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The first tyrannosauroid tooth from Korea

ABSTRACT: A tyrannosauroid premaxillary tooth has been dis-

covered for the first time in the Hasandong Formation (Lower

Cretaceous) in South Korea. Carinae on the tooth form both the

mesial and distal edges of the lingual face, producing a “D-

shaped” cross section typical of tyrannosauroids. The Korean pre-

maxillary tooth is different from those of other known Early Cre-

taceous tyrannosauroids (Dilong, Eotyrannus, and a Japanese

tooth) in having a distinct lingual ridge on the lingual surface. This

discovery probably indicates a subsequent Asian diversification of

this group (Korea, China and Japan) after the origination of tyr-

annosauroids in the early Late Jurassic (e.g., Guanlong) in China.
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1. INTRODUCTION

Tyrannosaurids are among of the most distinctive thero-

pods by reason of their large skulls and greatly reduced

forelimbs. In addition to these features, a specialized het-

erodont dentition due mainly to D-shaped premaxillary

teeth, makes them most easy to distinguish from non-tyr-

annosaurid taxa (Holtz, 2004). Tyrannosauroidea proper

originated in Asia from the Late Jurassic (e.g., Guanlong,

Xu et al., 2006) and became more geographically wide-

spread, but their giant descendants, Tyrannosauridae,

appeared first at the Albian-Cenomanian boundary in Utah

(represented by typical incrassate maxillary and dentary

teeth from the Cedar Mountain Formation, Kirkland et al.,

1997) and were distributed afterward only in North America

(e.g., Tyrannosaurus, Daspletosaurus, Albertosaurus) and

Asia (e.g., Tarbosaurus) until the end of Cretaceous.

Especially in Asia, the record of tyrannosauroids is good

and continuous from the early Late Jurassic to late Late

Cretaceous. Consequently, Asia is believed as one of the

most important areas to study the tyrannosauroid evolution.

The discovery of tyrannosauroids had been mainly made in

China and Mongolia until an incomplete tyrannosaurid

tooth was found in Japan (Manabe, 1999). The latter implied a

high probability that tyrannosauroids lived in Korea as well

because Japan was a part of eastern Asia, juxtaposed to the

Korean Peninsula from the Late Jurassic to the Middle

Miocene (Otofuji et al., 1985; Lee et al., 1996). Such prob-

ability becomes truth with the discovery of the first fossil of

a tyrannosauroid in Korea in 2005 (Fig. 1). Although the

specimen is an isolated premaxillary tooth, it adds an

important datum to the paleogeographic distribution of this

group. The purpose of this paper therefore is to describe the

first tyrannosauroid premaxillary tooth from Korea, to com-

pare it morphologically to other basal tyrannosauroid pre-

maxillary teeth, and to discuss the paleobiological implications.

2. GEOLOGICAL SETTING 

The tyrannosauroid tooth described here originated from

the Hasandong Formation, which forms the middle unit of

the Sindong Group, the lowermost group of the Gyeong-

sang Supergoup. The Hasandong Formation has yielded the

most abundant vertebrate body fossils in the Gyeongsang

Supergroup (Lee, 2003). Most bones occur as scattered,

broken, and isolated pieces which had probably undergone

long aerial exposure, transportation, and scattering on the

floodplain before burial (Paik et al., 2001). To date, among

vertebrate faunas from the Hasandong Formation, dinosaurs

include allosauroid (Park et al., 2000), megalosaurid (Lim

et al., 2002), and carcharodontosaurid theropod teeth (Lee,

2007), which clearly indicate that at least three different

theropod dinosaurs existed during the time of Hasandong

deposition. Other dinosaur remains are the sauropods Puky-

ongosaurus millenniumi (Dong et al., 2001), currently con-

sidered a nomen dubium (Upchurch et al., 2004), and three

isolated teeth of sauropods (Lee et al., 1997), and ova-

loolith-type dinosaur eggs (Yun and Yang, 1997). 

The Hasandong Formation is characterized by red beds,

including reddish and grey sandstone and reddish to green-

ish grey sandy mudstone, and dark grey shale. The forma-

tion shows alternating channel and interchannel sediments

with floodplain deposits (Choi, 1986). Non-marine trace

fossils from the Hasandong Formation, such as Skolithos

and Palaeophycus ichnotaxa, also indicate high-energy

channel levee environments and low-energy floodplain set-

tings (Kim et al., 2002). The formation is about 1,200 m

thick on average and its strike and dip are N30°~70°E and

8°~20°SE, respectively. 

The fossil site (Fig. 1) is a small outcrop exposed along

the coastal area at Naegu-ri, Seopo-myeon, Sacheon City,

South Gyeongsang Province (35°0'17.63", 127°56'9.62").

The well exposed vertical section (approximately 4.5 m

above sea level) represents the middle part of the Hasan-

dong Formation (Fig. 2). The section is divided into a lower
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fine sandstone and siltstone unit and an upper massive mud-

stone layer. The lower unit is characterized by a lower fine

sandstone layer with a very high density Brotiopsis waki-

noensis horizon at the top, and an upper laminated siltstone

layer with lenses of calcareous, very fine sandstone. The

upper division consists of greenish massive mudstone that

contains randomly distributed, pebble-size calcareous nod-

ules. This layer also produces randomly distributed mollus-

can fossils (Plicatounio naktongensis) and small broken

bone pieces including the tyrannosauroid premaxillary

tooth. These sediments are thought to have been deposited

in small swamps associated with floodplains between chan-

nels (Choi, 1986). 

The age of the Hasandong Formation has been regarded

as Aptian to Albian by molluscan faunas (Yang, 1982), and

as Hauterivian to Barremian by palynomorphs (Choi, 1985,

1989; Yi et al., 1994). The age of the Hasandong was also

reported to be Hauterivian on the basis of paleontological

and radiometric data (Chang, 1988). Recently, ion micro-

probe dating of a dinosaur tooth from the Hasandong For-

mation indicated a 238U-206Pb isochron age of 117±18 Ma

(i.e., Aptian; Sano et al., 2002). 

3. SYSTEMATIC PALEONTOLOGY 

Theropoda Marsh, 1881 

Coelurosauria von Huene, 1914 

Tyrannosauroidea Osborn, 1905 

Genus and species indeterminate 

3.1. Material

KIGAM VP 200504 (Korea Institute of Geoscience and

Mineral Resources, Vertebrate Paleontology), an isolated,

incomplete right premaxillary tooth (Fig. 3). 

3.2. Locality and Horizon

The premaxillary tooth was collected in 1995 by the

author in western coastal outcrops at Naegu-ri, Seopo-

myeon, Sacheon City, South Gyeongsang Province, Korea

(35°0'17.63", 127°56'9.62"). It is from the middle part of

the Hasandong Formation of the Sindong Group, Gyeong-

sang Supergroup. 

3.3. Description

When found this premaxillary tooth was missing a part of

the apex and the root. As preserved the tooth is 13.6 mm in

crown height. Crown basal length and width are 8.8 mm

and 5.9 mm, respectively and crown/base ratio (0.67) is

somewhat high, making a narrow oval profile in cross sec-

tion. The long axis of the tooth is oriented labiolingually.

The labial face is ovate and very convex toward the rostral

end, but the lingual face is very weakly convex, resulting in

a shallow, wide ridge. The lingual face flattens out proximal

to the carinae, which are located at the mesiolingual and

distolingual corners of the crown (Fig. 3D). The mesial car-

ina is 3.5 mm shorter than the distal carina, and it termi-

nates before reaching the base. The shorter mesial carina

indicates that this premaxillary tooth is from the right side

(Smith, 2005). A shallow groove runs immediately next to

the mesial carina. The carinae form the mesial and distal

edges of the lingual face in lingual view. The crown there-

fore demonstrates a typical “incisiform”, “U-shaped”, or

“D-shaped” cross section. 

There is no enamel “cap” (operculum) on the serrations,

nor are there “blood grooves” and flask-shaped ampulla

between serrations at the bottom as in tyrannosaurids (Cur-

rie et al., 1990; Alber, 1992, 1997; Fiorillo and Currie,

1994). Narrow slots (diaphyses) form the junction between

Fig. 1. Location map for the Lower 
Cretaceous tyrannosauroid premaxil-
lary tooth locality in the Hasandong 
Formation. 
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neighboring serrations in both carinae. Hollow pockets

between neighboring serrations are present, which may be

cellae that trap and hold grease and meat debris, and which

possibly facilitated an infectious bite (Alber, 1997). Serra-

tions of the distal carina are saddle shaped and those of the

mesial have the shape of a simple cube. Twenty eight and

eighteen denticles are preserved in the distal and mesial car-

ina, respectively. The denticles trend toward decreasing size

in the direction of the base. Mean serration densities are

15.8/5 mm (DAVG, average distal denticle density, sensu

Smith, 2005) and 17.6/5 mm (MAVG, average mesial den-

ticle density), which suggests that the mesial denticles are

smaller than the distal. The denticle size density index

(DSDI) is 1.11. In the distal carina, denticles are thicker

mesiodistally than from the apex to the base of tooth and

curve only slightly towards the apex of the tooth, but they

are almost as high as they are long in the mesial carina. 

4. DISCUSSION 

It is not certain whether KIGAM VP 200504 came from

a juvenile or an adult, but its small size is consistent with

the small sizes of the premaxillary teeth of all basal tyran-

nosauroids (Table 1). If from an adult, this tooth supports

the evidence that basal tyrannosauroids were relatively

small animals, and Holtz (1994) and Manabe (1999) have

Fig. 2. Geological columnar section of 
the site indicating fossil bearing hori-
zons. 
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suggested that the group attained giant size mainly in the

Late Cretaceous. 

KIGAM VP 200504 is the first substantial evidence from

Korea that can be attributed to the Tyrannosauroidea. Pre-

viously, all confirmed Asian basal tyrannosauroids had been

discovered from China (Dilong and Guanlong, Xu et al.,

2004, 2006) and Mongolia (Bagaraatan, Osmolska, 1996).

One exception is an isolated premaxillary tooth identified as

a tyrannosaurid from the Jobu Formation (Valangin-

ian~Aptian) in Japan (Manabe, 1999). However, it could be

a non-tyrannosaurid tyrannnosauroid premaxillary tooth

because of its small size (11 mm in tooth crown height) and

its lower stratigraphic position than the first appearance of

tyrannosaurid material at the Albian-Cenomanian boundary

in Utah (Kirkland et al., 1997). Also, the key character to

assign the specimen to the Tyrannosauridae was the “D-

shaped” cross-section of the tooth, however, this feature is

a character common in non-tyrannosaurid tyrannosauroids

as well as in tyrannosaurids (Table 1). 

KIGAM VP 200504 is different from the Japanese spec-

imen (IBEF VP 001) in having a distinct lingual ridge on

the lingual surface and lower average denticle density (3.34

denticles per 1 mm). Other tyrannosauroids from the Early

Cretaceous are Dilong paradoxus from the Yixian Forma-

tion (Valanginian~Barremian) in China (Xu et al., 2004)

and Eotyrannus lengi from the Wessex Formation (Barre-

mian) in England (Hutt et al., 2001). The premaxillary teeth

of Dilong and Eotyrannus differ from KIGAM VP 200504

in having no such lingual ridge. 

Identification of KIGAM VP 200504 as a tyrannosauroid

is important for insight into tyrannosauroid paleobiogeog-

raphy and evolution. Tyrannosauroidea included Guanlong,

Fig. 3. KIGAM VP 200504 in mesial 
(A), distal (B), labial (C), lingual (D), 
and occlusal (E) views. 

Table 1. Basal tyrannosauroid's premaxillary teeth

Perservation Crown height Lingual ridge
D-shape in cross 

section
References

Bagaraatan not preserved Osmolska, 1996

Dryptosaurus not preserved Cope, 1866; Carpenter et al., 1997

Appalachiosaurus isolated tooth ~18 mm without root yes yes Carr et al., 2005

Eotyrannus two preseved in the right 

premaxilla

~25 mm with root no yes Hutt et al., 2001

Dilong in situ no yes Xu et al., 2004

Korean tooth isolated tooth ~18 mm without root* yes yes This study

Japanese tooth isolated tooth ~11 mm without root no yes Manabe, 1999

Stokesosaurus one preserved in the right 

premaxilla

~22 mm with root no sub-cylindrical Madsen, 1974

Aviatyrannis several isolated teeth 4~10mm without root yes yes Zinke, 1998; Rauhut, 2000; Rau-

hut, 2003

Guanlong in situ ~10 mm with root yes yes Xu et al., 2006

*estimated.
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Aviatyrannis, Stokesosaurus, Dilong, Eotyrannus, Appala-

chiosaurus, Dryptosaurus, Bagaraatan, and Tyrannosau-

ridae (sensu Holtz, 2004). The oldest confirmed tyrannosauroid,

Guanlong wucaii from the Oxfordian Shishugou Formation

of China (Xu et al., 2006), is the most ancient known mem-

ber of the lineage that led to Tyrannosaurus rex more than

90 million years later (Holtz, 2006). With discovery of this

new Korean specimen, early tyrannosauroid biogeography

appears more complex than previously thought (Hutt et al.,

2001; Rauhut, 2003). After the first tyrannosauroid appeared

in the early Late Jurassic in China, basal forms apparently

dispersed to North America (Stokesosaurus in USA) and to

Europe (Aviatyrannis in Portugal) during the Late Jurassic.

Such basal Jurassic tyrannosauroids are succeeded by Early

Cretaceous taxa in Asia (Dilong, the Korean and Japanese

specimens) and Europe (Eotyrannus). These Early Creta-

ceous representatives indicate that basal tyrannosauroids

were more widespread than tyrannosaurids in the Late Cre-

taceous. The Korean specimen indicates that after an Asian

origin of tyrannosauroids, there was a subsequent Asian

diversification of the group. Towards the end of the Late

Cretaceous, however, tyrannosaurids were distributed only

in Asia and North America (Carpenter, 1992; Holtz, 2004). 
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