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Abstract—A partial skeleton of a Mesozoic mammal has been discovered from the fourth member (tuffaceous
sandstone) of the Lower Cretaceous Sinuiju Formation, Paekto-dong, Sinuiju city, North Phyongan Prov-
ince, Democratic People’s Republic of Korea (DPRK). This specimen exhibits several characters common
to all multituberculates. The femoral head is fully spherical and inflected, and sets off from the shaft by a long
neck. The tibia has the pronounced, hook-like dorsolateral process in the proximal part and the medial and
lateral articulating condyles on the tibia. The astragalus and the calcaneus are in juxtaposition, as preserved.
The metatarsal V is offset from the cuboid. Hence this specimen belongs to multituberculate mammals. But
this specimen has also the derived characters. The parafibula is not present. The calcaneocuboid facet is
transverse with respect to the length of the calcaneus. In these regards, we suggest that the preserved postcra-
nial skeleton of the new specimen has a mosaic of primitive and derived characters. This interpretation must
be corroborated by additional mammal specimens from this locality.
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INTRODUCTION
The Mesozoic lacustrine sedimentary rocks of the

Sinuiju Formation from Paekto-dong, Sinuiju city are
well known for a spectacular biota characterized by
mixed terrestrial and lacustrine origins (e.g. fossil fish:
Lycoptera davidii; conchostracans: Eosestheria mid-
dendorfii, Yanjiestheria kyongsangensis; fossil insect:
Ephemeropsis trisetalis; ostracods: Cypridea concina,
C. ritimensis, Darwinula tubiformis, Ziziphocypris
costata; bivalves: Limnocyrena ovalis, L. sibirica, Fer-
ganoconcha sp.; gastropods: Viviparus sp., Valvata sp.,
Corbicula sp.; plant fossils: Equisetites ushimarensis,
Cladophlebis denticulata, Coniopteris burejensis,
C. hymenophylloides, Ruffordia goepperti, Sphenopteris
nitidula, Ginkgo sibirica, Ginkgoites jampolensis, Cze-
kanowskia rigida) (Fig. 1) (Pak, 1996; Jon et al., 2019).
Of them, an exciting Mesozoic mammal was first dis-
covered in 2014 by the geological faculty from Paleon-
tological Department, the Kim Il Sung University.
The fossiliferous bed is confined to the fourth mem-
ber, Sinuiju Formation of Paekto-dong, Sinuiju City.

GEOLOGICAL BACKGROUND 
AND METHOD

The Sinuiju Basin is distributed on the Amnokgang
Fault Zone of the northeast. The Sinuiju Formation in
Sinuiju City is distributed mainly in the Sinuiju basin,
which is structurally separated by early Mesozoic or

older strata along a southwest-northeast direction and
extends over an area of about 250 km2. It comprises, in
ascending order, the first to eighth members and the
geologic age is the Early Cretaceous (Barremian–
Aptian) (Won et al., 2019). The first member consists
of sandstone and mudstone containing abundant
invertebrate and plant fossils, overlying unconform-
ably the Precambrian basement (Pak, 1996). The
lower part of the first member consists of sandstone
and conglomerates. The middle and upper parts com-
prise sandstone, siltstones and mudstone intercalated
with mudstones. Invertebrate and plant fossils have
been recovered from the mudstones. The second
member is composed of volcanic rocks with sedimen-
tary intercalations. The third member is distributed on
Paekto-dong area, and consists of greyish-green sand-
stone, mudstone and siltstone. It is 200–300 m in
thickness. The fourth to eighth members are covered
with the Quaternary strata. But the lowermost part of
the fourth member is distributed in Paekto-dong and
Tosong-ri. The present mammal fossil comes from the
tuffaceous sandstone, the lower part of the fourth
member. It suffered diagenetic metamorphosis and
preserved in lacustrine tuffaceous sandstone of Sinuiju
Formation. Images of the pes and others are based on
the outlines by microscope Leica tracing. The figured
specimens are deposited in the collections of the
Paleontological Department, Geological Faculty,
Kim Il Sung University.
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Fig. 1. Geographic map and outcrop showing the fossiol locality. (a) Map pertaining to the fossil locality; (b) photograph of the
studied fossil locality.
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D e s c r i p t i o n. Figures 1–7. The first Mesozoic
mammal fossil from Paekto-dong, Sinuiju City is pre-
served on a slab of the tuffaceous Sandstone and the
counter-slab is not preserved (Fig. 3, Table 1). In the
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Table 1. Measurement of no. 2015.9-A
No. Name of bones

1 Femur length
2 Femur maximal width
3 Femur head length
4 Tibia length
5 Tibia proximal width
6 Tibia distal width
7 Fibular length
8 Fibula proximal width
9 Fibula distal width
10 Astragalus length
11 Calcaneus length
12 Calcaneus width
13 Cuboid length
14 Cuboid width
15 Entocuneifom length
16 Ectocuneifom length
17 Metatarsal I
18 Metatarsal II
19 Metatarsal III
20 Metatarsal IV
21 Proximal phalange III
22 Proximal phalange IV
fossil specimen, part of the vertebral column (lumbar
and sacral vertebrae), pelvis, right hind limb, and left
femur are preserved largely in articulation. But the
lumbar ribs are absent.

Although there are several lumbar vertebrae but
only one of the sacral vertebrae is preserved; their
preservation is very poor.

The ilium, ischium and pubis are fused to form the
pelvic girdle (Figs. 4a, 4b). The pelvic acetabular dor-
sal emargination is closed, with a smooth, unbroken
3
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Fig. 2. Stratigraphic column measured at the Sinuiju For-
mation.
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Fig. 3. Mammal fossil from Sinuiju Formation (no.
2015.9-A).
and semicircular rim. The pubis and the epipubis are

not preserved, but the pubic symphysis is preserved.

The suture and internal aspect of the acetabulum is

blocked from view by the head of the femur. The ilium
PAL
is short and likely incomplete, and the preserved part
is not rod-like. The anterior end of it is sharp and nar-
rower than the rest of it. The posterior part of it shows
the antero-dorsal margin of the acetabulum (Figs. 4a,
4b). The ischium is not well preserved, but what is pre-
served is distinctive, and shows a triangular outline.
The acetabulum bears an inverted U-shaped region for
the femoral head, though the part of it is preserved
(Figs. 4a, 4b).

The femur shows relatively broader proximal and
distal ends than the shaft. The length of it is relatively
long, compared to the tibia and the fibula. The femo-
ral head is spherical and inflected, and sets off from
the shaft by a fairly long neck (Figs. 4a, 4b). The
greater trochanter is robust and extends vertically from
the shaft and beyond the femoral head. The distal end
of the femur bears a clear epiphyseal suture between
the shaft and the distal epiphysis (Figs. 5a, 5b). The
two distal articulating condyles are formed by the
epiphysis, and are separated by an intercondylar fossa
in the posterior aspect of the femur (Figs. 5a, 5b). The
femur lacks a distinct patellar groove, also there is no
patella preserved, both suggestive of an absence of the
patella.

The tibia has a proximolateral process, a primitive
feature that is strongly developed and hooklike
(Figs. 5a, 5b). The distal extremity of it shows a dis-
tinctive suture between the epiphysis and the diaphysis
(shaft). The distal end of the tibial epiphysis has a
medial malleolus, called the medial tibial condyle
(sensu Krause and Jenkins 1983).

Apparently the fibula is not fused with the tibia in
the specimen (Figs. 5a, 5b). It also does not contact
EONTOLOGICAL JOURNAL  Vol. 57  No. 7  2023
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Fig. 4. Pelvic girdles (no. 2015.9-A). (a) Photo of pelvic girdles. The pelvic acetabular dorsal emargination is closed. The pubis
and epipubis is not preserved. The inflected head of the femur is spherical and sets off from the shaft by a long neck. The acetab-
ulum bears an inverted U-shaped region for the femoral head; (b) Line drawing of reconstruction of Fig. 4a.

(a) (b)

Femur

Greater

trochanter

Head of the femur

Ilium
Ischium

Fig. 5. Proximal part of the tibia and the fibular (no. 2015.9-A). (a) Photo of proximal part of the tibia and the fibular. The tibia
has a proximolateral process. The patella is not preserved. The fibula doesn’t contacts the distal femur; (b) Line drawing of recon-
struction of Fig. 5a.
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the distal femur. But the lateral part of the fibular head
bears a hooklike process for articulation with the
hooklike process of the tibia. The fibula is narrower
and shorter than the tibia.

Although the astragalus is not well preserved, it
does not overlap over the calcaneus (lower ankle joint)
(Figs. 6a, 6b). The navicular bone is incomplete
(Figs. 6a, 6b). The entocuneiform is elongate, and it’s
joint with metatarsal I is offset anteriorly from the
joint of the mesocuneiform and metatarsal II
(Figs. 6a, 6b). The ectocuneiform has an oblong and
PALEONTOLOGICAL JOURNAL  Vol. 57  No. 7  202
curved outline. The mesocuneiform is the shortest
and smallest of the three cuneiform bones although
poorly preserved.

The calcaneus is oblong outline. It has well-devel-
oped and laterally compressed tuber calcanei, a calca-
neocuboid facet that is transverse and facing anteri-
orly, and a sustentacular facet that is medially facing
(Figs. 6a, 6b). The base of the peroneal process is off-
set from anterior end of calcaneus. The sustentacular
process forms an oblong outline (Figs. 4a, 4b). The
cuboid is relatively large and is wider distally than
3
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Fig. 6. Astragalus and calcaneus (no. 2015.9-A). (a) Photo of astragalus and calcaneus. The Navicular and mesocuneiform bones
are obscure. The entocuneiform is elongate, and its joint with metatarsal 1 is offset anteriorly from the joint of the mesocuneiform
and metatarsal 2 (arrow). Metatarsal 5 is offset from the cuboid. The calcaneus is well developed. The calcaneocuboid facet is
transverse with respect to the length of the calcaneus; (b) Line drawing of reconstruction of Fig. 6a.
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proximally. The Metatarsal V is offset from the cuboid
and not perfectly aligned laterally (Figa. 3a, 3b).

The metatarsals are elongated (Figs. 6a, 6b). Meta-
tarsals I–IV have similar outline. The shafts are nar-
rower and appear to be rod-like. The metatarsal V is
very different. It is much stouter overall and broader
distally. Only the proximal phalanges on digit III, and
IV are complete (Figs. 7a, 7b). Based on the preserved
proximal phalanges, they have similar shapes with
their ends slightly wider than the rod-like shafts. The
intermediate phalanges are incomplete on every digit.
The terminal phalanges are very poor (Figs. 7a, 7b)
(Table 1).

REMARKS

Now there are hundreds mammal skeletons from
Jurassic and early Cretaceous of China, most of which
PAL

Fig. 7. Metatarsals and phalanges (no. 2015.9-A).
(a) Photo of metatarsals and phalanges. Pedal digit III is
elongate relative to the digit IV; Line drawing of recon-
struction of Fig. 7a. All scale bars are 1 mm.
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consist of fragmentary jaws and teeth, which largely
explain the intense emphasis that paleontologists
place on the evolution of the mammalian dentition
(Luo et al., 2011; Williamson et al., 2014). But in the
present fossil from Paekto-dong, the dentition, the
cranium is not preserved and the postcranial skeleton
is partly preserved.

On the basis of the preserved postcranial skeletons,
the present fossil is similar to multituberculates in
many cruro-pedal characters.

Especially, the femoral head of our specimen is
spherical, inflected and sets off from the shaft by a
long neck (Figs. 4a, 4b), similar to the condition in
multituberculates (Kielan-Jaworowska et al., 2004).
The greater trochanter is long and directed proximally
as in multituberculates, Zhangheotherium, Maothe-
rium, and Henkelotherium (Krebs, 1991; Kielan-
Jaworowska and Gambaryan, 1994; Chen and Luo,
2013). But cynodonts and Yanoconodon have the
femoral head which are not spherical and have no
neck; the greater trochanter has no vertical process
(Luo et al., 2007; Chen et al., 2017).

The tibia possesses a large, hooklike proximolateral
tuberosity (Figs. 5a, 5b). It is a plesiomorphic similar-
ity to multituberculates, monotremes, morganuco-
dontids, and docodonts (Luo et al., 2002; Martin,
2005; Luo et al., 2015; Meng et al., 2015). A large
proximolateral tibial process is also present in many
eutriconodonts, such as Jeholodens, Gobiconodon,
and Spinolestes (Ji et al., 1999; Martin et al., 2015).

The shaft of the tibia in our specimen is relatively
straight (Fig. 3), and is bowed medially as seen in the
Late Cretaceous Chulsanbaatar, Nemegtbaatar, and
EONTOLOGICAL JOURNAL  Vol. 57  No. 7  2023
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Catopsbaatar (Kielan-Jaworowska and Gambaryan,
1994; Hurum and Kielan-Jaworowska, 2008). And the
fibula has a straight shaft (Fig. 3), slightly bowed as
those of several Cretaceous multituberculates (Kielan-
Jaworowska and Gambaryan, 1994; Hurum and
Kielan-Jaworowska, 2008).

The astragalus–calcaneus juxtaposition is a vari-
able feature in multituberculates. In the most primitive
known multituberculate with preserved ankle joint
(Sinobaatar), the astragalus and the calcaneus are in
juxtaposition, as preserved. The superposition of these
two bones is not developed (Hu and Wang, 2002a, b).
Ankle joint is preserved in Jurassic Rugosodon, in
which the calcaneus and the astragalus are slightly dis-
located, exposing the calcaneo-astragalar contact,
which was interpreted to be capable of translational
movement for the calcaneus relative to the astragalus
(Yuan et al., 2013). In the Late Cretaceous dja-
dochtatherian multituberculates from Mongolia, the
astragalus is oriented obliquely relative to the calcaneal
body, and does not overlap the calcaneus, according to
the detailed restoration by Kielan-Jaworowska and
Gambaryan (1994).

In the new specimen the entocuneiform is elon-
gate, and it’s joint with metatarsal I is offset anteriorly
from the joint of the mesocuneiform and metatarsal II
(Figs. 6a, 6b) as in some multituberculates and euthe-
rians.

In our specimen, the base of the peroneal process is
offset from anterior end of calcaneus (Figs. 6a, 6b). In
some multituberculates and Zhangheotherium, the
peroneal process is also set off from the calcaneal body
(Luo et al., 2003).

In the present specimen, Mt V is offset from cuboid
(Figs. 6a, 6b) (such as multituberculates, symmetro-
donts, and several eutriconodonts) (Kielan-Jawor-
owska and Gambaryan, 1994; Ji et al., 1999; Chen and
Luo, 2013; Chen et al., 2017) in contrast to that in
eutherian Asioryctes (Ji et al., 2002).

But the present specimen has also the derived char-
acters.

Relative to the size of the pelvis and the acetabular
diameter in our specimen, the pubic symphysis seems
to be shorter than those of Zhangheotherium, Hen-
kelotherium (Krebs, 1991) and Vincelestes (Rougier,
1993). Given the short sacral transverse processes and
the deep pelvis (Figs. 4a, 4b), it is likely that the pelvis
was narrow at the sacro-iliac joint and vertically deep,
as hypothesized for Zalambdalestes (Kielan–Jawor-
owska, 1978), Ukhaatherium (Novacek et al., 1997),
multituberculates (Kielan-Jaworowska and Gam-
baryan, 1994; Krause and Jenkins, 1983) and Eomaia
(Ji et al., 2002).

Kielan-Jaworowska and Gambaryan (1994) sug-
gested that parafibula might be characteristic of mul-
tituberculates as a whole. But in our specimen, the fib-
ula apparently lacks contact with the femur and the
PALEONTOLOGICAL JOURNAL  Vol. 57  No. 7  202
parafibular (Figs. 5a, 5b), as the condition commonly
encountered in eutherians.

The calcaneus is developed and similar to those of
Asioryctes (Kielan-Jaworowska, 1977), Ukhaathe-
rium (Horovitz, 2000), Zalambdalestes (Kielan-
Jaworowska, 1978; Horovitz, 2000) and Eomaia (Ji
et al., 2002) (Figs. 6a, 6b).

At the anterior end of the calcaneal body, the cal-
caneo-cuboid facet is transversely oriented, similar to
the condition in Vincelestes (Rougier, 1993) and Cre-
taceous eutherians (Horovitz, 2000; Ji et al., 2002;
Luo et al., 2003) (Figs. 6a, 6b).

Hence our analyses place the new fossil as a mul-
tituberculate, noting that it shares several cruro-
pedal structure features with multituberculate mam-
mals. However, our specimen has also some derived
characters.

This interpretation must be corroborated by addi-
tional phylogenetic analyses that include a large swath
of Mesozoic mammals and a broad sampling of dental
and non-dental characters.

Multituberculates are generally regarded as the
evolutionarily most successful and longest-lived
(Middle Jurassic to late Eocene) clade of Mesozoic
and early Paleogene mammals. First record of the
Mesozoic mammal fossil from DPRK broadens the
distribution and diversity of the Mesozoic multituber-
culate mammals. It also provides the new information
on the pelvis, the hindlimb and pes, which in turn will
help in exploring for other multituberculates in Sinuiju
and elsewhere.
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