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Fig.1 Geologic map of the study area and representative stratigraphic sections for the Hagjeon Formation and
the Duho Formation. Sites for fossil scaphopods are marked by x in the geologic map (modified from

Seong et al., 2009).
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Fig.2 Life style (A) and morphological characters of
modern scaphopods (B). Note that a few
diagnostic characters including aperture shape,
surface ornamentation and shell's curvature.
ch=shortest length of shell, d1=diameter of
aperture, d2=diameter of apex (modified from
Pojeta, 1987).
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Table 1 Selected measurements of fossil scaphopod taxa from the Hagjeon and the Duho Formation

Species di(mm) | d2(mm)
Fissidentalium yokoyamai 61.5 2.4 1.5 2.2 63.1 390 14.74
Fissidentalium Fissidentalium sp. A 208 18 17 0.8 231 865 9.90
Fissidentalium sp. B 59.7 1.8 99 2.1 61.8 3.02 12.62
Rhabdus Rhabdus sp. A 60.4 - 32 32 60.4 - -
Rhabdus sp. B 536 - 31 3.1 536 - -

% A arcuation rate of shell = (hx100/ch), E: expansion rate of shell = ((d1-d2)x100/1), ch, h, d1, and d2 are in figure 2

Fig.3 Three—dimensionally preserved scaphopod fossils found from the Hagjeon Formation. They are all
preserved in gravelly coarse to medium sandstone and classified as Fissidentalium yokoyamai (A, B, D)
and Rhabdus sp. A (C).
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Fig.4 Compressed specimens of Fissidentalium yokoyamai (A~G) and Fissidentalium sp. B (H, 1), and Rhabdus
sp. B (arrows in A). All the specimens of F. yokoyamai were found within the coarse to medium sandstone
of the Hagjeon Formation while only two specimens of Fissidentalium sp. B were within the mudstone of
the Duho Formation. Note that two species are clearly recognizable in both size and surface

ornamentation.
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Fig.5 Bivariate plot of length and aperture diameter of
Fissidentalium yokoyamai found from the Hagjeon
Formation, documenting an isometric growth of
the species Fissidentalium yokoyamai.
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Fig.6 Fissidentalium sp. A from the Hagjeon Formation. The species is similar to Fissidentalium yokoyamai in
general curvature and longitudinal sculpture but differ in small size and tapering and pointed tips. It
seems to have a median line (arrow in D, E) but it is a breakage line formed when compressed.
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Fig.7 Scaphopod fossil Rhabdus sp. A from the Hagjeon Formation. The species is characterized by nearly
straight shell and fine growth lines, and differ from the species of Fissidentalium in having no longitudinal
sculptures. Very fine growth lines are well developed (H), and other invertebrate fossils are often found

together (scallops and crabs in A and bivalves in E).
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Systematic Paleontology

All fossil specimens illustrated in this paper are collected from outcrops of Pohang 4th Industrial Complex area of
the Hagjeon Formation and outcrops of Bukbu beach area of the Duho Formation. Sampling localities and
collection numbers are provided for the type specimen, and all the fossils are temporarily deposited at
paleontology lab of Kyungpook National University (PKNU),

Class Scaphopoda Bronn, 1862
Order Dentaliida da Costa, 1776
Family Dentaliidae Children, 1834
Genus Fissidentalium Fischer, 1885
Fissidentalium ergasticam Fischer, 1985
Fissidentalium yokoyamai Makiyama, 1931
Fig. 3A, B, D, and Fig, 4A~G

Materials : 50 specimens (Collection number PKNUSC 01-50)

Description : Both three dimensionally preserved and compressed specimens are found, Shell slightly curved
(average of arcuation rate = 3,90%), straight shells also found, gradually tapering toward apex (average of
expansion rate = 5,43%), shell thickness is ca. 0.54 cm, largest specimens 7.8 cm in length and 12,3 cm in anterior
diameter, cross section circular or elliptical 12,3 mm at anterior diameter, 1.8 mm at posterior diameter, Surface
sculptured by 24 to 30 longitudinal ribs and concentric growth lines, however growth lines are often vague, no
interstitial riblet observed.,

Remark : This species is found within the gravelly coarse sandstone and the fine mudstone beds, which indicates
it may have lived in shallow to deep environments, Cross section of this species often show elliptical in shape.
This does not seem to be original but probably due to compression during diagenesis,

Fissidentalium sp, A
Fig. 6A~E

Materials : 31 specimens (Collection number PKNUSC 51-81)

Type Specimens : The specimens illustrated in Fig. 6B and D is designated as type for this species; collection
number is PKNUSC 51 for Fig, 6B and PKNUSC 52 for Fig, 6D,

Description : No three dimensionally preserved specimens, shell stongly curved (average of arcuation rate =
8.65%), no straight shells found, gradually tapering toward apex (average of expansion rate = 9,90%),
characterized by very pointed tip, largest specimens 2,31 cm in length, cross section are not observed, Surface
sculptured by faintly developed longitudinal striae, and no growth lines.

Remark : This species is found only within the fine sandstone beds of the Hagjeon Formation. General
morphology is very similar to that of Fissidentalium yokoyamai but no other characters (e.g. , surface structures and
cross section of the shell) recognised, which leads to erect a temporarily unknown species, Fissidentalium sp. A, A
median line is often detected in some specimens, however this is probably formed by breakage of shells when
compressed because the line tends to end in the middle of shells,
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Fissidentalium sp. B
Fig, 4H, I

Materials : 5 specimens (Collection number PKNUSC 82-86)

Type Specimen : The specimens illustrated in Fig, 41 is designated as type for this species; collection number is
PKNUSC 82 for Fig. 41

Description : No three dimensionally preserved specimens, shell very slightly curved (average of arcuation rate =
3.02%), no straight shells found, gradually tapering toward apex (average of expansion rate = 12.62%), largest
specimens 59.7 mm, cross section are not observed, anterior diameter 9.9 mm and posterior diameter 2.1 mm,
smooth surface and no omamentation,

Remark : Only a few specimens of this species (5 specimens) are found only within the mudstone beds of the
Duho Formation, General morphology is very similar to that of Fissidentalium yokoyamai but no other characters
(e.g., surface structures and cross section of the shell) recognised, and characterized by exceptionally large size,
which leads to erect a temporarily unknown species, Fissidentalium sp. B,

Family Rhabdidae Chistikov, 1975
Genus Rhabdus Pilsbry & Sharp, 1897
Rhabdus sp. A
Fig, 7A~H

Materials : 38 specimens (Collection number PKNUSC 87-124)

Type Specimens : The specimens illustrated in Fig. 7B, C are designated as type for this species; collection number
is PKINUSC 87 for Fig. 7B, and PKNUSC 88 for Fig. 7C.

Description : No three dimensionally preserved specimens, shell nearly straight, no straight shells found, shells
very thin and fragile with smooth surface, weakly tapering toward apex (average of expansion rate = 0.00%),
largest specimens 6,5 ¢m in length and 3.2 cm in diameter, either cross section or longitudinal ribs are not
observed, but characterized by very fine, closely placed growth lines.

Remark : This species is only found within the medium to fine sandstone beds of the Hagjeon Formation,
General characteristics of this species fit well to diagnosis of the genus Rhabdus Pilsbry & Sharp, 1897 but no other
characters (e.g., surface structures and cross section of the shell) recognised, which leads to erect a temporarily
unknown species, Rhabdus sp. A, More or less regularly spaced cross lines vertical to shell length are breakage
lines formed when compressed,

Rhabdus sp. B
Fig. 4A

Materials : 2 specimens (Collection number PKNUSC 125-126)

Type Specimen : The specimen illustrated in Fig. 4A is designated as type for this species; collection number is
PKINUSC 125 for Fig, 4A,

Description : Shell nearly straight or very weakly curved, weakly tapering toward apex (average of expansion rate
=0.00%), largest specimens 53.6 mm in length and 3.1 mm in diameter, either cross section or longitudinal ribs
are not observed, but characterized by closely spaced, convex to apex growth lines,

Remark : Only two specimens are found from the Hagjeon Formation, Except for concentric growth lines, no
other features (e.g. , cross section) are visible, and thus we temporarily classified this species as Rhabdus sp, B,
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ABSTRACT

A total of 126 fossil scaphopods (121 specimens from the Hagjeon Formation and 5 specimens from the Duho
Formation) were found from the Cenozoic strata, Hagjeon and Duho Formations, Pohang Basin, Korea. Five species
belonging two genera (Fissidentalium yokoyamai, F. sp. A, B, and Rhabdus sp. A, B) were classified: the most
dominant species is Fissidentalium yokoyamai. The species of Fissidentalium yokoyamai is characterized by curved
shell (accuration=3,90%) and very closely spaced longitudinal ribs on shell surfaces, while the species of Rhabdus is a
nearly straight shell characterized by concentric growth lines without longitudinal ribs. Identification of two genera is
somewhat easy due to such morphological differences but classification at generic level is hard because diagnostic
features (e.g., cross section and apical structure) are lost in the most specimens. Consequently, except for
Fissidentalium yokoyamai, the rest were classified temporarily as F. sp. A, B, and Rhabdus sp. A, B. Two types of
preservation state were recognized: one is three-dimensionally preserved specimen (3D specimen) and the other is
compressed specimen, Internal parts of the 3D specimen is filled with clastic sediments identical to the surrounding
sediments of the shells, which is not observed in the compressed specimens, It is, thus, concluded that the 3D fossils
were originally empty but internal cavity were immediately filled with the sediments, which may have protect from the
compaction due to pressure during deposition of the gravelly to coarse sandstone of the Hagjeon Formation,
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