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Mew investigations in the Middle Focene valeanosedimentary
depaosits, north of Birjand in eastern Iran, have resulted in the re-
covery of new mammal footprints (described as Paleeotheriipus sar-
Jeanti nov. ichnosp. ) and the first bird tracks (deseribed as Graipeda
lambrechti nov., ichnosp. ).
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INTRODUCTION

The volcanosedimentary deposits of Chahkand village, in the
Birjand area of eastern Iran (Fig. 1), recently have produced a
number of vertebrate footprints studied preliminarily by Mirzaie
Atanbadi and Sarjeant (2000, These deposits are divided into
three volcanosedimentary complexes. The middle (footprint-
bearing) complex (Middle Eocene) appears to have heen de-
posited in a terrestrial environment {Fauvelet et al., 199(0). New
studies on the sedimentology and depositional environment of
the middle complex. including the foolprint-bearing strata, in-
dicate that these deposits consist of three major lithofacies and
seven sublithofacies: (1) A siliciclastic lacies that includes a
siltstone and a sandstone subfacies, (2) a carbonate lacies that
includes a micrite and a dolomicrite subfacies, and (3) a vol-
canosedimentary facies that includes a eryvstaline, a carbona-
ceous, and a coarse grained tuff subfacies. These facies indicate
that the sediments of the middle complex were deposited in a
hack arc hasin {MNadjafi et al_, 2003)

Back arc basins filled with volcanosedimentary sediments in
a short period of time, and their evolution takes place in three
main stages (Einsel, 2000). The sedimentary basin in the study
area appears W represent the second stage of evolution {Nadjafi
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el al., 2003) where, after the opening of ocean floor in unstable
areas in the first stage, the continuing subsidence takes place and
voleanic activity in the active are zone produces a large amount
of pyroclastic and tuffaceous material. Inactive arcs accumulate
pelagic sediments that occasionally enter these basing (Einsel,
20003},

A preliminary study of the previously found foolprinis from
the middie complex concluded that at least Perissodactyles and
Mesonychoids are among the possible track makers (Mirzaie
Ataabadi und Sarjeant, 2000). However, Nadjafai et al. (2003)
according to the results of the recent work of Mustoe (2002), on
the mammalian foolprints of Chuckanul Formation in northwest
Washingron, have championed the Pantodontan and Dinoceratan
affinities of these footprints.

MATERIAL AND METHODS

The track-bearing strata are exposed just bevond the west-
ern limit of Chahkand village. north of Birjand in eastern Iran,
Mammal tracks oceor throughout two micritic levels (Fig. 2.
The new mammal tracks studied herein are from the second
footprint-bearing micritic level and consist of three tracks, one
well preserved and two poorly preserved. The footprints and the
rrackway (Fig. 3) were traced in situ on a transparent sheet and
then excavated and separated from their original position. They
are now deposited in the Hamedan Museum of Natural History
(HMMNH), Iran. In addition, latex casts and plaster moulds have
been prepared for further detailed studies. The casts and repli-
cas are stored in Esfahan University Geology Museum (EUGM).
Iran.

The bird tracks occur only within a single sandswone level
in the hasal part of the succession, This level shows traces of
tiny ripple marks that are indicative of a shore environment.
Latex casts and plaster moulds of these avian tracks were care-
fully prepared for further studies and measurements. A single
sandstone slab with some bird track casts. thought to be part of
the layer overlying the main bird track-bearing level, was also
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FIG. 1. Locality map of the fooipring-bearing strata and the wack site in Chahkand village, north of Birjand in eastem lran.

discovered. These materials also are deposited in the Esfahan
University Geology Museum, Iran.

DISCUSSION

The systematics of vertebrate fossil footprinis have been the
subject of a long debate. With the exception of dinosaurs, there
are few ichnotaxonomic studies on the fossil foorprinis of other
vertebrate groups. Scrivoner and Bottjer (1986) have provided
a summary of the inherent difficulties in the analysis of such
footprints. As Sarjeant and Langston (1994) have pointed ou,
the best way to study and describe these tracks is w infer the
most likely taxonomic group that made them either by compar-
ison of ichnological features with probable modern analogues
at the lowest possible systematic level or to compare the size
of ichnites with appropriate skeletal fossils of groups present
in the same or adjacent stratigraphic levels and geographic
locations.

Ellenberger (1980} has followed a similar approach in the
study of Eocene mammal and bird tracks in Garrigues—Sie—
BEulalie (Gard), In this study the same procedure is followed, and
only at the ichnospecific level have differences been established.
Diagnoses and descriptions are hased on the best-preserved foot-
prints; minor variations are nol considered to be of taxonomic
significance.

SYSTEMATIC ICHNOLOGY
Mammalian Tracks
Iehnogenus Palacotheriipus Ellenberger 1980
Type species Palaeotherfipus similimedius Ellenberger 1980

iagnesis: Large perissodactyl tracks with three short digits,
Digit 111 is larger than the lateral digits 1T and V. Digits have
rounded ends and diverge 50 degrees from each other. The hoof
of the median digit is much higger than the hooves of the lateral
ones. The maximum length is 115 mm and the maximum width
15 140 mm.

Remarks: Ellenberger (19800 erected this ichnogenus on
material from lacustrine limestones of Garrigues—Ste—FEulalie
(Gard). The original materials were 5 tracks in a 3-meter long
trackway, Pace prints are 49-51 cm long and stride lengths
are 98-102 cm long. These footprinis were believed to be
made by Palaeotherivm mediem, based on similarities be-
tween the skeletal foot structure of £ medium and the mor-
phology of these tracks. P omedium also was present al the
same stratigraphic level of the track area. The estimated digiral
length from the pad beneath the foot skeleton of Palasotherium
medium  are: digit 11 50 mm; digit 1II 65 mm and digit
IV 50 mm. Estimated digit lengths of P, of. crassum are;
digit 11 45mm; digit 111 600 mm and digit TV 45 mm. These
digit lengths are almost identical to those measured from the
tracks.

Similar tracks from the middle Eocene of d° Apt-Forcalquier
basin of France were reported by Bessonat et al. (1969), but
they were somewhat bigger in overall dimensions (170 x
160 mm) and digital lengths (digit 11 80 mm, digit I[IT 75 mm,
and digit IV 85 mm) in comparison with the tvpe species of
FPeleeotheriipus. These footprings were referred 1o the skeletal
taxon Palacotherium magmum. Similar but much smaller tracks
also were reporled from probable Paleocene deposits of Peru
(Gregory, 1916; Lockley et al., 19499).
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Range: Paleocene—Hocene

Palaeotheriipus sarjeanti nov, ichnosp.
Figure 4

Holotype: HMNH-MF1 (Mammal footprint 1) for the pes
and HMMNH-MF3 for the manus.

Type locality: Second mammal track-bearing micritic level
in Chahkand village, north of Birjand in castern Iran.

Derivation of name: In honor of the lae Prof, William A.
5. Sarjeant, our collaborator in the study of Eocene vertebrate
footprints in castern Iran, who first proposed that these racks
could represent a new ichnospecies of Palgeotheriipes

Stratigraphic column of Eecene deposits and the position of fontpring hearing levels in Chahkasd village, north of Binand in eastern Iran {atter Nadjafi

Diagnosis: Large tridactyl mammal tracks, with three dig-
ital impressions in front of a probable metacarpal pad. Digits
clearly visible, with digital impression HI subrounded and much
broader and longer than the lateral digits [1 and 1V, Lateral digital
impressicns are almost identical in size and shape, Metacarpal
pad almost hemispherical in shape and well developed.
Muanus less elongate than pes, with median digit 11l also less
developed.

Iimensions: Holotype (HMNH-MF1), right pes. Maximum
length 295 mm. maximum width 240 mm. Visible length of
digit 11 25 mm_ digit TIT 65 mm anel digit IV 35 mm, Holo-
type {HMNH-MF3), right manus. Maximum length 200 mm,
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rirrechn oy, ichnosp, Chahkand village, nocth of Birgand in eastem Iran. (A) EUGM-BFE. slub shoswing the cast af holotype pes impression

mpressions ol Fig, S(A). (B) Main bird track bearing level showing the moulds of pes impressions, (I Map showing the impressions of
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Remarks: The only other ichnospecies of Palaeotfheriipus
(F similimedins Ellenberger, 1980) and footprints referred to
the skeletal taxon Pelaeotherivm magnum (Bessonat et al.,
1969) mainly differ from Pelacotherriipus sarjeanti in their
smaller size. F. similimeding has a much less complete rear
part {metacarpal impression) than P sarjeant, while the in-
terdigital angles in the latter ichnospecies are much smaller
than in P similimeding. Lateral digits are less distinguishable in
P sajeanti, but the median digit is clearly impressed,

The manus for the first time is reported from the Iranian
material and is smaller in maxamom length and in the relative
size of digit I The pace and the stride length of B sarjeanti is
also twice as great as in P similimedins,

Avian Footprints
Ichnogenus Gruipeda Panin and Avarm, 1962, emend.
Sarjeant and Langston, 1994,
Type species Gruipeda maxima Panin and Avarm, 1962,
emend. Sarjeant and Langston, 1994,

Diggnosis: Avian footprints showing four digits, three of
which (Il to T¥) are directed forward and large, the fourth (1)
directed backward and very short, Their interdigital angle be-
tween digits II-1V is 140-163 degrees. The axis of digit I does
not correspond with that of digit ITL. Webbing is absent.

Remarks: Grwipeda embraces footprints attribued to at least
three orders: Ralliformes (Gruiforms), Charadriiformes, and
Ciconiiformes, franipeda Yialov 1989 resembles Gruipeda in
many featres, so Sarjeant and Langston { 1994 ) synonymized it
with the ichnogenus Griipeda Panin and Avarm (1962). Since
then, based on the possession of consistently divergent track dig-
its and prominent pad impressions, Doyle et al. (2000) argued
that franipeda Vialov (1989) is distinet from Gruipeda Panin and
Avarm (1962). However, we agree with Sarjeant and Langston
(19947 and believe that franipeda Vialov (1989) is a synonym
of Gruipeda Panin and Avarm (1962).

Range: Eocene—Pliocene, Prior to the currently described
miaterial, this ichnogenus was recorded originally from the mid-
dle Miccene (Helvetian) of Romania (Panin and Avarm, 1962;
Panin, 1965), late Eocene of Texas (Sarjeant and Langston,
1994} and Plivcene of Iran (Lambrecht, 1938; Vialov, 1989
Sarjeant and Langston, 1994),

The tracks from northwest Washington (Mustoe, 1993,
2002) also could be assigned o Gruipeda Panin and Avarm
(1962). Other Eocene bird tracks reported by Moussa | 1968)
from Utah and Ellenberger (1980) from Garrigues-Ste-Eulalie
{Gard) in France could be typical Antarctichnus Covacevich and
Lamperein 1970,

Grruipeda lambrechii nov. ichnosp.
Figure 5

Heolotype: Track no. a on EUGM-BFS (Bird Footprint Slab),
basal sandstone levels. Chahkand village, north of Birjand in
castern lran,
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TABLE 1

Dimensions (in mm) of Grnipeda lambrechti nov. ichnosp
Track L L L L I
No. L W i (1D vy (II-1v)
ELUGM-BFS

a =0 100 20 50 lilt] il 1)

I+ ) a0 20 400 6l 3 165
Main level

a fl) B0 15 40 ] 41} 140

b {1 K — 45 ) ) 1667

C fil a0 — 45 il 45 160~

L, pes length; W, pes width; L (1) length of digit I3 L (I}, length of
digit IT; L (HT), length of digit 1L L 1V, length of digic Iv; TO1-TV),
interdigital angle between digit [T and digit TV

Derivation of name: Afier K. Lambrechi. who first studied
bird footprints of Tran.

Diagnosis: Avian tracks of relatively large size, exhibiting
four digits. Digits 11 T and 1V directed forward and digits 11
and digit IV diverge at an angle of 80 degrees. Digi [1, 11, and IV
are almost identical in size and shape and abruptly terminate in
tapering points. They are prominently united proximally, Digit
1T longer than digits 11 and IV, Digit I is directed backward,
very short, and its axis is offset at a low angle from that of
digat 111, Dagital impressions have no recognizable phalanges
and webbing is not observed.

Dimensions: Holotype (track no. a on EUGM-BFS), over-
all length 80 mm, overall breath 100 mm. Typical length of
digit T 200 mm, digit [T 50 mumn, digit T 60 mm, and digit [V
S0 mm. (Table 1). Typical pace is 85—90 mm and stride probably
160 mm.

Divarication of digits: Holotype (track no, a on EUGM.
BFS). interdigital angle between digit I and digitl] 95 degrees,
between digit 11 and digit 1T 80 degrees, between digit 111
and digit 1V 85 degrees, and between digit 1V and digit |
120 degrees.

Remarks: Gruipeda lambrechn is comparable with Griipeda
intermedia Panin 1965, particularly in the broad interdigital an-
gle between digit Il and digit 111 and also digit 111 and digit
IV, but differs from it by its smaller size. & maxima Panin and
Avarm 1962 is relatively much longer than &, lambrechin and has
smaller interdigital angles, G. fambrech differs from (7. minima
and G, calearifera inits larger dimensions and broader interdig-
ital angles. Gruipedalfranipeda) abeli (Vialov 1989) Sarjeant
and Langston, 1994, in comparision with G lambeechiti, has
larger digital length and smaller interdigital angles.

COMNCLUSION

Because of the absence of Eocene vertebrate body fossils in
Iran, the footprinis from north of Rirjand | wogerther with thoze
from the Karaj Formation in Zanjan area, north western lran
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i Lockley and Abbassi; this volume), are the only direct evidence
for the presence of Eocene mammals and birds in Iran.

The poor state of preservation in the first studied tracks
{Mirzaie Ataabadi and Sarjeant, 2000) was the main problem
that prevented an exact assignment of these tracks o a partic-
ular group of Eocene vertebrates. The newly sindied materials,
however, with their good state of preservation are more reli-
able for such purposes, Now it has become evident that at least
FPaloeotherium (or a gronp with similar pedal soucture) was
present during the middle Eocene in eastern Iran. This finding
substantially extends the geographical range of palacotheres and
raises gquestions about the origin and distribution of this group
of mammals in the Eocene. The probable Eocene vertebrates
found in eastern lran suggest strong resemblances with those
found in east Asian localities such as those of Indo-Pakistan
(Gingerich, 1977; Gingerich et al., 2001y and Mongolia (Maeng
and McKenna, 1998). Their relationships with Evropean faunas
are still unknown and require further study. The avian tracks
that have been found also are indicative of the presence of Ralli-
forme (Gruiforme ), Charadriiforme, or Ciconiiforme shorebirds
in the middle Eocene of eastern Iran. As with the mammalian
footprints, lack of associated body fossils makes it difficult 1w
assign them to a particular group of Eovene shore birds.
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