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CHAPTER |

INTRODUCTION

Gastropods have evolved from the Cambrian to the Recent. Gastropods have
been found in stratigraphic layers in Thailand and other countries. Palaeozoic
limestones from variuos localities of Thailand have yielded numerous invertebrate
fossils such as fusulinids, corals, brachiopods, bivalves, crinoids, sponges, conodonts
and gastropods. There are several palaeontological studies but the information of
Permian gastropods of Thailand is scarce. Grant (1976) reported platyceratids and
pleurotomarioids from limestones of southern Thailand. Waterhouse (1982) studied an
early Permian fauna from the Kaeng Krachan Group and mentioned Peruvispira sp.
Sone (2010) reported the species Magnicapitatus huazhangae from the Guadalupian
(Middle Permian) of East Thailand. Ketwetsuriya et al. (2014) reported twenty gastropod
species from the Tak Fa Limestone, Nakhonsawan, Northern Thailand. This report was
preliminary and treated the species in open nomenlature. Palaeontological study

facilitates information about diversity, palaeoecology and palaeoenvironment.

The Permian rocks of the study area at Khao Noi, Khao Chai Thong, Khao Kwang
and Khao Tum Pha Sawan, Amphoe Tak Fa and Amphoe Takhli, Changwat Nakhon
Sawan belong to the Tak Fa Formation, Saraburi Group. This formation crops out in the
Khao Khwang Platform and consists of late Palaeozoic carbonate platform deposits
that covered Changwat Phetchabun, Changwat Lop Buri and Changwat Nakhon Sawan.
The study area consists of limestones, argillaceous limestones, mudstones and
dolomites with many invertebrate fossils; especially gastropods are highly diverse and
widely distributed. Gastropod assemblages of the study area vary in each stratigraphic
layer. The study of these assemblages in combination with the study of carbonate
facies can indicate paleoenvironment. In summary, the study focuses on systematics,

diversity, palaleoecology and biostratigraphy of these Permian gastropods.



1.1 The study area

1.1.1 Location

The study area is located at Khao Noi, Khao Chai Thong, Khao Chon Due, Khao
Kwang and Khao Tum Pha Sawan in Amphoe Tak Fa and Amphoe Takhli, southeastern
part of Changwat Nakhon Sawan (Figure 1.1). This area covers approximately 60 square
kilometers and lies between the latitude 15°19’ 38” to 15° 16’ 23” and longitude 100°
22’ 42” to 100° 28’ 18”. The thesis area is located within the topographic map scale
1:50,000 of the Royal Thai Survey Department, sheet 5039 |, Amphoe Takhli, series L
7018, edition 2-RTSD (Figure 1.2).

1.1.2 Accessibility

Accessibility to the study area can be undertaken via convenient Highway no.1
or Phahon Yothin Highway. By following the Higshway no.1 to Ban Khok Sung, then turn
left and follow the Highway no.3331 for approximately 1.5 kilometers to Khao Chon
Due. Going straight along Higshway no.3331 until meet Ban Nong Phikun School, there
is junction, turn right and follow the concrete road for approximately 2 kilometers to
north wing of Khao Noi, in the area of Amphoe TaKhli, Changwat Nakhon Sawan. South
wing of Khao Kwang is located behind Wat Khiri Wong Wararam situated left-hand side
of the Highway no.1. Going straight along Highway no.1 to Ban Khao Chai Thong until
meet T intersection, then turn right and follow the concrete road for approximately 2
kilometers to Wat Tham Pha Sawan, Khao Tum Pha Sawan is located behind. The last
location is Khao Chai Thong, there is situated beside Wat Khao Chai Thong Wararam
that can be accessed by the Highway no.1 that far about 2 kilometers from Khao Kwang

in the north-eastern direction, in the area of Amphoe Tak Fa, Changwat Nakhon Sawan.
1.1.3 Physiography and Climate
The study area is located on the southern part of Changwat Nakhon Sawan.

The topography of the study area is characterized by the rolling terrain and limestone

hills. The average elevation of the study area lies between 40 to 350 meters above



mean sea level. There is only a small stream called “Huai Heang” passing through the

northeastern part of the study area.

The climate of the study area is tropical grassland or savanna type with the
rainy season ranges from May to October while the rest of the year is relatively dry.

The average annual mean temperature is 30 degree Celsius.
1.2 Purposes of study

1.2.1 To describe the gastropod fossils in the study area.
1.22 To do the biostratigraphy of gastropoda fossil and discuss
paleoenvironment in the study area.

1.3 Methodology

1.3.1 Literature survey

The review includes previous reports about geology and palaeontology
(espeacially about gastropods), palaesoecology of the study area, other Permian
occurrences in Thailand and other regions countries and geographic information such

as topographic maps of the study area and adjacent regions.

1.3.2 Field Investigation, Collecting the specimens and stratigraphic work

1.3.2.1 Reconnaissance field investigation

Geological study was conducted in Amphoe Tak Fa and Amphoe Takhli,

Changwat Nakhon Sawan for field investigation planning.
1.3.2.2 Detailed field investigation;

Data collecting for biostratigraphic study including the sampling of rock and

fossil samples from the measured sections of the study area.
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Figure 1.1 Index map of Thailand showing location of the study area at Amphoe Tak

Fa and Amphoe Takhli in Changwat Nakhon Sawan.
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Figure 1.2 Topographic map of the study area, scale 1:50,000, sheet 5039 I, Amphoe
Takhli, series L 7018, edition 2-RTSD. This map also shows the accessibility to the study

area.



1.3.3 Sample preparation, documentation, classification and identification

of gastropods

The gastropod fossil samples were prepared by etching with formic or acetic
acid from the calcareous rocks at the Bayerische Staatssammlung fur Paldaontologie
und Geologie in Munich, Germany. After etching, the material was sieved under rinsing
water at a mesh size of 0.5 mm. All fossils including the gastropods were picked from
the washed residues. Gastropods were sorted according to species and samples.
Representatives of each gastropod species and some other species were whitened

with ammonium-chloride and documented with microphotography.

1.3.4 Study on shell morphological characteristics for creating systematics

The specimens were measured for shell length, shell width and counted
number of whorls. The specimens were sorted according to species. Based on a

comparison with literature data, the specimens were determined.

1.3.5 Petrographic study for interpreting palaeoenvironment

Thin sections were made for micro-facies analyses. The main facies type
yileding the gastropod fauna were determined according to the classification of
Dunham (1962) and Flok (1962) see also Flugel (2004). It was attempted to give a
biostratigraphic age based on fusulinids in thin-sections. Gastropods are not suitable

for biostratigraphy.

1.3.6 Paleaoenvironmental analyses

Diversity of the invertebrate fauna, especially of the gastropod fauna and
microfacies analysis was used to develop a paleoenvironment and depositional model.
Palaeobiogeographical considerations were made by comparisons with other Permian

gastropod faunas, especially with those from other regions in South East Asia.

1.3.7 Discussion, conclusion and report writing

The integration of all results, including lithostratigraphy, petrography

paleontological study, and the previous works were conducted.



1.4 Literature reviews

A geological map at a scale of 1:250,000 of Amphoe Ban Mi (Nakornsri, 1976,
1981) shows the study area belonging to the Tak Fa Formation, Saraburi Group is
exposed (Bunopas, 1981). The middle Permian Tak Fa formation composes limestones
interbeded with argillaceous limestones, mudstones and dolomite which partially
contain chert nodules and fossiliferous limestones. The invertebrate fossils in this
formation have been studied in detail, e.g., fusulinids, corals, brachiopods, conodonts
and bryozoans. Wielchowsky and Young (1985) studied facies variations in Permian
rocks of the Phetchabun fold and thrust belt of Thailand based on measured sections
and other field observations. The result revealed that there were two depositional
environments in the lower to middle Permian. This area was divided into Khao Khwang
platform, Pha Nok Khoa platform and Nam Duk basin. The study area is the part of
Khao Khwang platform (Ueno and Charoentitirat, 2011). In this area, carbonate platform
deposition took place in the late Palaeozoic. Metcalfe and Sone (2008) reported
conodonts from the Tak Fa Formation (Saraburi Limestone). They found that this
formation had been deposited on the western margin of the Indochina Terrane.
Napradit (2005) studied Permian fusulinoidean limestones from east of Changwat
Nakhon Sawan and established a biostratigrapic framework. The fusulinoideas indicate
that the age of carbonate rock is Yakhtashian or Artinskian (late Early Permian) to Midian
or Capitanian (late Middle Permian). From petrographic study of carbonate rock in
combination with palaeontological analysis, they showed that the depositional
environment was that of a shelf lagoon within a carbonate platform. This investigation
suggests that carbonate platform deposition in this area originated in the same period

as carbonate platform deposition in Saraburi and Lop Buri areas.

Permian gastropods from Thailand have not been studied in great detail. Sone
(2010) reported the Magnicapitatus huazhanga (Figure 1.3) from fusulinoid-rich
limestones. This naticiform species is known as an internal mold only. The study area
belongs to Khao Ta Ngog Formation in the Guadalupian (Middle Permian) at Khao
Makha, Changwat Sra Kaeo, Eastern Thailand. This limestone could be related to the

Sisophon Limestone of western Cambodia along the Thai-Cambodia border according



to Lepidolina multiseptata. Ketwetsuriya et al. (2014) reported Permian gastropods
from the Tak Fa Limestone, Nakhonsawan, Northern Thailand (Figure 1.4). This report
is a preliminary description because the gastropods appeared on the surface of rock
only. The fauna consists of typical late Palaeozoic taxa representing twenty species
especially Bellerophontidae, Pleurotomarioidea, Meekospiridae and Goniasmatidae. In
addition, there are some reports of Permian gastropods from Thailand but they lack
descriptions, illustrations and detailed systematic assignments. Grant (1976) mentioned
platyceratids and pleurotomarioids from limestones of southern Thailand. Waterhouse
(1982) reported Peruvispira sp. in an early Permian fauna from Kaeng Krachan Group

at the Tong Lang Bay and Ko Phi Phi Island.

Figure 1.3 Magnicapitatus huazhangae from a limestone bed at Khao Makha
(Capitanian, Middle Permian), East Thailand. A-D, apertural, ventral, apical and basal

views respectively (Sone, 2010).



b oL

Figure 1.4 The gastropods from Khao Noi (Ketwetsuriya et al., 2014) (A) Bellerophon sp.
1 (B) Bellerophon sp. 1 (C) Bellerophon? sp. 2 (D-G) Trepospira sp. (H) Glabrocingulum

sp. (I-)) Worthenia? sp., (K) Tapinotomaria? sp., (L) Pleurotomarioid indet.
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Permian gastropods have been reported in many areas from other parts of
South East Asia. Permian gastropods from limestones at Lee mine, Perak, Malaysia are
reported (Batten, 1972, 1979, 1985). This gastropod fauna yielded bellerophontids,
euomphalids, pleurotomarians, trochids, patellids, neritids, murchisoniids, cerithiids,
loxonematids and subulitids. The age of this limestone could be determined from
index fossil as middle Permian. These gastropod fauna is very divese and has major

implications for the palaeobiogeography at the margin of the eastern Tethys.

Nutzel and Nakazawa (2012) studied a very diverse Permian gastropod fauna
from the Akasaka Limestone (Gifu Prefecture, Japan). This fauna comprises of 40
species. The Akasaka limestone is dominated by packstones with dark grey colour that
were deposited in an open shallow marine environment (Ozawa and Nishiwaki, 1992).
The invertebrate fauna is dominated by gastropods and bivalves (Nakasawa, 2007)
Caenogastropoda are most abundanct and diverse. The Akasaka gastropod fauna

shows relationships to faunas from China, Malaysia, and Vietnam.



GEOLOGY AND LITHOSTRATIGRAPHY

CHAPTER I

2.1 Regional Permian Stratigraphy of Thailand

11

Permian rocks have distributed throughout many areas in Thailand except in

the Northeastern part (Figure 2.1), which are almost of shallow-marine environment.

The dominant lithology is characterized predominately by carbonates-clastic

sequence. Nevertheless, other Permian rocks have been found. According to their

diverse lithology and fossil assemblages, they have been assigned into several different

lithostratigraphic nomenclatures.

[ carboniferous/Permian
- Carboniferous

H
£
]
g
I
E

CM: Chiang Mai Ubon Ratchathani
CR: Chiang Rai $8: Saraburi

NA: Nan AY: Ayutthaya

LP: Lampang Kanchanabun

UT: Uttaradit BKK: Bangkok

SU: Sukhothal SA: Sa Kaeo 3
PH: Phitsanulok RY: Rayong

NS: Nakhon Sawan  CT: Chanthaburi

PB: Pheichabun PTB: Phetchaburl

LE: Loei PKK: Prachuap Khiri Khan
UD: Udon Thani CP: Chumphon

KK: Khon Kaen ST: Surat Thani

Figure 2.1 Map showing distribution of Carboniferous and Permian strata in Thailand

(Ueno and Charoentitirat, 2011)
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2.1.1 The Saraburi Group

Bunopas (1981) established the name of Saraburi Group for the limestone and
clastic rock sequence exposing on the eastern side of the lower Chao Phraya central
plain from south of Nakhon Sawan to Saraburi, and also on the western edge of the
Khorat Plateau from Loei, northeastern part of Thailand to Saraburi. Previously, the
Saraburi Group was as part of the Rat Buri Group (Brown et al., 1951; Javanaphet, 1969,
Nakornsri, 1976). Bunopas (1992) finally performed the stratigraphic name for Thailand,
which is subdivided into seven stratigraphic belts based on tectonic provinces and
evolution concept of the Shan — Thai (western side) and the Indochina (eastern side)
terranes. Paleogeographically, these limestones are the part of the Khao Khwang
Platform Wielchowsky and Young (1985) during Middle Permian that covered
Phetchabun, Lop Buri and Nakhon Sawan province at the western margin of the

Indochina terrane (Figure 2.2).
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Figure 2.2 Tectonic subdivision map of mainland Southeast Asia (Metcalfe and Sone,
2008) showing Khao Khwang Platform (the study area is situated here) on the western

margin of the Indochina terrane.
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2.1.2 The Saraburi Group in Nakhon Sawan

The rocks in the study area and adjacent area are subdivided into Tak Fa
formations based on the lithology and fossils content according to previously

investigation (Nakornsri, 1976, 1981).
Tak Fa formation

This formation is named (Nakornsri, 1976, 1981) in the map of Ban Mi Sheet ND
47-4 after Amphoe Tak Fa, Changwat Nakorn Sawan. The rocks distribute throughout
Phetchabun, Lop Buri and Nakhon Sawan province. The Tak Fa formation commonly
consists of bedded fossiliferous limestones, massive limestone and siliciclastic rocks
(Yanagida, 1988). Various marine invertebrate fossils are found in this formation such
as fusilinids, brachiopods, conodonts, corals, calcareous algae and bryozoans. The
fusulinids from carbonate rocks, Verbeekina verbeeki and Parafusulina sp. indicate
Middle Permian age (Figure 2.3), and this assemblage is locally observed in the Tak Fa

formation.
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Figure 2.3 Stratigraphic subdivisions showing Tak Fa formation distribution on the

western margin of the Indochina Block of Thailand (Ueno and Charoentitirat, 2011)



2.2 Regional Geology of the Study Area

According to previous investigation (Nakornsri, 1976, 1981), the age of the rocks

found in the study area, Amphoe Tak Fa and Amphoe Takhli, is Permian Period.

The study area is situated in Amphoe Tak Fa and Amphoe Takhli, southeastern
part of Changwat Nakhon Sawan. Geologic map of the study area is map sheet:
Changwat Nakhon Sawan, scale 1:50,000 (DMR, 2007) illustrated in Figure 2.4. The rocks
in the study area of Khao Noi, Khao Chai Thong, Khao Chon Due, Khao Kwang and Khao
Tum Pha Sawan consist of Permian carbonate rock of the Tak Fa formation of Saraburi

Group that ranges in Middle Permian. They are surrounded by Quaternary sediments

with the average elevation of 300 meters above mean sea level.
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Figure 2.4 Geologic map of the study area (modified from DMR, 2007)
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2.3 General Geology and stratigraphy of the Study Area

The limestones in this study are formed by 5 hills; Khao Noi, Khao Chai Thong,
Khao Chon Due, Khao Kwang and Khao Tum Pha Sawan extending 8 km in the east-
west direction and about 6 km in the north-south direction. They are surrounded by
unconsolidated sediments with the average elevation of 300 meters above mean sea
level. These limestones are called Tak Fa formation in Saraburi Group and are Middle
Permian age. They have furnished a diverse fauna. The carbonate rocks are composed
of thin-beded to massive limestones. The samples were collected and five
lithostratigraphic sections were arranged from 4 localities; section N1 and N2 at Khao
Noi, section C at Khao Chai Thong, section K at Khao Kwang, section T at Khao Tum
Pha Sawan in Figure 2.5. These investigation sites were used for paleontological study
of gastropods and for petrographic analysis of limestone to discuss the depositional

environment.
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Figure 2.5 Topographic map showing location of five measured sections at Khao Noi
section (N1 and N2), Khao Chai Thong section (C), Khao Kwang section (K), and Khao
Tum Pha Sawan section (T) along highway no.1 (modified from topographic map scale

1:50,000 of the Royal Thai Survey Department, sheet 5039 |, Amphoe Takhli).



16

2.3.1 Lithostratigraphy of Khao Noi

Khao Noi is a small hill in the north of Amphoe Thakhli. Napradit (2005)
identified fusulinids collected from this hill. They indicated Artinskian age. The
exposures at southeastern part of Khao Noi have the continuous sequence of
limestone layers with abundance fossils where the lithostratigraphic section was
measured (15° 197 08” N, 100° 25’ 59” E) shown in Figure 2.8. The thickness of this
section is 3.7 meters. It is composed of medium (20 - 30 cm) to thick-bedded (60 -
100 cm), light gray to dark gray limestone (Figure 2.10). The limestone were classified
to bioclastic wakestone to packstone intercalated with thin black shale; black chert
nodules are found at the upper part of sequence. The top of section is covered by
dolomite. The section has a trend of strike 170° to 180 °and dipping 20 ° to 30 ° to the
west direction. They are flourished with invertebrate fossils such as fusulinids, corals,
brachiopods?, bivalves, crinoid stems, sponges, ammonoids, and gastropods. The rocks

and fossils samples were collected from each layer that differently changed lithology.

The other lithostratigraphic section was performed at the east side of this hill
(15°18” 50” N, 100° 26’ 18” E) shown in Figure 2.9. The thickness of this section is
approximately 50 meters. This lithostratigraphic section consists of thick (70 - 100 cm)
to very thick-bedded (110 - 150 cm), mostly very thick bedded, light gray (lower part)
to dark gray (upper part) limestone. Attitude of bedding are mainly 180 © and dipping
30 ° to the west direction. The lower part of sequence (Unit N1) is dominated by thick-
bedded micritic limestone with dark gray (Figure 2.11). Fusulinids, rugose corals,
bryozoans, crinoid stems, and gastropods are commonly found. In the middle part
(Unit N2), the limestone is identified as wackestone with very thick-bedded. Shell
fragments and fusulinids are rarely investigated. The upper part (Unit N3) is composed
of medium (Figure 2.12) to very-thick bedded, gray to dark gray limestones with black
chert nodules in the base of this part (Figure 2.13) and locally interbeded with
laminated dark gray shale (Figure 2.14) then covered with dolomitic limestone that are
obvious (Figure 2.15). Gastropods and fusulinids are abundant (Figure 2.16). Other
fossils are massive and solitary rugose corals, brachiopods?, crinoid stems and sponges

that can be extensively observed.
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The two lithostratigraphic sections of Khao Noi can be correlated according to

bedding, lithology and fossil occurrences.

Unit N1

Description: This unit is dark gray, thick-bedded micritic limestone with bioclast.
The weathered surface is usually grey to dark with grains of fusulinids, rugose corals,
bryozoans, crinoid stems, and gastropods are commonly found. The thickness of this
unit is approximately 9.6 meters, which represents the lowest unit of the

lithostratigraphic section of the Khao Noi area.

Petrographic studies show that the unit N1 consists of fossiliferous micrite and
poorly washed biosparite characterized by grains and some micrite remains, which
sparry calcite cemented that are the major rock in this unit. The wackestone, contains

less than 10% small grains in micrite matrix (Figure 2.6), is the most abundance.

Figure 2.6 A sample representative of unit N1 A: A rock sample of the unit N1 showing
dark grey limestone with calcite vein; B: Photomicrograph of wacked biomicrite of the

unit N1 containing small bioclastic grains in micrite matrix.

Unit N2

Description: The unit N2 overlies on the unit N1. The very thick-bedded, light
grey to grey on weathered surface limestone. The total thickness of this unit is about

7.2 meters. The fossils contain rarely shell fragments and fusulinids.
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Petrographically, the rock in this unit is identified as mudstone to wackestone,

which mainly supported by micrite. They yield only shell fragments and fusulinids.
Unit N3

Description: The unit N3 is characterized by medium to very-thick bedded, but
mostly medium to thick-bedded, gray to dark gray fossiliferous micritic limestones,
which are both gain-supported and matrix-supported. Black chert nodules are
commonly found at the lower part of this unit and locally interbedded with laminated
dark grey shale. The total thickness of this unit is approximately 16 meters. Bedding
surfaces reveal parallel type. Gastropods and fusulinids are abundant in the middle
part of this unit. The upper part consists of medium bedded limestones, which yield

some fossils less than the middle part of this unit. Part of the rock is slightly silicified.

Microscopically the unit N3 consists of biosparite and packed biomicrite with
some crystalline dolomite. The biosparite contains mainly shell fragments, fusulinid
test and other grains, commonly cemented by sparry calcite (Figure 2.7). The packed

biomicrite comprises bioclasts in micrite matrix. Grain is unidentified shells.

Figure 2.7 The samples represent unit N3 A: A rock sample of the unit N3 showing grey
limestone with abundant invertebrate fossils; B: Photomicrograph of packstone of the

unit N3 containing gain-supported of various bioclastic grains in sparite matrix.
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Figure 2.10 Very thick-bedded argillaceous limestone at Khao Noi section 1 at northeast

wing of Khao Noi
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Figure 2.11 Thick to very thick-bedded gray micritic limestone (unit N1) shows

discontinuous wavy parallel bedding surface at east of Khao Noi

Figure 2.12 Medium-bedded light-grey limestone and discontinuous wavy parallel

bedding surfaces (unit N3) between each bed at east of Khao Noi
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Figure 2.13 Thick-bedded fossiliferous argillaceous limestone with black chert nodule

in unit N3 at east of Khao Noi

Figure 2.14 Medium to thick-bedded gray argillaceous limestone intercalated with dark

gray shale lamina show distinctly parallel bedding surfaces at of Khao Noi (unit N3)
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Figure 2.16 Shell fragments of gastropods and fusulinids are abundant including corals

in thick-bedded fossiliferous limestone of unit N3 at Khao Noi
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2.3.2 Lithostratigraphy of Khao Kwang

The strata were measured at the southern part of Khao Kwang (15°17” 30” N,
100° 25’ 38” E) that is totally 30 meters thick (Figure 2.24). The attitudes of bedding
are 185 °and dipping 40 ° to the west direction. They contained light grey to dark gray
limestones. The lower part of this section is dolomitic limestone (Unit K1) with very
thick-bedded (250 cm) (Figure 2.27). The middle part (Unit K2) is dominated by
argillaceous limestone, thick-bedded, and interbedded with thin black shale in some
layer (Figure 2.28). This part is covered with very thick-bedded (500 cm) fossiliferous
micritic limestones with black chert nodules and dolomite nodules. It is prolific with
fusulinids, corals, crinoid stems and gastropods. In the upper part, they are comprised
of thin to thick-bedded (Figure 2.29), dark gray limestone and locally interbedded
laminated dark gray shale (Unit K3). The dolomite widely extended above the Khao

Kwang section.

Unit K1

Description: This lowest unit of Khao Kwang section is dominated by dolomitic
limestone with thick to very thick-bedded. On the weathered surface show elephant
skin texture with grey to light grey that make this unit different from the others. In the
hand specimen, the dolomitic limestone reveals significant grain of shell fragment. The

thickness of this unit is approximately 4 meters.

Petrographically, the unit K1 shows crystalline dolomite with micrite and some

grains of bioclast? (Figure 2.17), is the most abundance.
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Figure 2.17 A sample representative of unit K1 A: A rock sample of the unit K1 showing
dark grey limestone; B: Photomicrograph of crystalline dolomite with micrite and some

grains of bioclast.

Unit K2

Description: The unit K2 is exposed conformably overlying on the unit K1, which
consists of thick-bedded fossiliferous micritic limestone with commonly interbedded
with thin-bedded black shale. In the upper part of this unit, there is black chert nodules
and dolomite nodules in the limestones. The total thickness of this unit is
approximately 9.5 meters. They are flourished with gastropods, fusulinids, brachiopods,

crinoid stems, and sponges.

Under a microscope, the rock in unit K2 can be classified as packstone to
wackestone, which mainly supported by fine-grained micrite (Figure 2.18). The pack
biomicrite contains abundant shell fragments larger than 1 mm packed together with
smaller unidentified fragment in micrite matrix. The large shell fragments are bivalves

and gastropods.
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Figure 2.18 A sample representative of unit K2 A: A rock sample of the unit K2 showing
limestone with several bioclasts; B: Photomicrograph of wackestone of the unit K2
containing small bioclastic grains and supported by fine-grained micrite.

Unit K3

Description: This unit is characterized by thin to thick-bedded, dark gray
limestone and locally interbedded with laminated dark gray shale. The large grain
consists exclusively of fusulinid tests. The total thickness of this unit is abuot 7.3

meters.

Microscopically, the unit K3 consists of packed biomicrit. The pack biomicrite
contains abundant fusulinid tests in micrite matrix (Figure 2.19). The poorly washed

biosparite characterized by grains and some micrite remains

Figure 2.19 A sample representative of unit K3 A: A rock sample of the unit K3 showing
dark limestone with slightly weathered surface; B: Photomicrograph of packstone of
the unit K3 containing various fusulinid tests and supported by fine-grained micrite with

calcite vein.
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2.3.3 Lithostratigraphy of Khao Tum Pha Sawan

The outcrop is in the large isolate hill at Wat Tum Pha Sawan (15° 16’ 58” N, 100° 26’
59” E), the rock strata are generally lay in direction of 185 ° and dipping 30 ° to the
west. The thickness of Khao Tum Pha Sawan section approximately 52 meters (Figure
2.25). Two levels of this carbonate rock outcrops, lower and upper parts. There are
almost very thick-bedded (100 - 800 cm). The lower part (Unit T1) contains limestone
with dark gray and normally interbedded laminated dark gray shale. In the middle units
of this part, there is chert nodules about 10 centimeters in diameter and black chert
lenes (Figure 2.30) in diameter occurred in dolomitic limestone (Unit T2). There are
plenty of fossils such as fusulinids, rugose corals, bivalves, crinoid stems, sponges, and

gastropods. Dolomitic limestone and marble are nearly found in the upper part.

Unit T1

Description: The unit T1 is exposed the lowest part of Khao Tum Pha Sawan
section, which comprises medium to thick-bedded dark grey limestone with normally
interbedded laminated dark gray shale. The total thickness of this unit is approximately
17.5 meters. There are abundant of fossils such as fusulinids, rugose corals, bivalves,

crinoid stems, sponges, and gastropod.

Petrographic studies show that the rock in the unit T2 is wackestone and poorly
washed biosparite, which mainly supported by micrite (Figure 2.20). The biomicrite

consists of broken skeletons together with abundant fusulinid tests in micrite matrix.
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Figure 2.20 A sample representative of unit T1 A: A rock sample of the unit T1 showing
dark limestone; B: Photomicrograph of wackestone of the unit T1 containing mostly
fusulinid tests in micrite matrix.

Unit T2

Description: The unit T2 overlies on the unit T1. The very thick-bedded, light
grey to grey on weathered surface limestone (Figure 2.31). There are chert nodules
about 10 centimeters in diameter and black chert lenes in dolomitic limestone. The
total thickness of this unit is about 15.2 meters. The fossils contain rarely shell

fragments and fusulinids.

Petrographically, the rock in this unit is identified as mudstone, which mainly

supported by micrite. They yield some fusulinid tests (Figure 2.21).

Figure 2.21 A sample representative of unit T2 A: A rock sample of the unit T2 showing
limestone with light at weathered surface; B: Photomicrograph of mudstone of the unit

T2 in micrite matrix and stylolite.
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2.3.4 Lithostratigraphy of Khao Chai Thong

This limestone is exposed in a small hill at Wat Khao Chai Thong which attitude
of bedding is from 135°to 150° and dipping 35 ° to the southwest direction. The
lithostratigraphic section at the east of Khao Chai Thong (15°17” 59” N, 100° 26’ 51”
E) was performed shown in Figure 2.26. The thickness of this section is approximately
30 meters. It is composed of thick to very thick-bedded, dark gray limestone (Figure
2.32). The fossils are not observed in the lower part (Unit C1). In the middle part (Unit
C2), the rocks consist of medium-bedded argillaceous limestone (20 cm) intercalated
with dark shale lamina. These limestone beds contain abundant invertebrate fossils
such as fusulinids, rugose corals, crinoid stems, sponges, calcareous algae? especially
gastropods commonly found in this part. Then, they are covered by thin to thick-
bedded, dark gray limestone and locally interbedded laminated dark gray shale (Unit
C3) (Figure 2.33). In the upper part are dominated by very thick-bedded limestone then

covered by dolomitic limestone.

Unit C1

Description: This unit composes of thick to very thick-bedded, dark gray
limestone. The weathered surface is usually grey with rarely fossils. The thickness of
this unit is approximately 4.6 meters, which represents the lowest unit of the

lithostratigraphic section of the Khao Chai Thong area.

Petrographic studies show that the unit C1 consists of mudstone with slightly

fusulinid tests.

Unit C2

Description: The unit C2 overlies on the unit C1. The rocks consist of medium-
bedded argillaceous limestone, light grey to grey on weathered surface. Black chert
nodules are commonly found at the middle part of this unit and locally interbedded

with laminated dark grey shale. These limestone beds contain abundant invertebrate
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fossils such as fusulinids, rugose corals, crinoid stems, sponges, calcareous algae
especially gastropods (Figure 2.34) commonly found in this unit. The total thickness of

this unit is about 11.8 meters.

Petrographically, the rock in this unit is identified as mudstone (Figure 2.22A-B)
to wackestone (Figure 2.22C-D), which mainly supported by micrite. They yield only

shell fragments and fusulinids.

Figure 2.22 The samples represent unit C2 A: A rock sample of the unit C2 showing
dark limestone with light weathered surface; B: Photomicrograph of mudstone of the
unit C2 in micrite matrix; C: A rock sample of the unit C2 showing limestone with
several bioclasts; D: Photomicrograph of wackestone of the unit C2 containing small

bioclastic grains and supported by fine-grained micrite.
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Unit C3

Description: The unit C3 is characterized by thin to thick-bedded, but mostly
medium to thick-bedded, grey to dark grey fossiliferous micritic limestones. These units
are both gain-supported and matrix-supported. Interbedded laminated dark gray shale
locally found. The total thickness of this unit is approximately 7.2 meters. Bedding

surfaces reveal parallel type.

Microscopically the unit C3 consists of mudstone to wackestone that comprises

some bioclasts in micrite matrix. Grain is unidentified shells (Figure 2.23).

Figure 2.23 A sample representative of unit C3 A: A rock sample of the unit C3 showing
limestone; B: Photomicrograph of mudstone of the unit C3 containing rarely bioclats

in micrite matrix.
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Unit K2

thick-bedded, dark grey to grey biomicrite

10 m.

with black chert nodules and interbedded with
laminated dark shale, abundant with fossils.
Unit K1

Very thick to thick-bedded, light grey to grey

dolomitic limestone with gastropods fragment

and crinoid stem.

Explanation

% Argillaceous or % Dolomitic ——= [Interbedded limestone
. e —
limestone —T—7T—" and shale

shaly limestone

-= Argillaceous Limestone Dolomite with
==T
with chert nodules chert nodules
L ] specimen number
4 .
& Gastropods €7 Conls Spicules
=] Pelecypods @ Crinoids @ Larger foraminifera, or
fusulinids
Y Bryozoans 8 Cephalopods H
WD Algac @ Sponges

Figure 2.24 Stratigraphic column of section 3 at south of Khao Kwang
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Section 4 Khao Tum Pha Sawan

Unit T2
Very thick-bedded, light grey to grey dolomitic
limestone with black chert nodules and lenses,

with rarely fusulinids and shell fragments,

Unit T1
Medium to thick-bedded, dark grey to grey

10m.

biomicrite and poorly washed biosparite and
interbedded with laminated dark shale,

with fragment and fusulinids.

Explanation

Argillaceous or % Dolomitic [====1 Interbedded limestone
B and shale

il

shaly limestone limestone
EFI=1 Argillaccous Limestone P . Dolomitic limestone
e b 7 :
with chert nodules with chert nodules
L 2! specimen number
G g
s astropods @ Corals Spicules
<@ Pelecypods @ Crinoids G) Larger foraminifera, or
fusulinid
Y Bryozoans 8 Cephalopods usutinids
W} Algae '@ Sponges

Figure 2.25 Stratigraphic column of section 4 at east of Khao Tum Pha Sawan



10 m.

Figure 2.

Section 5 Khao Chai Thong

Unit C3
Thin to thick-bedded, dark grey to grey biomicrite
and interbedded with laminated dark shale,

with fusulinids.

Unit C2
Medium to thick-bedded, dark grey to grey
biomicrite and biosparite with black chert nodules

and interbedded with laminated dark shale, abundant

T e 40T WO with'gastropods and fusulinids.
o2 A() Unit C1

Very thick-bedded, light grey to grey mudstone

limestone, with rarely fusulinids.

Explanation

E Argillaceous or @ Dolomitic ——"=—1 Interbedded limestone
shaly limestone limestone =1  andshale
Argillaceous Limestone % Limestone

=L

= with chert nodules

[ ] specimen number
G .
é astropods @ Corals Spicules
< Pelecypods @ Crinoids (D Larger foraminifera, or
fusulinids
Y Bryozoans 8 Cephalopods usulimids
’W) Algac @ Sponges

26 Stratigraphic column of section 5 at north of Khao Chai Thong
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Figure 2.27 Dolomitic limestone is dominated at the lower part of unit K1 at Khao

Kwang section showing elephant skin suface.

Figure 2.28 Medium to thick-bedded dark gray argillaceous limestone (unit K2) show

obviously parallel bedding surfaces at Khao Kwang
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Figure 2.29 Medium to very thick-bedded limestone show relatively discontinuous

wavy parallel bedding surface (unit K3) at east of Khao Kwang

Figure 2.30 Thick-bedded argillaceous limestone intercalated with black chert lenses

of unit T2 at Khao Tum Pha Sawan
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Figure 2.31 Massive dolomitic limestone extend at the upper part of Khao Tum Pha

Sawan section

Figure 2.32 Medium to thick-bedded dark gray micritic limestones show discontinuous

wavy parallel bedding surface (unit C1) at east of Khao Chai Thong
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Figure 2.33 Medium to very thick-bedded dark gray micritic limestone normally
interbedded laminated black shale show clearly parallel bedding surfaces at Khao Chai

Thong of unit C3

Figure 2.34 Thick-bedded fossiliferous limestone flourished with shell fragments of unit

C2 at Khao Chai Thong
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2.3.5 Lithostratigraphy of Khao Chon Due

The exposures of limestone at Khao Chon Due (Figure 2.35) is not continuous
(15°18’ 28” N, 100° 24’ 02” E). The sample could not be collected by the previous
sampling method. It is random collected. The carbonate rock is characterized as
mudstone to wackestone. Gastropods in this hill have a small to large size (Figure 2.36).
Other fossils are massive and solitary rugose corals, tabulate corals, bryozoans,

brachiopods, fusulinids, crinoid stems, and sponges.

Figure 2.35 The location of Khao Chon Due showing discontinuous exposures of

limestone.
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C-U= 710-1,000p= 0.5t5<

CL= 500- 710p= 1.0to 0.5%%4
M-U= 350- 500p= 1.5t0 1.0¢ &

M-L= 250- 350p= 20to 15¢

= 77-_250

Figure 2.36 The one whorl of large size gastropod that preserved as a mold at Khao

Chon Due.
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CHAPTER Il

SYSTEMATIC PALEONTOLOGY

3.1 Introduction to gastropoda

According to Holthuis (1995), gastropods can live in many habitat on Earth.
There are two types of gastropods. First, gastropods in marine habitats ranging from
the great deep ocean floor to intertidal zone. Most marine gastropods usually live in
shallow water freshwater habitats, as well as other inland aquatic habitats salt lakes
including estuaries. The other habitat is inland. Terrestrial mollusks, are found ranging

from the tropics to high latitudes in mountains, deserts and rainforest.

The feeding habits of gastropod includes grazers, browsers, suspension feeders,
scavengers, detritivores and carnivores. For example, some taxa of carnivore
gastropods drill holes in their shelled prey, while some of them may involve grazing
on colonial animals. Some species of gastropods feed suctorially and have lost the
radula. Most taxa make use of a radula in some aspect of their feeding behavior. The

majority of feeding habit is via mouth and radula.

Most marine gastropods are benthic and mainly Epifaunal. These type lives
widely on sea bottoms, shielding below or creeping on stones. Some species burrowing
into sediments. Some are planktonic. Few such as the violet snails (Janthinidae) and
the sea lizards drift on the surface of the ocean where they feed on floating
Siphonophore, while others (heteropods and Gymnosomata) are active predators

swimming in planktons.

Some snails (such as the whelk Syrinx aruanus) reaches 600 mm in length.
There are also large (and poorly known) fauna of microgastropods that live in marine,
freshwater and terrestrial environments. It is amongst these tiny snails (0.5 - 4 mm)

where many of the undescribed species lies.

Most gastropods have separate sexes. However, there are some groups (mainly

the Heterobranchia) which are hermaphroditic. These type usually does not undergo



a3

self-fertilization. Derived gastropods uses their penis to copulate or exchange

spermatophores and produce eggs which are surrounded by capsules for protections.

Trochophore is the very first gastropod laval stage. It then transforms into a
veliger. These veliger will then “settles and undergoes metamorphosis to form a
juvenile snail”. Another development route for numerous marine taxa is the direct
development. This route though occurs for the majority of freshwater and terrestrial
taxa. “Brooding of developing embryos is widely distributed throughout the
gastropods, as are sporadic occurrences of hermaphrodism in the non-heterobranch

taxa”.

The basal groups have non-feeding larvae while veligers of many neritopsines,
caenogastropods and heterobranchs are planktotrophic. Egg size is reflected in the
initial size of the juvenile shell or protoconch. This feature has been useful in

distinguishing feeding and non-feeding taxa in both Recent and fossil taxa.

3.1.1 Morphology of gastropod

3.1.1.1 Morphology

Gastropods can be categorized using their shell structure that having a single
(usually coiled) shell. This character “is lost in some slug groups, and a body that has
undergone torsion so that the pallial cavity faces forwards. They have a well-
developed head that bears eyes and a pair of tentacles (cephalic tentacles)”. The also
possess muscular foot used for creeping movement for most species. There are also
some species which their foot are developed for swimming or burrowing. While the
head-foot is retracted into the shell for their protection, an operculum of the foot
seals the shells’ opening (aperture). This structure which existed in all gastropod veliger
larvae, it is not present in embryos of some direct developing taxa and juveniles and
adults of many heterobranchs. The nervous and circulatory systems are well
developed with the concentration of nerve ganglia being a common evolutionary

theme.

The shell is typically coiled, usually dextrally. A large retractor muscle is

attached to the central columella where the axis of coiling centred. The aperture
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which the gastropod can retract, is often sealed with a horny (sometimes calcareous)
operculum. The top part of the shell is formed initially from larval shell (the
protoconch). “The shell is partly or entirely lost in the juveniles or adults of some

groups - with total loss occurring in several groups of land slugs and sea slugs.”

The exterior of gastropods appears to be bilaterally symmetrical. However, the
gastropods are one of the most successful clades of asymmetric organisms known.
Originally, these group used to have a bilateral symetry (e.g., chitons, cephalopods,
bivalves), but gastropod molluscs twist their organ systems into an eight figure. This is
possible by developing and/or loosing organs on either side of their midline. and
generating shells that coils to the left or right. The best-documented source of

gastropod asymmetry is the developmental process known as torsion.

Gastropod has a head with a pair of cephalic tentacles and eyes that are
located near the outer bases of the tentacles. In some taxa the eyes are located on
short to long eye stalkseyestalks. The mantle edge in some taxa is extended anteriorly
to form a respiratory siphon .This is sometimes associated with an elongation of the
aperture of the shell. The foot is usually rather large and is typically used for crawling.
It can be modified for burrowing, leaping (as in conchs - Strombidae), swimming or

clamping (as in limpets)

3.1.1.2 Terminology

Definitions of terms from Cox, 1960

Abapical - Away from shell apex toward base along axis or slightly oblique to

Adapical - Toward shell apex along axis or slightly oblique to it.

Aperture - Opening at last formed margin of shell, providing outlet for the head-

fott mass.
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Base - In conispiral shells (with spire projecting as cone), part of surface lying
on abapical side of periphery of last whorl or of a carina or angulation that forms an

obvious lower boundary on the side of whorl.

Cancellate - Having ornament of intersecting spiral and transverse threads or

cords.
Carina - Prominent spiral ridge or keel.

Columella - Solid or hollow pillar surrounding axis of a coiled shell, formed by

adaxial walls of whorls.

Cord - Round-topped moderately coarse spiral or transverse linear elevation

on shell surface.

Dextral - Right handed; term originally applied to any shell with aperture on
observer's right when shell apex is directed upward, or with apparent clockwise coiling
when viewed from above apex, but in fact definition depends on features of soft
anatomy. A dextral gastropod has genitalia on the right side of the head-foot mass or
pallial cavity and the shell of such an animal commonly has the aperature on the right

when viewed with the apex uppermost.
Disjunct - Condition of whorls when out of contact.
Dorsum - Dorsal side; side opposite the venter.

Growth lines - Collabrally disposed surface markings of shell, generally not

prominent as to relief, that denote former positions of outer lip.

Hyperstrophic - Dextral anatomically, with genitalia on the right, but shell

appears as if the anatomy would be on the left side.

Inductura - Smooth shelly layer secreted by general surface of mantle,
commonly extending from inner side of aperture over parietal region, columellar lip,

and (in some genera) part or all of shell exterior.

Inner lip - Adaxial margin of aperture extending from foot of columella to suture

and consisting of columellar and parietal lips.
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Involute - With the last whorl enveloping earlier ones so that height (or width
in shells like bellerophonts) of aperture corresponds to that of shell; early whorls more

or less visible in umbilici.
Lamellae - Thin plates.
Nucleus - Earliest-formed part of shell.
Orthostrophic - Coiled in normal manner, not hyperstrophic.

Outer lip - Abaxial margin of aperture extending from suture to foot of

columella.

Parietal region - Basal surface of helicocone just within and just without
aperture; the redundant expression parietal wall should not be used, for parietal

signifies pertaining to wall.
Peristome - Margin of aperture.

Phaneromphalous - With completely open umbilicus; may be wide, narrow, or

very minute.

Ramp - Abapically inclined flattened band on shell surface, which in some

shells forms the adapical part of whorls, limited abaxially by ridge or angulation.

Selenizone - Spiral band of crescentic growth lines or threads (lunulae)

generated by a narrow notch or slit and characteristic of dibranchiate gastropods.

Septum - Transverse plate secreted within early-formed whorls of some shells

for closing them off.
Shoulder - Angulation of whorl forming abaxial edge of sutural ramp or shelf.
Sinus - Curved re-entrant of apertural margin or of growth lines.

Slit - Parallel-sided re-entrant of outer lip ranging from shallow incision to deep

fissure as half a whorl in extent.

Spire - Adapical visible part of all whorls except last.
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Sutural shelf - Horizontal flattened band, which in some shells adjoins adapical

suture of whorls.

Suture - Continuous line on shell surface where whorls adjoin.
Thread - Fine linear surface elevation.

Trochiform - With flat-sided conical, not highly acute spire and rather flat base,
like shell of Trochus.

Turbiniform - With broadly conical spire and convex base, as in shell of Turbo.

Umbilicus - Cavity or depression formed around shell axis between faces of
adaxial walls of whorls where these do not coalesce to form a solid columella; in
conispiral shells (except hyperstrophic ones) its opening is at base of shell but involute

shells may have two umbilici.

Whorl - (1) Any complete coil of helicocone (a distally expanding coiled tube
that forms most gastropod shells); (2) exposed surface of any complete coil of

helicocone.
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Figure 3.1 Morphology of Gastropod shell (Cheetham et al., 1987)
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3.1.2 Measurement

There are sets of characters in which are measured to identify the gastropods

in the study area (Moore, 1960).

The standard measurements which are used in various statistical studies are
used to describe the specimens of gastropods. This standard measurements are
conducted by measuring in the directions either parallel to or perpendicular to the

axis of the shell.

The height of a shell or of its spire, last whorl, or aperture, is for most genera
defined as the perpendicular distance between two planes perpendicular to the axis
and touching both extremities of the shell or of part measured. It is important to note
that the height of as of the spire and of the aperture are combined to be equal to that
of the whole shell, and that the measurement usually given as the height of the last
whorl is the sum of the height of the aperture (i.e., of the ultimate height of the
helicocone) and of the distance (parallel with the axis) advanced by the adapical side

of the helicocone when describing the last coil.

The main difficulty likely to arise when these measurements are made is that
of determining the exact direction of the axis. Slight differences in the tilt of the shell
do not greatly affect the measurements of height, but often appreciably affect those
of diameter, for this reason, BOYCOTT preferred to define the diameter of the shell as
“the greatest dimension that can be found starting with the edge of the lip to a point
on the opposite side of the shell on the last whorl.” The direction of this measurement

may be very oblique to the axis.

The angular measurements of a shell most frequently recorded relate to the
spine and to the slope of the sutures. If the whorls increase in diameter at a regular
rate, straight lines can be drawn from the apex or from just above it (since the apex is
not a mathematical point) so as to touch all the whorls. The spire angle (or spiral
angle) is the angle between two such lines passing down opposite sides of the shell.
The angle between straight lines touching any two adjacent whorls on opposite sides

of the shell may be termed the incremental angle of that part of the shell. When the
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whorls in question are near the apex, the incremental angel is known as the apical
angle. In a coeloconoid shell it decreases steadily. It is sometimes useful with shells
of these types to cite the mean spire angle, measured by the angle between straight

lines joining the apex to the periphery of the last whorl on opposite sides of the shell.

The steepness of coiling of any particular part of a shell is best measurement
by the angle between the suture, viewed normally to the axis so as to appear as a
straight line, and a plane perpendicular to the axis. This may be termed the sutural
slope. This measurement is termed the “sutural angle” by many writers, but, as
originally defined by D’Orbigny, the sutural angle is the angle between the suture,

viewed as stated, and a line down the side of the shell touching the whorls.

axis

siﬂcrgi:nentol angle in neighborhood
L EL o who X

f%’&piml angle

axis

Figure 3.2 Standard measurements (left) and Angular measurement of gastropod shell

(right) (Moore, 1960).
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3.2 Preservation

The silicification is relatively coarse so that certain morphological features are
obscured e.g., the growth line pattern is not visible in most of the specimens. This
represents a major handicap for identification, especially in pleurotomariinas and
muchisoniinas in which presence and position of the selenizone or sinus is of great
diagnostic relevance. Protoconchs are not or not sufficiently preserved in the present
collection. As a consequence open nomenclature was used for many species. On the
other hand, preservation was sufficiently good to assign specimens to genera and to

characterize several species including new taxa.

3.3 Repository

The studied material is housed in the Bayerische Staatssammlung fur
Paldontologie und Geologie (Bavarian State Collection for Palaeontology and Geology)
in Munich, Germany under the general repository number SNSB-BSPG 2014 XI. Some
of paratypes are housed in the Chulalongkorn University, Museum of Zoology, Bangkok,

Thailand (CUMZ).

3.4 Systematic descriptions

Class Gastropoda Cuvier, 1795
Subclass Amphigastropoda Simroth, 1906
Order Bellerophontida Ulrich & Scofield, 1897
Superfamily Bellerophontoidea McCoy, 1852
Family Euphemitidae Knight, 1956
Genus Euphemites Warthin, 1930
Euphemites graffhami Moore, 1941............ PL. 1 figs 1-7
Genus Warthia Waagen, 1880
Warthia cf. brevisinuata Waagen, 1880.......PL. 2 figs 1-5
WarthiQ Sp. ..o PL. 2 figs 6-8
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Family Bellerophontidae McCoy, 1852
Subfamily Bellerophontinae McCoy, 1852
Genus Bellerophon de Montfort, 1808
Bellerophon sp. ..o, PL. 2 figs 9-13
Bellerophon? sp. ..., PL 2 figs 14-15
Genus Pharkidonotus Girty, 1912
Pharkidonotus khaonoiensis n. sp. .......... PL 3 figs 1-10
Genus Khumerspira Murata, 1974
Khumerspira thailandensis n. sp. ............... PL 4 figs 1-3
Subfamily Knightitinae Knight, 1956
Genus Retispira Knight, 1945
Retispira lyelli Gemmellaro, 1890 ................ PL. 4 figs 4-6

Basal taxa that are certainly Gastropoda
Superfamily Euomphaloidea White, 1877
Family Euomphalidae White, 1877
Genus Discotropis Yochelson, 1956
DiSCOtropis? SP. ...ccooeveeeeeeeeeeeeeeeeeeeeee e PL. 4 figs 7-9
Genus Euomphalus Sowerby, 1814
Euomphalus sp. ......ccccccoeeeeciciieeeeeeeceee, PL 4 fig. 10
Unassigned to superfamily
Family Raphistomatidae Koken, 1896
Subfamily Omospirinae Wenz, 1938
Genus Baylea de Koninck, 1883
Baylea? umbilicata n. sp. ..o PL. 5 figs 1-7
Superfamily Trochonematoidea Zittel, 1895
Family Trochonematidae Zittel, 1895
Genus Knightinella Licharew, 1975
Knightinella ornata n. sp. .......ccccccceeevennnn. PL. 5 figs 8-12
Knightinella sp. ..., PL. 5 figs 13-15

Genus Amaurotoma Knight, 1945
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Amaurotoma? Sp. ... PL. 6 figs 1-6

Subclass Vetigastropoda Salvini-Plawen, 1980
Order Pleurotomariida Cox & Knight, 1960 (in Knight et al.)
Superfamily Eotomarioidea Wenz, 1938
Family Eotomariidae Wenz, 1938
Takfaia new genus

Takfaia Kuesi N. SP. ....c.ccccocovenininenincencis PL. 6 figs 7-14

Genus Glabrocingulum Thomas, 1940

Glabrocingulum magnum n. sp. ............... PL. 7 figs 1-13

Order Trochida Cox & Knight, 1960 (in Knight et al.)
Superfamily Trochoidea Rafinesque, 1815
Family Anomphalidae Wenz, 1938
Genus Anomphalus Meek & Worthen, 1866
Anomphalus lateumbilicatus n. sp. ........ PL. 8 figs 8-14
Anomphalus Sp. .......cccceceevviiieeeeeees PL. 8 figs 1-7
Family Araeonematidae Nutzel, 2012 (in Nutzel & Nakazawa)
Genus Yunnania Mansuy, 1912
Yunnania pulchra n. sp. ......cccccceveveveneee. PL 7 figs 14-21
Family Trochidae Rafinesque, 1815
Genus Anticonulus Cossmann, 1918
Anticonulus? Sp. ....ccccooevvevieenieeieees PL 8 figs 15-16
Genus Coeloconulus Nutzel, 2012 (in Nutzel & Nakazawa)
Coeloconulus panae Nutzel, 2012........... PL. 8 figs 17-19
Genus Eocalliostoma Haas, 1953
Eocalliostoma Sp. ......cccccvveviveenieeieesiees PL. 8 fig. 20
Family Microdomatidae Wenz, 1938
Genus Microdoma Meek and Worthen, 1866

Microdoma carinata n. sp. ......cccccccecvvnnnen. PL. 9 figs 1-9
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Subclass Neritimorpha Koken, 1896
Order Cycloneritimorpha Fryda, 1998
Superfamily Naticopsoidea Waagen, 1880
Family Naticopsidae Waagen, 1880
Genus Naticopsis McCoy, 1844
NQtICOPSIS SPP. wooveeeeeeeeeeeeeeieeeeeeeeeeeeeeeeean PL. 10 figs 1-9
Family Trachyspiridae Nutzel, Fryda, Yancey & Anderson, 2007
Genus Trachydomia Meek & Worthen, 1866
Trachydomia takhliensis n. sp. ............... PL. 9 figs 10-15

Subclass Caenogastropoda Cox, 1960
Superfamily Orthonematoidea Nutzel and Bandel, 2000
Family Goniasmatidae Nutzel and Bandel, 2000
Subfamily Goniasmatinae Nutzel and Bandel, 2000
Genus Goniasma Tomlin, 1930
Goniasma tricarinata n. sp. ......ccccoeenene. PL. 11 figs 1-4
Genus Stegocoelia Donald, 1889
Stegocoelia sp. 1.......coeeeveciceeeeiirenna, PL. 11 figs 5-6
StegocoeliQ SP. 2........cccoeeeeeeeeeieeeeeeee. PL 11 fie. 7
Family Orthonematidae Nutzel & Bandel, 2000
Genus Orthonema Meek & Worthen, 1862
Orthonema SpP. .....ccccoeceevvenieeeeeeeee e PL. 11 figs 8-9
Genus Protostylus Mansuy, 1914a
Protostylus Sp. ......ccccccceeeeieeeeeeeeceeen, PL. 12 figs 1-6
Superfamily Soleniscoidea Knight, 1931a
Family Soleniscidae Knight, 1931a
Subfamily Soleniscinae Knight, 1931a
Genus Soleniscus Meek & Worthen, 1861

50leniscus SP. ....ccoeeviernieieee e PL. 11 figs 10-11
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Genus Strobeus de Koninck, 1881
Strobeus SP. ....cccoeveeeiieieieeee e PL 11 figs 12-13
Genus Cylindritopsis Gemmellaro, 1890
Cylindritopsis spheroides Erwin, 1988a.Pl. 11 figs 14-16
Family Meekospiridae Knight, 1956
Genus Meekospira Ulrich, in Ulrich & Scofield, 1897
Meekospira Sp. ........cccceeeeeeeeeeeeeeeeeeee Pl 12 fig. 7
Genus Ceraunocochlis Knight, 1931a
Ceraunocochlis SP. ......cccoeeoeceneieiieceeen, PL. 12 fig. 8
Genus Cambodgia Mansuy, 1914b
Cambodgia acuminata n. sp. .............. PL. 12 figs 9-11
Family Palaeostylidae Wenz, 1938
Genus Trepsipleura Kues, 2002
Trepsipleura chordanodosa
KUES,2002.......cceieeirieeiiieeieteiesieee e PL 12 figs 12-13
Superfamily Zygopleuroidea Wenz, 1938
Family Pseudozygopleuridae Knight, 1930
Genus Pseudozygopleura Knight, 1930
Pseudozygopleura? sp. .......cccoeevveveeevennnn. PL 12 fig. 14

Subclass Heterobranchia Burmeister, 1837
Superfamily Streptacidoidea Knight, 1931b
Family Streptacididae Knight, 1931b
Genus Streptacis Meek, 1871
Streptacis? SP. .o PL. 12 figs 15-16
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The details descriptions of the forty species in the study area, are as follows:

Class Gastropoda Cuvier, 1795
Subclass Amphigastropoda Simroth, 1906
Order Bellerophontida Ulrich & Scofield, 1897
Superfamily Bellerophontoidea McCoy, 1852
Family Euphemitidae Knight, 1956

Genus Euphemites Warthin, 1930

Type species. — Bellerophon urii Fleming, 1828, Great Britain, Carboniferous.

Euphemites graffhami Moore, 1941
PL. 1 figs 1-7

1941 Euphemites graffhami n. sp. - Moore, p. 142, pl. 2, figs 1-5.

Material. — Two specimens, SNSB-BSPG 2014 XI 58, 105.

Description. — Shell bellerophontiform, anomphalous, with geniculate curvature of
body whorl in lateral view; holotype 30 mm long, 28 mm wide, 25 mm thick; first
geniculation in aperture, second on opposite side; shell ventrally flattened between
geniculations and rounded dorsally; body whorl smooth, probably covered with
secondary shell deposits, neither growth lines, selenizone or slit observable; dorsal
part of body whorl with broad shallow central furrow; inductura inside aperture with
about 10 spiral lirae; aperture strongly bent kidney-shaped in transverse section with
steep lateral lips, rounded anterior lip with central sinus (where shallow median furrow
is situated) and a rounded triangular inner lip formed by the previous whorl; lateral

lips joining body whorl with an U-shaped sinus in lateral view.
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Remarks. — Despite the differences in age and region, we assign the present material
to Euphemites graffhami Moore, 1941 from the late Pennsylvanian of Kansas, USA
because there are no obvious morphological differences between our material and
Moore (1941) type material as illustrated by this author. The geniculation was not
mentioned in Moore’s description but becomes obvious from his illustrations (Moore
1941, figs db, 5b). As pointed out by Yochelson (1960), there are not many distinctly
geniculated species of the genus Euphemites. Euphemites imperator Yochelson, 1960
from the Permian of Texas is the most similar species. However, in this species, the
spirally ornamented inductura extends much farer outside the aperture. Moreover, the
shell Euphemites graffhami is much more flattened ventrally. Euphemites graffhami is
similar to E. nodosocarinatus (Hall, 1858) from the Pennsylvanian of the USA as
reported by Kues and Batten (2001). However, this species has many more inductural
lirae and according to Yochelson (1960), it has nodes near the selenizone as is also the

case in E. callosus (Weller, 1930).

Dimensions. (in mm.)

Specimen no. H W Thickness HPR
2014 XI 58 29.7 27.0 - -
2014 XI 105 30.0 28.0 25 10

Genus Warthia Waagen, 1880

Type species. — Warthia brevisinuata Waagen, 1880, Permian, India.

Warthia cf. brevisinuata Waagen, 1880

PL. 2 figs 1-5
1880 Warthia brevisinuata n. sp. - Waagen, p. 161, pl. 15, fig. 6.
2014 Bellerophon sp. 1 — Ketwetsuriya et al., p. 139, pl. 1, figs A, B.

Material. — SNSB-BSPG 2014 XI 2, 27 and several other specimens.
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Description. — Shell globular bellerophontiform, anomphalous; larger illustrated
specimen 4.9 mm long, 5.3 mm wide, 4.3 mm thick (SNSB-BSPG 2014 X| 27); whorl
profile and anterior lip evenly rounded; whorls smooth, probably covered with

secondary shell layers; whorls kidney-shaped, low in transverse section.

Remarks. — Several relatively small smooth bellerophontoids representing the genus
Warthia are present in this collection. Of the numerous described Late Palaeozoic
Warthia species, Warthia brevisinuata Waagen, 1880 from the Permian of the Salt
Range, Pakistan seems to be most similar. But because of the preservation and the

relatively uncharacteristic shell morphology, a safe identification is impossible.

Dimensions. (in mm.)

Specimen no. H W Thickness HPR
2014 XI 2 3.2 3.1 2.7 0.8
2014 X1 27 4.9 52 4.3 1.7
Warthia sp.

PL. 2 figs 6-8

Material. — One specimen, SNSB-BSPG 2014 XI| 106.

Remarks. — This shell representing the genus Warthia (31 mm long, 32 mm wide)
resembles the much smaller specimens of Warthia cf. brevisinuata as described above
but has callus (inductural) pads on the umbilical region and on the lateral lips. It is
possible that these smaller specimens representing Warthia cf. brevisinuata are

juveniles and are conspecific with the present mature shell.

Dimensions. (in mm.)
Specimen no. H W

2014 X1 106 31.0 32.0



59

Family Bellerophontidae McCoy, 1852
Subfamily Bellerophontinae McCoy, 1852

Genus Bellerophon de Montfort, 1808

Type species. — Bellerophon vasulites de Montfort, 1808, Devonian, Germany.

Bellerophon sp.
PL. 2 figs 9-13

Material. — Three specimens, SNSB-BSPG 2014 XI 49, 65 (fragment), 107 (fragment).
Description. — Bellerophontid with deeply umbilicated shell; whorls low, broad in
transverse section ornamented with distinct collabral lirae separated by wider
interspaces; selenizone narrow, bordered by undulating lirae, with distinct lunulae.
Remarks. — Although only fragments are present, the characteristic selenizone and
ornament suggest the presence of an additional bellerophontid species in the Tak Fa

fauna.

Dimensions. (in mm.)

Specimen no. H W Thickness HPR
2014 X1 49 14.3+ 18.1 12.6 5.7
2014 XI 65 11.2+

Bellerophon? sp.

PL. 2 figs 14-15

Material. — One specimen, SNSB-BSPG 2014 X| 60.
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Remarks. — This anomphalous bellerophontoid shows growth lines and a faint spiral
striation. It is 24 mm long, 28 mm wide and 26 mm thick and seems to have a slight
depression at the supposed position of the selenizone. The anterior lip is evenly
rounded. Preservation is insufficient for a taxonomic assignment. It could represent the

genera Bellerophon, Retispira or Warthia with outer shell layers peeled off.

Dimensions. (in mm.)

Specimen no. H W Thickness HPR

2014 X1 60 24.0 28.0 26.3 15.0

Genus Pharkidonotus Girty, 1912

Type species. — Bellerophon percarinatus Conrad, 1842 ; Pennsylvanian, USA.

Pharkidonotus khaonoiensis n. sp.

PL. 3 figs 1-10

2014 Bellerophon? sp. 2 — Ketwetsuriya et al.,, p. 139, pl. 1, fig. C.

Etymology. — After the Khao Noi Hill at which the studied gastropod material was

found.

Material. - Holotype: SNSB-BSPG 2014 XI| 88; paratypes: SNSB-BSPG 2014 XI 4, 46, 59,
61, CUMZ 7001.

Locus typicus. — Khao Noi hill, Takhli district, Southeast of Nakhon Sawan province, ca.
80 km south of Nakon Sawan City, Northern Thailand, 15° 18'51.801" N, 100° 26' 30.358"

E (Fig.1).

Stratum typicum. — Tak Fa Formation of the Saraburi Group, Middle Permian, Wordian.
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Description. — Shell bellerophontiform, globose, longer than wide, anomphalous;
holotype 30 mm long, 23 mm wide, 26 mm thick; whorl profile round in lateral view;,
whorls with pronounced, steeply sided median crest with selenizone; borders of
selenizone undulating on last part of the body whorl; outer lip as reflected by growth
lines sickle-shaped; aperture kidney-shaped in transverse section with rounded anterior
lip, U-shaped at crest; inductura extending from umbilici over some area outside the

aperture.

Remarks. — Pharkidonotus khaonoiensis n. sp. resembles Khumerspira thailandensis n.
sp. but is more slender and lacks or has much weaker lateral angulations.
Pharkidonotus khaonoiensis has a much more bent aperture in transverse section and
the crest is much more pronounced. It also differs in these respects from Bellerophon
(Pharkidonotus) altitropis Kulas & Batten, 1997 (Permian, USA) and moreover, that
species is phaneromphalous. Bellerophon deflectus Chronic, 1952 from the Permian
USA is much broader and its aperture is less bent in transverse section and has a much
more pronounced callus. Pharkidonotus khaonoiensis n. sp. differs from the vast
majority of species assigned to Bellerophon in having a strongly elevated crest with
steep sides hosting the selenizone. However, some species of Bellerophon including

its Devonian type species also have a distinctly elevated crest.

Dimensions. (in mm.)

Specimen no. H W Thickness HPR
2014 Xl 4 5.5+ 4.5+ 5.6+

2014 XI 38 7.9 8.2 6.2 2.9
2014 X1 46 13.1 11.5 10.7 4.2
2014 XI 59 25.0 18.2+ 24.2 13.2
2014 Xl 61 16.3 15.2 14.6 9.6

2014 XI 88 24.1 22.2 284 13.6
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Genus Khumerspira Murata, 1974

Type species. — Khumerspira ishii Murata, 1974 (in Ishii & Murata), Middle Permian,

Cambodia.

Remarks. — The present species Khumerspira thailandensis n. sp. is assigned to the
genus Khumerspira Murata, 1974 (in Ishii & Murata) because it has lateral edges, a wide
low, subrectangular aperture in transverse section and a sharply projecting median
crest. Accordingly, Khumerspira has also strongly reflexed lateral lips but judging from
the illustration of the type species given in Ishii and Murata (1974), it is not quite clear
what this means. Khumerspira thailandensis n. sp. also resembles species of the genus
Pharkidonotus Girty, 1912. However, Pharkidonotus has usually rather strong collabral
transverse undulations on the shell and some species also have nodules. Given the
shape and gross morphology, Khumerspira thailandensis n. sp. is closer to the type
species of Pharkidonotus as shown by Knight (1941) and Girty (1951) than to that of
Bellerophon although this species (type of Pharkidonotus) has much stronger
transverse rugae. The genus (subgenus) Bellerophon (Sorobanobaca) matsumotoi
Nishida, 1969 from the Middle Permian of Japan is also similar but is umbilicated and
has a spiral ornament.

Khumerspira and Pharkidonotus are so close to each other morphologically that they
may represent synonyms (Mazaev 2016, written communication). Sorobanobaca is
also quite similar and might also be synonymous to the other two genera. However, it
is beyond the scope of the present contribution to present a formal synonymization.
Preliminarily, we suggest to treat bellerophontoids with median crest, wide
subrectangular aperture and lateral shoulders as follow:

Pharkidonotus: anomphalous, with transverse rugae and also with nodes in several
species

Khumerspira: anomphalous, ornament with growth lines only

Sorobanobaca: phaneromphalous; spiral ornament present

In that sense, Khumerspira might be regarded as a Pharkidonotus lacking strong

ornament of rugae and nodes.
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Khumerspira thailandensis n. sp.

PL. 4 figs 1-3

Etymology. — After the country of Thailand.

Material. — Only the holotype, SNSB-BSPG 2014 XI 93.

Locus typicus. — Khao Noi hill, Takhli district, Southeast of Nakhon Sawan province, ca.
80 km south of Nakon Sawan City, Northern Thailand, 15°18' 51.801" N, 100° 26' 30.358"
E (Fig.1).

Stratum typicum. — Tak Fa Formation of the Saraburi Group, Middle Permian, Wordian.

Description. — Shell bellerophontiform, broad with sharp, distinctly elevated crest with
selenizone and lateral rounded edges; holotype 22 mm long, 21 mm wide, 16 mm
thick; shell concave between crest and lateral edges; shell slightly convex below
edges; whorls approximately rectangular in transverse section; whorl surface largely
smooth smooth, only weak traces of collabral rugae on dorsal side; growth lines very
faint, not well-preserved; aperture broad, anterior lip thin, V-shaped at crest; posterior
lip concave due to previous whorl, with parietal inductura and two lateral pads,

smooth and thick; umbilici completely covered.

Remarks. — As mentioned above, Khumerspira thailandensis n. sp. resembles species
of the genus Pharkidonotus in gross morphology but lacks strong rugae and nodes. It
resembles Bellerophon (Sorobanobaca) matsumotoi Nishida, 1969 from the Middle
Permian of Japan. However, this species and subgenus has a collabral and spiral
ornament which is lacking in the present material. Moreover, Nishida (1969) mentioned
that his species is phaneromphalous. Khumerspira thailandensis n. sp. is also similar
to Bellerophon khaonoiensis n. sp. as described above but the shoulder of this species
is rounded or only slightly angulated and the anterior lip has steeper sides.

Pharkidonotus thailandensis n. sp. also resembles Bellerophon deflectus Chronic,
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1952 (which may be transferred to Khumerspira) from the Early Permian of Arizona but
the dorsal crest is less elevated in the latter and it is much larger. Yochelson (1960)
reported a similar species from the Permian of Texas as “Bellerophon (?) species” but
this shell is widely phaneromphalous. Yochelson (1960) stated that because of the

crest, this species would not represent Bellerophon in a strict sense.

Dimensions. (in mm.)
Specimen no. H W Thickness HPR
2014 X1 93 223 21.5 16.5 13.5

Subfamily Knightitinae Knight, 1956

Genus Retispira Knight, 1945

Type species. — Retispira bellireticulata Knight, 1945, Middle Permian, Texas.

Retispira lyelli Gemmellaro, 1890
PL. 4 figs 4-6

1972  Retispira lyelli (Gemmellaro, 1890) — Batten, p. 13, figs 6, 7 (here more

synonymy).

Material. — Two specimens, SNSB-BSPG 2014 XI 26, 32.

Remarks. — This rather characteristic species was originally described from the Sosio
Limestone of Sicily, Italy. The larger present specimen is 6.3 mm long, 5.7 mm wide
and 4.4 mm thick. Batten (1972) reported it from the Permian of Perak, Malaysia and
considered several taxa described from Asia and North America to represent synonyms.
It is distinctly phaneromphalous, has low whorls and an ornament of strengthened

growth lines and densely spaced spiral threads.
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Dimensions. (in mm.)

Specimen no. H W Thickness HPR
2014 XI 26 5.0 4.2+ a3 1.1
2014 XI 32 6.3 57 4.4 1.9

Basal taxa that are certainly Gastropoda
Superfamily Euomphaloidea White, 1877
Family Euomphalidae White, 1877

Genus Discotropis Yochelson, 1956

Type species. — Discotropis publicus Yochelson, 1956, Permian, USA.

Remarks. — Discotropis was previously placed in Omphalotrochidae (Knight et al., 1960)
but was placed in Euomphalidae by Linsley and Kier (1984) without explaining on what

grounds.

Discotropis? sp.

PL. 4 figs 7-9

Material. - One specimen, SNSB-BSPG 2014 X| 91.

Description. — Discoidal, widely phaneromphalous dextral shell with upper umbilicus
and somewhat deeper lower umbilicus; diameter 2.9 mm, height 1.2 mm; strong
angulation above mid-whorl and a further angulation on the upper side of whorls;
whorl profile asymmetrical with slope ca. 45° above angular periphery and much
steeper below it; lower side of whorls distinctly convex; transition from whorl face to
base distinctly angular; distinct spiral cords present on whorl face, four below periphery

and at least one above; suture distinct; aperture subcircular, as wide as high.



66

Remarks. — The present specimen resembles Discotropis klobukowskii Mansuy, 1912
from the Carboniferous of Yunnan, a species also reported by Delpey (1941) from the
Permian of Cambodia. However, that species has a slightly elevated spire, axial
sculptural elements and an upper edge. The present species probably represents a
new species that may represent the genus Discotropis but the single specimen to is
too poorly preserved for a sufficient characterization. The generic and suprageneric
assignment of this species is uncertain because tiny planispiral shells are present in

various gastropod groups (e.g., Bandel 1988).

Dimensions. (in mm.)
Specimen no. H W HPR  No.Whorls
2014 X1 91 1.2 2.9 0.7+ 25+

Genus Euomphalus Sowerby, 1814

Type species. Euomphalus pentangulatus J. Sowerby, 1814, Carboniferous, Great

Britain.

Euomphalus sp.

PL. 4 fig. 10

Material. - One specimen, SNSB-BSPG 2014 XI 69.
Description. — Discoidal, widely phaneromphalous shell with both umbilici equally
deepened; diameter 4.8 mm; whorls round, almost circular in transverse section; whorl

surface smooth; suture deep.

Remarks. — This small planispiral shell may represent early whorls of an unknown

euomphalid.
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Dimensions. (in mm.)

Specimen no. H W
2014 X1 69 4.5 4.8

Unassigned to superfamily
Family Raphistomatidae Koken, 1896
Subfamily Omospirinae Wenz, 1938

Genus Baylea de Koninck, 1883

Type species. — Trochus yvanii Léveillé, 1835, Carboniferous, Belgium.

Remarks. — Knight et al. (1960) and Batten (1995) placed Baylea in Raphistomatidae
Koken, 1896 but Mazaev (2015) placed it in Phymatopleuridae.

Baylea? umbilicata n. sp.

PL. 5 figs 1-7

2014 Worthenia? sp. — Ketwetsuriya et al., p. 140, pl. 1, fig. J.

Etymology. — For the distinctly umbilicated base.

Material. — Holotype: SNSB-BSPG 2014 XI 13, paratypes: SNSB-BSPG 2014 XI 22, 23, 29,
31, 97, 102, 103?, CUMZ 7002, 7003.

Locus typicus. — Khao Noi hill, Takhli district, Southeast of Nakhon Sawan province, ca.
80 km south of Nakon Sawan City, Northern Thailand, 15° 18'51.801" N, 100° 26' 30.358"

E (Fig.1).

Stratum typicum. — Tak Fa Formation of the Saraburi Group, Middle Permian, Wordian.
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Description. — Shell turbinate, moderately high-spired, gradate; holotype comprises
about 6 whorls, 8.2 mm high, 6.4 mm wide; largest specimen 9.8 mm high, 6.8 mm
wide; whorls sharply angulated at about mid-whorl and somewhat below middle of
spire whorls; whorls with distinctly inclined subsutural ramp above and vertical,
concave below angulation; angulation forms crest-like periphery of whorls; transition
to base angular; whorls ornamented with numerous, densely spaced spiral threads; up
to eight spiral threads present on ramp and at least four below angulation; growth line
pattern including selenizone obscured due to preservation; selenizone probably at
peripheral angulation of whorls; base flatly convex, without visible ornament, distinctly

phaneromphalous with umbilicus surmounted by a rounded edge.

Remarks. — Due to the coarse silicification, growth line pattern including selenizone are
obscured in the present material and thus, the generic placement is uncertain. It is
likely that the selenizone is situated at the peripheral angulation of the whorls. Baylea?
umbilicata n. sp. is placed tentatively in the genus Baylea based on the gradate spire
and the ornament of spiral lirae. The distinctly phaneromphalous base and the angular
transition from whorl face to base are unusual for Baylea and differentiate the present
species from other species of this genus. It is also possible that Baylea? umbilicata n.
sp. belongs in the genus Platyzona Knight, 1945. The type species of Platyzona is only
minutely phaneromphalous and the whorls are usually not strongly angulated but
rounded.

A well-preserved specimen of Baylea yvanii, type species of Baylea, from the
Mississippian of Belgium was illustrated by Lindstrom & Peel (2005, fig. 1A). It is more
high-spired than Baylea? umbilicata n. sp., has a much shallower ramp and thus the
spire is more gradate and the transition from whorl face to base is evenly rounded. Its
base has only a pseudo-umbilicus. Several Middle Permian species from Russia have
been assigned to Baylea. Most are much more high-spired than Baylea? umbilicata n.
sp. and have stronger spiral lirae which are more distant from each other and non of
them has such a wide umbilicus. Baylea perthensis Dickins, 1963 from the Permian of
Australia is much more low-spired and less distinctly gradate and has a spiral ornament

on the base. Baylea? umbilicata n. sp. resembles species of the genus Biarmeaspira
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Mazaev, 2006 for instance the Middle Permian species B. angulata (Netchaev, 1894.)
and B. yakowlewi (Licharew, 1967) but both have strong spiral cords on the base and

they are not distinctly phaneromphalous.

Dimensions. (in mm.)

Specimen no. H W Hbw  Apical angle(degrees) No. Of whorls
2014 XI 13 8.2 6.4 5.1 61 6.0
2014 XI 22 9.8 6.8 - 53 5.5
2014 Xl 23 1.7 7.0 3.1 54 5.5
2014 XI 29 7.2+ 6.5 4.6 73 4.5+
2014 XI 31 8.1+ 7.4 - 56 5.5+
2014 XI 97 6.6+ 6.5 7 50 5.5+
2014 X1 102 6.1+ 5.8 - 57 3+
2014 X1 103 3.6+ 3.1 L 65 3+
2014 X1 104 6.4+ 7.3 5.6 : 1+
2014 X1 113 69+ 1.2 = S 3+

Superfamily Trochonematoidea Zittel, 1895
Family Trochonematidae Zittel, 1895

Genus Knightinella Licharew, 1975

Type species. — Pleurotomaria humerosa Meek & Hayden, 1858, Carboniferous, USA.

Remarks. — Knightinella was proposed as a subgenus of Amaurotoma Knight, 1945.

Knightinella ornata n. sp.

PL. 5 figs 8-12

2014 Worthenia? sp. — Ketwetsuriya et al., p. 140, pl. 1, fig. |
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Etymology. — Latin ornamented.

Material. — Holotype: SNSB-BSPG 2014 Xl 39; paratypes: SNSB-BSPG 2014 XI 9, CUMZ
7004.

Locus typicus. — Khao Noi hill, Takhli district, Southeast of Nakhon Sawan province, ca.
80 km south of Nakon Sawan City, Northern Thailand, 15° 18'51.801" N, 100° 26' 30.358"
E (Fig.1).

Stratum typicum. — Tak Fa Formation of the Saraburi Group, Middle Permian, Wordian.

Description. — Shell acutely turbiniform, moderately high-spired; holotype (largest
specimen) consisting of ca. 5 whorls, earliest whorls missing, 13.5 mm high, 10.2 mm
wide; early teleoconch whorls evenly convex; later, an angulation develops at middle
of whorl face; angulation separates adapical slightly convex ramp and a subvertical,
slightly convex abapical portion (outer whorl face); base evenly convex with rounded
transition to whorl face, anomphalous; early teleoconch whorls with four to six spiral
cords, abapical cords stronger; five to six spiral cords and weaker axial ribs or
strengthened growth lines present on ramp in mature whorls; strengthened growth
lines on ramp curving backward towards angulation; intersections of axial ribs and spiral
cords slightly nodular; outer whorl face below angulation ornamented with three
strong spiral cords and few weak spiral lirag; base with ca. 10 distinct spiral cords;

aperture circular columellar lip reflexed.

Remarks. — We assign Knightinella ornata n. sp. to the genus Knightinella Licharew,
1975 based on the gross morphology and the dominant spiral ornamentation. Due to
preservation, the growth line pattern is unclear i.e., whether a selenizone is present
and if so, how it would look like. The juvenile specimen illustrated in Figure 11 F shows
backward curving growth lines on the ramp and this could indicate that a selenizone
is present at the angulation. If the present species had a selenizone at the angulation

of the whorls, it could represent the genus Biarmeaspira Mazaev, 2006 (see also
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Mazaev 2015). Knightinella humerosa (Meek and Hayden, 1858), the Carboniferous
type species of Knightinella has a shallower ramp and the spiral cords are narrower
(Knight, 1945; Kues and Batten, 2001). Amaurotoma subsinuata (Meek and Worthen,
1861), type species of the genus Amaurotoma Knight, 1945, lacks ramp and angulation
of the whorls according to an illustration given by Knight et al. (1960, fig. 139/4).
Apachella Winters, 1956 is more high-spired and the whorls are less angulated. The
genus Worthenia yields similar species but is characterized by an elevated, nodular

selenizone.

Dimensions. (in mm.)

Specimen no. H W How  No.Whorls A angle(degrees)
2014 X1 9 5.5 5.3 - 5 60
2014 X1 39 135 102 100 5 83
2014 XI 86 6.9 6.3 a.7 5 75

Knightinella sp.
PL 5 figs 13-15

2014 Worthenia? sp. — Ketwetsuriya et al., p. 140, pl. 1, fig. J .

Material. — Two specimens, SNSB-BSPG 2014 XI 43, 110.

Description. — Turbinate shell with distinctly gradate spire; larger specimen ca. 6 whorls,
11.2 mm high, 11.5 mm wide; whorls with sharp angulation above mid-whorl; ramp
between adapical suture and angulation rather shallow, concave with fine spiral
threads which are slightly nodular when intersecting with strengthened growth lines;
adapical spiral threads somewhat stronger and more nodular than those lower on
ramp; outer whorl face below carination vertical, slightly concave; outer face with
several sharp spiral threads of variable strength but generally stronger than threads on

ramp; transition to base angular; base not preserved.
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Remarks. — Knightinella sp. resembles Knightinella ornata n. sp. but has a lower spire,
a weaker spiral ornament and the spire is more gradate because the ramp is shallower.
As in Knightinella ornata n. sp., presence and nature of the selenizone are unclear due
to preservation. The present shells resemble Knightinella uralica Licharew, 1975 from

the Carboniferous of Russia but this species has fewer spiral lirae on whorl face.

Dimensions. (in mm.)

Specimen no. H W No.Whorls A angle(degrees)
2014 X1 43 11.2+ 115 6.5 67
2014 X1 110 89+ 7.1+ - -

Genus Amaurotoma Knight, 1945

Type species. — Pleurotomaria subsinuata Meek & Worthen, 1861, Pennsylvanian, USA.

Amaurotoma? sp.

PL. 6 figs 1-6

Material. — Three specimens, SNSB-BSPG 2014 XI 16, 64, 89.

Description. — Shell small, turbinate; largest specimen (SNSB-BSPG 2014 Xl 16)
comprises ca. 3.5 whorls, 5.5 mm high, 3.6 mm wide (apex missing); whorls convex,
ornamented with three strong spiral cords in abapical portion of whorls; second cord
forms periphery at about mid-whorl; adapical portion of whorls form steep, straight or
slightly convex ramp with three weaker spiral cords second of which somewhat more
pronounced and angulating whorl face; adapical spiral cords slightly nodular; base
convex, minutely phaneromphalous with up to seven distinct, narrowly spaced spiral

cords; growth line pattern and aperture unknown.

Remarks. — Amaurotoma? sp. is distinct in this collection. Unfortunately neither growth

line pattern nor aperture are known so that a further assignment is impossible. It is



73

also possible that the species belongs to pleurotomarioids. We assign it preliminarily
to Amaurotoma because it resembles species such as Amaurotoma subangulatum
(Hall, 1858) from the Mississippian of the USA (see Cumings 1906, pl. 25, fig. 32). An
assisnment to Baylea or Apachella Chronic, 1952 is also possible. Rhabdotocochlis
Knight, 1933 from the Late Carboniferous of the USA has a lower spire and less convex

whorls.

Dimensions. (in mm.)

Specimen no. H W No.Whorls A angle(degrees)
2014 XI 16 5.5 3.6 3.5+ 61
2014 Xl 64 6.9 4.8 4.5+ 64

Subclass Vetigastropoda Salvini-Plawen, 1980
Order Pleurotomariida Cox & Knight, 1960 (in Knight et al.)
Superfamily Eotomarioidea Wenz, 1938
Family Eotomariidae Wenz, 1938

Takfaia new genus

Type species. — Takfaia kuesi n. sp.

Etymology. — After the Tak Fa Limestone

Diagnosis. — Shell low-spired, trochiform with flattened spire; mature shell broadly
trochiform with almost straight to slightly convex whorl face; last portion of body whorl
distinctly deflected abapically; selenizone immediately above suture, forming
periphery, bordered by distinctly elevated, sharp crests; selenizone concave, vertical,
parallel to shell axis; adapical border of selenizone forming angulation with sloping
whorl face; whorls smooth, base convex, distinctly phaneromphalous with umbilicus

vertical sided, surmounted by a distinct edge.
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Remarks. — Takfaia resembles the genus Ambozone Batten, 1972 (type species
Ambozone rasmusseni Batten, 1972 from the Middle Permian of Malaysia). However,
Ambozone is more low-spired (almost planispiral). Euconospira Ulrich & Scofield, 1897
is more high-spired and is either anomphalous or only minutely phaneromphalous.
The Devonian genus Oehlertia, Perner, 1907 is similar but the selenizone is well above
the suture, it is more high-spired and the shell is ornamented with fine but distinct
axial lirae. The eotomariid Bradyospira Batten, 1964 from the Permian of Arizona is

similar but has a conical, non-depressed spire and the umbilicus is much narrower.

Takfaia kuesi n. sp.

PL. 6 figs 7-14

2014 Discotropis? sp. — Ketwetsuriya et al., p. 142, pl. 2, fig. E.

Etymology. — After Barry Kues for his work on Late Palaeozoic gastropods.

Material. — Holotype: SNSB-BSPG 2014 Xl 42; paratypes SNSB-BSPG 2014 XI 10, 17,
CUMZ 7005, 7006.

Locus typicus. — Khao Noi hill, Takhli district, Southeast of Nakhon Sawan province, ca.
80 km south of Nakon Sawan City, Northern Thailand, 15° 18' 51.801" N, 100° 26' 30.358"
E (Fig.1).

Stratum typicum. — Tak Fa Formation of the Saraburi Group, Middle Permian, Wordian.

Description. — Shell low-spired, trochiform with flattened apical whorls; holotype ca. 5
whorls, 7.7 mm high, 11.4 mm wide; largest specimen 9.8 mm high, 11.4 mm wide
(SNSB-BSPG 2014 XI 10); earliest whorls convex, evenly rounded, very low-spired with
spire only slightly elevated; after ca. three whorls the shell becomes broadly
trochiform with almost straight to slightly convex whorl face; last portion of body whorl

distinctly deflected abapically; selenizone immediately above suture, forming
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periphery, bordered by distinctly elevated, sharp crests; selenizone vertical, parallel to
shell axis; adapical border of selenizone forming angulation with sloping whorl face;
abapical crest bordering selenizone emerges at suture; suture distinct; selenizone fully
exposed when last portion of body whorl becomes deflected downward; whorls
smooth, circular in transverse section; base convex, distinctly phaneromphalous with
umbilicus opened throughout including initial whorls; umbilicus of last two whorls with

vertical, slightly convex whorl sides; umbilicus surmounted by a distinct edge.

Dimensions. (in mm.)

Specimen no. H W How A angle(degrees)
2014 X1 10 9.8 114 93 97

2014 XI 17 6.6 9.7 5.2 =

2014 X 42 1.7 114 7.2 98

2014 XI 85 7.0 104 55 98

Genus Glabrocingulum Thomas, 1940

Type species. — Glabrocingulum (Glabrocingulum) beggi Thomas, 1940, Carboniferous,

England.

Glabrocingulum magnum n. sp.

PL 7 figs 1-13
2014 Treposira sp. — Ketwetsuriya et al., p. 139, pl. 1, figs D-G.
2014 Glabrocingulum sp. — Ketwetsuriya et al., p. 140, pl. 1, fig. H.

Etymology. — Latin magnum for large.

Material. — Holotype: SNSB-BSPG 2014 X| 92; paratypes: SNSB-BSPG 2014 XI| 3, 12, 24,
25,33, 44,48, 50, CUMZ 7007, 7008.
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Locus typicus. — Khao Noi hill, Takhli district, Southeast of Nakhon Sawan province, ca.
80 km south of Nakon Sawan City, Northern Thailand, 15° 18'51.801" N, 100° 26' 30.358"
E (Fig.1).

Stratum typicum. — Tak Fa Formation of the Saraburi Group, Middle Permian, Wordian.

Description. — Shell trochiform, low-spired, with slightly coeloconoid spire; body whorl
height about 65% of total height; holotype (largest specimen) ca. 40 mm high and
wide; apical angle of up to 90°% whorls angulated at about mid-whorl; second
angulation at transition to base; outer face between angulations vertical (parallel to
shell axis), concave; whorls above adapical angulation straight to slightly concave,
forming evenly sloping ramp; narrow concave selenizone on adapical angulation
bordered by distinct, sharp spiral lirae; whorls embrace just below selenizone so that
selenizone is in suprasutural position in spire whorls; whorls ornamented with a row
of subsutural axially elongated nodes which become stronger during ontogeny; in
mature specimens this nodular row form a bulge that is adpressed to previous whorl;
remainder ramp with several spiral lirae; abapical portion between carinations with
several spiral cords which may be slightly nodular; growth lines prosocline on ramp
and prosocyrt below adapical carination; base convex to conical, anomphalous with
circumumbilical carination; base with variable number of spiral cords including one
formed by carination; basal spiral cords may be nodular, especially in mature whorls;

aperture oblique oval.

Remarks. — With up to 40 mm in height and width, Glabrocingulum magnum n. sp. is
a rather large representative of the genus Glabrocingulum. The strong subsutural nodes
and the angulations on the base and at the transition to the base are especially
characteristic for this species. There are numerous Late Palaeozoic species of
Glabrocingulum most of which are smaller and have a finer ornament. Glabrocingulum
coronatum Chronic, 1952 from the Permian Kaibab Formation of Arizona, USA is much
smaller, has a lower spire, a much finer ornament and it lacks a carinated and

ornamented base (see also Batten 1989, pl. 1, fig. 1-23). Glabrocingulum beedei (Mark,
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1912) from the Pennsylvanian of Ohio and the Pennsylvanian/Permian transition of
New Mexico has a lower spire, is much smaller, subsutural nodes are not as
pronounced and it has no pronounced carination at the transition to the base (Kues,
2004; Sturgeon, 1964). The Permian species Glabrocingulum sarrauti (Mansuy, 1912)
and Glabrocingulum stankovski Mazaev, 2006 are similar but have a lower spire, differ
in details of the ornament and have no pronounced basal angulation (see Batten 1972,

figs 12, 13; Mazaev 2006, fig. 1).

Dimensions. (in mm.)

Specimen no. H W Hbw  Apical angle (degrees) No. Of whorls
2014 XI'3 7.8 5.8 - 7 -
2014 X1 12 120 112 79 83 6.5
2014 XI 24 103 114 65 83 55
2014 X| 25 113+ 11.2 - 75 55
2014 X1 33 7.7+ 6.8+ 4.6+ 68 5
2014 XI 44 10.5 101 6.6 70 55
2014 X| 48 11.1 153 94 7 6.5
2014 X1 50 24.0+ 23.1 16.4+ 83 5+
2014 XI 63 24.4,:25:6 - 16:1,- 84 5+
2014 XI 84 276 310 143 80 5.5
2014 X192 353+ 353 318 85 3.5+

Order Trochida Cox & Knight, 1960 (in Knight et al.)
Superfamily Trochoidea Rafinesque, 1815
Family Anomphalidae Wenz, 1938

Genus Anomphalus Meek & Worthen, 1866

Type species. — Anomphalus rotulus Meek & Worthen, 1867, Carboniferous, USA.
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Anomphalus lateumbilicatus n. sp.

PL. 8 figs 8-14

Etymology. — Latin widely umbilicated.
Material. — Two specimens, holotype: SNSB-BSPG 2014 Xl 115; paratype: SNSB-BSPG
2014 Xl 116.

Locus typicus. — Khao Noi hill, Takhli district, Southeast of Nakhon Sawan province, ca.
80 km south of Nakon Sawan City, Northern Thailand, 15°18' 51.801" N, 100° 26' 30.358"
E (Fig.1).

Stratum typicum. — Tak Fa Formation of the Saraburi Group, Middle Permian, Wordian.

Description. — Shell minute, discoidal with almost flat, only slightly elevated spire;
holotype comprising ca. five whorls, diameter 2.7 mm, 1.5 mm high, whorls smooth,
with distinctly convex periphery and flatly convex adapical side; whorls increasing
slowly in diameter; suture distinct; base with wide umbilicus with circumumbilical

rounded edge.

Remarks. — Anomphalus lateumbilicatus n. sp. differs from all its congeners by its
minute size, its very wide umbilicus and the slow increase in whorl diameter. The most
similar species is Anomphalus straparoliformis Mazaev, 1997 from the Middle
Carboniferous of the Russian Platform. However, this species is much larger (at a
comparable number of whorls), the whorls do increase faster in diameter and the

umbilicus is smaller in relation to the total width of the shell.

Dimensions. (in mm.)

Specimen no. H W
2014 X1 115 1.5 2.7
2014 X1 116 1.3 2.6
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Anomphalus sp.

PL. 8 figs 1-7

2014 Anomphalus cf. japonicus Nutzel, 2012 — Ketwetsuriya et al., p. 140, pl.
2, figs A, B.
Material. — Three specimens, SNSB-BSPG 2014 XI 6, 20, 28.

Description. — Shell small, low-spired, rotelliform; largest specimen with diameter of
5.2 mm, height 4.3 mm; whorls smooth, with convex periphery and flattened ab- and
adapical sides, round, circular in transverse section; base distinctly umbilicated with

circumumbilical edge; suture shallow, indistinct.

Remarks. — The present specimens are typical representatives of Anomphalus but the
preservation is too poor to establish species identity. They resemble Anomphalus
japonicus Nutzel, 2012 (in Nutzel & Nakazawa) from the Middle Permian of Japan.
However, A. japonicus has a much deeper suture and the adapical portion of the whorl
is much more convex. Moreover, this species is much smaller. The Late Carboniferous
Anomphalus rotulus Meek & Worthen, 1867 as illustrated by Knight (1933) is similar
but has an umbilical plug. Anomphalus umbilicatus Knight, 1933 from the
Pennsylvanian of the USA is also very similar. Anomphalus sp. from the Permian of
Perak, Malaysia is more high-spired and its umbilicus is filled with a plug (Batten 1979,
figs 10, 11). Anomphalus? sundaicus Wanner, 1942 (according to Yochelson (1956) not
a representative of Anomphalus) from the Permian of Timor has a flatter spire and
more rapidly increasing whorls. The Anomphalus species that were illustrated by

Yochelson (1956) from the Permian of the USA have a flatter spire.

Dimensions. (in mm.)

Specimen no. H W How DPR  HPR DOM WWO
2014 X1 6 3.2 2.8 3.1 24 2.8 0.8 3.7
2014 X1 20 5.0 4.2 4.1 4.1 4.1 2.0 -

2014 Xl 28 52 4.3 4.9 4.5 4.3 2.0 53
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Family Araeonematidae Nutzel, 2012 (in Nutzel & Nakazawa)

Genus Yunnania Mansuy, 1912

Type species. — Yunnania termieri Mansuy, 1912, Late Carboniferous, China.

Yunnania pulchra n. sp.

PL 7 figs 14-21

2014 Tapinotomaria? sp. — Ketwetsuriya et al., p. 140, pl. 1, fig. K.

Etymology. — Latin beautiful.

Material. — Holotype: SNSB-BSPG 2014 X| 34; paratypes: SNSB-BSPG 2014 XI 21, 108,
CUMZ 7009, 7010.

Locus typicus. — Khao Noi hill, Takhli district, Southeast of Nakhon Sawan province, ca.
80 km south of Nakon Sawan City, Northern Thailand, 15° 18' 51.801" N, 100° 26" 30.358"
E.

Stratum typicum. — Tak Fa Formation of the Saraburi Group, Middle Permian, Wordian.

Description. — Shell turbiniform; holotype comprising ca. 4 whorls (apex missing), 9.3
mm high, 9.7 mm wide; suture impressed; whorls slightly convex and slightly
shouldered; whorls embrace at periphery so that periphery is at suture; base convex
with evenly rounded transition to whorl face; whorls ornamented with evenly spaced
distinct spiral cords; distance between cords about twice as wide as cords; cords have
approximately same strength; whorls also ornamented with numerous collabral,
densely spaced, slightly prosocline axial threads; intersections of spiral cords and axial
threads slightly nodular; base shallowly convex, anomphalous, ornamented with up

to 10 strong spiral cords and a smooth circumumbilical area; aperture approximately
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as high as wide; outer and inner lip convex, parietal lip concave; aperture acute

adapically.

Remarks. — Yunnania meridionalis Mansuy, 1914b from the Permian Productus
Limestone of Cambodia is similar to Yunnania pulchra n. sp. but Y. meridionalis has
more convex whorls and the axial ribs are not sharp and thread-like but broad and
low (Mansuy described them as ‘ondulations transverses’ i.e., transverse undulations).
Moreover, the spiral cords are stronger in Yunnania meridionalis. The illustration of
Yunnania meridionalis given by Delpey (1941) resembles the present specimens in
shape but especially the nature of the axial ornament cannot be inferred from this
illustration. The illustration of the specimen from the Permian of Malaysia determined
as Yunnania meridionalis by Batten (1972) seems to be much more high-spired than
Y. meridionalis and Yunnania pulchra n. sp. so that it is not clear whether this
specimen really represents Y. meridionalis. Other gastropod species assigned to

Yunnania generally lack axial ornament.

Dimensions. (in mm.)

Specimen no. H W How  No.Whorls A angle(degrees)
2014 X1 21 5.0 4 2.7 5 80

2014 XI 34 9.3 9.7 6.0 a4 65

2014 X1 108 6.1 5.6 34 a -

Family Trochidae Rafinesque, 1815

Genus Anticonulus Cossmann, 1918

Type species. — Trochus mariae d’Orbigny, 1853, Early Jurassic, France.



82

Anticonulus? sp.

PL. 8 figs 15-16

2014 Pleurotomarioid indet. — Ketwetsuriya et al., p. 140, pl. 1, fig. L.

Material. — One specimen, SNSB-BSPG 2014 XI 8.

Description. — Shell acutely conical, small, comprising ca. 9 whorls (apex missing), 5.8
mm high, 3.8 mm wide; flanks straight; whorl face straight with periphery at transition
to base; suture shallow; transition to base markedly angular with a protruding edge;

base flat, slightly conical, smooth; comprises nine whorls.

Remarks. — This small conical shell resembles the Mesozoic (Triassic/Jurassic) genus

Anticonulus.

Dimensions. (in mm.)
Specimen no. H W No.Whorls A angle(degrees)
2014 X1 8 5.8 3.8 9 av

Genus Coeloconulus NUtzel, 2012 (in Nutzel & Nakazawa)

Type species. — Coeloconulus panae Nutzel, 2012 (in Nutzel & Nakazawa), Middle

Permian, Japan.

Remarks. — When Nutzel (in Nttzel & Nakazawa 2012) introduced Coeloconulus, he did
not differentiate it from the similar Triassic genus Callotrochus Kutassy in Wenz, 1938
(Szabo, 2011). In contrast to Coeloconulus, Callotrochus has a distinctly conical base

and thus, the shell as a whole is biconical. Moreover, Callotrochus is much larger.

Coeloconulus panae Nutzel, 2012

PL. 8 figs 17-19
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Material. — One specimen, SNSB-BSPG 2014 X| 109.

Remarks. — This tiny conical, coeloconoid and phaneromphalous shell is obviously
identical with Coeloconulus panae as reported from the Middle Permian Akasaka
Limestone from Japan (NUtzel & Nakazawa 2012) although it is much larger and has a

more convex base.

Dimensions. (in mm.)
Specimen no. H W No.Whorls
2014 X1 109 6.9 4.3 6.5+

Genus Eocalliostoma Haas, 1953

Type species. — Calliostoma interruptum Cox, 1949, Late Triassic, Peru.

Eocalliostoma sp.
PL. 8 fig. 20
Material. - One specimen, SNSB-BSPG 2014 X| 81.

Remarks. — A single acutely trochiform shell (ca. 4.5 whorls, 2.7 mm high, 1.8 wide)
with straight and slightly prosocline axial ribs that do not continue onto the base
represents a distinct species in this collection. It resembles the Triassic genus
Eocalliostoma Haas, 1953 (see also Knight et al. 1960; Nutzel & Erwin 2004). The
present specimen also resembles juvenile specimens of the caenogastropod
Palaeostylus lateapicatus Nutzel, 2012 (in Nutzel and Nakazawa, 2012, p. 149, fig. 230)
from the Permian of the Akasaka Limestone, Japan but the latter species has lower

whorls and orthocline axial ribs.

Dimensions. (in mm.)
Specimen no. H W How  No.Whorls A angle(degrees)
2014 X1 81 2.7 1.8 1.8 4.5 56
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Family Microdomatidae Wenz, 1938

Genus Microdoma Meek & Worthen, 1866

Type species. — Microdoma conicum Meek & Worthen, 1866; USA, Carboniferous.

Microdoma carinata n. sp.

PL. 9 figs 1-9
2014 Babylonites? sp. — Ketwetsuriya et al., p. 142, pl. 2, figs F-H.
2014 Euconodoma sp. — Ketwetsuriya et al., p. 142, pl. 2, fig. I.

Etymology. — For the angular transition from whorl face to base

Material. — Holotype SNSB-BSPG 2014 X| 47, paratypes 2014 XI 11, 18, 19, 35, 36, 62
CUMZ 7011, 7012.

Locus typicus. — Khao Noi hill, Takhli district, Southeast of Nakhon Sawan province, ca.
80 km south of Nakon Sawan City, Northern Thailand, 15° 18'51.801" N, 100° 26' 30.358"
E (Fig.1).

Stratum typicum. — Tak Fa Formation of the Saraburi Group, Middle Permian, Wordian.

Description. — Shell high-spired trochiform, conical with an apical angle of 50-60°%;
holotype consisting of about six whorls, 10.6 mm high, 7 mm wide; largest specimen
(SNSB-BSPG 2014 XI 62) about 5 whorls (apex missing), 12.0 mm high, 8.3 mm wide;
sutures distinct; flanks straight; whorl face straight to very slightly convex with narrow
adapical shoulder in some specimens; whorls largely smooth except of weak reticulate
ornament of collabral axial ribs and spiral cords with nodular intersection on early
teleoconch whorls; gsrowth lines straight, prosocline; pronounced carina with spiral cord

present low on the whorls, emerging from abapical suture, fully exposed on last whorl
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forming the periphery and angular transition to base of whorls; last part of last whorl
somewhat deflected so that carina becomes fully exposed; base convex with pseudo-
umbilicus formed by twisted inner lip of aperture; aperture subcircular, somewhat

higher than wide; columellar lip slightly twisted forming a fold.

Remarks. — Microdoma carinata n. sp. resembles the Pennsylvanian type species of
Microdoma, Microdoma conicum Meek & Worthen, 1866. However, Microdoma
conicum has rather strong nodes as teleoconch ornament and lacks a twisted inner
lip. Some of the Carboniferous Russian species assigned to Microdoma by Mazaev
(1997) resemble Microdoma carinata n. sp. but these species have much stronger
nodes or ribs at the suture. Anematina permiana (Yakowlew, 1899) as reported by
Mazaev (1997) from the Late Carboniferous of the Russian Platform resembles
Microdoma carinata n. sp. but lacks the strong basal carination. Euconodoma gavinae
Kues, 1990, type species of the genus Euconodoma Kues, 1990, from the
Pennsylvanian of New Mexico is similar but Euconodoma has strong nodes at the basal
angulation and lacks the twisted inner lip of the aperture. Euconodoma was
considered to represent a synonym of Microdoma by (Batten, 1995). However, it seems

possible that Euconodoma represents a distinct genus.

Dimensions. (in mm.)

Specimen no. H W Hobw DPR  HPR Apical angle No. Of whorls
2014 X1 11 9.7 7.9 7.7 4.1 4.0 - 1+

2014 XI 18 112 75 6.5 a7 2.8 60 6

2014 X1 19 93+ 7.3 7.9 4.0 a7 - 2+

2014 XI 35 9.0+ 56+ - - - 63 6.5+
2014 Xl 36 11.5 69 7.7 4.1 4.4 57 6

2014 Xi 47 106 7.0 6.7 4.1 3.7 70 6

2014 XI 62 120 8.3 8.6 a.7 4.8 56 5+
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Subclass Neritimorpha Koken, 1896
Order Cycloneritimorpha Fryda, 1998
Superfamily Naticopsoidea Waagen, 1880
Family Naticopsidae Waagen, 1880
Genus Naticopsis McCoy, 1844

Type species. — Natica ampliata Phillips, 1836, Carboniferous, Ireland.

Naticopsis spp.
PL. 10 figs 1-9

2014 Naticopsis sp. — Ketwetsuriya et al., p. 144, pl. 2, fig. K.

Material. — Six specimens, SNSB-BSPG 2014 XI 57, 66, 68, 72, 79, 90, 95.

Remarks. — Several naticiform, low spired, smooth shells, all smaller 10 mm are present
in this collection representing probably two to three species of the wide-spread and
late Palaeozoic genus Naticopsis. The preservation of the specimens (especially the

apertures) is not sufficient for identification.

Dimensions. (in mm.)

Specimen no. H W How DPR  HPR  No.Whorls A angle
2014 XI 57 6.1 57 57 33 4.4 3.5 112
2014 X1 66 8.4 8.0+ 7.2 - 4.8 3 110
2014 Xl 68 8.8 82+ 7.9 35 - 3 111
2014 X1 72 4.3 5.2 3.5 - - 2.5+ 92
2014 X1 90 3.7 2.1 33 - - - 78

2014 XI 95 8.1 7.8 7.9 50 5.1 3.5 88



87

Family Trachyspiridae Nutzel, Fryda, Yancey & Anderson, 2007

Genus Trachydomia Meek & Worthen, 1866

Type species. — Naticopsis nodosa Meek & Worthen, 1861, Carboniferous, USA.

Trachydomia takhliensis n. sp.

PL. 9 figs 10-15

2014 Trachydomia sp. — Ketwetsuriya et al., p. 144, pl. 2, fig. J.

Etymology. — After the district of Takhli where the species occurs.

Material. - Holotype: SNSB-BSPG 2014 XI 41; paratypes SNSB-BSPG 2014 XI 37, CUMZ
7013, 7014.

Locus typicus. — Khao Noi hill, Takhli district, Southeast of Nakhon Sawan province, ca.
80 km south of Nakon Sawan City, Northern Thailand, 15°18' 51.801" N, 100° 26' 30.358"
E (Fig.1).

Stratum typicum. — Tak Fa Formation of the Saraburi Group, Middle Permian, Wordian.
Description. — Shell naticiform to turbiniform; holotype 11.7 mm high, 9.8 mm wide;
largest specimen (SNSB-BSPG 2014 XI 87) 30 mm high (apex missing), 31 mm wide; spire
acute distinctly elevated; body whorl much higher than spire with height about 85%
of total height; whorls round, convex with a narrow subsutural ramp; whorls embracing
at periphery; whorls ornamented with distinct nodes which are strongest on the body
whorl; suture distinct; base round, convex with evenly rounded transition to base;
growth lines prosocline; aperture D-shape with thickened outer lip and parietal
inductura; columellar lip straight, oblique to shell axis, widened with a crescent-shaped

furrow; outer lip evenly convex; base anomphalous, convex.
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Remarks. — Trachydomia takhliensis n. sp. is a typical representative of the genus
Trachydomia. Trachydomia dussaulti Mansuy, 1913 from the Permian Productus
Limestone of Laos is similar in shape but has finer and denser nodes. Trachydomia
dussaulti has also been reported from the Permian of Perak, Malaysia by Batten (1979)
and the specimen he illustrated has much finer nodes which are arranged in prosocline
lines. Moreover, its ramp is less pronounced. Trachydomia gobbeti Batten, 1979 from
the Permian of Perak, Malaysia has nodes which are strictly arranged in spiral lines and
the adapical nodes are much stronger than the abapical ones. Trachydomia imbricata
Batten, 1979 and T. gemmulata Batten, 1979, both from the Permian of Perak, Malaysia
differ strongly from Trachydomia takhliensis n. sp. in shape and ornament.
Trachydomia cf. nodosa (Meek & Worthen, 1866) from the Middle Permian of Japan
as reported by Nutzel & Nakazawa (2012) has nodes which are strictly arranged in spiral
lines. Trachydomia nodosa, type species of the genus Trachydomia, is broader and
has fewer but much coarser nodes. Trachydomia minuta Pan and Erwin, 2002 from
the Late Permian of China is much more high-spired. Trachydomia deprati Mansuy,
1914b from the Permian Productus Limestone of Cambodia is broader and has less

convex whorls.

Dimensions. (in mm.)

Specimen no. H W How DPR  HPR  No.Whorls A angle
2014 X1 37 173 141 151 8.6 9.7 3.5 94
2014 XI 41 11.7 9.8 9.7 6.6 8.3 4.5 72
2014 XI 82 240 233 226

2014 X1 87 29.6+ 313 267+ 150 167+ 35 96

Subclass Caenogastropoda Cox, 1960
Superfamily Orthonematoidea Nitzel & Bandel, 2000
Family Goniasmatidae Nutzel & Bandel, 2000
Subfamily Goniasmatinae Nutzel & Bandel, 2000
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Genus Goniasma Tomlin, 1930

Type species. Murchisonia lasallensis Worthen, 1890, Pennsylvanian, USA.

Goniasma tricarinata n. sp.

PL. 11 figs 1-4

Etymology. — Latin, with three carinae (spiral cords).

Material. — Holotype: SNSB-BSPG 2014 Xl 45; paratypes: SNSB-BSPG 2014 XI 5, CUMZ
7015, 7016.

Locus typicus. — Khao Noi hill, Takhli district, Southeast of Nakhon Sawan province, ca.
80 km south of Nakon Sawan City, Northern Thailand, 15°18' 51.801" N, 100° 26' 30.358"
E (Fig.1).

Stratum typicum. — Tak Fa Formation of the Saraburi Group, Middle Permian, Wordian.

Description. — Shell high-spired; holotype comprises about 9 whorls, 9.5 mm high, 5.6
mm wide; suture distinct; whorls angulated at about mid-whorl with a broad, steep
subsutural ramp; vertical, parallel to shell axis below angulation; ramp smooth;
abapical portion of whorls with three equally spaced prominent spiral cords; strongest
spiral cord located at mid-whorl at angulation forming periphery; ramp largely smooth,

straight with very weak spiral cord near the suture; base slightly rounded.

Remarks: The present specimens resemble the Late Carboniferous type species of
Goniasma, Goniasma lasallensis Worthen, 1890 (see also Mazaev 2011, p. 1564, pl. 1,
figs 9-13) but in that species, the angulation is lower on the whorls and it lacks the
three strong spiral cords low on the whorls. Goniasma fortecarinata Nutzel, 2012 (in
Nutzel & Nakazawa) from the Middle Permian Akasaka Limestone, Japan is similar but

the upper two spiral cords are much stronger than the abapical one.



Dimensions. (in mm.)
Specimen no.

2014 XI'5

2014 X1 14

2014 X1 15

2014 X1 45

H W
6.8 4.0
7.5+ 4.0
113+ 5.2
9.5 5.6

Genus Stegocoelia Donald, 1889

Type species. -

Murchisonia

Carboniferous, Scotland.

Apical angle(degrees)
43
43
av
45

(Stegocoelia) compacta Donald,

No. Of whorls

6

6+
5+
9+

1889,

90

Early

Remarks. — The subgenus Hypergonia Donald, 1892 has been considered to represent

a synonym of Stegocoelia by Mazaev (2001; 2011).

Stegocoelia sp. 1

PL. 11 figs 5-6

Material. — Two specimens, SNSB-BSPG 2014 XI 30, 80.

Remarks. — These small, high-spired slender murchisoniform gastropods have a

prominent ornament of four spiral cords on whorl face. The whorls are distinctly

convex and somewhat angulated. They resemble several Late Palaeozoic species, for

instance some species from the Carboniferous of Russia as described by Mazaev (2001).

Murchisonia dussaulti Mansuy, 1914b from the Productus Limestone of Cambodia

could be similar but is too poorly known for a meaningful comparison (see also Delpey

1941, fig. 42). Stegocoelia akasakiensis Nitzel, 2012 from the Middle Permian Akasaka

Limestone of Japan but this species is much smaller and the spiral cords have a

different position (Nutzel and Nakazawa, 2012).

Dimensions. (in mm.)



Specimen no. H W Hbw  Apical angle(degrees) No. Of whorls
2014 X1 30 9.5 3.7 - 55 8
2014 X1 80 89+ 55 5.5 - 2+

Stegocoelia sp. 2

PL 11 fig. 7

2014 Stegocoelia? sp. 2 — Ketwetsuriya et al., p. 145, pl. 2, fig. P.

Material. One specimen, SNSB-BSPG 2014 X| 94.
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Description. — Shell small, high-spired, slender, comprising about 9 whorls, 7.2 mm

high, 2.3 mm wide; suture shallow; whorl face straight; whorls ornamented with four

distinct spiral cords; adapical spiral cord in subsutural position; second spiral cord

somewhat weaker, situated above mid-whorl; third spiral cord strongest, forming

periphery, low on the whorl; fourth spiral cord weak, emerging from abapical suture;

base flat with angular transition to whorl face.

Remarks. — This shell is poorly preserved but clearly represents a distinct species in

the present collection. Similar shells, poorly preserved as well, were reported by Kulas

and Batten (1997) as Stegocoelia (Hypergonia) percostata (Girty, 1939) and Stegocoelia

(Hypergonia?) sp. from the Permian of Wyoming. Stegocoelia turabievoensis Mazaev,

2001 from the Carboniferous is also similar but much larger.

Dimensions. (in mm.)
Specimen no. H W Apical angle(degrees) No. Of whorls
2014 X1 94 1.2+ 23 65 9+
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Family Orthonematidae Nutzel & Bandel, 2000

Genus Orthonema Meek & Worthen, 1862

Orthonema sp.

PL. 11 figs 8-9

Material. — One specimen, SNSB-BSPG 2014 X| 53.

Description. — Shell high-spired, slender, ca. 8 whorl with apex missing, 16 mm high, 7
mm wide; suture shallow but distinct; whorls largely smooth, ornamented with a
distinct, sharp subsutural spiral cord bordering a narrow ramp; abapical spiral lira

emerging just at suture; whorl face concave.

Remarks. — This specimen resembles species of the genus Orthonema as, for instance,
reported from the Carboniferous of Russia (Mazaev, 2002) and the Permian of the
Southwestern US (Erwin, 1988a).

Dimensions. (in mm.)

Specimen no. H W No. Of whorls

2014 XI 53 LoHULACS 6+

Genus Protostylus Mansuy, 1914a

Type species. Protostylus lantenoisi Mansuy, 1914a, Carboniferous, SE Asia.

Remarks. — Based on Middle Permian high-spired, smooth gastropods, Nitzel &
Nakazawa (2012) discussed the poorly known genus Protostylus. The type species as
well as the other species assigned to this genus are poorly preserved and thus, identity
and systematics of this genus remain uncertain. Batten (1995) placed Protostylus in
Procerithiidae based on the presence of an anterior siphonal canal. Nutzel in Nutzel &

Nakazawa (2012) placed Protostylus tentatively in the family Orthonematidae.
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Protostylus sp.
PL. 12 figs 1-6

Material. — Five specimens, SNSB-BSPG 2014 XI 40, 56, 74, 99, 114.

Description. — Shell high-spired; largest specimen consists of about 10 whorls, 20 mm
high, 6.8 mm wide; sutures distinct; whorls low, slightly convex with periphery
somewhat below mid-whorl, embracing low on previous whorl; whorls smooth; base

rounded, convex; aperture subovate, somewhat higher than wide.

Remarks. — The present specimens resemble Protostylus sp. from the Middle Permian
Akasaka Limestone from Japan as reported by Nutzel & Nakazawa (2012). However,
the Japanese species is somewhat more slender. The studied specimens show a
narrow spiral breakage high on the whorls. If this reflects the presence of a selenizone
or sinus, this species could be related to genera like Altadema Kues, 2002 or Kazanella
Mazaev, 2015. Streptacis? complanata Hoare, Sturgeon & Anderson, 1997 from the
Pennsylvanian of the USA resembles Protostylus sp. and could be a representative of
the genus Protostylus rather than Streptacis — the latter is usually more slender. The
Chinese Carboniferous species Protostylus lantenoisi Mansuy, 1914a and P. dussualti
Mansuy, 1914a closely resemble the present species as far as can be inferred from the
original illustrations. Protostylus lantenoisi has also been reported from the Permian

of Perak, Malaysia by Batten (1985).

Dimensions. (in mm.)

Specimen no. H W How  No.Whorls A angle(degrees)
2014 X1 40 19.6 6.3 - 8+ 35
2014 X1 56 200 6.8 5.6 10+ 35
2014 X1 74 12.6+ 5.3 - 9+ 33

2014 X1 99 190 64 50 9+ 33
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Superfamily Soleniscoidea Knight, 1931a
Family Soleniscidae Knight, 1931a
Subfamily Soleniscinae Knight, 1931a
Genus Soleniscus Meek & Worthen, 1861

Type species. — Soleniscus typicus Meek & Worthen, 1861, Carboniferous, USA.

Soleniscus sp.

PL. 11 figs 10-11

Material. One specimen, SNSB-BSPG 2014 X| 120

Remarks. — This relatively slender, fusiform, smooth soleniscid shell (13 mm high, 4
mm wide) shows a distinct columellar fold. Shells like this have been repeatedly
reported from the Late Palaeozoic of the world for instance Soleniscus variabilis Erwin,
1988b from the Permian of the USA is quite similar (see also Nutzel et al. 2000; Batten
1995).

Dimensions. (in mm.)

Specimen no. H W

2014 X1 120 13.0 4.0

Genus Strobeus de Koninck, 1881

Type species. — Strobeus ventricosus de Koninck, 1881, Mississippian, Belgium.

Strobeus sp.

PL. 11 figs 12-13

Material. — One specimen, SNSB-BSPG 2014 X| 119.
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Remarks. — This broad, smooth incomplete soleniscid shell (7.3 mm high, 5.1 mm wide)
shows a distinct columellar fold. Strobeus is wide-spread and diverse in Late
Palaeozoic deposits for instance Strobeus girtyi Erwin, 1988b from the Permian of the
USA and the Late Permian Strobeus dongluoensis (Pan and Yu, 1993) (see also Nitzel
& Nakazawa 2012) are similar. However, more and better preserved specimens are

needed for identification.

Dimensions. (in mm.)

Specimen no. H W

2014 X1 119 7.3 5.1

Genus Cylindritopsis Gemmellaro, 1890

Type species. — Cylindritopsis ovalis Gemmellaro, 1890, Permian, Italy.

Cylindritopsis spheroides Erwin, 1988b
PL. 11 figs 14-16

1988b Cylindritopsis spheroides n. sp. — Erwin, p. 65, fig. 4.1-4.4.

Material. - One specimen, SNSB-BSPG 2014 X| 52.

Description. — Shell spherical, oval, low-spired, 5.1 mm high, 5.2 mm wide; spire small;
whorls smooth, convex, inflated; suture indistinct; aperture crescent shaped, acute
adapically, rounded ababically; aperture with two strong columellar folds of equal
strength with perpendicular orientation against inner lip; parietal callus present; base

evenly rounded, anomphalous.

Remarks. — The present specimen closely resembles Cylindritopsis spheroides Erwin,

1988b from the Permian of the southwestern United States. Cylindritopsis spheroides
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could also represent the neritid species genus Oncochilus Petho, 1882 (in Zittel) which
is based on a Jurassic type species. In fact, Oncochilus matches Cylindritopsis
spheroides better than the usually more high-spired Cylindritopsis. Yochelson &
Saunders (1967) listed two Permian species assigned to Oncochilus and stated that the

genus was clearly present in the Late Palaeozoic.

Dimensions. (in mm.)

Specimen no. H W DPR  HPR

2014 X1 52 5.1 52 24 4.5

Family Meekospiridae Knight, 1956

Genus Meekospira Ulrich, in Ulrich & Scofield, 1897

Type species. — Eulima peracuta Meek & Worthen, 1861, Carboniferous, USA.

Meekospira sp.

PL. 12 fig. 7

2014 Meekospira sp. — Ketwetsuriya et al., p. 144, pl. 2, fig. M.

Material. — One specimen, SNSB-BSPG 2014 XI 7.

Remarks. — This single slender fusiform shell (7.8 mm high, 5.8 mm high) with straight
flanks and slightly convex, smooth whorls is a typical representative of the genus
Meekospira which is widespread and diverse in the Late Palaeozoic (e.g., Knight 1932,
Erwin 1988b; Nutzel et al. 2000). Meekospira melanoides and M. ligonensis, both
described by Batten (1985) from the Permian of Perak, Malaysia, are more slender and

have higher whorls.
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Dimensions. (in mm.)
Specimen no. H W Apical angle(degrees) No. Of whorls
2014 X1'7 7.8 5.8 38 8

Genus Ceraunocochlis Knight, 1931a

Type species. Ceraunocochlis fulminula Knight, 1931a, Pennsylvanian, USA.

Ceraunocochlis sp.

PL. 12 fig. 8

Material. One specimen, SNSB-BSPG 2014 XI| 78.

Description: Cigar-shaped shell, slender, high-spired, asymmetrical, with convex flank
opposed to a to slightly concave flank; shell comprising ca. 7 whorls, 5.1 mm high, 1.4
mm wide; last whorl incomplete but seemingly slightly constricted; whorls high,
smooth; suture obscure, very shallow; whorl face almost straight; aperture not

preserved.

Remarks: The generic assignment of this specimen is beyond doubt. It resembles
Ceraunocochlis fulminula Knight, 1931a from the Pennsylvanian of the USA and
Ceraunocochlis sp. as reported by Nutzel & Nakazawa (2012) from the Middle Permian

Akasaka Limestone, Japan.

Dimensions. (in mm.)

Specimen no. H W A angle(degrees)
2014 XI 78 5.1 1.4 37

Genus Cambodgia Mansuy, 1914b

Type species. Cambodgia sinsistrorsa Mansuy, 1914b, Permian, Cambodia.
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Cambodgia acuminata n. sp.

PL. 12 figs 9-11

2014 Cambodgia cfr. sinistrorsa Mansuy, 1914b — Ketwetsuriya et al., p. 144,
pl. 2, fig. L.

Etymology. — Latin needle-shaped, acute.
Material. Four specimens, holotype: SNSB-BSPG 2014 XI| 98, paratypes: SNSB-BSPG 2014
X154, 70, 117.

Locus typicus. — Khao Noi hill, Takhli district, Southeast of Nakhon Sawan province, ca.
80 km south of Nakon Sawan City, Northern Thailand, 15°18'51.801" N, 100° 26' 30.358"
E (Fig.1).

Stratum typicum. — Tak Fa Formation of the Saraburi Group, Middle Permian, Wordian.

Description. — Shell sinistral, small, high-spired, very slender with an apical angel of
less than 30 ° and numerous whorls; largest specimen comprising 9 whorls with apex
missing 12.7 mm high, 3.3 mm wide; holotype comprising ca. 14 whorls, 7.4 mm high,
4.0 mm wide; early shell slightly coeloconoid; whorls smooth, weakly convex; sutures

shallow but distinct; aperture unknown.

Remarks. — The sinistral species Cambodgia acuminata n. sp. is extremely needle-
shaped. It resembles Cambodgia sinistrorsa Mansuy, 1914b from the Permian
Productus Limestone of Cambodia. However, Cambodgia acuminata n. sp. is much
more slender. The sinistral, needle-shaped species Methorthonema sinistrale Erwin,
1988a from the Early Permian of the Soutwestern USA is more pronouncedly
coeloconoid in the early whorls and later whorls are straight-sided so that the

teleoconch is almost cylindrical which is not the case in Cambodgia acuminata n. sp.
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Dimensions. (in mm.)

Specimen no. H W No.Whorls A angle(degrees)
2014 XI 54 127 33 9+ 26
2014 X1 98 7.4 4.0 14+ 24
2014 X1 117 6.3 1.9 11 25

Family Palaeostylidae Wenz, 1938

Genus Trepsipleura Kues, 2002

Type species. — Trepsipleura chordanodosa Kues, 2002, Pennsylvanian, USA.

Remarks. — Kues (2002) discussed the assignment of Trepsipleura and placed it in
Pseudozygopleuridae Knight, 1930 but also discussed a possible assignment to
Palaeozygopleuridae. We think that an assignment to Palaeostylidae is the better
choice because of the low whorls and the lack of the typical pseudozygopleurid larval
shell as far as it is known (shown for Palaeozygopleura? perversa (Knight, 1930) by
Nutzel 1998). Synonymy of the three species Palaeozygopleura? perversa (Knight,
1930), Palaeostylus? (Pseudozygopleura) bella Carew, 1980 and Trepsipleura
chordanodosa Kues, 2002 seems to be possible. The sinistral species

Palaeozygopleura retroflexa Licharew, 1968 is distinct by having a denser ribbing.

Trepsipleura chordanodosa Kues, 2002

PL. 12 fig. 12-13

2014 Palaeostylus sp. — Ketwetsuriya et al., p. 144, pl. 2, fig. N.

Material. — Two specimens, SNSB-BSPG 2014 XI 1, 100.

Description. — Shell sinistral, high-spired, cyrtoconoid; larger specimen is 12.9 mm high,

3.7 mm wide; whorls low, rounded quadrangular in transverse section; whorls slightly
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convex; sutures distinct; whorls ornamented with strong, straight to slightly opisthocyrt,
broad, rounded axial ribs, numbering about 12-16 per whorl presumably reduced on

the last whorls; aperture with indistinct siphonal notch.

Remarks. — The present specimens closely resemble the Middle Pennsylvanian
Trepsipleura chordanodosa from West Texas so that the present material is identified
with this species despite the considerable difference in age. Other similar sinistral
species with zygopleuroid habitus are Palaeozygopleura? perversa (Knight, 1930) from
the Pennsylvanian of the USA (see Nutzel 1998) and Palaeostylus? (Pseudozygopleura)

bella Carew, 1980 from the Pennsylvanian of Texas.

Dimensions. (in mm.)

Specimen no. H W How  No.Whorls A angle(degrees)
2014 XI 1 129 37 29+ 8+ 27
2014 XI 100 3.6 7.6 - T+ -

Superfamily Zygopleuroidea Wenz, 1938
Family Pseudozygopleuridae Knight, 1930

Genus Pseudozygopleura Knight, 1930

Pseudozygopleura? sp.

PL. 12 fig. 14

Material. - One specimen, SNSB-BSPG 2014 XI 55.

Description. — Shell high-spired to fusiform, comprising ca. 6 whorls, 12.6 mm high, 5.3
mm wide; whorls convex with strong axial ribs numbering about 14 to 16 per whorl;
ribs round, as wide as interspaces, distinctly prosocline; ribs reduced on last preserved

whorl; suture distinct; base rounded, anomphalous.
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Remarks. — The present shell with zygopleuroid morphology could represent the
diverse Late Palaeozoic gastropod family Pseudozygopleuridae but knowledge of the

protoconch is needed for a meaningful taxonomic treatment.

Dimensions. (in mm.)
Specimen no. H W How  No.Whorls A angle(degrees)
2014 XI 55 126 5.3 4.1 6 41

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

Genus Streptacis Meek, 1871

Type species. — Streptacis whitfieldi Meek, 1871, Carboniferous, USA.

Streptacis? sp.

PL. 12 figs 15-16

Material. — Two specimens, SNSB-BSPG 2014 XI 51, 71

Description. — Shell high-spired, slender; larger specimen 11.3 mm high (apex missing),
3.5 mm wide; whorls smooth, strongly convex; suture impressed; base convex,

rounded.

Remarks. — High-spired, small, smooth shells like the present ones have been
commonly reported from Late Palaeozoic deposits of the world, for instance Streptacis
whitfieldi Meek, 1871 from the Carboniferous of the USA and Streptacis orientalis
Nutzel, 2012 as well as Streptacis? sp. from the Middle Permian Akasaka Limestone of

Japan (Nutzel & Nakazawa 2012).
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Dimensions. (in mm.)

Specimen no. H W How DPR  HPR  No.Whorls A angle
2014 XI 51 113+ 3.5 4.5 1.6 2.3 5.5+ 24
2014 XI 71 3.6+ 1.1 1.4 0.8 0.8 6.5+
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CHAPTER IV

BIOSTRATIGRAPHY AND DEPOSITIONAL ENVIRONMENT

Interpretation of data from field works and laboratory establish the range of
gastropod and biozone of the study area. This result shows gastropods from Khao Noi,
Khao Chai Thong, Khao Kwang and Khao Tum Pha Sawan at Amphoe Tak Fa and

Amphoe Takhli, Changwat Nakhon Sawan can be subdivided into 3 biozones.
4.1 Biostratigraphy of gastropod of study area

The study area covers four hills belong to Tak Fa formation: Khao Noi, Khao
Chai Thong, Khao Kwang and Khao Tum Pha Sawan. The forty species of gastropods
are described in this investigation. The following data are the gastropods of each hills

of study area:

Khao Noi : Euphemites ¢raffhami, Warthia cf. brevisinuata, Warthia sp.,
Bellerophon sp., Bellerophon? sp., Pharkidonotus khaonoiensis, Khumerspira
thailandensis, Retispira lyelli, Discotropis? sp., Euomphalus sp., Baylea? umbilicata,
Knightinella ornate, Knightinella sp., Amaurotoma? sp., Takfaia kuesi, Glabrocingulum
magnum, Anomphalus lateumbilicatus, Anomphalus sp., Yunnania pulchra,
Anticonulus? sp., Coeloconulus panae, Eocalliostoma sp., Microdoma carinata,
Naticopsis spp., Trachydomia takhliensis, Goniasma tricarinata, Stegocoelia sp. 1,
Stegocoelia sp. 2, Orthonema sp., Protostylus sp., Soleniscus sp., Strobeus sp.,
Cylindritopsis spheroids, Meekospira sp., Ceraunocochlis sp., Cambodgia acuminate,

Trepsipleura chordanodosa, Pseudozygopleura? sp. and Streptacis? sp.

Khao Chai Thong : Warthia cf. brevisinuata, Bellerophon sp., Pharkidonotus
khaonoiensis, Khumerspira thailandensis, Discotropis? sp., Baylea? umbilicata,
Knightinella sp., Amaurotoma? sp., Glabrocingulum magnum, Anomphalus sp.,
Naticopsis spp., Trachydomia takhliensis, Goniasma tricarinata, Stegocoelia sp. 1,
Stegocoelia sp. 2, Orthonema sp., Protostylus sp., Soleniscus sp., Meekospira sp.,

Trepsipleura chordanodosa, and Streptacis? sp.
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Khao Kwang : Warthia cf. brevisinuata, Bellerophon sp., Pharkidonotus
khaonoiensis, Retispira lyelli, Baylea? umbilicata, Takfaia kuesi, Glabrocingulum
magnum, Anomphalus sp., Yunnania pulchra, Naticopsis spp., Goniasma tricarinata,
Stegocoelia sp. 1, Stegocoelia sp. 2, Protostylus sp., Trepsipleura chordanodosa, and

Streptacis? sp.

Khao Tum Pha Sawan : Stegocoelia sp.1 and Streptacis? sp.

The data of gastropods (Table 4.1) illustrates that the different fauna from each
unit of each hill. Therefore, due to correlation of Khao Noi, Khao Chai Thong and Khao
Kwang that that rock unit N2 of Khao Noi is equivalent to unit C2 of Khao Chai Thong
and the unit K2 of Khao Kwang in gastropod assemblage together with lithostratigraphy
and other fauna of the study area. So these units can be correlated into biostratigraphy
of gastropod of the study area. Thus, the biozones of their area can be grouped
together. However, Khao Tum Pha Sawan found only 1 species of gastropod with a

few of specimen that can be established one biozone from this section.

However, the study area is situated within the Chainat duplex which is complex
structure (Prasongtham and Kanjanapayont, 2014). According to this complex structure,
the correlation of all unit of the measured sections is not able to be established
properly. Some units metioned above can be correlated base on assemblage and

lithostratigraphy
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Table 4.1 Distribution of gastropods within the study area according to rock unit (Khao

Noi, Khao Chai Thong, Khao Kwang and Khao Tum Pha Sawan)

Species name

Locality Khao Noi Khao Kwang | Khao  Chai | Khao
Thong Tum
Pha
Sawan
Rock Unit
N1 |N2 | N3 |[Kl |K2 K3 |Cl|C2|C3|TL |T2

Bellerophon sp.

Bellerophon? sp.

Pharkidonotus khaonoiensis

n.sp.

SISIS

Khumerspira  thailandensis

n.sp.

<

Retispira lyelli

Euphemites graffhami

Warthia cf. brevisinuata

Warthia sp.

SISNISIS

Discotropis? sp.

Euomphalus sp.

Baylea? Umbilicata n. sp.

Takfaia kuesi n. sp.

Glabrocingulum magnum n.

sp.

SISISIS

SISS

Knightinella ornate n. sp.

Knightinella sp.

Amaurotoma? sp.

Yunnania pulchra n. sp.

Anomphalus sp.

ANIENIENENAS
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Table 4.1 (cointinue) Distribution of gastropods within the study area according to rock

unit (Khao Noi, Khao Chai Thong, Khao Kwang and Khao Tum Pha Sawan)

Locality Khao Noi Khao Kwang | Khao  Chai | Khao
Thong Tum
Pha
Rock Unit
N1 N2 N3 | Kl [K2 [K3 |[Cl|C2|C3|T1 |72

Species name

Naticopsis spp.

Microdoma carinata n. sp.

SISIS

Trachydomia takhliensis n.

sp.

Goniasma tricarinata n. sp.

Stegocoelia sp.1

NENRY

NN NN NAYA YA A AT A YA SN NN
AN

Stegocoelia sp.2

Orthonema sp.

Trepsipleura chordanodosa

Eocalliostoma sp.

Pseudozygopleuro? sp.

Soleniscus sp.

Strobeus sp.

Cylindritopsis spheroides

Ceraunocochlis sp.

Streptacis? sp. v v
Protostylus sp. v N4 N4
Meekospira sp. v v v

Cambodgia acuminate n. sp.

Anomphalus

lateumbilicatus n. sp.

Anticonulus? sp.

ENIAN

Coeloconulus panae
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Gastropod fauna are abundant in the studied sections with several species are
recovered, they are grouped as Bellerophon sp. — Glabrocingulum sp. zone, which is
the most diverse biozone of the study areas at the middle part of stratigraphic section,
while Stegocoelia sp. becomes the second diverse biozone in the lower part. The
upper part of section contains rarely fragments and fusulinids. The range chart of
gastropods at the study area (Table 4.2) shows that the distribution of gastropods of
Tak Fa limestone in Nakhon Sawan city that is subdivided into three biozones. The

followings are biozones of the study.

Upper Gastropod barren zone
Middle Bellerophon sp. — Glabrocingulum sp. zone
Lower? Stegocoelia sp. zone

4.1.1 Stegocoelia sp. zone

Lithofacies: Biomicrite (wackestone)
Locality: Unit N1 (Khao Noi), Unit C1 (Khao Chai Thong)
Characteristic species: Stegocoelia sp.

Associated species: Discotropis? sp., Goniasma tricarinata, Stegocoelia sp. 1,

Stegocoelia sp. 2, Protostylus sp. and Meekospira sp.
Size distribution: small to moderate size
Associated fauna: fusulinid, pelecypod, coral and sponge

Bounded: This zone is bounded along the interval between the lowest and

highest occurrence of the Stegocoelia sp.

Remark: Protostylus sp. and Meekospira sp. occur in the lower bed of this zone.
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4.1.2 Bellerophon sp. - Glabrocingulum sp. zone

Lithofacies: Biomicrite (wackestone to packstone)
Locality: Unit N2 (Khao Noi), Unit C2 (Khao Chai Thong)
Characteristic species: Bellerophon sp. and Glabrocingulum sp.

Associated species: Euphemites graffhami, Warthia cf. brevisinuata, Warthia
sp., Bellerophon sp., Bellerophon? sp., Pharkidonotus khaonoiensis, Khumerspira
thailandensis, Retispira lyelli, Discotropis? sp., Euomphalus sp., Baylea? umbilicata,
Knightinella ornate, Knightinella sp., Amaurotoma? sp., Takfaia kuesi, Glabrocingulum
magnum, Anomphalus lateumbilicatus, Anomphalus sp., Yunnania pulchra,
Anticonulus? sp., Coeloconulus panae, Eocalliostoma sp., Microdoma carinata,
Naticopsis spp., Trachydomia takhliensis, Goniasma tricarinata, Stegocoelia sp. 1,
Stegocoelia sp. 2, Orthonema sp., Protostylus sp., Soleniscus sp., Strobeus sp.,
Cylindritopsis spheroids, Meekospira sp., Ceraunocochlis sp., Cambodgia acuminate,

Trepsipleura chordanodosa, Pseudozygopleura? sp. and Streptacis? sp.
Size distribution: Various stages

Associated fauna: fusulinid, ammonoid, pelecypod, gastropod, coral, sponge,

algae and bryozoan were discovered in this zone.

Bounded: This zone is bounded along the interval between the lowest and

highest occurrence of the Bellerophon sp. and also Glabrocingulum sp.

4.1.3 Gastropod barren zone

Lithofacies: mudstone to wackestone

Locality: this zone covered the upper part of these section; unit C3 (Khao Chai
Thong) and including unit T1 and unit T2 of Khao Tum Pha Sawan this zone are rarely

investigated. There is only fusulinid distributed throughout the zone.

Remark: This zone usually occurs at the upper part of the section that related

with Lithofacies B.
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Table 4.2 Stratigraphic distribution of Permian gastropods from the study area (Khao

Noi, Khao Chai Thong, and Khao Tum Pha Sawan) showing range of three biozones in

ascending order.
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4.2 Depositional environment

According to the Permian paleogeographic map of the Phetchabun fold and
thrust belt of Thailand (Wielchowsky and Young, 1985) shows major facies variations
(Figure 4. 1) on the western margin of the Indochina Block (Metcalfe and Sone, 2008)
that can be divided into Khao Khwang platform, Pha Nok Khoa platform and Nam Duk
basin. The study area is the part of Khao Khwang platform (Ueno and Charoentitirat,
2011) that deposited on carbonate platform covered by shallow marine. Based on
investigation of lithostratigraphy together with its petrography and fossils in the study

area, they cloud be interpreted the depositional environment as follows.
Lithofacies A: Wackestone and packstone with whole fossils.

Description: The thick to very thick-bedded limestones are classified as
wackestone and packstone with abundant marine invertebrate fossils in micrite, with
black chert nodules are commonly found, parallel bed-type. The middle part of this
lithifacies yields flourished gastropods and fusulinids containing massive and solitary
rugose corals, brachiopods, crinoid stems and sponges. In contrast, the upper parts are
represented medium bedded limestone, which yields rarely fossils. The weathered
surface is usually grey to dark grey. This facie contains index fossils of lagoonal
environment that located directly at the back reef such as Acanthocladia anceps

(Bryozoa) (McKerrow, 1978), which are found in the study area.

Occurrence: Shelf lagoon at back reef (Figure 4.2) with circulation (open-marine

platform interior), low-energy environment.

Locality: Unit N1 and Unit N3 of Khao Noi and Unit N2 is also situated in this
facies, although this unit contain slightly fauna than others and thicker bedded, Unit
K2 (Khao Kwang), Unit C1, Unit C2 (Khao Chai Thong) and Unit T1 (Khao Tum Pha

Sawan).
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16°\

\ Nakhon
@\ Sawan

~—] marginal marine
siliciclastics
pe/basinal sediments
Carboniferous-Permian
@ outcrops

Nakhon Ratchasima
@

Figure 4. 1 Paleogeographic map of the western margin of the Indochina Block (Ueno

and Charoentitirat, 2011)
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Lithofacies B: Carbonate mudstone with little faunal diversity

Description: This lithofacies consists of thin to thick-bedded limestones that are
classified as mudstone, and some wackestone may occur with a few marine
invertebrate fossils such fusulinids and fragments. The rock is locally interbedded with

laminated dark grey shale with parallel bed-type.

Occurrence: Lithofacies B is close to restricted marine-platform (Deep lagoonal
environment) that deeper than Lithofacies A within lagoon (Figure 4.2), low-energy

environment.

Locality: unit C3 (Khao Chai Thong), Unit K3 (Khao Kwang) and Unit T2 of Khao

Tum Pha Sawan.

SUPRATIDAL INTERTIDAL
ZONE ZONE

Lithofacies &
Lithofacies A

Figure 4.2 Depositional environment model of the rimmed carbonate platform at
Nakhonsawan Province as shown in red square and indicating Lithofacies A and

Lithofacies B.
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4.3 Biota in the studied samples

Most of the samples that were dissolved were very fossiliferous and produced
abundant silicified fossils. However, most of the fossil material consists of
unidentifiable shell fragments. Remains of calcareous algae such as codiaceaens (Figure
4.3A) and the dasycladacean Mitzia sp. (Figure 4.3B) were abundant in some of the
gastropod-rich samples. Silicified fusulinids are abundant in most of the samples (Figure
4.3C) and thin-sections showed that fusulinids are present in rock-forming quantities.
The presence of these algae and foraminiferans suggest a tropical shallow water
environment. The samples also yielded rather large sclerites probably deriving from
sponges (Figure 4.3D, E). Among other invertebrates, gastropods are by far the most
diverse and abundant group. They are commonly fragmented but more or less
complete specimens are also present. The strong dominance of gastropods is
remarkable but it must be taken into account that gastropod-rich rocks were sampled
preferentially in the field. The samples also yielded few small articulate brachiopods
(Figure 4.3F, left), scaphopods (Figure 4.3F, right), polyplacophoran (Figure 4.3G), small
nuculoid bivalves (Figure 4.3H, 1) and other bivalves (Figure 4.3J, K). The few present
brachiopods and bivalves have commonly attached valves indicating that the fauna is

basically autochthonous and not transported.

A quantitative census of the fossils in the studies samples is difficult because
of the high degree of fragmentation and the problematic preservation of many of the
fossils. However, it seems clear that the fauna is very diverse with a low dominance. A
comprehensive study on the diversity of the Tak Fa fauna will be attempted at a later

point.
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Figure 4.3 Examples for silicified fossils other than gastropods from the studied

samples. A. - Codiacean algae. B. — Fragments of the dasycladacean algae Mitzia sp. C.
— Poorly preserved foraminiferans (fusulinids). D, E. — Sclerites, probably deriving from
sponges. F. — Small articulate brachiopod (left) and scaphopod (right). G. — Plate of

polyplacophoran. H, I. — Small nuculoid bivalve. J, K. — Bivalve.
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CHAPTER V

DISCUSSION AND CONCLUSIONS

5.1 Discussions

The present contribution reports and describes a Middle Permian (Wordian)
gastropod fauna from the Tak Fa Formation of the Saraburi Group, Nakhonsawan,
Northern Thailand. The Tak Fa Limestone is fossiliferous and yields a diverse Permian
invertebrate fauna. The present gastropod fauna has previously been reported in a
preliminarily note by Ketwetsuriya et al. (2014) based on silicified shells weathering
out at the surface of calcareous rocks, which was described and treated the species in
open nomenclature representing twenty species. Meanwhile, the carbonate samples
have been dissolved and numerous silicified gastropod shells have been recovered
with 39 species. There are several species are similarly found in this present study such
as Bellerophon sp., Glabrocingulum sp., Anomphalus sp., Trachydomia sp., Naticopsis
sp., Cambodgia sp. Meekospira sp., Paleostylus sp. and Stegocoelia sp. and there are
also a number of others species that are new recorded in this study. The present fauna
is one of the most diverse Permian gastropod faunas from Southeast Asia
supplementing our knowledge of Middle Permian gastropod distribution in this region

considerably.

Previously, there have been few reports or mentions on Permian gastropods
from Thailand Grant (1976) studied Permian brachiopods from limestones of southern
Thailand and mentioned the presence of platyceratids and pleurotomarioids.
According to the study of the study area, they were found only Takfaia kuesi n. sp.
and Glabrocingulum magnum n. sp. in Order Pleurotomariina. So, the gastropod fauna
in the study area is certainly different from southern Thailand. Waterhouse (1982)
studied an early Permian invertebrate fauna pebbly mudstones from the Kaeng
Krachan Group at the Tong Lang Bay and Ko Phi Phi Island and mentioned presence
of the gastropod genus Peruvispira. In comparison with the Tak Fa limestone of the

study area, Peruvispira sp. or related characteristics of this genus have not been found.
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This is one of the evidences that reveal the distinct fauna between two blocks. Sone
(2010) reported the species Magnicapitatus huazhangae from the Middle Permian
(Guadalupian) at Khao Makha, Changwat Sra Kaeo, East Thailand (the Indochina
Terrain), this naticiform specimen was known as an internal mold only. The limestones
could be related to the Sisophon Limestone of western Cambodia along the Thai-
Cambodia border according to Lepidolina. multiseptata. and this is the only Permian
gastropod species described from Thailand (type locality) to this point. In the study
area, Subclass Neritimorpha comprises Trachydomia takhliensis n. sp. and Naticopsis
spp. that were characterized by rounded, broad and low spires. Nevertheless, the
specimens that found in study area are different in shape and also sculpture from

Magnicapitatus huazhangae.

Gastropods are the most abundant and diverse group in the present collection
(except for fusulinids) from the Tak Fa Limestone. According to the present genera, it
is a typical Late Palaeozoic gastropod fauna encompassing cosmopolitan genera such
as Euphemites, Pharkidonotus, Glabrocingulum, Anomphalus, Yunnania, Microdoma,
Trachydomia, Goniasma and others. Other genera seem to be restricted to Southeast
Asia according to the current state of knowledge. Although a complete census is
difficult because of the poor preservation and fragmentation of many of the
gastropods, it is obvious that bellerophontoids, pleurorotomariines and trochoids
represent the most abundant groups with the genus Warthia and other
bellerophontoids as well as Glabrocingulum magnum n. sp. being most abundant. This
dominance of basal gastropod clades is certainly a Palaeozoic aspect of this fauna.
This separates it from the diverse fauna of Perak, Malaysia and the Japanese Akasaka
Limestone in which caenogastropods play a much larger role (Batten, 1972, 1979, 1985;
Nutzel and Nakazawa, 2012). As mentioned the strong gastropod dominance in the
studied samples is a modern aspect of this fauna but the picture is biased because
rocks with gastropods were preferentially sampled. Further studies are needed to test

whether gastropod dominance is a real phenomenon in the Tak Fa Limestone.
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Figure 5.1 Map showing distribution of Carboniferous and Permian strata in Thailand

with location of Permian gastropods in Thailand.
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The age of the carbonate rock of the study area can be determined by
fusulinids that commonly found. They compose of Verbeekina verbeeki and
Pseudofusulina sp. In comparison, according to previous investigation, Napradit (2005)
studied the fusulinoidean limestones of the Tak Fa Limestone in the East of the
Nakhon Sawan province, there were several species found in Amphoe Takhli that
indicated the Murgabian or Wordian.Jaiboon (2001) constructed biostratigraphy of Tak
Fa formation at Changwat Lop Buri, approximately 40 km northeast of the study area
with reference to fusulinids that was the Wordian. Therefore, in the studied section

yielding the gastropods, the Tak Fa Limestone has a Wordian age.

5.2 Conclusions

The Tak Fa formation in the study area exposed along Khao Noi, Khao Chai
Thong, Khao Chon Due, Khao Kwang and Khao Tum Pha Sawan in Amphoe Tak Fa and
Amphoe Takhli, southeastern part of Changwat Nakhon Sawan. It consists mainly of
bedded limestones including argillaceous limestones, mudstones and dolomites with
nodular and banded cherts. Petrological study classifies rock sample as mudstone,
wackestone and packstone. Parts of limestone succession are fossiliferous. There are
abundant of marine invertebrate fossils such as fusulinids, corals, brachiopods,
bivalves, crinoid stems, sponges, ammonoids, gastropods and algae. The attitudes of

bedding are mainly 180 °and dipping 30 °- 40 ° to the west.

From the field investigation, the five lithostratigraphic sections had been done
and they are subdivided into the rock units according to their own area, at Khao Noi:
Unit N1, Unit N2 and Unit N3 is totally 50 meters thick. At Khao Kwang: Unit K1, Unit
K2 and Unit K3 is totally 30 meters thick. At Khao Tum Pha Sawan: Unit T1 and Unit
T2 is totally 50 meters-thick. At Khao Chai Thong: Unit C1, Unit C2 and Unit C3 is totally
30 meters-thick.

The gastropods identification shows that there are thirty-nine species:
Euphemites graffhami, Warthia cf. brevisinuata, Warthia sp., Bellerophon sp.,

Bellerophon? sp., Pharkidonotus khaonoiensis, Khumerspira thailandensis, Retispira
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lyelli, Discotropis? sp., Euomphalus sp., Baylea? umbilicata, Knightinella ornate,
Knightinella sp., Amaurotoma? sp., Takfaia kuesi, Glabrocingulum magnum,
Anomphalus lateumbilicatus, Anomphalus sp., Yunnania pulchra, Anticonulus? sp.,
Coeloconulus panae, Eocalliostoma sp., Microdoma carinata, Naticopsis spp.,
Trachydomia takhliensis, Goniasma tricarinata, Stegocoelia sp. 1, Stegocoelia sp. 2,
Orthonema sp., Protostylus sp., Soleniscus sp., Strobeus sp., Cylindritopsis spheroids,
Meekospira  sp., Ceraunocochlis sp., Cambodgia acuminate, Trepsipleura
chordanodosa, Pseudozygopleura? sp. and Streptacis? sp. The new genus is Takfaia.
The new species are Pharkidonotus khaonoiensis, Khumerspira thailandensis, Baylea?
umbilicata, Takfaia kuesi, Glabrocingulum magnum, Knightinella ornata, Anomphalus
lateumbilicatus, Yunnania pulchra, Microdoma carinata, Trachydomia takhliensis,

Goniasma tricarinata and Cambodgia acuminata.

The data of gastropods lead that Tak Fa formation in this area is subdivided

into 3 biozones. The followings are biozones of the study area in ascending order.
Stegocoelia sp. zone
Bellerophon sp. — Glabrocingulum sp. zone
Gastropod barren zone

The depositional environment of the study area is believed to be the shelf
marine with sub-environment of back reef shallow restricted platform. This situation is
low energy condition due to the evidences from variation of lithofacies and marine

invertebrate fossils.
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Explanation of Plate 1

Figs. 1-7 Euphemites graffRQmii .............cccoovioieeniniiceeeeee e page 56

1. apertural view, SNSB-BSPG 2014 X| 58.

2. SNSB-BSPG 2014 XI 58.

3. abapertural view, SNSB-BSPG 2014 XI 105.

4. apertural views at different angles to show spiral lirae within aperture, SNSB-
BSPG 2014 XI| 105.

5. lateral view

6. apertural view

7. apertural view
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Explanation of Plate 2

Figs. 1-5 Warthia cf. brevisinUQtaQ .................cccccceeeiieecniieeceeeeeeee e page 57
1. apertural view, SNSB-BSPG 2014 X] 2.
2. abapertural view, SNSB-BSPG 2014 XI 2.
3. lateral view, SNSB-BSPG 2014 XI 2.
4. lateral view, SNSB-BSPG 2014 XI| 27.
5. apertural view, SNSB-BSPG 2014 XI 27.
FigS. 6-8 WAItRIQ SP. ...o.oveeeeeiiieeiee et page 58
6. SNSB-BSPG 2014 XI| 106.
7. SNSB-BSPG 2014 X| 106
8. SNSB-BSPG 2014 X| 106.
Figs. 9-13 BEUl@rOopPRON SP. .......ooueieieiiieiieeeees e page 59
9. apertural view, SNSB-BSPG 2014 XI 49.
10. abapertural view, SNSB-BSPG 2014 X| 49.
11. lateral view, SNSB-BSPG 2014 XI| 49.
12. shell fragment showing collabral lirae and selenizone bordered by
undulating lirae, SNSB-BSPG 2014 XI 65.
13. fragment of umbilical region, SNSB-BSPG 2014 X| 107.
Figs. 14-15 Bellerophon? SP. ........ccceeiiiiieeeseeees et page 59
14. apertural view, SNSB-BSPG 2014 XI 60.
15. abapertural view, SNSB-BSPG 2014 XI 60.
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Plate 2

I mm 1 mm

10 mm

10 mm

10 mm
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Explanation of Plate 3

Figs. 1-10 Pharkidonotus khQonoiensis N. SP. .......cccccceevninieeennieeesise e, page 60
1.paratype, apertural view, SNSB-BSPG 2014 XI 61.
2.paratype, abapertural view, SNSB-BSPG 2014 XI 61.
3.paratype, lateral view, SNSB-BSPG 2014 X| 61.
4.paratype, apertural view, SNSB-BSPG 2014 X| 59.
5.paratype, lateral view, SNSB-BSPG 2014 XI| 59.
6.holotype, apertural view, SNSB-BSPG 2014 XI 88.
7.holotype, abapertural view, SNSB-BSPG 2014 XI 88.
8.holotype, lateral view, SNSB-BSPG 2014 X| 88.
9, 10. paratype, SNSB-BSPG 2014 XI 4.
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Plate 3

5mm

10 mm

2 mm
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Explanation of Plate 4

Figs. 1-3 Khumerspira thailandensis N. SP. ..o page 63
1.holotype, apertural view, SNSB-BSPG 2014 XI 93.
2.holotype, abapertural view, SNSB-BSPG 2014 XI 93.
3.holotype, lateral view, SNSB-BSPG 2014 XI| 93.

Figs. 4-6 Retispira lyelli Gemmellaro, 1890 ..o page 64
4.apertural view, SNSB-BSPG 2014 XI 32.
5.abapertural view, SNSB-BSPG 2014 XI| 32.
6.lateral view, SNSB-BSPG 2014 X| 32.

FigS. 7-9 DiSCOTIOPIST SP. ecveueeeeeieieieieieieietee ettt s s page 65
7.apical view, SNSB-BSPG 2014 XI 91.
8.basal view, SNSB-BSPG 2014 X| 91.
9.abapertural view, SNSB-BSPG 2014 XI 91.

Fig. 10 EUOMPRAQAIUS SP. ..o page 66
10.lateral view, SNSB-BSPG 2014 XI 69.
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Plate 4

1 mm
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Explanation of Plate 5

Figs. 1-7 Baylea? umbilicatQ N. SP. ......cccocoviiiieeieeeeeeeee e page 67
1.holotype, apertural view, SNSB-BSPG 2014 XI 13.
2.holotype, abapertural view, SNSB-BSPG 2014 XI 13.
3.holotype, basal view, SNSB-BSPG 2014 XI 13.
4.paratype, lateral view, SNSB-BSPG 2014 X| 22.
5.paratype, basal view, SNSB-BSPG 2014 X| 22.
6.paratype, lateral view, SNSB-BSPG 2014 XI 31.
7.paratype, basal view, SNSB-BSPG 2014 XI 31.
Figs. 8-12 Knightinella ornata N. SP. ... page 69
8.holotype, apertural view, SNSB-BSPG 2014 XI 39.
9.holotype, abapertural view, SNSB-BSPG 2014 XI 39.
10.holotype, apical view, SNSB-BSPG 2014 XI 39.
11.holotype, basal view, SNSB-BSPG 2014 XI 39.
12.paratype, apertural view, CUMZ 7004.
Figs. 13-15 KNightin@llQ SP. .......cooviiiiiiiiiieieee e page 71
13.lateral view, SNSB-BSPG 2014 X| 43.
14.apical view, SNSB-BSPG 2014 X| 43.
15.SNSB-BSPG 2014 XI 110.
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Plate 5

mm

2 mm

2 mm




142

Explanation of Plate 6

Figs. 1-6 AMQUIOTOMQT? SP. ....oovoiieeieieieieieeieeeeee ettt page 72
1.apertural view, SNSB-BSPG 2014 X| 16.
2.abapertural view, SNSB-BSPG 2014 XI 16.
3.basal view, SNSB-BSPG 2014 X 16.
4.apertural view, SNSB-BSPG 2014 XI 64.
5.abapertural view, SNSB-BSPG 2014 XI 64.
6.basal view, SNSB-BSPG 2014 X| 64.
Figs. 7-14 TAKfQIQ KUESI N. SP. ...ceoviiiiiieieieieieeee et page 74
7.holotype, apertural view, SNSB-BSPG 2014 X| 42.
8.holotype, abapertural view, SNSB-BSPG 2014 X| 42.
9.holotype, apical view, SNSB-BSPG 2014 XI 42.
10.holotype, basal view, SNSB-BSPG 2014 XI 42.
11.paratype, SNSB-BSPG 2014 X| 10 (specimen broken in two halves).
12.paratype, apertural view, SNSB-BSPG 2014 X| 10.
13.paratype, abapertural view, SNSB-BSPG 2014 X| 10.
14.paratype, apical view, SNSB-BSPG 2014 X| 10.
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Plate 6
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Explanation of Plate 7

Figs. 1-13 Glabrocingulum magnum N. SP. ....ccccoiieieeeieeeeeeee e page 75
1.paratype, apertural view, SNSB-BSPG 2014 XI 12.
2.paratype, abapertural view, SNSB-BSPG 2014 XI 12.
3.paratype, basal view, SNSB-BSPG 2014 X| 12.
4.paratype, apical view, SNSB-BSPG 2014 X| 12.
5.paratype, abapertural view, SNSB-BSPG 2014 XI 48.
6.paratype, apertural view, SNSB-BSPG 2014 X| 48.
7.paratype, lateral view, SNSB-BSPG 2014 XI 50.
8.paratype, apertural view, SNSB-BSPG 2014 X| 24.
9.paratype, apertural view, SNSB-BSPG 2014 X| 25.
10.holotype, apertural view, SNSB-BSPG 2014 X| 92.
11.holotype, abapertural view, SNSB-BSPG 2014 XI 92.
12.holotype, apical view, SNSB-BSPG 2014 XI 92.
13.holotype, basal view, SNSB-BSPG 2014 XI 92.

Figs. 14-21 Yunnania pulChra N. SP. .......cccccoeeviiriiriencee e page 80
14.holotype, apertural view, SNSB-BSPG 2014 XI 34.
15.holotype, abapertural view, SNSB-BSPG 2014 XI 34.
16.holotype, apical view, SNSB-BSPG 2014 XI 34.
17.holotype, basal view, SNSB-BSPG 2014 XI 34.
18.paratype, apertural view, SNSB-BSPG 2014 X| 21.
19.paratype, abapertural view, SNSB-BSPG 2014 XI 21.
20.paratype, lateral view, SNSB-BSPG 2014 XI 108.
21.paratype, basal view, SNSB-BSPG 2014 XI 108.



145

Plate 7
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Explanation of Plate 8

Figs. 1-7 ANOMPRAQIUS SP. ...ooveiiieieeeee e page 79
1.apical view, SNSB-BSPG 2014 XI 28.
2.basal view, SNSB-BSPG 2014 XI| 28.
3.apertural view, SNSB-BSPG 2014 X| 28.
4.abapertural view, SNSB-BSPG 2014 XI 28.
5.apertural view, SNSB-BSPG 2014 XI 20.
6.abapertural view, SNSB-BSPG 2014 XI 20.
7.apical view, SNSB-BSPG 2014 XI 20.
Figs. 8-14 Anomphalus lateumbilicatus N. SP. ........ccccceviriernicnerceeeeen. page 78
8.holotype, apertural view, SNSB-BSPG 2014 XI 115.
9.holotype, apical view, SNSB-BSPG 2014 XI 115.
10.holotype, basal view, SNSB-BSPG 2014 X| 115.
11.holotype, basal view, SNSB-BSPG 2014 X| 115.
12.holotype, oblique side view, SNSB-BSPG 2014 XI 115.
13.paratype, apical view, SNSB-BSPG 2014 XI 116.
14.paratype, basal view, SNSB-BSPG 2014 X| 116.
Figs. 15-16 ANEICONUIUST? SP. ...oveieiiiiieieieeis et page 82
15.apertural view, SNSB-BSPG 2014 XI 8.
16.abapertural view, SNSB-BSPG 2014 XI 8.
Figs. 17-19 Coeloconulus panae NUtzel, 2012........cccoivvirninnienieeeseeee page 83
17.apertural view, SNSB-BSPG 2014 XI 109.
18.apertural view, SNSB-BSPG 2014 XI 109.
19.basal view, SNSB-BSPG 2014 XI 109.
Fig. 20 EOCQUIOSTOMQ SP. ...ocvieeeieieee e page 83
20.apertural view, SNSB-BSPG 2014 X| 81.
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Plate 8

2 mm
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Explanation of Plate 9

Figs. 1-9 Microdoma carinQtQ N. SP. ......ccccceeiriieieeninieieee e page 84
1.paratype, apertural view, SNSB-BSPG 2014 XI 19.
2.paratype, basal view, SNSB-BSPG 2014 XI 19.
3.paratype, abapertural view, SNSB-BSPG 2014 XI 62.
4.paratype, apertural view, SNSB-BSPG 2014 X| 62.
5.paratype, apertural view, SNSB-BSPG 2014 X| 11.
6.holotype, apical view, SNSB-BSPG 2014 XI 47.
7.holotype, basal view, SNSB-BSPG 2014 XI 47.
8.holotype, abapertural view, SNSB-BSPG 2014 XI 47.
9.holotype, apertural view, SNSB-BSPG 2014 XI 47.
Figs. 10-15 Trachydomia takhliensis N. SP. .......ccccoeverrniniineniieeeee e page 87
10.paratype, apertural view, SNSB-BSPG 2014 X| 37.
11.paratype, abapertural view, SNSB-BSPG 2014 X| 37.
12.holotype, apertural view, SNSB-BSPG 2014 X| 41.
13.holotype, abapertural view, SNSB-BSPG 2014 XI 41.
14.apical view.

15.apertural view.
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Plate 9
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Explanation of Plate 10

FigS. 1-9 NQTICOPSIS SPP. -ieeereeeiriririeisieieieteieieteieieieaetete sttt sttt ssse s e e page 86

1.apertural view, SNSB-BSPG 2014 X| 95.

2.abapertural view, SNSB-BSPG 2014 XI 95.

3.apical view, SNSB-BSPG 2014 X| 95.

4.apical view, SNSB-BSPG 2014 XI| 72.

5.lateral view, SNSB-BSPG 2014 X| 72.

6.apertural view, SNSB-BSPG 2014 XI 57.

7.abapertural view, SNSB-BSPG 2014 XI 57.

8.lateral view, SNSB-BSPG 2014 X| 66.

9.apical view, SNSB-BSPG 2014 XI 66.
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Explanation of Plate 11

Figs. 1-4 Goniasma tricarinQta N. SP. ....cccovviriirieeeeeeeeeee e page 89
1.holotype, lateral view, SNSB-BSPG 2014 XI 45.
2.paratype, CUMZ 7015.
3.paratype, CUMZ 7016.
4.paratype, basal view, SNSB-BSPG 2014 XI 5.

Figs. 5-6 Stegoco@liQ SP. 1 .....cccoiiiiiiiiiiiictce ettt page 91
5.lateral view, SNSB-BSPG 2014 XI| 30.
6.lateral view, SNSB-BSPG 2014 X| 80.

Fig. 7 StEGOCOCUQ SP. 2 . ..ot page 91
7 lateral view, SNSB-BSPG 2014 X| 94.

Figs. 8-9 OrtRONE@IMQ SP. ...oooiiieiiiiieeee e page 92
8.apertural view?, SNSB-BSPG 2014 XI 53.
9.abapertural view?, SNSB-BSPG 2014 XI 53.

FigS. 10-11 SOUENISCUS SP. w..oveueeiiiiiieieisiteeietei ettt sseeen page 94
10.apertural view, SNSB-BSPG 2014 X| 120.
11.abapertural view, SNSB-BSPG 2014 XI 120.

FigS. 12-13 STrOB@US SP. oottt page 95
12.apertural view, SNSB-BSPG 2014 XI 119.
13.abapertural view, SNSB-BSPG 2014 XI 1109.

Figs. 14-16 Cylindritopsis spheroides Erwin, 1988..........ccccooiiniinieniienescnns page 96
14.apertural view, SNSB-BSPG 2014 XI 52.
15.abapertural view, SNSB-BSPG 2014 XI| 52.
16.apical view, SNSB-BSPG 2014 XI| 52.
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Explanation of Plate 12

FigS. 1-6 ProtOStYIUS SP. ...oooeueeeieiiieeeiee et page 92
1.lateral view, SNSB-BSPG 2014 X| 40.
2.apertural view, SNSB-BSPG 2014 XI 56.
3.abapertural view, SNSB-BSPG 2014 XI 99.
4 lateral view, SNSB-BSPG 2014 X| 74.
5.apertural view, SNSB-BSPG 2014 XI 114.
6.abapertural view, SNSB-BSPG 2014 XI 114.

Fig. 7 MEEKOSPIIQ SP. ...ooveveieieiieeieieieieieieie ettt page 97
7.apertural view, SNSB-BSPG 2014 XI 7.

Fig. 8 CerauUNOCOCRAUS SP. .....coveureiiieieeee e page 97
8.lateral view, SNSB-BSPG 2014 X| 78.

Figs. 9-11 Cambodgia acumin@tQ N. SP. ......cccceeuriieinieiseeseesee e page 98
9.paratype, apertural view, SNSB-BSPG 2014 X| 54.
10.holotype, lateral view, SNSB-BSPG 2014 XI| 98.
11.paratype, apertural view, SNSB-BSPG 2014 X| 117.

Figs. 12-13 Trepsipleura chordanodosa Kues, 2002 ..........c.cccoonieniirnienieenennn. page 100
12.\ateral view, SNSB-BSPG 2014 XI| 1.
13.lateral view, SNSB-BSPG 2014 XI 100.

Fig. 14 PseudozygopleurQ? SP. ...t page 101
14.abapertural view, SNSB-BSPG 2014 Xl 55.

FigS. 15-16 STrePTACIS? SP. weueueuiiiieieieeeesee ettt page 102
15.apertural view, SNSB-BSPG 2014 XI 51.
16.apertural view, SNSB-BSPG 2014 XI 71.
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