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Litho- and biostratigraphy of the East Mesa in Shara
Murun Region of the Erlian Basin, Inner Mongolia,
China, and the subdivision of the Ulangochuian Asian
Land Mammal Age
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ABSTRACT

The Paleogene deposits in the Erlian Basin are nearly continuous from the upper Paleocene to
the lower Oligocene, and most Eocene Asian Land Mammal Ages were proposed on the basis of
the corresponding mammal faunas from different formations in the basin. However, the correlation
and extension of some lithologic units are complex and controversial in this region due to the spatial
variation of the terrestrial sediments and a complex research history for more than a century. In the
past decades, we have clarified the definition and correlation of the late Paleocene through early
middle Eocene deposits in Huheboerhe area, but those of the middle to late Eocene deposits in Shara
Murun region still remain disputable. The Ulan Gochu Formation, which was initially referred to a
set of red clay at the typical Ulan Gochu locality, was considered to extend for a much wider range
at East Mesa, Erden Obo, and Nom Khong. Here we provide the detailed litho- and biostratigraphy
at the Bayan Obo (= Twin Oboes) and Jhama Obo sections with description of new materials of
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Eomoropus major and Brachyhyops neimengolensis. Deposits exposed at the Bayan Obo section can
be subdivided into the Tukhum, Shara Murun, Ulan Gochu, and Baron Sog formations, totally about
70 m in thickness. The exposed strata at the Jhama Obo section can be subdivided into partial Shara
Murun, Ulan Gochu, and Baron Sog formations, about 50 m in total thickness. The lithostratigraphic
correlation and faunal compositions of the East Mesa are discussed based on our recent fieldworks
and CAE collection records. Furthermore, the late middle Eocene Ulangochuian ALMA can be
divided into Ug, and Ug,, based on the mammal faunas from the upper member of the Shara Murun
Formation and the Ulan Gochu Formation, respectively. The Ulangochuian is roughly correlated to
the Duchesnean NALMA.

INTRODUCTION

The Erlian Basin is located in the central part of Inner Mongolia, where nearly continuous ter-
restrial sediments from the late Paleocene to the early Oligoene are exposed. Since the Central
Asiatic Expedition (CAE) by the American Museum of Natural History in 1920s, which established
the framework of the Paleogene litho- and biostratigraphy in the Erlian Basin, the Paleogene mam-
malian faunas from the basin have played an important role as the reference faunas in East Asia
and in intercontinental correlations. More importantly, the Eocene Asian Land Mammal Ages
(ALMA) are based mainly on the corresponding faunas from the Erlian Basin (Romer, 1966; Speijer
et al,, 2020). However, the lithostratigraphic units and their related faunas proposed by CAE need
to be revised. In the past decades, we have clarified some controversies about the definitions and
correlation of the late Paleocene through early middle Eocene deposits in the Huheboerhe area in
the Erlian Basin (Meng et al., 2007; Sun et al., 2009; Wang et al., 2010; fig. 1), but some disputable
issues are still present regarding the stratigraphy in the Shara Murun region (Radinsky, 1964a; Qiu
and Wang, 2007; Wang et al., 2012; Bai et al,, 2018), including the boundary between the Shara
Murun and Ulan Gochu formations, and the definition of the Ulangochuian ALMA.

The Ulan Gochu Formation was named by Berkey et al. (1929) as a wedge-shaped mass of
red clay along the Baron Sog Mesa. However, only Embolotherium grangeri, Amynodontopsis
parvidens, and Ardynomys olsoni have been reported from the formation in this site (Mihl-
bachler, 2008; Wang and Meng, 2009; Bai et al., 2018). Most taxa previously reported as in the
Ulan Gochu fauna were actually recovered from the East Mesa and Erden Obo (= Urtyn Obo),
and the lumping of the assemblage is largely due to erroneous definition of the formations at
Erden Obo. Recent studies restricted the Ulan Gochu Formation to the “Middle Red” beds at
Erden Obo and recognized the faunal similarities and continuous deposits between the Ulan
Gochu Formation and its underlying upper member of the Shara Murun Formation (Wang et
al., 2012; Bai et al., 2018). Here we report the lithostratigraphy and preliminary fossil assem-
blage at Bayan Obo and Jhama Obo based on the fieldwork of the past several years in the East
Mesa of the Shara Murun region. We further describe new material of Eomoropus and Brachy-
hyops from the top of the Shara Murun Formation; it is also the first report of Eomoropus from
the Erlian Basin. More importantly, taking the advantage of detailed litho- and biostratigraphy
at Bayan Obo and Jhama Obo, as well as recent fieldwork in the Shara Murun area, we propose
the subdivision of the Ulangochuian ALMA.
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FIGURE 1. Main Paleogene fossil localities in the Erlian Basin, Inner Mongolia, China (Modified from Bai et al., 2018).
1, Houldjin. 2, Arshanto. 3, Irdin Manha. 4-6, Huheboerhe area: 4, Duheminboerhe (= Camp Margettes); 5, Nuhet-
ingboerhe; 6, Huheboerhe. 7, Bayan Ulan. 8, Nom Khong (= Holy Mesa). 9, Erden Obo. 10-13, East Mesa: 10,
Ganggan Obo (= Ulan Shireh Obo); 11, Heretu (= Spring Camp); 12, Bayan Obo (= Twin Oboes); 13, Jhama Obo.
14-15, Baron Sog Mesa: 14, Ulan Gochu; 15, Ula Usu. 16-17, North Mesa: 16, Wulanhuxiu; 17, Wulantaolegai.

INSTITUTIONAL ABBREVIATIONS: AMNH, American Museum of Natural History, New
York; IVPP, Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of
Sciences, Beijing; MEUU, Museum of Evolution (including former Paleontological Museum)
of Uppsala University, Uppsala.

GEOLOGICAL SETTING OF BAYAN OBO (TwWIN OBOES) AND
JaaMA OBO SECTIONS
A. BavyaN OBo (TwiN OBOES) SECTION

Figures 2-4

Baron Sog Formation
Endpoint coordinates (top of the section): 42°27.057" N, 111°11.814" E, 1170 m
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FIGURE 2. Stratigraphic column at Bayan Obo (Twin Oboes) section and magnetic susceptibility showing
three cycles.

(15) White sandy conglomerates with poorly sorted pebbles. The thickness of the bed is vari-
able, and the maximum thickness is about 2 m. Level 68.2-69.0 m (0.8 m thick)

---Disconformity---

Ulan Gochu Formation

(14) Variegated muddy siltstone, containing calcareous nodules. Level 65.9-68.2 m (2.3 m
thick)

(13) Variegated (brownish red and grayish green) siltstone and silty mudstone, containing
green muddy lumps at the bottom and black stains on the top. Fossils of Ardynomys,
insectivores, and artiodactyls. Level 61.5-65.9 m (4.4 m thick)

(12) Grayish green and brick-red silty mudstone and siltstone with muddy lumps and bedding.
Level 59.3-61.5 m (2.2 m)

(11) Light pink muddy siltstone interbedded with grayish green fine sandstone, with partly
bands of red mudstones. The bottom part contains calcareous nodules. Richly fossilifer-
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Bayan Obo

FIGURE 3. Aerial view of the Eocene outcrops at Bayan Obo section: A, the deposits of the Tukhum Forma-
tion (T), lower and upper members of the Shara Murun Formation (SM-L, SM-U), facing east; B, the deposits
of the upper member of the Shara Murun Formation (SM-U), Ulan Gochu Formation (UG), and the Baron
Sog Formation (BS), facing east; C, the deposit from bottom to the top, facing northwest.
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FIGURE 4. Close view of the Eocene outcrops at Bayan Obo section: A, Bayan Obo (= Twin Oboes); B, the
Tukhum Formation in the lower slope, the lower member of the Shara Murun Formation in the middle slope,
and the upper member of the Shara Murun Formation on the top; C, the boundary between the Shara Murun
and the underlying Tukhum formations as showed by arrows; D, E, the upper member of the Shara Murun
Formation in the lower part, the Ulan Gochu Formation in the middle, and the Baron Sog Formation on the
top. Numbers correspond to the layers of the section.

ous, including Gobiomys, Hulgana, lagomorphs, Lophiomeryx sp., Paracadurcodon, Tri-
plopus, didymoconids, and lizard Arretosaurus. Level 56.4-59.3 m (2.9 m thick)

Shara Murun Formation

Upper Member

(10) Grayish green fine sandstone and silty mudstone. The bottom part is calciferous sandstone
with 2-5 cm thick. The upper part of the beds has a lattice of calcareous nodules in some
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places, where the fossils were found. Fossils of Eomoropus major and Brachyhyops neimen-
golensis, which are described in the present paper. Level 50.3-56.4 m. (6.1 m thick)

(9) Grayish green fine sandstone with gravels, containing calcareous nodules. Level 47-50.3 m
(3.3 m thick)

(The section equivalently moved to the coordinate: 42°27.121" N, 111°11.722" E.)

(8) Thick grayish white sandy conglomerates with calcareous cementation. Fossils of bronto-
theres and hyracodontids. Level 45.3-47 m (1.7 m thick)

---Disconformity---

Lower Member

(7) Grayish green sandy mudstone, containing a few manganese and calcareous nodules. The
upper part of the beds becomes variegated in color. Fossils of cylindrodontines, cteno-
dactyloids, brontotheres, Archaeomeryx, and Caenolophus. Level 36-45.3 m (9.3 m thick)

(6) Light brownish red siltstone with grayish green siltstone, with cross-bedding. Level 33-36
m (3 m thick)

(5) Grayish green sandy conglomerates, containing large amount of calcareous nodules. Level
32.1-33 m (0.9 m thick)

(4) Grayish green siltstone, with cross-bedding and black stain, and containing calcareous
nodules. Fossils of lagomorphs. Level 29.1-32.1 m (3 m thick)

¢ Tukhum Formation

(3) Variegated (brownish red or grayish green) muddy siltstone, containing manganese nod-
ules. The bed becomes muddier upward. Level 17.3-29.1 m (11.8 m thick)

(2) Brownish red muddy siltstone and silty mudstone, with the lower and upper parts contain-
ing calcareous and manganese nodules, and grayish green muddy lumps. Fossils of rodent
Asiomys dawsoni, Gobiocylindrodon cf. G. ulausuensis, and Yuomys sp. Level 7.5-17.3 m
(9.8 m thick)

Covered. Level 3.6-7.5 m (3.9 m thick)

(1) Brownish red mudstone, bearing gypsum. Level 0-3.6 m (3.6 m thick)

Starting point coordinate: 42°27.915" N, 111°10.773" E, 1094 m

B. JHAMA OBO SECTION
Figures 5-7

Baron Sog Formation

Endpoint coordinate (top of the section): 42°25.060" N, 111°12.574" E, 1199 m

(15) Rusty yellow sandy conglomerates. Level 48.0-49.1 m. (1.1 m)

(14) Grayish green, with some yellow, medium-coarse sandstone. Level 45.9-48.0 m. (2.1 m)

(13) Grayish green muddy siltstone and fine sandstone, variegated (grayish green and bricky
red) medium-coarse sandstone in the bottom. Level 43.75-45.9 m. (2.15 m)

(12) Grayish green muddy siltstone with calcareous nodules. Fossils of Ardynomys, lagomorphs,
and amynodontids. Level 41.6-43.75 m. (2.15 m)
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FIGURE 5. Stratigraphic column at Jhama Obo section.

(11) Grayish green pebbly coarse sandstone with locally calcareous cemented, fine sandstone
on the top. Level 39.0-41.6 m. (2.6 m)

---Disconformity---

(The section equivalently moved to the coordinate: 42°25.055" N, 111°12.541" E.)

Ulan Gochu Formation

(10) Brownish red mudstone, with grayish green mudstone on the top. Fossils of lizard post-
crania. Level 38.3-39.0 m. (0.7 m)

(9) Variegated (brownish red with some grayish green) muddy fine sandstone. Level 35.2-38.3
m. (3.1 m)

(8) Variegated pebbly coarse sandstone. Level 34.0-35.2 m. (1.2 m)

FIGURE 6. Eocene outcrops at Thama Obo section with the deposits of the Shara Murun (SM), Ulan Gochu
(UG), and Baron Sog (BS) formation: A, the outcrops mainly composed of two valleys (B, south of Jhama
Obo; C, north of Thama Obo), facing north; B, the valley where the section measured with a thick Baron Sog
Formation, facing east; C, another valley with abundant small mammal fossils from the lower part of the Ulan
Gochu Formation, facing east.
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FIGURE 7. Close-up view of the Eocene outcrops at the south (A, C) and north (B, D) valleys of Jhama Obo:
A-C, the red clay Ulan Gochu overlain by the gray and green sandstone/siltstone Baron Sog formations; D,
collecting fossil mammals from the richly fossiliferous horizon at the base of the Ulan Gochu Formation.
Numbers correspond to the layers of the section.

(7) Brownish red sandy mudstone, with a few manganese nodules and dyeing. Level 27.0-34.0
m. (7.00 m)

(6) Brownish red silty mudstone with granules, calcareous nodules, and manganese dyeing,
bricky red, with some grayish green, silty mudstone in the bottom part. Abundant fossils
of Didymoconus, Ardynomyus, cylindrodontids, cricetids, lagomorphs, and Lophiomeryx.
Level 25.25-27.0 m. (1.75 m)

Shara Murun Formation

Upper Member

(5) Grayish green silty mudstone with small calcareous nodules and locally manganese dyeing,
grayish green pebbly sandstone with 0.3 m thickness in the bottom part, and grayish
green, with some bricky red, silty mudstone on the top. Level 21.0-25.25 m. (4.25 m)

(The section equivalently moved to the coordinate: 42°25.008" N, 111°12.400" E.)

(4) Grayish green fine sandstone and silty mudstone with large, irregularly shaped calcareous
nodules, with the lower portion more sandy and upper portion more muddy and man-
ganese dyeing. Level 13.3-21.0 m (7.7 m)

(The section equivalently moved to the coordinate: 42°25.018" N, 111°12.205" E.)

(3) Grayish green, with some yellow, fine sandstone, with gray pebbly coarse sandstone in the
middle and medium-coarse sandstone above. Level 7.25- 13.3 m (6.05 m)

(2) Grayish white pebbly sandstones with grayish green muddy lumps. Fossils of perissodactyl
unciform and head of humerus. Level 4.2-7.25 m (3.05 m thick)
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(The section equivalently moved to the coordinate: 42°25.061' N, 111°12.094" E.)

---Disconformity---

Lower Member

(1) Light grayish green muddy siltstone and silty mudstone with manganese dyeing; at the 0.5
m level, there is a lense composed of calcareous nodules with a maximum depth of ~20
cm; two thin layers of earthy yellow and variegated (earthy yellow and grayish green)
muddy siltstone present at 2.7 m and 3.3 m, respectively. Fossils of perissodactyl humeral
head. Level 0-4.2 m (4.2 m thick)

Starting point coordinate: 42°25.112" N, 111°11.978" E, 1150 m

SYSTEMATIC PALEONTOLOGY
Order Perissodactyla Owen, 1848
Superfamily Chalicotherioidea Gill, 1872
Family Eomoropidae Gill, 1872
Genus Eomoropus Osborn, 1913
Eomoropus major Zdansky, 1930

Eomoropus ? major Zdansky, 1930: 66, pl. 5, fig. 1-2.
Grangeria ? major Radinsky, 1964b: 17.

Grangeria canina Lucas and Schoch, 1989: 432, fig. 33.2H.
Eomoropus major Bai, 2008: 23.

Horotype: MEUU 3453, left M1/2.

REFERRED SPECIMEN: IVPP V 2404.1, isolated M3.

NEw MATERIAL: IVPP V 33608, probably associated right maxilla with DP2-DP4 (IVPP
V 33608-1), left maxilla with DP3 (IVPP V 33608-2), and left maxilla with M2-3 (IVPP V
33608-3); IVPP V 33609, right lower jaw with m3.

LocaLiTy AND Horizon: Lok. 7, Mianchi, Henan, Rencun member of Heti Formation
(MEUU 3453 and IVPP V 2404.1); Bayan Obo (= Twin Oboes), East Mesa, Siziwangqi, Inner
Mongolia, Upper member of the Shara Murun Formation (IVPP V 33608-33609); middle
Eocene.

EMENDED Diagnosis: Differs from other species of Eomoropus by a larger size, metacone
as large as paracone on P2, protocone of P2 somewhat anteroposteriorly extended and descend-
ing a low protoloph, and protoloph of P3 joining protocone in a low position; further differs
from E. pawnyunti by metaloph rising to ectoloph on P3-4.

DEscripTION: The crown of the deciduous teeth and M2-3 are preserved in poor condition
with cracks, and the permanent premolars p2-4 are in the sockets (figs. 8, 9).

DP2 is moderately worn. It is roughly triangular in outline with the width greater than the
length. The ectoloph is straight, and the paracone is situated in the midline of the ectoloph with
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10 mm

FIGURE 8. Maxillae and lower jaw of Eomoropus major and E. quadridentatus. A-G, Eomoropus major: A, a
right maxilla with DP2-DP4 (IVPP V 33608-1); B, a left maxilla with DP3 (IVPP V 33608-2); C, a left maxilla
with broken M2-3 (IVPP V 33608-3); D-F, a right lower jaw with m3 (IVPP V 33609); G, a left M1/2 (MEUU
3453); H, Eomoropus quadridentatus, a left maxilla with P4-M3 (MEUU 3451). A-D, G, H, occlusal view; E,
lingual view; E buccal view.

a prominent rib on the buccal side. The metacone is nearly obliterated by the heavy wear and
shown by a weak buccal rib. The parastyle is partially broken, but is weak and in a low position.
The protoloph, which is mainly composed of the paraconule, is shorter than and separated
from the metaloph on the lingual side. The metaloph is transversely extended from the “pro-
tocone” to the metacone. A weak cingulid is present at the lingual base of the central valley.
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DP3 is heavily worn. The parastyle and mesostyle are well developed with the former
slightly larger. The paracone rib is relatively distinct and flatted. The protoloph is shorter and
more oblique than the metaloph, and they are separated by a narrow central valley on the
lingual side. The hypocone is larger than and slightly more lingually placed than the protocone.
Weak anterior and posterior cingula are present. Although the crown of DP4 is cracked, it is
molariform and probably square in outline. The paracone rib is ridgelike and more distinct
than that of DP3. The buccal side of the metacone is flat. A small paraconule is discernable on
the protoloph. The protoloph is as long as the metaloph, and separated from the latter by a
wide central valley.

The P2-4 in the socket are also incomplete and partially reconstructed by the CT scanning
(fig. 9). The P2 has the metacone nearly as high as the paracone, and closely placed to the latter.
The paracone and metacone ribs are absent, however, the buccal surface of the ectoloph is
convex. The protocone is somewhat anteroposteriorly extended. The protoloph is weaker and
lower than the metaloph, descending from the protocone toward the anterolingual base of the
paracone. The metaloph is strong and rises to the tip of the metacone. A distinct crista is pres-
ent on the lingual side of the paracone. A prominent anterior cingulum is preserved.

The paracone and metacone of P3 are equal in height and closely placed. The paracone rib
is distinct, whereas the metacone rib is weak. The protoloph joins the junction between the
parastyle and preparacrista in a high position, but contacts the protocone in a relatively low
position. The metaloph is strong and rises to the top of metacone as in P2.

The metacone of P4 is slightly lower than the paracone and more separated from the latter.
The parastyle is well developed. The protoloph is as distinct as the metaloph, joining the antero-
lingual side of the paracone that is slightly lower than the ectoloph. There is a small, swollen
cusp at the buccal end of the protoloph. The metaloph rises to the ectoloph in the position
slightly anterior to the top of the metacone. The anterior cingulum is more distinct than the
posterior one.

The two molars on the left maxilla are considered to be M2-3 rather than M1-2 based on
the fact that the preserved first molar is slightly worn instead of heavily worn as on M2, and
the preserved second molar is not completely erupted with a straight paracone instead of
V-shaped paracone as on M3. The M2 is roughly square in outline, and the paracone and
parastyle are not preserved. The mesostyle is well developed and the paraconule is distinct. The
protocone is conical and not posteriorly extended. The protoloph and metaloph are complete
and parallel to each other. The cingula are distinct at anterior and posterior sides of the crown,
and the buccal side of the metacone. The M3 preserves only the anterior half, and is consider-
ably wider than M2. The paracone has a prominent rib on the buccal side. The anterior cingu-
lum is distinct.

A fragmentary right lower jaw preserves m3. The protoconid, metaconid, and “metastylid”
of m3 are broken. The trigonid is wider and shorter than the talonid. The protolophid is nearly
transversely extended. The paralophid is presumably long, terminating in a low paraconid at
the anterolingual corner. The cristid obliqua extends anterolingually from the hypoconid to the
junction of the metaconid and “metastylid” in a high position. The hypolophid is slightly
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FIGURE 9. Right maxilla with DP2-4 and reconstructed P2-4 (IVPP V 33608-1) of Eomoropus major: A, P2-4
in the socket; B-C, right P2-4 in suit; D, right P4; E, right P3; F-G, right P2 in breakage and virtually repaired
condition. A-B, buccal view; C-G, occlusal view;

oblique and probably widely notched, although the enamel is partially broken. The hypoconulid
forms the third lobe and is more or less an isolated cuspid. The cingulids are present between
the bases of the talonid and hypoconild on both lingual and buccal sides. In addition, a central
cristid joins the posterior base of the hypolophid to half the height of the hypoconulid.

ComPARISONS: The new specimens are characterized by a larger size than most Eocene
chalicotheres. The size of M2 (length: ~21 mm; width: ~22 mm) is consistent with that of
Eomoropus major, which is only known by isolated M1/2 (L: 20.2 mm, W: 19.9 mm) and M3
from the Rencun Member of the Hedi Formation in Mianchi, Henan (Zdansky, 1930; Hu, 1959;
Bai, 2008). Although E. major has been assigned to Grangeria? major or Grangeria canina
(Radinsky, 1964b; Lucas and Schoch, 1989), Bai (2008) still considered E. major to be a valid
species. Furthermore, the well-developed mesostyle on M2 in the new specimens preclude its
assignment to Grangeria or Litolophus, which has a relatively weaker or even absent mesostyle
on the upper molars (Colbert, 1934; Gazin, 1956; Bai et al., 2010). Thus, the new materials are
assigned to Eomoropus major, and provide new morphological information for this lesser-
known species.

In addition to its large size, Eomoropus major mainly differs from other species of
Eomoropus and Grangeria in having the metacone nearly as large as the paracone on P2
with the protocone centrally placed, anteroposteriorly extended, a descending low proto-
loph, and the hypoconulid of m3 more or less an isolated cuspid. Moreover, the metaloph
of P3 rises to the ectoloph in E. major as in other species of Eomoropus (except E.
pwanyunti), whereas the metaloph of P3 connects the ectoloph in a low position in Gran-
geria and Litolophus (Remy et al., 2005; Bai et al., 2010). On the other hand, the protoloph
of P3 contacts the protocone in a low position as in Grangeria canina (Zdansky, 1930; Bai
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et al., 2010). The paraconule of P3-4 is almost absent in contrast to the distinct paraconule
in Litolophus gobiensis (Zdansky, 1930; Bai et al., 2010).

The deciduous teeth of Eomoropus have not been reported before the present study. The
deciduous upper premolars of Schizotherium are known from S. priscum and S. turgaicum
(Coombs, 1976). The DP2-3 of Schizotherium are generally more molariform than those of
Eomoropus major in having rectangular rather than triangular outlies, equally developed pro-
tolophs and metalophs, which are widely separated at the lingual sides, and prominent meso-
style and metacone on DP2.

Order Artiodactyla Owen, 1848
Family Entelodontidae Lydekker, 1883
Genus Brachyhyops Colbert, 1938
Brachyhyops neimongolensis Wang and Qiu, 2002

Horotype: AMNH 99666, right maxilla with P4-M3.

REFERRED SPECIMEN: AMNH 26264, left maxilla with DP3-4 and M1 and left lower jaw with
m1-2 probably from a same individual; AMNH 99670, anterior portion of right lower jaw with
dc, pl, and dp2-4; AMNH 99671, anterior portion of left lower jaw with c-p2 and root of p3.

NEw MATERIAL: IVPP V 33610, right maxilla with DP3-M2.

LocaLiTy AND HorizoN: Bayan Obo, East Mesa, Siziwangqi, Inner Mongolia; Upper
member of the Shara Murun Formation, middle Eocene.

DescripTION: The deciduous premolars and molars are closely placed without diastemata
(fig. 10).

The DP3 has two buccal cusps, with the paracone being slightly larger and higher than the
metacone. A well-developed preparacrista extends anteriorly, while a strong centrocrista is
composed of the postparascrista and the premetacrista. The lingual lobe exhibits a distinct
protocone, which is connected to the metacone by a postprotocrista.

The DP4 is a bunodont tooth with a nearly triangular outline. It has a prominent buccal
paracone and metacone. The largest lingual cusp is the protocone, followed by a slightly smaller
hypocone on the posterolingual cingulum. The metaconule and paraconule are slightly larger
than the hypocone. The parastyle is distinct. The preparacrista extends anteriorly, stopping at the
posterior base of the parastyle. Both the postparascrista and premetacrista extend posteriorly and
anteriorly respectively to form a complete centrocrista. The postmetacrista extends posteriorly,
stopping at the posterior base of the metacone. Between the metacone and the metaconule, there
are two cristae: one premetaconule crista extends anterobuccally and connects to the metacone,
while another postmetaconule crista extends posterobuccally and connects to the posterior cin-
gulum. A low protocrista, which is composed of a preprotocrista and a preparaconule crista,
connects protocone, paraconule, and paracone. The well-developed cingula surround the anterior,
posterior, and buccal sides; however, the lingual cingulum is comparatively weaker than the oth-
ers. The DP4 is triple rooted, having two small buccal roots and one major lingual one.
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FIGURE 10. Maxillae and reconstructed P3-4 of Brachyhyops neimongolensis: A-C, IVPP V 33610: A, right
maxilla with DP3-4, M1, and partial M2; B, right P3-4 in suit; C, right P3 and P4; D, a right maxilla with
P4-M3 (AMNH 99666); E, a left maxilla with DP3-4 and M1 (AMNH 26264). A, C-E, occlusal view; B,
lingual view. D-E modifed from Zhang et al. (2023: fig. 45).

The partial P3 and P4 in the socket are reconstructed by CT scanning. P3 has only a single
cone that is laterally compressed, with anterior and posterior keels, the anterior edge slightly
convex and the posterior one slightly concave.

The P4 crown has two main cusps; the paracone is larger and higher than the lingual pro-
tocone. Two cristae extend from the protocone toward the buccal side, with the anterior one
connecting to the paracone and the posterior one shorter, lower, and extending buccally to the
lingual base of the paracone. The base of P4 is surrounded by continuous cingula and the
posterior cingulum is most developed.
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The trapezoidal outline of the M1 is characterized by the paracone, metacone, protocone,
and hypocone, which are separated from each another by valleys. The protocone is slightly
larger than the paracone, metacone, and hypocone. The paraconule is relatively smaller but
distinct and is more anteriorly placed relative to the protocone and paracone. The hypocone is
located posterior to the protocone and is as large as the paraconule and metaconule. The styles
(parastyle, mesostyle, and metastyle) are absent in M1. The trigon basin is distinct and the
cristae between the cones are weak. The weak postparacrista and premetacrista extend poste-
riorly and anteriorly, but the preparacrista and postmetacrista are absent. The preprotocrista
and postprotocrista extend buccally from the protocone toward the paraconule and metaco-
nule, respectively. The cingula surround the crown except at the lingual side.

The preserved portion of M2 is generally similar to the corresponding part of M1 in mor-
phology except for its distinctly larger size.

CoMPARISONS: The present new specimen from Bayan Obo shows a typical entelodontid
dental morphology with six bunodont and conical upper molar cusps, bearing a distinct para-
conule and metaconule. The new material has trapezoidal upper molars, cheek teeth with
rather high and sharp main cusps and distinct lophs, and the protocone on M1 that is slightly
larger than the hypocone. All the features are identical with those of Brachyhyops neimongo-
lensis. The size of the new specimen falls within the range of variation of Brachyhyops neimon-
golensis (table 1). Wang and Qiu (2002) described Brachyhyops neimongolensiis based on the
fossils collected during the 1920s by the CAE. They described the juvenile and adult individuals
of Brachyhyops neimongolensis from Bayan Obo. Now, the new juvenile maxilla found at the
same site was micro-CT scanned, providing additional information regarding P3 and P4. In
the known Brachyhyops species, only P3 in B. viensis has been reported (Storer, 1984). However,
the new material from Bayan Obo indicated that the characteristics of P3 in both B. neimon-
golensis and B. viensis are basically similar. Both species exhibit a single major cusp in their P3,
accompanied by a prominent posterobuccal ridge and a weak anterolingual ridge, but B. viensis
is larger than B. neimongolensis in terms of P3 size. Compared with the upper molars in known
Brachyhyops (B. trofimovi, B. wyomingensis, and B. viensis) (Colbert, 1938; Wilson, 1971; Storer,
1984; Lucas et al., 2004; Tsubamoto et al., 2011), B. neimongolensis, being of a relatively older
age, has rather sharp main cusps and developed cristae on its cheek teeth, which are plesio-
morphic characters in Brachyhyops.

DISCUSSION
CORRELATION OF THE BAYAN OBO AND JHAMA OBO SECTIONS

The strata at Bayan Obo can be correlated to the Tukhum and Shara Murun formation
at Ula Usu, the Ulan Gochu Formation at Ula Gochu, and the Baron Sog Formation at
Baron Sog (Berkey and Morris, 1927; Berkey et al., 1929; Wang et al., 2012). Layers 1-3 at
Bayan Obo section are dominated by brownish red muddy siltstone, which is similar to
the red clay of the Tukhum Formation or the upper part of the Ulan Shireh Formation (Li,
2024; tig. 11). In addition, layer 2 produces the rodent Asiomys dawsoni, Gobiocylindrodon
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Table 1. Measurements of teeth of Brachyhyops neimongolensis (mm).

IVPP V 33610 AMNH 26264, 99666
(Wang and Qiu, 2002)
Length Width Length Width
DP3 14.1 9.42 14.1 9.4
DP4 14.92 12.43 14.5 13.1
P3 8.01 6.58
P4 12.72 14.17 11.9 14.4
M1 15.3 16.08 13.6-15.2 15.7-16.5
M2 16.08 18.22 15.6 18.5

cf. G. ulausuensis, and Yuomys sp., which are typical fossils of the late Irdinmanhan ALMA
(Li, 2024). Layers 4-7 are mainly composed of grayish-green siltstone and sandy mud-
stone, which are lithologically correlative to the sandy clay with varied colors of the lower
member of the Shara Murun Formation at Ula Usu (Berkey and Morris, 1927; Wang et al.,
2012; Li and Li, 2023). Fossil mammals of the typical Sharamurunian fauna, including
Archaeomeryx and Caenolophus, have been discovered from layer 7. The boundary between
the Shara Murun Formation and its underlying Tukhum Formation is continuous without
notable hiatus. However, a hiatus is present between the Shara Murun Formation and its
underlying Tukhum Formation at Ula Usu. Layer 8 has grayish-white sandy conglomerates,
and there is a disconformity contacting the underlying layer 7. Layers 9-10 are mainly
composed of grayish-green fine sandstone and silty mudstone. The chalicothere Eomoro-
pus major and entelodont Brachyhyops neimengolensis, described above, are found from
layer 10. Layers 8-10 can be correlated to the white and light-gray sandstone with gravels
of the upper member of the Shara Murun Formation at Ula Usu. Layer 11 is light-pink
muddy siltstone bearing abundant fossils, and layers 12-14 are dominated by variegated
siltstone and mudstone. Typical Ulangochuian taxa Lophiomeryx and Hulgana have been
found in layer 11. Layers 11-14 are lithologically correlated to the red clay of the Ulan
Gochu Formation at Ulan Gochu. It is noteworthy that the boundary between the Ulan
Gochu and Shara Murun formation is continuous. Layer 15 has white sandy conglomerates
and is correlated to the Baron Sog Formation, which is characterized by the light-gray clays
and fine cross-bedded sands at Baron Sog (Berkey et al., 1929). Layer 15 has a disconfor-
mity contact with the underlying Ulan Gochu Formation.

In addition, the magnetic susceptibility, which is measured by a handheld KT-10 mag-
netic susceptibility meter with a resolution of 10-20 c¢m, at the Bayan Obo section shows
clear three major cycles (fig. 2), roughly corresponding to the Tukhum Formation, the lower
member of the Shara Murun Formation, and the lithologic unit composed of the upper
member of the Shara Murun Formation and Ulan Gochu Formation, respectively. The values
of magnetic susceptibility generally increase from the bottom to the top in each cycle, then
abruptly drop near the boundary of the lithologic units. The magnetic susceptibility also
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FIGURE 11. Stratigraphic correlations of the Tukhum Formation (TF), lower and upper members of the Shara
Murun Formation (SMF-LM, SME-UM), Ulan Gochu Formation (UGF), and the Baron Sog Formation (BSF)
at Ula Usu (modified from Li and Li, 2023), Bayan Obo, and Jhama Obo.

suggests that the upper member of the Shara Murun Formation and the Ulan Gochu Forma-
tion need to be combined into a lithologic unit, and are separated from the underlying lower
member of the Shara Murun Formation. However, the redefinition of the Ulan Gochu For-
mation is beyond the scope of present paper.

The section at Bayan Obo (i.e. Dahser Hai, Tasa Erhai) was sketched by Granger (1928;
tig. 12). The profile is generally consistent with present section we observed at Bayan Obo.
The “Baron Sog” bed is a 3.7 m (12 ft) thick conglomerate, and is equivalent to layer 15.
The “Ulan Gochu” bed mainly consists of red clay with the thickness ranging from 2.1 m
to 4.6 m (7-15 ft), and is probably equivalent to beds 11-14 as the Ulan Gochu Formation.
However, the thickness of the Ulan Gochu Formation is 11.8 m in the present paper. The
“Shara Murun” bed is composed of upper sandy-clay member 35.7 m (117 ft) in thickness,
and lower conglomerates (and sandstone) 38.1 m (125 ft) in thickness. The upper and
lower member of the “Shara Murun” bed are probably equivalent to layers 8-10 (11.1 m)
and 4-7 (16.2 m) of the Shara Murun Formation, respectively. The basal part of the profile
is “lower red,” presumably equivalent to beds 1-3 of the Tukhum Formation. Osborn
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FIGURE 12. Sketch profile from Bayan Obo section by Granger (1928: 18) and the correlation proposed by
Osborn (1929).

(1929) published Granger’s sketch at Twin Oboes and Hospital Camp with some modifica-
tion; he considered the “sandy clay” to be “probably Ulan Gochu (upper portion at least),”
and the “lower red” to be “?Arshanto” (fig. 12). However, our field investigation concurs
Granger’s (1928) original interpretation of the section at Twin Oboes, which is roughly
comparable to the subdivision we propose in this study.

The section at Jhama Obo can be correlated to the Bayan Obo section, but shows some
variation as in the terrestrial deposits (fig. 11). The lower member of the Shara Murun For-
mation at Jhama Obo is mainly exposed by the top portion, and its lower portion is largely
covered (layer 1). Layers 2-5 are the upper member of the Shara Murun Formation and
correlated to layers 8-10 of the Bayan Obo section; the thickness of the former is about 10
m greater than that of the latter. Similarly, a notable hiatus is present between the lower and
upper members of the Shara Murun Formation. Layers 6-10 of 13.75 meters in thickness at
Jhama Obo are the Ulan Gochu Formation and correlated to layers 11-14 of 11.8 m in thick-
ness of the Bayan Obo section. Similarly, the Ulan Gochu Formation is continuously depos-
ited with the underlying Shara Murun Formation. Layers 11-15 at Jhama Obo are Baron Sog
Formation, which is about 10 m in thickness and is much thicker than in Bayan Obo. The
different thickness of the Baron Sog Formation at Bayan Obo and Jhama Obo can be mainly
attributed to the different erosion by the gravels of the Gobi upland.

The boundary between the Ulan Gochu Formation and the underlying Shara Murun
Formation is difficult to determine due to the continuous deposits between the two forma-
tions. In a correspondence, Granger wrote to Osborn that “we have set off the ‘Ulan Gochu
beds’ from the ‘Shara Murun’ on the basis of faunal change only” (Osborn, 1929: 4). Further-
more, Granger (1928: 9) noted that “the line between the two formations at Twin Oboes and
Jhama Obo are not determined.” Similarly, the boundary between the Ulan Gochu and Shara
Murun formations at Bayan Obo and Jhama Obo is indeed partly based on appearance of
some new taxa, including Gobiolagus andrewsi, Desmatolagus vetustus, Hulgana ertinia, Ardy-
nomys olsoni, Embolotherium grangeri, and probably Lophiomeryx.
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BIOSTRATIGRAPHY OF THE EAST MESA

The specimens collected by CAE from the East Mesa are listed in appendix 1. The fossil
mammals from Bayan Obo (= Twin Oboes) collected by CAE include Brachyhyops neimongo-
lensis, Lophiomeryx angarae, Deperetella ct. D. cristata, Juxia sharamurenensis, Triplopus tur-
gaiensis, Metamynodon sp., Mongolestes hadrodens, and Cryptomanis gobiensis from the Shara
Murun Formation, and Embolotherium grangeri, Titanodectes minor, Anagale gobiensis, and
Gobiolagus andrewsi from the Ulan Gochu Formation. Several specimens were recorded “from
surface, just below Ulan Gochu” including Gobiolagus andrewsi, Desmatolagus vetustus, and
Brachyhyops neimongolensis, and their horizons remain ambiguous as possibly rolling down
from the upper strata.

The specimens from Jhama Obo and south of Jhama Obo collected by CAE are mainly
from the Ulan Gochu Formation instead of initially labelled “Shara Murun Formation” as
crossed by Granger in his field notes. Fossil mammals from the Ulan Gochu Formation at
Jhama Obo include Brachyhyops sp., Cadurcodon matthewi, Amynodontopsis parvidens, Urti-
notherium intermedium, Embolotherium andrewsi, Nasamplus progressus, Titanodectes ingens,
Mongolestes hadrodens, cf. Harpagolestes, Hyaenodon pervagus, H. sp., Gobiolagus andrewsi,
Desmatolagus vetustus, Hulgana ertinia, Ardynomyus sp., and Didymoconus sp. Only two spe-
cies were recorded from the Ulan Gochu Formation south of Jhama Obo: Embolotherium
andrewsi and Amynodontopsis tholos. In addition, two species were discovered from or possibly
from the Baron Sog Formation at Jhama Obo and south of JThama Obo, respectively: Urtino-
therium parvum and Amynodontopsis parvidens. However, there are some contradictions with
previous viewpoints: two specimens of Embolotherium andrewsi (AMNH 26010, 26009) were
recorded from the Ulan Gochu Formation from Jhama Obo and south of JThama Obo, but the
species was considered to be restricted to the overlying Baron Sog Formation and its equivalent
layers (Bai et al., 2018). Specimens of Amynodontopsis tholos (AMNH 26031) and A. parvidens
(AMNH 26178) were recorded from the Ulan Gochu Formation and possibly Baron Sog For-
mation south of Jhama Obo, respectively. However, A. parvidens is known from the “Lower
White” and “Middle Red” beds at Erden Obo, which are correlative to the upper part of the
Shara Murun Formation and Ulan Gochu Formation (Bai et al., 2018); the holotype of Amyn-
odontopsis tholos was unearthed from the bed at Ulan Shireh Obo (= Ganggan Obo), which is
probably correlative to the Baron Sog Formation based on our recent field work. These contra-
dictions could be attributed either to the extension of specific distribution, or to the erroneous
identifications of some specimens, or to the disputable stratigraphic correlation in the Shara
Murun area.

The “Ulan Shireh Obo” locality named by CAE is actually today’s Ganggan Obo (Wang et
al., 2012), which is situated about 11.4 km southeast of the Bayan Obo (about 4 miles east of
Spring Camp). Three species have been recorded from the “top of gray Ulan Gochu beds,”
including Embolotherium andrewsi, Amynodontopsis tholos, and Zaisanamynodon borisovi.
Embolotherium andrewsi and Zaisanamynodon borisovi are typical taxa of the late Eocene
Baron Sog Formation or equivalent beds, which are relatively well exposed at Ganggan Obo
area and characterized by grayish-green mudstone and grayish-white sandstone based on our

Downloaded From: https://complete.bioone.org/journals/American-Museum-Novitates on 30 May 2025
Terms of Use: https://complete.bioone.org/terms-of-use



22 AMERICAN MUSEUM NOVITATES NO. 4034

recent field works. Similarly, the Baron Sog Formation from the Baron Sog Mesa is character-
ized by light-gray clays and fine cross-bedded sands with some beds containing white marly
concretions (Berkey et al., 1929). Thus, the “top of gray Ulan Gochu beds” by CAE at Ulan
Shireh Obo is otherwise correlated to the Baron Sog Formation. A lower jaw of Juxia sharam-
urunenensis (AMNH 26036) was recorded from the “Ulan Gochu beds” at “Ulan Shireh Obo,”
however, the species is a typical taxon of the Shara Murun fauna and needs further confirma-
tion of its identification and horizon.

The “Spring Camp” of the CAE (today’s Heretu) probably derived its name from a spring
that is still present in the valley of the escarpment at Heretu. The following species are docu-
mented from the Shara Murun beds at Heretu: Tianodectes minor, Parabrontops cf. P. gobiensis
(AMNH 26131), Pterodon hyaenoides, Sharamynodon mongoliensis, Pappaceras minuta (AMNH
26056), Cadurcodon ardyensis, and amynodontids. Most species are typical taxa of the Shara
Murun Formation except for Parabrontops gobiensis and Pappaceras minuta that were previ-
ously known from the “Middle White” bed at Erden Obo and the Arshanto Formation in
Huheboerhe area, respectively. Further investigation is needed to clarify the residential beds of
these two species. Furthermore, Protitian grangeri (= holotype of P. bellus, AMNH 26104) was
recorded from the “lower red beds” at “Spring Camp,” which is probably correlative to the Irdin
Manha Formation rather than the Arshanto Formation.

SUBDIVISION OF ULANGOCHUIAN ALMA

The Ulangochuian ALMA as well as some other Eocene ALMAs were established mainly
based on the mammalian faunas from the Erlian Basin by Romer (1966). The age of the Ulan-
gochuian was considered to be the early Oligocene (Li and Ting, 1983; Tong et al., 1995) or the
late Eocene (Wang, 1997). Recently, based on the preliminary results of paleomagnetism, Wang
et al. (2019) considered the Ulangochuian stage to be latest middle Eocene and earliest late
Eocene, spanning from chron C18.2n to C17.1n, which was followed by the Paleogene Time
Scale in 2020 (Speijer et al., 2020). It is necessary to mention that the age of the Ulangochuian
is based on the correlation of preliminary paleomagnetic results of the “Lower White” and
“Middle Red” layers at Erden Obo, which can be roughly correlated to the upper member of
the Shara Murun Formation and Ulan Gochu Formation, respectively. In addition, recent anal-
yses of perissodactyl and rodent assemblages from Ulangochuian are also mainly based on
fossils from the “Lower White” and “Middle Red” layers at Erden Obo, as well as the upper
member of the Shara Murun Formation and the Ulan Gochu Formation (Bai et al., 2020; Li et
al., 2022). Bai et al. (2020) proposed the hypothesis of “Ulan Gochu Decline” to designate the
most conspicuous decrease of perissodactyl diversity that occurred during Ulangochuian rather
than at the Eocene-Oligocene transition in Asia. The rodent diversity at generic level shows a
similar clear decrease during the Ulangochuian in Asia (Li et al., 2022).

Given that the Ulangochuian is actually based on mammalian faunas with somewhat dif-
ferent compositions from two lithological units, we suggest subdividing the Ulangochuian into
two subunits: Ug, on the basis of the mammalian fauna from the upper member of the Shara
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FIGURE 13. Distribution of some typical taxa in the Ulangochuian Asian Land Mammal Age. Taxa represent
the first or last appearances.

Murun Formation, and Ug, from the Ulan Gochu Formation (fig. 13). Taxa making the first
appearance in Ug, include Amynodontopsis parvidens, Urtinotherium parvum, Juxia shoui,
Ulanodon, Titanodectes minor, Pachytitan ajax, Desmatolagus vetustus, Anatolechinos neimon-
golensis, and possibly Brachyhyops neimongolensis (Wang, 2007; 2008; Bai et al., 2018; Li, 2018;
Bai and Qi, 2022). Juxia and Eomoropus major have their last appearances in Ug,. Taxa only
known from Ug, include Ulanodon and Pachytitan ajax.

Taxa making the first appearance in Ug, include Embolotherium grangeri, Nasamplus pro-
gressus, Titanodectes ingens, Teleolophus magnum, Amynodontopsis tholos, Urtinotherium inter-
medium, Gobiolagus andrewsi, Hulgana ertinia, Ardynomys olsoni, Allosminthus gobiensis, A.
erons, Anagale gobiensis, and Hyaenodon pervagus (Burke, 1941; Meng et al., 2005; Bastl et al.,
2014; Bai et al., 2018; Li, 2018). Taxa making the last appearance in Ug, include deperetellids,
Titanodectes, Brachyhyops neimongolensis, and Mongolestes hadrodens. Taxa only known from
Ug, include Embolotherium grangeri, Nasamplus, Anagale gobiensis, and Hulgana ertinia.

The correlations between Paleogene ALMA and NALMA are still controversial. In terms of
Ulangochuian ALMA, Romer (1966) correlated the Ulangochuian to Chadronian NALMA, which
was then considered being the early Oligocene. Tong et al. (1995) correlated the Ulangochuian to
Orellan NALMA as the early Oligocene. Wang (1997) proposed the Ulangochuian be the part of
the late Eocene that probably consisted of Naduan, Ulangochuian, and Houldjinian in China; thus,
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Ulangochuian could be partly correlated to the Chadronian NALMA. Bai et al. (2018) tentatively
correlated the Ulangochuian to the Duchesnean mainly based on the Amynodontopsis known from
both biochrons. Amynodontopsis parvidens from the Ulangochuian shares important similarities
with A. bodei from Duchesnean of North America (Stock, 1933; Wall, 1981; Lucas, 1992). Wang et
al. (2020) named A. jiyuanensis, which is Sharamurunian in age and more primitive than other
species of Amynodontopsis, from the Niezhuang Formation of the Jiyuan Basin, Henan Province. In
addition, the first appearances of Ardynomys, Brachyhyops, and possible Hyaenodon from both
Ulangochuian and Duchesnean also support the correlation (Lucas, 1992; Robinson et al., 2004).
Brachyhyops neimongolensis from the Ug, of the Erlian Basin is older than B. trofimovi and B. viensis
from the late Eocene of Mongolia and North America, respectively, but shares similar size and
morphologies with B. wyomingensis from the Duchesnean of North America (Wang and Qiu, 2002;
Tsubamoto et al., 2011). Based on the preliminary paleomagnetic analyses, Wang et al. (2019) cor-
related the Ulangochuian Stage through chron C18.2n to C17, which can be roughly correlated to
mostly Duchesnean and early Chadronian (Speijer et al., 2020).

CONCLUSIONS

The “East Mesa” is a pivotal area in the Shara Murun area, because it is intermediately located
between the Baron Sog Mesa on the west and Erden Obo on the east, which are widely separated
and difficult to correlate. Here we provide detailed litho- and biostratigraphy at the Bayan Obo, which
is composed of possible Tukhum, Shara Murun, Ulan Gochu, and Baron Sog formations with about
70 m in thickness, and describe new materials of Eomoropus major and Brachyhyops neimongolensis.
It is also the first report of Eomoropus from the Erlian Basin. We also provide detailed litho- and
biostratigraphy at the Jhama Obo, which is composed of partial Shara Murun, Ulan Gochu, and
Baron Sog formations with a total of about 50 m in thickness. Based on our recent fieldwork and
CAE collection records, the correlation and faunal compositions of different sections in East Mesa is
clarified, although the distribution of a few taxa conflict with previous viewpoints. Furthermore, the
Ulangochuian ALMA is subdivided into Ug, and Ug,, representing the faunas from the upper mem-
ber of the Shara Murun Formation and the Ulan Gochu Formation, respectively. The Ulangochuian
ALMA can be correlated to the Duchesnean NALMA based on the first appearances of Amynodon-
topsis, Ardynomys, Brachyhyops, and possibly Hyaenodon from both continents.

ACKNOWLEDGMENTS

We appreciate the discussion with Zhao-Qun Zhang (IVPP). We thank Wei Zhou, Shi-Jie
Li, Qi Li, Yong-Xing Wang, and Yong-Fu Wang for assistance in the field; Wei Gao (IVPP) for
the photography of the specimens; Yi-Han Yang (IVPP) for providing photos of figure panels
7A andB; and S. Bell, T. Baione, A. Gishlick, and J. Galkin (all AMNH) for providing literature
access and assistance at the AMNH. We thank L. Holbrook and M. Mihlbachler for helpful
comments and detailed editing of our English writing. We thank editors R. Voss and M. Knight
(both AMNH) for the editorial comments. Funding was provided by grants from the National

Downloaded From: https://complete.bioone.org/journals/American-Museum-Novitates on 30 May 2025
Terms of Use: https://complete.bioone.org/terms-of-use



2025 BAI ET AL.: STRATIGRAPHY IN SHARA MURUN REGION OF THE ERLIAN BASIN 25

Key Research and Development Project of China (grant no. 2024YFF0807603), National Natu-
ral Science Foundation of China (grant nos. 42272011, 42072023, and 41672014), Science &
Technology Fundamental Resources Investigation Program (grant no. 2023YF100905), and
Frick funds from the Division of Paleontology, American Museum of Natural History.

REFERENCES

Bai, B. 2008. A review on Chinese Eocene chalicotheres Eomoropus and Grangeria. Proceedings of the 11th
Annual Meeting of the Chinese Society of Vertebrate Paleontology: 19-30. Beijing: Ocean Press.

Bai, B, and T. Qi. 2022. Ulanodon, a new name for the Hyracodontid Ulania Qi, 1990 (Perissodactyla,
Mammalia). Vertebrata PalAsiatica 60 (4): 328-329.

Bai, B., Y.Q. Wang, and J. Meng. 2010. New craniodental materials of Litolophus gobiensis (Perissodactyla,
“Eomoropidae”) from Inner Mongolia, China, and phylogenetic analyses of Eocene chalicotheres.
American Museum Novitates 3688: 1-27.

Bai, B., et al. 2018. Biostratigraphy and diversity of Paleogene perissodactyls from the Erlian Basin of
Inner Mongolia, China. American Museum Novitates 3914: 1-60.

Bai, B., J. Meng, C.M. Janis, Z.Q. Zhang, and Y.Q. Wang. 2020. Perissodactyl diversities and responses
to climate changes as reflected by dental homogeneity during the Cenozoic in Asia. Ecology and
Evolution 10 (13): 6333-6355.

Bastl, K., and D. Nagel. 2014. First evidence of the tooth eruption sequence of the upper jaw in Hyaenodon
(Hyaenodontidae, Mammalia) and new information on the ontogenetic development of its denti-
tion. Paldontologische Zeitschrift 88 (4): 481-494.

Bastl, K., D. Nagel, and S. Peigné. 2014. Milk tooth morphology of small-sized Hyaenodon (Hyaenodon-
tidae, Mammalia) from the European Oligocene—evidence of a Hyaenodon lineage in Europe. Pal-
aeontographica Abteilung A 303: 61-84.

Berkey, C.P,, and EK. Morris. 1927. Geology of Mongolia—a reconnaissance report based on the inves-
tigations of the years 1922-1923, New York: American Museum of Nature History.

Berkey, C.P., W. Granger, and EK. Morris. 1929. Additional new formations in the later sediments of
Mongolia. American Museum Novitates 385: 1-12.

Burke, J.J. 1941. New fossil Leporidae from Mongolia. American Museum Novitates 1117: 1-23.

Colbert, E.H. 1934. Chalicotheres from Mongolia and China in the American Museum. Bulletin of
American Museum of Natural History 67 (8): 353-387.

Colbert, E.H. 1938. Brachyhyops, a new bunodont artiodactyl from Beaver Divide, Wyoming. Annals of
the Carnegie Museum 27: 87-108.

Coombs, M.C. 1976. The taxonomic position of the chalicotheriid perissodactyl Kyzylkakhippus orlovi
from the Oligocene of Kazakhstan. Palaecontology 19: 191-198.

Dawson, M.R. 1968. Oligocene rodents (Mammalia) from East Mesa, Inner Mongolia. American
Museum Novitates 2324: 1-12.

Gaudin, TJ,, R.J. Emry, and B. Pogue. 2006. A new genus and species of pangolin (Mammalia, Pholidota)
from the late Eocene of Inner Mongolia, China. Journal of Vertebrate Paleontology 26 (1): 146-159.

Gazin, C.L. 1956. The geology and vertebrate paleontology of upper Eocene strata in the northeastern
part of the Wind River Basin, Wyoming. Part 2. The mammalian fauna of the Badwater Area.
Smithsonian Miscellaneous Collection 131 (8): 1-35.

Downloaded From: https://complete.bioone.org/journals/American-Museum-Novitates on 30 May 2025
Terms of Use: https://complete.bioone.org/terms-of-use



26 AMERICAN MUSEUM NOVITATES NO. 4034

Gilmore, C.W. 1931. Fossil turtles of Mongolia. Bulletin of the American Museum of Natural History 59
(4): 213-257.

Gilmore, C.W. 1943. Fossil lizards of Mongolia. Bulletin of the American Museum of Natural History
81 (4): 361-384.

Granger, W. 1928. [Records of fossils collected in Mongolia.] Central Asiatic Expeditions. Field
books of the Third Asiatic Expedition. Archived at the American Museum of Natural History
Library: 79 pp.

Granger, W., and W.K. Gregory. 1943. A revision of the Mongolian titanotheres. Bulletin of American
Museum of Natural History 80 (10): 349-389.

Granger, W.,, W.K. Gregory, and H.F. Osborn. 1936. Further notes on the gigantic extinct rhinoceros,
Baluchitherium, from the Oligocene of Mongolia. Bulletin of the American Museum of Natural
History 72 (1): 1-73.

Hu, C.K. 1959. Some Tertiary chalicotheres of northern China. Vertebrata PalAsiatica 1 (3): 125-132.

Li, CK,, and S.Y. Ting. 1983. The Paleogene mammals of China. Bulletin of Carnegie Museum of Natu-
ral History 21: 1-93.

Li, Q. 2018. Additional cricetid and dipodid rodent material from the Erden Obo section, Erlian Basin
(Nei Mongol, China) and its biochronological implications. Palacoworld 27 (4): 490-505.

Li, Q. 2024. New glires materials from the East Mesa, Erlian Basin (Nei Mongol, China). Anatomical
Record: 1-12.

Li, Q., and Q. Li. 2023. The Sharamurunian rodent fauna in the Erlian Basin, Nei Mongol, China. Ver-
tebrata PalAsiatica 61 (1): 43-70.

Li, Q, Q. Li, R.C. Xu, and Y.Q. Wang. 2022. Rodent faunas, their paleogeographic pattern, and responses
to climate changes from the early Eocene to the early Oligocene in Asia. Frontiers in Ecology and
Evolution 10: 955779: 1-17.

Lépez-Torres, S., et al. 2023. Cranial endocast of Anagale gobiensis (Anagalidae) and its implications for
early brain evolution in Euarchontoglires. Palacontology 66 (3): 1-24.

Lucas, S., S.G. Foss, and M. Mihlbachler. 2004. Achaenodon (Mammalia, Artiodactyla) from the Eocene
Clarno Formation, Oregon, and the age of the Hancock Quarry Local fauna. In S.G. Lucas, K.E.
Zeigler, and P.E. Kondrashov (editors), Paleogene mammals. New Mexico Museum of Natural His-
tory and Science Bulletin: 89-95.

Lucas, S.G. 1992. Redefinition of the Duchesnean Land Mammal “Age,” late Eocene of western North
America. In D.R. Prothero and W.A. Berggren (editors), Eocene-Oligocene Climatic and Biotic
Evolution: 88-105. Princeton, NJ: Princeton University Press.

Lucas, S.G., and R.M. Schoch. 1989. Taxonomy and biochronology of Eomoropus and Grangeria, Eocene
chalicotheres from the western United States and China. In D.R. Prothero and R.M. Schoch (edi-
tors), The evolution of perissodactyls: 422-437. Oxford: Clarendon Press.

Lucas, S.G., R-M. Schoch, and E. Manning. 1981. The systematics of Forstercooperia, a middle to late
Eocene hyracodontid (Perissodactyla, Rhinocerotoidea) from Asia and western North America.
Journal of Paleontology 55 (4): 826-841.

Meng, J., YM. Hu, and C.K. Li. 2005. Gobiolagus (Lagomorpha, Mammalia) from Eocene Ula Usu,
Inner Mongolia, and comments on Eocene Lagomorphs of Asia. Palaeontologia Electronica 8
(1): 1-23.

Meng, J., et al. 2007. New stratigraphic data from the Erlian Basin: Implications for the division, cor-
relation, and definition of Paleogene lithological units in Nei Mongol (Inner Mongolia). American
Museum Novitates 3570: 1-31.

Downloaded From: https://complete.bioone.org/journals/American-Museum-Novitates on 30 May 2025
Terms of Use: https://complete.bioone.org/terms-of-use



2025 BAI ET AL.: STRATIGRAPHY IN SHARA MURUN REGION OF THE ERLIAN BASIN 27

Mihlbachler, M.C. 2008. Species taxonomy, phylogeny, and biogeography of the Brontotheriidae (Mam-
malia: Perissodactyla). Bulletin of the American Museum of Natural History 311: 1-475.

Osborn, H.E. 1929. Embolotherium, gen. nov., of the Ulan Gochu, Mongolia. American Museum Novi-
tates 353: 1-20.

Qiu, Z.X., and B.Y. Wang. 2007. Paracerathere fossils of China. Palacontologia Sinica (new series C) 29:
1-396.

Radinsky, L.B. 1964a. Notes on Eocene and Oligocene fossil localities in Inner Mongolia. American
Museum Novitates 2180: 1-11.

Radinsky, L.B. 1964b. Paleomoropus, a new early Eocene chalicothere (Mammalia, Perissodactyla), and
a revision of Eocene chalicotheres. American Museum Novitates 2179: 1-28.

Radinsky, L.B. 1965. Early Tertiary Tapiroidea of Asia. Bulletin of American Museum of Natural History
129 (2): 181-264.

Remy, J.A., et al. 2005. A new Chalicothere from the Pondaung Formation (late Middle Eocene of Myan-
mar). Comptes Rendus Palevol 4 (4): 341-349.

Robinson, P, et al. 2004. Wasatchian through Duchesnean biochronology. In M.O. Woodburne (edi-
tor), Late Cretaceous and Cenozoic mammals of North America: 106-155. New York: Columbia
University Press.

Romer, A.S. 1966. Vertebrate paleontology. Chicago: University of Chicago Press.

Simpson, G.G. 1931. A new insectivore from the Oligocene, Ulan Gochu horizon, of Mongolia. Ameri-
can Museum Novitates 505: 1-22.

Speijer, R.P, H. Pilike, C.J. Hollis, ].J. Hooker, and J.G. Ogg. 2020. The Paleogene Period. In EM. Grad-
stein, J.G. Ogg, M.D. Schmitz, and G.M. Ogg (editors), Geologic Time Scale 2020: 1087-1140.
Amsterdam: Elsevier.

Stock, C. 1933. An amynodont skull from the Sespe deposits, California. Proceedings of the National
Academy of Sciences of the United States of America 19: 762-767.

Storer, J.E. 1984. Fossil mammals of the Southfork Local Fauna (early Chadronian) of Saskatchewan.
Canadian Journal of Earth Sciences 21 (12): 1400-1405.

Sun, B, et al. 2009. Magnetostratigraphy of the Early Paleogene in the Erlian Basin. Journal of Stratig-
raphy 33: 62-68.

Szalay, ES., and S.J. Gould. 1966. Asiatic Mesonychidae (Mammalia, Condylarthra). Bulletin of the
American Museum of Natural History 132 (2): 129-173.

Szalay, ES., and M.C. McKenna. 1971. Beginning of the age of mammals in Asia: the late Paleo-
cene Gashato fauna, Mongolia. Bulletin of the American Museum of Natural History 144 (4):
271-317.

Tong, Y.S., S.H. Zheng, and Z.D. Qiu. 1995. Cenozoic mammal ages of China. Vertebrata PalAsiatica 33
(4): 290-314.

Tsubamoto, T., M. Saneyoshi, M. Watabe, K. Tsogtbaatar, and B. Mainbayar. 2011. The entelodontid
artiodactyl fauna from the Eocene Ergilin Dzo Formation of Mongolia with comments on Brachy-
hyops and the Khoer Dzan locality. Paleontological Research 15 (4): 258-268.

Wall, W.P. 1981. Systematics, phylogeny, and functional morphology of the Amynodontidae (Perisso-
dactyla: Rhinocerotoidea). Ph.D. dissertation, Zoology Department, University of Massachusetts,
Ambherst.

Wang, B.Y. 1997. Problems and recent advances in the division of the continental Oligocene. Journal of
Stratigraphy 21 (2): 81-90.

Wang, B.Y. 2007. Late Eocene lagomorphs from Nei Mongol, China. Vertebrata PalAsiatica 45 (1): 43-58.

Downloaded From: https://complete.bioone.org/journals/American-Museum-Novitates on 30 May 2025
Terms of Use: https://complete.bioone.org/terms-of-use



28 AMERICAN MUSEUM NOVITATES NO. 4034

Wang, B.Y. 2008. First Record of Late Eocene insectivores and chiropteres from Nei Mongol, China.
Vertebrata PalAsiatica 46 (4): 249-264.

Wang, B.Y,, and J. Meng. 2009. Ardynomys (Cylindrodontidae, Rodentia) From Nei Mongol, China.
Vertebrata PalAsiatica 47 (3): 240-244.

Wang, B.Y., and Z.X. Qiu. 2002. A new species of Entelodontidae (Artiodactyla, Mammalia) from late
Eocene of Nei Mongol, China. Vertebrata PalAsiatica 40 (3): 194-202.

Wang, X.-Y., et al. 2020. A new species of Amynodontopsis (Perissodactyla: Amynodontidae) from the
Middle Eocene of Jiyuan, Henan, China. Vertebrata PalAsiatica 58 (3): 188-203.

Wang, Y.Q,, et al. 2010. Early Paleogene stratigraphic sequences, mammalian evolution and its response
to environmental changes in Erlian Basin, Inner Mongolia, China. Science China Earth Sciences 53
(12): 1918-1926.

Wang, Y.Q., J. Meng, and X. Jin. 2012. Comments on Paleogene localities and stratigraphy in the Erlian
Basin, Nei Mongol, China. Vertebrata PalAsiatica 50 (3): 181-203.

Wang, Y.Q., et al. 2019. Paleogene integrative stratigraphy and timescale of China. Science China Earth
Sciences 62 (1): 287-309.

Wilson, J.A. 1971. Early Tertiary vertebrate faunas, Vieja Group, Trans-Pecos Texas: Entelodontidae.
Pearce-Sellards Series 17: 1-17.

Zdansky, O. 1930. Die alttertidren Sdugetiere Chinas nebst stratigraphischen Bemerkungen. Palaeonto-
logia Sinica (series C) 6 (2): 1-87.

Zhang, Z.Q., et al., 2023. Cetacea and Artiodactyla I: Cetacea Artiodactyla I. In Z.X. Qiu and C.K. Li
(editors), Basal synapsids and mammals. Palaeovertebrata Sinica 3, fascicle 9 (I) (serial no. 22-1):
1-263. Beijing: Science Press.

Downloaded From: https://complete.bioone.org/journals/American-Museum-Novitates on 30 May 2025
Terms of Use: https://complete.bioone.org/terms-of-use



BAI ET AL.: STRATIGRAPHY IN SHARA MURUN REGION OF THE ERLIAN BASIN 29

2025

810T “Te 12 Teg
*800C I[YIBqIUIN “€H6T

9pIs 2UO JO UOTIUIP

(spaq unanjy ereys jou)

£103010) pue 1oSueIn A0UIUL $2]02pPOUDIL], 71097  UIM SME[ J9MO] QIYJOuBIL], 789 nyoon uern
1€61 “I0WID) Jworiaydsiuay sduwaivys $699  [[oys 231o[durod as10310} [rewrs 189  spaq yoon ue[n jo aseq
1€61 “I0W[ID) voraydsiuiay suaivys €699  [1oys 239[dwod 2s10310) [[eWS 089 SPaq yo05) UE[( JO 3sey
1€6T @I0WID) WSNUDU 0pNIsa], 7699  [[oYS 239[dwod 9810310} [[RUIS 6L9  SPaq Yoon) ue[ Jo aseq
[oqer +ds uopoudwviapy 0£09¢ Mme[ JaMO] “pLIddOUTYY 8/9 SpPaq UNINJA BIBYS  S20qQ UIM],
uonnuap jusuewsad pue
8007 “TI[YIBQIYIA ‘SF61 NTUr ‘sme( JoMOT M [[NYS JO spaq NyYO05) ue[n :
£103010) pue 1oSueIn 14103UDLS WN1I2YJ0]0qUT 0%09C U0} ‘(ISYONOT) WNLIdYIOUVIL], €/9 Jo aseq Teau 20e[d U]  $20QQ UIM],
uo3a[ays jo syred 1ojo
9007 “Te 32 urpnen S15U21903 stuvuio1dqin 0¥192 3¢ 100J pUIY JUOPOIID [[eUS L9 ¢
[°qe[ fejewryenbg 6029 98Iq2}J9A JO sa110s-juadIag 149  SPaq nypoo) ue[n Jo aseq
[oqer tsisuawding sndojdii], 8209¢ Me[ IOMO[-SOID0UTYI [[EWS 029 SPaq UnINJ eIeyS
G961 Kysurpey DIvIsLid (J "Jo v]jaa40dacq 12092 Me[ TOMO[-SOISOOUTYI [[eWS 699 Spaq UNINJy ereys
(05297) sisuau
-aunvavys vixnf (1,966
—0L966) SisuajoSuousau
£00T ‘Suep pue sdodyfiovag <(€9797)  05L9T ‘12966 232 ‘59U0q 00§ spaq unampy
nY z00g NIY pue Suepy avavSup xA12u01ydoT 0966 ‘€9797  ‘Syudwdesj me[ :SNOJUBJ[RISIIA 899 BIRYS WOIJ A[ISOIA
UO0JA[AYS JO
€61 QIOWID) SNIDULO SNINDSOJILLY 9029  11ed pue [nys jo yoeq ‘pIezr| V299 Spaq UNINJA eIeys
1261 B[[IXeW JO JudwW
RUUNPIN pue Ae[ezg SUIPOIPDY $21SI|OSUOIAT 69097 -Seqy pue mel 1om0] JUOPOID) 199 Spaq UNINJA eIeys
S[ENPIAIPUT 0M) ‘sjududer mel nyooo) uejn
7007 ‘IO pue Suepy ,stsuajoSuowstau sdodydyovig 99966 F¥9797 921y} ‘[A1oEpOIIe JUOpoung; 999  Mo[2q Isn( oeJINs WOL]
(£8097-0809¢ ‘66097) stis €8-0809¢C
S00T  -naa sndvjoppuisa (L609T) ‘8209 nyooo ueln
“Te 30 SudN TP6T Ing ISMaipup sndvjoiqon  ‘6609¢ ‘L609¢ sme( Teostw-ydiowoSeT $99 Mo[oq Isn( 9oeJINS WOIL]  S20qQ UIM],
ERLIENEIEN UOIedYTIUIPT PAYSIqNJ ‘ou NIV UONJeOYIUIPI POI "OU P[AT] spag Ayeoo1

‘uoTedynUAPI [2qe] (%) 1983ep a1qnop 2dLjoqoy sayesTpuUT YSIIASY

VITOONOJA ¥ENN] ‘NISVY NVITIH ‘VSH]A LSVH FHL WO¥d 8761 NI NOLLIAEdXH YIONVID) FHL X4 STISSO ANTDOTTVJ 40 SAY0OTY ATdI]

I XIANYddV

Downloaded From: https://complete.bioone.org/journals/American-Museum-Novitates on 30 May 2025

Terms of Use: https://complete.bioone.org/terms-of-use



NO. 4034

AMERICAN MUSEUM NOVITATES

30

(SunoA)

(doy xeou) spaq (uninyy

[oqer tds winriayjouvyiy €109¢ SMe( JoMO] DIayjoue)L], 689  BIEYS JOU) NYO05) UB[N
810T “Te 32 Teg
800C TTYORqIUIA ‘€F61 (spaq uniny
£108210) pue 198uein) ISMAIPUD WNLIDYIOJ0qUIT 0109Z s “(1SYON0T) 130U, 889  eIRYS JOU) NYDOL) UR[N
Spaq (uninjy
QRIQDYIAA / ‘WINLIIYIOUDIL], /89  EBIBYS JOU) NYJ05) UB[N
£00T ‘Suep pue (06197) *2)9 ‘sou0q quui| pue
Y ‘96T e 30 1aguein wnaipd wniiayjousys) 16192 ‘06197 100J ‘[[OISTW “WNLIdYIIYINDg 989 spaq Sog uoreg
810T sme( 1omo[ pue (spaq uninpy
“Ie 30 Teg <1861 ‘[leM LMIYIIDUL UOPOIINPD) 62097  [[M3[S JO OIS PI[ ‘PLISOUTYY £/9  BIEYS JOU) NYD05) UB[N
I€61 10w ds opnysag, S699 s opang, 929 Spaq NypoYH U
s[enpia
-IpUI 2I0W IO 0M) ‘Tourre 39
qer 1ds opnysay, 9699  pue [[2ys jo sjudwder; O[any, G/9 spaq nyo05) ue[n
£L09T-9L09C
‘0019T
‘88097-98097 sjuowsely
6007 SWSIN  (££097-9.097) ds sndu 09097-85097 pue nys ‘smef snozownu
pue Suep 96T ‘UOSMR(]  -0uUdpLy ‘DUl DUDSINE] ‘68097 ©2)9 ‘SJUIPOI ‘SITOATUIR]) $£9 spaq NyYo05) ue[n
(£1097)
SNIsnjaA snIvjoIvUISa( syuowdery mel Apsowr ‘sifjoep
Pqer  +(9109¢) “ds snuosowdpiq  £109T ‘9T09C  -OIJe A[JSOUI :SNOSUB[[ISTIA G99 spaq nyooo ueyn
juswdery 90BJINS WO PUNOJ ‘Spaq
Mmef 1omO[ ‘prIddouryI agre €99 Sog uoreq woij A[qeqoid
sme( soe[d ur punoy {(nypoo)
$T0T “Te 32 pIseq sndvaiad uopouavAry 99097 1oMoJ Jo Ired ‘quopouseAf] 799 ue[n) spaq pa1 1oddn
[°qe[ 1ds sdodydyovig $979¢ 100§ 210§ [A10€pOSSLIag V799 nyooo uey  0qQ ewey(
S00T “Te 32 Suay ISMalpup sn3vjo1qon £609C Spaq nyooxo) ue[n
S[ENPIAIPUT 2I0W IO
€¥61 dIo0W[ID SNIDULO SNUNDSOJILLY 9179 ‘809  OM) Jo sjuowidery me( ‘prezr| 87/ SPeq NydO5) Ue[N Jo aseq
Uu03[Ys
€207 “Te 39 Sa110], Jo suonzod pue smel s nyooo) ue[n
-zadoT ¢1¢61 ‘uosdurg \S15U21908 VSVUY 64097 “9IOAI}OISUI JO JIOATUIED [[ELUS L7 ‘spaq pa1 1addn jo asseq
ERLIENEIEN | UOTJROYIIUAPI PAYSI[qnd  "OU HNIAY UOIEdYNIUIPI PRL] “OU PAL] spag Kyresoy

ponuuod T XIANIddY

Downloaded From: https://complete.bioone.org/journals/American-Museum-Novitates on 30 May 2025

Terms of Use: https://complete.bioone.org/terms-of-use



BAI ET AL.: STRATIGRAPHY IN SHARA MURUN REGION OF THE ERLIAN BASIN 31

2025

yisodap [ouueyd
‘Spaq (UnInjy ereys jou)

8107 “Te 12 Teq ‘1861 ‘[[EM xsojoyy sisdojuopoudury S€09T sme[ pue s “prIdOUTY 60/  nyoo ueln £eid jo dog,
810 “Te 19 reg yisodap ouueyd
8002 “IO[YPRQIYIN ‘€61 s[eseu a3o[dwod YIm s ‘spaq (uninjy ereys jou) 0q0
108515 pue 193uein 1SMAUPUD WUNLIYI0]0qUATT 00097 AUy ‘(ISYONO0T) WNLIYIOURIL], 80/ nyooo ue[n Leid jo doy, yaIysg uen
193] WIOM yonur
8107 “Te 10 Teq ‘1861 T[eM suapraivd sisdojuopoudury 8419C YIM [0S ‘PLIDDOUIYI [[RWIS G89 Sog uoreq £[qissoq
Spaq (unanjy
810T “Te 32 Ied <1861 TeM sojoy sisdojuopoudiry 1€09¢ sme( 1oMO] ‘PLIdOUTYY ¥89 EBIBYS JOU) Y205 U]
810T “Te 32 Teq
8007 TRIYORQIYIA ‘€F6T sme( 1omo[ pue 0qQ ewey(
41032105 pue 128ueIn ISMAUPUD WUNLIdY]0]0qUATT 6009T [[[s “(13oN0T) 2IayjoueL], €89 Spaq nydox) ueyn) Jo aseq Jo ymog
500T “Te 30 Susay KSNISNIIA SNEV]OJVUISI(] 6809T
S00T “Te 12 SUdN sismaipup sngpjo1qon 7609z ‘16092 Spaq nypoYH ue|n
810¢ 129} pooS ‘smel 1omo]
“Te 12 1R ‘T86T [leM  Suapiauvd sisdojuopoudusy 8€097 PuUB [[MYS JO JUOIJ ‘pLIDdOUTYY 97L Spaq nyoon) ue|n
spaq (uninjy
Pqer tds wnpiayjouvyy, G0T9Z  €-TW Me( I9MO] DIYJOURIL], £0/  ®BIRYS JOU) NUYD05) UB[N)
s juawdel; J00J VIAYIOUEIL], 90/ SPaq NYd05) ue[ JO aseqg
(spaq unany
$107 ‘PSeN pue [iseq "ds uopouavdpy £909C SI0ATUIR)) G0/  ®IeUS JOU) NYd0L) e[
810T “Te 39 Teq
‘800T “I[Y2eqUIA ‘€F61 (a8 ey (spaq unanjy
K103210) pue 1o8ueIn) WSuadur sagapouvyi], S0097  A19A) Sme[ 19MO] DIdTJOURIL], 0/  ®BIRYS JOU) NUYDI0D) UBR[N)
Spaq (uninpy
[2qe[ FTUTJUOPOUATIRIDIA €€09¢ SME( TOMO] PLIdOUTY €0/  ®BIRUS JOU) NYDOLD) UR]()
8107 “Te Spaq (unmpy
19 Teq ¢£00¢ ‘SUeA PUB NIQ)  WNIPaULIdIUI UNLIDYIOULLY) 7€09T Me[ 1oMO] “pLIdOUTYY 70,  ®IeyS lou) nyooo) uejn
y3ur spaq (uninjy
8007 “I_[Y2RqIUIN Wsnssaido.d snduivsoN $109¢ j1ed juoij [[yfs ‘@1oyjoueIL], 10  ®eIBYS JOU) NUYD05) UBR[N)
mef 1oddn syuowr Spaq (unny
9961 ‘PInoo pue Aefezs KSUIPOIPVY $3]SI|OSUOINT $909C -Se1y ‘mel Jomo[ “DI0ATUIRD) 00/  ®BIRYS JOU) NUYD05) UB[N)
DUIYNY uonedYNUIPI paysiiqng 'ou NNV UoNedYNUIPI PRI "OU PRI spag Ameooy

ponunuod T XIANAddV

Downloaded From: https://complete.bioone.org/journals/American-Museum-Novitates on 30 May 2025

Terms of Use: https://complete.bioone.org/terms-of-use



NO. 4034

AMERICAN MUSEUM NOVITATES

32

qer ts1suadpiv uoporunpv) GE19¢ Mme[ 19MO] “pLIddOUTYY szL Spaq UNINJA eIeys
810T “Te
19 Teq ‘1861 “Te 32 Seon pinui spiavddod 95097  smel 1amor quoporydoy a8re ¥/ spaq uninpy ereys dwe) Sundg
durep Guradg
[oqer +ISUIUIINUDIDYS DIXN[ ££09¢ PLIdOUT Y €L Spaq UNINA BIeYS; JogIurg
[°qe1 toepryuopoufwry FETIOT Y399} 29D JoMO] PLIDDOUTYY L Spaq UnINy eIeys
[°qe1 toepryuopoufury 9€TO7  [[MS JO IPIS JUO ‘SOIDOUTYY 122 SpPaq UnINy eIeys
810T “Te 12 Teg
*800T “T[YIRQIYIN “€¥61 (sm19q d =) o parp (oyueys1v)
K103210) pue 1o8ueIn) 1493uv.3 uvrgosd 0197  -yream doj s ‘QI9joueiiy, 0zL SPaq Pal IoMOT
Mme[ 1omO]
[Pqer  isisuarjoSuous uopoulupivys €€197  ®Jo 1red IOLIdIUR PLIDOOUTY 61L Spaq UNINJA eIeys
Pqer tsaprouavdy uoposdlq /€19C sme[ JoMO] JUOPOUA] 81/ SPaq UNINJ BIRYS
810T “[e 39 Ieg
‘8007 “IPIYBqIYIN ‘€V61
K103010) pue 198ueIny sisua19o3 g o sdojuoiquvivg 1€19¢ sme[ JOMO[ “QIJoueIL], YAVA Spaq UNINJA eIeys
810T “Te 32 Ieg
800C TTYORqIUIA ‘€F6T me[ 1omo]
£103010) pue 1oSueIn AOUIL $3199pOUDIL], 7€197  Jo 3red IoLIojUE QISYIOUBIL], 91/ SpPaq UNINJA eIeys
239
s ‘S9U0q JOOJ ‘YJo2) BAUB[[IISIIA S1Z spaq uninpy ereys dwe) Sundg
(spaq unanjy
Pqer FSISUGUINIUDIDYS DIXN[ 9€097 Me[ IoMO] “pPLIdOUTYI [[eUIS 11/  ®IBYS JOu) Nyd05) Ue[n
Spaq (ununpy eIreyg jou)
8107 “Te 32 Teq ‘1861 ‘T[EM 14051109 UOPOULUMDUDSIDY $€09¢ S “PLIdOdOUTYY 012 nyoon uepn Leid jo dof,
ERLIENEIEN UOIedYTIUIPT PAYSIqNJ ‘ou NNV UONeOYIUIPI POI "OU P[AI] spag fpeooy

ponunuod T XIANAddV

Downloaded From: https://complete.bioone.org/journals/American-Museum-Novitates on 30 May 2025

Terms of Use: https://complete.bioone.org/terms-of-use



