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Abstract
The Early Permian (Kungurian) Khao Khad Formation of Central Thailand consists mostly of carbonates deposited on the
western margin of the Indochina Terrane. This formation has yielded unusual microbial-fusulinid limestones with large
gastropods which contribute most to the rock volume. With a height of more than 6 cm, the gastropods are amongst the
largest Early Permian gastropods ever reported. Gastropods as major rock formers are rare in the Palaeozoic. This, and other
recently reported invertebrate faunas from Thailand show that gastropods may dominate Permian fossil assemblages not
only in diversity, but also regarding abundance and in some cases also regarding biomass. Besides gastropods, fusulinids,
various calcareous algae, intraclasts and thick microbial-cyanobacterial (Girvanella and Archaeolithoporella) coatings and
reticular microbial patches as well as thick inter- and intragranular radial fibrous cement crusts are present. The gastropods
represent at least four species and belong probably to undescribed taxa. The fusulinid genus Pseudofusulina and Misellina (M.) termieri are reported from the Khao Khad Formation for the first time and indicate a Bolorian age. Calcareous
algae are dominated by dasycladaceans followed by gymnocodiaceans and solenoporaceans. The studied limestone almost
completely lacks metazoan reef builders such as corals and sponges. Likewise, brachiopods and bivalves are absent in the
studied samples and echinoderms are very scarce. The carbonate is interpreted as product of shallow water, back-reef lagoonal
platform community with a high productivity providing the large gastropods with sufficient food. However, conditions were
too eutrophic for sessile filter feeders including metazoan reef builders.
Keywords Khao khad formation · Large gastropods · Saraburi group · Dasyclads · Microbialites · Permian

Introduction
The role of gastropods—one of the major marine invertebrate clades—in the vast Late Palaeozoic deposits of Southeast Asia has been poorly known until recently. Even the
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other invertebrate fauna from that region is not particularly
well studied. This hinders analyses of faunal distributions
and diversity patterns in an area that was likely a diversity
hotspot during that time, situated at low latitudes at the Eastern margin of the Tethys Ocean. It also hinders a global
picture of marine faunas prior to the end-Permian mass
extinction event. Also, the evolutionary history of gastropods remains insufficiently known if data from vast areas are
missing. There is evidence that the gastropod contribution
to diversity and relative abundance has been underestimated
until recently and that gastropods may even represent the
most diverse and abundant group in many Late Palaeozoic
fossil assemblages (Clapham and Bottjer 2007; Seuss et al.
2009) although global generic gastropod richness rarely
exceeds 15% of all invertebrate genera (Roden et al. 2020,
Fig. 4).
The present paper reports and interprets an unusual Permian carbonate facies from Thailand that is rich in large,
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◂Fig. 1  a Palaeogeographic reconstructions of the Tethyan region for

the Permian (Kungurian) showing relative positions of the East and
SE Asian terranes and distribution of land and sea (after Metcalfe
2013). T Tarim, NQ–QS North Qiangtang–Qamdao–Simao, L Lhasa,
S Sibumasu, SWB South West Borneo. b Simplified geologic map
of the Saraburi Group in Saraburi Province, Central Thailand. The
investigated locality is situated at Khao Wong hill, Saraburi Province
which is a part of the Khao Khad Formation of the Saraburi Group
(Geological map data derived from DMR, Thailand)

high-spired gastropods, fusulinids, dasyclads and microbes.
Until recently, the Permian of Thailand was terra incognita
regarding gastropods. A single nominate species had been
reported until we started to explore Permian gastropod faunas from Thailand (Ketwetsuriya et al. 2014, 2016,2020a,
2020b). Several diverse silicified and non-silicified assemblages were discovered and some of the fossil assemblages
are dominated by gastropods. The calcareous rocks of the
Khao Khad Formation are at least locally rich in large, undescribed gastropods showing that this group was an important
part of the Permian carbonate platform biota. Herein we
describe a new unusual coarse grained rudstone facies from
the Khao Khad Formation at Khao Wong Hill, Phra Phutthabat district, Saraburi Province, Central Thailand, characterized by large gastropods, fusuline foraminifers, calcareous
algae, intraclasts, thick microbial-cyanobacterial coatings,
microbialites as well as thick inter- and intragranular radial
fibrous cement crusts. In this work, microbes, algae and gastropods are described and analyzed as well as the fusuline
foraminifers that are used for age determination. The results
of microfacies analysis and a comparison with previous relevant microfacies studies from Thailand and adjacent countries provide new insights into carbonate sedimentology of
the Late Palaeozoic of Thailand.

Geological setting
Permian limestones have an extensive distribution on the
margin of the Indochina Terrane (Tabakh and Utha-Aroon
1998; Sone and Metcalfe 2008; Udchachon et al. 2014). The
Permian of central Thailand has long been part of intensive
research focusing on stratigraphy, sedimentology and tectonic evolution along the western margin of the Indochina
Terrane (e.g., Wieldchowsky and Young 1985; Chonglakmani 2001; Udchachon et al. 2014; Dew et al. 2017). It is
characterised by a complex reef-bearing carbonate platform
and basin development during the Late Pennsylvanian to
Guadalupian (Hinthong 1981; Fontain et al. 1996, 1999;
Assavapatchara et al. 2006; Udchachon et al. 2007; Sone
and Metcalfe 2008) prior to the Indosinian Orogeny (Morley
et al. 2013; Dew et al. 2017), resulting in complex tectonic
patterns with several fold-and-thrust belts.
The Saraburi Limestone (Saraburi Group) of the Khao
Khwang platform of the Indochina Terrane extensively
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exposes as numerous limestone hills, ridges and occasionally as mounds in central Thailand especially in the Saraburi
region situated on the eastern side of the Chao Phraya Central Plain and the western margin of the Khorat Plateau
(Ueno and Charoentitirat 2011). Numerous studies of the
Saraburi Limestone have been conducted covering various
aspects of geology and palaeontology (e.g., Dawson and
Racey 1993; Chitnarin et al. 2012, 2017; Ketwetsuriya et al.
2014, 2016).
The Khao Khad Formation of the Saraburi Group, which
is a part of the Khao Khwang platform, generally developed
through the Early–Middle Permian on a marine shelf with
a broad range of environments ranging from peritidal, lowenergy lagoonal, high-energy middle platform to back-reef,
algal reef to outer shelf foreslope settings (Thambunya et al.
2007; Dew et al. 2017).
Thailand is composed of at least two continental lithospheric terranes and was formed by their collision during latest Palaeozoic–early Mesozoic time (Metcalfe 2002,
2006, 2011; Ueno and Charoentitirat 2011). The Indochina
Terrane, which is a distinct terrane in the east of Thailand,
derived from Gondwana during the Early Devonian (Metcalfe 1999, 2002, 2017) and located at nearly 10º south of
the palaeoequator (Tabakh and Utha-Aroon 1998; Thambunya et al. 2007; Metcalfe 2013) in the eastern Palaeotethys
during the Permian period (Fig. 1a). Permian sedimentary
rocks are exposed extensively as carbonates at the western
margin of the Indochina Terrane (Sone and Metcalfe 2008;
Ueno and Charoentitirat 2011; Ueno et al. 2012; Warren
et al. 2014; Udchachon et al. 2014). In terms of palaeogeography, these Permian rocks consist of three major elements:
the Khao Khwang Platform in the west, the Pha Nok Khao
Platform in the east and the Nam Duk Basin located in the
middle of the Loei–Petchabun Fold Belt in central Thailand
covering the Saraburi and Petchabun region (Wieldchowsky
and Young 1985). The sedimentary successions of these
platforms are part of the Saraburi Group (or Saraburi Limestone) and were deposited on a tropical shallow-marine carbonate platform developed from the Asselian to Capitanian
(Altermann 1989; Fontaine 2002; Ueno and Charoentitirat
2011). During the Indosinian Orogeny (Early–Late Triassic),
the Khao Khwang Platform was deformed within the Khao
Khwang fold-and-thrust Belt (Morley et al. 2013; Arboit
et al. 2014, 2016, 2017; Zaw et al. 2014).
The rocks studied herein were collected from a 50 cm
thick layer exposed in a quarry, which is located at the Khao
Wong hill (GPS position 14°40′16ʺN, 100°49′32ʺE) in
Phra Phutthabat district about 20 km north-east of Saraburi
Province (Fig. 1b). This layer consists of a grey fossiliferous limestone yielding abundant large gastropods, microbes,
algae and fusulines (Figs. 2and 3) while the other layers are
not apparently as rich in gastropods. The investigated Permian carbonate belongs to the Khao Khad Formation of the
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Fig. 2  Outcrop photographs of the studied layers. a View of the
whole outcrop panorama of the Khao Khad Formation at Khao Wong
hill, Saraburi Province (the red square marks the detail of the middle
part of the outcrop shown in b). b Showing a position of the stud-

ied shell bed in the outcrop (the red square marks the detail shown in
c). c Detail of a bioclastic rudstone composed mainly of large gastropods. The arrow indicates the position of the studied samples

Saraburi Group, which is a part of the Khao Khwang Platform (Ueno and Charoentitirat 2011; Warren et al. 2014).
The structural and fluid evolution of this area was studied by
Warren et al. (2014) that was part of the fold-and-thrust belt
which developed during the Indosinian Orogeny (Sone and
Metcalfe 2008; Morley et al. 2013) and resulted in steeply
inclined bedding, normal and thrust faults as well as folds.
The Khao Khad Formation was named by Hinthong
(1981). It is composed mainly of thin- to very thick-bedded
limestone with chert nodules and interbedded argillites,
dolomitic shales, siltstones, sandstones and conglomerates in the Saraburi area. This formation commonly yields
fusulines, brachiopods, gastropods and some ammonoids
assemblages. The fauna and the bioclastic lithology suggest that the Khao Khad Formation was deposited in a shallow marine carbonate platform environment (Thambunya
et al. 2007; Ueno and Charoentitirat 2011; Dew et al. 2017).
Facies analyses of the Khao Khad Formation have been performed at some localities (e.g., Thambunya et al. 2007; Warren et al. 2014).

According to the fusuline foraminifers, the Khao Khad
Formation developed from the Early to Middle Permian
(Sakmarian–Murgabian or possibly Midian) (Toriyama
and Sugi 1959; Toriyama et al. 1974; Toriyama 1975;
Toriyama and Kanmera 1977, 1979; Dawson 1993; Charoentitirat 2002; Ueno and Charoentitirat 2011). However, the presence of fusuline foraminifers in the studied
limestone samples from the Khao Wong Hill, including Pseudofusulina sp. (Fig. 4a, b) and Misellina (M.)
termieri (Fig. 4c, d) shows the certain age constraints.
Misellina (M.) termieri is indicative and one of common
fusuline fauna widely distributed from Turkey to Japan
(Ingavat et al. 1980). It has been reported from Misellina otai-M.cf. termieri Zone of Saraburi Limestone in
the Khao Phlong Phrab of Saraburi area and from Misellina (M.) termieri Zone of Pha Nok Khao platform in Loei
area (Charoentitirat 2002). Therefore, the carbonate succession represented by this zone can be correlated within
Bolorian Stage of the Tethyan standard zonation for the
Permian (= latest Kungurian, Early Permian).
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Fig. 3  Polished slabs of the studied limestone samples. a Poorly
sorted rudstone with large gastropods and oncoids (Microfacies B).
sample no. SNSB-BSPG 2020 LV 1. b–c Poorly sorted packstone/
rudstone containing large gastropods, fusuline foraminifers, solenoporaceans, dasycladaceans and non-skeletal microbialitic structures

(Microfacies A). b Sample no. SNSB-BSPG 202 LV 2; c sample no.
SNSB-BSPG 2020 LV 3. d Coarse-grained rudstone with large intraclasts, gastropods and calcareous algae (Microfacies A). sample no.
SNSB-BSPG 2020 LV 4

Materials and methods

deposited at the Bavarian State Collection of Palaeontology
and Geology in Munich, Germany (no. SNSB-BSPG 2020
LV). Oriented thin sections of fusulines are housed at the
Department of Geology, Faculty of Science, Chulalongkorn
University, Thailand (nos. GEOCU 2020KW-01 and -02).

Limestone block samples that yielded abundant gastropods were collected from a 50 cm thick layer in the quarry
at the Khao Wong hill (Fig. 2a), Phra Phutthabat district,
Saraburi Province. Microfacies characteristics including
biota were analyzed based on seven large thin-sections of
sizes 14 × 9 cm and 10 × 7 cm that were made at FriedrichAlexander-University Erlangen. The petrographic descriptions were performed according to Flügel (2004) and carbonate rocks were classified after Dunham (1962), expanded
by Embry and Klovan (1971). In addition, the proportion
of components was calculated through point counting on
thin sections. For each section, approximately 10,000 points
were considered as adequate for quantitative characterization
(Dual point counting, see Flügel 2004). The fusuline content
was investigated to determine the age of the studied material.
The material under investigation (thin sections, polished
slabs, raw material) and illustrated within the manuscript is

Microfacies description
The carbonates of the studied material are rudstones, floatstones, pack-/grainstones and bindstones with abundant large
gastropods, microbes, microbialites, calcareous algae and
fusulines as well as oncoids and intraclasts.
Two subfacies types (A and B) are differentiated based
on their biotic composition obtained by point counting represented by bar graph (Fig. 5). The bar graph shows the
main components for each microfacies which mainly consist
of gastropod shell fragments and micrite as well as sparry
cement.
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Fig. 4  Photomicrographs of fusuline foraminifers of the studied limestone samples. a,b Pseudofusulina sp. (inv.-no. GEOCU 2020 KW-01). c,d
Misellina (M.) termieri (inv.-no. GEOCU 2020 KW-02)

Fig. 5  Bar graph showing relative abundance of components of two subfacies types (Microfacies A and Microfacies B)
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Microfacies A: large gastropod‑calcareous alga‑fusuline
pack‑ to rudstone/bindstone (Fig. 6)
Microfacies A is the predominating facies in the studied
samples. It is composed of numerous bioclastic constituents
which are mainly large gastropods (21.5%), calcareous algae
(3.5%) and fusulines (1.0%). Microproblematic organisms
include Irregularina sp., a putative lobose amoebozoan,
and accessory Tubiphytes sp. Irregular meshes of thin micritic threads occur locally and might represent sphinctozoid
sponges with affinities to Uvanella (see below). Non skeletal
constituents comprise various-sized intraclasts and lumps
(7.2%) with microbialitic, micritic or bioclastic composition. In rare cases, large gastropods occur within large intraclasts (up to 6 cm). Among calcareous algae, algal remains
constitute several transverse sections of various dasyclad
algae including large Macroporella sp. (2.6%, ca. 2–3, up
to 10 mm diameter), solenoporaceans (ca. 20–30 mm diameter) as well as cm-sized cluster of “phylloid algae” (mainly
Eugonophyllum). Microbialites (10.8%) encompass skeletal
(e.g., anastomosing filaments of Girvanella cf. magna) and
non-skeletal microbial encrustations on gastropods and other
biomorphic remains as well as non-skeletal microbialites
within the groundmass like reticular microbial patches (see
below). The groundmass consists of micrite (30.4%) and
interparticular sparry calcite cements (25.6%).
Microfacies B: large gastropod‑oncoid rudstone (Fig. 7)
In the outcrop, this microfacies occurs at the upper part of
the limestone layer (approximately 5 cm-thick) and is again
composed mainly of large gastropods (29.2%). However,
this facies is distinguished from microfacies A by the occurrence of large oncoids with ellipsoidal shape, partly controlled by the shape of the biomorphic cores (11.8%, variable
width between 10.0–17.5 mm). Frequently, the oncoids are
encrusted by thick enigmatic Archaeolithoporella sp. crusts.
Besides, oncoids non-skeletal constituents include irregular
microbial or micritic intraclasts (2.1%). Skeletal constituents (excluding large gastropods) are fusuline foraminifers
(3.8%), ostracods (1.1%) and small gastropods (0.8%) as
well as other shell fragments and rare crinoid stem fragments. Calcareous algae are scarce in this subfacies. The
groundmass is composed of sparry interparticular calcite
(18.9%) and micrite (15.2%).
Remarks on diagenesis
The coarse-grained facies described herein reveals a complex diagenetic history. Thin section analysis reveals early
diagenetic isopachous radialfibrous interparticular cements,
late diagenetic blocky calcite and several features of neomorphic overprint. Gastropod shells are strongly recrystallized
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(with ghost structures). Moreover, aggrading neomorphism
(pseudospar) of original fine-grained matrix (micrite), asymmetric dripstone-like cement crusts on mollusc shells and
vadose silt as geopetal void fillings are observed. Hence,
multiple subaerial exposures and/or meteoric phreatic and
vadose diagenetic overprint are very likely. Since diagenesis is out of the focus of this study and needs much more
detailed structural and geochemical analyses we refer to a
separate investigation.

Facies interpretation
Microfacies A: the composition of the large gastropodcalcareous alga-fusuline facies type described herein with
its abundance of calcareous algae (mainly dasycladaceans
and solenoporaceans), and skeletal as well as non-skeletal
microbialites is indicative for a well-lit mesotroph shallow
water environment. The coarse grained relatively micritepoor packstone/grainstone/rudstones fabrics developed in
agitated water. The usually well-preserved gastropods and
the fusulinids were part of the living community together
with algae and microbes, the latter of which were frequently
prone to degradation and parauthochthonous resedimentation. The presence of abundant calcareous algae supports the
attribution of this subfacies type to a shallow water environment in the platform interior (cf. Flügel 2004). Gastropods
are also considered to be tolerant to high temperature and
salinity variations which point to at least some or temporary
environmental restriction (Wagner and Van der Togt 1973;
Tucker and Wright 1990; Riegl et al. 2010; Peybernes et al.
2016). Intraclasts, some of them quite large and yielding also
large gastropods, indicate resedimentation and a considerable topography and finally proximate deposition.
Microfacies B: oncoid-rich rudstone sedimentation,
forming a subfacies type, developed in an agitated shallow
marine environment resembling that of microfacies A. High
water energy can be deduced from the almost even thickness
of oncoidal coatings, which points to frequent overturning,
and the irregular intraclasts derived from intra-environmental resedimentation. In contrast to microfacies A, the formation of spherical oncoids suggests bidirectional currents
within a tidal regime (?channel) or constant water agitation
on the wave-affected shoreface. A highly agitated depositional environment is also consistent with the interpretation
of Early Permian oncolites from the South China Platform
(Shi and Chen 2006).

Diversity and abundance of biota
The fossil assemblage is diverse not only with regard to the
abundant large gastropods, but also to the calcareous algae
and fusuline foraminifers, the latter of which are used to
determine the age of the studied samples. The diagenetic
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◂Fig. 6  Photomicrographs of Microfacies A: large gastropod-calcar-

eous alga-fusuline pack- to rudstone/bindstone. a Poorly sorted rudstone/bindstone containing large gastropods (G), fusuline foraminifers (F, white arrows), solenoporacean (S), dasyclad (D), “phylloid
algae” (Ph), non-skeletal microbialitic structures (NSM). sample no.
SNSB-BSPG 2020 LV 5. b Coarse-grained rudstone. Intraclast (In),
solenoporacean (S), fusulinids (F, white arrows). sample no. SNSBBSPG 2020 LV 6

overprint of the limestone and the bioclasts is considerable.
The gastropods were most probably originally aragonitic and
were entirely replaced by sparry calcite cements.
Gastropods
Gastropods are particularly abundant in the studied facies
and form a considerable part of the rock volume. They can
be distinctly observed on the surface in the studied outcrop
(Figs. 2c, 3). Most of the gastropods are high-spired to conical with small to large sizes (up to 60 mm). Gastropods are
the dominant constituent (30–40% of the rock volume) of
this fossiliferous limestone. The gastropods could not be
isolated from the rock due to strong lithification and recrystallization. A proper identification is therefore not possible.
However, at least four different taxa are present according
to their shapes in the studied thin sections.
Gastropod indeterminate A (Fig. 8a–g) has conical, highspired shells with prominent peripheral shoulder and flange
immediately below the suture producing a step-like outline;
the whorl face is nearly straight and somewhat inclined or
parallel to the shell axis below the suture. The whorls are
rounded rectangular in transverse section and the columellar is massive. This species is distinct in the present collection and represents the most abundant form. The largest
specimen is up to 25 mm wide, 60 mm high with about
six preserved whorls and the apex broken off. Complete
specimens have certainly reached a size > 60 mm and are
thus rather large (category “rather large” according to Wenz
1938–1944: 50–70 mm). This species probably belongs to
the subclass Caenogastropoda in having typical characteristics: high-spired shell with numerous whorls. However,
since protoconch, growth lines and aperture could not be
observed, any taxonomic assignment remains speculative.
The characteristic telescope-shape with the pronounced
shoulder and flange combined with the large size has not
been reported from Late Palaeozoic gastropods and this
form probably represents an undescribed species and genus.
Similar shapes are present in the Late Palaeozoic gastropod
genera Orthonema (e.g., Mazaev 2002) or similar forms but
detail about the growth-line pattern would be needed to propose a relationship.
Gastropod indeterminate B (Fig. 8h–i) has high-spired
shells; the largest specimen consists of about seven whorls,
is 4.2 mm high and 1.8 mm wide; the suture is distinct; the
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whorls are strongly convex and rounded. This form could be
related to Late Palaeozoic caenogastropods, e.g., it resembles Loxonema? sp. from the Permian Productus Limestone
of Cambodia (Mansuy 1914) or the heterobranch Streptacis? sp. from the Middle Permian Tak Fa (Ketwetsuriya
et al. 2016) and Khao Khad formations (Ketwetsuriya et al.
2020b).
Gastropod indeterminate C (Fig. 8j–k) has trochiform
shells; the largest specimen comprises about five whorls, is
32 mm high, 27 mm wide; the suture is distinct but shallow;
the whorl face is straight with a pronounced spiral cord at
low on the whorls forming the periphery. This species might
belong to Platyceratacea.
Gastropod indeterminate D (Fig. 8l) shows a relatively
large turbiniform shell with rounded whorls and a wide,
open umbilicus (35 mm high, 30 mm wide). The last whorls
show a thinning or outage of the shell which indicates the
presence of a shell slit. Therefore, this shell represents a
member of Pleurotomariida.
Fusuline foraminifers
The fusulines Chalaroschwagerina (indicative of Early Permian age) and Neoschwagerina and Pseudodoliolina (indicative of Middle Permian age), have been reported from this
locality (Warren et al. 2014). Moreover, the fusuline fauna
of the studied limestone samples yields Pseudofusulina sp.
(Fig. 4a, b) and Misellina (M.) termieri (Fig. 4c, d), which
suggest a Bolorian age (= latest Kungurian, Early Permian).
The presence of these species has never been documented
from the Khao Khad Formation of the Saraburi Group
and supports the stratigraphic range of the Khao Khad
Formation.
Ostracods
Numerous ostracods were found in thin-sections (Fig. 7b)
representing microfacies B. The valves are averagely
800–1,000 µm wide and 400–600 µm high and without ornamentation. They cannot be identified based on thin-sections
only.
Sponges
Potentially reef building metazoans like corals and coralline sponges are extremely scarce, except for one biogenic
structure that is tentatively assigned to the sphinctozoan
sponges. Those structures form irregular meshes of thin
micritic threads usually associated with non-skeletal microbialitic crusts. The sparitic cavities in between the threads
also exhibit an irregular morphology, in rare cases circular to tubular forms are visible. Connecting pores of variable size (0.1–0.5 mm) exist. The thickness of the walls
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Fig. 7  Photomicrographs of Microfacies B: large gastropod-oncoid
rudstone. a Poorly sorted coated-grain rudstone composed of abundant large oncoids (On) with encrusting Archaeolithoporella (Ar),
large gastropods (G), fusulinids (F), intraclast (In), and less crinoid
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remains (Cr). b Microfacies B showing large oncoids (On), Archaeolithoporella (Ar), large gastropods (G), fusulines (F) and ostracods
(Os, white arrows) in fine-grain micrite. a, b sample no. SNSB-BSPG
2020 LV 7 (different cutouts)

Facies

Page 11 of 21

(2020) 66:21

varies between 0.05 and 0.1 mm. The finer micritic threads
(0.025 mm) partly resemble vesiculae of sphinctozoid
sponges. The size of whole individuals might reach 2–3 cm.
They occur as encrustations on biogenic hard substrates like
mollusc shells or microbial crusts (Fig. 9c) or as encrusting
masses between calcareous algae (e.g., “phylloid algae”) or
other biogenic constituents. The structures show similarities to the bacinelloid Vangia telleri (Flügel in Flügel et al.)
from the Permian of Iran (Senowbari-Daryan and Rashidi
2011) but differs in wall thicknesses and the existence of
connecting pores. We tentatively suggest a sphinctozoid
sponge, probably Uvanella sp. although this taxon to date
seems to occur not before the Mid-Triassic (for discussion
see Senowbari-Daryan and Rashidi 2011).

Microbialites, cyanobacteria and calcareous algae
Calcimicrobes and non‑skeletal microbialites
The coarse grained rudstones/grainstone gastropod facies
reveals a diverse variety of skeletal microbial organisms
as well as non-skeletal microbialitic structures that occur
in form of encrustations on gastropods shells or on other
bioclasts, as microbial lumps/intraclasts and as oncoidal
coatings.

Cyanobacteria
Coarse twisted tubes with well-defined walls form a loose
structure. The inner diameter of the tubes ranges from 25 to
35 µm, the variable wall thickness is 20–25 µm which suggest an assignment to the porostromate cyanobacterium Girvanella cf. magna Johnson. Girvanella occurs preferentially
in thick (several millimetres) microbial encrustations on biogenic constituents like gastropod shells (Fig. 10a). Girvanella tubes also occur within oncoids, frequently associated
with enigmatic Archaeolithoporella (Fig. 10f; see below).
In larger abundances, such oncoids might form a subfacies
type B (large gastropod-oncoid rudstones).
Non‑skeletal microbialites
Microbialitic structures lacking skeletal remains of bacteria
are a common element in the gastropod-rich grainstones/
rudstones. In most cases, they form encrustations with variable thicknesses not only on gastropods, but also on other
bioclastic constituents. Non-skeletal microbialites frequently
occur also as poorly sorted intraclasts and lumps. In rare
cases, they form patches between biogenic components leading to a bindstone character of the otherwise allochthonous
bioclastic carbonates. The fabric of non-skeletal microbialites reveals a clotted peloidal micritic structure indicative for a thrombolitic texture often resembling a reticular
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microbialitic fabric in the sense of Nakazawa et al. (2015)
(Fig. 10b–d). Remarkably, the sparitic intraparticular cavities within the large gastropods sometimes reveal minute
dark micritic encrustations with a fractal geometry along
the inner surface of the gastropods (?cryptic microbialites).
Calcareous algae
Dasyclad green algae are a common floral element in the
allochthonous coarse-grained carbonates of the Khao Wong
hill, which is in accordance with the general composition
of the algal flora of the Permian that is strongly dominated
by dasyclads (cf. Endo 1969; Flügel 1990; Parvizi et al.
2013). Quite a few taxa occur, which are briefly described
here. Aspondyl forms with phloiophor branches belong
either to Mizzia sp. or Gyroporella sp. (Fig. 11a, b, f, g).
The thallus of Gyroporella sp. shows no or only weak
annulation whereas the thallus of Mizzia sp. is characterised by spherical or ovoid segments joined end to end.
Thallus diameter for both taxa range between 2–3 mm,
wall thickness is 0.15–0.25 mm and the pore diameter is
0.1–0.2 mm. A few sections of large cylindrical aspondyl
thalli reveal external diameters of 7.0–10.0 mm. The internal diameter is about 5.0–8.0 mm, the pores range between
0.15–0.2 mm. The measurements and the overall morphology allow for the assignment to Macroporella cf. maxima
Endo (Fig. 11c). Euspondyl articulated forms belong to the
genus Clavaporella sp., the remains of which are relatively
scarce in the rock samples (Fig. 11d, e). The length of the
thalli is between 2–3 mm, their diameters are 1.5 mm. The
diameter of the pores is between 0.08–0.1 mm.
Gymnocodiacean algae are mainly represented by Permocalculus cf. plumosus Elliott (Fig. 11h). They are less
abundant than dasyclad green algae. A number of oblique
sections occur in the thin sections characterised by a wellpreserved cortical zone with fine filaments (diameter:
0.02–0.025 mm) revealing common ramification. The medullar zone is usually not preserved.
Solenoporacean algae are common constituents in the
allochthonous rudstone facies. They exhibit an overall nodular, sometimes hemispherical morphology. The variable
size ranges between 0.6–0.8 cm and 2.0–3.0 cm. Based on
microstructure, two taxa can be identified. Parachaetetes
lamellatus Konishi reveal pronounced parallel layers in vertical sections composed of very fine cells (diameter about
0.02–0.03 mm; Fig. 12a, b). Solenopora sp. is characterized
by somewhat larger cells (0.03–0.04 mm) and a faint horizontal lamination (Fig. 12c, d).
The informal group of the “phylloid algae” are represented by Neoanchicodium sp. and Eugonopyhllum cf.
huecoense Konishi and Wray (1961), the latter of which
reveal irregular undulating blades several centimeteres in
length and width with sporadic circular or oval perforations
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◂Fig. 8  Photomicrographs of gastropod fauna from the Khao Khad

Formation at Khao Wong hill, Saraburi Province. a–g Gastropod
indeterminate A. inv.-nos. SNSB-BSPG 2020 LV 2020 LV 8–14. h–i
Gastropod indeterminate B. inv.-nos. SNSB-BSPG 2020 LV 15, 16.
j–k Gastropod indeterminate C. inv.-nos. SNSB-BSPG 2020 LV 17,
18. l Gastropod indeterminate D. inv.-no. SNSB-BSPG 2020 LV 19.
Scale bars represent: 5 mm (a–g, j–l); 1 mm (h–i)

(Fig. 9a, b, e). The thallus of Neoanchicodium sp. exhibit
a non-undulating cylindrical, partly blade-like morphology
and lack perforations (Fig. 9d). Typically, both taxa show
a recrystallized central (“medular”) zone and a peripheral
(“cortical”) zone. The latter is characterised by circular to
ellipsoid cells (diameter: 0.05 mm) appearing as a “string
of pearls” in transverse sections. “Phylloid algae” occur frequently but only in moderate quantities in the samples.
Microproblematica
Microorganisms with to date uncertain affinities include
Tubiphytes sp. and Archaeolithoporella sp. The latter often
forms thick crusts on various hard substrates like e.g., gastropod or other mollusc shells. Archaeolithoporella sp.
is frequently developed in oncoids, where it might dominate the encrusting biota. The microstructure of Archaeolithoporella is characterised by alternating couplets of thin
micritic and thicker sparitic irregular layers (Fig. 10f).
Sometimes micritic layers are disturbed or tend to vertical
orientation resulting in isolated sparitic bodies. Archaeolithoporella is a common constituent in Permian subtidal
reefs (e.g., Wang et al. 2019) where it might form rapidly
lithifying rigid wave-resistant frameworks together with
syngenetic aragonitic cements. However, it occurs in various settings including shelf edge, platform margin and fore
reef as well as upper slope settings (cf. Flügel 1981, 2004,
1984). Remarkably, Tubiphytes sp. is very rare. Only a few
transverse sections occur in thin sections with a central tube
and an irregular, quite homogenous dense micritic coating.
The systematic position of Tubiphytes is still a matter of
debate (?cyanophycean, foraminifera, porifera; see Senowbari-Daryan 2013 for discussion).
Another enigmatic organism developed as irregular,
sometimes interconnected sparitic tubes within intra-bioclastic groundmass. Sometimes an irregular dark micritic
margin (“lining”) is developed. The resulting fabric often
resembles an anorganic laminoid fenestral fabric (LF-B) in
the sense of Flügel (2004). But, because of the patchy occurrence of these structures, this interpretation seems unlikely
(see also Nose et al. 2014). The morphological characters
allow for the assignment to Irregularina Bykova, an enigmatic microorganism, usually classified as parathuramminid foraminfer (e.g., Bykova 1955; Loeblich and Tappan
1987; Fig. 10e). In accordance with the observations of
Schlagintweit et al. (2013), we suggest a lobose amoebozoan
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organism with a psammobiotic lifestyle being the producer
of those structures. In the literature, the stratigraphic range
of Irregularina is indicated as Middle Devonian (Givetian,
possibly Eifelian) to Lower Carboniferous (Tournaisian).
Remarkably, this is the first report from the Lower Permian.

Absent organisms
The studied samples lack metazoan reef builders such as
corals and sponges (except rare individuals of a putative
sphinctozoid sponge, probably Uvanella? sp.). Likewise brachiopods, bryozoans, and bivalves were absent in the studied
samples. Echinoderms are represented by a single ossicle
(Fig. 7a). Hence the guild of sessile filter feeders is almost
absent in the studied samples.

Discussion
Microbial precipitation of calcium carbonate plays an
important role in the development of carbonate platforms
throughout the Phanerozoic (see Flügel 2010). In terms
of platform geometries, in the Lower Permian to Early
Middle Permian of Thailand, no reef rimmed margins
developed. Rather, boundstones formed small biostromal
reef bodies situated within a fusuline-dasyclad platform
margin shoal complex (Dawson et al. 1993). According to
Dawson and Racey (1993), reefs are usually characterized
by a lack or subordinate occurrence of reef-building metazoans (sponges, corals, bryozoans) and abundant encrusting algae, bacteria and microproblematica (e.g., enigmatic
Archaeolithoporella, Tubiphytes). This interpretation is
backed up by Dew et al. (2017) stating that instead of
reef building metazoans the marginal platform is characterized by small algal biostromes and the back-reef area
by fusuline packstone/grainstone sedimentation showing
similarities with the subtidal lagoon environment (Unit
A: calcilutite with nodular chert) described by Thambunya et al. (2007). Wang et al. (2019) reported Archaeolithoporella- Tubiphytes dominated reefs or build-ups rich
in micrite from the Middle Permian of China. All this is
in good accordance with the faunal composition of the
subfacies types described herein. Moreover, it seems that
the facies of Khao Wonk Hill reflects to some extent also
the overall compositional character of the Lower Permian with the dominance of “phylloid algae”, Palaeoaplysina and dasyclad reefal communities just before the
late Early Permian faunal turnover with abundant algal
cement reefs, sponge reefs and coral reefs (Wahlmann
2002; Weidlich 2002). However, the occurrence of putative sphinctozoan sponges indicate at least some importance of reef building/binding metazoans. More field
work is required to clarify whether the studied carbonate
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Fig. 9  a–d “Phylloid algae” and sphinctozoid sponge, Khao Khad
formation, Khao Wong hill, Saraburi Province. a, b, e Eugonophyllum cf. huecoense Konishi and Wray (1961). Note marginal circular
and/or ellipsoid cells of the thallus. inv.-nos. SNSB-BSPG 2020 LV
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20–22. c Putative sphinctozoid sponge, probably Uvanella? sp. Note
fine irregular micritic threads and sparitic cavities with connecting
pores. Inv.-no. SNSB-BSPG 2020 LV 23. d Neoanchicodium sp. inv.no. SNSB-BSPG 2020 LV 24
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Fig. 10  a–d Skeletal and non-skeletal microbialites, e, f microproblematica. a Cyanobacterium Girvanella cf. magna Johnson. Note
scattered tubes in an open microbialitic mesh. inv.-no. SNSB-BSPG
2020 LV 25. b Non-skeletal microbial crust with clotted peloidal
fabric. Note alignment of irregular shaped microbial peloids and
lumps. inv.-no. SNSB-BSPG 2020 LV 26. c, d Non skeletal microbialites growing on mollusc shells. Peloidal crusts form a irregular
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mesh resembling a reticular microbialitic fabric described by Nakazawa et al. (2015). inv.-nos. SNSB-BSPG 2020 LV 27, 28. e Irregularina Bykova 1955, a putative lobose amoebozoan with psammobiotic
lifestyle (cf. Schlagintweit et al. 2013). inv.-no. SNSB-BSPG 2020
LV 29. f Microproblematicum Archaeolithoporella sp., tentatively
assigned to algae (cf. Flügel et al. 1981, 1984). inv.-no. SNSB-BSPG
2020 LV 30
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Fig. 11  a–g Dasycladacean and h gymnocodiacean algae, Khao
Khad formation, Khao Wong hill, Saraburi Province. a Gyroporella
sp. cross section. inv.-no. SNSB-BSPG 2020 LV 31. b Gyroporella
sp. longitudinal section. inv.-no. SNSB-BSPG 2020 LV 32. c
Macroporella cf. maxima Endo. inv.-no. SNSB-BSPG 2020 LV 33.
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d, e Clavaporella sp. Note euspondyl pore configuration and thallus
articulation. inv.-nos. SNSB-BSPG 2020 LV 34, 35. f, g Mizzia sp.
inv.-nos. SNSB-BSPG 2020 LV 36, 37. h Permocalculus cf. plumosus Elliott. inv.-no. SNSB-BSPG 2020 LV 38
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Fig. 12  a–d Solenoporacean algae, Khao Khad formation, Khao Wong hill, Saraburi Province. a, b Parachaetetes lamellatus Konishi. inv.-nos.
SNSB-BSPG 2020 LV 39, 40. c Solenopora sp. d Detail of c revealing polygonal transverse sections of tubes. inv.-no. SNSB-BSPG LV 41

bodies from Thailand formed elevated structures qualifying as reefs as was for instance shown for Middle Permian
Archaeolithoporella-Tubiphytes-micrite dominated carbonates from South China (Wang et al. 2019).

Remarks on the large gastropods of this facies
Until we started our exploration on Permian gastropods
of Thailand, a single nominate gastropod taxon had been
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known. Since then Ketwetsuriya et al. (2016, 2020a, 2020b)
have recently described 116 species and reported the presence of 64 genera from the Middle Permian of Thailand.
None of these gastropods match the characteristic morphology of the gastropods from the present samples and we
assume that these taxa are undescribed. None of these gastropods reach sizes over 60 mm unlike those from the samples studied herein. Despite their high diversity, gastropods
do not belong to the classical rock formers in Earth History.
Locally, gastropods are main rock formers for instance the
late Mesozoic Nerinea and Actaeonella Limestones (Waite
et al. 2008), the Early Triassic Gastropod Oolite (Nützel
and Schulbert 2005), or the Late Triassic Anulifera mass
occurrence (Zapfe 1962; Nützel et al. 2012). The studied
gastropod facies resembles the Late Jurassic nerinean gastropod facies from the Holy Cross Mts of Poland (Wieczorek
1979), where large accumulations of nerinean shells occur.
External surfaces of the nerinean are commonly encrusted
by serpulids and hydrozoans which differ from the studied
Permian gastropods encrusted mainly by microbes. Also,
the studied Permian gastropods are not nerineans which represent a Jurassic/Cretaceous clade; they lack the complex
internal folds typical of that group. However, Late Palaeozoic gastropod mass accumulations are rare (e.g., Fletcher
1958 reported slabs with numerous gastropods from the
Early Permian of Australia).
High-spired gastropods with rather large sizes (ca.
20–60 mm high) are the predominant faunal elements in the
fossil-rich facies types described herein. They are amongst
the largest Early Permian gastropods ever reported (Payne
2005 Fig. 4 reported 65 mm as maximum height for Early
Permian gastropods). Previously Sone (2010), reported the
neritopsid Magnicapitatus huazhangae which is preserved
as a steinkern (42 mm wide, 36 mm high) from the Middle Permian of East Thailand (Khao Taa Ngog Formation).
Ketwetsuriya et al. (2016) described 40 gastropod species
from the Middle Permian Tak Fa Formation of Thailand.
With up to 40 mm in height and width, Glabrocingulum
magnum is the largest representative of this assemblage.
Hayasaka and Hayasaka (1953) documented unusually
large molluscan assemblages from the Middle Permian of
Japan, especially gastropods (ca. 40–130 mm high), e.g.,
Bellerophon, “Murchisonia”, Naticopsis and Trachydomia.
Akasakiella yabei (Hayasaka 1943) from the Akasaka Limestone with the shell height of up to 40 cm is probably the
largest Permian (and Palaeozoic?) gastropod ever reported
(Koizumi 1995; Nützel and Nakazawa 2012). Nipponomaria
yokoyamai (Hayasaka 1943), also from the Akasaka Limestone is up to 20 cm high and 25 cm wide (Asato et al. 2016).
Payne (2005) suggested that gastropod size is increased due
to the local ecological factors, especially nutrient availability. Gastropod feeding has generally involved grazing of
algae from rocks. The facies of the studied limestone with
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abundant primary producers such as algae and probably
cyanobacteria suggest that abundant food was present for
the gastropods.

Conclusions
This contribution documents an—to date unknown—unusual fusuline-bearing facies with large gastropods, various
calcareous algae and microbialitic structures from the Early
Permian Khao Khad Formation of Thailand. In particular:
1

2

3

4
5

6

7

Two coarse-grained, mainly grain-supported subfacies
types have been recognized composed of large gastropods, fusuline foraminifers, calcareous algae (dasycladaceans, gymnocodiaceans, “phylloid algae”, solenoporaceans) and various non-skeletal constituents (e.g.,
intraclasts, oncoids).
The fusulines Misellina sp. and Pseudofusulina sp.
(first report for the Khao Khad Fm.) are indicative of a
Bolorian age (= latest Kungurian, Early Permian) of the
studied samples from the Khao Khad Formation. Thus,
the stratigraphic range of the Khao Khad Formation is
firmly ascribed from Early Permian to Middle Permian.
All faunas and floras present in this facies including microbialites, cyanobacteria and calcareous algae
together with the structural characteristics point to an
agitated, well-lit and mesotrophic to eutrophic shallow
water environment.
Numerous large high-spired gastropods make this facies
exceptional and different from all other shallow water
carbonate deposits known from the Permian of Thailand.
The gastropods are amongst the largest ever reported
from the Early Permian suggesting nutrient availability
and high primary production present in the habitat of
these gastropods.
The carbonate is interpreted as product of shallow water,
back-reef lagoonal platform community with a high productivity providing the large gastropods with sufficient
food.
Conditions were too eutrophic for sessile filter feeders
including metazoan reef builders.
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