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BAEE ZFAIY A A37] F7] vho] oA FEFoIA Adof o[ty =T EEE I o] S
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Su-Hwan Kim, Jin-Young Park and Yuong-Nam Lee, 2018, A tooth of Cosmopolitodus hastalis (Elasmobranchii:
Lamnidae) from the Duho Formation (Middle Miocene) of Pohang-si, Gyeongsangbuk-do, South Korea.
Journal of the Geological Society of Korea. v. 54, no. 2, p. 121-131

ABSTRACT: A tooth mold of a fossil shark was found in the Middle Miocene Duho Formation in Pohang-si,
Gyeongsangbuk-do. It was identified as a lateral tooth of a juvenile Cosmopolitodus hastalis. Although the
occurrence of a juvenile C. hastalis suggests a shallow marine paleoenvironment, it is likely that the tooth was
transported into deep-sea by turbiditic currents. It is the first record of C. hastalis in the Korean Peninsula, and

indicates that this extinct shark lived in the warm shallow sea of Pohang area during the Middle Miocene.

Key words: Pohang-si, Miocene, Duho Formation, shark, tooth, mold, Cosmopolitodus

(Su-Hwan Kim, Jin-Young Park and Yuong-Nam Lee, School of Earth and Environmental Sciences, Seoul National

University, Seoul 08826, Republic of Korea)

=

[—

M

HAZolR(Chondroichthyes) ZhfioF(Elasmobranchii)
of] £3H= Ao} F(Selachii)= AR 71A] 106—*—(F' ),
2 513% (1) o] FAYEFLo] B 15 om(Nelson
et al., 2016), 74 Q& 3147|122 -,%’-%]_,] S
gl27] AZoflA WAE LeonodusZ:0]tLong, 1995).
et WE 712 JZo]F(Osteichthyes) b= &
Aoj= 171502 AAslE gA|eh(tesserae) =
ol2of7l Q2L 71Tk 17| o] Aoig T3t
gt A7 AghA e HEET] vl St W
UAFE FUGle] A== ool o3| Hety
£ o2 Y (enamel) Z Ho §17] wiiZell 4
3=]7] 4191, Aoi] 23k Fa8A A4 HF

1=}
L

o'k 3} HiEto 2 o] oIt} FHOA|0}Y)
A go] o] 3k 22 QoA BIEle
o, ollils AlFE AHZZA AEE Aol 3t
Aof tfgt 2742 2z} O‘Q‘AE]-(HaraguC}u 1931; Lee
et al., 2014). Haraguchi (1931)+= EZLS HHs)
1 E}o|AEA|(Pleistocene) 2 S A3t FA|o
Carcharocles (Carcharodon) megalodon®] A& A5
skt BR 7S 544 egkeh o) Lee et dl
(014)2 MAZZoIA AEE Aol ol S 2
W7} gl 21 WA Ak o) 2)he 7w, o
E 3 rEEE B ES v = Garcharodon
carcharias2 E-5F3ct. Lee et al. (2014)2 =3+ A7
ESY A7t —a'O]_E/\ﬂi SHgEthd Haraguchi
(1931)¢] FRE

2 C. megalodono] obd C. carcharias
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Fig. 2. An imprint of the lingual side of a Cosmopolitodus hastalis tooth. (a) Photo of the specimen. (b) Enlarged

photo of the specimen.
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Table 1. Various fossils reported from the Duho Formation.

Clades Taxa References

Marine mammals Kentriodontidae indet. Lim (2005)
Pomatodelphininae indet. Lee et al. (2012)

Fishes Pleuronectiformes indet. Ko (2016)
Pleuronichthys sp. Ko and Nam (2016)
Leesquilla bajee, Leesquilla sunii, Pohsquilla neonica,

Crustaceans Pohsquilla scissodentica, Squilla sp. Yun (1985)

Yoldia sagittaria, Acharax tokunagai, Propeamussium
tateiwuai, Lu?znoma acqtzlznea?um, Calyptogena cf. glongatg, Yoon (1975, 1976)
Panomya simotomensis, Lucinoma sp., Phos cf. minoensis,

Molluscs . . Lee (1992)
Nuculana pennula, Portlandia cf. gratiosa, Conchocele Kim and Lee (2011)
bisecta, Macoma incongrua, Delectopecten peckhami,

Patinopecten sp., Patinopecten kimurai ugoensis

Echinoderms Ophiuroidea indet. Seong et al. (2009)

Foraminiferans over 80 species Kim (1965)
(including Turborotalia scitula scitula) Kim (1990)

. 5 species .
Coccolithophores (including Coccolithus pelagicus) Kim et al. (1982)
Silicoflagllates Distephanus sp. Kim et al. (1982)

. 103 species

Radiolarians (including Botryopyle dictyocephalus) Bak et al. (1996)
6 species

Chrysophycean Cysts (including Archaeomonas areolata) Koh (2006)

. over 5 species Koh (2006)

Dinoflagellates (including Actiniscus elongatus) Yun (1986)

o 15 species

Ebridians (including Ammodochium ampulla) Koh (2006)

Kim (2005, 2008, 2009, 2010)

Plants 15 species Kim et al. (2009)
(including Albizia miokalkora) Jung and Lee (2009)

Kim et al. (2017)

Spores over 24 species gﬁung andlC}i()g19(51993)

and pollens (including Pinaceae indet.) ung et al. ( )

’ Chung and Koh (2005)

Trace fossils Chondrites ichnosp., Planolites ichnosp., Palaeophycus Kim and Paik (2013)

ichnosp., Taenidium ichnosp.

tEEHE
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2

He

B o] A ¥
ﬂo

r_>i

ol)lr

2| 221l Al e
= AL R 9 &
o|ch(sensu Yun, 1986)

5 3}4-000412).

2o maBA o] BEss
AECEREEBE
7] 250 mif2le} ¥
552 EajohS we} i

FT-GANEFO R A By, ARQto] A= of

Sl e 318 Ux] HEhale] FAT olgro R T4
ol giek.

FESNNE AT o £ 7—}% dAs=,

FYFE, A, 58S, HRET, Zu|5H, 4]
2 ul ko, AEakY o thapet s So] B

TEROH(IE 1), 0|23t AYETH 7| 5ol mE 1
373 42 SRSl <J3) thFR SAg ol A E
T3 5o A7 2H4 9] Akl ofe)
2 FjAl B 0 2 B 1 E9] o v (Kim, 1965; Yun,
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1985), AAIEE 34 AtollAE o= H= Zo)7t 3l
= )3l &7 (offshore) 02 3} = AtHYoon, 1975,
1976; Lee, 1992). HHH Seong et al. (2009)2} Kim and
Lee (2011)= A&7 ] 3449 HE A=) 9 7}
2] BH40) HEE Fo) £EE0] the B 44
of o 2] BN FAE Ao sk o v
o7} Bl2e Aol el )Y SR RS B
F 30| %A (hemipelagic) = Aal &5 0]9
L& AAIBF lek(Chough ef al., 1990; Kim and
Paik, 2013).

5539 2738 A28 72 oz &
o ) obicjl oz 4=l gIAIekKim, 2008,
2010; Kim et al., 2009, 2017; Jung and Lee, 2009),
SHE3HA 8] 7] 5o YA ol A=Y 72
7F %S AeZ FA=ET tiChung and Choi,
1993; Chung and Koh, 2005). $HH Kim and Choi
(1977)9} Bak et al. (1996), 1] 3 Koh (2006)%= &
35, Yibs, 28 na IR S 5 £
2ol BAE B0 3R Tl U AL
a4 3ick. vk Kim (1965)2 Kim ef al. (1982)2 &
g715%e] 453, Zulstage] 2718 59 £5
o] Vo] al sl HAEUS Ao SR
o 37b o R n)s Edaol FE 1Y se] A
< FoZol g B 7Y 9T IS 7

2 2| X&ka glth(Koh, 2006; Lee et al., 2012).

£530| B4 A7) 22 SaE Aol A
7 Ato] ofaf mpo] @A A7] 0]%(21.89+1.1 Ma2}t
21.68+1.2 Ma)ol| A1Zt=| Ytk A =™ (Lee et al.,
2014), Shrim Rl WA ShAS uleto 2 2] o
o] QA FHHL ] F7] uho] @A FRER o] B 5

& AolEk= M= ItHByun and Yun, 1992; Bak
et al., 1996). npA7HA 2 1R A}L7] Ao whE Axt
E3L T35 EF A7|7t F7] vpo] A1 E A AlsH
3 QIck(Kim et al., 1993).

371 ™

3} 7] Aol] ALg-EE oo] e A gol= dA)] 7}
& g 8L QM= Kuga (1985)9] s . 41
AHQ el 255k, T o8 tooth cervix)
S 1ol 9l Z 02 1o 9]o] QIEH (lingual side)
o] YFPE o HEF] YL & 5 ATh(TH ).
oW &) L 1 =1 (mesial part) 2] 57} £AFE o]
QA oEa]o] 1918 distal part)2} X|PHcrown)
27 BEE|0] 9loj A AYHAQl Feig WA = 9
t}. BEE X]30] o] 235 mmo| i o Huj=
17.4 mmt}. 2R e T2 749 2] Hnl= oF
201 mmy A o2 FrgEc). X A uF(cusplet)

lingual

mesial

no serrations

Root

\Shoulder

distal

Fig. 3. A line drawing of the imprint of the lingual tooth side of a Cosmopolitodus hastalis tooth.
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7} ¢lom, W5 (cusp)ThS 7HA] 1L GRS FEHE B
Qltt. x]e] ¢rt(mesial edge)dt Sd(distal edge)
o= w2l glo] gt ¥ (lateral view)oll A
AFE= AASE Tl At oA dlem, 17+
£ 300tk X o EEE = o= o3 g
] e, o B0 A= A WSHA| $R AdE
2 QAo =z Woglch HEH o HEE] 9] £o]=7.8
mm, Z|tf HH]=19.5 mmth. oEEE] o] Y9 Fo7)
(distal shoulder)&= 2Fs}A] wigict. oj@¥lal= =
AH oz HPAS o|FH, LY (proximal)S FF
o -2 F2] Y(root lobes) o] AR FEFE H eIk

EHE A2 HEE olHo) A3t X5 wdst
71 olFoh AR 2|30 FE7} vt o)7] i
of] Aekx|(maxillary teeth) & & 4= o, W+
7 91912 waro2 74a7 3lolA glolAl 2 olato]
Z1A] (anterior tooth)7} obd ZX](lateral tooth) 5
shFRaL 348 4 Slek. Eat ofmaels) 1A o
o] F7)0f Hl3f Fol7t Hlw A W WAR o] o]
B2 S| oAM= A o2 A of Q- A
< Ao g

2 229 Fa3% EAL g1 g uFE 7
A} ol e = A o2k Holt o] HE 3
Bj= Carcharodon carcharias®}; A35] S-ASICE 314]
Tk 2] ol Fo] A8 vk Fellk] Carcharodon
carcharias®} Zpol5 HQlth. o]He EHES 2 &
Ho| Cosmopolitodus hastalisol] £ ZATSHHKuga,
1985). Cosmopolitodus hastalis2] FE-5-ofl tisiA= 1
S0t =gto] W3lth Agassiz (1843)0] 23 22 2
315 Cosmopolitodus hastalis'= Y2 Oxyrhinas S 2
BRIk S 1 28 29| S-S (7]
vlo]| wre} gk JRA|E Oxyrhina hastalis, 98] 7} 6]
& Y2 NAE Oxyrhina xiphodon 0.2 ZyZy B3
FAck. o213t P2 Xol= Leriche (1926)°] 23f 7
AEAH o (ontogenic variation) o] WE AFE oA
a1, 2= O. xiphodon-2 O. hastalis2] 38§01 (junior
synonym) ©.2 F%]o] shgo] LaF 3]t Jordan and
Beal (1913)& 4757} §111 A3ke] Fibo| wiekai]
W2 EAL o] 83| O. hastalisS Isurus&S o2 B
k. B Glikman (1964)= Isurus hastalis] 2 A
55 chronospecies)©| Carcharodon2;2] Carcharodon
hubbelli®} Carcharodon carchariasd AL 2 451
M 28 4591 Cosmopolitoduss-S A3 hastalisF<

o] Zof| AEAIF L) Cappetta (1987)2 Cosmopolitodus
hastalis o9 Z|3ho] 4213 o™ ¢ HPZZH(labial
side)o] F=}sith= A, ¢ ¢k&H(lingual side)©] oF
2 BEslehe g, Tel3 ojme st aeln )
o= o5& Cosmopolitodus hastalis7} Isurus$: 2Tk
X Carcharodon carcharias®} B SAFF AG3Th
0|3 Ehret ef al. (2012)-2 22 o]-F-2 Cosmopolitodus
&8 TAXF| 3L Cosmopolitodus hastalisE Carcharodon
&0 7 xR AL AT} EX]TF Ebersole et al.
(2017)-2 Cosmopolitodus hastalis2] o] Carcharodon
carcharias®t-E L3t E|ZZo A AEHTh= ol fE 0| &
o] AAE AP} obdS SEsIaL Carcharodon
hastalisE ThA] Cosmopolitodus$ 02 Bgqct. B =
-2 Ebersole et al. (2017) 8] £57-& w5ttt

4. E 9|

Aol 9 o 2|3 Eo| & 3l Aol AA| FZ0lE
theat ke whH o 2 9 =5} 4= 9Ith(Gottfried et al.,
1996): AA| EZo](m) = (0.096) (X2 o], mm)
- (0.22). ¥)E @AY Carcharodon carcharias®] /373344
o W& Eoloh o Ao ol WS F1zo
2 3 Ao|AIa, B SHEL o] T4 34 obid
o|7HLamnidae) 4ol 9] 27|18 243 1) 9851
AR31aL QltHe.g., Shimada, 2008; Kriwet ef al., 2015;
Collareta et al., 2017). B FE 9] X]& =o]Ql 235
mmE- ] 3] tjY5hA 2.036 m2| Fho] AFEETh
2 Aol ARG S} o] 7 & X9} AR SHA
AP ool 3= ARISHH, Adol9] ZAo7t Fa
OF2 mETR= 2 B 2L & = itk Cosmopolitodus
hastalis’= =4 °]7} ¢F 6.5 m7HA] A sh= w30 &
ArojcHCompagno, 2001). o<} H|wshH 2 RO
233e] 1/3 vt S ek ke B9 247 4
o]9] Z o & Wit

Tjiri and Kamei (1961)%} Shikama (1966)+= Costio-
politodus hastalis9] 3}40] L2 Ao A A4]sl=
ARFET} Z4F desmostylide] S43} 7] 4k
57| w2l aigt A A AR FAH
t}. $HH Ttoigawa and Nishimoto (1974)= ©]=9]
3}4o] #]4}/d(benthic) &2 EHTHE T Y=
7] wi2of| Cosmopolitodus hastalis7} 2131 d(epipelagic)
ol Fd A2 Bttt AR Cosmopolitodus hastalis
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Table 2. Northeast Asian fossil record of Cosmopolitodus hastalis.

Formations and localities

Ages

References

Arakida Formation;

Nagano, Japan (35.8° N, 137.9° E)

Early Miocene

Shikama (1954)

Tonokita Formation;

2 Hokkaido, Japan (43.2° N, 144.0° E) Middle Miocene Kimura et al. (1998)
3 13}21}111(:111(1)%}1,133;;2%08?;6° N, 138.6° E) Middle Miocene Yabumoto and Uyeno (1994)
4 g/[iileil}zgl;n(}éo; 15); N, 136.9° E) Middle Miocene Yabumoto and Uyeno (1994)
5 ﬁﬁ?ﬁ;&aiajgggﬁ?gggjo N, 136.8° E) Middle Miocene Karasawa (1989)
6 Issehkiirgzsin.?aiglrln(?;igg;N, 136.7° E) Middle Miocene Karasawa (1989)
7 ?ggﬁ; tr:’ l;;);rlllaéo; ;30 N, 137.1° E) Middle Miocene Karasawa (1989)
8 Eigg?:r?aigﬁggig;N, 137.9°E) Middle Miocene Karasawa (1989)
9 i?fgag?ﬁ;;i;né?lo N, 137.9° E) Middle Miocene Karasawa (1989)
10 }’:ﬁgg@fgﬁ;’ﬁ;ﬁ?}\h 136.9° ) Middle Miocene Karasawa (1989)
11 I;;;:}r;f:? le(;g:?;igz;o N, 136.8° E) Middle Miocene Karasawa (1989)
12 ﬁlﬁirﬁgjvri ?;);I;ft(i;g ;70 N, 136.8° E) Middle Miocene Karasawa (1989)
13 PDsl?;ng?Er(l)?g:I(g 6.5° N, 129.24° E) Middle Miocene This study
14 l;gftl(l;r‘:a JFa ‘I’)l;‘:?glgnz N 13320 F) Late Miocene Hirota (1979)
15 gﬁ?g;;;?&??;s{“o N, 133.0° E) Late Miocene Sakai (1935)
16 g‘ﬁfﬁ;‘r’;‘: ‘J’:Pnﬁlz’% 4N, 132.9° F) Late Miocene Hirota (1979)
L o= i g oAtojate] Aol St nprivA| 2 vt Avila et al., 2012; Ehret et al., 2012; Collareta et al.,

IS S0+ Y94 (pelagic) o7 F= Ao
FA =3 Jck(Kuga, 1985; Cappetta, 1987; Ward,
2001; Collareta et al., 2017). 1 o]= °]5<] 34
o] da= A3t B Kol A %f‘i‘éH SHA 2l
T ok A, el 9e) T opaolzte] Ao
33 $HA AT ok A wliEo|tHe.g., Barnes,
1972; Muizon and DeVries, 1985; Domning, 1989;
Hulbert and Morgan, 1989; Perea and Ubilla, 1990;
Holec et al., 1995; Arratia and Cione, 1996; Iturralde-
Vinent ef al., 1996, Ward, 2001; Fitzgerald, 2004;

2017; Ebersole et al., 2017). W, AdA|e} &2 Cosmo-
politodus hastalis©] o1 A= VAL Carcharodon
carcharias@t FAFSHA SQF ZA oA A FE A
2 AR 2L Jth(Collareta et al., 2017). o]&= oY
o Z}A| 9] o' 3}A]o] Hj9] EgolA] FAE E
Ao A AAEEE o ofd 7iA| 9] oA, g
I s e o= S HF o] AR ulo] @A A
TZ(Pisco Formation)ol| A At=% A2 2743t 4
A) Cosmopolitodus hastalis2] ZZ3}4] o] 2J3) Sk
A =31 QJeH(Collareta et al., 2017). Yun (1985)3} Lee
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and Yoon (2004)& A7} ¢} AR BB 3HS 2
AR £33 Al o= A3t 5HATE Kim
and Paik (2013)-2 o]2|3+ AH=9] f850] AEHRel
o8 siEAIR §9IE Ao o, o H4
£ &3 & (ichnogenus)Ql Chondrites4:-9] 24
© 2 S BlE 2 =79 o|Hs}io] Haf<]
S AR ShE et o] Hof Harg A7
o} A=) AT} uR7IA| 2 & o] B AR
of| o3} Hafoll A Hei2 e A= weteTh
Collareta et al. (2017)-2 FAJA| Cosmopolitodus
hastalis A 3}4 0] EXLo]| sfjtst= FjolA &L
719] 5] AE A= HuFry 152 oA
o] A Cosmopolitodus hastalis2] 2)Ado] Ea17] ¢
FREE HolF YH FANT o7k 2 o]
w5l 4o] AR 520l A ofRel 7]
TH(Pleuronectidae) 9] Pleuronichthys&e= WA=
% (Ko, 2016; Ko and Nam, 2016), ©| 2] = o}Z]
=EOE HUER] 2 e E017] S S0l Y
A"t webs] 5359 o= Cosmopolitodus hastalis
= ol EaVES YolZ A%k 7o) &k

3HH Ko (2016)= 7HAH] 3H4& Alel s &2 75t
I o]Ro] F&59 Alsl HF 7]de ST
Ak SHE 7l gk e st
A QA BxE3h0, 7]4x(brackish water)9} B(fresh
water) S04 = AAshs ERFE0] 37| dheell
Al &74& AAShe A FAZAE 1SSt
t}(Nelson, 2016).
Cosmopolitodus hastalis= u}o] QA1 HE F7] &

2 A|(Pliocene) 7HA| 2k ABZFE Alof E]-(Avila etal.,
2012). wrekA @AY Q] Carcharodon carchariasS} B
Cosmopolitodus hastalis7F A S PH 78-S Lol7]
£ o>} 3ER|TE Cosmopolitodus hastalis2}; 77 Bt
AL AAEE, S9sE MBS 1YL 555
9] 3148 F3l G SRS Cosmopolitodus hastalis
7} 2] = ojdthe] uictol A At ol RS A
o2 A3kl Qlthe.g., Itoigawa and Nishimoto,
1974; Ward, 2001; Avila et al.,, 2012). w}epr £
Cosmopolitodus hastalis 3} A EJIES TAZ
5529 G4 94 7137 LUths 49 A7
(Kim, 2008, 2010; Kim et al., 2009, 2017; Jung and

LEGEND

|
1 Early Miocene

B Middle Miocene

Late Miocene

Fig. 4. A map showing the geographic distribution of Cosmopolitodus hastalis fossil localities in Northeast Asia.
Numbers indicate the reported localities shown in Table 1.
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Lee, 2009) 9] 7-& SRIgtchar & 4= Stk o U
op7}, @AY dolite] A= 8-5(upwelling)©]
dojihs oA = Hol&-5S 3=t|(Sepulveda et
al., 2004; Hussey et al., 2012), Dudley and Cliff
(2010)0] 2R B5o] Yojrhiz TolAle] 44
A o5 AA Hol&F FollA FagtHIF
& A3tk Collareta et al. (2017)L @AY eAtojzket
A5} BA} 717ke- Cosmopolitodus hastalis TS 0]
of A TS S HE AR 2HFT 52
7} 4Rl 31492 E4) Kim and Choi (1977)9} Bak
et al. (1996 S530] F5te] JFS WS Ao
2 d-3.o, Koh (2006)2 0|4 ZGH 3k A
2 Bo) FE30) AR U4S WO JL o
oo Higke Zlo 2 AUt T3 Lee (1993)=
S5 Ao 2ok i 2elo) 24 EURE 7
Z(phytoplankton community) &= FRE5AS
2 AJAB= FEFHEZA diatom resting spore) )4
2 Ragrh olfdt FAEL FEF0| BAE
Aol 85 Bo] EAPS 7FeAE Holet
wE). Cosmopolitodus hastaliss ZgHsto] T3
oA AEEE B2 B3] 32 A €59
FIFS ot FYEC] HATES AT F
2 4 glek

Cosmopolitodus hastalis®] 7152 G- A 2Jgt
HE tiFolA T =L JIth(Ward, 2001). Spx|RE
2 =22 AlQlshd FEoAotolA 9] Cosmopolitodus
astalisol] that 7|22 2| B717] QR ATt e
o] B 1 E|ojgrh(Sakai, 1935; Shikama, 1954; Hirota,
1979; Karasawa, 1989; Yabumoto and Uyeno, 1994;
Kimura ef al., 1998)(3 2; 19 4). wahA] o] 3442
Syt Fx9] Cosmopolitodus hastalisof] gt 7]
ST FAlo FEOFAoto A P £] 9] A oA
A& B 11E]= Cosmopolitodus hastalis 2] 34 o]t}

ZAe 2

Aol olat FEL 7|Fote] ATe] W nhal
si4L 4719 A A WA sy e
3 B R HIFES ST T AR Zeel =
2 A AthRAAA ST WY gt
A=A AOAE A=, 4ng sk
o Be m22 F Aetishn 1B AT of

AR A= ZAEGYTh vt e R 2 =5
< AAETAl SRS Y o3t wad Tt o
O HAI A A= UL o] A AT
At SAATFAA FA (A 2 2016R1A2B
2015012) ] 3 A A= AH U
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