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ABSTRACT: More than 500 specimens of fossil scallops were collected from the Hagjeon Formation and the
Duho Formation, Pohang Basin, Korea. The fossils were found as original calcareous shells, and internal and
external molds. Most of them were a single separated shell, and specimens with two shells attached were also
sporadically found. The scallop fossils from the two formations differ each other in composition of species and
fossilization types, and they were classified into three groups (small, middle and large scallops) based on the size
of the scallop fossils. Two species, Propeamussium tateiwai and Delectopecten peckham, were identified from
the small scallop group, and Patinopecten sp. and Patinopecten kimurai ugoensis from the middle and large groups,
respectively. Patinopecten kimurai ugoensis and P. tateiwai were interpreted as shallow and a little deep nectonic
species, respectively based on the analysis of relationship between scallop morphology and paleoecology. The
specimens of P. tateiwai (the most abundant species), despite of a same species, show different morphologies and
structures depending on fossilization types, which requires careful understanding on fossilization types and
morphological variation.

Key words: Pohang Basin, Hagjeon Formation, Duho Formation, fossil scallops, internal mold, external mold,
fossilization type
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th(Valentine, 1987). T3t 3}4-2 B EFA}of w2t
Y TYA = o ohekgt FEHR AEE,
o] 2|3t 3} o] HEGY = A ERo glofA] of

& SR ki TAESTAES AAY
AM2E 3HA o] BERYT FeHFP o TE HlolE
o|afjs} LA} -2 3t

7k 32 olEd dS 7HE A olafE
4= & M4 F shtolth 7hejH] 3HAe iR
ojufjufj Feh= g Fztal 9-zhe] meFt 27|74
o3t FUZE A F wjztdol e Bt F uf
7S o2 F0 2 BFdh= 95 Wsk] drk(Waller,
2006). Lzt 7Fe]y] 34 = Egh wjzho] et 9
Hizzt A2 g27] gl o] mfjzte] HEE = 4t
(o, HAE, WREE 9 YREE F)of wahA o
st FElE A otk Bk opyet 7he]e] 3449
Y2 N2 g F2E g R 9 Fo2 0|7
o)A 917 W&ol FjZte] o] Fo| HEE L} w}
2hA] FUgH Folle thest FefhE WA HriHayami,
1988b).

o] 712H] 314421923 L1 8111 Yokoyama
of oJaf AlFE ] A HEFA 22 BuE G
o]% 3z3} Bx|(Kanehara, 1936; Yoon, 1976, Kim
and Yoon, 1978)2} AlF= A F3EZ(Yokoyama, 1923;
Yoon, 1988)0]| 4] B E|¢l oL} thio] 7haju] 3}
A2 AAFESA A7 5t FeEd AR
Jojc} B =HofA= FL 5y ot LFEA| 2 5t
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£ 7] g ol2igt Feje] it olsh= 34
5ol v F a5t

2. X& 2

EFHEA]E= 0|3k (Kim, 1990; Yi and Yun, 1995)
& HIESH Tkt g =2 (AR 2, 2009;
Yoon and Rhee, 1982; Yun, 1985)3} S4} 4] &3}
(Huzioka, 1972; Jeong et al., 2009; Jung and Lee,
2009)0] &5-3] AFEEE f-2uEte] tiEael 4l
A A7) EHEA| oI, ZFEA|2] SA o] gt
A= Tateiwa (1924)0]) &J3)) A5 A|2He o] o
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Kim, 1965; Yoon, 1975; Yun, 1986; Kim et al., 1993;
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§(10°~30°SE) 59| AAHE w717k A &
I EF YT A FEo] AEF O R a2 H A Ho|
o3 =20 0|3t o] -2 EFEA Y] FA &
of thgt A= A7t FUEA L e &
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1982).
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= 9F14.5~11.5MaZ &4 A ich

3. J12[H] =t ME A
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Fig. 1. Geologic map of the study area. Dark circles represent sampling sites of scallop fossils.

Table 1. Morphological characters of three (small, middle and large) scallop fossil groups.

Species Valve L/H UA NR Remark
Propeamussium rlght 1.08+0.05 1100 9 very thin valve
tateiwai left 0.96+0.04 110° 9
Small notch
Scallop Delec;{o’%ect?n right  1.02£005  110° X hi;hyf‘ysfjefv‘zlgpe o
BT left  1.0040.05 _ 110° X
Middle Patinopecten sp right 0.99+0.01 110° 9~10
Scallop ' left 0.97 110° 9~10
Large Patinopecten right 1.02+0.01 110° 10~11 stout valve
Scallop kimurai ugoensis left 1.01+0.02 110° 10~11

L/H: Length/Height (mean+standard deviation), UA: umbonal angle, NR: number of radial ribs.

mold) 5 TjoFet Fej= AHZHT) thR o] Tz
2t} $7po] Belslo] YA o2 WA T )
o] siz}o] golA B WA A} 5 A5
Fheju] SHL BhAET BRG] QloiA] Mol
o] x|gk 27]) we} 3749] SHA R4 (S 1 em),
Z%(oF 4 cm) % Y 7hee] B4 (9F 10 cm)) 0 2
47 FRETHE 1),

shR 2ol e 28 (210704), 2F@AA) 2 of

F87IA) ) A S 2o] BE AHEE GO0 o] 3
IV R A2 E A 49 F1eju) Sholt
(29 2, 4). 2% 7] SH.2 sl oferelq =
EA} o) et A3 sjZte) Fe2 Ay
|k zke) SA7k vh$- gk okely] o] S
2 BAoA e TlAE FHo 2T HZhe A aie
Bk 2L o)L 22te] S5 A BejEA
U} sheEjo] sjzte] Uit 727} BRE|E Bt
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Fig. 2. Small scallop fossil, Propeamussium tateiwai, showing diverse morphology depending on its fossilization
type. (A) two valves are attached, black arrow for right valve and white arrow for left valve. (B) some part of outer
layer are lost, revealing rib structure of the inner layer. (C, E, G) left valve. (D, F, H) right valve. Left and right valves
differ in outer layer's surface structure (C, small radial lines; D, concentric growth lines), in internal radial ribs (E,
semi-developed; F, fully developed). (G, H) original calcareous materials are partly lost and thus concentric growth
lines are clearly visible as internal molds. Scale bar in H is 5 mm for all figures.
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5 23 7helu] sh4o) ke AMoln] thi £
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= w2he Wk £330 39 stelu] spa e o)
S A2 AREAA)7E ST A (82 D)ol
Ak AFEEIRITE 39 Thelu] ke AuA Q) )
7o) e & BEFG O 2 ol R A3
A go] AR AU YHBS o) Pezut 2ol
AR Q) S40) L o}gTH2 5D).

4. Jt2|H| =tMo| EHE

ARG A 221 7helu] 4L jzte) 7]
o7t Betsto] M 15 BHAR(4F, 5T L)
% 7helu] st 0 2 A TRECHE 1), A 28
of 7helu] sh 2L 379 WEbE AdaS ek
2] 17] whzol o] e FUFO 2L B
QFETHIY 3). ek ofuet 429 shaZe w2
of Pelet 4 B (AF7He] B4 o)k, BT
2u] s A} B A AlQ)) R A2 A3t
o & A7olAE 2] 2718 FAHOE st
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(Oyama, 1944; Habe, 1977; Hayami, 1988a).

4.1 28 J}2/H| &M

ST F3ZNA AEE 4F 7] 32
HE ol oA tha Aoldt FejE mA|gk A
= 94, 9%, 271 9 j7be] 2 o] wi-¥ AL
slo 2|50 W Fo] ¥isk= glrkal woE
A Z| A= Propeamussiidaex}2] Propeamussium
tateiwai (43070 A]) 2} Pectinidaex}2] Delectopecten
peckhami (307} A)) T Zo] AZE| Tk

T AZolA 4HEE 7hee] 344 F +3-FA P.
tateiwai= Q1 HAEF A= 27)(F lem)Z F
789 H(auricle) 7} ek of-¢- gF s 2HS 7171 3t
olTh(17 2). Ak el Fefi= 2 (length)o] 2+
J(height) 2o} & HA) 2o 74 (umbo) o A
Zr319] ¢F 1/3 |9 o]2&= 5 ¢ (anterior and
posterior margin)-2 Z|Alojn] o] & 2= thAd gqt
alct. 2L W31l 74 ZH(umbonal angle)2
110° Wjjo]ct. AREA Q1 oufjulj Feh= Ea] & 7)<
izt vy e g A7)9 Pt A2 = ¢
2y Fz}of vlste] =27)7} Zbar 9-7-o] vpEE &
Holl= A G A HQA AgA4lo) wdE o] 9l
= YHA(29 2A, D) WH A= A4 ti41 9
7He] WARS (radial ribs)o] A& o2 vePdTH
9 2F). webA 19 2F} o] 9-249] ojRFo] &
AJEjo] Yz LEEL 29 Yol E3
a7 BT HASL 2 (umbo)ollA] WA
(ventral margin)7}A| AR =31 ZH 0 & ZH4E 7}
SojAm AF0 2 RE 3~4¥A U= PASES 7]
0 2 WYALE 9] Higko| vl T) E3t P. tateiwaiol)
£ 429 me] A7k A4S FHoR el
g0 9li=d| Ho|(anterior auricle) 2} F(disk) 7}
= A -+ Zo|(posterior auricle)2} &2 &
Abzbe)(byssal notch)o] Ui T Fol = Folwch
SRz itk $7te) olejgt SHE olgste] jztel
A% e o 4 9l

Hzte S7uke ge) Zav) A ot 2
o AA| A Q] 2 dFo|th(1H 24, ). EFH &
2]

o] S2fake A= TREC Hzko] o)
Edlol 97o] waE SAUAY AAHAo] et
LA S AL MARAEe) 7hs AlSo] weee] 9]
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Fig. 3. Bivariate plot of length and height of scallop
fossils found from the two formations, showing three
separated clusters of specimens. Note that each cluster
indicates different fossil group, (A) small (B) middle
and (C) scallop fossil groups.
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Delectopecten peckhami= |2+ 37](1 cm)=
P. tateiwai®} VST 9 2e] F2(53] 79| FH))
€ Aolste & F9 FE2 @A g D.
peckhami®} 2} tha FE FEH|E Holw 44
< SR gt Holl B} 2717F FREHA
BEE T AZFEEE Utk (T3 4A, B). 1™ 4
oA B= AAME D. peckhami®] Z0]e} Fo|= i
i 2717t A= gk BT AF Hltl%(anter&
posteroir asynmretry)e WERATE 2] A9 Aol
ABE AR dFos ZA wolglen Mo
oF FR7L Hste Ao TAREY o] 1A HEH
o] Q131 1 Ato]of o] 1 eFe] Z2|(ctenolium)7t
=0kt =3 Aole] o F B (RSN W
AP R FAY FH7E ﬂi}iloi BHE A&
Bu7bdgEoe] glen I 92 22 7|80l &
oFUTHLH 4C). oofl Hhal -Z+2] Fol= 33}

Fig. 4. Small scallop fossil, Delectopecten peckhami.
Byssal notch is well developed in right valve (A) while
an anterior auricle is attached with disk in left valve (B).
Note that concentric growth lines are highly developed
in both valves, and that umbonal area is somewhat
swollen. (C) cross stripe structure of an anterior auricle
is preserved as an external mold. Scale bar in A, B is
2 mm and 0.8 mm in C.
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Flg 5. Large scallop (Patinopecten kimurai ugoensis, A, B, C) and 1n1ddle 5callop (Patmopec ten sp., D) nght
valve (A) is characterized by top-flat ribs while left valve (B) by rigid and top-pointed ribs. Umbonal angle (C)
is 110°. Scale bar in D represents 2 cm for A, B, 0.8 cm for C and 1 ¢m for D.

_,

1 Folet FRete] AA VL Rt A9
%EHS- —5'_—3}717P A7) Jrh(1E 4A, B). o] ™

% sjzte] Foli ee 717k A] FAsHAIT
oo meFo| A2 et 2 HzhE FET =
th. D. peckhami 2] #-$- 9|zt m5=ol= P. tateiwai]|
A BEE = PSS ¢la T4 A0l g
o] sHA| W E o] {ict.

42 T4 7i2(H| st

SHHEY o5& mRoA AEE
32 A7](4 cm We)oll hojA 27 9 BF 7t
28] A3} T 0] LR AT ARERF (% 770A) =
A1 YRECSZ A2E JiA|(T1™ 5D)E A9t 3}
Ao HE A E Este] & $20 ERdE o
o] St

%9 7]

2o 3 7helH] 3hAe sfzte] FAE W
nEEe dawel zte] 2 52wl ofd
o}, Hjzto] BEH HSE Bzpo) uj$- gobAl 4lsh
A opwl A AEEch AAHe B 2
ki) spat o] 37 wopolu] HF e 2
oA kel o 1/3 A Al A4S Wizt of
SRE tha Yo ik 288 ofspA] 2ol
22 Fejoln(1Y 5D) 27 110° ol
Aol Folol uje) tha AN AU TES
2 9lom FHoLul} 7ko Holz} It} 2R
2k sk ofz AL AL ulsst sjzte] EHe]
27 mope] HAlZ0] 9-107) werele] 9k %
o B3 of2iout Ak Wejy Exo= B
)| Pectinidae}2] Patinopecten &0l &3h= Ao =2
et

www.dbpia.co.kr



242 21ty
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P Fol AT AFEE tE ZHeH] 314 (287)A))
2 231} FF 7iein] 3H4 o ]3| fjzto] uf¢- =
3 A gl 5A-C). Aked 34 F
A Fio] 74X FHAS A Qg =E tfF 7hem] 3t
A& Patinopecten kimurai ugoensis2 55|t
o] 3} FollA| 71 E51A HuE 7heH] 3
4 2] sL}o]th(Yoon, 1976; Kim and Yoon, 1978).
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ol ALz HALS FehE A ISHE 249 T wizte]
27 L Gk whe Afstel T ajehe e
A2 47 ek het 924 Bl H2he ga
Atk e $210) Aol SAjTrelo] 49 7}
elu] 8h4jo] ula] vlekstAul wrerslof glout stz
ol gtk WAL AMRE 24 REe| 27
WA o2 SABFE WA 22t WA= He
A7 MES (T 5B) 92 PALS ] PR
£ The WHHIY 5A) BYololH wjzhe] w
TR 2T e HYzhg FEE 4 ok Ao
AR 7IRA 2 g2 Y4l 3l BH
o= FAHELY AT o] & 7IREA 2= HALE

°] 107} e 2 FHsHA T = AUt
5. E9|

51 HEAM

Aotgld AEQ 22 27435 BE2H shte]
3140 2 WAL Bohs A& o7 Fio] 24
o] ZoX P2 dHE F A gztez
A9 olufjsf 3HA E3H fFEL] H¢ wjzte] £
o] E9E A2 g £ SyFoz o
A sizh(#FH £2h o) 27], Fe 9 F27F A
2 o2 71| o] B¢ aest FEEy ERS
A7 SA7= 43 4R grh(Waller, 2006). <]
£ 501 P. tateiwai &] 2+ -7}o|| v|ste] Z31 v
AME AEo] 7HaA HEE o] s vhE (™ 20) ¢
742 2717k AL SA 9 A o] W E o] itk
(L9 2D). wetA 13 2A9] H-9AH T4 szt
o] A B %= o] WAEIR] F=tH P. tateiwai
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o

o

o] & ojZ+& TYFY 7o R ERSt= A2 4
) gy,

34 9] et BEGA T Hjzte] 128 B ®
3 3le] BRo glol of2teL Z7hAIZIckWaller,
1972; Hayami, 1988b). 3] ufjzte] Yo} o]H
27} N2 T2 A9 ol2iet @AM ERakA) U
t}. P. tateiwai2] 7% ©7+0] ¥ 9)H o) T AL
o] Aol didE]o] AR 2D) W #H
o= WARS O] ZH& FH 2 WolQlo|A|(L7 2F)
W7 20} 5 2= Zfol 5 Helrk. #2ho] ¢
T 95 o= 7k AN AEol = (ad
2C) U Holl= 9719 WARS o] W= o] Q17| o
Zol(™ 2E) vkA| v F9] iz A9 21245 4
t}. webA P. tateiwai7F Y H-EE 0} o] E T o] FHE)
2 747 A ETHH 5 3ol 8L A
2 4 FHE uA "EoH (3™ 2G, H). 25t ozt
P. tateiwai 2] IjZ}-& 27} A2 THE A 2o
AE] Q7] wiol| o= Fo] BEE| 1o ulz} uf
2}e) mofo] eebaicHayani, 1988b). o Sof P.
tateiwai ] WALS-2 QJH FHO A= TEE ] o]
gk QJRZo] 4o YWRFo| kEd A eofvt F
S5HA| ¥zkE]7] e Zo|tH 1| 2B).

o|XY A HoX AFEH P. tateiwai T4
TUFol A2 O E 2 oz LAEE 5 9
+ Rt BE TR HoEr) weks FH
A ER3PdS 3% Y EF € 1S 84
T 735 Al Foll et 2ok T2 FHAE M2
o] o] Fo|Zof & Ao|t}.

5.2 DMENS} E1XEHH

Fhejule] szt ej(Ee] BAle)E AAE
L BFLS Hhgshe AR g4 Uk (Stanley,
1970; Gould, 1971; Hayashida and Tanabe, 2006).
o Sof G W} B E TR Fo| Hast
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3} A o] AATHT EF AR Bl AAlsh
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o] Az Ewlo] Wizl Fol SASA Al
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Aol FAE) L2 FAE Y ARE LAFE o
AZo] Al YeR=d| Patinopecten kimurai
ugoensist= St ARISA| AT AEE| 31 Propeamussium
tateiwai= 7372 o] Aol AT AT Aol
A AFZ == P. kimurai ugoensiss= 3717} 231
Zho] WALE T} R 7} Eig vk ojotEolA
HAE = P. tateiwai= 2717} 23 EHO] A H
o= djsle] edate] §TA st ket
A Patinopecten kimurai ugoensis 3r44o] o]gro 2
o AT T 52l A WAE R O o5 Hala
9] 30|z M TG AR BE sfelu) 5
A9 Z7g7ke 105° wet 37] gief(2d 50) &
Al F944 Fo2 g ckStanley, 1970). wehA]
Patinopecten kimurai ugoensist= 3] AA| G944
FO=2, Propeamussium tateiwai= ©)HTH= T
A2 Aol AAITH YA 7G4 F(silty bottom
dweller; Yoon, 1975) 2.2 &4 &}

S173 ahRo] ARHE EL o AlgFEolA A
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