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Four carcharodontosaurid teeth from the Cretaceous deposits of Ruyang County, Henan Province of central China are
described in detail. The discovery of these large teeth indicates that some of the largest predatory dinosaurs coexisted
with the gigantic plant-eating dinosaurs of this fauna, and these predators were likely the top consumers in the food
chain. The teeth also further corroborate the biogeographic model by previous researchers that the carcharodontosaurids
were broadly distributed rather than restricted to Gondwana, and this report expands the known non-Gondwanan record
of the clade. Gigantic sauropod dinosaurs such as Ruyangosaurus and Huanghetitan ruyangensis were also found in the
same area.
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1. Introduction

Recently, many dinosaur fossils have been discovered

from the early Late Cretaceous Haoling Formation of

Liudian Town, RuyangCounty, Henan Province (Figure 1).

These include the gigantic sauropods Huanghetitan

ruyangensis (Lü et al. 2006; Lü, Xu, Zhang, Hu et al.

2007) and Ruyangosaurus giganteus (Lü, Xu, Jia et al.

2009), the medium-sized sauropods Xianshanosaurus

shijiagouensis (Lü, Xu, Jiang et al. 2009) and Yunmenglong

ruyangensis (Lü et al. 2013), the nodosaurid Zhongyuan-

saurus luoyangensis (Lü, Xu, Zhang, Ji 2007; Xu et al.

2007), the oviraptorid Luoyanggia liudianensis (Lü, Xu,

Jiang et al. 2009), several unnamed ornithomimids (Lü,

Xu, Jiang et al. 2009), iguanodontian dinosaurs (Zhang

et al. 2013) and other unprepared specimens. This distinct

fauna has been referred to as the ‘Ruyang Gigantic

Sauropod Dinosaur Fauna’ (Lü, Xu, Jiang et al. 2009).

Carcharodontosauridae, a major group of large-bodied

theropod dinosaurs, was originally named by Stromer

(1931), and is defined as Carcharodontosaurus saharicus

and all taxa share a more recent common ancestor with it

than with Allosaurus fragilis or Sinraptor dongi (Holtz

et al. 2004). They are part of the larger allosauroid

radiation from the Middle Jurassic to the mid-Cretaceous

(Brusatte et al. 2009). All the presently recognised

carcharodontosaurids are from the Cretaceous (Stromer

1931; Stovall and Langston 1950; Coria and Salgado 1995;

Sereno et al. 1996; Alcober et al. 1998; Harris 1998; Currie

and Carpenter 2000; Novas et al. 2005; Coria and Currie

2006; Brusatte and Sereno 2007; Sereno and Brusatte

2008; Brusatte et al. 2010, 2012; Ortega et al. 2010; Cau

et al. 2013). However, Rauhut (1995) suggested that some

isolated teeth from the Upper Jurassic Tendaguru Group of

Tanzania might be representative of the carcharodonto-

saurid lineage and teeth of Megalosaurus(?) ingens

possibly belong to carcharodontosaurid allosauroid

(Rauhut 2011).

Hu (1964) described the first carcharodontosaurid

specimens from Asia, although the skeletal remains, which

do not include teeth, were not recognised as belonging to

this family until recently (Brusatte et al. 2009). Potential

carcharodontosaurids from Asia are represented primarily

by teeth, and include specimens from Japan (Chure et al.

1999), Korea (Lee 2007) and Thailand (Azuma, personnel

comm., 2009). Thus, while the carcharodontosaurids were

once thought to be strictly Gondwanan in distribution, a

small but growing body of evidence suggests that this

clade is more cosmopolitan (Sereno et al. 1996; Brusatte

and Sereno 2008; Brusatte et al. 2009; Benson et al. 2010;

Eddy and Clarke 2011; Carrano et al. 2012).

Four carcharodontosaurid teeth have previously been

mentioned as having been recovered at Ruyang (Lü, Xu,

Jiang et al. 2009). Although no large theropod skeletons

have been found in the area, the discovery of these teeth

indicates that some of the largest predatory dinosaurs

coexisted with the gigantic plant-eating dinosaurs of this

fauna, and these predators were likely the top consumers in

the food chain. In this paper, these four carcharodonto-
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saurid teeth are described in detail. Discovery of these teeth

further corroborates the biogeographic model of Brusatte

et al. (2009) that the Carcharodontosauridae were broadly

distributed rather than restricted to Gondwana, and this

report expands the known non-Gondwanan record of this

major theropod subgroup.

Figure 1. Map of the fossil locality. Solid pentagon represents fossil site.
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2. Stratigraphy

The teeth come from what was once called the

‘Mangchuan Formation’, which was originally regarded

as Cenozoic in age, and this rock sequence was regarded as

Paleocene by local geologists (Bureau of Geology and

Mineral Resources of Henan Province 1989). More recent

work has shown that the unit is Mesozoic in age (late Early

Cretaceous) (Lü et al. 2006; Xu et al. 2012). The dinosaur-

bearing strata are divided into three formations in

ascending stratigraphical order: the Xiahedong Formation,

Haoling Formation and Shandonggou Formation (Xu et al.

2012).

Dinosaur fossils are found in the massive brownish red

muddy siltstones of the Haoling Formation, which are

interbedded with grey-greenish sandy shales, near the

Santun–Liudian Areas of the Ruyang Basin (Figure 2).

The first sauropod specimens found from Liudian Town of

Ruyang County established that the dinosaur-bearing

deposits were definitively Cretaceous (late Early Cretac-

eous) (Lü et al. 2006; Xu et al. 2012).

3. Materials and methods

This study describes four carcharodontosaurid teeth (one

nearly complete and three with missing tips) with

specimen numbers 41HIII-0093, 41HIII-0094, 41HIII-

0095 and 41HIII-0096 (Figure 3). They were discovered in

the Haoling Formation, Haoling of Shijiagou villages,

Liudian Town of Ruyang County, Henan Province (Xu

et al. 2012). The specimens are housed at the Henan

Geological Museum, Zhengzhou, China. The labial–

lingual basal width and the fore-aft base length of teeth

were measured in millimetres with a micrometre Mitutoyo

# CPM30-25MJ. The bivariate scatter plots were

constructed using Microsoft Excel.

4. Description and results

The Ruyang Basin teeth are relatively flat, narrow blades

that are similar in general shape and proportions to the

teeth of other carcharodontosaurids (Sereno et al. 1996;

Novas et al. 1999; Vickers-Rich et al. 1999; Coria and

Currie 2006). The fore-aft base length and the labial–

lingual basal width of 41HIII-0093 are 38.6 and 15.4mm,

respectively. The tooth is blade-like with 8–9 serrations

per 5mm on the mesial and distal carinae, similar to the

larger teeth of Mapusaurus roseae (Coria and Currie

2006). Both the anterior and posterior carinae extend to the

base of the enamelled crown. The root is not well

preserved, but the preserved portion shows that

depressions appear near the boundary of the tooth crown

and the tooth root and extend longitudinally towards the

Figure 2. Measured section of Lower Cretaceous Haoling Formation of Yezuibeigou of Santun Town, Ruyang County-Upper
Cretaceous Shangdonggou Formation, showing the fossil position in the section (Modified from Xu et al. 2012).

Figure 3. (Colour online) Photographs of 41HIII-0093 (A),
41HIII-0094 (B, C), 41HIII-0095 (D) and 41HIII-0096 (E). Scale
bars ¼ 10mm.
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basal end of the root. The fore-aft base length and the

labial–lingual basal width of 41HIII-0094 are 37.1 and

14.4mm, respectively. Teeth 41HIII-0094 and 41HIII-

0095 are also blade-like, although their tips are missing.

There are 14 serrations per 5mm on their anterior and

posterior carinae. Tooth 41HIII-0095 is slightly different

from the other teeth. The posterior carina of the tooth

twists towards the midline, which is similar to the anterior

dentary teeth of Mapusaurus roseae (Coria and Currie

2006). According to Coria and Currie (2006), the posterior

carina of the anterior dentary teeth of Mapusaurus twists

labial to the midline, which indicates that 41HIII-0095 is

an anterior right dentary tooth. It has a taller but narrower

crown than that of Mapusaurus and has an oval cross

section near its tip. There are 10 serrations per 5mm on the

anterior and posterior carinae of 41HIII-0095, which is

identical to the denticle size of Carcharodontosaurus

(Russell 1996; Currie and Carpenter 2000). Except for

41HIII-0095, the teeth have distinct enamel wrinkles in the

enamel, which covers part of the tooth and curves towards

the posterior carina as in potential carcharodontosaurid

dinosaurs (Chure et al. 1999).

Bivariate scatter plots comparing tooth dimensions

with those of various theropods show that the Henan teeth

(41HIII-0093, 41HIII-0094, 41HIII-0095 and 41HIII-

0096) fall within the expected range of carcharodonto-

saurid teeth (Figure 4). The tooth from Japan is slightly

narrower than the ones recovered from the Ruyang Basin.

5. Discussion

Enamel wrinkles on the external surface of the crown were

once used as a ‘key character’ of carcharodontosaurid

dinosaurs. However, such wrinkles are present in several

theropod clades and are not confined to the Carchar-

odontosauridae (Brusatte et al. 2007). Nevertheless, the

presence of carcharodontosaurids in Asia (Brusatte et al.

2009, 2010), and the size and shape of the teeth clearly

suggest that the four described specimens are carchar-

odontosaurid in origin. The crown height around 7 cm

teeth (41HIII-0093 and 41HIII-0094) is comparable to the

largest maxillary tooth in Carcharodontosaurus (Stromer,

1931) and implies an animal of similar size.

Figure 4. (Colour online) Bivariate scatter plots comparing aspects of tooth dimensions with those of various theropods. FABL versus
BW of tooth crowns in Fukuiraptor (X), dromaeosaurids (diamonds), carcharodontosauridsae (squares), tyrannosaurids (small triangles)
and the Henan carcharodontosaurid (large triangle) (data based on Currie and Azuma 2006).

4 J. Lü et al.



Shaochilong, which comes from the Turonian (Early

Late Cretaceous) of Inner Mongolia, China, was described

as the first carcharodontosaurid found from China

(Brusatte et al. 2009, 2010). However, there are no teeth

preserved with the type (and only known) specimen of

Shaochilong. Therefore, the carcharodontosaurid material

(teeth) from Ruyang Basin cannot be compared with

Shaochilong. The four carcharodontosaurid teeth from the

late Early Cretaceous deposits of the Ruyang Basin are

therefore the first well-preserved, nearly complete

carcharodontosaurid teeth found from China (Lü, Xu,

Jiang et al. 2009). The large sizes of the teeth indicate that

they belong to a large-bodied theropod.

There are two other large Asian theropods from late

Early to early Late Cretaceous, which are closely related to

carcharodontosaurids. They are Fukuiraptor (Azuma and

Currie 2000; Currie and Azuma 2006) and Siamotyrannus

(Buffetaut et al. 1996). Both belong to Allosauroidea, the

diverse basal tetanuran clade that includes carcharodonto-

saurids (Rauhut 2003; Holtz et al. 2004; Benson et al. 2010;

Brusatte et al. 2010; Carrano et al. 2012). The recently

discovered carcharodontosaurid specimens from the

Lower Cretaceous Khok Kruat Formation in Northeastern

Thailand further confirms the existence of carcharodonto-

saurids in Asia during this time (Azuma et al. 2011).

6. Conclusions

Carcharodontosauridae was once thought to be restricted

to Gondwana, but the discovery of carcharodontosaurid

teeth from the Ruyang Basin further confirms recent

phylogenetic and biogeographic work that this clade was

cosmopolitan in the Early to Mid-Cretaceous. The

contemporary large, even gigantic sauropod dinosaurs

such asHuanghetitan ruyanensis (Lü, Xu, Zhang, Hu et al.

2007) and Ruyangosaurus giganteus (Lü, Xu, Jia et al.

2009), and an unnamed iguanodontid found from the same

deposits, may have been the main food sources of these

large-sized theropods. Large-sized sauropods, Fukuititan

(Azuma and Shibata 2010) and Phuwiangosaurus (Martin

et al. 1994), are also known from Fukui and Thailand,

respectively, where other putative carcharodontosaurids

were discovered. No large-sized sauropod dinosaurs have

yet been found in the same deposits as Shaochilong in

Inner Mongolia of China, but this may be the result of

sampling bias.
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