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Abstract: The first discovery of a dinosaur bone from the Kingdom of Cambodia is reported in this
paper. It consists of a sauropod fibula from a sandstone layer on Koh Paur island, in Koh Kong
province, in south-western Cambodia. The dinosaur-bearing bed belongs to the non-marine Grès
Supérieurs series and is apparently of Early Cretaceous age. On the basis of various characters,
notably the development of the anteromedial crest, the dinosaur fibula from Koh Paur is referred to
a euhelopodid titanosauriform. This first dinosaur discovery in Cambodia suggests that the thick
non-marine formations which cover vast areas in the south-western part of the country are potentially
an important source of continental Mesozoic vertebrates.
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1. Introduction

In South-East Asia, dinosaurs were first reported from Cretaceous rocks in southern
Laos by Hoffet [1]. Since then, beginning in the 1970s, abundant dinosaur specimens,
ranging in age from the Late Triassic to the late Early Cretaceous, have been discovered
in Thailand (e.g., [2]). More recently, dinosaur remains have also been reported from
Malaysia [3]. Despite the fact that non-marine Mesozoic rocks crop out in several parts of
Cambodia, however, no indisputable dinosaur remains had hitherto been reported from
that country (possible dinosaur footprints were reported from Battambang province [4]
but could not be found during a recent survey). Here, we describe the first dinosaur bone
from Cambodia, a sauropod fibula from presumably Lower Cretaceous rocks in Koh Kong
Province, in the south-western part of the country.

Institutional abbreviations: MC: musée de Cruzy, Hérault, France. MOEC: Cambodian
Ministry of Environment, Phnom Penh.

2. Geographical and Geological Settings

The Koh Paur dinosaur bone was first examined and studied in July 2021 by the Fossil
Study Team of the Department of Heritage Parks, Ministry of Environment, after receiving
information from the Koh Kong Provincial Department of Environment.
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The bone (MOEC-1) was found on the surface of a small rocky beach on the eastern
shore of Koh Paur island, located between the Gulf of Thailand to the west and the Prek
Kohpaur river to the east (Figure 1), a short distance by boat from the city of Koh Kong. The
specimen, visible in lateral view, was embedded in very hard greyish-brown fine-grained
sandstone. It was extracted in November 2022 and taken to Phnom Penh, where further
preparation was carried out in March 2023.
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Figure 1. Location map showing the dinosaur bone locality at Koh Paur. Upper right insert: location
in South-East Asia. Upper left insert: location of Koh Kong province within Cambodia.

Although the sandstone outcrop where the bone was found is of a limited extent and
not part of an extensive stratigraphic section, its place in the local geological succession is
clear enough. As shown by the Koh Kong sheet of the 1/200,000 reconnaissance geological
map of Cambodia, the rocks in the area (Figure 2) belong to the Grès Supérieurs (“Upper
Sandstones”), or Indosinias supérieures series [5]. The concept of “Grès Supérieurs” was
developed by French geologists working in Indochina in the 1920s to designate a thick
succession of non-marine sedimentary rocks capping the Mesozoic succession in various
parts of South-East Asia (see [6], for a brief review). Because relatively few fossils have
been reported from the Grès Supérieurs, their age has long been rather uncertain, although
they have usually been referred to the Late Jurassic/Early Cretaceous [7]. However, paly-
nological and palaeobotanical evidence from Cambodia provides useful hints about the
age of the Koh Paur dinosaur (see below).
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Figure 2. Geological map of the Koh Kong area, showing the location of the Koh Paur dinosaur
locality. Geology after [5]: JCg (brown): Late Jurassic to Early Cretaceous Grès Supérieurs, a (light
grey): alluvium.

The sedimentary succession of the Grès Supérieurs in the Koh Kong area was described
by Fleuriot de Langle [5], who reported a thick sandstone series with clayey intercalations.
Fontaine and Workman [7] described the succession farther east, in the Bokor mountains
near Kampot, with conglomerates and sandstones at the base, followed by shales and clays
containing plant remains, overlain by yellowish-white fine sandstones, themselves capped
by conglomerates and coarse sandstones. As our field investigations showed, basically the
same sedimentary succession is found in the Koh Kong area. The stratigraphic position of
the dinosaur-bearing sandstone at Koh Paur can be roughly deduced from its topographical
position in an area with no significant tectonic deformation. As mentioned above, the
bone was found on a beach, in a tidal estuary, where it was sometimes covered by water at
high tides and, therefore, at a very low elevation above sea level, which suggests that the
bone-bearing sandstone bed is in the lower part of the Grès Supérieurs, the upper parts of
which can be seen in quarries and roadcuts in the surrounding hills, where plant-bearing
greenish clays overlain by yellowish-white fine sandstones can be observed.

Although it has been suggested that the Grès Supérieurs of south-western Cambodia
(Cardamome Mountains, Bokor-Kampot area) could be a lateral equivalent of the Khorat
Group of north-eastern Thailand [8,9], a detailed examination of the lithostratigraphic
succession in this region of Cambodia shows that precise correlations are difficult. The
non-marine Mesozoic beds of the Dangrek range in northern Cambodia correspond to the
southern rim of the Khorat Plateau, and the formations of the Khorat Group are, therefore,
easily recognizable there, but the situation is different in south-western Cambodia, where
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paleocurrents suggest that deposition took place in a separate basin (N. Sattayarak, pers.
com.). Although the western Cambodian Grès Supérieurs may be chronostratigraphic
equivalents of at least some of the formations of the Khorat Group [10], it seems impossible
to find clear lithostratigraphic equivalents of the Thai formations in that part of Cambo-
dia. Fortunately, palynological and palaeobotanical evidence from the Bokor area yields
important stratigraphic information about the age of the local Grès Supérieurs. From a
locality along the road from Kampot to Bokor, Corsin and Desreumaux [6] described a
“Neocomian” (basal Cretaceous) flora, comprising indeterminate conifers, possible cycads
and the ferns Gleichenoides, Leckenbya and Sphenopteris. This assemblage, from a level of
grey-green silty clays, was correlated with a basal Cretaceous flora from Malaysia. Palyno-
logical evidence from a clay level close to the plant locality confirms an Early Cretaceous
age. A few kilometres from there, at “Phnom Krakès”, palynomorphs indicate a Middle
Jurassic to Early Cretaceous age. A third locality in the same area, in the upper part of
the Grès Supérieurs at the Popokvil waterfall, has yielded an Early Cretaceous microflora
which may be slightly younger (Barremian or even Aptian) because of the presence of
Diadites spinosa. Corsin and Desreumaux [6] concluded that the age of the Grès Supérieurs
was, in all likelihood, Early Cretaceous, although there was no solid evidence about that
of their basal-most part, which, however, could not be earlier than the latest Jurassic. As
mentioned above, the dinosaur bone from Koh Paur was apparently found in the lower
part of the Grès Supérieurs, which would suggest a basal Cretaceous age.

3. Material and Methods

The specimen, a sauropod left fibula, was extracted from a hard sandstone bed at
Koh Paur, near Koh Kong, in November 2022. The final preparation of the specimen took
place in Phnom Penh in March 2023. The bone belongs to the collection of the Cambodian
Ministry of Environment, under number MOEC-1.

4. Systematic Paleontology

Dinosauria Owen, 1842
Saurischia Seeley, 1888
Sauropoda Marsh, 1878
Titanosauriformes Salgado, Coria & Calvo, 1997
Somphospondyli Wilson & Sereno, 1998
Euhelopodidae Romer, 1956

4.1. Description

The left fibula from Koh Paur is nearly complete but was broken into several sections
when found (Figure 3), and its surface had suffered more or less severe abrasion in several
areas, probably first during transport prior to burial and then on the lateral side, which
was exposed to weathering and erosion before the specimen was excavated. In lateral and
medial views, the bone shows a sigmoid curvature (Figure 4A,C), the cranial margin being
slightly convex in its proximal part and concave in its distal part, while the caudal margin
shows the reverse condition.
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Figure 3. The sauropod fibula as it appeared in situ on the rocky beach in Koh Kong, before it was
excavated. The weathered lateral face is exposed.

The proximal part of the bone is remarkable because of its mediolateral thickness,
which contrasts with the thinness of the shaft (Figure 4B,D). The proximal margin is only
very slightly convex proximally. The proximal articular surface shows the corrugations
frequently seen on the articular surfaces of sauropod limb bones, presumably indicating
a well-developed cartilage layer. In proximal view, the articular surface is more or less
rectangular in outline (Figure 4E), with a slight triangular protrusion in the caudolateral
corner. The lateral surface of the proximal region is smoothly convex craniocaudally. Its
medial surface shows strong reliefs (Figure 4C). A well-marked ridge, the tip of which
is incomplete, close to the cranial margin and well visible in proximal view (Figure 4E),
apparently corresponds to the “anterior crest” described by Wilson and Upchurch [11]
in Euhelopus zdanskyi and various other Titanosauriformes. A less marked ridge extends
obliquely from the proximocaudal corner of the bone. Together, the ridges enclose a concave
area which may have provided a contact area for the tibia.

The shaft is remarkably thin mediolaterally, but this thinness is partly due to abrasion
of both the medial and lateral surfaces. On the distal part of the lateral surface, in particular,
a longitudinal scoop-shaped depression apparently corresponds to an area where a fairly
thick splinter has been detached from the bone. The shaft shows a slight sigmoid curvature
in the mediolateral plane (Figure 4B,D). Its cranial and caudal margins are thin and sharp.
The lateral process usually present on the lateral surface of the fibular shaft of sauropods is
not clearly visible here because of the abrasion of the bone surface. In cross-section, the
shaft is subtriangular near the proximal end and becomes lens-shaped more distally.

The distal end of the bone is expanded both mediolaterally and craniocaudally. The dis-
tal articular surface, which is much weathered, is ovoid in distal view (Figure 4F). Its medial
margin overhangs the shaft, forming a kind of prominent “lip”, as in many sauropods.
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Figure 4. Sauropod left fibula from Koh Paur (MOEC-1) in lateral (A), cranial (B), medial (C), caudal
(D), proximal (E) and distal (F) views. amc: anteromedial crest. Scale bar: 10 cm.
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4.2. Measurements
Overall length: 700 mm
Minimum craniocaudal width of shaft: 85 mm
Craniocaudal length of proximal articular surface: 185 mm
Mediolateral width of proximal articular surface: 90 mm
Craniocaudal length of distal articular surface: 152 mm
Mediolateral width of distal articular surface: 76 mm

5. Discussion

Specimen MOEC-1 shows a few characters that may help to determine its affinities
with some precision. Its slightly sigmoid shape, with craniocaudally somewhat enlarged ar-
ticular ends and a mediolaterally compressed shaft, shows that it belongs to a sauropod [12].
In sauropods, the position, extent and morphology of the “external trochanter”, a protru-
sion on the lateral face of the shaft for the attachment of a muscle (see [13] for a discussion
of the identification of this muscle), differ among various taxa. Unfortunately, in MOEC-1
this area has undergone such severe abrasion that very little can be said about the external
trochanter, which is marked only by a slight rise of the surface of the shaft. However, the
morphology of the proximal part of the bone shows interesting characters that warrant a
comparison with other sauropods. In many sauropods, especially Jurassic forms, there is
a distinct contact area for the tibia on the medial face of the fibula, in its proximal region.
Wilson and Sereno [13] describe it as “a well defined, rugose, triangular area that occupies
the full width of the fibula near its proximal articular end. . .” and consider it as charac-
teristic of a group comprising Barapasaurus, Omeisaurus and Neosauropoda. However, as
noted by D’Emic [14], this “corrugated triangular scar” is absent in Titanosauriformes.
The fibula from Koh Paur does not exhibit a corrugated triangular scar in the proximal
part of its medial face; instead, it shows strong ridges, the cranial-most one forming an
anteromedially directed process. As mentioned above, this process apparently corresponds
to the “anterior crest” described by Wilson and Upchurch [11] in Euhelopus, which inserts
into a notch behind the cnemial crest of the tibia. As noted by Wilson and Upchurch [11],
this relationship between the proximal parts of the tibia and the fibula is present in various
other Titanosauriformes, including Erketu [15], Gobititan [16], Tangvayosaurus [17] and an
Indian titanosaur [18]. Mannion et al. [19] note that this anteromedial crest is present
in several somphospondylans and also in Diplodocus. However, the development and
position of this crest seem to vary among sauropods (Figure 5). In Diplodocus, for instance
(Figure 5F), it appears to be simply a craniomedial prolongation of the proximal articular
surface of the fibula [20]. In several Cretaceous taxa, the condition seems to be somewhat
different: the crest issues from the medial surface of the bone, some distance below the
proximal end, and is not a direct cranial prolongation of the proximal articular surface. This
is associated with a thickening of the proximal end of the fibula which is clearly visible
in proximal, cranial and caudal views. An increased thickness of the proximal end of the
fibula in titanosaurs was noted by Huene as early as 1927 [21]. This thickening is absent in
some Jurassic sauropods, such as Mamenchisaurus [22] (Figure 5I). In others, such as Cama-
rasaurus [23] (Figure 5L) and Apatosaurus [24] (Figure 5J), the proximal articular surface is
more or less crescentic but does not show a well-developed anteromedial crest. Giraffatitan
shows an unusual semicircular outline [25] (Figure 5K). As mentioned above, the Koh
Paur sauropod fibula shows a thickened proximal region with an anteromedial crest, and,
in this respect, it is reminiscent of various Cretaceous Titanosauriformes, including the
above-mentioned Early Cretaceous Asian forms Euhelopus [26] (Figure 5B), Erketu [15], Gob-
ititan [16] (Figure 5C) and Tangvayosaurus [17], to which can be added Phuwiangosaurus [27]
(Figure 5H). The anteromedial crest is developed as a thin projection in the Early Cretaceous
Titanosauriformes Tastavinsaurus [28] (Figure 5G) and Paluxysaurus [29]. In Late Creta-
ceous titanosaurs such as Opisthocoelicaudia [30], Neuquensaurus [31] and Bonitasaura [32]
(Figure 5A), as well as in undescribed specimens from the Upper Cretaceous of southern
France (personal observations on specimens in the Cruzy Museum, MC-MN 481, MC-
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MN 99bis, Figure 5E), the anteromedial crest tends to be well marked, protruding from
the medial surface. Although the evolution of this character and its distribution among
various taxa are not completely clear, a prominent anteromedial crest seems to be espe-
cially developed in somphospondylan Titanosauriformes, a group to which the Koh Paur
dinosaur in all likelihood belongs. It should be noted that the anteromedial crest of the
Koh Paur bone is somewhat abraded, so that its exact original length cannot be estimated
with complete accuracy. It may have been relatively long, as in Tastavinsaurus, which also
exhibits a sigmoid curvature of the shaft of the fibula [28] reminiscent of what is seen in the
Cambodian specimen.
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Figure 5. Outline of the proximal articular surface of the fibula in various sauropods, showing variable
development of the anteromedial crest. All the specimens, redrawn from various authors, are shown
as being left fibulae (mirror images have been used when needed), with the medial face facing up-
ward. Not to scale. (A)—Bonitasaura (after [31]); (B)—Euhelopus (after [25]); (C)—Gobititan (after [15]);
(D)—Koh Paur sauropod; (E)—Indeterminate titanosaur (Late Cretaceous of Cruzy, France, MC-MN
99bis); (F)—Diplodocus (after [19]); (G)—Tastavinsaurus (after [27]); (H)—Phuwiangosaurus (after [26]);
(I)—Mamenchisaurus (after [21]); (J)—Apatosaurus (after [23]); (K)—Giraffatitan (after [24]); and
(L)—Camarasaurus (after [22]).

Because of the lack of a triangular medial scar and of the development of an anterome-
dial crest, the Koh Paur fibula is, therefore, referred to a non-titanosaurian somphospondy-
lan. The closest similarities seem to be with various Early Cretaceous forms from eastern
Asia, including (to mention only the taxa in which the fibula is known) Euhelopus zdan-
skyi [26] and Gobititan shenzhouensis [16] from China, Erketu ellisoni from Mongolia [15],
Phuwiangosaurus sirindhornae [27] from Thailand and Tangvayosaurus hoffeti [17] from Laos.
The Cambodian fibula differs from that of Tangvayosaurus in having a sigmoid rather than
straight shaft. In this respect, it is closer to Phuwiangosaurus but differs from it in the
position and shape of the anteromedial crest which, in the Thai form, is an extension of
the craniomedial angle of the proximal articular surface, while it arises from the medial
face of the bone in the Cambodian specimen. The same difference can be seen between
Gobititan and the Cambodian form. Closer similarities in the shape and position of the
anteromedial crest seem to exist with Erketu and, possibly, Euhelopus. The above-mentioned
eastern Asian taxa are sometimes considered as belonging to a clade of non-titanosaurian
somphospondylans, the Euhelopodidae [33,34]—although alternative conceptions of the
Euhelopodidae, based on a different placement of Euhelopus in a more basal phylogenetic
position, have been put forward [35]. We refer the Koh Paur sauropod dinosaur to the
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Somphospondyli and possibly the Euhelopodidae. Although it cannot be excluded that
it belongs to a new taxon, a more precise identification is not possible on the basis of a
single fibula.

With a length of 700 mm, the fibula from Koh Paur is longer than that of Euhelopus
zdanskyi (618 mm), which had an estimated body length of 10.5 m [36]. The Koh Paur
dinosaur may, thus, have been about 11 to 12 m long.

6. Conclusions

The Koh Paur sauropod fibula is the first dinosaur bone to have been reported from
Cambodia. Since sauropod dinosaurs are already known from various parts of South-East
Asia, the occurrence of one of them in the thick succession of non-marine Mesozoic rocks
which covers a sizeable area of south-western Cambodia is not unexpected. However, as
noted above, these continental formations appear to have been deposited in a basin that
was distinct from the Khorat basin of eastern Thailand and southern Laos, where most of
the currently known South-East Asian dinosaurs have been found. The fibula from Koh
Paur shows similarities with those of several basal somphospondylan Titanosauriformes
from the Early Cretaceous of eastern Asia and may belong to the family Euhelopodidae.
More material is needed for a better assessment of this first Cambodian dinosaur, and it is
hoped that a search for fossil localities in south-western Cambodia may shed light on the
Mesozoic fossil vertebrate assemblages of that promising area.
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