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The dinosaur footprints cf. Parabrontopodus isp. Lockley, Farlow et Meyer, 1994, attributed to sauropods, have been found in
Hettangian (earliest Jurassic) alluvial deposits in Anina (Colonia Ceha Quarry, Resita Basin), belonging to the Getic Nappe in the South-
ern Carpathians, Western Romania. Heteropodous pes-manus sets and one short, narrow-gauge trackway have been recognized on a
large sandstone surface trampled by sauropods. A greater load was carried by the inner digits of the pes, particularly digit I, and the heel
pad is deeply imprinted, which points to a sub-plantigrade pes and gravipodal posture, typical for Eusaropoda. A pentadactyl manus im-
print suggests that manus digits of early sauropods might have been separate and perhaps more functional when supporting walking on
unstable, sticky ground. These tracks, the first find of Jurassic dinosaur footprints in Romania, add an important site to the relatively rare
record of earliest Jurassic sauropod footprints. These tracks also confirm that Pangaean islands and peninsulas around the Western
Tethys were inhabited by early sauropods. These peninsulas or islands, including a hypothetical “Moesian Island”, must have been at
least temporarily connected with the mainland. The sizes of the Romanian footprints are similar to the Hettangian Parabrontopodus isp.
tracks described from Poland (mainland Pangaea — Eurasian area) and Italy (Tethyan domain) and do not indicate insular dwarfism.
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INTRODUCTION 1999; Gierlinski et al., 2004). Besides Hettangian strata,
sauropod tracks have been also found in Pliensbachian strata of
Morocco (Ishigaki, 1989; Farlow, 1992). Finds of both body and

trace fossils, scattered around the globe, suggest that Early Juras-

Relatively very few unequivocal examples of sauropod
tracks are known in Early Jurassic strata worldwide (Lockley et
al., 1994b), even though true sauropods (Eusauropoda —
Upchurch, 1993, 1994) bones are known from this epoch, such
as Vulcanodon karibaensis Raath 1972 from Africa (Raath,
1972; Cruickshank, 1975; Cooper, 1984) and fragmentary pre-
served remains from other continents, including Sanpasaurus,
Zizhongosaurus and Kunmingosaurus from China (Dong et al.,
1983; Dong, 1992), Ohmdenosaurus from Germany (Wild,
1978), and Barapasaurus from India (Jain et al., 1979). The
most important sites with Early Jurassic sauropod footprints
comprise Hettangian sites in Northern Italy (Leonardi and
Lanzinger, 1992; Dalla Vecchia, 1994; Avanzini and Petti,
2008; Avanzini et al., 2008) and Central Poland (Gierlinski,
1997; Gierlinski and Sawicki, 1998; Gierlinski and Pierkowski,

sic sauropods were geographically widespread. However, true
sauropod (Eusauropoda) footprints and body fossils are absent
from Early Jurassic deposits in North America (Hunt et al., 1994;
Olsen et al., 2002), suggesting the existence of a barrier situated
along the Central Atlantic Rift, which prevented migration of di-
nosaurs to North America from the rest of Pangaea (Fig. 1). An
alternative explanation would involve climatic differences, com-
bined with habitat requirements of sauropods (drier conditions in
North America), causing bioprovincialism of dinosaurs. The
Hettangian time interval was an important stage in the evolution
of sauropods, also in terms of principal posture changes in the
fore- and hindlimbs, which influenced the shape of their foot-
prints (Wilson and Sereno, 1998). Therefore, any find of
sauropod tracks of that age is significant in answering both
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Jurassic palaeogeography with major sites of Early Jurassic sauropods — bone remains (Zimbabwe) and footprints;
C — outlined area of “B” showing palaeogeography of the Western Tethys with inferred sauropod migration routes
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palaeobiological and palaeobiogeographical questions of the
early evolution of these animals.

Thus we are pleased to announce the discovery of the dino-
saur footprints cf. Parabrontopodus isp. Lockley, Farlow et
Meyer, 1994, attributed to sauropods in Hettangian (earliest Ju-
rassic) alluvial deposits at Anina (Colonia Ceha Quarry and
Resita Basin), in the Southern Carpathians of Western Roma-
nia. To date, no Jurassic dinosaur footprints have been found in
Romania. Reports of Cretaceous dinosaur footprints were pub-
lished by VVremir and Codrea (2002) from Maastrichtian conti-
nental beds of the Sebes area (Transylvanian Depression),
while earlier Cretaceous footprints of unknown affinity were
described by Koch (1900) from Neocomian beds of Lapus
(Maramures area). Dinosaur bones (Benton et al., 1997) were
described from Early Cretaceous (Berriasian) beds of the
Brusturi-Cornet area, northwestern Romania, while bones and
eggs (Grigorescu, 2005; Grigorescu and Csiki, 2008) were de-
scribed from Upper Cretaceous (Maastrichtian) beds of the
Hateg Basin (Transylvania). The small size of these dinosaur
remains from the Hateg Basin points to an insular dwarfism of
these animals (Grigorescu, 2005; Grigorescu and Csiki, 2008),
as well as for those of the Brusturi-Cornet area (Benton et al.,
2006). Our new evidence, however, shows normal-sized sauro-
pods and hence no signs of dwarfism.

GEOLOGICAL SETTING

Anina (Southern Carpathians, Western Romania), formerly
known as Steierdorf, was an important coal mining locality in
the South Carpathians, occurring in the central area of the
Resita Basin, Getic Nappe, and 35 km south of Resita (Fig. 1).
This area has been intensively mined since 1792 for Lower Ju-
rassic coals, and later for refractory clays and bituminous
shales, all of these activities being almost totally halted today.
The mining was undertaken through vertical shafts, extensive
and intricate underground works, and large open-cast mines,
such as the Ponor, Colonia Cehd and Hildegard quarries (Popa,
2009). The Colonia Ceha Quarry is an important open-cast
mine in the area, next to the Steierdorf old neighborhood of
Anina, and was opened for the extraction of bituminous shales
in the early 1980s. The dinosaur tracks cf. Parabrontopodus
isp. Lockley, Farlow et Meyer, 1994 described in this paper
were recorded from its eastern and northern flanks, along
steeply inclined bedding surfaces, exposed in the uppermost
levels of the quarry and cut by transverse faults (Figs. 2 and 3).

The Getic Nappe (Murgoci, 1905) represents one of the main
structural units of the South Carpathians in Romania, a nappe
yielding both a crystalline basement and a sedimentary cover.
The Getic Nappe occurs between the Supragetic Nappe (west-
wards) and the Severin and Danubian units (eastwards), as parts
of a nappe pile overthrust from west towards east in the South
Carpathians. The Resita Basin, also known as the
Resita—Moldova Noua Sedimentary Zone, represents the largest
sedimentary basin of the Getic Nappe, occurring in the South
Carpathians, between Resita and the Danube River (Fig. 1). This
basin includes deposits belonging to Palaeozoic (Upper Carbon-
iferous—Lower Permian) and Mesozoic (Lower Jurassic—Lower

Cretaceous) strata, unconformably overlying the crystalline
basement of the Getic Nappe. During Early Jurassic times, the
Resita Basin with the deposits of the whole Getic Nappe be-
longed to a large Moesian—Rhodope Platform, and according to
palacogeographical maps (Scotese, 2002; Golonka, 2004;
Golonka et al., 2005; Blackley, 2009), developed on a shelf area
with islands and peninsulas, including an emergent “Moesian Is-
land”, at latitudes of about 30 degrees N (Fig. 1).

The Mesozoic sedimentary succession begins with the con-
tinental Steierdorf Formation (Bucur, 1991, 1997; Popa and
Kedzior, 2008; Fig. 2), unconformably overlying the crystal-
line basement or the Upper Palaeozoic strata, and being con-
formably overlain by the brackish-marine Uteris Formation
(Pliensbachian—middle Toarcian). The whole Steierdorf For-
mation is 250 m thick in the north, and it decreases to 50-60 m
southwards, reaching about 150-160 m in thickness in the area
of the Colonia Ceha Quarry. The age of the Steierdorf Forma-
tion is Hettangian—Sinemurian (Bucur, 1991, 1997; Popa,
20004, b, 2009; Popa and Kedzior, 2008). However, because of
a lack of diagnostic fossils in its lower part, the lowermost part
of the Steierdorf Formation (Dealul Budinic Member, at least
in its lower part) may be older (?Upper Triassic/Rhaetian). At
the top of the Dealul Budinic Member, a pyroclastic layer oc-
curs, indicating a volcanic event. Above this layer, convention-
ally accepted as the boundary marker between the Dealul
Budinic Member and succeeding Valea Tereziei Member, the
colour of sediment changes into grey. Furthermore, some 10 m
above (Fig. 2), the first coal seams appear, pointing to a signifi-
cant climatic change.

The sauropod tracks occur just above the pyroclastic level
marking the bottom of the Valea Tereziei Member, at the top of
a fine-grained sandstone (Figs. 2 and 3). The Valea Tereziei
Member is late Hettangian—Sinemurian. In the Colonia Ceha
Quarry, the lowermost part of the VValea Tereziei Member (in-
cluding the footprint-bearing horizon) may be middle
Hettangian, because this part still lacks age-diagnostic fossils;
the index floral remains appear some 10 metres above, in the
coal-bearing strata. The Valea Tereziei Member (except for its
lowermost 10 m) is the main coal-bearing unit of the Steierdorf
Formation, containing black, carbonaceous sandstones, mud-
stones, and clays of various types, with abundant fossil plants
indicating a upper Hettangian (a range zone with Thaumato-
pteris brauniana) to Sinemurian age (an acmezone with
Nilssonia cf. orientalis) — Popa (1997, 2000a, b, ¢, 2005,
2009); Popa and Van Konijnenbrug-Van Cittert (2006), Popa
and Kedzior (2006). The exceptional fossil content indicates
Anina as a fossil Lagerstatte locality, both for diversity and for
degree of preservation (Andrae, 1855). The closest comparable
floras to those of the Romanian Early Jurassic floras belonging
to the Resita, Sirinia, or other basins in the South Carpathians
are the coeval assemblages of Iran and Afghanistan, which are
also the closest floras palaeogeographically (Givulescu, 1998;
Popa, 1998, 2000a). The Valea Tereziei Member contains 8
main bituminous coal seams and a characteristic refractory clay
bed and shows a constant stratigraphic position and a wide lat-
eral development in the central part of the Resita Basin, thus
serving as a valuable stratigraphic marker for the
Hettangian-Sinemurian boundary (Fig. 2). The refractory clay
bears a rich pollen and spore assemblage (Antonescu, 1973),
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and marks a temporary but widespread lacustrine sedimenta-
tion episode within a generally fluvial/alluvial plain-swamp en-
vironment. Besides rich plant fossils with preserved organs, in-
vertebrate trace fossils as well as vertebrate tracks
(Batrachopus cf. deweyi) have been found in the Valea
Tereziei Member (Popa, 20003, ¢, 2009).

SEDIMENTOLOGICAL BACKGROUND
OF THE STEIERDORF FORMATION
(HETTANGIAN-SINEMURIAN)

The lower part of the Dealul Budinic Member rests on an
erosional surface, overlying either ?Permian redbeds or crystal-
line basement. It is mainly composed of poorly sorted, ma-
trix-supported conglomerates and coarse-grained sandstones
(Fig. 2). Pebbles (as much as 5 cm in diameter) are angular to
sub-angular and are scattered throughout sandstone layers.
Coarse-grained units are usually structureless, and in some
places show large-scale cross stratification. Occasionally, up-
per surfaces of sandstone bodies have polygonal structures
with secondary ferric oxide crusts, indicative of desiccation.
Fine-grained deposits are subordinate, and are represented by
horizontally laminated, reddish mudstones. Additionally, a
fireclay horizon within this sequence has been found. These
features indicate high viscosity flow, typical of alluvial fans.
The age of the basal sequence of the Dealul Budinic Member
cannot be precisely identified, due to the lack of fossils, so it
may be either of Late Triassic (Rhaetian) or earliest Jurassic
(Hettangian) age. The upper part of the member shows a transi-
tion to a more stable, lower-energy sedimentary regime. The
deposits become finer, the first drifted floral remains occur, and
palaeosol horizons appear. As the energy of deposition de-
creased, alluvial fans changed into an alluvial plain environ-
ment. In the uppermost, still reddish part of this member, verte-

brate burrows have been found (Popa and Kedzior, 2006). Just
above these burrows the pyroclastic level occurs, marking the
boundary between the two members.

The Valea Tereziei Member is composed mainly of sand-
stones, with a few conglomeratic layers and subordinate
mudstones, claystones and coal seams. Floral remains are very
rich and well-preserved, except in the lowermost part of the
member. Sandstone bodies are characterized by large-scale
trough cross-bedding and parting lineations, pointing to a high
energy of river flow. Ripple laminations occur at the top of
some sandstone layers. Sandstone layers occurring within
fine-grained deposits (attributed to crevasse-splay deposits)
show hoarizontal or ripple-drift laminations and are strongly
bioturbated by roots. Drifted logs are abundant and oriented
parallel to the bedding. Tree roots and trunks in vertical, life po-
sition have also been found. Sandstone bodies show
channelized geometries; they often pinch out laterally after
short distances (~15 m). Traces of forest fires (frequent char-
coal fragments) are also present, and the so called “burnt
coal-seam” forms a local correlative horizon. These features
point to a humid alluvial plain environment, with alternating
fluvial and lacustrine/swamp sedimentation. Humid climate
conditions during the deposition of the VValea Tereziei Member
are also indicated by the floral remains (Popa, 1997, 20003, b,
¢, 2005, 2009; Popa and Van Konijnenbrug-Van Cittert, 2006;
Popa and Kedzior, 2006). It should be noted, however, that the
Colonia Ceha Quarry is affected by a dense network of faults,
thus different parts of the profile, involving both the uppermost
Dealul Budinic and the lowermost Valea Tereziei members,
occur in lateral contact with each other (Fig. 3).

The sauropod footprints, which occur at the top of the first
sandstone layer of the VValea Tereziei Member, are covered by a
grey mudstone containing plant roots in its topmost part. The
sauropod tracks were probably left on the top of a widespread
crevasse-splay/crevasse-delta layer.

Fig. 3. Front and lateral view of the track-bearing layer at the Colonia Ceha Quarry

Note transverse faults exposing different stratigraphic levels; v.b. — vertebrate burrows of the uppermost Dealul Budinic Member (Popa and Kedzior,
2006); s.t. — sauropod tracks shown on Figure 4; s.tw. — sauropod trackway shown on Figure 5 — the surface is densely trampled by sauropods
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SYSTEMATIC DESCRIPTION
OF THE DINOSAUR FOOTPRINTS

cf. Parabrontopodus isp. Lockley, Farlow et Meyer, 1994
(Figs. 4, 5)
(type ichnosp. Parabrontopodus mcintoshi
Lockley, Farlow et Meyer, 1994)

Material. — Two plaster casts LPB Il ICH 76
(pes-manus set) and LCB 11l ICH 77 (two-steps trackway) of
original surfaces in the Colonia Cehd Quarry (Fig. 3), reposited
at the University of Bucharest, Faculty of Geology and Geo-
physics, Laboratory of Palaeontology, 1, N. Balcescu Ave.,
010041, Bucharest, Romania.

Description. —LPB Il ICH 76 — pes-manus sets
(Fig. 4) and LCB 11l ICH 77 (Fig. 5) — a short, narrow-gauge
sauropod trackway. Pes and manus footprint of small size, pes
ca. 40 cm long, 25 cm wide, manus ca. 15 cm wide and 10 cm
long. Pes is oval, strongly narrowed in its posterior (heel) part.
Manus oval (Fig. 4) or star-like, pentadactyl (Fig. 5). Pro-
nounced heteropody, manus/pes area ratio 1:5 or less. Pes im-
prints show outwardly rotated claw (or ungual) impressions
corresponding to digit I, I, I11 and V. Digit I is robust, greater
than the other digits. Leading margin of the pes print (the me-
dial side of the pes) is deeper that the trailing (lateral) margin of
the pes. Heel pad is distinctly impressed. All the tracks are sur-
rounded by displacement rims.

The trackway (Fig. 5) is narrow-gauged, and shows marked
heteropody. Both pes and manus are rotated outwardly, the sec-
ond pes-manus spacing is shorter. Footprints are deeply im-
pressed, the first pes is surrounded by a high displacement rim,
the second one was filled by upwelling, saturated sediment.
The first pes is 32 cm long, the second one lacks a clear heel
pad because of obliteration caused by sediment upwelling. The
first manus is preserved as an undertrack (upper part of the
sandstone layer is missing); second manus well preserved and
more or less pentadactyl in shape. The inferred midline of the
trackway is curved, perhaps due to progression on an unstable
surface. The pes stride length for the step is ca. 80 cm, mea-
sured between the middle points of two pedal imprints and the
pes divergence angle, relative to the inferred midline, is irregu-
lar, from 0° (posterior pes) to 38° (anterior pes).

Discussion.— The track-bearing sandstone surface
at the base of the Valea Tereziei Member is densely trampled
by sauropods, which makes indentification of individual tracks
and trackways difficult. However, in two places (Fig. 3) the last
generation of tracks allow one to recognize two probable
pes-manus sets inferred to represent a narrow-gauge trackway
(Figs. 4 and 5). Particularly, one pes footprint with digit im-
prints is diagnostic (Fig. 4, where pes-manus set no. 2 is in the
middle). The pronounced heteropody may also be diagnostic of
Parabrontopodus isp. Lockley, Farlow et Meyer, 1994 — here
tentatively labelled cf. Parabrontopodus. The best preserved
pes no. 2 (Fig. 4) shows other characteristic features. A robust
digit | is typical of the Eusauropoda, which can also point to a
large first ungual (Wilson and Sereno, 1998). Moreover, Wil-
son and Sereno (1998) mentioned that the assymetrical robust-

ness of pedal digits must be related to the unequal weight distri-
bution across the sub-plantigigrade pes in Eusauropoda. In-
deed, in the LPB Il ICH 76 specimen (Fig. 4), digit | is the
dominant digit of the pes and the medial (inner) side of the pes
is deeper, while the heel pad is substantial. These features are
also observed in trackways produced by eusauropods (Pittman
and Gilette, 1989) and may reflect how a greater load was car-
ried by the inner digits of the pes of these sauropods. The sig-
nificance of these features is that the collapse from digitigrade
to a sub-plantigigrade (or gravipodal) posture was an important
turnover in the evolution of sauropods as the Eusauropoda
evolved from basal Sauropoda in the Early Jurassic times (Wil-
son and Sereno, 1998). Early and middle Hettangian sauropod
footprints from Poland (Gierlinski, 1997; Gierlinski and
Sawicki, 1998; Gierlinski and Pienkowski, 1999; Gierliriski et
al., 2004; Pierikowski, 2004) show substantial heel pad and
conspicuous traces of pes digit I. There is also a difference in
depth between the deeper medial and shallower lateral parts of
pedal imprints in several tracks. Such a difference is not clear in
the photographs of sauropod tracks from Italy, where pes prints
suggest rather symmetrical distributions of pressure (Leonardi
and Lanzinger, 1992; Leonardi and Avanzini, 1994; Dalla
Vecchia, 1994; Avanzini and Petti, 2008; Avanzini et al.,
2008). The Romanian footprints are similar in age to the Italian
ones (middle—late Hettangian) and are somewhat younger than
most of those from Poland. Romanian finds suggest that a
sub-plantigrade (gravipodal) posture of sauropods developed
probably by middle Hettangian times.

The narrow-gauge trackway (LCB Il ICH 77, Fig. 5) is
short, inferred to be composed of only two manus-pes sets, and
was left in soft, saturated sediment, as shown by deeply-im-
pressed tracks, high sediment-displacement rims, and in one case
infilling of the track with saturated sediment. Because of the ir-
regular step, one might infer a changing pes divergence angle,
and the bent midline of the short trackway. However, precise
measurements of trackway parameters could not be taken. Irreg-
ularity of the trackway may perhaps point to an irregular pro-
gression of the trace producer, caused by a soft, unstable sub-
strate. The track-bearing layer could be further distorted by early
diagenesis. The first or proximal pes is very deeply impressed,
and the corresponding manus is represented by an undertrack as
the upper part of the sandstone layer is missing in this part of the
trackway. The next pes is incomplete (due to sediment
upwelling), whereas the second manus is well preserved and has
retained a pentadactyl shape with impression of digits. Digit im-
prints in sauropod manus tracks are rarely preserved (Lockley et
al., 1994a), although noted from several localities (Lockley et
al., 1992; Santos et al., 1994; Leonardi and Avanzini, 1994,
Gierlinski and Sawicki, 1998; Avanzini and Petti, 2008;
Avanzini et al., 2008; Santos et al., 2009). Gierlinski and
Sawicki (1998) and Gierlinski and Pienkowski (1999) illustrated
early Hettangian sauropod trackways of both adult and juvenile
sauropods, and in the adult sauropod trackways, some of the
manus imprints were clearly pentadactyl. The manus described
herein bears resemblance also to the Late Triassic Eosauropus
isp. (Lockley et al., 2006), produced by members of the
Sauropodomorpha (Hunt and Lucas, 2007). Dalla Vecchia
(1999) and Dalla Vecchia and Tarlao (2000) suggested three
sauropod manus morphotypes based on the configuration of
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digit I — the manus described herein is
most similar to their Morphotype A,
which comprises manus prints with a
well-developed impression of digit | (see
also Lockley et al., 1992, their fig. 2:
print 3). Assuming a soft and saturated
substrate, such preservation might sug-
gest that manual digits of early sauro-
pods might occasionally separate or be
splayed, perhaps providing better sup-
port on unstable terrain. Several authors
believe the sauropod manus probably
functioned as a single, rigid, block-like
structure with no intermetacarpal move-
ments (Mclntosh, 1990; Upchurch,
1994; Bonnan, 2003), but the non-tubu-
lar, primitive manus of earliest sauro-
pods might have functioned in a differ-
ent way.

The material is consistent in terms
of shape and size with known Hettan-
gian Parabrontopodus isp. trackways
reported from Northern Italy (Leonardi
and Lanzinger, 1992; Dalla Vecchia,
1994; Avanzini and Petti, 2008;
Avanzini et al., 2008) and Central Po-
land (Gierlinski, 1997; Gierlinski and
Sawicki, 1998; Gierlinski and Pien-
kowski, 1999). Recently, Santos et al.
(2009) discussed Sauropodomorpha
ichno-morphotypes — most of the fea-
tures of our material (narrow-gauge
trackway, pes shape and its outwardly
directed claw marks, high heteropody)
fits the Parabrontopodus-like morpho-
type. Furthermore, the single penta-
dactyl manus imprint would rather fit
their new Polyonyx-like morphotype
(Santos et al., 2009).

PALAEOGEOGRAPHIC IMPLICATIONS

The palaeoclimatic and palacogeographic interpretation is
based largely on the rich Early Jurassic (Hettan-
gian-Sinemurian) flora found in the coal-bearing Valea
Tereziei Member. Givulescu (1998) referred the floral assem-
blage to various coeval environments of Iran and Afghanistan
(northern Tethyan rim). This author also suggested that the
palaeovegetation in Anina occurred along seashores and
beaches, although generating coals in pure limnic, freshwater
conditions. Semaka (1962) and Givulescu (1998) emphasized
the paralic features of the Steierdorf Formations, following pre-
vious geological works (Raileanu et al., 1957) describing the
coal measures of the Steierdorf Formation as Gresten-type de-
posits. However, any features supporting seashore proximity
were not demonstrated by the authors. The first unequivocal
marine influences in the Mesozoic of the Resita Basin occur in
the Uteris Formation (Pliensbachian-Middle Toarcian interval

TSNS,
\

10 cm

Fig. 4. Isolated sauropod tracks (last track generation on the heavily trampled surface), deeper
parts of the footprints shadowed: note the pes-manus set (p2-m2), pes with four digits im-
printed, and prominent digit I; medial (inner) part of the pes is significantly deeper, as in all pes
tracks on the surface, and were produced by different sauropod individuals

— Bucur, 1991, 1997; Popa, 20004, 2009). Therefore, an inter-
pretation of a continental intramontane (limnic) basin was pro-
posed by Popa (2000a) and Popa and Kedzior (2008). Accord-
ing to these authors, during Hettangian times, the basins of the
Getic Nappe (Resita) and of the Danubian Units (Sirina,
Presacina and Cerna-Jiu) were continental, closely related to
each other at a short distance.

Popa (1997, 1998), Popa and Van Konijnenburg-Van Cittert
(2006) and Givulescu (1998) indicated that the flora of Anina
belongs to the Eurosinian Region, European Province sensu
Vakhrameev (1991). Popa and Van Konijnenburg-Van Cittert
(2006) interpreted the palaeolatitude of the Resita Basin as be-
tween 20° and 30° north. Mateescu (1958) recorded secondary
xylem tissues with pseudo-annual growth rings in fusains from
Rudaria, in the Sirinia Basin, Danubian Unit, a neighbor basin of
the Resita Basin in the Hettangian, citing similar features in
wood tissues from Anina, Doman (Resita Basin) and from the
Vulcan-Codlea area (Holbav Basin). These rings indicate mon-
soonal conditions at this time, an appropriate model for the
northern frame of the Tethys realm. Such pseudo-annual growth



468 Grzegorz Pienkowski, Mihai E. Popa and Artur Kedzior

right
A
& pes divergence
: angle
- split-off "IN
Y O|E
surface v | o
o
undertrack . o
s g
o 2
;;;;;; s~~ =
.---- ey
17}
v
displacement | 10 cm I
rim left

Fig. 5. Short, one-step (two manus-pes sets) trackway with inferred midline, distorted in the soft, saturated sediment

Note bent midline, changing stride and divergence angle (probably resulting from progression on an unstable surface) and deeply
impressed footprints with high sediment displacement rims; pentadactyl manus of the second set (m2) shown in the insert photo

rings were also recorded in permineralized conifers from
Holbav, Holbav Basin, part of the Getic Nappe, indicating a sim-
ilar climate. Popa (1998, 2000a) concluded that the Early Juras-
sic flora of the Resita Basin occurred on the northern frame of
the Tethys realm, within a typical limnic intramontane depres-
sion, without paralic influences, whereas paralic influences were
stronger in the basins of the Danubian Units.

The sauropod tracks come from the lowermost 10 m of the
Valea Tereziei Member. This part of the section does not con-
tain coal seams, thus, the climatic conditions of Romanian
sauropods could have been somewhat drier than the conditions
prevailing during deposition of the main coal measures in the
Resita Basin. Likely, it could have been a warm and humid sub-
tropical (monsoonal) climate, perhaps with a drier season.

Although relatively few unequivocal narrow-gauge sauro-
pods trackways are recorded from Early Jurassic strata world-
wide (Hettangian: Leonardi and Lanzinger, 1992; Dalla
Vecchia, 1994; Gierlinski, 1997; Gierlinski and Sawicki, 1998;
Gierlinski and Pienkowski, 1999; Avanzini and Petti, 2008;
Avanzini et al., 2008, and Plienshachian strata of Marocco:
Ishigaki, 1989; Farlow, 1992; see also Lockley et al., 1994b), it
is clear that sauropods roamed this region, in both the Pangaean
(African, Eurasian) mainland and supposed island/peninsula ar-
eas within the western/northern Tethys domain (Fig. 1). The

palaeogeographic reconstructions of Blackley (2009), Golonka
(2004) and Golonka et al. (2005) show that the area which is
now the Romanian Carpathians included large islands, embrac-
ing both Hungarian and Romanian coal-bearing formations
(Fig. 1). The palaeogeographic map of Scotese (2002) shows a
rather peninsular area, but this map is much more generalized.
As mentioned above, in the Early Jurassic, the Getic Unit would
belong, together with the Danubian Units, to the larger Moesian
Platform, including the “Moesian Island” of Golonka (2004).
Such an island could provide a habitat for lush subtropical plants
and animals, but this hypothetical island must have been at least
temporarily connected to mainland Pangaea to allow migration
of sauropods. Migration routes of sauropods would cross the
western and northern frames of Western Tethys, including Af-
rica and Eurasia (Fig. 1). Moreover, the size of the sauropod cf.
Parabrontopodus isp. footprints from Romania is typical of
Early Jurassic sauropods and does not differ from those from Po-
land (mainland Pangaea — Eurasia) and Italy (Tethyan carbon-
ate platform/sea shore). Thus, the size of the Romanian foot-
prints would speak against insular dwarfism, with the latter con-
dition expected in the case of long-lasting island conditions. This
is contrary to the finds of Maastrichtian dinosaurs of the “Hateg
Island” in Romania, where dinosaur bone remains clearly indi-
cate insular dwarfism (Bojar et al., 2005; Csiki and Grigorescu,
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2008). Polish and Romanian Early Jurassic sauropod footprints
come from a continental alluvial environment, whereas Italian
and Moroccan ones come from carbonate tidal flat facies. This
suggests a wide spectrum of environments roamed by early
sauropods and a great mobility of these animals. Assuming this
mobility and the varied environments, one can suppose that the
absence of sauropods from North America in the earliest Jurassic
times was rather caused by a permanent obstacle (rift) between
this part and other parts (Africa, Eurasia) of the fragmenting
Pangaean landmass.

CONCLUSIONS

Early Jurassic cf. Parabrontopodus isp. tracks and an in-
ferred narrow-gauge trackway described herein represent the
first Jurassic dinosaur footprints described in Romania. Roma-
nian footprints are of similar age to Italian sauropod tracks
(middle to upper Hettangian) and they are somewhat younger
than the early to middle Hettangian tracks from Poland. Asy-
metrically impressed pes prints with substantial heel pads indi-
cate that a greater load was carried by the inner digits of the pes
of sauropods during walking. This points to a sub-plantigrade
(gravipodal) posture of the trace maker, and suggests that such
a posture of sauropods (Eusauropoda) developed from digiti-
grade to a sub-plantigrade by the mid Hettangian. The penta-
dactyl manus may indicate that the manus digits were occasion-
ally functional in Eusauropoda, perhaps providing a better sup-

port when walking on unstable, sticky ground. In the earliest
Jurassic, the “Moesian Island” was at least temporarily attached
to the Pangaean (Eurasian) mainland. Moreover, the normal
sizes (for Hettangian times) of the Romanian sauropod foot-
prints speak against insular dwarfism of these animals. Based
on our find and on those of other sauropod tracks in the region,
sauropods roamed both the northern and the southern rim of
Western Tethys. This wide palaeogeographic and palaeo-
environmental distribution of sauropod footprints indicates that
the absence of sauropod footprints observed in Early Jurassic
strata of North America was perhaps caused by an geographical
obstacle (rift), rather than by climatic factors.

Lastly, we expect that this find of dinosaur footprints can
contribute to the development of geotourism and to the local
economy in this part of Romania. Perspectives of geotourism de-
pend on future scientific research on dinosaur tracks and on other
fossils such as plant and invertebrate remains in the region.
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