Type speciesBiarmeaspira verideclinatdazaev, 2006, Permian, Russia.

RemarksWhen Mazaev (2006) erected the geBismmeaspira he tentatively placed it within

the family Phymatopleuridae Batten, 1956 (see also Mazaev 2015). However, the characters
regarding the selenizone suggest a placeémwghin the family Eotomariidae. The members of
Eotomariidae are characterized by a concave selenizone and the lower edge of their selenizone
represents the shell periphery. The early shell development of dg@aumeaspira as
documented by Mazaev (201Shares these characteristics with other Eotomariidae. As
suggested by Mazaev (2006, 201Brrmeaspiraprobably derived from the eotomariid genus
Baylea This further supports its placement in the family Eotomariidae.

Biarmeaspira mazaewp. nov.
(Fig. 3.10)

Etymology. After Alexey Mazaev for his work on the Late Palaeozoic gastropods and
establishment of this genus.

Holotype.One specimerESKU-19-LP 1.

Dimensions (mm)ESKU-19-LP 1: height = 11.0; width . 9.5; apical angle = 100
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Figure 310: Biarmeaspira mazaewp. nov. ESKUL9-LP 1, holotype All scale bars represent 2 mm.

Type locality and stratigraphical range. Erawan Hill, Chong Sarikadstiict, Phatthana
Nikhom district, located about 13 km east of Lopburi Province, Centralafda(Fig. 3.1),
Khao Khad Formation, Saraburi Group, Middle Permian, Roadian.

Description. Shell moderately higdpired, turbiniform, earliest whorls missing, 4 whorls
preserved; early teleoconch whorls convex, ornamented by up to four spiraldieaespire

whorls with sharp angulation at mid whorl face; upper whorl face above angulation develops a
concave subsutural ramp; ramp ornamented with several spiral threads; selenizone narrow,
angulated, situated at middle angulation, ornamented withuddenulae, bordered by two
distinct spiral cords; lower whorl face flat to concave, subvertical inclined about 10 degrees
from axis, ornamented with up to eight widely spaced fine spiral lirae; lower whorl face twice
as wide as upper whorl face; sutubalfow and indistinct; lower part of the lower whorl face
ornamented by two strongest spiral cords, representing periphery, interspace between the two
cords markedly concave, wide and ornamented with additional 2 fine spiral lirae, lowest cord
representshie basal edge; profile near basal edge swollen; base convex, ornamented by
numerous widely spaced fine spiral cords that are stronger and more widely spaced than those

on ramp and lower whorl face; aperture unknown.

Remarks.This single specimen is placedthe genusBiarmeaspiradue to the presence of an
angular selenizone and a strong spiral ornament. The early teleoconch is absent and the growth
lines and the aperture are poorly preserved so that this generic assignment is not entirely beyond
doubt. Arother genus having a prominent spiral ornament, a swollen basal edge and an angular
selenizone is the Triassic gerfsisennaSisennahas a lower spire comparedBarmeaspira
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and it possesses an angulation on the early whorl face which later turrslemiaase during
ontogeny, a characteristic that is abseriarmeaspira.

Biarmeaspira mazaewp. nov. can be differentiated from otlgiarmeaspiraspecies
by its ornamentation and by having a swollen basal &ig&atienensigMansuy, 1914) from
the Carboniferous of Loatien, Yunnan is very similar in shape, but is ornamented with more
prominent spiral ribs on the upper and lateral whorl fBcgchoueitangensi@Mansuy, 1912,
pl. 18, fig. 12) shows a similar whorl morphology and might be clostdyed.

Subfamily Neilsoniinae Knight, 1956

ApachellaWinters, 1956
Type speciesApachella translirataVinters, 1956, Permian, USA.

Apachella thailandensisp. nov.
(Fig.3.11)

Etymology.After the country of Thailand.

Holotype.ESKU-19-LP 62.

Paratypestour specimen€£SKU-19-LP 25, 60, 89, 100.

Dimensions (MM)ESKU-19-LP 25: height =. 9.4; width = 5.5; apical angle = ¥3ESKU-
19-LP 62: height =8.5; width = 5.2; apical angle = BESKU-19-LP 60: height <. 4.6; width
=cC. 4.6.ESKU-19-LP 89: height . 7.1; width =c. 4.1; apical angle = 66ESKU-19-LP 100:
height =c. 6.5; width =c. 4.8.

Type locality and stratigraphical range. Erawan Hill, Chong Sarikadstiict, Phatthana
Nikhom district, located about 13 km east of Lopburi Province, Central Thailand3(E)g.
Khao Khad Formation, Saraburi Group, Middle Permian, Roadian.

Description. Shell highspired, consisting of 8 whorls, first whorl planispiral; first two
teleoconch whorls smooth, rounded, third whorl ornamented with spiral threads; selenizone
starts within the 4th whorl; suture slightly impressed; subsutural ramp slightlyexsonv
ornamented with 84 spiral ribs that are ornamented with nodes; selenizone concave,
ornamented with very faintunulae, bordered by two straight spiral ribs; lower rib forms
periphery;lower whorl face twice as wide as the upper whorl face; lower Wwacel slightly
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Figure 3.11Apachella thailandensisp. nov. AD, ESKU-19-LP 62 holotype E, ESKU19-LP 25 paratypeFb
G, ESKU19-LP 89 paratypeAll scale bars represent 2 mm.

convex,ornamented with one spiral rib just above suture, equal irgstrémspiral rib bordering
the lower edge of selenizone; lower whorl face further ornamented with two spiral threads
between two spiral ribs; base convex, ornamented with several evenly spaced spiral ribs of same

strength as ribs on lower whorl face; basavex, anomphalouaperture unknown.

RemarksApachellathailandensisp. nov. has a wider upper whorl face (above selenizone) than
other species oApachella The ratio of the height of the upper and the lower whorl fade of
thailandensisp. nov. is similar to that &. alimillana (Girty, 1909). However, the latter lacks
spiral ribs on upper whorl facA. powwowensi8attten, 1995 has a wider selenizone, a median
spiral lira on its selenizone and only one spiral rib on its upper whoel. A. franciscana
(Chronic, 1952) differs by having two faint spiral ribs on the upper whorl face adjacent to the
suture, more prominent ribs bordering the selenizone, a stepped whorl profile and a higher whorl

expansion rate.

PeruvispiraChronic, 1949

Type speciesPeruvispira delicataChronic, 1949, Permian, Peru.

Peruvispirasp.
(Fig. 3.12)

Material. Two specimen&SKU-19-LP 10, 68.
Dimensions (mm)ESKU-19-LP 10: height =. 2.7; width =c. 2.0.ESKU-19-LP 68: height =
c. 3.3; width = 3.1.
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Figure 3.12Peruvispirasp., AAC, ESKU19-LP 10 D, ESKU-19-LP 68 All scale bars represent 1 mm.

Description. Shell small, conical, moderately hggired; suture distinct, situated just below
basal edge; whorl face above selenizone slightly convexsoaae, concave above selenizone,
ornamented with very faint, obliquely elongated, prosocline/prosocyrt subsutural nodes; upper
whorl face three times as wide as the lower whorl face; selenizone wide, concave, slightly raised,
situated at lower half of wihl face, bordered above and below by pronounced spiral cords;
lower cord forms periphery; the whorl face below selenizone concave, smooth; basal edge
rounded; base convex, smooth; aperture subovate, outer lip convex angular, basal lip convex,

lower half d the columellar lip slightly reflexed; base anomphalous.

Remarks.The whorl profile is very similar to that é¢feruvispira turritaYu, 1980 from the
Permian of Guizhou, but it is not clear whether the latter species has subsutural nodds or not.
allandalensisFletcher, 1958 ané. trifilata (Dana, 1847) from the Permian of Australia are
other similar species but they differ in having collabral threads and a rather convex upper and

lower whorl face.

Family Gosseletinidae Wenz, 1938

Gosseletindrischer, 1885

Type speciesPleurotomaria callosale Koninck, 1843, Carboniferous, Belgium.

Gosseletinanicrostriatasp. nov.
(Fig. 3.13)

Etymology.From Latinmicro, meaning small, and Latin stria, meaning furrow, referring the

tiny spiral ornaments.
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Figure 3.13:Gosseletinamicrostriatasp. nov, ABE, ESKU19-LP 29, holotypeScale bars represent: 2 mmgA
C); 1 mm (IEE). Arrows indicate the presence of selenizone.

Holotype.ESKU-19-LP 29.

ParatypesTwo specimensESKU-19-LP 5, 14.

Dimensions (mMm)ESKU-19-LP 5: height =c. 3.8; width =c. 4.4.ESKU-19-LP 14: height =
2.2; width = 2.2ESKU-19-LP 29: height = 7.3; width = 8.3.

Type locality and stratigraphical range. Erawan Hill, Chong Sarikadmstiict, Phatthana
Nikhom district, located about 13 km east of Lopburi Province, Central Thailand3(E)g.
Khao Khad Formation, Saraburi Group, Middle Permian, Roadian.

Description. Low-spired, globose shell, mediusized, comprising. 4.5 whorls; apex obtuse;
spire distinctly elevated; bodyhorl broad and inflated, covering approximately 80% of the
entire height; whorls rapidly increasing; whorls distinctly convex; whorl sur@benumerous

very thin, faint spiral threads; whorls embracing at periphery; selenizone broad, situated high
on whorl, above periphery, flush with whorl surface or very slightly convex, ornamented as on

whorl face; suture impressed but shallow; basedednaperture unknown.

Remarks.Gosseletina microstriatap. nov. differs from otheGosseletinaspecies in several
aspectsG. aspeniangGirty, 1927) garly Carboniferoud,JSA) is with faint spiral threads but

differs by its whorl profile with distincyl convex whorl face above selenizot.permiana
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Batten, 1989 (Permian, USA) has a coarser spiral ornament and deeper Sutaeosa
Batten, 1966 (Early Carboniferous, England) has subsutural axial riblets and lacks a spiral
micro-striation. G. portlockiana (de Koninck, 1843)(Early Carboniferous, Europe) has a
stronger spiral striation (Batten 1946G. johnsoniThein & Nitecki, 1974 is more slender and
has a cancellate ornament in subsutural posi@onallosa(de Koninck, 1843) (Carboniferous,
Belgium), the type species Glosseletinalacks spiral ornament (Knight 194G. persimplex
(Girty, 1915) (Pennsylvanian, USA) lacks spiral ornament and is morsgoed (Hoare 1961).

G. subglobosdHall in Miller, 1877) Early Carboniferousg)SA) hasacoarser spiral ornament.

G. spironema(Meek & Worthen, 1866)RennsylvanianlJSA) hasa coarser spiral ornament

and prosocyrt folds on whorl face above selenizone (Kues & Batten 2001).

Superfamily Pleurotomarioidea Swainson, 1840

Family PhymatopleuridaBatten, 1956

Wortheniade Koninck, 1883
Type specieslTurbo tabulatugConrad, 1835, Carboniferous, Pennsylvania.

Worthenia humiligradap. nov.
(Fig. 3.14AB)

Etymology.From Latinhumilis, meaning low, and Latigradus meaning step, referring to the
low-stepped whorl profile.

Holotype.ESKU-19-LP 22.

ParatypesE SKU-19-LP 23, 33, 34, 35, 74

Dimensions (mm)ESKU-19-LP 22: height = 6.8; width = 7.0; apical angle £9BSKU-19-
LP 23: height = 10.5; width = 12.ESKU-19-LP 33: height =. 16.0; width =13.8; apical angle
= 9. ESKU-19-LP 34: height =c. 9.0; width = 11.3; apical angle = PLESKU-19-LP 35:
height =c. 10.9; width = 13.6; apical angle = PLESKU-19-LP 74: height =. 1.7; width =c.
3.1.

Type locality and stratigraphical range. Erawidill, Chong Sarika suldistrict, Phatthana
Nikhom district, located about 13 km east of Lopburi Province, Central Thailand3(E)g.

Khao Khad Formation, Saraburi Group, Middle Permian, Roadian.
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Description. Shell lowspired for genus, gradate, troitm; first whorl planispiral; early
teleoconch whorls (about first two or three whorls) 4gpired, smooth, convex, rounded;
second and third whorls with fine spiral and axial ribs; suture distinct and impressed; later
whorls sharply angulated at aboutdmvhorl face, the middle angulation separates subsutural
ramp from subvertical lower whorl face; subsutural ramp slightly convex near adapical suture
to concave on the remaining part; ramp inclining at an angle #6035 subsutural ramp
ornamented with upo eight spiral ribs and equally spaced prosocyrt fine collabral ribs or
strengthened growth lines; spiral ribs and collabral ribs form nodes at intersections, forming fine
reticulate pattern; ornamentation more prominent near adapical suture; lower faderl
subvertical, concave, ornamented with up to six strong spiral cords and numerous faint prosocyrt
collabral threads or growth lines; mid angulation forms dikstperiphery of whorl where
selenizone situated; selenizone sharply angular coveredsbgped lunulae; lunulae form
nodes when intersecting with angulation; selenizone bordered with fine spiral ribs, upper rib
represents lowest spiral rib of subsutural ramp, while lower rib represents uppermost spiral rib
of the subvertical lower whorl facetersections of lunulae and angulation nodular; basal edge
sharply angulated; base convex, ornamented by several evenly spaced spiral ribs and very weak
opisthocyrt collabral threads; suture shallow, indistinct; narrowly phaneromphalous; aperture

unknown

RemarksThe convex early teleoconch whorls, the position and the ornamentation pattern of the
selenizone suggest that this species belongs to the géontseniade Koninck, 1883. The
distinguishing characters ¥¥orthenia humiligradap. nov. are theelatively low spire, wide
umbilicus, weak subsutural convexity of the ramp, sharp angulation at the basal edge and
nodular selenizone. The combination of these characters distingWshesniligradasp. nov.
from the other species belonging to the ganasthenia

There are some similar Permian species in Southeast Asia which have been assigned to
Worthenia for instancé/VN. multicarinata(Mansuy, 1912) from the Carboniferous of Yunnan,
China (Mansuy 1912) and the Permian of Cambodia (Delpey 194Maagsia (Batteri972,
p. 32, figs 3688) is very similar in shape but it has more prominent subsutural nodes on the
upper whorl face, a distinctly impressed suture and its basal edge is rounded angular and
ornamented with nodes. The type specimend.athirjaevensigStuckenberg, 1905) from the
Upper Carboniferous of Samara, Russia and the specimens assiyfiestiirjaevensigrom
the Permian of Cambodia (Delpey 1941, fig. 27) has a very similar whorl profile and
ornamentation but they differ frow. humiligradasp. nov. by having a higher spire. According
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to Batten (1972, fig. 38)V. schirjaevensigStuckenberg, 1905) lacks nodes on the selenizone.

W. arizonensisWinters, 1963 from the Permian of Arizona is another species with planispiral
early whot but differs fromW. humiligradasp. nov. by having a narrower upper whorl face, a
very prominent subsutural convexity, by lacking the sharp angulation at the basal edge and by
having a very narrow or no umbilicu8V. crenulata Batten, 1989 from the Peram of
southwestern United States, with steeper upper whorl face and more prominent nodes on its
selenizone. The specimens assignad.tcorrugataChronic, 1952 by Batten (1989) differ from

W. humiligradaby having a stronger spiral ornament, a sharpdalw@l ornament and by the
presence of axial folds on its upper whorl face. The specimens assignéaaaugata by

Kulas & Batten (1997) from the Permian of Wyoming differ by having a narrow umbilicus and

faint lunulae.

Wortheniacf. pagodaMansuy,1912
(Fig. 3.14JEN)

cf. Worthenia pagod#ansuy, 1912: 39, pl. 7, fig. 6; Delpey, 1941: 353, fig. 26.

Material. Two specimen&SKU-19-LP 17, 66.
Dimensions (mm)ESKU-19-LP 17: height =c. 6.6; width = 4. 9ESKU-19-LP 66: height =
5.5; width =c. 5.0; apical angle = 7%

Description. Shell moderately higspired, trochiform, consisting of 6 whorls; first three
teleoconch whorls smooth, convex, rounded; mid angulation develops starting from the 4th
whorl onward; the last quarter of the last whorl slighleflected; suture slightly impressed;
subsutural ramp with faint subsutural convexity, slightly concave on remaining part; ramp
inclining at an angle of about 850j; subsutural ramp ornamented with three spiral ribs starting
from 4th whorl and almostraight prosocline growth lines; spiral ribs ornamented with equally
spaced nodes; mighgulation forms periphery where selenizone situated; selenizone prominent,
wide, comprising about 1/7 of the whole whorl face of 5th whorl, ornamented with equally
spaed strong nodes, bordered by fine spiral ribs; lower whorl face facing abapically, concave,
ornamented with two nodular spiral ribs; lowest spiral rib stronger, situated at angulation,
forming basal edge; base convex, ornamented by several evenly spdcéal spiral ribs,

narrowly phaneromphalous; aperture unknown.
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RemarksWe tentatively assign the studied specimen¥dothenia pagodgbased on the whorl
profile, the presence of three nodular spiral ribs on the upper whorl face and the nodular
selenizme. Species with a similar whorl profile belonging/Mortheniaare more common in

the Triassic e.gW. annamensi®ansuy, 191B from Tonkin, Vietnam but are very rare in the
PermianW.? psiche(Gemmellaro, 1889) from the Permian of Italy has a simiiaps but have

only two spiral ribs on the upper whorl face.

Wortheniasp.
(Fig. 3.140E5)

Material. One specimelESKU-19-LP 88.
Dimensions (mm)ESKU-19-LP 88: height = 6.4; width = 4.8; apical angle 274

Description.Shell moderately higspired, trochiform, consisting of at least 6 whorls; first two
teleoconch whorls smooth, convex, rounded; third whorl ornamented with fine spiral threads;
mid angulation develops starting from the 4th whorl; suture slightly impresgesutural ramp
slightly convex, becoming concave just above selenizone; ramp inclining at an angle &bout 45
55j; subsutural ramp ornamented with four spiral ribs, uppermost two ribs ornamented with
weak nodes, lowest one represents upper border ofizeien mid angulation represents
periphery where selenizone is situated; selenizone prominent, ornamented with equally spaced
small nodes; lower whorl face concave just below the selenizone, slightly convex otherwise,
ornamented with three spiral ribs, @pmost spiral rib represents lower border of selenizone;
spiral ribs on lower whorl face stronger than ribs on ramp; suture situated between lowermost
two ribs; base convex, ornamented with several evenly spaced, prominent spiral ribs of about

same strengtas ribs on lower whorl face; base anomphalous; aperture unknown.

RemarksWortheniasp. differs from\Wortheniacf. pagodain ornamentation pattern and has a
narrower and less ornamented selenizone. The whorl profiodheniasp. is similar to that

of W.? constantini(Mansuy, 1912) from the Carboniferous of Yunnan, but the latter without
nodular spiral ribs.
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Figure 3.14AHl, Worthenia humiligradap. novAED, ESKU-19-LP 22 EBEF, ESKU19-LP 33 GEH, ESKU-19

LP 23 I, ESKU-19-LP 34 JEN, Wortheniacf. pagodaMansuy, 1912, ESKU-19-LP 17. KEN, ESKU-19-LP 66
OES, Wortheniasp.,ESKU-19-LP 88 Scale bars represent: 2 mm (A, B, G, H, I, K, L, O); 1 mm (C, D, J, M, N,
PES); 5 mm (E, F).
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Altotomariagen. nov.

Type speciesAltotomaria reticulatasp. nov.

Etymology.From Latinalto, meaning high, referring both the high spire and the high position
of the selenizonestomaria refers to the genus naméeurotomariag typical of the group
Pleurotomarioidea to which the new gebetongs; gender feminine.

Diagnosis.Shell relatively higkspired; whorl face strongly ornamented with widely spaced
spiral cords and narrowly spaced axial ribs or threads forming reticulate pattern; spiral cords
more prominent than the axial ribs; pérgpy low on whorls in mature whorls, formed by strong
spiral cord; selenizone above madhorl face, flush with the whorl face, bordered by two spiral
cords, ornamented with widely spaced lunulae and median spiral thread; base anomphalous.

Remarks. Differeces to other genera are discussed below.

Altotomaria reticulatasp. nov.
(Fig. 3.15)

Etymology.From Latinreticulata meaning nelike, referring the reticulated ornament.
Holotype.Only specimenESKU-19-LP 83.
Dimensions (mm)Height =c. 5.8; width =4.4.

Type locality and stratigraphical range. Erawan Hill, Chong Sarikadmstiict, Phatthana

Nikhom district, located about 13 km east of Lopburi province, Central Thailand3(E)g.
Khao Khad Formation, Saraburi Group, Middle Permian, Roadian.

Figure 3.15Altotomaria reticulatasp. novAEE, ESKU-19-LP 83 holotype All scale bars represent 1 mm.
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Description.Shell relatively higkspired, consisting of about 5 preserved whorls, whorls convex
with periphery low on the whorl face; periphery itelseleoconch whorl with strong spiral cord
angulating whorl face, first whorl(s) missing; first preserved whorl seemingly smooth
(corroded), rounded; second whorl ornamented with spiral threads; whorl face above selenizone
convex, narrow, ornamented witlearly orthocline regular axial threads and 2 spiral ribs, lower
one bordering selenizone; selenizone situated abovewhvod, flush with whorl face,
ornamented regular with distinct lunulae and a median thread; selenizone bordered by two spiral
cords; st depth about 1/6 of last whorl; lower whorl face twice as wide as the upper whorl face;
lower whorl face convex, ornamented with regularly spaced axial threads and 3 prominent,
broad spiral cords, uppermost cord bordering selenizone; middle spiral ttongdest,
representing periphery, interspace between spiral cords concave; suture slightly impressed,
situated just below the lowermost spiral band; base convex, anomphalous, ornamented with
axial threads and evenly spaced spiral cords of about sametistasnthose on upper whorl

face; aperture unknown.

RemarksThe general whorl profile dfltotomaria reticulatesp. nov. is similar to that of species

and genera of the subfamily Neilsoniinae bul\itotomarig the lower edge of the selenizone

does not represent the periphery and the selenizone is not raised above rest of the shell surface
and as prominent as in neilsoniins. Median thread on selenizone has never been reported in
Neilsoniinae. The reticulate axment with stronger spiral cords, the relatively wide selenizone
that is flush with the whorl face and bordered by two cords, the widely spaced regular lunulae
that are in the same strength with the spiral ornaments, the presence of median thread on the
sdenizone suggest its affinity to the Triassic gertenayalox Cossmann, 1897 arteymerella
Cossmann, 1897, therefore we tentatively place the new geéxtatomaria to
Phymatopleuridae. The difference of the new genus from the latter two genera is the highe
position of the selenizone. The position of the selenizone was regarded as informative for
taxonomy and phylogeny (e.g., Knig#ttal 1960). However, the position of the selenizone can
differ among the species of the same genus (€akenella Stuorela) and may also change

during ontogeny (e.d?leurotomaria Eirlysia). A. reticulatasp. nov.resembleshe neilsoniin
speciesApachella exaggerat8atten, 1989 (pl. 6, figsEd0) from the Permian southwestern

USA. Apart from the above discussed featuhas distinguishAltotomariafrom the neilsoniin
generaA. exaggeratahas less prominent spiral ornaments, sharper axial ornaments and differs

in selenizone position.
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Superfamily Seguenzioidea Verrill, 1884
Family Eucyclidae Koken, 1896

Ampezzalindandel, 1993
Type speciesPleurotomaria calcaMYnster, 1841, Cassian Formation, Late Triassic, Carnian,
Italy; original designation.

Ampezzalina sp.
(Fig. 3.16)

Material. One specimelESKU-19-LP 36.
Dimensions (mm)ESKU-19-LP 36: height = 8.9width = 11.7.

Description.Shell trochiform, consisting of at least 2.5 whorl (apex missing); whorl face straight

to slightly convex; whorl surface ornamented with at least seven spiral cords and equally spaced
opisthocyrt fine collabral threads or strémgned growth lines; intersections between spiral
cords and collabral threads forming a weak reticulate pattern with tiny nodes at intersections;
six of the spiral cords equally strong; suprasutural spiral cord most prominent, representing shell
periphery,with several coarse brokexif hollow spines; spines open in apertural direction,
rounded convex in abapertural direction; base flatly convex, ornamented with spiral cords
separated by concave interspace; the five strongest spiral cords situated halbuatebase;

suture situated at outermost basal cord; basal cords evenly decreasing in prominence and more
closely spaced toward umbilical area; minutely phaneromphalous; aperture rpteselved

but seemingly oblique.

Remarks.The single present shegrobably represents a new species, but due to the state of
preservation we refrain from erecting a new species. This shell is unique in that it has a well
developed spiny cord just above abapical suture. Spmang cords are known from Mesozoic
vetigastropods e.g., in the family Eucyclidae (eBandelastracaNYtzel & Kaim, 2014,
AmpezzalinaBandel, 1993)AmpezzalinaBandel, 1993 an@andelastraeaNYtzel & Kaim,

2014 might represent synonyms and their type species should be restudied. The simgénspe
has prominent suprasutural spines similar to type specikspézzalinatherefore, placed in

Ampezzalinanstead oBandelastraeaAmpezzalinas so far only known from the Triassic.
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Figure 3.16 Ampezzalina sp, ABC, ESKU-19-LP 36 All scale bars represent 2 mm.

It is possible that the abapical spiny spiral cord of the present specimen is a selenizone and in

that case it would represent a new genus. However, the preservation is insufficient to be sure.

Order Trochida Cox & Knight1 960
Superfamily Trochoidea Rafinesque, 1815
Family Anomphalidae Wenz, 1938

AnomphalusMeek & Worthen, 1866
Type speciesAnomphalus rotuluMeek & Worthen, 1867, Carboniferous, USA.

Anomphaluf. vanescen¥ochelson, 1956
(Fig. 3.17AEE)

cf. Anomphalus vanescel®chelson, 1956253, pl. 22, figs 1822; Pan & Yu, 1993: 46, pl. 9,
fig. 3.

Material. Three specimen&€SKU-19-LP 30, 31, 50.
Dimensions (mm)ESKU-19-LP 30: height = 4.4; width = 7. ESKU-19-LP 31: height =.
4.1; width = 6.7ESKU-19-LP 50: height = 3.7; width = 5.5.

Description.Shell small, lowspired, rotelliform comprising about three whorls; whorls smooth,
convex. embracing at periphery; whorls ornamented by numerous fine and dense prosocline
collabral threads; upper wHdace somewhat flattened with convex periphery at-wiarl;

suture shallowly impressed, distinct; base flatly convex, narrowly phaneromphalous; umbilicus

deep; aperture not certainly known.
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RemarksAnomphalus vanescei®chelson, 1956 from the Permiahthe Southwestern USA

and from the Early Permian of China (Pan & Yu 1993, p. 46, pl. 9, fig. 3) is similar but has a
flatter spire, whorls embrace above periphery and whorls are ldwstudiosusrochelson,

1956 (p. 254, pl. 22, figs ZB8) is also sinkar in shell shape as well as the rate of whorl
expansion but has smaller size, a narrower umbilicus has a flatter spire and its whorls embrace
above periphenA. fusuiensi$an & Erwin, 2002 from the Late Permian of South China is also
similar but hasdwer, more rounded whorls, a wider umbilicus and a deeper suture. The Middle
Permian specie&. lateumbilicatudNYtzel & Ketwetsuriya, 2016 from the Tak Fa Limestone of
Thailand has a very wide umbilicus and consists of more whorls compared #fa tfe
vanescengt comparable siz&nomphalusp. which is reported from the Tak Fa Limestone is
also similar but has a wider umbilicus and a flatter spirmmphalusp. from the Permian of
Malaysia as reported by Batten (1979, p. 8, figal1Q is higher sp&d. The present specimens

also resembld@. japonicusNYtzelin NYtzel & Nakazawa, 2012 from the Middle Permian of
Japan but the latter has a wider umbilicus and a small umbilical ridge. The present species is
probably undescribed but the preservation @& thaterial is too poor for a safe species
assignment, especially the aperture and the collabral threads is hardly visible in the studied

specimens.

Anomphalu8 blancusKues & Batten, 2001
(Fig. 3.17FEL)

Anomphalu8 blancusKues & Batten, 200144, figs 823E8.28.

Material. Two specimensESKU-19-LP 67, 96.
Dimensions (Mm)ESKU-19-LP 67: height = 2.5; width = 3.0; apical angle = AHSKU-19-
LP 96: height = 2.3; width = 2.6; apical angle =425

Description.Shell small, lowspired but spire clearly elevated, last whorl much higher than
spire, turbiniform to naticiform, consisting of two to four whorls; whorls smooth, rounded,
convex; whorls embrace at or slightly below periphery atwiidrl; suture shallowdt distinct;

aperturesomewhat circular, columellar lip straight to gently arched joining outer lip; base

convex, minutely phaneromphalous.
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Figure 3.17: AE, Anomphalugf. vanescen¥ochelson, 1956, BC, ESKU19-LP 30 DBEE, ESKU19-LP 50 Fb
L, Anomplalus? blancusKues & Batten, 2001,8, ESKU-19-LP 67 JEL, ESKU-19-LP 96 Scale bars represent:
2 mm (ABC); 1 mm (OEL).

Remarks. These specimens are very similar to the illustratidkisomhphalu8 blancusKues &

Batten, 2001 (p. 44, fig. 8.28.28) from the Middle Pennsylvanian of New Mexico in shell
shape and the whorl expansion rate. Kues & Batten (2001) asg\gheldncusquestionably

to the genusinomphalusiue to its higher spired and more inflatéebls which differs from

typical species oAnomphalusn these respects thiaaive lowspired or planispiral shell§he

studied specimeralso resemble the specimens assigneinmmphalusp. from the Permian

of Malaysia by Batten (1979, p. 8, figsEll). However, the present specimens are more-high
spired. Batten (1979) and Kues & Batten (2001) discussed that their specimens closely resemble
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the genusTurbinilopsisin shell shape and proportions of the shell, Butbinilopsis is
distinguished in havingn obvious callus within the umbilicus. Other specieswbinilopsis

which have been reported from the Permian of Southeast Asia differ distinctly from the present
material. T. rotundusDelpey, 1941 (p. 276, fig. 18) from Cambodia (see also Batten ha#9)

a much more straight whorl face and a blunt apex. The specimens assigudadrbopsi< sp.

by Mansuy (1914, pl. 4, fig. 11) have a lower spire and hence a greater apical angle. The present
specimens are placed tentatively in the gefrusmphalusThey are rather highpired for this

genus and hence become similar to the gémesnatinawhich generally is even more high

spired.

Family Araeonematidae NYtZalNYtzel & Nakazawa, 2012

Remarks. Yunnania Araeonema and Rhabdotocochlis were previously laced in
Gyronematidae by Knighet al (1960) but were placed iraconematidady NYtzel (2012)
because these genera lack angulations.

YunnaniaMansuy, 1912

Type speciesYunnania termierMansuy, 1912, Late Carboniferous, China.

Yunnaniainflata sp.nov.
(Fig. 3.18ARJ)

Etymology.From Latininflata, for havingswollen, inflated whorl.

Holotype.ESKU-19-LP 9.

ParatypesESKU-19-LP 8, 16, 21, 38, 65, 98, two juvenile specimdeSKU-19-LP 205, 212.
Dimensions (mm)ESKU-19-LP 8: height = 4.3; width 3.9; apical angle = &7 ESKU-19-LP
9: height = 5.0; width = 4.1; apical angle =°8&SKU-19-LP 16: height = 3.2; width = 2.8;
apical angle = 80 ESKU-19-LP 21: height = 8.9; width = 5.6; apical angle £ 7BSKU-19-
LP 38: height = 4.9; width = 3.@pical angle = 87 ESKU-19-LP 65: height = 5.4; width =
4.9; apical angle = 8sESKU-19-LP 98: height = 4.5; width = 4.6; apical angle £ 8ZSKU-
19-LP 205: height =. 1.9; width =c. 1.9; apical angle = SOESKU-19-LP 212: height =.
1.8; width =c. 1.9; apical angle = 95
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Type locality and stratigraphical range. Erawan Hill, Chong Sarikadstiict, Phatthana
Nikhom district, located about 13 km east of Lopburi Province, Central Thailand3(E)g.
Khao Khad Formation, Saraburi Group, Middlermian, Roadian.

Description.Shell small, turbiniform, cyrtoconoid with strong reticulate ornament; holotype
comprisingc. 5 whorls; first three to four whorls slightly convex, evenly rounded and low
spired, domeshaped, without ornament or ornamenteddry faint spiral threads; later whorls
distinctly convex and inflated; periphery at about+witbrl; suture impressed; whorls convex,
embracing at about mighorl, slightly below periphery; whorls ornamented with about 10
evenly spaced spiral cords andmarous weaker collabral axial ribs; axial ribs proscline slightly
prosocyrt; spiral cords and axial ribs forming reticulate ornament with slightly nodular
intersections; nodes strongest near upper sutase convex with evenly rounded transition to
whorl face, ornamented with up to 10 strong equally spaced spiral cords; base convex,

anomphalous; aperture approximately circular; columellar lip straight.

RemarksYunnanianflata sp. nov. closely resembl&snnania meridionalidMansuy, 1914 (p.

41, pl. 4, fig. 108c) from the Permian Productus Limestone of Cambodia in shell shape, size
and ornament on whorl face and baseYuheridionalishas a deeper suture, its spiral cords

are more pronounced and the axial ribs are lesoprmed and less numerodsmeridionalis

has also been reported from another Permian deposits of Cambodia by Delpey (1941) and from
the Permian of Malaysia (Batten 1979)inflata sp. nov. also resembl&spulchraNYtzel &
Ketwetsuriya, 2016 from the Mdle Permian of the Tak Fa Limestone from Thailand
(Ketwetsuriyaet al 2016, p. 499, fig. 16BH) in shell shape and ornamentation ¥upulchra

has fewer but stronger spiral cords, the axial ribbing is denser, axial ribs are sharper, it has more
convex ad inflated whorls as well as the axial ribsYofpulchraare more distinct, dense and
thinner.Y. inflata sp. nov. has mucamoreinflated whorls thary. meridionalisandY. pulchra.
Y.inflata sp. nov., improves our knowledge on the distributiofuinania in this region of the

Indochina Terrane.

Araeonema&night, 193&
Type speciesAraeonema virgaturknight, 1933, Pennsylvanian, USA.

Araeonemaf. tenuistriata(Netchaev, 1894)
(Fig. 3.18K)
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Figure 3.18: &J, Yunnanianflatasp. novAEB, ESKU-19-LP 9, holotype; €G, ESKU19-LP 65 paratypeHB],
juvenile specimendiBl, ESKU-19-LP 205. JESKU-19-LP 215. K,Araeonemaf. tenuistriata(Netchaev, 1894)
ESKU-19-LP 99.All scale bars represent 1 mm.

cf. Turbo tenuistriataNetchaev, 1894; 3 pl. 11, fig 17.

cf. Araeonema tenuistriattNetchaev, 1894); Mazaev 2015: 954, pl. 31, fi§8.1

Material. One specimeESKU-19-LP 99.
Dimensions (mm)ESKU-19-LP 99: height = 4.2; width = 2.9; apical angle 280

Description. Shell small, turbiniform; blunt apex; whorls weakly convex, evenly rounded,;
whorls ornamented by 4 strong spiral cords, and fifth emerging at abapical suture; spiral cords
equally spaced with concave interspaces; base convex with roundetiotnaioswhorl face,



Permian gastropods from the Khao Khad Formgfl&}b

bordered by a strong spiral cord; base ornamented with 12 narrowly spaced spiral cords; sutures
deep, distinct; aperture seemingly circular.

Remarks. The single specimen at hand closely reserAbdepnema tenuistriatéNetchaev,

1894 as reported by Mazaev (2015, p. 954, pl. 31, figB) from the Middle Permian of the
Volga-Ural Region, Russia in shell shape, size and principal ornamentation. HowWever,
tenuistriatahas a broader shell, more and weaker spiral cords and more cohuds. .
tenuistriatais narrowly phaneromphalous but the umbilical area is not visible in the specimen
at handA. tenuistriatais similar toA. panthalassicaNYtzelin NYtzel & Nakazawa, 2012 from

the Upper Middle Permian Akasaka Limestone, Japa\bp@nthalassicas smaller, weaker

spiral cords and a flatter ape&. virgatum Knight, 193%& (p. 52, pl. 9, fig. 3) from the
Pennsylvanian of the Labette Shale, Missouri, USA has more and much finer spiral cords and
its whorl are less convex. BotA, novanexicanunKues, 2004 from the Laborcita Formation,

New Mexico andA. microspirulataYoo, 1994 from the Early Carboniferous of Australia are
similar to the present specimen but those species are broader and have very fine and many more
spiral cordsA. problematicumWangin Wang & Xi, 1980 from the Permian of China is similar

in shell shape but the ornamentation cannot be compared meaningfully because of its poor
preservationA. cf. tenuistriataresembleAmaurotom@& sp. as illustrated by Ketwetsurighal

(2016, p. 494, fig. 12BC) from the Middle Permian Tak Fa Limestone, Thailand in having
strong spiral cords, but differs in having a higher spire, steeper ramp and an angulated whorl
profile. This is the first species which is referred to the gétrasmemafrom Thailand and

Southeast Asia.

Family Microdomatidae Wenz, 1938

MicrodomaMeek & Worthen, 1867
Type speciesMicrodoma conicunMeek & Worthen, 1867, Pennsylvanian, USA.

Microdoma conicunMeek & Worthen, 1867
(Fig. 3.19AEC)

Microdoma conicunMeek & Worthen, 1867: 269, pl. 9, fig. 1; Knight 19831849, pl. 9, fig.
1; Batten 1995: 25, fig. 34.
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Figure 3.19: &AC, Microdoma conicunveek & Worthen, 1867, ESKA19-LP 69 All scale bars represent 1 mm.

Material. One specimerESKU-19-LP 69.
Dimensions (mm)ESKU-19-LP 69: height = 4.5; width = 3.9.

Description.Shell conical, turbiniform consisting af 3 whorls (apex and early teleoconch
whorls missing); whorl face nearly straight to slightly convex; periphery low on whorl just
above sutwe; whorls ornamented by several collabral ribs which are separated in three rows of
coarse nodes by two spiral grooves; suture shallow; base rounded and convex without ornament;

seemingly minutely phaneromphalous; aperturecstad.

RemarksThe presenmaterial is very close tdlicrodoma conicunMeek & Worthen, 1867 as
illustrated by Knight (1938 from the Pennsylvanian of Missouri and by Batten (1995) from

the Pennsylvanian of Texas, USA. The feature of ornamentation in the later whorls is identical
with this species, although the present material lacks the early whorls. This species has been
known only from the Pennsylvanian of USA. This is the first report of this species in the-Palaeo

Tethys.

Subclass Neritimorpha Koken, 1896
SuperfamilyNaticopsoidea Waagen, 1880
Family Naticopsidae Waagen, 1880
Subfamily Naticopsinae Waagen, 1880

NaticopsisMcCoy, 1844
Type speciedNaticopsis philippsiMcCoy, 1844, Early Carboniferous, Ireland.
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Naticopsissp. 1
(Fig. 3.20AEC)

Material. One specimerESKU-19-LP 47.
Dimensions (mm)ESKU-19-LP 47: height =. 8.3; width = 11.3; apical angle = A5

RemarksThe present specimen at hand shows 3 teleoconch whorls that are inflated and rapidly
increasing. The shell is logpired. Whorls are convex and thiborl profile is quite elongated.

The surface of whorls is smooth. The suture is impressed and embraces the upper whorl surface.
The aperture is broken, but it seems to be ovate with distinctly thickened callus on the parietal
area. Judging from a singshell exhibiting the spire and half of the last badyorl, the whorl

profile of the studied specimen is similarNaticopsiskhurensisWaagen, 1880 (p. 100, pl. 9,

fig. 10) from the Permian of Pakistan (Salt Range) but the latter differs in the abkaedws.

In contrast to the type specimen, the specimens illustrated and descride#ragensidy

Batten (1979, p. 13, fig. 15) from the Permian of Perak, Malaysia exhibits a callus. Nevertheless,
the present specimen differs from the Malaysianigpatin having a more swollen upper whorl
surface of the bodwhorl. The specimens identified Beritina khurensidy Delpey (1941, p.

271, fig. 13) from the Permian of Cambodia has a lower spire and its upper whorl surface is less
inflated. Batten (1979)liscussed that the degree of whorl curvature is highly varialie in
khurensis so we cannot completely rule out the possibility that the studied specimen is

conspecific tdNaticopsiskhurensis

Naticopsissp. 2
(Fig. 3.20DEF)

Material. One specimerESKU-19-LP 46.
Dimensions (mMm)ESKU-19-LP 46: height = 9.3; width = 10.3; apical angle =% 1&pertural
height = 7.5; apertural width = 7.7.

Description.Moderately lowspired shell, naticiform, consisting of three rapidly expanding
whorls; whorls smodt, strongly convex, rounded, embracing at periphery; spire low but
distinctly elevated; bodwhorl inflated, very large and much higher than spire with height about
90% of total height; periphery at about rwthorl; base convex; suture shallow but imprdsse

anomphalous; aperture evenly rounded in cross section, lip thin, inner lip arched.
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RemarksNaticopsissp. 2 differsfrom Naticopsissp. 1 in having more flattened upper whorl
surface, lacking callus, having a higher whorl expansion rate and a roapdetre. It
resembledNaticopsis subovatsVorthenin Meek & Worthen (1873) as illustrated by Knight
(1933, p. 379, pl. 43, fig. A) in size, shell shape and pleural anglewortheniKnight, 1933

(p. 377, pl. 43, fig. FK) is also similar. Knight (233) mentioned that these two speciNs,
subovataand N. wortheni,are very close to each other INitsubovatacan be differentiated
from N. wortheniin having a swelling just above the midhorl height, and by the shape of the
columellar lip, which is evenly crescesttaped irN. subovatawhile it is slightly angled irN.
wortheni Although the parietal area of the present specimen is obscure it sesarstahh
subovata The present specimen is also similar to the specimens illustrated and descNbed as
praealtaWanner, 192bdy Batten (1979; p. 14, fig. 18a) from the Permian of Perak, Malaysia

but the latter specimens are more slender and relatigityspired

Naticopsi® sp. 3
(Fig. 3.20GR)

Material. One specimerESKU-19-LP 32.
Dimensions (mm)ESKU-19-LP 32: height = 5.3; width = 7.8; apical angle =4.08

Description.Shell flatly turbiniform to naticiform with about three whorls (apessing); spire
elevated; rate of whorl expansion rapidly increasing; belgrl broad, approximately 70% of
the entire height; whorls rounded, strongly convex, with undulating, irregular axial ribs; base

rounded; aperture unknown.

Remarks. The undulatingregular axial ribs on the whorl surface and the broader-tadubyl
distinguishNaticopsissp. 3 from the others present in this fauna. It might represent a new

species, but the poor preservation prevefitsther taxonomic assignment.

Naticopsi® sp.4
(Fig. 3.20J)

Material. One specimerESKU-19-LP 52.
Dimensions (MM)ESKU-19-LP 52: height = 6.0; width = 8.0; apical angle = 9;2&pertural
height = 4.2; apertural width = 5.2.
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Figure 3.20: AC, Naticopsissp. 1, ESKU19-LP 47. DEF, Naticopsisp. 2, ESKU19-LP 46 GH, Naticopsi® sp.
3, ESKU19-LP 32 J, Naticopsi® sp. 4, ESKUL9-LP 52 KEL, Naticopsiscf. heshanensiPan & Erwin, 2002,
ESKU-19-LP 44 Scale bars represent: 2 mmE; 5 mm (KoL).

Remarks. The present specimenlow-spired with the spire only somewhat protruding,
consisting of three smooth rapidly increasing whorls. The fvduy| is very inflated, the height

of the last whorl is about 90% of the total shell height. The aperture is broad with a thick
inductura and seems tewklop a columellar fold which has never been observBi@dticopsis
However, the preservation of the aperture is insufficient to be sure that a fold is really present.
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Naticopsiscf. heshanensiBan & Erwin, 2002
(Fig. 3.20KEL)

cf. Naticopsig(Naticopsi$ heshanensiPan & Erwin, 2002: 21, fig. 11.£21.17.

Material. One specimerESKU-19-LP 44,
Dimensions (Mm)ESKU-19-LP 44: height = 19.0; width = 16.2; apical angle =424

Description.Subglobose shell, very lespired, mediunsized, compsingc. 3.5 whorls; apex
obtuse; whorls rapidly increasing; bedsorl large and inflated, with flatly convex periphery;
whorls embracing on preceding whorl, well above periphery; whorl surface with numerous fine,

prosocyrt, distinct growth lines; suturdpaessed; base convex; aperture unknown.

Remarks.This single globose shell with distinct, dense grolivts resemblefNaticopsis
(Naticopsi$ heshanensi®an & Erwin, 200Zp. 21, fig. 11.1P11.17) as reported from the
Permian of Guangxi Provinces, Sbu@hina, although the present specimen has a much lower
spire than the holotype df (N.) heshanensisThe Permian speci&s permicaNetchaev, 1894

as illustrated by Mazaev (2015, p. 959, pl. 33, fifs)ifrom the Middle Permian of Volga
Region, Russias similar but has a higher spire, more convex whorls and less distinct growth

lines.

Family Trachyspiridae NYtzel, Frlda, Yancey & Anderson, 2007

TrachydomiaMeek & Worthen, 1866
Type speciedNaticopsis nodosMeek & Worthen, 1860, Carboniferous, USA.

Trachydomia suwanneeag. nov.
(Fig. 3.21AED)

Etymology.In honor of Suwannee Phomprasith for her work in biodiversity in Thailand
Holotype.ESKU-19-LP 26.

ParatypesE SKU-19-LP 27, 94.

Dimensions (Mm)ESKU-19-LP 26: height = 12.1; width = 9.2; api@ngle = 82. ESKU-19-
LP 27: height = 6.4; width = 5, ESKU-19-LP 94: height = 5.4; width = 4.2.
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Type locality and stratigraphical range. Erawan Hill, Chong Sarikadstiict, Phatthana
Nikhom district, located about 13 km east of Lopburi Province tr@efhailand (Fig.3.1),
Khao Khad Formation, Saraburi Group, Middle Permian, Roadian.

Description.Shell naticiform to turbiniform; spire acute; whorls round, convex; body whorl
distinctly higher than spire; whorls ornamented with distinct small natiesh are especially
well-developed on the body whorl and weak or absent on the earliest preserved whorls; nodes
roughly arranged in opistocline arranged nodes; distance between nodes exceeds diameter of
nodes; suture distinct; whorls convex with periptamnidwhorl of body whorl but below mid

whorl of whorl face of spire whorls, with narrow subsutural ramp; base convex with gradually

embracing of body whorl at transition below the periphery; aperture unknown; anomphalous.

RemarksBased on the shell characters of the studied specimens such as having a naticiform
shell and pustules on whorl face, the present material represents undoubtedly the genus
TrachydomiaTrachydomia suwanneeap. nov.resembles most closely dussaultiManauy,

1913 (p. 101, pl. 11, fig. F&b) from the Permian Productus Limestone of Laos in shape and
ornaments that was also reported by Batten (1979, p. 17, fig. 20) from the Permian of Perak,
Malaysia and by Delpey (1941, p. 268, fig. 10) from the Permig@aaibodia. HoweverT.
dussaultiis not as higkspired and hence its spire is not as acltelussaulthas more nodes

and the nodes are more densely spaced. The specimen illustratddssaultiMansuy, 19138

by Delpey (1941) has a more distinctly atéd body whorl, a blunter spire and finer nodes,
whereas the specimens assigned.toodusumMeek & Worthen, 1866) by Delpey (1941, p.

268, fig. 9) is more similar to the present specimens in having an acute spire and a rather
elongated shape. Knight 4330) has reported several specimensTofnodusumfrom the
Pennsylvanian, USA (from which this species was originally described) differs distinctly from
the studied specimens in having a lower spire, a broader and more pronounced ramp, stronger
and coarsenodes and more inflated body whofl. suwanneeaap. nov. also resembl&s

whitei Knight, 1933, both in having small and widely spaced nodes and a similar whorl profile
but T. whitei differs from T. suwanneeasp. nov. by its wider, more pronouncedsutural

ramp, by being broader and by having stronger nddesiwanneeasp. nov. is also similar to

T. takhliensisNYtzel & Ketwetsuriya, 2016 (Ketwetsurigaal 2016, p. 502, fig. 1EM) from

the Middle Permian of the Tak Fa Limestone, Thailand. However, the sheltakhliensisis
broader, its spire is less acute and it has more inflated body whaoakhliensishas more
densely spaced, somewhat coarserraore protruded nodes and a more pronounced ramp.



112| Chapter 3

Figure 3.21: AD, Trachydomia suwanneeap. nov, ESKU-19-LP 26, holotypeEEF, Trachydomiacf. nodusum
(Meek & Worthen, 1866), ESKI19-LP 92 GEK, Trachyspira elegantap. nov, ESKU-19-LP 28, holotye. Scale
bars represent: 2 mm £B, GEK); 1 mm (EEF).

Trachydomiacf. nodosum(Meek & Worthen, 1866)
(Fig. 3.21EEF)

cf. Trachydomia nodosuifMeek & Worthen, 1866); Knight933 383, pl. 45, fig. 28.

Material. One specimerESKU-19-LP 92.
Dimensions (mm)ESKU-19-LP 92: height =. 2.9; width = 3.2.

Remarks.The single specimen at hand represents has the general characteristics of the genus
Trachydomialt is naticiform, ornamented with distinct nodes on whorl face and has a rather
deep sture. It seems to resembleachydomia nodusuiMeek & Worthen, 1866) as illustrated

by Knight (193®) from the Pennsylvanian of the U.S.A. This specimen can be differentiated
fromT. cf. dussaultias described abowe having coarser and denser nodesigressed suture,

a subsutural ramp and a distinctly broader body whorl. The present specimen is too poorly

preserved for a safe identification.
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TrachyspiraGemmellaro, 1889
Type species Trachyspira delphinuloidessemmellaro, 1889, Permian, Italy; subseqt
designation by Cossmann 1916.

Trachyspira elegantap. nov.
(Fig. 3.21GEK)

Etymology.From Latin, meaning elegant, beautiful
Holotype.Only one specimeBSKU-19-LP 28.
Dimensions (mm)ESKU-19-LP 28: height = 17.6; width = 13.3; apical angle £.75

Type locality and stratigraphical range. Erawan Hill, Chong Sarikadstiict, Phatthana
Nikhom district, located about 13 km east of Lopburi Province, Central Thailand3(E)g.
Khao Khad Formation, Saraburi Group, Middle Permian, Roadian.

Description Medium-size, moderately highpired shell, conical , subturbiniform, consisting of
approximately 5 whorls; apex acute, spire angle 75j; body whorl height about 80 percent of the
total height; suture adpressed; earliest two whorls withoutl@igiimament (preservation?),
convex; following whorl with fine pustules and narrow shoulder; last two preserved whorls
ornamented with two categories of nodes, large nodes arranged in spiral rows and fine, densely
spaced nodes arranged in opisthocline r@nding to fuse to opisthocline ribs; body whorl with

three rows of nodes, B4 nodes per row; uppermost nodular row near adapical suture, forming
edge of narrow ramp; middle row of nodes strongest, situated near abapical suture; third row
with weakest ndes, situated on base; whorl angulated at nodular rows; whorl face concave
between nodular rows; base rounded, anomphalous, ornamented with numerous spiral cords
consisting of small pustules representing continuations of opisthocline rows on whorl face;

aperture acute adapically, outer and anterior lip evenly rounded.

RemarksThis single specimen at hand is assigned to the geaghyspiraGemmellaro, 1889
which is characterized by having two different stz¢egories of nodes: numerous small
pustulesaligned in opisthocline rows and few large nodes arranged in spiral rows (Knhajht
1960). It is the first report of this genus from Thailand.

Trachyspira elegantap. nov. from the Khao Khad Limestone resembles the specimens
illustrated and described ds obliquinodulaWang, 1982 by Pan & Erwin (2002) from the
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Permian of Guangxi and Yunnan Provinces, South China. The type material of this species as
illustrated byWang (1982) is poorly preserved and not vdeltumented. However, these
specimens as well as those illustrated by Pan & Erwin (28@2much broader and stouter and
hence have a larger apical angle (> 90j) and the nodules are much coarser.

The type speeisT. delphinuloidesGemmellaro, 1889 as illustrated by Batten (1979, p.
21, figs 2¥81) from North Africa and Malaysia is also similarfteelegantasp. nov. in having
three principal rows of nodes with the second row dominarBaitenOs (1979) specimteave
a larger apical angle and the second order pustules are larger in the African spdowerer,
the original illustration ofT. delphinuloidesgiven by Gemmellaro (1889) shows a specimen
with relatively small first order nodules that are spiralbngated. Knight (1941, pl. 56) figured
a specimen form the type series that differs considerably from GemmellaroOs (1889) figure.
Nevertheless, Knight (1941) identified this specimen as possible holotype. This specimen
(probably the one used for the dragiin the Treatise, Knight et al. 1960, fig. 182/6) differs
from our specimen in having a broader ramp, finer second order and stronger first order nodes,
especially the adapical on&s.heshanensi®an & Erwin, 2002 (p. 25, fig. 12.012.14) from
the Lae Permian of China has a larger apical angle (close to 90j), the first order nodes are
weaker at comparable growth stages and it lacks a third row of first order nodes on tiie base.
guangxiensig?an & Erwin, 2002 (p. 25, fig. 12082.10) from the Late Pmian of China has
more convex whorls, a wider ramp and three instead of two rows of first order nodes on the

whorl face.

Subclass Caenogastropoda @oXnight et al., 1960
Superfamily Soleniscoidea Knight, 1981

Family Soleniscidae Knight, 1931

Subfanily Soleniscinae Knight, 193l

Strobeusle Koninck, 1881
Type speciesStrobeus ventricoswde Koninck, 1881, Mississippian, Belgium.

Strobeu8 sp. 1
(Fig. 3.22AEC)

Material. Two specimensESKU-19-LP 49, 90.



Permian gastropods from the Khao Khad Formgfldrb

Dimensions (mm)ESKU-19-LP 49: height =c. 10.4; width =c. 10.9; apical angle = 90
ESKU-19-LP 90: height = 6.5; width = 5.9; apical angle £82

Description.Subglobose, broad, legpired shell with elevated, acute spire; approximately four
whorls; whorl embracing above periphery; whorls sthpepirewhorls very slightly convex;
periphery convex. Rounded; bodsorl very inflated, strongly convex, rounded; suture
shallow; base evenly rounded, inductura seemingly thick; aperture acute adapically, broken

abapically.

Remarks. The incomplete sgmens resembli8trobeus wellerKnight, 193% (p. 219, pl. 23,

fig. 1) from the Desmoinesian (Pennsylvanian) Labette Shale of Missouri, USA. This species
has also been reported from the Permian of Cambodia (Delpey, 1941, p. 61, fig. 54), the Middle
Pennglvanian of New Mexico (Kues & Batten, 2001; p. 85, fig. 16.30) and the Permian of
Mexico (SoufTovar et al 2005). The present specimens also resemble several other Late
species representirtrobeudut it more lowspired than most of them. However, threken
aperture prevents an identification; presence or absence of columellar folds are important

characters that cannot be seen in the present material.

Strobeu8 sp. 2
(Fig. 3.22DEE)

Material. Two specimensESKU-19-LP 217, 220.
Dimensions (Mm)ESKU-19-LP 217: height = 1.4; width = 1.0; apical angle £.BSKU-19-
LP 220: height = 1.3; width = 1.0; apical angle £.78

Description.Shell fusiform, distinctly higher than wide with about three whorls (apex missing);
periphery evenly rounded, conyewhorls embracing at or slightly above periphery; spire
whorls slightly convex; whorls smooth; bedhorl inflated; suture shallow; base rounded,

convex; anomphalous; aperture unknown.

Remarks. The two specimens resen8ilebeus dongluoengiBan & Yu,1993) from the Upper
Permian Changxing Formation, China (see also Pan & Erwin 2002; NYtzel & Nakazawa 2012).

The identification of the present specimens remains doubtful due to insufficient preservation.
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Family Meekospiridae Knight, 1956

Girtyspira Knight, 1936
Type speciesBulimella canaliculateHall, 1856, Carboniferous, USA.

Girtyspira? sp.
(Fig. 3.22F)

Material. One specimerESKU-19-LP 222.
Dimensions (mm)ESKU-19-LP 222: height =. 1.0; width = 0.6.

Remarks.This very small single specimendmooth and has slightly convex whorl with blunt
apex and possess triangusdraped aperture. It resembl@styspira yodaiErwin, 1988 from
the Permian Cathedral Mountains Formation of West Texas. Howawvispira yodaispecies

has much more slender #hend impressed suture.

Figure 3.22: AC, Strobeu8 sp. 1, AB, ESKU-19-LP 49 C, ESKU19-LP 90 DEE, Strobeu8 sp. 2, D, ESKUY
19-LP 217 E, ESKU19-LP 22Q F,Girtyspira? sp., ESKU19-LP 222 G, Heterosubulites longusapertusp. nov.
ESKU-19-LP 215 holotype Scale bars represent: 2 mnB@); 200 um (IBG).
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Heterosubulite8andel, 2002
Type specieCeraunocochlis blatt&night, 1934, Pennsylvanian, USA.

Heterosubulites longusapertusp. nov.
(Fig. 3.22G)

Etymology.Latin, because of theng-shape aperture
Holotype.Only one specimerESKU-19-LP 215.
Dimensions (mMm)ESKU-19-LP 215: height = 1.6; width = 0.9; apical angle £.82

Type locality and stratigraphical range. Erawan Hill, Chong Sarikadstiict, Phatthana
Nikhom district,located about 13 km east of Lopburi Province, Central Thailand 3.

Khao Khad Formation, Saraburi Group, Middle Permian, Roadian.

Description.Shell very small, fusiform; whorls smooth; whorls embracing high on the whorls;
whorls evenly convex witheriphery above mivhorl; spire whorls only slightly convex; spire
small, blunt, rounded; bodyhorl inflated, much higher than spire with height about 90% of
total height; sutures indistinct; base flat; aperture elongated, narrow, with wide and &t an
siphonal canal; outer lip almost straight.

Remarks Heterosubulitedongusaperturasp. nov.is very close to the type specibk blatta

(Knight, 1934h, p. 208204, pl. 21, fig. 2Ad) (see als®@andel 2003) from the Pennsylvanian

of Missouri, USA in shape, size and shell proportionsHlbngusaperturan. sp. differs from

H. blattahaving a narrower aperture, a much broader anterior siphonal canal and a much more
arched outer lipH. fusiformisNYtzel, 202 from the Middle Permian Akasaka Limestone, Japan

is also similar but its shell is larger, the shell is more slender, whorls embrace lower on preceding

whorl, its aperture is wider and its anterior siphonal canal is narrower.

Superfamily Palaeostyloidé&enz, 1938
Family Pithodeidae Wenz, 1938

PlatyzonaKnight, 1945
Type speciesPlatyzona trilineatgHall, 1856), Carboniferous, USA.
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Remarks. NYtzeh NYtzel & Nakazawa (2012) plac®thatyzonain Caenogastropoda because
Pan & Erwin (2002) reported tipesence of caenogastropod larval shell of this genus from the

latest Permian of South China.

Platyzonagradatasp. nov.
(Fig. 3.23)

Etymology.From Latin gradata, because of the gradate .spire
Holotype.Only one specimerESKU-19-LP 11.
Dimensions (mm)ESKU-19-LP 11: height =11.6; width = 8.3; apical anglec= 7.

Type locality and stratigraphical range. Erawan Hill, Chong Sarikadstiict, Phatthana
Nikhom district, located about 13 km east of Lopburi Province, Central Thailagd3(1),
Khao Khad Formation, Saraburi Group, Middle Permian, Roadian.

Description.Moderately higkspired, turbiniform shell consisting of 6 whorls (apex missing)
with a steplike whorl profile; early teleoconch whorls (first three whorls) rounded, convex, with

an ornament of faint spiral threads (maybe due to preservation); upperswifade of later
whorls developing wide, steeply inclined ramp; ramp slightly convex to straight ornamented by
c. 8 to 10 equally spaced spiral threads; selenizone wide and flat, approximately 0.8 mm wide,
covering almost half of whorl height of boayhorl, situated below ramp; adapical border of
ramp at about mievhorl, forming also angulated border of ramp; outer whorl surface of
selenizone almost straight, parallel to shell axis, bordered by two spiral threads followed by
strong spiral cords; selenizomath curved transverse lunulae; adapical spiral rib forming
periphery; abapical spiral somewhat above lower suture; whorls embracing somewhat below
abapical spiral rib; suture distinctly impressed; base flatly convex with numerous evenly spaced
spiral threads, shallowly phaneromphalous; aperture notprelserved, seemingly with straight

columellar lip.

RemarksPlatyzonais reported from Thailand for the first time. Several species of this genus
have been reported from other Permian assemblages frone g4sidgrom Cambodia (Mansuy
1913%; Delpey 1941), Perak, Malaysia (Batten 1972), South China (Pan & Erwin 2002) and
from the Akasaka Limestone, Japan (NYtzel & Nakazawa 2012). It has also been reported from
the USA (Batten 1989).
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Figure 3.23Platyzonagradatasp. nov, ABF, ESKU19-LP 11, holotype Scale bars represent: 2 mmBE@\ EBF);
1 mm (ED).

The single specimen at hand resembles the paratyplatyzona dongluoens{®an &
Yu, 1993) from the Upper Permian Changxing Formation of south China (Pan & Yu 1993, pl.
8, fig. 3d&x). However, the holotype of this species differs considerably from the paratype and
from the present specimen in having a narrow selenizone avhoid and in other characters
(Pan & Yu 1993, pl. 8, fig. Zb). The paratype oP. dongluoensigepresents the genus
Platyzonabut the holotype and hence the species itself does not, the species reported by Pan &
Erwin (2002) as oP. dongluoensisrom theLate Permian of China resembles the misidentified
paratypes of this species aRdgradatasp. nov.and could be conspecific.

P. nodohumeros®atten, 1972 from the Permian of Malaysia resemBlagadatasp.
nov. but has a nodular ornament and distinmtas cords or lirae on the selenizore.
eulkaiensigReed, 1927) as illustrated by Batten (1972) from the Permian of Malaysia and by
NYtzel & Nakazawa (2012) form the Permian of Japan is also similar but has a narrower
selenizone that is lower on the ovts (just above the suture) and a weaker spiral ornament.

Three Late Permian species from South China have been assigtlat/ronaby Pan
& Erwin (2002):P. pulchellaPan & Erwin, 2002 lacks spiral cords and has more pronounced
growthlines. P. nitella Pan & Erwin, 2002 is broader and has more pronounced luriilae.
luculentaPan & Erwin, 2002 is based on an early juvenile specimen (protoconch and 1.5
teleoconch whorls)n contrast td°. gradatesp. nov. it has strong spiral cords on the earliest
teleoconch and the selenizone is higher on the whorls.

Four Permian species from SW USA have been assigritdti@zonaby Batten(1989):
P. rotundaBatten, 1989 is broader and has entirely rounded whartancellataBatten, 1989

has a much narrower selenizone and a cancellate ornaPeatgodaBatten, 1989 is more
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slender and has a concave selenizone and has entirely rounded RhamiguispiraBatten,

has uncoiled whorls.

Family Palaeostylidae Wenz, 183
Subfamily Palaeostylinae Wenz, 1938

PalaeostyluMansuy, 1914
Type speciesPalaeostylus pupoidédansuy, 1914, PermialCambodia.

Palaeostylusp.
(Fig. 3.24AEB)

Material. One specimerESKU-2019LP 7.
Dimensions (Mm)ESKU-19-LP 7: height =3.6; width = 2.2; apical angle = 84

Remarks. Thismall, highspired, cyrtoconoid, shell has a straight whorl face that is ornamented
by slightly opisthocline axial ribs, forming nodlke extensions situated immediately adjacent
to the adapical suture. Thehorls are low as is typical for the genldalaeoestylusSimilar
shells do also occur in the genBseudozygopleurdnight, 1930 andygopleuraKoken, 1892.

The present specimen is too fragmentary for an identification.

Superfamily Pseudozygopleuroidéaight, 1930
Family Pseudozygopleuridae Knight, 1930

Pseudozygopleurnight, 1930
Type specied.oxonema semicostatudteek, 1971, Carboniferous, USA.

Pseudozygopleufasp.
(Fig. 3.24CED)

Material. One specimerESKU-19-LP 63.
Dimensions (mm)ESKU-19-LP 63: height =. 9.2; width = 2.6.
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Figure 3.24: AB, Palaeostylusp, ESKU-19-LP 7. CED, Pseudozygopleufasp., ESKUL9-LP 63 Scale bars
represent: 1 mm (B8); 2 mm (&ED).

Description.Shell highspired, slender, turritelliform, slightigyrtoconoid comprising at least 8
whorls with apex missing; whorls twice as wide as high; whorls gently convex, ornamented by
straight faint collabral ribs numbering about 10 to 14 per whorl; ribs presumably reduced on last
preserved whorl; sutures shalltwt distinct; transition to base gradually convex; base rounded,;
anomphalous; aperture elongated suboval (higher than wide) with indistinct siphonal notch,
columellar lip nearly straight.

Remarks.This single specimen resembles sevspacies fronthe Rennsylvanian of the USA

(Knight 1930; Hoare & Sturgeon 1985) but the preservation is insufficient for an identification.
Pseudozygoppleuridae have a typical larval shell and hence knowledge of the protoconch is
needed for a save family and genus assignn@@mtlar shells as the present one may also occur

in Palaeostylidae and other groups. Several species that have been recorded from the Permian
of the Palaed ethys from Thailand (Ketwetsuriyd al 2016) and Malaysia (Batten 1985) have

been reported buhose species have a more distinct axial ornament.

Superfamily Orthonematoidea NYtzel & Bandel, 2000
Family Orthonematidae NYtzel & Bandel, 2000

DonaldospiraBatten, 1966
Type speciesMurchisonia pertusae Koninck, 1883, Early Carboniferous, Europe

Donaldospir& sp.
(Fig. 3.25A)



122| Chapter 3

Material. One specimerESKU-19-LP 85.
Dimensions (mm)ESKU-19-LP 85: height = 10.4; width = 3.1.

Description. Turritelliform, high-spired, slender shell, comprising about five whorl (apex
missing); whorls graduallycreasing; whorls generally gently convex with median angulation;
whorls with two fine spiral cords new near upper and lower suture; third cord strongest, situated
at midwhorl, forming crestike periphery; upper whorl face forming evenly concave ramp;
lower whorl face slightly concave, inwardly sloping from angulation to suture; suture distinct;
base evenly rounded; anomphalous; aperture elongated suboval in shape with thin lip,

columellar lip nearly straight.

RemarksDue to the preservation a possiblesenselenizone on the angulation at Antiorl,

this specimen can only be assigned Donaldospira tentatively. The Permian species
Murchisonia(Donaldospirg malaysiaBatten, 1985 from Perak, Malaysia is similar but has a
straighter whorl face and fn spiral cords on the whorls above and below the selenikhne.
gubleriDelpey, 1941 (p. 367, fig. 41) from the Lower Permian Sisophon Formation, Cambodia
is similar but it has a much more protruding peripheral carina and lacks spiral cords near the
sutues.M. fischeriStuckenberg, 1905 as illustratedDglpey (1941) is much similar in whorl
profile but it develops selenizone at the periphery which is bordered by two spiral ribs.

KnightellaLongstaff, 1933
Type specieKnightella irregularis(Longstaff 1933), Carboniferous, Scotland.

Knightella irregularis(Longstaff, 1933)
(Fig. 3.25BEE)

Knightia irregularisLongstaff, 1933: 118, pl. 12, fig$8; Knight, 1941: 164, pl. 49, fig. 6h.
Material. Two specimensESKU-19-LP 41, 84.
Dimensions (mm)ESKU-19-LP 41: height =c. 16.6; width = 6.1ESKU-19-LP 84: height =

8.9; width = 4.0; apical angle =42

Description. Shell higispired, slender; largest specimen consisting of 10 whorls; protoconch
smooth, seemingly about two orthostrophic whorls; fghéow, gently increasing; whorls
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smooth; whorl face evenly convex or somewhat pendent with periphery awhuord or
somewhat below; sutures moderately deep, distinct; base evenly convex, rounded;

anomphalous; aperture unknown.

Remarks.The present spenens closely resemble the type speciesightella irregularis
(Longstaff, 1933) from the Carboniferous, Scotland agdeseribed and illustrated by Knight
(1941, p.165, pl. 49, fig. &h), although the present specimens are much larger. The general
featues of this species (i.e., high spire, sharply rounded and somewkanpeamorl profile, a

body whorl which is twdifths of the total height, rounded base, anomphalous shell and slightly
protruding protoconch) are obviously identical with the pregeatimens. Other similar species

are K. hydrobiformis NYtzel, 2012 andnightella sp. from the Middle Permian Akasaka
Limestone of Japan (NYtzel & Nakazawa, 2012) and also sérégditellaspecies which have
been reported by NYtzel (1998) from the Pervasyan of the USA. However, these species are
smaller and have less convex whotlexonema karabolkenslscharev, 1975 (p. 78, pl. 13,

figs 5EB) from the Pennsylvanian of Russia is similar but it differs in having a dense spiral
ornament on the whorls.h& present specimens are also similaPrmtostylus however, this
genus has flatter whorls. This is the first known member of the démgstellain Thailand
which extends the range of this species and genus to the Middle Permian and expands its
distribution to the eastern Palagethys.

ProtostylusMansuy, 1914
Type speciesProtostylus lantenoidlansuy, 1914, Carboniferous, SE Asia.

Protostylussp.
(Fig. 3.25FEH)

Material. Two specimensESKU-19-LP 39, 64.
Dimensions (mm)ESKU-19-LP 39: height =c. 16.8; width = 7.8ESKU-19-LP 64: height =
c. 6.9; width = 2.9.

Description.Shell highspired, slender, consisting of approximately 7 whorls (apex missing);
whorls smooth; whorls slightly convex to almost straight, periphery somewhat below mid
whorl; base evenly rounded, convex; anomphalous; sutures shallow but distinct; aperture

unknown.
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RemarksThese unornamented higpired shells resemble several Perniastostylusspecies

e.g. from the Middle Permian Tak Fa Limestone from Thailand (Ketwetsetrgla2016) but

the bodywhorl of the present specimens seems to be more inflated. The Japestesgylus
species from the Middle Permian Akasaka Limestone (NYtzel & Nakazawa 2012) are much
smaller.Protostylussp. from the Permian of Ratburi Limestofi&ailand (Ketwetsuriyat al

2019) is more slender in shape. The type speRresostylus lantenoidilansuy, 1914 from the
Carboniferous of South China (Yunnan) and the specimens illustrated by Batten (1985) from
the Permian of Malaysia, differ from tipeesent specimens in being more slender smaller and
having lower whorls. The Permian Malaysian spe@aghaloptychia paleozoid@atten, 1985

is similar in having high whorls, but it has a moderately {sigined turbiniform shape and a
more stedike whorl profile. The studied specimens are also similaknigghtella irregularis
(Longstaff, 1933) but its whorls are somewhat lower and less convex, and it has shallower

sutures.

Family Goniasmatidae NYtzel & Bandel, 2000

Trypanocochled&omlin, 1931
Type spetes. Trypanocochlea cerithioidg&oken,1896), Late Triassic, Carnian.

Trypanocochledopburiensissp. nov.
(Fig. 3.251EN)

Etymology.After the Lopburi Province in which the studied gastropod material was found.
Holotype.ESKU-19-LP 210

ParatypesESKU-19-LP 201, 203, 204, 206, 211, 218, 221.

Dimensions (mm)ESKU-19-LP 201: height =. 1.1; width = 0.6ESKU-19-LP 203: height =
c. 1.1; width = 0.5ESKU-19-LP 204: height =. 1.0; width = 0.5ESKU-19-LP 206: height =
c. 1.9; width = 0.8ESKU-19-LP 210: height 4..5; width = 0.6 ESKU-19-LP 211: height =.
1.1; width = 0.6 ESKU-19-LP 218: height =1.3; width = 0.5ESKU-19-LP 221: height =.
0.7; width =c. 0.4.

Type locality and stratigraphical range. Erawan Hill, Chong Sarikadmstiict, Phatthana
Nikhom district, located about 13 km east of Lopburi Province, Central Thailand3(E)g.
Khao Khad Formation, Saraburi Group, Middle Permian, Roadian.
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Figure 3.25: ADonaldospirasp., ESKU19-LP 85 BEE, Knightella irregularis(Longstaff, 1933), BC, ESKU
19LP 41 DEE, ESKU19LP 84 FBEH, Protostylussp., F, ESKW9-LP 39 GEH, ESKU-19-LP 64 IEN,
Trypanocochledopburiensissp. nov. I, M, ESKUL9-LP 210, holotype; oblique view of early whorls to show
protoconchd, ESKU19-LP 201, paratypeK, ESKU-19-LP 2(B, paratypel, ESKU-19-LP 206 paratype; lateral
view of early whorls to show protoconét. ESKU-19-LP 221, paratypeOER, Streptaci®khaokhadesissp. nov,
OEP, ESKU19-LP 214 holotype QER, ESKU19-LP 213 paratypeScale bars represent: 2 mmB@); 200 pm
(IBR).
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Description. Shell very small, higgpired, turritelliform, slightly cyrtoconoid comprising about

six whorls; earliest two whorls {pbably protoconch) convex, without visible ornament,
somewhat mammilated; suture distinct; whorls low with evenly increasing whorl expansion
after early first whorl, angulated at about Aaor! with concave subsutural ramp; lower whorl
below angulation @ncave; strong spiral cord located at midorl at angulation forming
periphery, with numerous small nodules (crenulated); additional weak spiral threads situated at
subsutural position and second spiral thread located emerging from lower suture; vehonl fac
ramp and lower whorl smooth without visible ornament; base flatly convex without ornament;
shallowly minutely phaneromphalous or anomphalous; aperture nepreskrved, seemingly

circular with short slit.

Remarks. These tiny shells are assignetddémenudrypanocochleaue to their high spire and

the nodular spiral keel which is situated at the-minbrl. However, due to preservation it is
unclear whether a selenizone is present on the keel in the present spe€myrsocochlea

parva NYtzel,2012 from the Akasaka Limestone, Japan is the only other Permian nominate
species; it has much larger nodes on the keel, the keel is more pronounced, it is not cyrtoconoid
but conical. Both species share a mammilate protoconch probably representinbsi&ireh

the caenogastropod type. The gemwnaldospiraholds similar species but this genus lack
nodes on the median ke@®onaldospira taosensiKues & Batten (2001, fig. 9.30) from the
Middle Pennsylvanian of New Mexico is similar but has higher whorls and several spiral threads
above and below the carina (that lacks crenulation), which are not present in the present
specimensD. carinata Bande] 2002 from the East Mount Shale, Pennsylvanian of Texas,
USA has a much more protruding peripheral carina. The present specimens are much smaller
than the other Permiddonaldospiraspecies and the spiral cord at antlorl is weaker in the

other specieand the carina is not crenulatddypanocochlea lopburiensis established as a

new species that yields approximately 10 specimens in the present collection.

Subclass Heterobranchia Burmeister, 1837
Superfamily Streptacidoidea Knight, 1931b
Family Streptacididae Knight, 1931b

StreptacidMeek, 1871
Type speciesStreptacis whitfieldMeek, 1871, Carboniferous, USA.
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Streptaci® khaokhadensisp. nov.
(Fig. 3.25CER)

Etymology.After the Khao Khad Formation in which the studied gastropod materidbwad.
Holotype.ESKU-19-LP 213.

ParatypeESKU-19-LP 214.

Dimensions (mm)ESKU-19-LP 213: height . 2.4; width =c. 0.8.ESKU-19-LP 214: height
=c. 1.3; width =c. 0.7.

Type locality and stratigraphical range. Erawan Hill, Chong Sarikadstitict, Phatthana
Nikhom district, located about 13 km east of Lopburi Province, Central Thailand3(E)g.
Khao Khad Formation, Saraburi Group, Middle Permian, Roadian.

Description. Shell very small, higgpired, slender, largest specimen consisting of 7 i&hor
protoconch smooth, seemingly coaxially heterostrophic; whorls low, smooth; earliest
teleoconch whorls low, markedly convex with periphery atwinbrl; later whorls higher, less

convex; sutures deep; base and aperture unknown.

Remarks. Both specimerst hand are close to the Permian Japanese sp€nightella
hydrobiformisNYtzel, 2012 from the Akasaka Limestone as reported by NYtzel & Nakazawa
(2012) in shell shape and size. HoweverKirhydrobiformisconvexity of the whorl face and

height of the whorl does not change during ontogeny in contrast to the specimens at hand. The
protoconch of the present material shows coaxial heterostrophy as does a specimen representing
K. aff. hydrobiformisillustratedby NYtzel & Nakazawa (2012, fig. 20N, O). However, the
holotype ofK. hydrobiformisdoes not display heterostrophy (maybe due to preservation) and
was hence assigned to the caenogastropod démghtella (see NYtzel 1998Ftreptacisis
characterized byéansaxial heterostrophy i.e., the protoconch axis is more or less perpendicular
to the shell axis of the teleoconch. Howe®&ireptaci® khaokhadensisp. nov. shows coaxial
heterostrophy as does for instance the Jurassic désedomellaGrYndel, 1998 ahthe
PennsylvaniatMapesellaBandel, 2002. However, inUsedomellahe width of the protoconch
exceeds that of the early teleoconch Mtapesellahas axial threads on the teleoconch whorls,

both is not the case 5?7 khaokhadensissp. nov.. Therfore weentaively placeS?
khaokhadensisp. nov. inStreptacis S.? khaokhadensisp. nov. differsrom K. irregularis
(Longstaff, 1933) in whorl profile that is somewhat gent and in being larger.
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Genus and species indeterminate
(Fig. 3.26AEC)

Material. One specimerESKU-19-LP 4.
Dimensions (Mm)ESKU-19-LP 4: height = 3.9; width = 3.1; apical angle 82

RemarksThis small, moderately higbpired, barrekhaped shell has a prominent ornament of

three spiral cords on convex whorl face, a forth emgrgtrthe lower and flattened, planispiral

early whorls (with earliest whorls missing). It represents clearly a distinct species in the present
collection. However, the present specimen is too poorly preserved for a safe identification. It
resembles the ges Stegocoelidonald, 1889 but this genus has no flattened early whorls and

it is unclear whether the present specimen has a selenizone. Otherwise, it resembles several Late
Palaeozoic species, for instanB¢egocoelia akasakaensiéYtzel, 2012 from the Mdle

Permian Akasaka Limestone of Japan but its spiral cords are much more prominent. It is also
similar to some species from the Middle Pennsylvanian of New Mexico as described by Kues

& Batten (2001).

Genus and Species indetermin2te
(Fig. 3.26D)

Material. One specimeESKU-19-LP 207.
Dimensions (mm)ESKU-19-LP 207: height =. 1.0; width = 0.9.

Remarks.This tiny incomplete specimen has several coarse orthocline ribs on whorl face and
one spiral rib at abapical suture. is similarHemizyga(Plocezyga sp. 1 as illustrated and
described by Kues & Batten (2001) from the Middle Pennsylvania of New Mexico but the
studied specimen differs in having a spiral rib at lower suture. The present specimen could
represent a trochid or a caenogastropodsiato poorly preserved for an identification.
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Figure 3.26: AC, Genus and Species indeterminate 1, ESRULP 4 D, Genus and Species indeterminate 2,
ESKU-19-LP 207 Scale bars represent: 2 mmBE@); 200 um(D).
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4.1 Abstract

Middle Permian marine invertebrate assemblages from Central Thailand are strongly dominated
by gastropods. Two gastropod assemblages from the Tak Fa Limestone at Khao Noi and Khao
Chao Thong of the Nakhonsawan area are the first Permian ones from Tteiteard analyzed
regarding diversity and composition based on quantitative Bath gastropod assemblages,
comprising 40 species in total, are dominated by the gastrépualaphalusp., Warthia cf.
brevisinuataandGlabrocingulum magnunthe genu®nomphaluss especially abundant which

is unusual for Permian assemblagBeth studied gastropod assemblages have a similar
taxonomic composition and diversity including the same values of diversity indices that indicate
a moderate diversity. In additipnarefaction analyses and raalBundance distributions also
suggest that diversity and structure of both assemblages are the same. The studied assemblage
is compared with other Permian gastropod assemblages from Asia (Malaysia, East Timor and
Japan). Raffaction, diversity indices and rafdbundance distributions suggest that the
diversity of the studied fauna is distinctly lower than that of the others despite coming from
similar depositional environments. This is surprising bec#uselak Fa gastropodwed at

lower latitudes than the others. This could suggest an inverse diversity gradient in the Palaeo
Tethys but more evidence is needed to substantiat@gkisnption Several Late Palaeozoic

and Early Mesozoic fossil assemblages are dominated byogads e.g., those from the
Pennsylvanian Buckhorn Asphalt deposit, the Permian from Japan and Malaysia, as well as the
Late Triassic Cassian Formation. This shows that at least locally, gastropods dominance is not

restricted to the modern faunas.

Keywords Gastropoda, Permian, Thailand, Tak Fa Formation, diversity

4.2Introduction

In the last years, several new Permian gastropod faunas from Thailand were discovered
(Ketwetsuriya et al. 2082020). Virtually nothing had been known about Permian gastropods
from Thailand before. The most diverse of these gastropod faunas is that from the Tak Fa
Formation (Ketwetsuriya et al. 2014, 2016). This silicified invertebrate fauna is strongly
dominated by gastropods. It was retrieved by bulk sampling and etching fraralthesous

rocks and therefore this collection is quantitative. This offers the possibility of a meaningful
comparison, regarding its diversity and composition, with other gastropod féuamas
Southeast Asidpr which relative abundances are known. Tihalyzed assemblages of the Tak

Fa Formation come from two localities in the Nakhonsawan Province, Central Thailand:
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1) Khao Noi hill b this fauna has been monographed by Ketwetsuriya et al. (2016) and
2) a newly retriegd assemblage from Khao Chai Thong hill. Both localities are 2 km apart (Fig.
4.1) and have a similar species composition. However, relative abundances differ. The aim of
this contribution is to expand the understanding of Permian gastropod diversitgilahdrand
adjacent areas by comparing the quantitative data set of the two localities of the Tak Fa
Formation at Khao Noi hill and Khao Chai Thong hill. This study also presents a detailed
guantitative analysis of gastropod diversity, which is the mastddnt group in the studied
samples using diversity indices, rarefaction analysis ranétabundance distributions. The
studied Permian gastropod assemblage from Thailandngpared by means of diversity to
other gastropod faunas from Asia for which quantitative data were published for instance to the
Permian gastropod faufia@m Perak, Malaysia, East Timor and the Akasaka Limestone, Japan
to enhanceur knowledge on the Raran gastropod diversity and palaeobiogeography.

The Tak Fa Formation, consists of shallow water carbonate deposits (fusulinid
limestones) and crops out along the western margin of the Indochina Terrane (Wielchowsky and
Young 1985; Metcalfe and Sone 2008)the Phetchabun Province, Lop Buri Province and
Nakhonsawan Province, Central Thailand. It yields one of the most extensively studied Permian
marine invertebrate faunas of Thailand. Gastropods are one of its most important components.
However, until recetly the Permian gastropod fauna from Thailand has hardly been studied.
The presence of gastropods was just mentioned in treatments of other groups e.g. brachiopods
(Grant 1976; Waterhouse 1982; Sone 2010). Recently, Ketwetsuriya et al. (2014, 2016)
produed the first systematic study on the Middle Permian gastropod fauna from the Tak Fa
Formation, Nakhonsawan Province, Central Thailand. Gastropods comprise 72.7 % of the
species and 88.4 % of the specimens in the analyzed samples (excluding fusulinidsrevhich
highly abundant). Around 40 species gastropod fauna were repbrtedminate species and
23 species in open nomenclature, with one new genus and twelve new dpevieser, a
guantitative census of the Permian gastrgpaam Thailandand also fronsoutheast Asidyas
rarely been reporte(from Perak, Malaysia: Batten 1972,1979,198%d from East Timor
Wanner, 1941) An investigation of Permian gastropodiversity facilitates a better

understandingf the regional palaeobiogeograptiythis region
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4.3 Location and geological setting
The studied gastropod assemblages come from two isolated limestone hills, Khao Noi hill
(15180500 N, 1280100 ENd Khao Chai Thong hillg*170590 N, 1060510 ) Tak
Fa District, NakhonsawaRrovince, Central Thailandorming part of ahill chain, which
extends for approximately 6 km in northwssutheast direction, and is surrounded by
unconsolidateduaternary alluvial depositt an average elevation of 300 m above mean sea
level (Fig.4.1). The distance between the teampling spots is approximately 2 km. The fauna
from Khao Noi was treated systematically by Ketwetsuriya et al. (2016) who also provided data
about diversity and relative abundances. The fauna from the second samplifihapaChai
Thong) was retrieved later and had not been included in the mentioned monograph.

The limestone deposits in the study area are assigned to the Tak Fa Formation
(informally known as Tak Fa Limestone), which is a part of Saraburi Group (Nakb@7$;,
1981). The Tak Fa Formation is distributed over the Phetchabun, Lop Buri and Nakhon Sawan
provinces (Nakornsri 1976) and consists mainly of bedded fossiliferous limestones, massive
limestones and subordinate siliciclastic rocks (Yanagida 1988)mé&hni@e invertebrate fauna
of the Tak Fa Limestone has been studied by various authors, and comprises fusulinid
foraminifers (Pitakpaivan 1965; Igo 1972, 1992), brachiopods (Yanagida 1988; Sone et al.
2009), conodonts (Metcalfe and Sone 2008; Chitnarial.e2012, 2017), corals (Yanagida,
1988), calcareous algae (Fontaine et al. 1999), bryozoans (Sakagami 1975, 1999) and
gastropods (Ketwetsuriya et al. 2014, 2016). The unit formed during the Early to late Middle
Permian (Chonglakmani and Fontaine 1992; 1§92), and has its type area at Tak Fa in
southeastern Nakhonsawan Province. During the Permian, thanaweaich the Tak Fa
Formationis exposedwas situated in théalaeeTethys, at an equatorial position in the
Equatorial Warm Water Provinc®létcalfeand Sone 2008

The age estimates of the Tak Fa Formation range from the latest Carboniferous to middle
or late Middle Permian (Ueno and Charoentitirat 2011), based on biostratigraphy (e.g. fusulinid
foraminifers conodonts, brachiopods and bryozoans). 8deof the Tak Fa Formatiar the
study area is based on the fusulinid foraminifesbeekina verbeeland Parafusulinasp.,
which indicate a Middle Permian age (Middle Wordian to Middle Capitanian) (Napradit 2005;
Jaiboon 2001). Chitnarin et. #82012) noted that the Ta khli section of ek Fa Limestone in
Nakhonsawan antopburi provinceswhich is related to the studied localitig®s aMiddle
Permian {Wordian)agebased orfusulinid foraminifersChitnarin et al(2017) reassigned this
secton to the Early Permian (Artinskian) due to the discovery of the fusulinid foraminifers
Pamirinasp. andPseudofusulingp..
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Figure 4.1: Geological map of the study area showing the positions of the studied samples at Khao Noi hill
(15° 180 500 N, 10260 100 End Khao Chai Thong hilll§* 170 590 N, 1060 510 EJak Fa District
Nakhonsawan Province, Central Thailand. Contour lines are indicated in meters.

4 4Materials and methods

The limestone samples were taken by the first author in 2010, 2013 and 2015 where weathered
silicified gastropods were visible on the surface of the carbonate rock on two isolated limestone
hills (Khao Noi and Khao Chai Thong) in Tak Fa District, Nakhorssawrovince, Central
Thailand (Fig.4.1). The limestone block samples (approximately 100 kg) were dissolved in
formic acid at the Bayerische Staatssammlung fYr PalSontologie und Geologie in Munich,
Germany. After dissolving, the residue was wet sieved atesh size of 0.5 mm. All
determinable fossils were picked from the washed residues. fokmst material consistef
fragmented shell hash, but more or less complete specimens were also present. Gastropods were
classified at specidsvel in the course daxonomic study by Ketwetsuriya et al. (201Bhe
specimens of each spes were counted, includirgher fossils e.g. bivalves, brachiopods and
algae. Rarefaction analyses and calculation of diversity indices (Sh#iraer and Simpson)

were performedising the PAST software package (Hammer et al. 2001). -Raunkdance
distributions and model fit were calculated in R (R Core Team 2017) using the packages vegan
(Oksanen et al. 2018) and sads (Prado et al. 2018). For the diversity analysis, fusulimids wer
excluded.



142 | Chapter 4

Figure 4.2 Field photographs. A Fossiliferous limestone from the middle part of Khao Noi hill predominately
containing gastropods. B Fossiliferous limestone from Khao Chai Thong hill yielding mainly gastropod fragments.

The majority of he fossil material is housed in the Bayerische Staatssammlung fYr
PalSontologie und Geologie (Bavarian State Collection for Palaeontology and Geology) in
Munich, Germany (SNSBSPG 2014 XI). Some specimens are housed in the Chulalongkorn
University, Museunof Zoology, Bangkok, Thailand (CUMZ).

4 59 Results

The samples from the Tak Fa Formation produced a rich silicified fossil assenid#agies a

high amount of unidentifiable shell fragmentse wvashed residues yielded gastropod shells,
fusulinids, bryozoarfragments, sponge spicules, bivalve shells larathiopodsDue to the

coarse silicificationand fragmentatignnot all fossils could be determined at species level
Molluscs, especially gastropods, are the most abundant and diverse group in both fossil
asemblages, yielding 72.7 % of the species and 88.4 % of the specimens. The strong dominance
of gastropods in terms of species richness and abundance is remarkable, but it must be taken
into account that gastropaath rocks were sampled preferentially hretfield.

Gastropod fauna of the studied samples

Taxonomic composition

The gastropod assemblage from Khao Noi comprises 579 specimens which represent 40 species
(Fig. 4.3), i.e.17 nominate species and 23 species in open nomenclature. At the species level,
the vetigastropocdAnomphalussp. is the most abundant specié€#.1%), followed by the
bellerophontidwarthia cf. brevisinuata(8.7%), eotomariidGlabrocingulum magnun8.0%)

and the higkspiredorthonematidProtostylussp. (7.6%)
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Figure 4.3 The twelve most abundant gastropod species from the Tak Fa Limestone at Nakhonsawan area;
A Bellerophontoideanyarthia cf. brevisinuataWaagen, 1880, SNSBSPG 2014 XI 2. BF Vetigastropoda,

B Bayle@ umbilicataNYtzel and Ketwetsuriya, 2018NSB-BSPG 2014 XI 13. Glabrocingulum thailandensis
NYtzel and Ketwetsuriya, 2016NSBBSPG 2014 XI 48. DAnomphalussp., SNSBBSPG 2014 XI 28.

E Yunnania pulchraNYtzel and Ketwetsuriya, 2018NSB-BSPG 2014 XI 34. Microdoma carinataNYtzel and
Ketwetsuriya, 2016SNSB-BSPG 2014 XI 47. G Neritimorphalaticopsissp., SNSBBSPG 2014 Xl 95. HL
Caenogastropoda, Boniasna tricarinataNYtzel and Ketwetsuriya, 2018NSB-BSPG 2014 Xl 45. Protostylus

sp., SNSBBSPG 2014 XI 56. Cambodgia acuminafeYtzel and Ketwetsuriya, 201SNSBBSPG 2014 XI 117.

K Trepsipleura chordanodoggaues, 2002, SNSBSPG 2014 XI 1. LStreptadcs? sp., SNSEBBSPG 2014 Xl 51.

In comparison, the gastropod assemblage from Khao Chai Thong yielded 402 specimens
representing 34 species, ild.nominate species and 20 species in open homenclatutardde
most abundant species are the same as Kithe NoiassemblageAnomphalusp. (32.5%) is
the most abundant species again, followedMaythiacf. brevisinuata(7.2%).Glabrocingulum
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magnumandmeekospiricCambodgia acuminatare equally abundant with 6.0% each, as are
naticopsidNaticopsisspp. andmicrodomatidMicrodoma carinatadealing with 4.7%each

Six taxa from the Khao Noi assemblage were not observed in the Khao Chai Thong assemblage;
these are, in descending ordeeeuphemitidEuphemites graffhan0.5%),thetrochonemad
Knightinella ornata (0.5%), the bellerophontid Khumerspira thailandensig0.3%), the
trochonematidAmaurotoma? sp(0.3%),the soleniscidCylindritopsis spheroidef).2%) and
themeekospiridCeraunocochlisp.(0.2%). Thes¢axa are rare at Khao NoilrAost half of the

total number of gastropod species is only represented by one to three spesihspesiesof

two gastropod assemblages and their abundances are listed id . Iable

Diversity

Thediversity of both gastropod assemblages is practically the sam8&irhjpeon indices of the
Khao Noi (0.86) and Khao Chai Thong samples (0.87) are identical when considering the
relative error intervals. The ShannWfiener Indexis 2.7 for both assemblageindicating a
moderate diversity.

Rankabundance distributionsonfirm these results. The shape of the Khao Noi and
Khao Chai Thong distributions aaémostthe same (Figd.4). Whentrying to fit models to both
rankabundance distributiong lognormal model fits best to both assemblages (Tabl2).
However, AIC(Akaike Information Criterionyalues indicate that the gastropod assemblage
from Khao Noi also fits well to the Zipf model, since the values are almost identical (lognormal
181.21 vs. Zipf 1889). Both assemblages have a similar diversity and ecological complexity.
The evenness is moderate as is indicated by the chosen model (e.g. Magurran 2004).

Rarefaction analysis suggests that the sample sizes of the gastropod assemblages from
Khao Noi andKkhao Chai Thong are sufficient to estimate diversity, because the rarefaction
curves are saturated at approximately 400 specimensi(s)gThe curves further suggest that
two assemblages are almost identical regarding diversity. The similarity otinaths as well
as the other mentioned diversity metrics suggest a similar original diversity of biota.

In addition, both studied assemblages closely resemble each other in taxonomic
composition and relative abundances with the gastropgadsmphalussp., Warthia cf.
brevisinuataand Glabrocingulum magnurbeing most abundant at both localitisaggesting
that they come from the same environmental setting. The similarity both with regard to diversity
and composition justifies that these two samples fronT #keFa Limestone can be pooled to
represent a single gastropod assemblage, for further comparisons with other Permian gastropod

assemblages from Southeast Asia and adjacent areas.
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Table 4.1: Species and their abundances of the studied gastropod asseridbkagéloi hill and Khao Chai Thong
hill, from the Tak Fa Limestone, Nakhonsawan.

Number of specimens

Groups Species Khao Noi Khao Chai tong
Bellerophontoidean Euphemites graffhami 3 0
Warthiacf. brevisinuata 50 29
Warthiasp. 12 4
Bellerophorsp. 4
Bellerophor? sp. 6
Pharkidonotus khaonoiensis 11 8
Khumerspira thailandensis 2 0
Retispira lyelli 2
Euomphalina Discotropi sp. 1 1
Euomphalid 7
Vetigastropoda Bayle& umbilicata 14 11
Knightinella ornata 0
Knightinellasp. 3
Amaurotoma sp.
Takfaia kuesi 7 9
Glabrocingulum magnum 46 24
Anomphalus lateumbilicatus 2 5
Anomphalusp. 197 131
Yunnania pulchra 12 15
Anticonulu® sp
Coeloconulus panae 1
Eocalliostomasp.
Microdoma carinata 10 19
Neritimorpha Naticopsisspp. 14 19
Trachydomia takhliensis 9 1
Caenogastropoda Goniasma tricarinata 22 14
Stegocoeliasp. 1 5
Stegocoeliasp. 2
Orthonemasp. 2 2
Protostylussp. 44 17
Soleniscusp. 5 5
Strobeussp. 1 2
Cylindritopsis spheroides 1 0
Meekospirasp. 5 8
Ceraunocochlisp. 1 0
Cambodgia acuminata 20 24
Trepsipleura chordanodosa 21 7
Pseudozygopleufasp. 1

Heterobranchia Streptaci® sp. 21 11
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Figure 44: Rank abundance diagram thie two studied Middle Permian gastropod assemblages of the Tak Fa
Limestone from Khao Noi hill and Khao Chai Thong hilak FaDistrict, Nakhonsawan Province, Central
Thailand.

Table4.2: Model fit for rankabundance distribuins of the Tak Fa assemblages. Best model fit is shown in bold.

Tak Fa assemblages Models AIC

Khao Noi Brokenstick 413.15
Preemption 334.06
Lognormal 181.21
Zipf 181.39
Zipf-Mandelbrot 183.39

Khao Chai Thong Brokenstick 243.67
Preemption 237.82
Lognormal 157.83
Zipf 163.88
Zipf-Mandelbrot 165.88

Diversity in specific gastropod groups

Combined from the two sampling localities, the studied gastropod fauna comprises 981
specimens representing 40 species (Big), and is clearly dominated by Vetigastropoda
(Fig. 4.7). 526 specimens or 53.6% of the gastropod specimens belong to the Vetigastropoda,
which is also the most diverse group (13 specfasdmphalusp. is the mostbundant species

(33.4%),followed by four OendemicO specsesfar only known from the Tak Fa Limestone













































































































































































