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Late Devonian to early Carboniferous radiolarian faunas from the Ban Wang Pha chert
section in Pak Chom district, Loei province, northeastern Thailand
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Abstract

Some Devonian radiolarian chert sequences have been previously reported from the Loei Fold Belt. However, the
various chert sequences exposed in Loei province have not yet been studied. The chert sequence exposed at a hill
located behind the Ban Wang Pha School was selected in this study. More than 30 chert samples were collected from
the rock section. Standard chemical methods were applied using 3-5 % hydrofluoric acid for radiolarian extraction.
The results indicated that these Devonian radiolarias can be classified into 9 genera and 17 species. These faunas
can be grouped into 2 assemblages. The first assemblage, Polyentactinia tenera assemblage, includes Polyentactinia
tenera, P. invenusta, Ceratoikiscum sp. cf. C. bujugum and Trilonche sp. cf. T. vachardi and others. This assemblage
indicates of Late Devonian (Frasnian-Famennian). The second assemblage is Belowea variabilis Assemblage
including Belowea variabilis, Trienosphaera sicarius, Archocyrtium sp. and Stigmosphaerostylus sp. cf. S. variospina

and others. This assemblage indicates Late Devonian (Famennian) to early Carboniferous.
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Loei Fold Belt
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Figure 1 Biostratigraphic columns of Loei Fold Belt
showing a detail of assemblages and position of
study locality (Thassanapak et al., 2017 ;
Udchachon et al., 2014)
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Systematic paleontology

Class Actinopoda

Subclass Radiolaria Miller (1858)

Superorder Polycystida Ehrenberg (1838), emend. Riedel (1967)

Family Entactiniidae Reidel (1967)

Genus Stigmospherostylus Rust (1892), emend. Foreman (1963)
(syn: Entactinia Foreman, 1963)

Type species: Stigmospherostylus herculea (Foreman, 1963)

Stigmospherostylus pusilla (Hinde, 1899)
(Figure 4: 16) and Figure 5: 2-3)

1899 Staurosphaera pusilla Hind-Hind, p.46, pl.8, Figure 12

1963 Entactinia? Additive Foreman-Foreman, p 273, pl.1, Figure 10 ;
pl.3, Figure 9

1997 Stigmospherostylus pusilla (Hinde)-Aitchison and Stratford, p.381
2003 Stigmospherostylus pusilla (Hinde)-Wang, pl.2, figs.11-16

2005 Stigmospherostylus pusilla (Hinde)-Wonganan, pl.2, Figure 13
2017 Stigmospherostylus pusilla (Hinde)-Thassanapak, p.36, Figure 10
; p.37, figs.5-7 ; p.38, figs.5¢c, 7-8
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Stigmospherostylus sp. cf. S. variospina (Won, 1983)
(Figure 4: 17 and figure 5: 1)

cf. 1983 Palaeoxyphostylus variospina Won-Won, pp.156-157, pl.8,
figs.1-4, 6-22

cf. 1986 Entactinia variospina (Won)-Gourmelon, pp. 183-184, pl.4,
Figure 1

cf. 1987 Entactinia variospina (Won)-Gourmelon, p.49, pl.3, figs.7-11
cf. 1990 Entactinia variospina (Won)-Braun, p.109, pl.7, figs. 4, 6
cf. 1990 Palaeoxyphostylus variospina Won-Won, pp.137-138, pl.2,
Figure 10

cf. 1993 Entactinia variospina (Won)-Sashida et al., figs.4, 1-14

cf. 1994 Entactinia variospina (Won)-Kiessling, pl.4, figs.23, 24

cf. 2003 Stigmosphaerostylus variospina (Won)-Wong et al., pl.4,
figs.1-7

cf. 2005 Stigmosphaerostylus variospina (Won)-Wonganan and
Caridoit, figs.3-3, 3-4

cf. 2007 (Figure 5: 1) (Won)-Saesaengseerung et al., figs.8: 7, 17
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Stigmospherostylus sp.
(Figure 5: 4-5)
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Figure 3 Field photographs of the Ban Wang Pah chert section including (A) close-up of the Ban Wang Pha chert sequence
(pen is about 14 cm long). (B), (C) at lower part of chert sequence (SB01 to S1(2)07). (D), (E), (F) at middle part of chert
sequence (S401 to S705), (G), (H) at Upper part of chert sequence (S801 to S902).
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Genus Trilonche Hinde (1899), emend. Foreman (1963), Aitchison and
Stratford (1997)

(syn: Entactinosphaera Foreman 1963)

Type species: Trilonche hindea (Hinde, 1899)

Trilonche echinata (Hinde, 1899) ; emend. Aitchison and Stratford,
1997
(Figure 5: 6, 15)

1899 Heliosoma echinatum Hinde-Hinde, p.50, pl.9, figs.1-2

1963 Entactinosphaera echinata ? (Hinde)-Foreman, p.279, pl.3,
Figure 10 ; pl.4, figs.12a-b

1975 Entactinosphaera echinata (Hinde)-Nazarov, p.60-61, pl.3, figs.1-
3; pl.4, figs.6-8

1983 Entactinosphaera echinata (Hinde)-Nazarov and Ormiston, pl.1,
figs.6-7

1993 Entactinosphaera echinata (Hinde)-Aitchison, pl.5, figs.6, 11, 14
; pl.7, Figure 3

1997 Entactinosphaera echinata (Hinde)-Wang, pl.3, figs.4-10 ; pl.4,
figs.4, 7

1999 Trilonche ? echinata (Hinde)-Braun and Budil, Figure 4A

2003 Trilonche echinate (Hinde)-Wang et al., pl.1, Figure 16

2005 Trilonche echinate (Hinde)-Wonganan and Caridroit, pl.2, figs.17,
18

2017 Trilonche echinate (Hinde)-Thassanapak et al., figs.5b: 10-12 ;
figs.5d: 3-4
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Trilonche elegans Hinde (1889)
(Figure 4: 2 and figure 5: 5, 7-8)

1889 Trilonche elegans Hinde-Hinde, p.48, pl.8, Figure 22

1997 Trilonche elegans Hinde-Aitchison and Stratford, figs.2-7, figs.3-6
1999 Trilonche elegans Hinde-Aitchison, pl.1, figs. C, D, F, P ; pl.4,
figs. E, | ; pl.6, figs. B, R

2003 Trilonche elegans Hinde-Wang, pl.1, Figure 22, 23

2005 Trilonche elegans Hinde-Wonganan and Caridroit, pl.2, Figure 3
2015 Trilonche elegans Hinde-Udchachon et al., figs.7, 6-7

2017 Trilonche elegans Hinde-Thassanapak et al., p.36 ; Figure 5a, 14
; p.37, figs.5b, 13-14 ; p.39, figs.5d, 5-6
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Trilonche hindea (Hinde, 1899)
(Figure 4: 20-21, 24 and figure 5: 9)

1899 stylosphaera vetusta Hinde-Hinde, p.46, pl.8, Figure 10

1975 Entactinosphaera vetusta (Hinde)-Nazarov, p.64-65, pl.5, figs.8-
10 ; pl.6, figs.9-11

1991 Entactinosphaera vetusta (Hinde)-Li and Wang, pl.1, figs.15, 16 ;
pl.2, figs.9-11

1997 Trilonche hindea (Hinde)-Aitchison and Stratford, p.374, figs.2-9,
2

1999 Trilonche hindea (Hinde)-Aitchison et al., pl.2, figs.J, R ; pl.3,
Figure E ; pl.5, figs.F, H ; pl.6, figs.K, O, Q

2005 Trilonche hindea (Hinde)-Wonganan and Caridroit, pl.3, figs.10,
11, 17, 18, 21, 22, 25

2012 Trilonche hindea (Hinde)-Thassanapak et al., figs.7 ; 22-25
2017 Trilonche hindea (Hinde)-Thassanapak et al., figs.5a ; 15-16,
Figure 5b ; 15, figs.5d ; 7-8
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Trilonche palimbola (Foreman, 1963)
(Figure 4: 18, 19 and figure 5: 9)

1963 Entactinosphaera palimbola Foreman-Foreman, pl.2, figs.3a-d,
figs.7a-e

1987 Entactinosphaera palimbola Foreman-Gourmaelon, pl.4, figs.7-10
1993 Entactinosphaera palimbola Foreman-Sashida et al., figs.4-10
1998 Entactinosphaera palimbola Foreman-Sashida et al., figs.17, 18
2005 Trilonche palimbola (Foreman)-Wonganan and Caridroit, pl.3,
figs.3-5

2012 Trilonche palimbola (Foreman)-Thassanapak et al., figs.7 ; 20-21
2015 Trilonche palimbola (Foreman)-Udchachon et al., figs.7 ; 10, 11
2017 Trilonche palimbola (Foreman)-Thassanapak et al., p.36, Figure
5a, 17 ; p.37, figs.5b, 16, 17 ; p.39, figs.5d, 10,11
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Trilonche vetusta Hinde (1899), emend. Aitchison and Stratford
(1997)
(Figure 4: 27)

Sirakan Janya, Hathaithip Thassanapak, Mongkol Udchachon

J Sci Technol MSU

1899 Trilonche vetusta Hinde-Hinde, p.48, pl.8, figs.18, 19

1997 Trilonche vetusta Hinde-Aitchison and Stratford, p.374, figs.2: 1,
2;figs.3: 1,2

1999 Trilonche vetusta Hinde-Aitchison et al., pl.2, figs. J, R ; pl.3, figs.
E ; pl.5, figs. F, H; pl.6, figs. K, O, Q

2003 Trilonche vetusta Hinde-Wang et al., pl.1, figs. 25-30

2005a Trilonche vetusta Hinde-Wonganan and Caridoit, Figure 3: 6
2005b Trilonche vetusta Hinde-Wonganan and Caridoit, pl.3, figs. 6-9,
19

2017 Trilonche vetusta Hinde-Thassanapak et al., figs.5a: 18, 19 ;
figs.5d: 14, 15
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Trilonche sp. cf. T. vachardi Wonganan and Caridroit, 2005
(Figure 5: 11)

cf. 1999 Entactinosphaera aff. E. vetusta (Hinde)-Yao and Kuwahara,
pl.1, Figure 19

cf. 2005 Trilonche vachardi (Hinde)-Wonganan and Caridroit n. sp.,
pl.2, figs. 9-12
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Trilonche sp.
(Figure 5: 13-14)
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Genus Triaenosphaera Deflandre (1973)

Type species: Triaenosphaera sicarius Deflandre (1973)
Triaenosphaera sicarius Deflandre (1973)

Figure 4: 8-10

1973 Triaenosphaera sicarius Deflandre-Deflandre, pl.2, figs. 3-4
1978 Triaenosphaera sicarius Deflandre-Holdsworth et al., p.781, figs.2
;a-c

1986 Triaenosphaera sicarius Deflandre-Gourmelon, pl.2, Figure 1
1987 Triaenosphaera sicarius Deflandre-Gourmelon, pl.6, figs. 1-4
1988 Triaenosphaera sicarius Deflandre-Schmidi-Effing, pl.3, Figure 5
1990 Triaenosphaera sicarius Deflandre-Braun, pl.11, figs. 8-9

1993 Triaenosphaera sicarius Deflandre-Braun and Schmidi-Effing,
pl.1, Figure 9

2001 Triaenosphaera sicarius Deflandre-Liu, pl.2, figs. 5-9

2004 Triaenosphaera sicarius Deflandre-Feng et al., pl.2, figs. 1-2
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Triaenosphaera sp.
(Figure 4: 11)
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Genus Tlecerina Furutani (1983)
Type species: Tlecerina horrida Furutani (1983)

Tlecerina sp.
(Figure 4: 12)

ansmeAMgIMING: ansuzilfanuennaw
pnaiEn Snwnawelnaduenesninandianuen
fanwmztduin (rod-like long spine) uasilanwzvad
AUNIWIALAN (thorn-like) ﬁﬁmm@gwmﬂnﬂqmﬂﬁan
wan 6‘1’3\1Lﬂuﬁﬂwmzﬁmgmﬁ;ﬂﬂmamqaﬁI@ﬂ“’?‘ié"zaﬂwﬁ
VL;i"LéTLLamﬁaé’nwm:Lawwzﬁ'azmmsm:qﬁui:ﬁwﬁ@iﬁ

Fa1wfian1sIneen WazBI9IaY: Audt
windaruiniEindeg1stuiinn d1tnedinsy
FwmTawan ogdluflouaeulmeiisansuefiineTanaudu

Genus Belowea Won (1963)
Type species: Belowea variabilis (Ormiston & Lane, 1976)

Belowea variabilis (Ormiston and Lane, 1976)
(Figure 4: 3)

1976 Cromyostylus? variabilis Ormiston and Lane - Ormiston and
Lane, Taf. 4, figs. 7-11

1983 Belowea variabilis (Ormiston and Lane, 1976) - Won, Taf. 5, figs.
1-5, Taf. 13, figs. 3-5

1983 Belowea variabilis (Ormiston and Lane, 1976) - Won, Taf. 2, figs.
17-22, Taf. 13, Figure 8

1990 Belowea variabilis (Ormiston and Lane, 1976) - Won, pl. 6, figs.
5-13
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2001 Belowea variabilis (Ormiston and Lane, 1976) - Liu, pl. 1, figs.
1-3, pl. 2, Figure 15, pl. 3, Figure 1

2002 Belowea variabilis (Ormiston and Lane, 1976) - Li et al., pl. 1,
figs. 16-17
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Belowea sp. cf. B. variabilis (Ormiston and Lane, 1976)
(Figure 4: 4-6)

cf. 1976 Cromyostylus? variabilis Ormiston and Lane-Ormiston and
Lane, Taf. 4, figs. 7-11

cf. 1983 Belowea variabilis (Ormiston and Lane, 1976)-Won, Taf. 5,
figs. 1-5, Taf. 13, figs. 3-5

cf. 1983 Belowea variabilis (Ormiston and Lane, 1976)-Won, Taf. 2,
figs. 17-22, Taf. 13, Figure 8

cf. 1990 Belowea variabilis (Ormiston and Lane, 1976)-Won, pl. 6, figs.
5-13

cf. 2001 Belowea variabilis (Ormiston and Lane, 1976)-Liu, pl. 1, figs.
1-3, pl. 2, Figure 15, pl. 3, Figure 1

cf. 2002 Belowea variabilis (Ormiston and Lane, 1976)-Liu et al., pl. 1,
figs. 16-17
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Belowea sp.
(Figure 4: 7)
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Family Polyentactiniidae Nazarov (1975)

Genus Polyentactinia Foreman (1963)

Type species: Polyentactinia invenusta Aitchison (1993)
Polyentactinia invenusta Aitchison (1993)

(Figure 5: 19)

1993 Polyentactinia invenusta Aitchison-Aitchison, pl.6, Figure 9 ; pl.
7, Figure 19

2017 Polyentactinia invenusta Aitchison-Thassanapak et al., figs.5a,
26-28 ; Figure 5b, 3
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Polyentactinia tenera Aitchison (1993)
(Figure 5: 20-24)

1993 Polyentactinia tenera Aitchison-Aitchison, pl. 7, figs. 2, 14, 18
2017 Polyentactinia tenera Aitchison-Thassanapak et al., Figure 5a, 25
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Polyentactinia sp. cf. P. leptosphaera Foreman (1963)
(Figure 4: 13-14)

cf. 1963 Polyentactinia leptosphaera Foreman-Foreman, pl.1, Figure 6
cf. 2009 Costaentactinia? leptosphaera (Foreman)-Seo and Won, pl.1,
figs. 13-20

cf. 2015 Polyentactinia leptosphaera (Foreman)-Khattamart et al.,
figs.4 ; 4-5
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Polyentactinia sp.
(Figure 4: 15)
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Family Palaeoscenidiidae Riedel (1967) ; emend. Holdsworth (1977),
Furutani (1983), Goodbody (1986)

Genus Palaeoscenidium Deflandre (1953), emend. Goodbody (1986)
Type species: Palaeoscenidium cladophorum Deflandre (1953)

Palaeoscenidium sp.
(Figure 5: 18)
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Family Ceratoikiscidae Holdaworth (1969)

syn. Holoeciscidae Cheng (1986)

Genus Ceratoikiscum Deflande (1953)

Type species: Ceratoikiscum bujugum Foreman (1963)

Ceratoikiscum sp. cf. C. bujugum Foreman (1963)
Figure 5: 16-17

cf. 1963 Ceratoikiscum bujugum Foreman-Foreman p. 288-290, PI. 8,
Figure 4, PI. 9, Figure 9

cf. 1993 Ceratoikiscum bujugum Foreman-Aitchison, PI. 4, Figure 13,
14
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Order Nessellaria Ehrenberg (1875)

Family Archocyrthdae Kozur and Moster (1981) emend. Cheng (1986)
Genus Archocyrtium Deflande (1972)

Type species: Archocyrtium riedeli Deflande (1972)

Archocyrtium sp.
Figure 4: 1
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Figure 4 Scanning electron micrographs of radiolarians from the Ban Wang Pha chert section (SB01-S1(2)07)

(all scale bars = 100 ym).1,2= Archocyrtium sp. (1= SB04, 2= SB06). 3= Belowea variabilis (SB07). 4, 5, 6= Belowea sp.
cf. B. variabilis (4, 5= SB01, 6= SB04). 7= Belowea sp. (SB06). 8, 9, 10= Triaenosphaera sicarius (S1(2)07). 11=
Triaenosphaera sp. (SB07). 12= Tlecerina sp. (SB05). 13, 14= Polyentactinia sp. cf. P. leptosphaera (SB05). 15 =

Polyentactinia sp. (SB02). 16= Stigmosphaerostylus pusillus (SB04). 17= Stigmosphaerostylus sp. cf. S. variospina (SB02).

18, 19= Trilonche palimbola (18= S1(2)04, 19= SB01). 20, 21= T. hindea (20= SB01, 21= SB03). 22= T. echinata (SB05).

23= T. palimbola (SB04). 24= T. hindea (SB03). 25, 26= T. elegans (25= S1(2)07, 26= SB02). 27= T. vetusta (SB01).
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Figure 5 Scanning electron micrographs of radiolarians from the Ban Wang Pha chert section (S401-S902)
(all scale bars = 100 ym). 1= Stigmosphaerostylus sp. cf. S. variospina (SB09). 2, 3= S. pusillus (2= S401, 3= S901).
4, 5= Stigmosphaerostylus sp. (4= S902, 5= S901). 6= Trilonche echinate (S401). 7, 8= T. elegans (S901). 9=
T. hindea (S901). 10= T. palimbola (S901). 11= Trilonche sp. cf. T. vachardi (S901). 12= T. echinate (S401). 13,
14= Trilonche sp. (13= S502, 14= S602). 15= T. echinate (S901). 16, 17= Ceratoikiscum sp. cf. C. bujugum
(16= S902, 17= S901). 18= Paleoscenidium sp. (S901). 19= Polyentactinia invenusta (S503). 20-24= P. tenera
(20= 8901, 21= 8902, 22-24= S901). 25= Polyentactinia sp. (S902)

anlsguan1sd@ne
Nﬂﬂ’]iﬁﬂ‘]&'l‘ﬁ'lﬂﬁﬂ@‘i'miiwflﬁaia AIBUINN
whdaTuAmdsnus HIENANTAIATILUNAINARN TN
Smulévivua 9 ana 17 wia laun Archocyrtium sp.,
Belowea variabilis (Ormiston and Lane), Beloweasp., Belowea
sp. cf. B. variabilis (Ormiston and Lane), Ceratoikiscum sp. cf.
C. bujugum Foreman, Paleoscenidium sp., Polyentactinia
invenusta Aitchison, P. tenera Aitchison, Polyentactinia

sp., Polyentactinia sp. cf. P. leptosphaera Foreman,

Stigmosphaerostylus pusillus (Hinde), S. variospina
(Won), Stigmosphaerostylus sp., Trienosphaera
sicarius Deflandre, Trienosphaera sp., Trilonche
echinate (Hinde), T. elegans Hinde, T. hindea (Hinde),
T. palimbola (Foreman), T. vetusta Hinde,
Trilonche sp. cf. T. vachardi Wonganan and Caridroit,
Trilonche sp., Tlecerina sp. &< Entactiniidae gen. et sp.

indet. lagiTuaziduaaah
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1. wihdasuAndsausnmnaisan wazoaa
11 WUTNENLTIWLSAlaaSuuafia Polyentactinia
tenera Aitchison, P. invenusta Aitchison, Polyentactinia
sp., Ceratoikiscum sp. cf. C. bujugum, Trilonche echinate
(Hinde), T. elegans Hinde, T. hindea (Hinde), T. palimbola
(Foreman), T. vetusta Hinde, Trilonche sp. cf. T. vachardi
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pusillus (Hinde), Stigmosphaerostylus sp. cf. S. variospina
(Won), Stigmosphaerostylus sp, Wae Entactiniidae gen.
et sp. indet “?‘iﬁavlajmmsm:qvlﬁ Tasfivsndadufinigia
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1.3 Ceratoikiscum sp. cf. C. bujugum Foreman
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Foreman, Stigmosphaerostylus sp. cf. S. variospina (Won),
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T. echinate (Hinde), Trilonche sp., Archocyrtium sp.,
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-S .§ e % Radiolarian Description
b
i & < = Assemblage of lithology
345
%) @
g o -‘E o]
— .© L o =
(] > K" S o =
= = © 5 8 8
& © c S Q S
Q @ 3 s £ 2
— O (] (0] Wy
© = 2= 9 “
355 & 3 4
g § 3
S 9 2
c S s 8 & Brown and Maroon chert
.© = § & € ) )
c S & 8 3 thickness is about 2-5 cm,
5 sag s ;
€ S v 73 9 in average
@ 2 855 <
§ o w g0 S ® =& <
S| %= S = 35
S (] c e} 1o S =
o 370 S ¢ o 29 7%
9, w 2 &£ 9
c &" g 3 K
.5‘_ g)\ L=
= 3 g 8 g v
wv (g =y )
o T g§gE
= R R
2285
375 NIV

Figure 6 Late Devonian to early Carboniferous radiolarian assemblages.
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