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Conodont Fauna and Its Biostratigraphy of the
Bamchi Formation (Lower Permian) in Yobong-
Bamchi Area, Yeongweolgun, Korea
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Abstract : The Early Permian Bamchi Formation is distributed in Yobong-Bamchi area in Book-
myeon, Yeongweolgun, Kangweondo with N-S trending. In this formation many limestone beds are
intercalated. These limestone beds contain abundant fossils such as conodonts, fusulinids, small
foraminifers, ostracods, corals, and brachiopods. This paper carries out a systematic and paleontolo-
gical s[udy on conodonts of the Bamchi Formation. The conodonts of the formation are four genera,
distributed into eight species: Streptognathodus elegantulus, S. elongatus, S. barskovi, S. wabaunsensis,
Idiognathodus ellisoni, Diplognathodus expansus, D. triangularis, and Hindeodus minutus. Based on
this conodont fauna, the Streptognathodus elongatus Zone was established. This conodont biozone
indicates that the geologic age of the Bamchi Formation is the Asselian to Sakmarian stage of
the Early Permian Period. The limestone beds of the Bamchi Formation contains some conodonts
which indicate the depositional condition was shallow and high energy environment. Therefore,
it can be said that the sediments of the Bamchi Formation deposited in shallow marine environment.

Key words : Bamchi Formation, Conodonts, Streptognathodus elongatus Zone, Asselian to Sakmarian
Stage, Early Permian Period, Pyeongan Supergroup, Yeongweol Coal Field.
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INTRODUCTION

The Late Paleozoic sedimentary rocks with north-
south trending are distributed in the Yobong-Bam-
chi area of Yeongweolgun, Kangweondo (Fig. 1). These
sediments are known as the Pyeongan Supergroup.
This supergroup is overlying unconformably on the
Ordovician Yeongheung Formation but its upper
part is in tectonic, thrust fault, contact with the
Cambro-Ordovician sedimentary rocks. The super-
group is classified into four units; the Yobong, Pan-
gyo, Bamchi and Mitan Formations, in ascending
order (Table 1).

Of these formations, the lower three formations
consist of marine limestones, sandstones, and shales
and the Mitan Formation is composed of terrestrial
clastic sediments intercalating three coal seams. The
limestones of the supergroup contain abundant fos-
sils such as fusulinids, foraminifers, brachiopods,
corals, crinoids, bivalves, gastropods, and conodonts.
So far, many geologists studied the geology and
paleontology of the supergroup. The paleontology
and biostratigraphy of fusulinids of the supergroup
were studied by many authors (Cheong and Park,
1977; Lee, 1984; Cheong et al., 1983; Lee et al,
1988). Through a detailed and systematic study of
fusulinids, Cheong et al. (1983) recognized that the
Upper Carboniferous strata are not developed and
insisted that the Bamchi Formation is underlain
paraconformably by the Pangyo Formation. Lee
(1985) studied conodonts of the Hongjeom Forma-
tion of the Yeongweol coal field and established four
conodont biozones. According to him, the geologic
age of the formation ranges from the Morrowan
to Missourian series of the Carboniferous Period.
Park (1990) studied conodonts of the Bamchi For-
mation and ascertained the geologic age of the for-
mation as the Asselian to Sakmarian stage of the
Lower Permian Period.

The purpose of this paper is to carry out a sys-
tematic and detailed study on conodont fauna of
the Bamchi Formation and to establish its biostrati-
graphy.

The illustrated conodont specimens are deposited
at the Department of Geology, Kangwon National
University under the catalogue numbers of DGKU
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Fig. 1. The geologic map of the study area and col-
lecting localities, 1. Cambro-Ordovician Cho-
seon Supergroup; 2. Yobong Formation; 3. Pan-
gyo Formation; 4, Bamchi Formation; 5. Mitan
Formation. L1, Bamchi section I; L2, Bamchi
section II; L3, Seonghwangdang section [; L4,
Seonghwangdang section II; L5, Yobong sec-
tion; L6, A small limestone outcrop at the en-
trance to the Yobong valley. A, Bamchi; B, Hak-
jeon; C; Yobong.

93001-93027.
GEOLOGIC SETTING

The geology of the study area consists of the
Early Paleozoic Choseon Supergroup and the Late
Paleozoic Pyeongan Supergroup. The Choseon Su-
pergroup is composed mainly of carbonate rocks.
The carbonate rocks of the supergroup are charac-
terized by the prevalence of dolomites and dolomitic
limestones. This supergroup is divided into, in as-
cending order, the Sambangsan, Machari, Wagok,
Mungok, and Yeongheung Formations.

The Late Paleozoic Pyeongan Supergroup covers
unconformably the Early Paleozoic carbonate rocks.
The supergroup consists of the Yobong, Pangyo,
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Bamchi, and Mitan Formations, from bottom to top.
Yobong Formation

The Yobong Formation lies unconformably on the
Ordovician Yeongheung Formation and is covered
conformably by the Pangyo Formation. This forma-
tion consists of brown sandstone, reddish and green-
ish shale, reddish mudstone, light gray and brown-
ish and gray limestone. Some chert nodules are
included in the limestones. The bed of the basal
conglomerates crops out well in some places. The
gravels of the conglomerates are composed mainly
of quartzite with minor amount of chert gravels.
The components of the sandstone of the formation
consist of quartz and rock fragments and their
roundness is subangular to angular. The grain size
of the sandstone is medium and its sorting is poor.
The limestone of the formation consists of micrite,
biomicrite, and biosparite. This limestone contains
very abundant conodonts such as Idiognathoides opi-
mus, L. sinuatus, Declinognathodus lateralis, D. nodu-
liferus, Diplognathodus elesmerensts, D. coloradoensts,
Hindeodus minutus, Neognathodus bothrops, Neogon-
dolella clarki, Idiognathodus delicatus, and Adetogna-
thus sp. These conodonts indicates that the geologic
age of formation ranges from the Morrowan to Ato-
kan Series of the Middle Carboniferous Period.
Based on the fusulinid study, Lee (1984) suggested
that the geologic age of the formation is Bashkirian
Stage of the Middle Carboniferous time. The thick-
ness of the formation is about 105 meters.

Pangyo Formation

This formation consists of the gray shale, lime-
stone and fine sandstone. Some cherts are included
in the limestones. The sandstone of the formation
is composed of quartz and rock fragments. Some
tourmaline grains are observed. The limestone con-
sists mainly of the biosparite. This limestone con-
tains abundant conodonts such as Neognathodus
roundyi, N. medexultimus, Idiognathodus delicatus,
Diplognathodus edentulus, D. orphanus, D. n. sp. A,
Gondolella bella, Streptognathodus excelsus. Among
these conodonts, it is well known that neognatho-

Table 1. The classification of the Pyeongan Super-
group of the study area

Period Formation
Mitan Formation
Permian Bamchi Formation

~~~~(Unconformity)~~~~

. Pangyo Formation
Carboniferous .
Yobong Formation

~~~~(Unconformity)~~~~

Ordovician Yeongheung Formation

dids occur only up to the Desmoinesian Series of
the Middle Carboniferous Period. But in Seong-
hwangdang area, some conodonts of Streptognatho-
dus excelsus, Idiognathodus tersus, Diplognathodus
edentulus, Gondolella bella are found except for neo-
gnathodid conodonts from the upper limestone beds
of the formation. This fact is not clearly understood
yet whether it is caused by the ecofacial dependence
of neognathodids or the age of the upper part of
the Pangyo Formation is younger than the Middle
Carboniferous rocks. The thickness of the formation
is about 85 meters at Seongwhangdang area.

Bamchi Formation

This formation is underlain unconformably by the
Pangyo Formation and is overlain conformably by
the Mitan Formation. The formation consists of gray
shale, sandstone and limestone. Some chert nodules
are contained in the limestones. The sandstone is
composed mainly of quartz grains and contains
some rock fragments. The grain size of sands is
mostly medium and their roundness is angular to
subangular. The limestone is almost biosparites.
This limestone contains abundant fossils such as
fusulinids, small foraminifers, brachiopods, corals,
and conodonts. The important conodonts are Strep-
tognathodus elegantulus, S. elongatus, S. wabaunsen-
sis, S. barskovi, Idiognathodus ellisoni, Hindeodus mi-
nutus, Diplognathodus expansus, D. moori, and D.
triangularis (Tables 2-6). Based on these conodonts,
it can be said that the geologic age of the formation
is Asselian to Sakmarian Stage of the Lower Per-
mian (more detail see the following CONODONT
BIOSTRATIGRAPHY section).
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Table 2. Conodonts of the Bamchi Formation at Bamchi section |

Sample Number Bal | Ba2 | Ba3 | Ba4 | Ba5 | Ba6 | Ba7 | Ba8 | Ba9 | Bal0

Sample Weight (kg) 2.7 23 1.3 3.0 1.0 21 15 2.5 3.2 2.8

D. expansus 2 6 8 9 3 1

D. moori 6 7 4 1

Idiognathodus ellisoni 3

Hindeodus minutus 3 1 1 4

Streptognathodus elegantulus 1 2

S. elongatus 25 3 3 11 2 15 4 18

S. wabaunsensis 1 6 2 4 2 1 2 3

Total 12 34 11 12 15 10 12 29 7 22

It is characteristic that the conodont fauna of the
Bamchi Formation is abundant in Diplognathodids
indicating shallow and high energy environmental
condition and lacks Neogondolellids which show
deep and low energy environment. Therefore, it
can be said that the limestones of the Bamchi For-
mation deposited in shallow and high energy envir-
onment. The thickness of the formation is about
85 meters (Lee, 1984).

Mitan Formation

This formation lies on the Bamchi Formation con-
formably and its upper parf contacts with the Early
Paleozoic Great Limestone Group by the Machari
Thrust Fault. The formation consists of dark gray
medium sandstones and shale. In the upper part
of the formation, three coral seams are intercalated.
The sandstone of the formation is composed mainly
of quartz and subordinately feldspar and rock frag-
ments. The roundness of the sand grains is sub-
angular to subrounded. The sandstone of the forma-
tion is poorly sorted. The thickness of the formation
is about 300 meters (Lee, 1984).

CONODONT BIOSTRATIGRAPHY
OF BAMCHI FORMATION

To carry out a paleontological and biostratigraphi-
cal study of conodonts of the Bamchi Formation,
five sections were measured (Fig. 1) and limestone
samples were collected systematically (Fig. 2). Some
supplemental samples were also collected.These

samples were dissolved in 15% acetic acid to obtain
conodonts. The dissolved residues were dried and
then concentrated in the heavy liquid (Bromoform,
D=284). I found abundant conodonts from the
limestones of the Bamchi Formation. The conodonts
are Diplognathodus expansus, D. moori, D. triangula-
ris, Hindeodus minutus, Idiognathodus ellisoni, Strep-
tognathodus elongatus, S. barskovi, S. elegantulus, and
S. wabaunsensis (Tables 2-6). Based on these cono-
donts, the Streptognathodus elongatus Zone is estab-
lished. Of these conodonts, the occurrence of Diplo-
gnathodus triangularts should be notified. This form
is found from a small outcrop of the reddish gray
limestone at the entrance to the Yobong valley (col-
lection locality L6 in Fig. 1). This species is found
together with many forms of Streptognathodus elon-
gatus and Diplognathodus expansus. According to
Ding and Wan (1990), D. triangularis appears first
from the base of the Sweetognathus whitei Zone of
the Taiyuan Formation in the south of the North
China Platform. In the stratotype of the Lower Per-
mian System in the Ural Mountains, the S. white:
Zone is recognized in the Artinskian Stage (Mov-
shovich ef al., 1979). Moreover, it is known that
most of the Streptognathodids disappeared before
the appearance of S. whitei. The co-occurrence of
D. triangularis together with S. elongatus and D.
expansus in the Bamchi Formation of the study area
needs more detailed study to clarify wheather D.
triangularis appears earlier than A. whitei or the
range of S. elongatus exceeds the base of the S.
whiter Zone. Or it is a mixing fauna.
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Fig. 2. Sampling horizons of the measured sections.
A, Bamchi section II; B, Bamchi section I; C,
Seonghwangdang section II; D, Seonghwang-
dang section I; E, Yobong section. Ls, Lime-
stone; Sh, shale; Ss, sandstone.

Streptognathodus elongatus Zone

The base of the Streptognathodus elongatus Zone
is defined by the first appearance of the name-giving
species and the upper boundary of the zone is by
the first occurrence of the Sweetognathus whitei or
Diplognathodus triangularis (Fig. 3). But the upper
boundary of the zone is not defined clearly in the
study area. The characteristic species of the zone

Streptognathodus
Taxa
elongatus Zone

D. expansus
D. moori

D. triangularis

Hindeodus minutus

Idiognathodus ellisoni

Streptognathodus elegantulus
S. elongatus

S. wabaunsensis -

Fig. 3. The zonal range of the conodonts of the Bamchi
Formation,

are Streptognathodus elongatus, S. elegantulus, S.
barskovt, S. wabaunsensis, Hindeodus minutus, Diplo-
gnathodus expansus, D. moori, and Idiognathodus elli-
soni (Tables 2-6). This zone was recognized at the
Seonghwangdang and Bamchi sections. Park (1989)
studied the conodonts of the Unamsa Formation
of the Lower Permian in Nongam area of the south-
ern part of the Mungyeong coal field and he estab-
lished the Streptognathodus elongatus Zone and the
Sweetognathus whitei Zone. The S. elongatus Zone
of the study area can be correlated well with the
S. elongatus Zone of the Unamsa Formation in
Nongam area. Ding and Wan (1990) studied conodo-
nts of the Taiyuan Formation in the south of the
North China Platform and established two conodont
assemblage zones: the Streptognathodus elongatus -
S. wabaunsensis - S. fuchengensis Assemblage Zone
and the Sweetognathus whitei - Diplognathodus tria-
ngularis Assemblage Zone. Their former assemblage
zone can be correlated with the present Streptogna-
thodus elongatus Zone. The correlation of the cono-
dont zone of the Bamchi Formation with that of
Nongam area, N. America, Japan, China, and Ural
Mountains is shown in Table 7.

SYSTEMATIC PALEONTOLOGY

Genus Diplognathodus Kozur and Merril, 1975,
Diplognathodus expansus (Perimutter, 1981)
Pl 11, figs. 6-12

1975 Ozarkodina expansus n. sp. Perlmutter, p. 98,
pl. 3, figs. 1-16. [p element]
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Table 3. Conodonts of the Bamchi Formation at Bamchi section 11
Sample Number Bil | Bi2 | Bi3 | Bi4 | Bi5 | Bi6 | Bi7 | Bi8 | Bi9 |Bi10| Bill | Bi12 | Bi13 | Bil4 | Bil5
Sample Weight (kg) 1512031112 127,15{12[23|3219 | 25| 35| 28 | 1.3 | 50
D. expansus 1 5 55 2 1 27
Hindeodus minutus 2 30 1 1 3
Streptognathodus elegantulus 1 5 1
S. elongatus 18| 7 400 | 2 7 5 |15 16 | 27 5 10 1
S. wabaunsensis 40 312 8 | 14 3
Total 3 |18 | 8 5 15630 3 8 21| 2 24 | 45 5 13 | 33

1990 Diplognathodus augustus Igo, Park, p. 99-100,
pl. 1, figs. 4-7.

Description: This species is characterized by the
smooth surface of the platform. The platform (cup)
occupies about two-thirds to three quarters of the
posterior part of the conodont. The outline of the
platform is oval to round. The short blade meets
the median of the platform and continues posterior-
ly as a high carina. The posterior portion of the
cup extends beyond the posterior end of the carina.
In upper view, the conodont is straight or curved
slightly inwards. The inner platform is slightly nar-
rower than the outer one. The carina consists of
a knife-edge-like ridge. In lateral view, the height
of the upper edge is almost straight or decreases
slowly posteriorly. The anterior most denticle is
wider and higher than the other denticles on the
blade. The number of the denticles on the blade
is four or so. The carina stands high above the
cup. In lower view, the basal cavity is widely expan-
ded and oval to round in outline.

Remarks: Diplognathodus expansus is similar to
Middle Carboniferous Diplognathodus coloradoensis
and D. orphanus in the smoothness of the surface
of the cup. But D. expansus differs from D. colora-
doensis in lacking a depression betwen the carina
and blade. D. orphanus is different from D. expansus
in having a nodose carina. D. expansus is similar
to D. triangularis in the smoothness and wideness
of the platform. But the latter differs from the for-
mer in having a more wider triangular platform.
D. expansus is very similar to D. edentulus. The
former differs from the latter in having a more ex-
panded basal cavity and a smaller ratio of the blade
and piatform length.

Material studied: More than 481 specimens.

Occurrence: D. expansus occurs in the Streptogna-
thodus elongatus Zone of the Bamchi Formation at
Bamchi, Yobong, and Seonghwangdang sections.

Diplognathodus moori (von Bitter, 1972)
PL II, figs. 4, 5

1972 Awnchignathodus moori n. sp. von Bitter, p.
67-68, pl. 7, figs. 3a-f.

1990 Diplognathodus moori (von Bitter), Park, 100-
101, pl 1, figs. 1, 2.

Description: A small species of Diplognathodus
is characterized by the denticulated carina and the
smoothness of the cup. In upper view, the conodont
is straight. The blade meets the median of the cup
and continues as a carina posteriorly. The carina
consists of isolated high denticles. The outline of
the cup is oval to subelliptical. The cup occupies
posterior about three quarters of the conodont.
Viewed laterally, the carina is high and the upper
edge of the conodont is straight. The anterior and
posterior margins are vertical. A microstructure of
fine striations on the denticles can be observed un-
der high magnification. In lower view, a large, thin
walled, subelliptical basal cavity is developed.

Remarks: Diplognathodus moori is very similar
to other Diplognathodids in the smoothness of the
platform surface. But its unique feature is denticu-
lated carina.

Material studied: 35 specimens.

Occurrence: Diplognathodus moori occurs in the
lower part of the Streptognathodus elongatus Zone
of the Bamchi Formation at Seonghwangdang and
Bamchi sections.
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Diplognathodus triangularis Ding and Wan, 1990
PL 11, figs. 13-17

1990 Diplognathodus triangularis n. sp. Ding and
Wan, p. 143, pl, figs. 4, 5, 7, 9, 11

Description: A smaller species of Diplognathodus
is characterized by the wide triangular shape of
the platform (cup). The long and straight anterior
margin of the platform meets the blade with right
angle. The platform is pointed posteriorly. The sur-
face of the platform is smooth. The platform occu-
pies about three-fourths to two-thirds of the cono-

Soo-In Park

dont. The short blade meets the median of the plat-
form and continues as a carina posteriorly. The
conodont is nearly straight in upper view. The ca-
rina consists of a knife-edge-like ridge. In some
specimens, small nodes are developed at the poste-
rior end of the carina. The length of the conodont
is shorter than its width. The ratio of the length
to width of the conodont is about 0.9. In lateral
view, the height of the upper edge of the conodont
is straight. The posterior margin of the carina is
vertical. In lower view, the basal cavity is widely
expanded triangular shape in outline.

Figs. 1,

Figs. 3,

W AN =N

8. DGKU 91005; X 70. SH-8, Seonghwangdang section II.
9. DGKU 91006; X 76. Bi-11. Bamchi section IIL
10. DGKU 93004; X 34. SH-15, Seonghwangdang section II
11. DGKU 93005; X 36. SH-4, Seonghwangdang section I
12. DGKU 91007; X 71. Bi-12, Bamchi section II.
13. DGKU 93006; X 35. SH-17, Seonghwangdang section Il
14. DGKU 93007; X 55. SH-9, Seonghwangdang section IL
15. DGKU 93008; X 42. SH-14, Seonghwangdang section I
16. DGKU 93009; X 43. Bi-5, Bamchi section II.
17. DGKU 93010; X 32. Bi-5, Bamchi section II.
Figs. 18-24. Streptognathodus wabaunsensis Gunnell, 1933
18. DGKU 91009; X 41. Bi-14, Bamchi section II.
19. DGKU 93011; X 36. SH-14, Seonghwangdang section II.
20. DGKU 91011; X 88. Bi-11, Bamchi section II.
21. DGKU 91012; X 39. Bi-11, Bamchi section IL
22. DGKU 93012; X 34. Bi-5, Bamchi section II.
23. DGKU 93013; X 34. Bi-5, Bamchi section II.
24. DGKU 93014; X 45. SH-9, Seonghwangdang section II.

Explanation of Piate I

(All shown in upper view, unless otherwise stated)

. Idiognathodus ellisoni Clark and Behnken, 1971

. DGKU 91003; X 44. Se-2, Seonghwangdang section I
. DGKU 93001; X 46. Ba-2, Bamchi section L.

. Streptognathodus barskovi Kozur, 1975

. DGKU 91008; X 31. Se-1, Seonghwangdang section L.

. DGKU 91010; X 43. Ba-6, Bamchi section 1.

Figs. 5-7. Streptognathodus elegantulus Stauffer and Plummer, 1932
5. DGKU 93002; X 91. SH-9, Seonghwangdang section IL
6. DGKU 93003; X 84. SH-9, Seonghwangdang section II.
7. DGKU 91004; X 88. Bi-3, Bamchi section Il

Figs. 8-17. Streptognathodus elongatus Gunnell, 1933
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Table 4. Conodonts of the Bamchi Formation at Seonghwangdang section | and at collecting locality L6

Sample Number Sel | Se2 | Se3 | Sed | Seb | Seb | Se7 | Se8 L6
Sample Weight (kg) 3.0 29 2.0 2.0 2.0 3.9 1.6 2.1 2.5
D. expansus 5 40
D. moori 2 2

D. triangularis 16
Hindeodus minutus 2 1 13
Idiognathodus ellisoni

Streptognathodus elegantulus 1 3

S. elongatus 11 7 22 13 23
S. wabaunsensis 5 R 9 1 3 5
Total 19 17 15 1 31 19 1 97

Table 5. Conodonts of the Bamchi Formation at Seonghwangdang section II

Sample Number SH1|SH2|SH3|SH4|SH5|SH6(SH7|SH8|SHS(SH10{SH11|SH12{SH13|SH14|SH15|SH16{SH17{SH18
Sample Weight (kg) 33131(25[20[25(17(22(19|46| 37| 2520|2133 |23]|35]|22)25
D. expansus 50 (3311 1) 2| 4] 7 5 1 | 4 112 |3 1 1
D. moori 10, 2 1

Hindeodus minutus 81 4 1 1 1 2
Streptognathodus elegantulus 2 3 1 2| 1 2

S. elongatus B85 9|11 |11]21]2 |23 8 1 7122 2 27 9
S. wabaunsensis 2 31 4) 511 711 1 1 91| 2 2 2
Total 83 (59| 6 | 13|17|23 (29| 3 (38| 9 | 12| 6 9 13 7 |32 |32]12

Remarks: Diplognathodus triangularis is similar
to other Diplognathodid forms in smoothness of the
platform surface. Its unique feature is widely ex-
panded triangular outline of the platform.

Material studied: 19 specimens.

Occurrence: The specimens of D. triangularis are
found only from a small limestone outcrop near
the entrance to Yobong valley (L6). The biostrati-
graphic significance of its occurrence is still debata-
ble in the study area (detailed discussion see the
BIOSTRATIGRAPHY section).

Genus Hindeodus Rexroad and Furnish, 1964
Hindeodus minutus (Ellison, 1941)
PL 11, figs. 1-3

1941 Spathodus minutus n. sp. Ellison, p. 120, pl.
20, figs. 50-52.

1975 Ozarkodina wminuta (Ellison), Perlmutter, p.
102-103, pl. 2, figs. 26-30. [p element]

1981 Anchignathodus

minutus  minutus (Ellison),

Igo, p. 26, pl. 10, figs. 5, 8§, 11.

1981 Anchignathodus minutus permicus n. subsp.
Igo, p. 26-27, pl. 10, figs. 1-4.

1990 Hindeodus typicalis (Sweet), Park, p. 101, pl.
1, fig. 18.

Synonym lists by 1975 see Perlmutter.

Description: This conodont is slightly arched and
blade-like in outline. The surface of the cup is
smooth. The erect cusp is triangular in lateral view
and is more wider than the other denticles. On
the anterior edge, two or three small denticles are
developed. The posterior process consists of round
nodes. Under the high magnification, microstructure
of fine striations are observed on the surface of
denticles. In lower view, a narrow, subelliptical basal
cavity is present. The basal cavity occupies the pos-
terior three-fourths of the unit. The basal cavity
continues as a groove under the anterior part of
the conodont.

Remarks: Hindeodus minutus is very similar to
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Table 6. Conodonts of the Bamchi Formation at Yobong section

Sample Number Yol Yo2 Yo3 Yod Yo5 Yo6 Yo7
Sample Weight (kg) 3.9 4.7 4.6 2.0 2.8 2.0 25
D. expansus 20 44 20 7 20 32 16
Hindeodus minutus 4 3 2 1 2
Streptognathodus elegantulus 1 2 7 3

S. elongatus 16 28 30 90 19 33
S. wabaunsensis 1 1 1 3 1 2
Total 37 102 54 43 122 56 53

H. typicalis. The height of the upper edge of H
typicalis diminishes gradually from the cusp to its
rear end. But in H. minutus, the upper edge tends
to be an abrupt offset immediately behind the cusp.

Material studied: More than 94 specimens.

Occurrence: Hindeodus minutus occurs in the
Streptognathodus elongatus Zone of the Bamchi
Formation at Bamchi, Yobong, and Seonghwangdang
sections.

Genus Idiognathodus Gunnell, 1931
Idiognathodus ellisoni Clark and Behnken, 1971
PL I, figs. 1, 2

1971 Idiognathodus ellisoni n. sp. Clark and Behn-
ken, p. 435-436, pl. 1, figs. 15-21.

Description: Idiognathodus ellisoni is character-
ized by the concave platform surface covered with
parallel fine transverse ridges. The inner accessory
lobe may be present or absent. The long blade
meets the median of the platform and continues
posteriorly as a carina very short distance. The ca-
rina meets the transverse ridge with right angle.
A slit like median trough may be developed on the
posterior part of the platform surface. The basal
cavity is deep and long and continues as a groove
on the underside of the blade.

Material studied: Four specimens.

Remarks: The present specimen is different from
the holotype of I ellisoni in weakness or lacking
of accessory lobe. I ellisoni differs from L delicatus
in the more concave surface of the platform. Perl-
mutter (1975) considered this species as a synonym
of Streptognathodus wabaunsensis, but 1 think 1 elli-
soni is valid species because it lacks a typical me-

dian trough of Streptognathodids.

Occurrence: This form occurs in the lower part
of the S. elongatus Zone of the Bamchi Formation
at Seonghwangdang and Bamchi sections.

Genus Streptognathodus Stauffer and Plummer,
1932
Streptognathodus elegantulus Stauffer
and Plummer, 1932
PL 1, figs. 5-7

1932 Streptognathodus elegantulus n. sp. Stauffer
and Plummer, p. 47-48, pl. 4, figs. 6, 7, 22, 27.
1972 Streptognathodus elegantulus  Stauffer and
Plummer, Von Bitter, p. 52-53, pl, 1, figs. la-
e. [sp element]
1975 Idiognathodus elegantulus (Stauffer and Plum-
mer), Perlmutter, p. 99-100, pl. 1, figs. 3-12.
[p element]
Lists of the synonym by 1968 see Von Bitter, 1972.
Description: Streptognathodus elegantulus is char-
acterized by the narrow and long platform and a
long carina. The long blade meets the median of
the platform and continues posteriorly as a carina.
The anterior part of the carina consists of a ridge
and changes gradually into a low and narrow nodose
ridge. It reaches nearly the end of the platform.
The median trough is deep and long. The inner
and outer margins of the platform are composed
of round nodes. No accessory lobe is present.
Remarks: This form is different from the other
Streptognathodids in lacking accessory lobe and
having narrow platform. S. elegantulus was found
firstly from the Graford Formation in Texas, N.
America (Stauffer and Plummer, 1932) and its occur-
rence was reported continuously from many strata
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of the Upper Carboniferous of the world. The occur-
rence of Permian S. elegantulus is not so much
known. Its Permian specimens were known from
the Admire and Council Grove Groups in Kansas,
US.A. (Perlmutter, 1975).

Material studied: More than 46 specimens.

Occurrence: This form occurs in the Streptogna-
thodus elongatus Zone of the Bamchi Formation at
Seonghwangdang, Yobong, and Bamchi sections.

Streptognathodus elongatus Gunnell, 1933
PL I, figs. 8-17

1933 Streptognathodus elongatus Gunnell n. sp., p.
283-284, pl. 33, fig. 30.

1933 Streptognathodus simplex Gunnell n. sp., p. 285,
pl. 33, fig. 40.

1941 Streptognathodus elongatus Gunnell, Ellison, p.
130, pl. 22, fig. 3.

1975 Idiognathodus elongatus (Gunnell), Perimutter,
p. 99-100, pl. 1, figs. 3-12.

Soo-In Park

1981 Streptognathodus elongatus Gunnell, Igo, p. 43-
44, pl. 7, figs. 10, 12-15.

1990 Streptognathodus elongatus Gunnell, Park, p.
101-102, pl. 1, figs. 8-11.

Description: Streptognathodus elongatus is charac-
terized by the deep median trough, short carina
and lack of the accessory lobe. The long blade meets
the median parts of the platform and continues as
a carina posteriorly. The carina reaches about one-
third of the platform and ends abruptly. The plat-
form is long and its surface is ornamented with
parallel transverse ridges which are interrupted by
the shallow median trough. The platform curves
inward where the carina ends. In lateral view, the
platform begins to decline posteriorly where the
carina ends. The basal cavity is long and deeply
excavated and continues as a groove on the under-
side of the blade.

Remarks: Streptognathodus elongatus differs from
S. elegantulus

in possessing longer transverse

Explanation of Plate IT

(All shown in upper view, unless otherwise stated)

Figs. 1-3. Hindeodus minutus (Ellison, 1941)

[ R

Figs. 4, 5. Diplognathodus moori (von Bitter, 1972)

. DGKU 91001; X 82. Bi-12, Bamchi section II. Lateral view.
. DGKU 93015; X 68. Bi-5, Bamchi section II. Lateral view.
. DGKU 93016; X 64. SH-2, Seonghwangdang section II. Lateral view.

4. DGKU 93017; X 131. Se-7, Seonghwangdang section I. Lateral view.
5. DGKU 93018; X 94. SH-1, Seonghwangdang section II. Lateral view.

Figs. 6-12. Diplognathodus expansus (Perlmutter, 1981)
. DGKU 93019; X 110. SH-1, Seonghwangdang section II.
. DGKU 93020; X 76. SH-2, Seonghwangdang section II
. DGKU 93021; X 104. SH-9, Seonghwangdang section II
. DGKU 93022; X 77. Collecting locality L6.
10. DGKU 93023; X 86. Collecting locality L6.

(<= e SRR B )

11. DGKU 91015; X 78. Ba-7, Bamchi section 1. a, upper view; b, lateral view.
12. DGKU 93024; X 90. SH-1, Seonghwangdang section II.

Figs. 13-17.

Diplognathodus triangularis Ding and Wan, 1990

13.
14.
15.
16.
17.

DGKU 91018; X 90.
DGKU 93025; X 74.
DGKU 91016; X 74.
DGKU 93026; X 97.
DGKU 93027; X 77.

Collecting locality L6.
Collecting locality L6.
Collecting locality L6. a, upper view; b, lateral view.
Collecting locality L6.
Collecting locality L6.
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Table 7. The correlation of the conodont zone of the Bamchi Formation with that of other areas

present Nongam area N. America China Japan Ural Mts.
paper (Park, 1989) (Clark, et (Ding & (Igo, 1981) (Movshovich
al, 1979) Wan, 1990) et al, 1979)
N. bisselli- S. whitei- N. bisselli- N. bisselli-
S. white S. whitet D. triangularis S. whitei S. whitei
St. St. St. St. elongatus St. St. elongatus-
elongatus elongatus elongatus St. wabau.- elongatus St.wabaunsensis
St. fuche.

D, Diplognathodus; N., Neogondolella; S., Sweetognathus; St, Streptognathodus

ridges, i.e., in the wider platform. The carina of
the former extends about one-third of the platform
and ends abruptly, whereas the carina of the latter
reaches nearly the rear end and its height decreases
slowly. S. elongatus differs from S. wabaunsensis
in lacking an inner accessory lobe.

Material studied: More than 1158 specimens.

Occurrence: S. elongatus occurs in the S. elonga-
tus Zone of the Bamchi Formation at Bamchi, Yo-
bong, and Seonghwangdang sections.

Streptognathodus wabaunsensis Gunnell, 1933
PL 1, figs. 18-24

1933 Strepiognathodus wabaunsensis n. sp. Gunnell,
p. 284, pl. 33, fig. 32.

1933 Streptognathodus walteri n. sp. Gunnell, p. 284,
pl. 33, fig. 31.

1933 Streptognathodus acuminatus n. sp. Gunnell,
p. 285, pl. 33, fig. 33.

1933 Streptognathodus farmeri n. sp. Gunnell, p. 285,
pl. 33, fig. 34.

1933 Streptognathodus flangulatus n. sp. Gunnell, p.
285, pl. 33, fig. 35.

1941 Streptognathodus simulator n. sp. Ellison, p.
132, pl. 22, fig. 25, 27.

1941 Streptognathodus wabaunsensts Gunnell, Elli-
son, p. 131, pl. 22, figs. 18, 19, 21, 22.
1990 Streptognathodus wabaunsensis Gunnell, Park,

p. 102, pl 1, figs. 12-15, 16, 17.
Description:  Streptognathodus wabaunsensis is
characterized by the wide platform and possessing
an inner accessory lobe. The concave platform sur-
face is ornamented with long transverse ridges

which are interrupted by shallow median trough.
The long blade meets the median part of the plat-
form and continues posteriorly as a carina. The ca-
rina reaches about one-third of the anterior part
of the platform and ends abruptly. The platform
curves inwards where its width is greatest. An inner
accessory lobe is present and composed of one to
five nodes. The basal cavity is deep and long and
continues anteriorly as a groove on the underside
of the blade.

Remarks: S. wabaunsensis differs from the other
Streptognathodids in having an inner accessory
lobe.

Material studied: More than 174 specimens.

Occurrence: S. wabaunsensis occurrs in the S.
elongatus Zone of the Bamchi Formation at Bamchi,
Yobong, and Seonghwangdang sections.

LOCALITIES OF SAMPLE
COLLECTIONS

Bamchi section 1(L1): The limestone beds of the
Bamchi Formation crop out along the route 413 near
the Bamchi pass (Long. 128°28'50"E; Lat. 37°18
01"N).

Bamchi section II(L2): The limestone beds of
the Bamchi Formation crop out along the route 413
near the closed Bamchi Elementary School (Long.
128°28'44"E; Lat. 37°17'57"N).

Seonghwangdang section 1(L3): The lower part
of the Bamchi Formation crop out at small valley
near the Seonghwangdang (Long. 128°28'49"E; Lat.
37°16'33"N).

Seonghwangdang section II (L4): Thick limestone
beds of the lower part of the Bamchi Formation
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crop out along the slope of the left side of small
valley, Seonghwangdang section I(Long. 128°28
44"E; Lat. 37°16'33"N).

Yobong section (L5): The limestone beds of the
Bamchi Formation at the mountain slope of the Yo-
bong valley (Long. 128°28'37"E; Lat. 37°16'29"N).

Location L6: The dark brownish reddish, flat
limestone near the entrance to the Yobong valley
(Long. 128°28'37"E; Lat. 37°16'20"N). Its thickness
is ahout one meter.
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