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Abstract—Gobigeol abis verigranum gen. et sp. nov. is described based on jaw fragments from the Upper Pale-
ocene Zhigden Member of the Naran Bulak Formation of the Tsagan-Khushu locality (Mongolia). Thisisthe
first Asian member of the Geolabididae, a soricomorph family that has previously been recorded from the Upper
Cretaceous-Lower Miocene of North America. G. verigranum was an extremely small mammal; the dimen-
sions of its M suggest this animal was approximately 2.25 g in body weight (i.e., similar in size to the smallest

extant shrews).
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INTRODUCTION

The Geolabididae is afamily of soricomorph insec-
tivores, which was widespread in the Paleogene of
North America. This group was originally established
as a subfamily of the Erinaceidae and included three
genera: Geolabis (= Metacodon), Myolestes, and Hypa-
codon (McKenna, 1960). Somewhat | ater, Hypacodon
was reduced to a junior synonym of Centetodon
(McKenna et al., 1962). Subsequently, Geolabis was
also synonymized with Centetodon (Setoguchi, 1978;
Lillegraven et al., 1981), while the name Myolestes
Matthew, 1909 (a junior homonym for Myolestes
Bréthes, 1905, Insecta) was replaced by Marsholestes
(McKenna and Haase, 1992). At present, the family
Geolabididae isusually considered to include the North
American genera Batodon (Late Cretaceous), Cente-
todon (Early Eocene-Early Miocene, Wasatchian—
Arikareean), Marsholestes (Middle Eocene, Bridgerian),
and Batodonoides (Early-Middle Eocene, Wasatchian—
Uintan) (McKennaand Bell, 1997; Bloch et al., 1998).

Until it was recognized that Centetodon, Geolabis,
and Metacodon were congeneric, they were placed in
different groups of Insectivora. Centetodon was usually
assigned to the Nyctitheriidae (Simpson, 1945), Meta-
codon was placed in the Erinaceidae (Patterson and
McGrew, 1937; Galbreath, 1953; Clark, 1966) or aspe-
cia family, the Metacodontidae (along with Plesio-
sorex and Meterix; Butler, 1948), while Geolabis was
referred to as Insectivora incertae sedis (Simpson,
1945; Saban, 1958). Saban (1958) believed that
Geolabis could have belonged to the Soricoidea. Since
the subfamily Geolabidinae was established, it was for
some time commonly assigned to the Erinaceidae
(McKenna, 1960; Russell, 1960; Clark, 1966). VanVaen

(1967) considered the subfamily Geolabidinae to
belong to the Adapisoricidae (Erinaceoidea), Robinson
(1968) placed it in the Nyctitheriidae, and Gureev
(1979) indicated that it issimilar to the Tenrecidae. But-
ler (1972) was the first to assign with certainty this
group to Soricomorpha and ranked it as a family; sub-
sequently, this point of view was accepted by other
researchers (McKenna, 1975; Novacek, 1976; Sigé,
1976). Butler believed that the Geolabididae belonged
to a soricomorph insectivoran lineage that gave rise to
the Nesophontidae and Solenodontidae (Butler, 1972,
1988; see d so Seiffert and Simons, 2000; Whidden and
Asher, 2001).

The Geolabididae were as small as living shrews.
This family includes the smalest known mammal Bat-
odonoides vanhouteni Bloch, Rose et Gingerich, 1998
from the L ower Eocene of Wyoming (Bloch et al., 1998).

The Geolabididae are characterized by an elongate
facial region of the skull, the presence of the zygomatic
arches (Butler, 1988), complete dental formula, an
increased first pair of the upper incisors, nonmolari-
form P*lacking ametacone (arudimentary metaconeis
present in Batodon) but possessing a very high para-
cone. The upper molars are widened, with well-devel-
oped styles, closely positioned paracone and metacone,
reduced conules, and well-developed postcingulum
(the hypocone shelf). They displayed a trend toward
bifurcation of the lingual root of the upper molars. The
lower premolars are double-rooted (except for P; of
Batodon tenuis and Batodonoides vanhouteni), and P
is reduced. P, is semimolariform and has a conical
paraconid, large protoconid and metaconid, and a sim-
plified shearing talonid with a small lingual basin. The
lower molars have high and closely positioned cusps of

672



THE FIRST FIND OF GEOLABIDIDAE (SORICOMORPHA, MAMMALIA)

the trigonid and low cusps of the talonid, and the hypo-
conulid is often fused with the entoconid.

The Maastrichtian Batodon tenuis Marsh, 1892 is
presumably the earliest member of the Geolabididae
and of the Lipotyphla as a whole (Benton, 1999). This
form was considered to belong to the Palaeoryctidae
(VanVaen, 1967; Kielan-Jaworowskaet al., 1979; But-
ler, 1988; Storer, 1991) or Cimolestidae (Clemens,
1973). Szalay and Decker (1974) proposed that it is
related to the Nyctitheriidae. McKenna was the first to
propose in personal communication in 1974 that Bat-
odon could have belonged to the Geolabididae
(Novacek, 1976; Bown and Schankler, 1982). How-
ever, the Late Cretaceous Batodon is separated by a
considerable time gap from the earliest North American
Geolabididae (Paleogene), the Early Eocene Centet-
odon patratus and C. neashami from Wyoming (Bown
and Schankler, 1982; Butler, 1988). Taking into
account the differences in dentition between Batodon
and the Paleogene Geolabididae, this genus is some-
times referred to as Placentalia incertae sedis (Wood
and Clemens, 2001).

Russell and Dashzeveg (1986) described Early
Eocene insectivores (and al so the so-called proteutheri-
ans, i.e., cimolestids and pantolestids) from the Bum-
ban Member of the Naran Bulak Formation of the Tsa-
gan-Khushu locality (Mongolia) and indicated that Tsa-
ganius ambiguus Russell et Dashzeveg, 1986 is similar
to Batodon tenuis (which was assigned by these
researchers to the Palaeoryctidae). They placed Tsaga-
nius in the subfamily Didelphodontinae (Palaeoryc-
tidae) and proposed that the ancestor of Tsaganius was
similar to Batodon; however, no intermediate Pae-
ocene forms were known (Russell and Dashzeveg,
1986, p. 286). Tsaganius differs from the Geolabididae
initslarge P;, crestlike paraconid of P, (the presence of
the paracristid), better differentiated metaconid and pro-
toconid of P,—M, shorter talonid of M, and M, and bet-
ter developed hypoconulid of M;—M,. Currently, this
genus is usually assigned to the Cimolestidae (Didel-
phodonta, Cimolesta) (McKennaand Bell, 1997).

It was also proposed that a fragmentary maxilla
with molars from the Bumban Member of Tsagan-
Khushu that was identified as Lipotyphla indet. (Rus-
sell and Dashzeveg, 1986, text-fig. 6) belonged to the
Geol abididae.

The present paper describes the first unquestionable
representative of the Geolabididae from Asia. The spec-
imens under study come from the Zhigden Member of
the Naran Bulak Formation of the Tsagan-Khushu
locality (collected by the Southern Gobi Party of the
Joint Soviet—-Mongolian Paleontological Expedition
headed by V.Yu. Reshetov in 1987). The Zhigden Mem-
ber has been dated terminal Late Paleocene, and its
faunais assigned to the Gashatan Asian Land Mammal
Age (Badamgarav and Reshetov, 1985; Ting, 1998;
Wang et al., 1998). Extinct soricomorph insectivores
assigned to the Nyctitheriidae and Micropternodon-
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tidae were previously discovered in the Gashatan fau-
nas of Mongolia and China (Matthew and Granger,
1925; Matthew et al., 1929; Szalay and McKenna,
1971; Meng et al., 1998; Lopatin et al., 2001; Kon-
drashov et al., 2004; Lopatin and Kondrashov, 2004).

SYSTEMATIC PALEONTOLOGY
Family Geolabididae M cKenna, 1960
Genus Gobigeolabis L opatin, gen. nov.

Etymology. From the Gobi Desert and the
generic name Geolabis.

Type species. G. verigranum sp. nov.

Diagnosis. P~M?2short and broad, with strongly
projecting lingual lobe. Postcingulum of M* and M?
narrow, lacking hypocone shelf and additional lingual
root; conules substantially reduced. Stylar shelf of M?
relatively narrow, parastylar wing small, additional sty-
lar cuspules absent, and ectoflexus small. Metaconid of
P, well-devel oped; talonid elongated, narrow, and uni-
cuspid; and lingual talonid basin very small. Trigonid
of M; and M, short, protoconid and metaconid equal in
height, entoconid small and low, hypoconulid com-
pletely fused with entoconid, and entocristid and
ectocingulid absent.

Species composition. Type species.

Comparison. The new genus is distinguished
from Centetodon Marsh, 1872 (= Embassis Cope,
1873; Geolabis Cope, 1884; Protictops Peterson, 1934,
Metacodon Clark, 1936; Hypacodon McKenna, 1960)
by al the characters of the upper teeth and talonids of
the lower molars that are listed in the diagnosis and by
the talonid structure of P,. It is distinguished from Bat-
odon Marsh, 1892 by the more strongly developed lin-
gual lobe of P and P#, the absence of the metacone on
P, the narrower stylar shelf of the upper molars, the
large metaconid of P,, equal height of the protoconid
and metaconid of M, and M, and by the reduced hypo-
conulid of M; and M,. It is distinguished from Bat-
odonoides Novacek, 1976 by the better developed lin-
gual lobe of P2 and P4, the presence of the metaconule,
the reduced paraconule, the narrow stylar shelves, the
absence of additional stylar cuspulesand preparaconule
and postparaconule crests, the cingula of the upper
molars that is only dlightly developed, the small para-
stylar wing and the superficial ectoflexus of M2, and
the absence of an ectocingulid and the shorter trigo-
nids of M, and M. It is distinguished from Marsho-
lestes McKenna et Haase, 1992 by the reduced ento-
conid and hypoconulid and the absence of an entocris-
tidon M; and M.,

Gobigeolabis verigranum L opatin, sp. nov.
Etymology. From the Latin verus (true) and
granum (granule, grain).

Holotype. PIN, no. 3104/776, right dentary frag-
ment with P,—M,; Mongolia, Tsagan-Khushu locality;
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Fig. 1. Gobigeolabis verigranum sp. nov., holotype PIN,
no. 3104/776, fragmentary right dentary with P,—M>, labial

View.

Fig. 2. Gobigeolabis verigranum sp. nov., holotype PIN,
no. 3104/776, fragmentary right dentary with P,-M>:

(a) labia, (b) occlusal, and (c) lingual views.

Upper Paleocene, Naran Bulak Formation, Zhigden
Member.

Description (Figs. 1-3). An extremely small
insectivore, similar in size to the smallest members of
the Soricidae.

P2 is small, three-rooted. Its parastyle is small, low,
and rounded. The paracone isthick and relatively high.
The metastylar crest is short and sharp. The metastyle
is poorly developed. The ectocingulum is only dightly
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differentiated and only present at the level of the meta-
stylar crest. The protocone strongly projects lingually
and isoblique anteriorly. The protocone cusp islow and
pointed. The precingulum is absent, while the postcin-
gulum is very narrow, extending along the posterior
side of the crown from the protocone to the metastyle.

P*is relatively large, three-rooted. The parastyle is
well-developed, conical, has a pointed apex, and
strongly projects anteriorly. A short but well-pro-
nounced crest of the preparacrista is present and con-
nects the parastyle with the anterior base of the para
cone. The paracone is very high, massive at the base,
and narrow at the apex. The metastylar crest is stout and
bladelike. The metastyle is small and dightly differen-
tiated. The ectocingulum is poorly pronounced. The
protoconeislarge, wide, and strongly projectslingually
but is relatively short. The protocone apex is substan-
tially raised, and the preprotocrista is positioned at a
very acute angle to the postprotocrista. The precingu-
lum is absent. The postcingulum isrelatively broad and
has a distinct projection (without an eminence) in the
region of the hypocone.

The upper molars are three-rooted. M* and M?
strongly expand transversely. M is damaged, only its
lingual lobe is preserved. The conules are weak. The
protocone is larger than that of P*, and the preproto-
crista is positioned at a larger angle to the postproto-
crista. The cingulaare well-devel oped both anterior and
posterior to the protocone; the precingulum is narrow,
while the postcingulum is wider and has a weak emi-
nencein place of the hypocone.

M? hasalarge conical parastyle, which substantially
projects anterolabially. The preparacrista is short and
relatively high. The paracone is broken. The metacone
is relatively high, conical, and somewhat inclined pos-
teriorly. The postmetacristaisthick and high. The meta-
stylar lobe is large and projects posterolabially. The
metastyleis small. The ectocingulum is narrow but dis-
tinct, being especially well-devel oped on the metastylar
lobe. The paraconule and metaconule are weak and
ridgelike. The protocone is more massive than that of
MY, the preprotocrista and postprotocrista are more
widely spaced, and the trigon basin islarger. The precin-
gulumisnarrow but distinct. The postcingulumisalittle
weaker than in M?! but has a clear expansion and emi-
nence in place of the hypocone. M2 is not preserved.

The horizontal ramus of the lower jaw is thin and
low, and its lower edge is gently rounded under P,—M.,,.
Judging from the alveoli, P; was relatively large, only
dlightly shorter in longitudinal direction than P,.

P, is semimolariform, extended, relatively large,
and high, dightly higher than the molars. The para-
conid iswell-pronounced, high, conical, and occupiesa
central position on the anterior side of the crown. The
paracristid is absent. The protoconid and metaconid are
approximately equal in height and stoutness and are
tightly fused almost to their apices. The protocristid is
transversely positioned and short. The precingulid is
Vol. 38

No. 6 2004



THE FIRST FIND OF GEOLABIDIDAE (SORICOMORPHA, MAMMALIA)

675

Fig. 3. Teeth of Gobigeolabis verigranum sp. nov.: (a-n) specimen PIN, no. 3104/800, left P-M2: (a—d) P, (e-g) P* and fragmen-
tary ML, (h) P?, (i) fragmentary M2, and (j—n) M?Z; (a, h, m) anterior, (b, e, j) labial, (c, f, k) occlusal, (d, g, I) lingual, and (i, n) rear
views; (0—q) holotype PIN, no. 3104/776, right P,—M>: (0) P,—M,, occlusal view; (p) P4, anterior view; and (g) M, rear view.

absent. The talonid is relatively long and narrow. The
longitudinal crest of the talonid (cristid oblique) isvery
weak. A very small basin is present on the lingual side.
The labial side of the talonid is dightly concave. The
terminal cuspule of the hypoconid is somewhat dis-
placed lingually and raised to the level of the paraconid
apex of M.

M; and M, are similar in structure but differ in
shape; M, is substantially shorter, has a wider trigonid
and a shorter talonid, and its paraconid and metaconid
are positioned closer to one another. Thetrigonid of M,
and M, islongitudinally compressed. The paraconid is
small and highly raised. The protoconid and metaconid
are fused at the base, equally high, turned dightly
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anterolingually with reference to the axis of the tooth
row (therefore, the protocristid is subtransverse), and
are anterolingually inclined. The precingulid is well-
devel oped at the base of the anterolabial wall of the pro-
toconid (on M, it is more prominent than on M,). The
hypoflexid is relatively superficial. The talonid basinis
large, shallow, and open lingually. The cusps of thetal-
onid arelow. The hypoconid islocated in the posterola-
bial corner of thetalonid. The cristid obliqueislow and
connected to the posterior wall of the trigonid behind
the protoconid apex. The entoconid is ridgelike and
extends along the posterolingual angle of the occlusal
surface from the hypoconid to the midlength of thelin-
gual side of the talonid. The hypoconulid is indiscern-
ible, probably completely fused with the entoconid. In
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Table 1. Tooth dimensions (maximum length x maximum width, mm) and estimated body weight (Y 1, g) in some extremely small Paleo-

gene insectivoran mammals

Species P M2 P, M, M, Yo
Gobhigeolabis verigranum (Geolabididae), Upper 1.10x1.35| 1.10x 1.65 | 1.00x0.45 | 0.95x0.60 | 0.90x 0.65 | 2.25
Paleocene of Mongolia: origina data
Batodonoides vanhouteni (Geolabididae), Lower Eocene | 0.89 x ? 0.63x1.09 | 0.76x0.44 | 0.75x0.54 | 0.70x0.56 | 1.3
of the United States: Bloch et al., 1998, tables 1 and 2
Bayanulanius tenuis (Nyctitheriidae), Upper Paleocene - 1.00 x 1.65 - - 1.00 x 0.62 ?
of China: Meng et al., 1998, p. 158
Tsaganius ambiguus (Didel phodontidae), Lower Eocene - - 0.95x0.60 | 1.00x0.70 | 0.90x 0.65 | 3.14
of Mongolia: Russell and Dashzeveg, 1986, p. 286 0.95 x 0.73
Soricolestes soricavus (Soricidae), Middle Eocene - - 1.00x0.60 | 1.38x0.95 | 1.33x0.85 | 8.73
of Mongoliar Lopatin, 2002, p. 82 1.05x0.60 | 1.35x 1.00 | 1.30x 0.95 | 9.15

M, the boundary between the hypoconid and the ento-
conid-hypoconulid complex is marked by a small pos-
terolabial fold.

Judging from the aveoli preserved in the specimen,
M was somewhat shorter than M.,

Measurements, mm. P tooth length, 1.05;
protocone length, 0.3; width (parastyle—protocone), 0.9;
paracone height, 0.7; protocone height, 0.4; P* tooth
length, 1.1; protocone length, 0.45; width, 1.35; para-
cone height, 1.05; protocone height, 0.8; M*: protocone
length, 0.55; protocone height, 0.85; M?2: tooth length,
1.1; protocone length, 0.6; width, 1.65 (specimen PIN,
no. 3104/800).

Length of P,—M,, 2.75; length of two alveoli of P;,
ca. 0.8; P,: tooth length, 1.0; trigonid width, 0.45; tal-
onid width, 0.35; M;: tooth length, 0.95; trigonid width,
0.6; talonid width, 0.5; M,: tooth length, 0.9; trigonid
width, 0.65; talonid width, 0.5; height of P,, M, and M,
at the protoconid: 0.9, 0.85, and 0.8, respectively; and
lingual depth of the horizontal ramusat M,, 1.25 (holo-
type).

M aterial. In addition to the holotype, specimen
PIN, no. 3107/800 from the type locality: P?, P*-M?,
and M? from a damaged | eft maxilla.

DISCUSSION

Gabigeolabis verigranum is assigned to the Geola-
bididae because it is closely similar to Centetodon and
Batodonoides in the structure of the upper and lower
cheek teeth. P,—M, and P* of Gobigeolabis are rather
similar in shape to those of Centetodon (see McKenna,
1960; Setoguchi, 1978, text-fig. 10a; Lillegraven and
Tabrum, 1983, text-figs. 3-5) but differ in the wider
P>-M?2. The poorly devel oped postcingulum (not form-
ing the hypocone shelf) and the nondoubled lingual
root of the upper molars, which are also characteristic
of the Wasatchian Batodonoides vanhouteni (Bloch
et al., 1998), are primitive characters for the Geol abidi-
dae. The upper molars of the Early Eocene Centetodon
patratus and C. neashami are unknown. In the Middle
Eocene C. pulcher and C. bembicophagus, the lingual
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root is not doubled or only dlightly bifurcates, in con-
trast to the later members of this genus (Storer, 1984,
1995; Russell and Dashzeveg, 1986).

Gabigeolabis displays a number of advanced char-
acters (as compared to Batodonoides): the large lingual
lobes of P® and P#, a narrow stylar shelf and reduced
conules of M® and M2, a shallow ectoflexus and small
parastylar wing of M?, along talonid of P,, and rela
tively shorter trigonids of M, and M.

The strongly transversely extended upper molars of
G. verigranum with their weak postcingula are similar
in shape and structure to M* and M2 of Batodon tenuis
(Lillegraven, 1969; Storer, 1991, text-fig. 10K), being
distinguished by their smaller stylar lobes and smaller
conules. With regard to the upper molar structure, Bat-
odon is more similar to Gobigeolabis than to Bat-
odonoides and Centetodon. This is not to say that
Gobigeolabis is an intermediate linking unit between
Batodon and the Eocene North American Geolabidi-
dae; however, this supports the hypothesisthat Batodon
belongs to Soricomorpha.

Thus, Gobigeolabis verigranum is the earliest
Paleogene member of the family. The fact that it occurs
in the Upper Paleocene of Mongolia suggests that the
Geolabididae could have emerged in Asia, if Batodon
did not belong to this family (see Butler, 1988; Wood
and Clemens, 2001). Alternatively, the Geolabididae
persisted in Asia throughout the Paleocene, i.e., over
the time when they were absent from North America.
If this is the case, the Early Eocene North American
Geolabididae could have descended from immigrants
from Asia. Judging from the structure of the upper
cheek teeth, Gobigeolabis is too highly specialized to
be ancestral to the genera Centetodon and Bat-
odonoides. It probably represents a result of an earlier
adaptive radiation of the Geolabididaein Asia.

Gobigeolabis verigranum is one of the smallest
Paleogene insectivores (Table 1). Its body weight was
estimated using theformula'Y = 1.628X + 1.726, where
Y is the natural logarithm of the body weight (g), and
Xisthenatural logarithm of the product of L (M, length
Vol. 38
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in mm) by W (M, width in mm) (Bloch et al., 1998).
The value obtained is 2.25 g.

The smallest known mammal is the Early Eocene
geolabidid Batodonoides vanhouteni (United States,
Wyoming, dated as ca. 53 Ma). Based on the dimen-
sionsof My, itsbody weight was estimated as 1.3-2.04 g
(Bloch et al., 1998). The body weight of the Early
Jurassic Hadrocodium wui from China was estimated
on the basis of its skull size (12 mm long) as approxi-
mately 2 g (Luo et al., 2001).

The smallest living mammals are shrews. The mean
weight of Suncus etruscus is 2.0-2.5 g (ranging from
1.2t0 2.7 g, its body is 35-53 mm long), Sorex minut-
issimus weighs 1.5-4.0 g, and Microsorex hoyi weighs
2-4 g (Nowak, 1991; Fons et al., 1997). The bumble-
bee bat Craseonycteris thonglongyai from Thailand
weighs approximately 1.5-3.0 g (adults weigh on aver-
age 2 g), and itsbody is29-33 mm (Grzimek's Encyclo-
pedia..., 1990; Nowak, 1991). Its skull is shorter than
that of Suncus etruscus (11 and 13 mm long, respec-
tively); however, the relative skull length of bats is
shorter than that of shrews. Thus, in terms of the body
weight, the smallest animal is Suncus etruscus.

It isappropriate at this point to consider the question
of how small amammal can be. Itiswell known that the
smaller awarm-blooded animal is, the greater difficul-
tiesit faces in the balance of heat production and heat
emission. Below acertain size limit, it can maintain its
body temperature only by increased heat production.
Therefore, it is generally accepted that the minimum
mammal size is directly associated with the limiting
parameters of the thermoregulation system and also
depends on the ambient temperature (see Strel’ nikov,
1970; Bloch et al., 1998). This suggests that, during the
geological epochs with relatively warm climate, the
smallest mammals could have been smaller than at the
present time. However, the lower size limit of warm-
blooded vertebratesis not determined by the possibility
of retaining heat (the example of insects that warm
themselves before flight shows that functionally warm-
blooded animals can be much smaller than the smallest
birds and mammals), but is restricted by the arrange-
ment of systems that supply tissues with oxygen and
the heart as a blood pump (Schmidt-Nielsen, 1984).
Apparently, extant warm-blooded vertebrates that fol-
low the path of genera miniaturization have already
exhausted all possibilities of functional optimization of
the blood system. Thus, the minimum body weight of
mammals of any geological epoch could not be lower
than in the smallest living shrews, i.e., on the average,
1.2-1.5ginyoung animalsand 2.0-2.5 g in adults.

Small size is a characteristic of the Lipotyphla
(especialy Soricomorpha) throughout their historical
development. Bloch et al. (1998) have shown that, at
the Paeocene-Eocene boundary, North American
members of the Lipotyphla (1.3-53 g of body weight)
were the smallest insectivoran placentals and conceded
the ecological niches of larger insectivorous mammals
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to numerous proteutherians. To date, data on the Early
Paleogene of Asia are extremely scarce; however, the
occurrence of Bayanulanius tenuis (Meng et al., 1998)
and Gobigeolabis verigranum (Table 1) suggests that,
in the Late Paleocene of Asia, the smallest mammals
were represented by soricomorph insectivores.
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