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bstract

An increasing number of dinosaur tracksites have been reported from the Cretaceous Hekou Group deposits of the Lanzhou-Minhe Basin in the
ansu Province region. These include small sites such as the Huazhuang tracksite, from the Honggu District reported here, the Zhongpu tracksite
ith multiple track levels but few well-preserved tracks, other small tracksites currently under investigation, and the large and diverse Liujixia
ational Dinosaur Geopark site at Yanguoxia, where intensive study is ongoing. Collectively these sites reveal that ichnofaunas in the Hekou
roup are widespread and diverse. The Huazhuang tracksite yields a small assemblage of moderately well-preserved theropod tracks assigned to
sianopodus. This is the first report of Asianopodus  from the Hekou Group. Huazhuang Asianopodus  belongs to the Eubrontes  morphotype. The

arge theropod tracks from Lanzhou-Minhe Basin were left by large theropod trackmakers with the same general foot morphology. The specimens
re described in detail and compared with other theropod track morphotypes from the Lower Cretaceous of China and elsewhere. In general,
lthough the metatarsophalangeal pads of some Jurassic Eubrontes-type tracks are aligned with the axis of digit III, this feature appears most

ommon in the Early Cretaceous theropod (Eubrontes-type) tracks.

 2014 Elsevier B.V. and Nanjing Institute of Geology and Palaeontology, CAS. All rights reserved.

eywords: Theropod tracks; Asianopodus; Eubrontes; Hekou Group; Lower Cretaceous; Honggu District
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.  Introduction

There are a growing number of dinosaur tracksites known
rom the Hekou Group in the Lanzhou-Minhe Basin in Gansu
rovince. The best known is the Liujixia National Dinosaur
eopark located at Yanguoxia. As the largest site in the region,

t is very important and it is already established that the geop-

rk’s dinosaur–pterosaur track assemblages are high in diversity,
ielding several type specimens (Du et al., 2002; Peng et al.,
004; Zhang et al., 2006; Xing et al., 2013a). The park is already
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 focal point for Mesozoic tracks research in western China and
ll of Asia. Since 2012, a team led by the first author of this paper
as been working to prepare and study these tracks, as well as
hose found at other smaller sites in the Lanzhou-Minhe Basin,
or example at the Zhongpu locality (Xing et al., in press). These
nd other newly discovered tracksites are also being described
nd will be published elsewhere.

The first record of dinosaur tracks in the Lanzhou-Minhe
asin came in July, 1998, when researchers from China Univer-

ity of Geosciences (Wuhan), the Regional Investigation Team
f Gansu Province discovered tracks in the Early Cretaceous

uazhuang area of Lanzhou City (Cai et al., 1999a) (Fig. 1).
his discovery paved the way for the later discoveries of abun-
ant dinosaur tracks at Yanguoxia (Du et al., 2002). The tracks at

y, CAS. All rights reserved.
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ig. 1. Geographic position of the Huazhuang dinosaur footprint locality (foo
uazhuang tracksite (this study); 2, Yanguoxia tracksites area, including at lea

rea, including at least three exposed tracksites. 4, Zhongpu tracksites area, inc

he Huazhuang area were later collected by China University of
eosciences (Wuhan), and stored at the Yifu Museum. Cai et al.

1999a) made a brief description on the Huangzhuang tracks,
ut without detailed morphological analysis. Herein we offer a
ore detailed account of these specimens.

.  Geological  setting

The Lanzhou-Minhe Basin is situated on the boundary of
ansu Province and Qinghai Province, and encompasses an area
f 11 300 km2. The basin is a fault basin that developed on the
iddle Qilian Mountains uplift zone. The red siliciclastic rocks

f this basin with single lithology and considerable thickness
re classified as the Hekou Group (Gansu Provincial Bureau of
eology and Mineral Resources, 1997), which is Early Creta-

eous in age (Tang et al., 2008). The Hekou Group is divided
nto the Zhujiatai, Yanguoxia, Honggucheng, and Huazhuang

ormations (Cai et al., 1999b, 2000, 2002), and into eight infor-
al formation-level units (Zhang et al., 2003). The dinosaur

racks are known from the gray or gray-green fine sandstone
f the No. 6 informal formation-level unit (Zhang et al., 2003)
 icon). There are at least four tracksite areas in the Lanzhou-Minhe Basin: 1,
exposed tracksites, and six tracksites that are covered; 3, Guanshan tracksites

 at least five exposed tracksites.

Fig. 2). These fine sandstones have planar cross bedding, which
ay indicate a lakeshore environment (Cai et al., 2001; Chen,

013).
The age of the Tianjialou Hekou Group is controversial.

poropollen assemblages from the Hekou Group were inter-
reted as being of Barremian–Aptian (Yu et al., 1982). Based on
egional ostracod successions of the Early Cretaceous East Asia
he age of the Hekou Group was considered to be Barremian
Hayashi, 2006). Tang et al. (2008) considered the age of the
ekou Group to be 143–109 Ma, on the basis of the sedimen-

ary facies and susceptibility of rocks in the Lanzhou-Minhe
asin.

.  Systematic  ichnology

aurischia Seeley, 1888
heropoda Marsh, 1881
sianopodus  Matsukawa, Shibata, Koarai and Lockley, 2005
Asianopodus  isp.
(Figs. 3, 4)
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Fig. 2. Stratigraphic section of the No. 6 informal formation-level unit of 

Material. Three complete and one incomplete natural molds
ound on a single slab from the Huazhuang tracksite are cata-

oged as HZ.1a–d (Figs. 3, 4; Table 1). The original tracks are
oused and displayed in the Yifu Museum at China University
f Geosciences (Wuhan).

L
D
(

u Group at the Huazhuang track locality (emended from Cai et al., 2001).

ocality  and  horizon. No. 6 informal formation-level
nit, Hekou Group, Lower Cretaceous. Huazhuang tracksite,

anzhou City, Gansu Province, China.
escription. The tracks are well preserved as natural molds

concave epireliefs) showing typical tridactyl, theropod pad



L. D. Xing et al. / Palaeoworld 23 (2014) 304–313 307

Fig. 3. Theropod tracks from the Huazhuang tracksite. (A) and (B) overview with photograph and interpretative outline drawing.

Table 1
Measurements (in cm) of the theropod tracks from the Huazhuang tracksite.

Number L/R ML MW D LD II LD III LD IV II–III III–IV II–IV L/W M

HZ.1a R 39.0 26.5 4.0 20.5 26.5 31.0 22◦ 28◦ 50◦ 1.5 0.43
HZ.1b L 35.5 24.5 3.0 19.0 25.5 28.0 21◦ 32◦ 53◦ 1.4 0.52
HZ.1c L 36.5 27.0 2.6 19.0 24.5 29.0 22◦ 31◦ 53◦ 1.4 0.49

Mean – 37.0 26.0 3.2 19.5 25.5 29.3 22◦ 30◦ 52◦ 1.4 0.48

Abbreviations: L/R: left/right; ML: maximum length; MW: maximum width; D: maximum depth; LD II: length of digit II; LD III: length of digit III; LD IV: length
of digit IV; II–III: angle between digits II and III; III–IV: angle between digits III an
width; M: mesaxony (length/width ratio for the anterior triangle).
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Fig. 4. Interpretative outline drawing of Huazhuang theropod tracks.

onfigurations, with 2 and 3 digital pads corresponding to digits
I and III respectively, and a typical trace of digit IV with less
learly defined digital pads. Distal claw traces are also clearly
isible. The average length of the Huazhuang tracks is 37 cm, the
verage length/width ratio is 1.4, and the average divarication
ngle is 52◦ between digits II and IV.

HZ.1a is the best preserved, with digit III being the longest
nd directed anteriorly, with medially rotated distal claw trace.

he claw marks of digit II and digit III are sharp, whereas the
law mark of digit IV appears blunt. The metatarsophalangeal
ad is located axially posterior to the axis of digit III and is

fi
a
a

d IV; II–IV: angle between digits II and IV; L/W: Maximum length/Maximum

ell-developed and sub-round. The heel area, comprising the
roximal area of these digitigrade tridactyl footprints, represents
he metatarsophalangeal pad area for all three digits, and consti-
utes 27–32% of the footprint length. Digit II has two digit pads.
igit III appears to have coalesced pads. The phalangeal pads
f digit IV are also coalesced and less distinct. The divarication
ngle between digit II and digit IV is 50◦ and the divarication
ngle between digit II and digit III (22◦) is less than between
igit III and digit IV (28◦).

HZ.1b–d are generally consistent with HZ.1a in morphology.
Z.1b is the smallest but the morphology is quite diagnostic.
igit II is well impressed with two phalangeal pads. The dis-

al part of digit III of HZ.1b is partly filled with sediment, but
learly shows three digital pad traces. Digit IV is shallow and
lso partly infilled, and shows a gap between the anterior part and
he metatarsophalangeal pad area. HZ.1c also shows two slightly
ifferentiated digital pad traces on digit II. Digit III clearly shows
hree digital pads traced on with no obscuring infill. The traces
f digits II and IV appear coalesced, probably due to imperfect
reservation. HZ.1d consists only of the second phalangeal pad
f digit II, part of digit III, and the claw mark of digit IV, all still

lled with sediment from the overlying layer. Based on their rel-
tive positions, HZ.1d (left) and HZ.1a (right) might constitute

 single step, 90 cm long.
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iscussion. HZ.1a is slightly deeper than the other tracks (see
able 1), and the rounded claw mark of digit IV suggests that

he ungual penetrated deeper into the substrate and left a blunt
mpression at the surface (Wilson et al., 2009).

HZ.1a–c have developed metatarsophalangeal pads that align
ith the axis of digit III, a diagnostically useful trait. In general,

he Huazhuang theropod tracks and the Zhongpu theropod tracks
Xing et al., in press) resemble the Yanguoxia large theropod
racks (Zhang et al., 2006, morphotype 1). The former are tri-
actyl tracks, with an average length of 41.9 cm and an average
ivarication angle of 52◦, and the latter are tridactyl tracks, with
n average length of 32 cm and an average divarication angle of
1◦. Both the Zhongpu and the Yanguoxia theropod tracks have
eveloped metatarsophalangeal pads that are close to the axis of
igit III and lean slightly toward digit IV.

The average length:width (L/W) ratio of the anterior tri-
ngle of HZ tracks is 0.48 (N  = 3), which suggests they are
eakly mesaxonic tracks and belong to the Eubrontes  morpho-

ype (Lockley, 2009). This value is close to that of Zhongpu
heropod tracks (0.47, N  = 3) and to the value of the Yanguoxia
arge theropod tracks (0.52, N  = 2). The large theropod tracks at
ll three of these sites were left by large theropod trackmakers
ith the same general foot morphology that is evidently typical
f the Lower Cretaceous Lanzhou-Minhe Basin.

The Huazhuang theropod tracks (Fig. 5A) resemble
sianopodus  pulvinicalx  (Matsukawa et al., 2005) (Fig. 5B),
oth having distinct bulbous heel impression (Matsukawa et al.,
005). Another possible shared characteristic is the heel impres-
ion being separated from the three digits, but this characteristic
ay depend to some degree on the hardness of the substrate,

r they are shallow undertracks (Piñuela, 2012). However,
sianopodus pulvinicalx  is relatively small, about 78% of the

ength of the Huazhuang specimens. Li et al. (2011) described
sianopodus robustus  from Inner Mongolia (Fig. 5C). A.  robus-

us is larger than A.  pulvinicalx, but shows few other significant
ifferences from Chapus  lockleyi  (Li et al., 2006) (Fig. 5D, E),
xcept for a less well defined heel pad and overall size (the type
f C.  lockleyi  is larger than A.  robustus). Chapus  lockleyi  has a
ore or less distinct bulbous heel impression like Asianopdus,

xcept that it is slightly more strongly connected to the proximal
nd of the trace of digit IV. A.  pulvinicalx  and A.  robustus  have a
istinct and short digit III, which differs substantially from the
onger digit III of the Huazhuang specimens. However, given the
nsufficiency of the specimens, the Huazhuang theropod tracks
re temporarily assigned to Asianopodus  isp., which are the large
sianopodus  type tracks.

.  The  “heel”  of  large  theropod  tracks

Tridactyl theropod tracks have long been controversial in
chnotaxonomy. Some tracks with similar morphology are
ssigned to different ichnogenera. When Lockley et al. (2013)
eviewed Chinese tetrapod tracks, almost all named morpho-

ypes (“types”) were re-assigned to better-known tracks with
istorical priority. Simple observation of modern tracks as well
s recent published studies indicates that, at the same tracksite,
et and slippery sediments may lead to apparent significant
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orphological differences among tracks made by the same
rackmaker, or those assigned to the same ichnogenus (ichno-
axon) at paleosites (Marty et al., 2009; Xing et al., 2014a).
he morphology of the “heel” (metatarsophalangeal pad of digit

V) is an important characteristic in theropod tracks. “Heel”
efers mainly to the metatarsophalangeal pad of digit IV. In gen-
ral larger animals appear to have better developed heel pads
Lockley, 2007). Thus a well-developed heel pad is diagnostic
f Asianopodus, but not smaller theropod tracks like Grallator
Olsen et al., 1998). Likewise a large heel pad is diagnostic of
8 cm long Dromaeopodus  (Li et al., 2007) but not 10–11 cm
ong Velociraptorichus  (Lockley et al., in press).

The Lower Cretaceous large theropod tracks yielded from
he Huazhuang area, even those from the Lanzhou-Minhe Basin
Zhang et al., 2006, morphotype 1), cannot be considered similar,
n morphology, to Eubrontes: compare Fig. 5A with 5F and 5G,
hich as noted above more closely resemble Asianopodus, based
n the comparatively wide divarication angle and the metatar-
ophalangeal pad being located at the axis of the track.

The typical Jurassic Eubrontes-type tracks, exemplified by
he type specimen of Eubrontes  giganteus  from the Lower Juras-
ic of Connecticut, USA (Fig. 5F) (Weems, 1992; Lockley,
009), are variable as shown by comparing them with other
ower Jurassic examples from Connecticut (Fig. 5G) (Ishigaki
nd Fujisakai, 1989).

Eubrontes-type tracks are reported from the Cretaceous, such
s Eubrontes  (?) glenrosensis  (Fig. 5H) from Lower Cretaceous
f Texas (Shuler, 1935; Adams et al., 2010; Farlow et al., 2012),
ut they have not been described in detail, and the type has no
ell-defined digital pad traces (Fig. 5C). Chinese large theropod

racks that could be considered Eubrontes-like, such as Chapus
ockleyi  (Li et al., 2006) and Asianopodus  robustus  (Li et al.,
011) from the Lower Cretaceous of Inner Mongolia, and possi-
ly cf. Therangospodus  from the Lower Cretaceous of Shandong
Fig. 5I) (Xing et al., 2013a), show more or less well-developed
etatarsophalangeal pads aligned with the axis of digit III.
ome specimens from Japan and Thailand also show this feature
Matsukawa et al., 2005). In general, although the metatarsopha-
angeal pads of some Jurassic Eubrontes-type tracks are aligned
ith the axis of digit III, this feature appears most common

n the Early Cretaceous theropod (Eubrontes-type) tracks. The
rend toward larger axial heel impressions is also exhibited in the
urassic and the Cretaceous Jialingpus  (Grallator-type) (Xing
t al., 2014b).

Numerous large theropod tracks were discovered in the
ower Jurassic of Poland (see Gierliński et al., 2001, 2004;
iedźwiedzki, 2006, 2011; Niedźwiedzki and Remin, 2008)

n the deposits dated as lower Hettangian, upper Hettangian,
nd Pliensbachian. The largest specimens are about 55–60 cm
ong and show rather unusual morphology as compared with
he typical Early Jurassic theropod ichnotaxa (e.g., Anchisauri-
us, Eubrontes) hitherto established. Tracks are about 10–20 cm
onger than the largest specimens of the theropod track of

ubrontes giganteus  Hitchcock, 1845 from the Early Jurassic

chnofauna of the Newark Supergroup, USA (Olsen et al., 1998)
nd Kayentapus  soltykovensis  (Gierliński, 1991) from the Early
urassic of the Holy Cross Mountains, Poland (Gierliński, 1991;
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Fig. 5. Eubrontes-type tracks from Jurassic and Cretaceous. (A) Huazhuang specimen HZ.1a (this study); (B) Asianopodus pulvinicalx, Lower Cretaceous, Japan
(Matsukawa et al., 2005); (C) Asianopodus robustus, Lower Cretaceous, Inner Mongolia, China (Li et al., 2011); (D) the type specimen of Chapus lockleyi, Lower
Cretaceous, Inner Mongolia, China (based on Li et al., 2006, pl. I-2, by Lockley MG); (E) referred specimen of Chapus lockleyi, Lower Cretaceous, Inner Mongolia,
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hina (Li et al., 2011); (F) Eubrontes giganteus type specimen, Lower Jurassi
SA (Ishigaki and Fujisakai, 1989); (H) Eubrontes (?) glenrosensis, Lower Cret
handong, China (Xing et al., 2013a).

ierliński et al., 2004; Lockley et al., 2011). All gigantic Polish
heropod tracks have a relatively large heel area, larger than in
ubrontes, and are more similar in this feature to large theropod

racks from the Late Jurassic and Cretaceous.
The heel area constitutes 32–35% of the footprint length

n the Lower Jurassic specimens from Poland. In Eubrontes
iganteus, the heel area makes up only 27–29% (e.g., Lockley
nd Mickelson, 1997; Olsen et al., 1998; Gierliński et al.,
001, 2004). Interestingly, tracks with such large and spread
etatarsophalangeal pads resemble that of the Middle Juras-

ic (Bathonian) Ardley tracks from the Oxfordshire, UK (Day
t al., 2004), the Late Jurassic tracks known as ichnogenus Mega-
osauripus  Lessertisseur, 1955 (Lockley et al., 1996, 1998a),
ubrontes  glenrosensis  Shuler, 1935 from the Lower Creta-
eous of Texas (Shuler, 1935; Adams et al., 2010), the giant
heropod track from the Upper Cretaceous coal mine in Utah,

SA (Peterson, 1924; track named as Tyrannosauropus  peter-

oni Haubold, 1971), track from the Raton Formation, near
imarron, New Mexico, USA and named as Tyrannosauripus

2

o

nnecticut, USA (Weems, 1992); (G) Eubrontes, Lower Jurassic, Connecticut,
s, Texas, USA (Adams et al., 2010); (I) cf. Therangospodus, Lower Cretaceous,

illmorei  (see Lockley and Hunt, 1994) (Fig. 6) and the foot-
rints described in this paper (Figs. 3 and 4).

Among the more advanced theropods, the tetanurans,
etatarsals II, III, and IV are generally more packed together

han in the earlier coelophysoids and Jurassic-Cretaceous cer-
tosaurians (Tykoski and Rowe, 2004; Holtz et al., 2004). On
he other hand, the proximal phalanx of digit III (phalanx III1)
ften became relatively longer. Thus, a triangular space between
he distal ends of metatarsals II, III, and IV was compressed lat-
rally, and then the pad beneath the metatarsophalangeal joint of
igit IV might be located relatively farther posteriorly, whereas
he elongation of phalanx III1 has replaced a pad beneath joint of
halanx III1 and III2 (usually the most proximal pad of digit III)
nteriorly (Wright, 2004). This is probably reflected by a very
arge metatarsophalangeal area (heel area), which is observed in

any post-Early Jurassic theropod footprints (Gierliński et al.,

001).

Given such discoveries as the Early Jurassic Cry-
lophosaurus Hammer and Hickerson, 1994 from Antarctica
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Fig. 6. Jurassic and Cretaceous theropod tracks with a large heel area. (A) cf. Megalosauripus isp. from the Early Jurassic of Poland (adapted from Gierliński et al.,
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001); (B) Megalosauripus isp. from the Late Jurassic site of Cabo Mondego in 

935, from the Lower Cretaceous of the West Verde Creek, Texas. (D) Tyrannos
ew Mexico, USA.

nd the Middle Jurassic Monolophosaurus  Zhao and Currie,
993 from China, the occurrence of large or gigantic thero-
od tracks (probably tracks of early tetanurans) before the
iddle–Late Jurassic is not a surprise. However, it is worth

oting that large tracks (more than 40 cm long) are relatively
are in rocks older than the Upper Jurassic, and there were only
ve sites with the pre-Oxfordian theropod tracks, which exceed
alf meter in length (Morales and Bulkley, 1996; Gierliński et al.,
001, 2004; Day et al., 2004; Niedźwiedzki, 2006; Niedźwiedzki
nd Remin, 2008).

Determined by the relation between the evolution of the
heropod foot skeleton (metatarsus, phalanges) and coeval large-
heropod tracks, the trackmaker of the Late Triassic–Early
urassic Kayentapus  is undoubtedly a middle to large-sized
heropod. The type ichnospecies K.  hopii  from the Lower Juras-
ic Kayenta Formation was left probably by a dilophosaur
rackmaker (Welles, 1971; Lockley et al., 2011). For Kayen-
apus, the considerably large divarication angle, three separated
igits, and small-sized metatarsophalangeal pad correspond to
he relatively loose metatarsus of a dilophosaur (see Welles,
984, fig. 36). Similar tracks have been discovered in China,
uch as Kayentapus  wumaensis  and Kayentapus  jizhaishiensis
Lockley et al., 2013).

Eubrontes  type tracks are more robust than Kayentapus,
nd have been statistically differentiated by Weems (1992).
owever, due to the comparably smaller quantity of large-

ized theropods from the Early Jurassic, these Eubrontes
re difficult to correlate with specific trackmakers. Abun-
ant Eubrontes  tracks in the East Berlin Formation and
inosaur State Park in Connecticut are exhibited with a large
ilophosaurus  type (Farlow and Galton, 2003). Eubrontes
as been yielded from the Early Jurassic in China as well
such as Li et al., 2010; Lockley et al., 2013). Meanwhile,
bundant Changpeipus  has been discovered in China (Xing
t al., 2009). Changpeipus  has been regarded as the sister
chnotaxon of Eubrontes  (Lockley et al., 2013; Xing et al.,
014a). For these tracks, most metatarsophalangeal pads are
ot developed (see Lockley et al., 2013, fig. 2). Changpeipus

arescheqiuer (Xing et al., 2009, 2014a) is probably an excep-
ion; however, the available sample size is seriously limited
N = 2).

t
s
2

al (adapted from Lockley et al., 1998a); (C) Eubrontes (?) glenrosensis Shuler,
s pillmorei Lockley and Hunt, 1994 from the Raton Formation, near Cimarron,

The large Middle–Late Jurassic theropod tracks have abun-
ant potential trackmakers, primarily allosauroids (such as
llosaurus, Sinraptor, Yangchuanosaurus) and torvosaurids

such as Megalosaurus). Usually these theropods have
ore developed and more robust metatarsus and pha-

anges, such as Allosaurus  fragilis  (Madsen, 1976) and
orvosaurus tanneri  (Britt, 1991). North American Eubrontes
nd Therangospodus–Megalosauripus  assemblages have devel-
ped metatarsophalangeal pads; however, the location is not
t the axis of the track (Lockley et al., 1998a, 1998b).
he metatarsophalangeal pads are not developed in the
iddle Jurassic large theropod tracks of China, such as
hongqingpus–Kayentapus from Chongqing (Xing et al.,
013b); Late Jurassic Therangospodus–Megalosauripus  assem-
lage has been discovered in China (Xing et al., 2011).

In Laurasia, some branches of the Carnosauria survived well
eyond the Early Cretaceous, including allosauroids, carcharo-
ontosaurids, and (though less common) spinosaurids. However,
he skeletal remains of large Chinese theropods from this period
re rare. The known material is incomplete; for example, the
emains of Kelmayisaurus  petrolicus  (a basal carcharodon-
osaurid) include only the maxilla and the alveolus (Brusatte
t al., 2012). The foot characteristics of theropods are largely
onservative, and no significant changes in the morphology of
etatarsals or phalanges occurred during this period in any of

he major carnosaur linages (Currie and Carpenter, 2000). How-
ver, during this period, the metatarsophalangeal pads of large
heropod tracks in North America and China are generally more
obust (Fig. 5C–F). During the Late Jurassic–Cretaceous, the
rctometatarsus (the proportionately slender metatarsals with
etatarsal III “pinched out” proximally between II and IV, that
akes the metatarsals further compact) (Holtz, 1994, 1995)

ppeared in coelurosaur theropods. Coelurosaur trackmakers are
nown to have left large metatarsophalangeal pads at the mid-
le axis of digit III, such as Tyrannosauripus  from Colorado,
SA (Lockley and Hunt, 1994) and Dromaeopodus  tracks from

unan, Shandong Province, China (Li et al., 2007). The arc-
ometatarsus is reflected in the tracks of coelurosaurs because

hey have comparatively wide divarication angle and the metatar-
ophalangeal pad is located at the axis of the track (Wright,
004).
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The first tracks with a large heel area appear in the fossil
ecord in the beginning of Jurassic (Hettangian) and are asso-
iated with relatively large or even gigantic theropod tracks.
robably the origin of large metatarsophalangeal pad is strictly
onnected with the emergence of large sized tetanuran theropods
Gierliński et al., 2001).

.  Conclusion

The material of Asianopodus  presented in this paper indicates
hat footprints of large theropods from the Lower Cretaceous
trata of the Hekou Group (Lanzhou-Minhe Basin) are compa-
able to well-known Early Jurassic ichnogenus Eubrontes. The
tratigraphic and geographic distribution of the Jurassic and Cre-
aceous Eubrontes-like footprints offers promise of an improved
nderstanding of large theropod evolution. The Asianopodus
ootprints from the Hekou Group show a relatively large metatar-
ophalangeal area. Such a large metatarsophalangeal area is
sually observed in the large theropod footprints from the post-
ower Jurassic strata. The metatarsophalangeal pads of some
urassic Eubrontes-type tracks are aligned with the axis of digit
II and this feature appears most common in the Lower Creta-
eous theropod (Eubrontes-type) tracks.
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ierliński, G., Niedźwiedzki, G., Pieńkowski, G., 2001. Gigantic footprint of
a theropod dinosaur in the Early Jurassic of Poland. Acta Palaeontologica
Polonica 46, 441–446.
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iedźwiedzki, G., Remin, Z., 2008. Gigantic theropod dinosaur footprints from
the upper Pliensbachian of the Holy Cross Mountains, Poland. Przegląd
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