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Abstract

Moderately-preserved radiolarians have been identified from black chert interbedded with layers
of medium- to coarse-grained sandstone and variegated siliceous shale outcropped at a quarry near
Ka Bang, Songkhla Province, southern peninsular Thailand. The following radiolarians (13
species belonging to seven genera) were identified and systematically investigated: namely
Albaillella sp., Ceratoikiscum sp., Stigmosphaerostylus variospina, Stigmosphaerostylus cfr. vulgaris,
Stigmosphaerostylus cfr. delvolei, Stigmosphaerostylus sp., Stigmosphaerostylus? sp. A, Stigmosphae-
-rostylus? sp. B, Stigmosphaerostylus? sp. C, Trilonche? sp., Spongentactnia exilispina, Pylentonema
antigia, and Archocyrtium sp. These radiolarians indicate the Tournaisian—Visean, Mississippian
(early Carboniferous) in age. The present authors have already reported a Tournaisian radiolarian
fauna which is slightly older than the present fauna from black bedded chert in the Saba Yoi-
Kabang area. This is an additional report on the occurrence of early Carboniferous radiolarians
from southern peninsular Thailand. The radiolarian-bearing chert reported in this study may have
been deposited in the upper continental rise to open deep-sea basins within the Paleotethys Ocean
on the basis of the lithological and radiolarian characteristics.

Keywords: Carboniferous, depositional setting, paleogeography, Paleotethys Ocean, radiolarian
fauna, Sibumasu terrane

1. Introduction deposited on the slope, upper continental rise,
and lower continental rise of the Sibumasu
Terrane to the ocean basin of the Paleotethys
based on their lithological characteristics and
radiolarian faunal analysis (Basir and Zaiton,
2011). The present authors already reported the
occurrence of early Carboniferous radiolarians
from the Saba Yoi-Kabang areas, southern
peninsular Thailand (Sashida et al., 2002), and
have continued to investigate the area. A new
radiolarian assemblage, distinguishable from the
previously-reported one, was obtained from a
chert layer intercalated within the sandstone—
siliceous shale sequence cropping out in a quarry
near the locality of Sashida et al. (2002). Further,
the lower Carboniferous radiolarian-bearing
siliceous rocks shown in this study differ from
contemporary siliceous rocks in neighboring
areas (e.g., Sashida et al., 1993, 1998; Wonga-
-nan, Randon and Caridroit, 2007) in containing
coarse-grained clastic materials. In this article,
we describe an early Carboniferous radiolarian

Mainland Thailand tectonically consists the
Sibumasu Terrane, Inthanon Zone, Sukhothai
Terrane, and Indochina Terrane, from west to
east (e.g., Metcalfe, 2017) (Fig. 1 A). Lower
Carboniferous siliceous rocks, such as chert and
siliceous shale, are distributed in southern
peninsular Thailand and the northwestern part of
peninsular Malaysia (e.g., Sashida, Salyapongse
and Charusri, 2002; Basir and Zaiton, 2011).
Several researchers have reported radiolarian
occurrences from these siliceous rocks (e.g.,
Caridroit, Fontaine, Jongkanjanasoontorn, Sutee-
-thorn and Vachard, 1990; Sashida, 1go, Hisada,
Nakornsri and Ampornmaha, 1993; Sashida, 1go,
Adachi, Ueno, Nakornsri and Sardsud, 1998;
Sashida, Nakornsri, Ueno and Sardsud, 2000;
Sashida et al., 2002; Wonganan and Caridroit,
2005; Wonganan et al., 2007; Saesaengseerung,
Sashida and Sardsud, 2007a, 2007b, 2015;
Kamata et al., 2015). These radiolarian-bearing
siliceous rocks are considered to have been
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assemblage from a quarry near Ka Bang,
southern peninsular Thailand, as an additional
occurrence report of the authors’ previous study.
In addition, we discuss the depositional setting of
the radiolarian-bearing siliceous rocks.

2. Previous studies on southern peninsular
Thailand and sample locality of this study

Although most of peninsular Thailand is
included in the Sibumasu Terrane in the tectonic
subdivision map of mainland Southeast Asia by
Metcalfe (2017), southern part is in the Inthanon
Terrane (Fig. 1A).

Ueno and Charoentitirat (2011) summarized
the Carboniferous—Permian stratigraphy in
southern Peninsular Thailand (their Lower
Peninsular Thailand) and discriminated the
Yaha Formation (?Mississippian), Khuan Klang
Formation (Mississippian), Kaeng Krachan
Group (?latest Pennsylvanian—early Permian),
and Ratburi Limestone (early—late Permian).
Concerning the Yaha Formation, this formation
was first introduced by Muenlek et al. (1985) in
the Geological Map of Changwat Narathiwat and
Amphoe Takbai for a mainly siliciclastic succes-
-sion of shale, sandstone, siliceous shale, chert
and conglomerate (Ueno and Charoentitirat,
2011). Muenlek, Meesook, Tongchit, Tipdhon-
-sab and Skulkaew (1985) also introduced the
Mayo Formation for similar lithologic characters
distributed in the North east of Yala and included
both formations in the Kaeng Krachan Group
with the Mayo Formation in the lower part and
the Yaha Formation in the upper. DMR (1999)
regarded the Mayo and Haya formations as
identical Carboniferous strata, and mapped the
Yaha Formation in Yala, Pattani, Songkhla and
Phatthalung provinces. Igo (1973) reported the
occurrence of late Tournaisian conodonts from a
chert-siliceous shale succession at the northern
end of Ko Yo in Songkhla Province which
substantiated the Mississippian age for the Yaha
Formation. Sashida et al. (2002) discriminated
Mississippian radiolarians from a sandstone—
chert succession exposed in the Saba Yoi-
Kabang area near the Songkhla-Yala provincial
boundary. Besides these Carboniferous fossils,
late Permian and Middle Triassic radiolarians
have been reported from two areas where the
distributional area of the Yaha Formation

according to DMR (1999): the Chana area
(Sashida et al., 2000) and the Rattaphum area
(Sardsud and Saengsrichan, 2002; Kamata et al.,
2008, 2009) in Songkhla Province. Ueno and
Charoentitirat (2011) regarded the Yaha Forma-
-tion only provisionally as Mississippian due to
the controversial litho--and chronostratigraphic
characterization of the above mentioned Yaha
Formation. DMR (2013) discriminated 12
lithological units of Carboniferous sedimentary
rocks in Thailand-and set up sandstone, shale,
siliceous shale with Posidonia becheri, chert,
and conglomerate around Songkhla and Yala,
in the border areas with Malaysia, as Unit Cy.

The Saba Yoi-Kabang area, study area of
this article, is located within the distributional
area of Unit Cy of DMR (2013) (Fig. 1B). A
study section crops out at the quarry along the
road, about 15 km west-southwest of Outcrop
1 of Sashida et al. (2002). A column of the
section with outcrop photographs is shown in
Fig. 2. Rocks at this outcrop strike N-S and dip
30° to 50° west. The total thickness of the
formation of this outcrop attains 12 m. Varie-
-gated siliceous shale, mainly dark gray, green,
brown, white, yellow, and black, predominates
in the section. This siliceous shale is thinly
bedded with several millimeters to a few
centimeter beds, and it is strongly folded and
sheared in the middle part of the section. The
folded and sheared parts are cut by faults that
are almost parallel to the bedding. Sandstone
beds in the lower part intercalate with black
chert beds and have a total thickness of about
1.5 m. Sandstone in the middle part of the
section is coarse-grained and thickly bedded
with intercalated very thin shale. Sandstone
beds in the upper part are thickly bedded and
have about 2.5 m total thickness. Radiolarian-
bearing chert is thinly bedded with intercalated
thin siliceous shale, and the total thickness is
about 30 cm. This chert is black when fresh and
brown to yellow on weathered surfaces. The
lower and upper limits of this section are not
exposed.

3. Materials and methods

We collected more than 10 samples from
variegated siliceous shale and other chert layers
of the section. Among them, only one sample



Katsuo Sashida et al. / Thai Geoscience Journal 2(2), 2021, p. XX-xx

(SYK-1) yielded radiolarians. Under thin section,
the samples characteristically contain radiolarian
and foraminifer shells within matrices consisting
of fine-grained quartz and clay minerals (Fig. 3).
Foraminiferal shells are concentrated in some
parts and their maximum diameter attains 300
um. The foraminiferal shells were replaced by
silica and are infilled with silica.

Radiolarian specimens were extracted from
chert by the procedures, which generally
established by Pessagno and Newport (1972), as
mentioned below. In addition, we recovered the
foraminiferal shells during the procedures.
Crushed chert of several centimeters size was
soaked in a diluted hydrofluoric acid (HF)
solution (3-5%) for about 24 hours at room
temperature. The sample was washed and sieved
by nylon mesh of 36 um for collecting residue.
This procedure was repeated five times for every
samples. The residue was dried in an oven. Well-
preserved specimens in the residue were placed
on scanning electron microscopy (SEM) plugs
and coated with platinum in a vacuum evapo-
-rator. SEM images of foraminifers are shown in
Fig. 4; those of radiolarians are shown in Figs. 5
and 6. Generic and species name of the forami-
-nifers have not been identified. The systematic
paleontology of radiolarians will be described in
Section 6.

4. Age of radiolarian fauna

We discriminated radiolarians of 13 species
belonging to seven genera from the chert sample
(SKY-1). Identified radiolarians are Albaillella
sp., Ceratoikiscum sp., Stigmosphaerostylus
var-iospina (Won), Stigmosphaerostylus cfr.
delvoli (Gourmelon), Stigmosphaerostylus cfr.
vulgaris (Won), Stigmosphaerostylus sp.,
Stigmosphaerostylus? sp. A, Stigmosphaero-
-stylus? sp. B, Stigmosphaerostylus? sp. C,
Trilonche? sp., Spongentactnia exilispina (Fo-
-reman), Pylentonema antuqua (Deflandre),
and Archocyrtium sp.

Stigmosphaerostylus vulgaris and Stigmos-
-phaerostylus variospina was originally described
by Won (1983) from the lower Carboniferous the
Rheinisches Schiefergebirge, Germany. Subsequ-
-ently, Gourmelon (1987) reported these two
species from the Tournaisian of the Montagne
Noire and the central Pyrenees in France.

Saesaengseerung et al. (2007a) reported the
occurrence of these two species from a sequence
of chert, siliceous shale, and sandstone from the
Pak Chom area, Loei Province, northeastern
Thailand. The occurrence of these two species
has been reported by Sashida et al. (2002) from
the Saba Yoi-Kabang area. Stigmosphaerostylus
delvoli wasfirst reported from the Tournaisian of
the Montagne Noire and Central Pyrenees by
Gourmelon (1987). Spongentactinia exlispina
was described as Entactinia exlispina by
Foreman (1963) from the Upper Devonian Ohio
Shale. Subsequently this species was reported
from the Tournaisian of the Montagne Noire by
Gourmelon (1987). Pylentonema antiqua was
first described from the lower Carboniferous of
France by Deflandre (1963) and subsequently
Holdsworth (1973) and Holdsworth, Jones and
Allison (1978) reported this species from the
Upper Devonian of Alaska and the lower
Carboniferous of Istanbul, Turkey, respectively.
Sandberg and Gutshik (1984) reported this
species from the Mississippian  (lower
Carboniferous) of North America. This species is
also known from the Montagne Noire, France
(Gourmelon, 1987), Southern Thailand (Sashida
et al., 2002), and northwestern Peninsular
Malaysia (Basir and Zaiton, 2011).

We discriminate poorly preserved species
Albaillella sp. whose shell features are slightly
similar to Albaillella indensis Won. According to
Aitchison, Suzuki, Caridroit, Danelian and Noble
(2017), Albaillella idensis has a range from the
late Tournaisian to middle Visean (Mississip-
-pian) and this species is an index of the
boundary between the upper Tournaisian through
lower Visean. As mentioned above, our radiola-
-rian fauna is similar to those from the lower
Carboniferous  Rheinisches  Schiefergebirge,
Germany (Won, 1983) and the Montagne Noire,
France (Gourmelon, 1987).

The geologic age of the chert sample (SKY-1)
may be late Tournaisian to early Visean
(Mississippian). In our previous study, Albaillella
deflandrei Gourmelon occurred in all of the
samples (Sashida et al., 2002). Albaillella deflan-
-drei is regarded as an index species of the late
middle Tournaisian by Aitchison et al. (2017);
therefore, our present radiolarian is younger than
the samples from our previous study.
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Fig 2: Columnar section and outcrop photos of study section.
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Fig 3: Thin section microphotographs of radiolarian-bearing chert. 1, 3, and 4 are under
plane polarized light; 2 is under cross polarized light.

100 pm

Fig 4: SEM (Scanning Electron Microscope) photos of foraminiferal shells.
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Fig 5: Radiolarian SEM photos of Mississippian chert from southern peninsular Thailand. All scale bars
indicate 100 um. 1, 3, 4. Albaillella sp., 1, EES-KS-ST-0001, 3, EES-KS-ST-0003, 4, EES-KS-ST-0004, 2,
20. Ceratoikiscum sp., 2, EES-KS-ST-0002, 20, EES-KS-ST-0020, 5, 6, 7. Trilonche? sp., 5, EES-KS-ST-
0005, 6, EES-KS-ST-0006, 7, EES-KS-ST-0007, 8, 9. Stigmosphaerostylus sp., 8, EES-KS-ST-0008, 9, EES-
KS-ST-0009, 10, 14, 17, 18. Stigmosphaerostylus? sp. A, 10, EES-KS-ST-0010, 14, EES-KS-ST-0014, 17,
EES-KS-ST-0017, 18, EES-KS-ST-0018, 11. Stigmosphaerostylus variospina (Won), EES-KS-ST-0011, 12.
Stigmosphaerostylus cfr. vulgaris (Won), EES-KS-ST-0012, 13. Stigmoshpaerostylus? sp. B, EES-KS-ST-
0013, 15. Stigmoshpaerostylus? sp. C, EES-KS-ST-0015, 16. Stigmoshpaerostylus cfr. delvolei (Gourmelon),
EES-KS-ST-0016, 19. Spongentactinia exillispina (Foreman), EES-KS-ST-0019.
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Fig 6: Radiolarian SEM photos of Mississippian chert from southern peninsular Thailand. All scale bars
indicate 100 pum. 1-15. Pylentonema antiqua Deflandre, 1, EES-KS-ST-2001, 2, EES-KS-ST-2002, 3, EES-
KS-ST-2003, 4, EES-KS-ST-2004, 5, EES-KS-ST-2005, 6, EES-KS-ST- 2006, 7, EES-KS-ST-2007, 8, EES-
KS-ST-2008, 9, EES-KS-ST-2009, 10, EES-KS-ST-2010, 11, EES-KS-ST-2011, 12, EES-KS-ST-2012, 13,
EES-KS-ST-2013, 14, EES-KS-ST-2014, 15, EES-KS-ST-2015, 16. Archocyrtium sp., EES-KS-ST-2016.
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Fig 7: Image of depositional environment of radiolarian bearing siliceous sedimentary rocks. A
Paleogeographic map at Mississippian (Tournaisian—Visean: (340 Ma). Map is modified from
Metcalfe (2017). B. Image of the depositional sites of radiolarian-bearing sediments across the
Paleotethys Ocean. (a): Sashida et al. (2002), Saesaengseerung et al. (2015), The present study. (b):
Feng et al. (2004), (c): Sashida et al. (1998), Wonganan and Caridroit (2005), Wonganan et al. (2007),
(d): Saesaengseerung et al. (2007a), L=Lhasa, SQ= South Qiangtang, WC=Western Cimmerian

5. Depositional environment of radiolarian-
bearing chert

This article reports the late Tournaisian to
early Visean (Mississippian) radiolarians from the
chert in the Inthanon Zone. Middle-Late
Devonian and early Carboniferous radiolarians
have been reported from the “Fang Chert”
distributed in north of Chiangmai, within the
Inthanon Zone (e.g., Ueno, 1999) northern
Thailand (Sashida et al., 1993, 1998; Wonganan
et al, 2007). These siliceous rock sequence
basically does not contain any coarse-grained
clastic materials and they are thought to have been
deposited in the offshore, far from land and deeper
environments of the Paleotethys Ocean (Wong-

-anan et al., 2007). In contrast, the radiolarian-
bearing chert is intercalated in the medium to
coarse-grained sandstone as described by Sashida
et al. (2002) and the present study (Fig. 2). The
presence of sandstone beds indicates that the
depositional site is near the continent, not far from
land. Furthermore, the chert sample (SYK-1)
contains foraminiferal shells (Figs. 3, 4), suggest-
-ing that depth of chert accumulation is not deeper
than a carbonate compensation depth. Saesaeng-
-seerung et al. (2015) discriminated detrital quartz
grains in siliceous shale distributed in the Uthai
Thani area which means that Devonian to lower
Carboniferous radiolarian-bearing siliceous shale
has been deposited in hemipelagic, not pelagic
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environment. For these reasons, we speculate that
the radiolarian-bearing chert of Sashida et al.
(2002) and this study deposited on shallower area
near land.

In addition to the above-mentioned charac-
teristics, the radiolarian faunal characteristic
supports the speculation of the depositional
setting. Catalano et al. (1991), Feng and Ye
(1996), Feng, Helmcke, Chonglakmani, Helmcke
and Liu (2004), and others mentioned that early
Carboniferous radiolarian assemblages from
shallow-water sediments are scarce and low
diverse: only by members of the Spumellaria
and/or Entactinaria usually represented. On the
other hand, early Carboniferous radiolarian
assemblages from deep-water basins are charac-
-terized by abundant and high diversity radiola-
-rians including Spumellaria and/or Entactinaria,
Nassellaria, and Albaillellaria, and they usually
make radiolarites and/or radiolarian chert. Basir
and Zaiton (2011) reported the occurrence of early
Carboniferous (Tournaisian) radiolarians from
Peninsular Malaysia. They discriminated following
three radiolarian assemblages based on the faunal
composition and lithology: the Stigmosphaero-
-stylus, Archocyrtium, and Albaillellara assem-
-blages. The Stigmosphaerostylus Assemblage is
characterized by the occurrence of Stigmos-
-pharostylus variospina and spherical entactina-
-rians but its specific diversity is very low. The
Archocytrium Assemblage is characterized by
moderate diversity and is dominated by cone-
shaped archocyrtiids such as Archocyrtium. This
assemblage consists of 20 radiolarian species. The
Albaillella assemblage is characterized by the
common occurrence of Albaillella and high
species diversity (more than 34 species identified).
Basir and Zaiton (2011) inferred that The
Stigmosphaerostylus Assemblage is due to the
shallow water environment (upper continental
rise), the Archocyrtium Assemblage is rather
deeper environment (continental rise), and the
Abaillella Assemblage is open deep-sea marine
environment (Ocean basin). They recognized the
radiolarian absence in the fauna is attributed to a
strong diagenesis and selective dissolution
(O’Dogherty, Rodriguez-Canero, Gursky, Matin-
Algarra, and Caridroit, 2000). Our examined
radiolarian fauna from the chert sample is
correlated to the transitional assemblage between
the Arhcocyrtium and Albaillella assemblages

based on radiolarian faunal similarity, implying
that the chert has been deposited in the upper
continental rise to the open deep-sea marine
environment (Ocean basin).

The depositional sites of the Devonian to
lower Carboniferous radiolarian-bearing siliceous
rocks in Thailand are located in roughly four sites
in the Paleotethys Ocean based on the lithological
characteristics and present  geological settings
(Fig. 7). The radiolarian-bearing chert reported in
this study may have been deposited in the upper
continental rise to the open deep-sea basins within
the Paleotethys Ocean on the basis of the
lithological and faunal characteristics. Seamount
consisting of basaltic rocks and carbonate rocks
completely racks. of  coarse-grained terrestrial
materials which may indicate that it formed far
from land in the Paleotethys Ocean.

6. Systematic paleontology

Radiolarian description was made by K. S.
and T. I. All specimens treated in this paper are
stored at the Earth Evolution Sciences, University
of Tsukuba, Japan with registered EES-KS.
Taxonomic scheme of radiolarians is followed
from that of Noble et al (2017).

Order Albaillellaria Deflandre, 1953
Family Albaillellidae Deflandre, 1953 sensu
Holdsworth (1977)

Genus Albaillella Deflandre, 1952
Type species. - Albaillella paradoxa Defladre,
1952

Albaillella sp.
Figs.5.1,5.3,54

Remarks. -We collected more than 10 specimens
attributed to this species. However, all of them are
poorly preserved. Our examined specimens may
have cylindrical shell with a smooth surface and
conical apical part, and a well-developed H-frame.
At the pseudo-abdomen, ventral and dorsal wing
may be present. Although we cannot compare
precisely our specimens, their outer shell features,
short conical and short wing are slightly similar to
those of Albaillella indensis Won. Our specimens
may be distinguished from Albaillella deflandre
Gourmelon by having above mentioned shell
characters.



Katsuo Sashida et al. / Thai Geoscience Journal 2(2), 2021, p. XX-xx

Sample, occurrence, and range. - This species
occurs from Sample SKY-1 and is known from
southern Thailand. Mississippian (Tournaisian—
Visean).

Family Ceratoiksicidae Holdsworth, 1969
Genus Ceratoikiscum Deflandre, 1953
Type species. - Ceratoikiscum avimexpectans
Deflandre, 1953

Ceratoikiscum sp.
Figs. 5.2,5.20

Remarks. - Three incomplete specimens were
examined. Our specimens are characterized by
having a sturdy and conical a. a (a-rod:
extratriangular) and long needle-like i.d
(intersector:  extratriangular), i.v. (intersetor:
extratriangular) and a.p. (a-rod: extratriangular)
(nomenclature of Ceratoikiscum is from
Holdsworth, 1969). However, cavaeal ribs are not
clear which may be covered by spongy patagial
structure.

Sample, occurrence, and range.- This species
occurs from Sample SKY-1 and is known from
southern Thailand. Mississippian (Tournaisian—
Visean).

Order Entactinaria Kozur and Mostler, 1982
Family Entactiniidae Riedel, 1967
Genus Spongentactinia Nazarov, 1975
Type species. - Spongentactinia fungosa Nzarov,
1975
Spongentactinia exilispina (Foreman, 1963)
Fig.5.19

1963 Entactinia exilispina Foreman, p. 273, pl. 1,
fig. 8.

1987 Spongentactinia exilispina (Foreman),
Gourmelon, p. 56, 57, pl. 5, figs. 6-8.

Remarks. - We identified only one specimen of
this species. Our specimen is characterized by
having a spongy spherical shell with may be six
spines which are three bladed. Although our
examines specimen is an incomplete one, general
outer shell features are identical to those of S.
exilispina.

Sample, occurrence, and range.- This species
occurs from Sample SKY-1 and is known from
Ohio shale and Montagne Noire, France. Upper
Devonian (Famennian) to Mississippian
(Tournaisian—Visean).

Genus Stigmosphaerostylus Rist, 1892
Type species. - Stigmosphaerostylus notabilis
Rst, 1892
Stigmosphaerostylus variospina (Won, 1983)
Fig.5.11

1983 Palaeoxyphostylus variospina Won, p. 156,
156, pl. 8, figs. 1-4, 6-22.

1986 Entactinia variospina (Won), Gourmelon,
pl. 4, fig. 1.

1987 Entactinia variospina (\WWon), Gourmelon, p.
49, 50, pl. 3, figs.6, 11.

1989 Entactinia variospina (\Won), Braun, p. 368,
pl. 2, figs. 3, 4, pl. 4, fig. 5.

1990 Entactinia variospina (Won), Braun, pl. 7,
figs. 4.1-4.13, 4.14.

1994 Entactinia variospona (Won), Kiessling and
Tragelehn, p. 236, pl. 4, figs. 23, 24.

1995 Entactinia variospina (Won), Basir, p. 78,
pl. 1, figs.2—4.

1996 Entactinia variospina (Won), Spiller, pl. 2,
figs. 7, 8.

1997 Entactinia variospina (Won), Feng et al., p.
86, pl. 3, figs. 12, 13.

1998 Entactinia variospina (Won), Sashida et al.,
p. 13, 15, figs. 9.1-9.10.

1998 Entactinia variospina (Won), Wang et al.,
pl. 2, figs. 6, 7.

1998 Entactinia variospina (Won), Won, p. 238,
pl. 2, fig. 18.

2000 Entactinia variospina (Won), Sashida et al.,
p.83, figs. 6.5-6.12.

2002 Stigmosphaerostylus variospina (Won),
Spiller, p. 43, pl. 6, figs. g, h, I.

2002 Stigmosphaerostylus variospina (Won),
Sashida et al., p. 132, 133, pl. 1, figs. 18,22,23, pl.
3, fig.12?

2007a Stigmosphaerostylus variospina (Won),
Saesaengseerung et al., p. 115, 116, figs. 8,7, 8.8,
8.17.

2011 Stigmosphaerostylus variospina (Won),
Basir and Zaiton, pl. 1, figs. 1-4.

2015 Stigmosphaerostylus variospina (Won),
Saesaengseerung et al., p. 123, pl. 2, figs. 1-14.
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Remarks. - Only one specimen was examined.
Our specimen has a spherical shell with short, and
sturdy six spines. Shell has many small circular
pores surrounded by pentagonal to circular shell
frames. Length of spines is generally half of the
shell diameter. Won (1983) showed the various
types of the spines; number, shape and length of
this species. Our examined specimen has shorter
and more sturdy spines compared with any of her
examined specimens. Gourmelon (1987) also
showed several shell morphology of this species.
Our specimen is similar to his specimens (pl. 3,
figs. 7, 8) which have shorter spines. Our
specimen is also similar to the species reported by
Saesaengseerung et al. (2007) by having short and
sturdy three-bladed spines. This species is
distinguished from E. vulgaris by having above
mentioned shell characters.

Sample, occurrence, and range.- This species
occurs from Sample SKY-1 and is known from
northern and southern Thailand, Peninsular
Malaysia, Europe, and South China. Upper
Devonian  (Famennian) to  Mississippian
(Tournaisian—Visean).

Stigmosphaerostylus cfr. delvolei (Gourmelon, 1987)
Fig. 5.16

cfr.
1987 Entactinia? delvolvei Gourmelon, p. 45, 46,
pl. 7, figs. 8-10.

Remarks. - Two specimens attributed to this
species have been identified. Examined
specimens characteristically have a spherical shell
with 6 to 7? thin and long spines with small
needle-like bi-spines. Hlustrated specimen has a
long and thin spine whose length is almost twice
as the diameter of a spherical shell. Our specimens
are similar to the type species of this species which
has only two long spines. Our specimens are
incomplete, therefore we identified this species
with cfr.

Sample, occurrence, and range. - This species
occurs from Sample SKY-1 and is known from
the Montagne Noire, France. Mississippian
(Tournaisian).

Stigmosphaerostylus cfr. vulgaris (Won, 1983)
Fig. 5.12

cfr.

1983 Entactinia? vulgaris Won, pl. 4, figs. 1-3
1986 Entactinia vulgaris Won, Gourmelon, p.
184, pl. 2, fig. 4.

1987 Entactinia vulgaris Won, Gourmelon, p.
50, 51, pl. 4, figs. 1-6.

Remarks. - We examined two specimens. An
illustrated specimen_has a spherical shell with 6
three-bladed long conical spines. Many small
circular pores surrounded by pentagonal to
circular frames are present on the surface of the
shell. The original specimens attributed to this
species by Won (1983) have more sturdy and
longer spines. Therefore, we put cfr. for our
specimens.

Sample, occurrence, and range.- This species
occurs from Sample SKY-1 and is known from
Germany and France, Mississippian (Tournaisian—
Visean).

Stigmosphearostylus sp.
Figs.5.8,5.9

Remarks. - Several incomplete specimens were
examined. Illustrated specimens have a rather
small spherical shell with may be six or seven
spines. Small circular pores surrounded by square
to circular pore frames are present. Thin to
moderately thick internal spicule systems
consisting of six-rayed spicules are observed in
our specimens. Internal spicule system does not
have median bar, point centered. This species is
distinguished from S. sp. B of the present study by
having smaller spherical shell.

Sample, occurrence, and range.- This species
occurs from Sample SKY-1 and is known from
southern Thailand. Mississippian (Tournaisian—
Visean).

Stigmosphaerostylus? sp. A
Figs.5.10,5.14,5.17,5.18

Remarks. - Seven specimens of this species were
examined. This species has a spherical shell with
six, short, three-bladed and conical spines. This
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species is similar to S. deflendrei (Won, 1991)
described from Germany in general shell feature.
However, latter species has longer and more
sturdy spines. This species also resembles S.
vulgaris (Won, 1983), but it differs from the latter
by smaller and shorter spines. We questionably
assigned this species in Stigmosphaerostylus
because the internal shell structure cannot be
detected.

Sample, occurrence, and range.- This species
occurs from Sample SKY-1 and is known from
southern ~ Thailand.  Lower  Carboniferous
(Tournaisian—Visean).

Stigmosphaerostylus? sp. B
Fig. 5.13

Remarks. — One specimen has been identified.
This species is characterized by a spherical shell
with may be six or seven spines. Spherical shell is
thick and has many and small circular pores on its
outer surface. Small conical spines are present at
the junction of each neighboring pore flame.
Spines are three-bladed and sturdy and long
conical shale. We cannot observe the inner side of
the spherical shell and determine the presence of
spicule system or inner shell. Therefore, we
questionably assigned this species in Stigmosph-
-earostylus. This species is distinguished from
Stigmosphearostylus? sp. A of the present study
by having longer and more sturdy spines.

Sample, occurrence, and range.- This species
occurs from Sample SKY-1 and is known from
southern Thailand. Mississippian (Tournaisian—
Visean).

Stigmosphaerostylus? sp. C
Fig. 6.15

Remarks. — Only one specimen has been
examined. This species has a spherical shell with
more than four spines whose length is almost two-
thirds of the diameter of shell. Shell has many
small circular pores surrounded by polygonal to
circular frames. This species similar to Stigmos-
-phaerostylus? sp. A of the present study but it has
thicker spines.

Sample, occurrence, and range.- This species
occurs from Sample SKY-1 and is known from

southern Thailand. Mississippian (Tournaisian—
Visean).

Genus Trilonche Hinde, 1899 sensu Aitchison
and Stratford, 1997
Type species.- Trilonche vetusta Hinde, 1899
Trilonche? sp.
Figs. 6.5, 6,7

Remarks. - Three specimens were examined. This
species has a spherical shell with three to more
three-bladed spines and an internal spherical shell.
Inner and outer shells are connected by six three-
bladed thick spines. The presence of an internal
spicule system cannot be determined. The outer
shell is thick and has many small pores on the
surface of the outer shell. The internal surface of
the outer shell is fine sponge. Inner shell has a
circular phylome. We questionably placed this
species in Trilonch because we did not observe the
internal spicules in the inner shell and the inner
shell has a pylome.

Sample, occurrence, and range.- This species
occurs from Sample SKY-1 and is known from
southern Thailand. Mississippian (Tournaisian—
Visean).

Family Pylentonemidae Deflandre, 1963
Genus Pylentonema Deflandre, 1963 sensu
Holdsworth et al., 1978
Type species.- Acanthopyle antiqua Deflandre,
1960
Pylentonema antiqua (Deflandre, 1960)
Figs. 6.1-6.15

1960 Acanthopyle antiqua Deflandre, p. 216, pl.
1, fig. 14

1963 Pylentonema antiqua (Deflandre), p. 3981
3984, figs. 1-5.

1973 Pylentonema antiqua (Deflandre), Holds-
-worth, p. 122-125, pl. 1, fig. 4.

1978 Pylentonema antiqua (Deflandre), Holds-
-worth et al, p. 785, figs. 3d, 3e.

1984 Pylentonema antiqua (Deflandre), Sandberg
and Gutshick, pl. 6, figs. P, T.

1986 Pylentonema antiqua (Deflandre), Gourme-
-lon, p. 188-189, pl. 1, figs. 7, 8.

1987 Pylentonema antiqua (Deflandre), Gourme-
-lon, p. 102, pl. 15, figs. 1-6.
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1998 Pylentonema antiqua (Deflandre), Won, p.
255, 256, pl. 6m figs. 9-14, 16.
2002 Pylentonema antiqua (Deflandre), Sashida
etal., P. 131, 132, pl. 1, figs. 14-17, 20-22, pl. 2,
fig. 2, pl. 3, figs. 2, 6, 8, 9, 112.

Remarks. - More than 30 specimens identified to
this species have been obtained. Our forms are
characterized by having a spherical shell with 7
spines, among which one is generally small and
others are three bladed and sturdy, and their length
is almost same as the diameter of spherical shell.
Small circular pores surrounded by pentagonal to
circular pore rim are present. Internal surface of
spherical sell is generally spongy. A large circular
pylome is present surrounded by a narrow pylome
rim. We can see the internal spicule system (e.g.,
fig.6.6), but the presence of inner shell is not sure
due to the mesh structure of the internal surface of
spherical shell. Position of spines around pylome
is variable as discussed by Won (1998), but the
type of four spines around pylome (her type Bs
and Bd) may be most predominate.

Sample, occurrence, and range.- This species
obtained from Sample SKY-1 and is known from
Germany, France, North America, Turkey,
Thailand. Upper Devonian (upper Famennian) to
Mississippian (Tournaisian—Visean).

Order Nassellaria Ehrenberg, 1875
Family Archocyrtidae Kozur and Mostler, 1981
Genus Archocytrium Deflandre, 1972 sensu
Holdsworth (1973)

Type species. - Archocyrtium riedeli Deflandre,
1960
Archocyrtium sp.

Fig. 6.16

Remarks. - Three specimens attributed this species
were identified. An illustrated specimen has a
subspherical cephalis with three bladed apical
horn and three three-bladed feet. Length of apical
horn is almost equal with the diameter of cephalis.
Small pores are observed on the surface of
cephalis. Length of three feet are not known. Our
specimens may have week pyrome. This species
is similar to Arhocyrtium venustum Cheng and A.
riedeli Deflandre, however, precise comparison
cannot be made.

Sample, occurrence, and range. - This species
occurs from Sample SKY-1 and is known from
southern Thailand. Mississippian (Tournaisian—
Visean).

7. Conclusions

1. Radiolarians of 13-species belonging to
seven genera have been identified from a
black chert bed intercalated within
sandstone and variegated siliceous shale
at the Kabang area, Songkhla Province,
southern peninsular Thailand.

2. The age of the radiolarians may indicate
the Tournaisian to Visean, Mississippian
(early Carboniferous). The age is slightly
younger than that of the previously
reported radiolarians in the Saba Yoi-
Kabang area in our previous study.

3. The radiolarian-bearing chert character-
-ristically contains foraminiferal shells
and therefore the chert may have been
deposited in shallower ocean than the
carbonate compensation depth. The chert
is intercalated within sandstone beds, so
that the chert was deposited near land.

4. The radiolarians from the chert sample is
correlated to the transitional assemblage
between the Arhcocyrtium and Albail-
-lella assemblages. Consequently, the
chert has probably been deposited in the
upper continental rise to the open deep-
sea marine environment.

5. On the basis of the lithological and
radiolarian faunal characteristics, the
radiolarian-bearing chert may have been
deposited in the upper continental rise to
the open deep-sea basins within the
Paleotethys Ocean. However, further
study such as sedimentary structure and
zircon provenance analyses are required
to clarify this interpretation.
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