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Abstract Here we describe seven non-avian theropod trackways from the Baoyuan track site in the mid-Creta-
ceous Wotoushan Formation (Jiaguan Formation) in the Chishui area, Guizhou Province, China, Preliminary palyno-
logical analysis indicates Late Cretaceous age not earlier than Cenomanian at the oldest. Footprints at the site pertain
to cf. Irenesauripus isp. Most tracks preserve partial metatarsal pads that are not distinct from their respective meta-
tarsophalangeal regions. Several elongate digit impressions may indicate that digit II of the track maker possessed a

long claw, longer than on any of the other digits, Most notably, the Wotoushan (Jiaguan) fauna lacks sauropods and
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is dominated instead by theropods and ornithopods.

Key words cf. Irenesauripus isp. , Wotoushan Formation, mid-Cretaceous,Chishui area, Sichuan Basin

1 INTRODUCTION

The Sichuan Basin is world-wide known Meso-
zoic terrestrial strata and the fossil vertebrate fau-
nas they yield. Dinosaur fossils from the Sichuan
Basin are predominately Jurassic in age (Peng ez
al., 2005); Cretaceous dinosaur fossils thus far
consist only of tracks from the Jiaguan Formation
(Chen ez al. , 2006).

The Chishui region spans the far northwest of
Guizhou Province and southern border of the Si-
chuan Basin and is famous for pseudo-karst Danxia
landforms. Qutcrops consist of red, terrestrial
strata of Cretaceous age (Peng, 2000). These
strata are correlated with those in Qijiang County,
Chongqing, roughly 100 km away, where abun-
dant ornithopod, theropod, and possibly ankylo-
saurian dinosaur tracks have been discovered (Xing
et al. , 2007). Numerous of dinosaur tracks were

also recently discovered in Chishui City, Guizhou
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An oral tradition that is popular among the
residents at Baoyuan Township, 20 km southwest
of Chishui City, centers on the “Xian Ji” (which
translates as “celestial chicken”) footprints left by
a mythical bird in the forest. These tracks are de-
scribed as having three, forward-pointing toes and
one backward-pointing toe, all with big claws.
The Xian Ji tracks are in an area now encompassed
in the Chishui Alsophila (an endangered tree fern)
National Nature Reserve of Guizhou Province.

In 1995, Mr. Li Chang-fu, from the Renhuai
City National Tax Bureau, Chishui Municipal En-
vironmental Protection Bureau, went to the site
and made the first modern report of the dinosaur
tracks at what is now called the Baoyuan track
site. In August 2009 and April 2010, authors were
invited to investigate the Baoyuan track site along
with personnel from the Chishui Bureau of Land
and Resources Baoyuan Land Office, and the re-

sults of that investigation are reported here.

P. R. China
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Fig.1 Geographic map indicating location (footprint icon) of the Baoyuan track site in Baoyuan Township, Guizhou Province, China
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Fig.2 Trackways from Baoyuan track site (map indicates the general track distribution, but not the

real distances, among individual footprints)

A:Photographs; B; Schematic drawings. Scale bar = 1 m.

2 GEOLOGICAL SETTING

2.1 The Wotoushan Formation (Jiaguan Forma-
tion)

Cretaceous strata in Guizhou Province outerop
only sporadically. The fluvial deposits in the Chi-
shui area and the Sichuan Basin belong to the Jia-
ding Group (Gu, 1962), which is the primary unit
forming Danxia landforms. Large blocks wea-
thered along joints litter the floors of canyons be-
tween cliff outcrops. The dinosaur tracks discussed
here were discovered on one such block.

Currently, the Jiading Group in Guizhou
Province is divided into the lower Wotoushan For-
mation and the upper Sanhe Formation. The Wo-
toushan Formation was named by the aerial survey
team of the Sichuan Bureau of Geology in 1980.
However, the Guizhou Bureau of Geology and
Mineral Resources (1981, 1987) subsequently re-
ferred the unit to the Jiaguan Formation and subse-
quently to the first member of the Jiaguan Forma-
tion. Dong (1997) resurrected the name Wotou-
shan Formation for the nationwide stratigraphic di-
vision and correlation.

In the Chishui area, the Wotoushan Forma-
tion (Jiaguan Formation) in comprised of dark ma-

genta to brick red colored thick-bedded fine-grained

quartz sandstones with dark magenta mudstone in-
terbeds; the base of the unit is conglomeratic.
These strata were deposited in an upstream, brai-
ded river facies of a broad, alluvial plain at the bor-
der of an inland lake basin (Dong, 1997).

The Wotoushan Formation (Jiaguan Forma-
tion) overlies the Penglaizhen Formation. The age
of the Wotoushan Formation has been considered
late Early Cretaceous (Dong, 1997). Since the
Jiaguan Formation was first recognized as a distinct
unit, its reported age has varied between Early
Cretaceous (Lockley et al. , 2008), “middle” Cre-
taceous (Hao ezal., 1984, 2000), and Late Creta-
ceous (Chen ezal., 2006). Li (1995) and Gou and
Zhao (2001) also provided broad age ranges within
the Cretaceous: 85-117 Ma and Valanginian-Santo-

nian, respectively.

2.2 Palynological analysis

Palynomorphs can be important index fossils
in the Cretaceous, so a palynological analysis was
performed by one of us (Wang Wei-ming). Only a
few poorly preserved pollen grains were obtained
from the track layer, so they could only be identi-
fied to genus (Table 1). Nevertheless, they reveal
useful information. Most of the palynomorph
genera recovered (Leiotriletes, Polypodiisporites,

Deltoidospora, Abietineaepollenites, Pinuspolle
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nites, and Cedripites) have broad chronostrati-
graphic distributions (Song ez al., 1999, 2000)
that provide no age control for the track-bearing
unit. Some however, are more restricted. For
example: Triporoletes is limited to the Cretaceous
(Song et al., 2000); Taxodiaceaepollenites is
widely distributed in the Early Cenozoic, but is
rare in the Cretaceous (Song et al., 1999); the
oldest occurrence of Quercoidites is in the Cenoma-
nian of Songliao Basin (Gao ez al. , 1999), other-
wise being widely distributed in Early Cenozoic
strata around China (Song ez al., 2004). Cupu-
liferoidaepollenites similarly has a Cretaceous-
Tertiary distribution, though global rather than
just in China (Song et al., 2000). The earliest
occurrences of Myricipites are in the Upper Creta-
ceous Furao Formation of Heilongjiang Province
(Liu, 1983) and the Kukebai Formation in the Ta-
rim Basin of Xinjiang Province (Wang ez al.,
1990). Thus although Baoyuan palynomorphs are
not present in statistically significant quantities,
they provide Late Cretaceous age signal, concur-
ring with previous age assignments of the Wotou-
shan Formation (Jiaguan Formation) in Guizhou
Province.

Table 1 Spores and pollen grain genera recovered from the

Baoyuan track site

Plantae Palynogenus Num.
Pteridophyta Leiotriletes 7
Triporoletes 1
Polypodiisporites 2
Deltoidospora 1
Gymnospermae Abietineaepollenites 2
Pinuspollenites 15
Cedripites 5
Taxodiaceaepollenites 2
Angiospermae Quercoidites (large type) 3
Cupuli feroidaepollenites 2
Myricipites 1

3 ICHNOTAXONOMY

Theropoda Marsh, 1881

Irenesauripus Sternberg, 1932
cf. Irenesauripus isp.

Material Seventy-two natural moulds of tri-
dactyl and tetradactyl bipedal tracks in seven track-
ways (BYA-BYG) from the Baoyuan track site.
Replicas of BYA1-3 are stored at the Huaxia Dino-
saur Tracks Research and Development Centre,
Geological Museum of Gansu (HDT), catalogued
HDT. BYA1-3. The original tracks remain in the
field.

Type locality and horizon Wotoushan Forma-
tion ( Jiaguan Formation ), mid-Cretaceous.
Baoyuan track site, Chishui area, Guizhou Pro-
vince, China.

Description Trackways A-F consist of diffe-
rent numbers of tracks (Table 2). All seven track-
ways are distributed across a single surface of a
fallen, 11 m-high, 14 m-wide block of Wotoushan
Formation (Jiaguan Formation) sandstone (Fig,
2). Another fragmentary trackway (trackway G;
Table 2) was discovered on a separate block in the
same vicinity. Among the tracks, those in track-
way A are the best preserved. The depths of the
tracks range from 3. 5-5. 0 cm. The pace angula-
tion of BYAI-3 is 165° and exhibits no rotation
with respect to the trackway axis.

Track BYA3 (Fig. 3) serves as an exemplar
of the morphology of the tracks. Digit III projects
the farthest cranially, followed by digits IV, II,
and I. Due to the soft, semi-wet sediments in
which the tracks were made, and exposure to later
weathering by vegetation, the track morphology is
unusual. It exhibits of extramorphological, sub-
strate-based features rather than reflecting track
maker pedal morphology. However, the deep,
regular, concave digit impressions appear to retain
pad impressions that probably have a formula of 2-
2-4-4-x. Each digit has a sharp claw mark; the one
on digit IIT is the clearest and longest. In general,
the digits have wide divarication angles; the angle
between digits III and IV is slightly greater than
that between digits II and III. Distinct, convex

borders demarcate the metatarsophalangeal region

and metatarsal pad. The distal end of the terminal
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metatarsal (“heel”) impression shallows and ex-
pands transversely.

The mean length ¢ width ratio calculated from
BYA1-13 (Fig. 4) is 1.13 : 1. BYA1-4 each pre-
serve distinct digit I impressions. Only BYA11-
BYA13 preserve long “heel” impressions like those
of BYA2 (Fig. 3) and BYA3, which is probably a
function of changing sediment viscosity. However,
the other tracks preserve partial metatarsal pads
that are not distinct from their respective metatar-
sophalangeal regions. In all tracks, the distal ends
of the impressions of digits I-III are relatively
deep. For most tracks, digit IT is generally deeper
than digit V.

Discussion Tridactyl and tetradactyl tracks
(including a hallux impression) in which the lon-
gest digit is digit III, such as those at the Baoyuan
track site, are typically made by bipedal thero-
pods. The BYA tracks have low length/width ra-
tios (1. 13 ¢ 1) and wider angles between digits
(total divarication varies between 45° and 78°) than
those of either Grallator or Eubrontes. The large
digit divarication angles accord with some charac-
teristics of Kayentapus (Gierlinski, 1991, 1996;
Gierlinski and Ahlberg, 1994; Piubelli ez al.,
2005) and Irenesauripus (Sternberg, 1932; Mec-
Crea, 2000; Gangloff ez al., 2004; Gierlinski ez
al., 2008). However, most of the currently reco-
gnized species of Kayentapus and Irenesauripus,
like K. hopii (Welles, 1971), K. minor (Lull,
1953; Weems, 1992), K. hailiutuensis (Lietal. ,
2010), and I. mclearni and I. acutus (Sternberg,
1932) lack hallux impressions. Employing the
method of Weems (1992) to discriminate Kayenza-
pus footprints at the ichnospecific level (Gierlinski,
1996; Gierlinski et al., 2004; Piubelli et al.,
2005), the dimensional ratios of BYA2 are: te/fw
= 0. 41 and (fl-te)/fw = 0. 51; the ratios of
BYAS3 are: te/fw = 0.57 and (fl-te) /fw = 0. 52.
Thus, they are located outside the known range of
Kayentapus (Fig. 5).

Amongst Cretaceous theropod ichnotaxa, the
Baoyuan tracks seem closest to Irenesauripus sensu

Gangloff ez al. (2004) and Gierlinski ez al.

(2008). Characteristics supporting this attribution
are: the majority of divarication angles between
digits IIT and IV are greater than between digits II
and III, and phalangeal pad impressions are typi-
cally weak to absent (Gangloff ez al., 2004).
However, other Irenesauripus tracks differ from
the Baoyuan material in their larger sizes and lack
of hallux impressions. Thus, the Baoyuan speci-
mens can at best be referred to as cf. Irenesauri-
pus isp.

Amongst other Chinese tracks, Jialingpus
(Zhen et al. , 1983), Eubronteslike tracks (Lock-
ley ezal., 2003), and the Baoyuan trackways pos-
sess similar metatarsal pads. Zhen et al. (1989)
considered Jialing pus yuechiensis tracks similar to
Anomoepus, but their highly projected third toes
and narrow divarication angles led Gierlinski
(1994), Lockley ez al. (2003), and Gierlinski ez
al. (2009) to attribute them to a theropod.
Jialing pus is similar in size to the Baoyuan tracks,
but the divarication angles between digits II and IV
of the Baoyuan tracks (45°-78°) are larger than the
44°-52° angles of Jialingpus (Xing et al. , 2011).
However, the effects imposed by substrate condi-
tions on the Baoyuan tracks may be more substan-
tial than those of Jialingpus. Furthermore, the
length : width ratios of Jialingpus tracks are
1.86 : 1, much larger than the 1. 13 : 1 ratio of
tracks from Baoyuan trackway A. Also, the hallux
of Jialingpus extends farther outward than the
outermost margin of digit I, which is not true for
the Baoyuan tracks. Pad I of digit IT of Jialingpus
is larger than the pads of digit IV, and almost as
large as the metatarsophalangeal pad, unlike the
Baoyuan tracks. Noticeably, in Jialingpus tracks
at the Huanglong track site in Sichuan Province,
only Beijing Natural History Museum specimen
BNHM-SCFP 24 preserves both a metatarsal pad
and hallux impression. In the Baoyuan trackways,
both a metatarsal pad and a hallux impression are
continuously present across several trackways.

The Eubrontes-like track discussed by Lockley
et al. (2003) was attributed to a crouching thero-
pod, but it is poorly preserved and therefore a dif-
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ficult to compare.

A

Fig. 3 Baoyuan tracks BYA2 and BYA3
A,C;Photographs; B,D:OQOutline drawings. Scale bar = 10 cm.

BYA1 BYA3 BYAS5 BYA7 BYA9 BYA11 BYA13
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Fig. 4 Outline drawings of tracks A1-A13 from trackway BYA

Arrows indicates digit I;dark shading indicates deeper parts of the tracks. Scale bar = 10 cm.
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Fig. 5 Graphic separation of Baoyuan specimens according to the method of Weems (1992) ,after Gierlinski (1996) ,Gierlifski ez al. (2004),
and Xing et al. (in press)
For the explanation of te/ fw and (flzte)/fw see Weems (1992).

Table 2 The numbers of tracks in Baoyuan track site trackways A-G

Trackway A B C D E F G

Number of tracks 16 14 3 13 13 9 4

Table 3 Measurements (in cm; ° as noted) of tracks from Baoyuan track site trackway A

Number R/L ML MW I III v MP II-1IT II-IV II-1v SL PL L/W
BYAl R 15.46  15.19 5.78 7.14 5.64 6.71 26° 24° 50° 160 81 1.02
BYA2 L 19.49 21.52 13.35 13.06 10.41 16.63 39° 39° 78° 155 84 0.91
BYA3 R 16.90  15.53 5.99 11.47 7.60 15.94 32° 29° 62° 155 77 1.09
BYA4 L 18.94  15.96 6. 65 10.63 7.85 2.43 17° 28° 45° 152 80 1.19
BYA5 R 15.39  14.86 7.20 8.97 7.45 4.91 30° 27° 57° 155 90 1.04
BYAS6 L 17.19  13.70 8.08 11.05 7.46 5.11 24° 29° 53° 150 80 1.25
BYA7 R 18.09 15.72 7.85 11.21 7.87 7.60 23° 30° 53° 151 80 1.15
BYAS8 L 19.26  13.06 6.31 10.87 7.59 3.96 20° 33° 53° 150 80 1.47
BYA9 R 17.75  16.19 9.17 10. 48 9.06 4.39 27° 27° 54° 130 70 1.10
BYA1lo L 13.81 12.65 8.76 7.82 5.55 6.56 25° 27° 52° 145 75 1.09
BYAIll R 18.00  15.53 7.14 9.90 8.02 18.98 36° 24° 60° 140 80 1.16
BYAl2 L 16.50  14.08 7.93 8.59 7.06 11.14 25° 27° 52° - 70 1.17
BYA13 R 17.49 15.82  14.09 9.61 7.83 8.91 25° 23° 48° - - 1.11

R/L; right/left; ML; maximum length (including the metapodium) ; MW ; maximum width measured between the tips of digits I and IV
II; length of digit II; III; length of digit III; IV: length of digit IV; MP: length of metatarsal pad; II-III; angle between digits II and II[; III-
IV: angle between digits III and IV; SL: stride length; PL. pace length; L/W: ratio of maximum length/maximum width.
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3.2 Unusual Digit II Claw Impression

In BYA2 (Fig. 3), the lengths and widths of
each digit, as well as the divarication angles be-
tween digits IT and IV are all noticeably larger than
in other tracks of the Baoyuan sample—only
BYA13 (Fig. 4) and tracks in trackway BYG
(Fig. 6) possess similar digit lengths. The multi-
ple instances of this morphology, however, indi-
cate that it does not reflect pathologic or otherwise
deformed feet. These elongate digit impressions
may represent drag marks, which can be made in
muddy sediments or at slower walking speed. Drag
marks, however, are normally made as are the
short claw drag marks preserved in Early Creta-
ceous Grallator specimens from Sihetun, Liaoning
Province (Xing et al. » 2009a).

These elongate digit impressions may indicate
that digit IT of the BYA and BYG track maker pos-
sessed a long claw (Fig. 7), longer than on any of

the other digits. The digit II claw may have been

B

/
# 7o

lowered only occasionally in such a way as to leave
marks, when the track maker progressed through
muddy sediment. This hypothetical pedal morpho-
logy for the BYA track resembles that of Cariama
cristata (Red-legged Seriema). Cariama cristata
had an extensible second pedal claw that is held off
the ground, though the majority of the carrying
digit remains in contact with the substrate. Caria-
ma cristata used its beak and claws to dismember
small vertebrates (Miranda-Ribeiro, 1938; Red-
ford, 2007). This characteristic of the Baoyuan
tracks differs from deinonychosaur tracks (Li ez
al., 2007; Xing et al., 2009b), which preserve
impressions only of the proximal ends of their di-
gits II, because deinonychosaurs held most of digit
11 off the ground, not just the ungual. Digit II of
the BYA and BYG track maker contacted the
ground except for the most distal, ungual-bearing

end.

Fig.6 Baoyuan tracks BYG2 and BYG3

A, C: Photographs;B, D: Outline drawings. Scale bar = 10 cm.
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Fig. 7 Overlapping schematic diagrams of BYA3 (gray)
and BYA2 (white)

Brachet indicates inconsistent region. Scale bar = 10 em.

4 NON-AVIAN AND AVIAN DINOSAUR
TRACKS FROM WOTOUSHAN FORMATION
(JIAGUAN FORMATION) OF THE SICHUAN
BASIN

Track sites are currently known from the
Wotoushan Formation (Jiaguan Formation) in the
Sichuan Basin at Guanyingchong (Yibin City, Si-
chuan), Emei (Emei City, Sichuan), Lotus (Qi-
jiang County, Chongqing), as well as from
Baoyuan (this text). Tracks from these formations
include:

(1) Small theropod tracks: Grallator emeien-
sis (Zhen et al., 1995), Minisauripus chuan-
zhuensis (Zhen et al., 1995; Lockley ez al.,

2008), Velociraptorichnus sichuanensis (Zhen et

al., 1995; Xing ez al., 2009b), Wupus agilis
(Xing et al., 2007).

(2) Medium-size theropod tracks: Yangtzepus
vipingensis (Young, 1960; Xing et al., 2009¢),
cf. Irenisauripus isp. (this text) .

(3) Medium-size to large ornithopod tracks:
Iguanodontipus xing fuensis (Zhen et al., 1995;
Xing et al. , 2009¢), Caririchnium lotus (Xing et
al., 2007); Laoyingshanpus torridus (Xing et
al., 2007);

(4) Ankylosaur tracks: Qijiangpus sinensis
(Xing et al. , 2007) .

(5) Bird tracks: Aquatilavipes sinensis (no-
men dubium) (Zhen ez al., 1995; Lockley et al. ,
1992, 1994; Lockley and Harris, 2010).

These tracks suggest that during the deposi-
tion of Wotoushan Formation (Jiaguan Forma-
tion), a diverse dinosaur fauna lived in present-day
southern China and that this fauna differed sub-
stantially from the Early Jurassic Lufengosaurus
fauna, Middle Jurassic Shunosaurus fauna, and
Late Jurassic Mamenchisaurus fauna from the Si-
chuan Basin (Peng ez al. , 2005). The Wotoushan
(Jiaguan) fauna lacks sauropods and is dominated

instead by theropods and ornithopods.
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