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Since the discovery of dinosaurs in the Iren Dabasu Formation at Iren Nor in 1922, several expeditions
have collecied fossils from the low-relief exposures in this relatively small area. Articulated dinosaur
skeletons, bonebeds comprising dinosaurs and vertebrate microfossils, nesis of dinosaur eggs, in-
vertebrate shell beds and wace fossils have been {ound. Nevertheless, most of the Iren Dabasu collections
have not been prepared or described and the geology of this site has remained unsiudied. Thus, the fossil
assemblages and depositional environments have remained poorly known and somewhat enigmatic.

The Sino-Canadian expeditions of 1988 and 1990 rekindled an interest in this formation and new
results {rom these and previous expeditions are presented here. The fossil assemblage is close 1o that of
the Bayn Shire Formaton of Mongolia, but the generally accepted Cenomanian designation may be oo
old. The Iren Dabasu Formation comprises the remains of a low-sinuosity braided fluvial system that
flowed toward the north-west and was deposited in a semiarid climate. Channels were broad (up to 1 km
wide) and relatively shallow (less than 4 m deep). The floodplain was the site of frequent and energetic
overbank flooding and early stages of soil formation. Although ephemeral floodbasin lakes and
playas—resulting from overbank flooding—exisied from time to time, there is no sedimentological or
palaeontological evidence for laterally extensive and long term lacusirine environments as suggested by
previous workers.

Key Worps: China; Inner Mongolia; Late Cretaceous; Iren Dabasu Formation; Bayn Shire Formation;
palaeontology; sedimentology.

1. Introduction

On April 25, 1922, a party from the American Museum of Natural History set up
their camp at a telegraph station at the west end of a playa lake known as Iren Nor
(“Shining Lake™; Obruchev, 1900-1901, referred to the lake as Iren Dabassun
Nor). The locality was named Iren Dabasu (“Shining Salt’”) by the Mongolians and
has since been called Erlian by the Chinese. The site is south-east of the border
crossing between Inner Mongolia (People’s Republic of China) and Quter Mongolia
{Mongolia) and north-east of the city of Erenhot (Figures 1, 2). Within hours,
fossils were discovered close to camp and Iren Dabasu became the first locality in
central Asia to produce dinosaur bones. This was considered significant enough to
write a paper immediately (Granger & Berkey, 1922, which was published before
staff even left the field), and the term Iren Dabasu Formation was proposed for the
Cretaceous beds.

Only a short time (April 25 to May 7) was spent at Iren Dabasu in 1922, but other
field parties of the Third Central Asiatic Expedition (Andrews, 1932; expedition
field notes in American Museum of Natural History) returned in 1923 (April 22 to
approximately May 25) and 1928 (July 14 1o 16). The most significant finds were
made in 1923, and a number of partial skeletons were collected, along with
hundreds of individual dinosaur bones excavated from bonebeds. Dinosaur egg shell
was discovered at Iren Dabasu in 1923 by Granger and Morris, and four eggs were
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Iren Dabasu Formation

collected from cne or two nests in 1928. These were the first clearly identified
dinosaur eggs ever found. The more significant discovery of intact dinosaur eggs
from Shabarakh Usu did not occur until later in the 1923 expedition.

The dincsaurs and turtles of Iren Dabasu were described by Gilmore (1933). No

other primary paper has appeared on this fossil assemblage, although ornithomimid

(Russell, 1972; Smith & Galton, 1990), tyrannosaurid (Mader & Bradley, 1989) and
hadrosaur (Brett-Surman, 1979; Weishampel & Horner, 1986) specimens have been
restudied.

In June 1959, the first Sino-Soviet expedition visited Iren Dabasu (Rozhdestven-
ski, 1977). With more than sixty people, supported by two “Stalin 100 bulldozers,
a tremendous number of specimens were recovered in a 6-week period. Part of the
material was shipped to the Institute of Vertebrate Paleontology and Paleocanthropo-
logy (IVPP), Beijing, and some to Moscow (Paleontological Institute). Unfor-
tunately, the political situation forced the premature termination of the expeditions
the following year. Subsequently, deterioration of relationships between China and
the Soviet Union made it impossible for the researchers to work together, and the
split collection was put aside in both institutions. More than thirty crates of fossils in
China remained unopened until 1990.

There were joint expeditions to Iren Dabasu supported by the Beijing Natural
History Museum and the Inner Mongolian Museum (Hohhot) in 1972, 1973 and
1974; these expeditions worked mostly south of the ruins of the telegraph station. In
1976 and 1977, work focused on a single bonebed (Figure 2, site C), dominated by
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Figure 2. Collection sites in the Iren Dabasu Formation north-east of Erenhot, China. Map based on

Berkey & Morris (1927), but with corrected information from an unpublished map surveyed by W.
P. T. Hill in 1928 {American Musuem of Natural History archives), field observations by the
authors, and Operational Navigation Chart ONC F3. Sites A to P are identified in Table 3.
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hadrosaurs, west of the telegraph station. Some of the specimens (including
ornithomimid and hadrosaur skeletons) were prepared for display in Hohhot, but
most of the material has not been prepared yet and no scientific papers have come
from this work.

Today, the closest city (13 km by road) to the Iren Dabasu site is Erenhot (also
known as Erlian and Erlianhot), which is on the major rail line connecting China,
Mongolia and the former Soviet Union. Staff of the Erenhot Dinosaur Museum have
been collecting dinosaurs sporadically for many years, but since plans were
developed for an expanded facility in 1988, collecting activities have been increased.
The expanded museum includes casts of the ornithomimid and hadrosaur skeletons
on display in Hohhot.

After a preliminary survey in 1987, Sino-Canadian expeditions worked the Iren
Dabasu Formation north-east of Erenhot in 1988 and 1990. Nests of eggs and a
partial skeleton of Alectrosaurus were among the prized specimens. Two hadrosaur
bonebeds were opened up and systematically worked. However, one of the richest
sources of fossils turned out to be the sediment piled up by the bulldozers of the
Sino-Soviet expedition. After 30 years of exposure, wind and water erosion had left
bone concentrated on the surface of each pile at the bonebeds (Figure 2, sites K, L,
P). Collectior and identification of this material has greatly expanded the faunal list
of the Iren Dabasu Formation. Sedimentological studies were conducted during
both years and are the first such studies of this formation.

2. Stratigraphy

The Iren Dabasu Formation (Irendabasu, Grabau, 1928) was named by Granger &
Berkey in 1922, and formally defined by Berkey & Morris in 1927. The formation is
intermittently exposed over an area of less than 20 km?’, among grass-covered,
low-relief ridges and breaks on the southern side of the Iren Nor basin. South-west
of Iren Nor, the thickness of the exposed portion of the formation, calculated from a
composite section (Figure 3), is 18 m. East of Iren Nor, the cumulative thickness
may be as great as 30 m (Berkey & Morris, 1927, p. 203; not measured by us).
Limited exposures of the formation also crop out south-easi of Erenhot (Berkey &
Morris, 1927), but were not studied by us.

Berkey & Morris (1927) claimed that the formation lies unconformably on
basement granites and slates that crop out extensively along the northern side of the
Iren Nor basin. They implied that the exposed thickness of the formation
approximates its total thickness. However, our reconnaissance failed to reveal any
evidence of a flat-lying contact between the slates and Iren Dabasu clastics. We
suggest that the abrupt lateral change (over a few metres) from highly foliated slates
to Iren Dabasu clastics (with no intervening horizon of breccia or rip-up clasts) is
more parsimoniously interpreted as evidence of an east—west trending fault or
system of faults. In our interpretation, the slates and granites occur on the
up-thrown side of a normal fault and the total subsurface thickness of the Iren
Dabasu Formation is unknown. This interpretation is further supported by the facts
that (1) the thickness of the Iren Dabasu Formation exposures (between the slates
and overlying Eocene deposits) varies dramatically in the fleld area, and (2} 8 km to



the north-east, foliated slates pass laterally into Eocene clastics. A history of normal
faulting can easily account for such abrupt lateral changes in thicknesses and
formational relatonships and may ultimately provide an explanation as to how the
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Figure 3. Three stratigraphic sections (A-C) measured near vertebrate locality ‘F’ (Figure 2). Note the
apparent lenticularity of the 5-m-thick palaeochannel sandstone body in section B. Solid lines
indicate lithostratigraphic correlation and measured extent of body; dashed lines indicate inferred
correlation and extent. Vertical scale in meters. Lateral relationships not 1o scale.

modern Iren Nor lake basin originally formed, (the original interpretation, that the
slate/Iren Dabasu contact is flat-lying, implies a complex and convoluted history of
localized deposition and erosion). Parsimony notwithstanding, our reinterpretation
must be tested with subsurface data before it is completely embraced.

As noted above, the Iren Dabasu Formation is overlain unconformably by clastics
of Eocene age. Granger & Berkey (1922) included the Eocene beds in the Iren
Dabasu and originally assigned the entire unit to the Lower Cretaceous. Berkey &
Morris (1927) recognized the unconformable relationship between the Eocene and
Cretaceous beds, restricted the formation to those beds beneath the unconformity,
and with the support of Matthew (in Berkey & Morris, 1927), maintained the Lower
Cretaceous designation. Grabau (1928) placed the formation higher than the
Djadokhta, and Morris (1936) put it in the Campanian. In contrast, most
palaecontologists working on dinosaurs (Weishampel & Horner, 1986; Smith &
Galton, 1990) have accepted the assignment of these beds to the Cenomanian as
being reasonable given the rather primitive nature of the animals.

QOur preliminary vertebrate fossil assemblage data (Table 1), as well as those of
Jerzykiewicz & Russell {(1991), suggest that the Iren Dabasu Formation is biostrat-
igraphically equivalent to the upper portions of the Bayn Shire Formation of
Mongolia, which crops out less than 200 km to the north-west (Figure 1). The Bayn
Shire Formation is up to 300 m thick, comprises alternating, varicolored fossiliferous
claystones and sandstones, and is overlain conformably by sediments of the
Djadokhta Formation (““Dzhibkhalantskaya Zone” of Sochava, 1975, and Barun
Goyot Formation of Martinson, 1982). The Bayn Shire Formation in eastern
Mongolia is thought to range in age from Turonian to Campanian (Jerzykiewicz &
Russell, 1991). A more detailed discussion of the age of the Iren Dabasu Formation
with respect to the Bayn Shire Formation is presented below following the
description of vertebrate taxa.
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Table 1, Comparison of the faunas of the Iren Dabasu (People’s Republic of China) and Bayn Shire
(Mongolia). Only taxa known from the Bayn Shire of the southeastern Gobi are included. Shiregin
Gashun is often included as a western extension of the Bayn Shire. However, there is little overlap
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3. Sedimentary Geology

The Iren Dabasu clastics comprise fine-grained to pebbly arkoses, lithic arenites and
sublitharenites (sensu Folk, 1980), and a variety of sandy silt- and claystones with
localized occurrences of carbonate nodules and rare occurrences of tabular carbonate
beds. Localized extraformational and well-rounded bone pebbles are common in
association with arenites. Arenites are moderately sorted and comprise subangular to
subrounded grains. Mineralogically, arenites are sparite-cemented and are domi-
Iren Dabasu Formation
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between the faunas of the two areas, indicating that the Shiregin Gashun sites were terporally and/or
environmentally distinct. The western extension of the Bayn Shire has therefore been listed in a separate
column at the end. {See Figure 1 for localities).
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nated by monocrystalline quartz with quartz overgrowths (<50% of the framework)
and alkali feldspars (sanidine/orthoclase; <25% of the framework). Plagioclase
{(<10% of the framework) is commonly present in highly altered form and is, thus,
difficult to identify. A variety of polycrystalline quartz grains is present (<12% of
the framework) and rock fragments (metamorphic, chert and other sedimentary
varieties) are locally abundant.

Silt- and claystone beds possess a variety of features that indicate early stages of
palaecosol development including gleying, root traces and clay-lined peds
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(Retallack, 1990). Associated carbonate nodules comprise massive micritic glaebules
with sparite-filled fractures and ‘floating’, sparite-encircled clastic grains, all
typical of caliches (Allen, 1986; Retallack, 1990). One occurrence of a tabular
dolomite bed was noted by Jerzykiewicz in 1988 and occurs in the highest portion of
the stratigraphic section east of Iren Nor. Hand samples and thin sections show a
clotted fabric comprising almost pure micrite and microspar. Clastic grains are
extremely rare. Although not conclusive, the tabular geometry and absence of clastics
suggest a lacustrine or playa origin. Unfortunately, poor exposure precludes a better
understanding of this deposit.

Analyses of facies and palaeocurrent data reveal that the exposed portion of the
formation was deposited in a coarse-grained, low sinuosity, fluvial system that
flowed north-westward. The system comprises coarse and fine members represent-
ing channel and interchannel deposits, respectively. Coarse-grained members of
channel origin are erosionally-based and laterally extensive petrpendicular to
palaeoflow direction (up to 1km). They are typically less than 4 m thick and are
composed of fining- and thinning-upward sets of large-scale trough cross-bedding,
horizontal-planar and ripple lamination (all sets are less than 50c¢m  thick).
Large-scale troughs are typically 1-3m wide and are commonly exposed in plan
view. Disarticulated to partially associated vertebrate fossils and bone pebble lags are
locally abundant at or near the base of coarse members in association with very
coarse to granulitic trough cross-beds.

Palacocurrent measurements (170) taken from trough crossbeds and ripple
laminatien over the entire field area indicate a strongly unidirectional flow 1o the
north-west with ancitlary flow to the north-east and south-west (Figure 4). Morris
(1923, unpublished fieldnotes) suggested that flow was to the east in the lowermost
exposures where pelecypods were found in a small outcrop of cross-bedded:
sandstones. We have observed, however, that throughout the field area palacocur-



rent azimuth directions are tightly grouped over distances of tens of metres. Thus, it
is most likely that Morris’ data were collected from a local ancillary system of flow,
oblique to the regional trend.

Modern low sinuosity fluvial systems can be classified as straight, braided,
anastomosed, or as some combination of these (e.g., Miall, 1978; Smith, 1983;
Walker & Cant, 1984). The shallow and broad nature of the Iren Dabasu

N

319 —

n=170

Figure 4. Palaeocurrent rosette constructed from 170 palacocurrent azimuth readings taken from
large-scale wough cross-beds (n=164), ripple lamination (z=4) and parting lineation (n =2).

Vector mean indicated by arrow and calculated using method of Curray (1956).
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palacochannels and the strongly localized variation in palaeocurrent directions are
most cempatible with a braided fluvial interpretation.

Fine-grained members comprise two types: (1) tabular bodies (<2 m thick) of
thinly bedded (less than 10 cm), heterolithic sand-, silt- and claystone and (2) a
variety of massive sandy siltstone and claystone deposits (up to 2m thick) with
caliche nodules, vertebrate eggsheil and whole in situ eggs (in nests) and other
features indicative of incipient palaeosol development (see above). The tabular
bodies are dominated by planar beds of ripple lamination and horizontal stratifica-
tion with thin intervening sets of silt- and claystone, and pass laterally into trough
cross-bedded sandstones. We interpret these deposits as thin, sheet splays emanat-
ing from shallow, broad primary fluvial channels. Similar deposits are common
features of modern and ancient fluvial systems (e.g., McKee et al., 1967; Tunbridge,
1981; Collinson, 1986). Massive silt- and claystone beds are interpreted as
suspension deposits that accumulated in a variety of floodplain settings. Incipient
palaeosol development, caliches and dinosaur nests attest to depositional hiatuses.

The architecture of the coarse and fine members is difficult to establish in this
region because of low relief. However, our three measured sections and a lateral
facies profile (Figure 3) show that coarse channel members typically fine upwards
into sheet splay or massive floodplain deposits.

On the basis of the foregoing, we interpret the Iren Dabasu fluvial system as a
north westerly flowing, low-sinuosity, braided fluvial system punctuated by broad
(<1km wide), shallow (<4 m deep) channels. Flow rates were highly variable and
flow periodically spilled out onto the floodplain burying dinosaur nesting sites and
interrupting or terminating palacosol and caliche development. A semi-arid climate
is indicated by the presence of caliche nodules {(Goudie, 1983; Retallack, 1990) and
the possible occurrence of a playa limestone. In such a climatic setting flow rate
variation may have occurred seasonally.

The Bayn Shire Formation of Mongolia is similar to the Iren Dabasu in
comprising a sequence of interbedded conglomerates, arenites and, silt- and
claystones. Large-scale cross-bedding is present in some sandstone beds. In contrast
to the Iren Dabasu Formation, the conglomerates of the Bayn Shire are, for the most
part, intraformational (Jerzykiewicz & Russell, 1991), comprising reworked caliche
nodules. The higher concentration of extraformational clasts in the Iren Dabasu
Formation indicates that the Erenhot locality is closer to source than the Bayn Shire
localities. This interpretation is compatible with our palaecocurrent data, which
imply that the Iren Dabasu fluvial system was in a more proximal palaeogeographic
position relative to the Bayn Shire fluvial system.

4. Palaeontology



4.1. Invertebrates

Pelecypods were collected by the Central Asiatic Expedition from two ‘small
patches’ of shells occurring very low in section in pebbly, very coarse-grained
sandstone beds separated by a meter of sandy siltstone. The pelecypods were
described by F. Stearns MacNeill (in Meorris, 1936) as a monospecific assemblage of
the freshwater unionid Pseudohyria gobiensis. Pseudohyria gobiensis is not known {rom
the Bayn Shire of the south-eastern Gobi of Mongolia, although other species of
Pseudohyria have been identified (Table 1; Martinson & Kolesnikov, 1974,
Martinson 1982). No pelecypods were encountered during the Sino-Canadian
expeditions of 1988 and 1990 indicating that pelecypods are rare. Trace fossils
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(RTMP 89.132.8-89.132.15) recovered by the Sino-Canadian expedition in 1988
include Taenidium, Anchorvichnus, *Gyrolithes, several unidentified taxa, and rhizo-
liths (P'. A. Johnston, pers. comm., 1991).

4.2. Vertebrates

Dasyatid (Hypolophidae) ray teeth and vertebrae, and hybodontid shark teeth and
spines were collected from the Iren Dabasu in 1987, 1988 and 1990. These
specimens are closest to Myledaphus tritus (Nessov & Udovichenko, 1986) and
Hybodus kansatensis (Nessov & Khisarova, 1988), respectively. Glikmana (in
Shuvalov & Trusova, 1979) referred shark teeth from the Bayn Shire Formation of
Baishi Tsav to Hybodus asiaticus n. sp. To the best of our knowledge, this species
has never been properly diagnosed, nor have any of the teeth been illustrated. Gar
scales, and amiid and teleost bones were recovered from channel deposits at Iren
Dabasu. Fish have been reported from the Bayn Shire (Efremov, 1949) but have not
been identified or described.

Turdes are common and diverse within the Iren Dabasu Formation (Table 1).
Trionychid shell fragments (Gilmore, 1931; Yeh, 1965) are common in the
bonebeds. Other trionychoidean (in the sense of Meylan & Gaffney, 1989) wurtles
identified in the Iren Dabasu include an adocid (Adecus), a nanhsiungchelyid
(Basilemys) and a lindholmemyid (Lindholmemys) (D. Brinkman, pers. comm.,
1990), all of which have been reported from the Bayn Shire (Table 1).

Plesiosaur vertebrae were collected by the Sino-Soviet expedition and indicate the
presence of a large form (an anterior caudal centrum in the collections of the IVPP
has a transverse diameter of more than 5 cm). The Cretaceous coastline was not close
to this site, and the presence of such a large plesiosaur probably indicates a large
enough river channel to permit this typically marine animal to penetrate so deeply
inland.

Only one lizard bone has been identified (IVPP 200788-116), so it would appear
that these animals were not commen in the Iren Dabasu palacoenvironment.

A partial skull (IVPP 180788-101) and numerous disarticulated elements of a
shamosuchid crecodile were collected in 1988. The material has not been studied in
detail, so it is not possible to determine to which species of Shameosuchus it belongs,
although two species are known from the Bayn Shire (Efimov, 1983) in adjacent
parts of Mongolia (Table 1).

Isolated pterosaur bones were recovered from the Iren Dabasu in 1959 and 1987.
A humerus in the Sino-Soviet collections in Beijing suggests that the pterosaur was
quite large (Dong Z. M., pers. comm., 1990).

Isolated dromaeosaurid teeth and bones are common in the Iren Dabasu, and
were originally reported by Gilmore (1933). Most of these can be attributed to
Velociraptor, although some of the teeth suggest that there was a second, larger
species of an indeterminate dromaeosaurine dromaeosaurid.

Troodontid bones are rare, but include distinctive third metatarsals (AMNH
21751, 21772, IVPP 230090-16), in which the distal articulation extends onto the
posterior surface of the bone in a broad tongue (Wilson & Currie, 1985). A femur
(PIN 2549-100, Kurzanov 1987) collected by the Sino-Soviet expedition is probably
from a troodontid. These bones are provisionally referred 1o Saurornithoides, which
is the largest genus of Asian troodontid presently known.

Avimimid bones are common in the Iren Dabasu and can be found in the
collections of the American Museum of Natural History (New York), the Paleon-
tological Institute (Moscow), and the Institute of Vertebrate Paleontology and
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Paleoanthropology (Beijing). Direct comparison between isolated Avimimus bones
from the Iren Dabasu and the type specimen of Avimimus portentosus in Moscow
failed to reveal any differences. The Iren Dabasu avimimid material is presently
under review (Currie, Zhao and Kurzanov, in preparation).

Gilmore (1933) referred ornithomimid material from the Iren Dabasu 10 a new
species, Ormithomimus asiaticus. This was redesignated by Russell (1972) to a new
genus, Archaeornithomimus, which was characterized as an ornithomimid with a
primitive metacarpus and an apparently short metatarsus. The species was reviewed
recently by Smith & Galton (1990), who provided illustrations and measurements of
bones that had not been referred to in the earlier papers. Unfortunately, no cranial
material was collected by the American Museum. The present whereabouts of a
partial skull found by the Sino-Soviet expedition is currently unknown. Mest of the
Iren Dabasu specimens are individual bones of disarticulated skeletons. Given the
variability evident in the collections, there is a high probability that more than one
ornithomimid species was present at Iren Dabasu.

In 1981, Barsbold described a new genus and species of ornithomimid from the
Bayn Shire Formation at Bayshin Tsav. Garudimimus brevipes is known from good
cranial and reasonable postcranial material, which Barsbold believes is different
enough from previous known ornithomimids to merit the establishment of a new
family. In contrast with the more advanced forms, he noted that the ilia are shorter
than the pubis, the first pedal digit has not been lost, and the third metatarsal is not
as compressed proximally. However, the Garudimimus metatarsus is somewhat
crushed, the third metatarsal is recessed from the extensor surface of the metatarsus,
and the second and fourth metatarsals approach each other (even though they do not
actually touch in the holotype). This indicates that the second and fourth metatarsals
probably did contact proximally on the extensor surface in the living animal.

Smith & Galton (1990) noted the presence of a concave facet on Metatarsal 11,
which indicates that the first digit may be present in Archaeornithomimus. The
relative proportions of the metatarsal elements are also similar to those of
Garudimimus (Table 2). Metatarsal comparison, therefore, shows the two genera to
be close in evolutionary development, and there is a distinct possibility that at least
some of the Archaeornithomimus specimens are actually Garudimimus.

Barsbold (1983) and Barsbold & Osmdlska (1990) noted that the dorsal and sacral
vertebrae of Garudimimus lack pleurocoels in the centra, which is not the case in
other ornithomimids. There are six sacral vertebrae in the holotype, compared with
an estimated five in Archaeornithomimus (AMNH 6576). The low number in the Iren
Dabasu specimen may be attributable to its immaturity, although the presence of
pleurocoels shows that this specimen cannot be referred to Garudimimus.

Barsbold (1983) states that both ornithomimids and garudimimids are found in

Table 2. Comparison of measurements of pedal elements of
Archacomithomimus (after Smith & Galton, 1990} and Garudimimus
(taken from photograph of specimen).

Genus mi 11 mt IH mt IV 1I-1
Archacornithomimus 257 (0.50) 286 (1.00) 259 (0.91) 70.8 (0.25)
Garudimimus 207 (0.93) 223 (1.00) 203 (0.91) 63.0(0.28)

Phalanx I1-1 was misidentified as IV-1 by both Gilmore {(1933) and
Smith & Galton. The length of each element is in millimetres, and the
figure in brackets represents its fractional length of mt III.
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the Bayn Shire, and superficial examination of the Iren Dabasu ornithomimid
material suggests that more than one genus may be present. It is therefore also
conceivable that both Archaeornithomimus and Garudimimus are found in both the
Iren Dabasu and Bayn Shire.

Alectrosaurus olseni was originally described by Gilmore (1933) on the basis of
specimens from Iren Dabasu, and was subsequently reviewed by Mader & Bradley
(1989). Better cranial material was described by Perle (1977), who has been studying
more recently discovered postcranial specimens (Perle, pers. comm. 1989).
Although Alectrosaurus is clearly a tyrannosaurid (Mader & Bradley, 1986), it is
more primitive than other species of this family. The absence of denticles on the
premaxillary teeth (Perle, pers. comm. 1989; IVPP 180788-104) suggests that it
should be included in the Aublysodontinae,

Segnosaurids were reported from the Iren Dabasu by Mader & Bradley (1989),
and isolated elements were commonly recovered by the Sino-Canadian expeditions
in 1988 and 1990. A well-preserved dentary with teeth is in the collections of the
Erenhot Dinosaur Museum. The isolated elements are indistinguishable from
Erlicosaurus andrewsi and Segnosaurus ghalbiensis bones in the collections of the
Paleontological Institute (at the Ceniral State Museum) in Ulaan Baatar. There are a
few elements from the Iren Dabasu that may also be referable to the more poorly
known segnosaur Enigmosaurus.

Sauropod femora and a tibia now on display at the Erenhot Dinosaur Museum
were collected from Sites C and O (Figure 2). A single Euhelopus-like spatulate
tooth in the same museum suggests that the sauropod was a camarasaurid. Isolated
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sauropod bones have also been found at Bayshin Tsav.

The Iren Dabasu hadrosaurs are relatively well known (Gilmore, 1933; Brett-
Surman, 1979, 1980; Weishampel & Horner, 1986), although only a smali portion of
the available material has been studied. Future study of the immense collections in
Hohhot, Erenhot and Beijing of Bactrosaurus johnsoni and Gilmoreosaurus mon-
goliensis has the potential to reveal complete anatomical information for these
primitive hadrosaurine and lambeosaurine hadrosaurs, including information on
growth and variation. Only Gilmoreosaurus has come from Site O (AMNH Quarry
149, see Table 3), but both species have been collected from Site K (Figure 2).

Hadrosaurs are not well known from the Bayn Shire, although an undescribed
lambeosaurine (Maryanska & Osmélska, 1981) is present at Bayshin Tsav.

A few isolated bones collected by the Sino-Canadian effort are from a primitive
ornithischian, and have been tentatively identified as hypsilophodont.

Gilmore (1933) identified an ankylosaur ilium and caudal vertebra in the
collections from the Iren Dabasu in the American Museum of Natural History. An
ankylosaurid skull collected by the Sino-Soviet expedition is housed in the
collections of the IVPP, but has not been studied yet. Two species are known from
the Bayn Shire of south-eastern Mongolia (Tumanova, 1987), of which Talarurus
Plicarospineus seems to be closest to the Iren Dabasu specimen in Beijing.

No evidence of protoceratopsians has been recovered in the Iren Dabasu. In Bayn
Shire beds of western Mongolia, the protoceratopsian Microceratops has been
identified at Shiregin Gashun (Maryanska & Osmolska, 1975). Microceratops is
otherwise known only from the Alashan Desert and one other locality in the western
part of Inner Mongolia (Bohlin, 1953).

Dinosaur eggs (Paraspheroolithes irenensis, see Zhang, 1979} collected in 1922
(Van Straelen, 1925), 1928 and 1988 are almost round with diameters between 9 and
10cm. The AMNH eggs were discovered in ‘“‘red sandy clay, the highest
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Table 3. Iren Dabasu localities.

Figure 2 AMNH # CCDP # Description
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The Sino-Soviet expedition of 1959 worked at sites K, L and P. Site C was
worked by the Beijing Natural History Museum and the Inner Mongolia
Museum in 1976 and 1977).

fossii-bearing unit yet found in the Iren Dabasu” (Berkey & Morris, 1927) in what
was suspected to be two distinct nests. The shell was described by Van Siraelen
(1925) as thick (1.2 mm) and he felt that histologically it was closest to the sauropod
Hypselosaurus priscus from France. The site (Figure 2, M) was rediscovered in 1988
and five nests were identified with up to 23 eggs in each. The eggs are smooth
shelled. Hadrosaur eggs from Alberta are larger and have a pebbly texture (personal

observation), so it is not unreasonable to assume the eggs from the Iren Dabasu were
laid by a theropod. Based on the smaller size of possible velociraptorine eggs

recovered from Bayan Manduhu (China) and the larger size of an allosaurid egg
from Utah (Hirsch et al., 1989), it is conceivable that the eggs were laid by a
theroped of roughly the size of the Iren Dabasu ornithomimids. Although
Alectrosaurus is not significantly larger than the largest ornithomimid, it is a much
rarer animal, and therefore is less likely to be the animal that laid the half dozen or
so nests of eggs.

Two large, round thick-shelled (2 mm) eggs (IVPP 240788-113) collected in 1988
at Site H have been tentatively identified as those of a sauropod, because of their
similarity to sauropod eggs from France and India (Mohabey, 1987). The
smooth-shelled eggs were broken, so the diameter could not be estimated. In the
same area, fragments of a small, thin-shelled egg (IVPP 240788-101) were
discovered. A fourth type of egg (IVPP 250790-1, 250790-2, 250790-3) was
discovered in 1990 just east of Site E (Figure 2). These smooth-shelled, round eggs
have thick shells (2 mm) relative to their small size (egg diameter is 7.5 cm). Five
nests (each about 35 cm across) were discovered at the same level in a relatively
small area with up to 11 eggs per nest.

Of the four types of eggs identified in the Iren Dabasu, none approach the
elongate “‘protoceratopsian” egg type identified from the Djadokhta and other
Upper Cretaceous formations of China and Mongolia. Sochava (1972) identified a
possible protoceratopsian embryo associated with egg shell from the Bayn Shire at
Tel Ulan Ula. However, only a poorly formed metatarsus is present and this is
insufficient to identify the specimen as much better than an ornithischian.
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Despite a strong focus on collecting microvertebrates by the Sino-Canadian
expeditions, not a single mammal tooth or bone has been found to date.



5. Age of the Iren Dabasu Formation
The palaeontclogical data presented above have important implications for the
assessment of the age of the Iren Dabasu Formation at Iren Nor. In the Bayn Shire
Formation, the turtle Kizylkumemys shuwalovi is replaced by Lindholmemys martinsoni
in younger parts of the section, a replacement that in Kazakhstan occurs in late
Turonian time (Nessov, 1984). Shuvalov & Chkhikvadze (1979) pointed owt that the
faunas (characterized by Gobiolla multicostata, Gobiolla elliptica, Kyzylkumemys
shuwalovi and possibly Charitonyx tajantkolaevae) at sites in the lower part of the
Bayn Shire (Amtgai, Khara Khutul) suggest the beds are Cenomanian to Turonian,
whereas the uppermost beds (characterized by Sainshandia robusta, Basilemys
orientalis and Lindholmemys martinsoni) are Coniacian-Santonian. The occurrence of
Lindholmemys in the Iren Dabasu Formation at Iren Nor and its stratigraphic
occurrence in only the upper levels of the Bayn Shire in Mongolia suggest that the
Iren Dabasu Formation is equivalent to the uppermost levels of the Bayn Shire.
The presence of Saurornithoides and the highly specialized Avimimus in the Iren
Dabasu Formation is puzzling in light of their apparent absence in the Bayn Shire.
These genera (as well as Velociraptor) are characteristic of Djadokhta (Campanian)
and younger sediments in Mongolia and their presence may indicate that the Iren
Dabasu was deposited later in time than the majority of Bayn Shire sites in
Mongolia. The fauna from Bayshin Tsav, 300 km west of Erenhot, is the closest to
that of the Iren Dabasu (Table 1), and may be equivalent in time and environmental
conditions. Thus, we conclude that the Iren Dabasu Formation at Iren Nor is
younger than Cenomanian and is best considered early Senonian in age. Preliminary
data suggest that it may ultimately prove to be as young as Campanian.

6. Discussion of depositional environments and palaeoecology

6.1. Depositional environments

On the basis of sedimentological evidence presented above, we interpret the Iren
Dabasu Formation as the remains of a fluvial system deposited in a semi-arid
climate and comprising broad and shallow braided channels, and subaerially
exposed floodplains that were the sites of palaeosol and caliche formaton and
short-lived pond/lacustrine or playa environments. This interpretation differs
significantly from that of Berkey & Morris (1927, pp. 376, 377) and Morris (1936,
pp. 1513, 1514} who described the depositional environments of the Iren Dabasu
Formation as lakes and floodplains. These previous interpretations were based
largely on palaeontological data and almost no sedimentological data. Our sedimen-
tological data notwithstanding, we believe that the available palacontological
evidence is also more consistent with the fluvial interpretation proposed here.

The trace fossil assemblage is diagnostic of neither a lacustrine nor a fluvial setting
and can only be interpreted as evidence of a freshwater (nonmarine) depositional
environment (P. A. Johnston, pers. comm., 1991). The presence of Pseudohyria is
also equivocal. Kolesnikov (1977) studied the microstructure, chemical and physical
characteristics of the shells of Pseudohyria from the Bayn Shire Formation and
concluded that these forms were living in the shallows of large, alkali lakes in a hot,
arid climate. However, Pseudohyria is an extinct clam of the family Unionidae whose
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modern members inhabit freshwater rivers and lakes. There is no conchological
basis for interpreting Pseudohyria gobiensis as strictly fluvial or lacustrine. Morris
(1936) believed that the presence of only one species of pelecypod in the Iren
Dabasu Formation was indicative of a stressful environment compatible with a
semi-arid lacustrine basin interpretation. Although we agree that the basin was
semi-arid, such an interpretation does not prove the existence of lakes. Thus,
although the Bayn Shire Pseudohyria may well have inhabited shallow lakes, there is
no primary evidence that such was the case in the Iren Dabasu Formation.

The Iren Dabasu vertebrate assemblage is similar in basic composition to
nonmarine vertebrate assemblages known from the Late Cretaceous coastal plains of
North America (e.g., Dodson, 1983; Eberth, 1987) and is essentially terrestrial.
Notable non-terrestrial vertebrates include hybodont sharks, rays and plesiosaurs,
forms that are also present in the Late Cretaceous coastal plain of North America
and are regarded as having periodically inhabited estuarine to coastal fluvial
environments, not lakes. Their presence in the Iren Dabasu Formation clearly
indicates that the basin was externally drained with a brackish and/or salt water
connection. However, our palacogeographic data are currently insufficient to
indicate correctly the location of this connection.



6.2. Palaeoecology

Vertebrate-fossil lags at or near the base of coarse-grained channel deposits suggest
that avulsive emplacement of these palacochannels was accompanied by reworking,
sorting and concentration of skeletal material and perhaps by mass mortality of
vertebrates caught during the flooding events. Fossiliferous localities are laterally
extensive over tens 1o hundreds of metres. The taxonomic composition at each
locality is variable (Gilmore, 1933), suggesting that the fossil assemblages reflect, in
some measure, in-life heterogeneous faunal distributions across the floodplain.

The association of nests of fossil eggs (representing at least four species of
dinosaurs) with incipient palacosols and caliche nodules indicates that portions of
the floodplain were subaerially exposed for relatively long periods of time and were a
favoured breeding habitat for some vertebrates. In his study of the egg shells, Van
Straelen (1925) noted the striking differences in microstructure between the eggs of
the Djadokhta and Iren Dabasu formations. He believed that those of the Djadokhia
were adapted for incubation under arid conditions, and thus implied that those of
the Iren Dabasu were not.

A rough tally of Sino-Soviet field identifications shows that ankylosaurs (27
bones) and sauropods (7 bones) were relatively uncommon in the Iren Dabasu,
‘theropods’ (including large theropods, small theropods and segnosaurs, but not
ornithomimids) were more common (400 specimens), ornithomimids were
numercus {more than a thousand bones) and hadrosaurs were dominant (almost
1500 specimens). These trends were reflected by the Sino-Canadian collections of
1988 and 1990. The apparent high numbers of carnivorous dinosaurs can be
attributed mostly to ornithomimids and segnosaurids. The former are generally
considered to be omnivorous. Segnosaurs may have been herbivores (Barsbold,
1983), but the possibility that they were also piscivorous should not be ruled out.
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