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� � 提要 � 中国江苏省东海县南古寨孟疃组发现了数种恐龙足迹,包括兽脚类足迹和蜥脚类足迹。这些足迹出现

在同一层位的四个相邻的足迹化石点。这些足迹化石点至少保存了三种不同形态的兽脚类足迹和未成年 � 成年

的蜥脚类足迹。南古寨三号足迹化石点的兽脚类足迹和蜥脚类足迹出现了 回填!现象, 这是在足迹所附带的沉积

物与基底地面相互作用下, 产生的流体和塑性行为下形成的。
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� � Abstract � Diverse dinosaur ( theropod and sauropod) tracks from t he Nanguzhai track locality in Donghai Coun�

ty, Jiangsu Province, China occur in the Low er Cretaceous Meng tuan Formation. The locality is subdivided into four

adjacent track sites at the same stratig raphic level. T he sites preserve at least three track types per taining t o thero�

pods to juvenile�adult sauropods.  Backfilled! theropod and sauropod t racks at Nanguzhai Site I II are the product s of

appendage�sediment interactions w here the substrat e w as fluid and behaved plastically.
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1 � INTRODUCTION

� � Donghai County is situated in the northeast of
Jiangsu Province, and bor ders on Tancheng Coun�
ty and the Maling M ountains in the w est . T he M a�
ling M ountains st retch mo re than 60 km from

north to south, demarcat ing the T anlu fault zone.

U plif t of the batholith coring the mountains has

exposed Cretaceous continental sedimentary st rata.

Beg inning in the late 1970s and cont inuing thr ough

the early 1980s, dinosaur fo otprints w ere repo rted

near N anguzhai villag e, Shanzuokou tow nship,

Donghai County to the Ar chaeolo gical Team from

Nanjing Museum and Inst itute of Vertebrate Palae�
onto log y and Paleoanthropolo gy, Academia Sinica.

In 1996, w hen Zhen et al . ( 1996 ) summar ized

dinosaur tr acks in China, they at t ributed these

t racks, w ith lengths up to 82 cm, to the bigg est

dinosaurs in China. T oday, the fossils have been

intensely weathered, and only tw o remain w ell

enough to discern detail.

In 2005, new tracks w ere discovered by Mr.

T ang Yonggang ( an amateur fossil collector ) at

the orig inal site. The t racks ar e preserv ed in

g ray ish purple silty shale o f the Mengtuan Forma�
t ion ( Dasheng Group) . Abundant theropod and or�
nithopod tracks have also been discovered in the

T ianjialou Format ion ( Barr em ian � Aptian ) in

Houzuoshan Dinosaur Par k, Junan County, Shan�
dong Pr ovince ( L i et al . , 2005a ) , approx imately

70 km northw est o f Nanguzhai. T hese include

S handong or nip es mux iai ( L i et al . , 2005b; Lock�
ley et al . , 2007) , Dr omaeop od us shandongensi s

( Li et al . , 2007) , and M inisaur ip us z henshuonani

( Lockley et al . , 2008) . The T ianjialou Format ion

is also a member of the Dasheng Group, though it

under lies the Mengtuan Format ion, w hich is the

uppermost unit in the Dasheng Group. T hus, tw o

Dasheng Group units are now known to preserve

fossil footprints.

2 � INSTITUTIONAL ABBREVIATIONS

HDT = Huaxia Dinosaur Tracks Research and

Development Center, Gansu, China. LRH�dz= Li

Rihui�Dasheng, Qingdao Inst itute of M ar ine Geo�
logy , China Geolo gical Survey, China. ROLM =

Rovereto Lavini M ar co, Italy . ZDM= Zigong Di�
nosaur Museum, Sichuan Province, China.

3 � GEOLOGICAL SETTING

The Dasheng Group w as orig inally designated

for str ata at M azhan, A nqiu City, in central Shan�
dong Prov ince. T hese lacust rine sediments had

previously been encompassed as an upper unit o f

the Low er Cr etaceous Qingshan Group ( Hao et

al . , 2000) . Dasheng Group st rata represent a la�
teral, correlat ive facies of Qingshan Group st rata

( L iu et al . , 2003) . The Dasheng Gr oup is divided

into six format ions ( in ascending or der ) : Xiao�
dian, Datuling , Malangou, T ianjialou, Siqiancun,

and M engtuan.

The age of the Mengtuan Format ion r emains

controversial. Based on gast ropod fossils from the

unit at Qiancao, Zhucheng City , Pan ( 1983) as�
signed the unit a middle�late Low er Cr etaceous

age. Sporopol len assemblages from the T ianjialou

and M engtuan formations w ere interpr eted as Ce�
nomanian�Turonian in age ( Si, 2002) . L iu et al .

( 2003 ) quest ioned the lateral correlation of the

Dasheng and Qingshan g roups and determined that

the Linjiazhuang and Xingezhuang format ions,

w hich had prev iously been considered part o f the

Wangshi Group, w ere ident ical to the Siqiancun

and M eng tuan formations, respect ively; al l w er e

consider ed Low er Cr etaceous. This age assignment

for the M engtuan Format ion is adopted in this

paper.

4 � DISTRIBUTION OF TRACKS

The tracks w ere discovered at four sites loca�
ted at the northw est end of Nanguzhai Village,

Shanzuokou Township, Donghai County, Jiangsu

Prov ince( F ig. 1) . The four t rack sites are adjacent

to one another and at the same st ratig raphic lev el.

Site I ( 118∀25#43∃E, 34∀36#25∃N) is the locali�
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ty where sauropod tr acks w ere discovered in the

1980s. A max imum of 20 fo otprints w ere o riginally

preserved in a single row. Cur rent ly, only one

larg ely complete pes pr int and an incomplete manus

print remain. Site II ( 118∀25#41∃E, 34∀36#26∃N) is

situated 46 m nor thw est of Site I; it also preserv es

one pes print and one manus print . Site III

( 118∀25#38∃E, 34∀36#19∃N) lies 150 m south of Site

II. This site, w hich is the largest, expo ses roughly

46 footprints ( F ig. 2) . Site IV is separated by a

str eam from Site III but is on the same bedding

plane; it preserv es nine t racks.

5 � SYSTEMATIC ICHNOLOGY

5. 1 � Theropod tracks

Material � Four complete natural mo lds found

at Nanguzhai Site III are catalo ged individually as

T1. 1 � 1. 4. ( F ig . 3, Plate II, f igs. A � D, T able

1) . A cast o f specimen T1 is curated in the HDT ,

w here it is catalog ed as HDT. 201 � 204. T he o ri�
ginal t racks w ere no t col lected and are st ill in the

field.

Fig. 1 � Geographic map indicatin g the locat ion ( footprin t icon) of the Nanguzhai dinosaur footprint localit y in

Donghai C ounty, Jiangsu Province, P. R. C hina

Fig. 2 � Dist rib ut ion of footprint s at Nan gu zhai S ite III

Close�ups of footprint s indicated by red arrow s are p rovided in Figs. 5 and 6.

� � Description � Four t ridacty l theropod fo ot�
pr ints are pr eserv ed in a sing le tr ackw ay at Site III

( T 1 in Fig. 2) . Of these, T1. 1 is the best pre�
served. Pace angulat ion measurements of the

t rackw ay are all 171∀� 172∀, indicating the t rack

maker possessed the very narrow stance typical of

theropods.

� � The length % w idth r at ios o f T 1. 1 � 3 average

1. 92 % 1. In each tr ack, dig it III pr ojects the far�
thest anter io rly, follow ed by digit s IV and II. In

each track, the distances f rom the caudal end o f

the print to the t ips o f digit s II and IV are about
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60% the distance from the posterio r end of the

print to the t ip of digit III. Digit pad impressions

are indistinct . Each dig it has a shar p claw mark;

the one on dig it III is the best def ined. T he meta�
tar sophalangeal r eg ion is indist inct , so the pr e�
sence of one or more pads there cannot be con�
f irmed. In T 1. 1 � 2, the distolateral por tions of

dig it II are later al ly convex. Pace lengths are:

T 1. 1 � 2: 1. 0 m; T1. 2 � 3: 1. 25 m , T1. 3 � 4:

1. 01 m. St ride lengths are: T1. 1 � 3: 2. 2 m,

T 1. 2 � 4: 2. 2 m.

Discussion � T he relat ive lack of def init ion o f

theropod tracks T 1. 1 � 1. 4 makes it impossible to
at t ribute them to a par ticular ichnotax on. H ow�
ever, the lack of definit ion is it self informat ive.

The deepest port ions of each track are on the oppo�
site sides of each foot but on the same sides o f the

tr ackw ay overall– that is, dig its IV in T 1. 1 and

T1. 3 and dig it s II in T1. 2 and T 1. 4. T his seems

to indicate either that the t rack maker w as of f ba�
lance or that the sediment to one side o f the animal

w as more easily defo rmed than on the other.

Fig. 3 � Ou tl ine drawin gs of Nangu zhai S ite III th eropod t racks T1. 1 � 1. 4

Dash ed lines w ithin the footprint d elineate concaviti es w ithin each footprint ; dashed footprint out lin es indicate indist in ct footp rint borders.

Table 1 � Measurements ( in cm; ∀ as noted) of Nanguzhai Site III theropod tracks T1. 1� 1. 4

Measur ement
T 1.

1 2 3 4

Maximum len gth 24. 71 22. 65 21. 06 �

Maximum w idth( dis tance betw een the t ips of digit s II an d IV) 12. 8 10? 11. 06 �

Length of digit II* 16. 18 14. 29? 12. 98 6. 99

L ength of digit III* 24. 71 22. 65 21. 06 5. 07

Length of digit IV * 16. 91 12. 65? 15. 96 �

Angle b etw een digits II and III 17∀ 30∀ 17∀ 17∀

Angle betw een digit s III and IV 30∀ 13∀? 28∀ �

Angle b etw een digit s II and IV 47∀ 43∀ 45∀ �

� � * Digit length m easured to the posterior margin of the m etatarsophalangeal region .

5. 2 � Sauropod tracks

5. 2. 1 � Site I

Material � One complete pes impression and

one half manus impression o f sauropod tr acks have

been found as natural mo lds at Nanguzhai Site I

( the first site repo rted in the 1980s) . T he t racks

ar e catalo ged individually as T7. 1a ( manus) and

T7. 1b ( pes) ( Fig. 4, Plate II, f ig . G, Table 2) .

451� 第 4 期 邢立达等: 江苏下白垩统孟疃组的恐龙足迹群及蜥脚类足迹形态的多样性 � � � �



Casts of the specimens are curated in the H DT,

w her e they ar e catalo ged as HDT . 205a and

HDT. 205b, respect iv ely . The original t racks re�
main in the f ield.

Fig. 4 � Out lin e draw ings of Nanguzhai sauropod track s T7. 1a and T7. 1b f rom S ite I, and T8. 1a and T8. 1b f rom S ite II

Dash ed lines w ithin th e footprint del ineate concaviti es w ithin each footprint ; dash ed footprint out lines indicate indist inct footprint b orders. Gray

areas around T8. 1a and T8. 1b r epresen t rai sed ridges of sedim ent p reserved around the t racks. Ar row in T 7. 1b points to a blunt pad or

callosi ty on the plantar su rface of digit I. Arr ow s in T8. 1b point to poss ible claw impression s.

Table 2 � Measurements ( in cm; ∀ as noted) of sauropod tracks from Sites I� III

Measurem ent
T2. T 3. T4. T 7. T 8.

1b 6a� 8b 1a� 1b 1a 1b 1a 1b

Maximum length 35. 7 9. 4 35. 1 26. 4 50 37. 8 92. 4 30. 8 75. 9

Maximum w idth* 24. 3 16. 9 24. 9 68. 6 33. 2 49 77. 4 66. 7 79

� � * Distance betw een the lateral and medial rim s; �due to deform at ion, th e specimen s likely do not accurately ref lect t rack m ak er appendage

morph ology.

� � Description � When they w ere f irst disco ver ed
in the 1980s, mor e than ten sauropod tracks w ere

preserved at the site. H ow ever, many of them

were damaged by r oad w or k, farm land reclamat ion

and cult ivation on the t rack site. The distance be�
tw een the remaining manus impression and pes im�
pr ession is 41. 3 cm . As in o ther sauropod tracks,

the pes impression angles outw ard w ith respect to

the t rackw ay axis. T he manus impression lies

slight ly antero lateral to the pes impression. On

this basis, T7. 1a and T 7. 1b are probably right

ichnites.

T he length %w idth rat io o f T7. 1a is 0. 77 %1;

that of T7. 1b is 1. 19% 1. Only the posterior half
of the manus impression is w ell preserved; the an�
terior half w as damaged by ro adw ork, but it s

round border is discernible. A round indentat ion at

the prox imomedial end could r epresent a blunt pad

or callosity on the plantar sur face of dig it I. T he

pes impression is well�pr eser ved and po ssesses

three indentat ions at it s anteromedial marg in, cor�
r esponding to the pr edicted posit ions of dig it s I �
III. Postero lateral to these indentat ions, the t rack

margin insets posterior ly; no clear evidence o f di�
gits IV or V is v isible. A poster io rly directed

prominence of sediment w ithin and on the lateral
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side of the t rack could be sediment that infilled a

crease on the plantar surface of the pes of the t rack

maker. A complete metatarsophalangeal pad im�
pr ession has smoothly curved margins.

5. 2. 2 � Site II

Material � One complete manus�pes set of a
sauropod w as preserved as natural mo lds at Nan�
guzhai Site II. The t racks are cataloged individual�

ly as T 8. 1a ( manus) and T 8. 1b ( pes) ( F ig. 4,

T able 2) . Casts of the specimens are deposited in

the HDT, w here they ar e catalog ed as HDT. 206a

and HDT. 206b, r espect ively. The orig inal t racks

remain in the field.

Description � As at Site I, many previously

disco ver ed t racks at site II have been damaged ir�
reparably; today, only a single manus ( T8. 1a) �

pes ( T8. 1b) print set is preserved. Bo th impres�
sions are circumscribed by concentric rims, w hich

are more pronounced on the lateral sides of the

t racks. The distance between the manus and pes

impressions is 66 cm, similar to the tr acks at Site

I. T hese foo tprints also appear to be right fo ot�

pr ints.

T he length %w idth rat ios of T 8. 1a and T8. 1b

are 0. 46 %1 and 0. 96%1, respect ively. T he manus

impression is w ell�preserv ed. A few indentat ions

w ithin the footprint could be delineations of dig it s I

and II and a metacarpophalangeal reg ion. The in�
ferr ed dig it I impression is shar ply pr ot ruding

print , po ssibly represent ing a claw ; the po ssible

dig it II impression is less distinct . Arcs on the la�

teral side o f the footprint may represent dig it s

III � V. A mong these, dig it III is shallow ; the

sediment around the possible digit IV is slight ly

damaged. None of the latter po ssesses a discernible

claw mark. T he metacar pophalangeal pad region is

slight ly concave.

T he pes impression ( T 8. 1b ) is bet ter pre�
served, but digit impr essions are dif f icult to dist in�
guish. Tw o angular marks po ssibly represent

claw s. The metatarsophalangeal reg ion is w el l de�
f ined, w ith smoothly curv ed marg ins; it is bro ader

and less acute than that o f T7. 1b.

5. 2. 3 � Site III

Material � Forty�tw o complete natur al molds

w ere found at Nanguzhai Site III. The t racks occur

in five sequences that are numbered and catalo ged

as T 2 � T 6 ( F ig. 2) ; individual tracks w ithin those

tr ackw ays are numbered sequentially ( Fig s. 5, 6,

7; Plate I, f ig. A , Plate II, f igs. A � F, H ; T able

2) . T hree casts of the best foo tprints ( T3. 6a,

T3. 8b, T4. 1b) are curated at the HDT , w her e

they ar e catalog ed as HDT . 207 � 209, respect i�
vely. The or ig inal tr acks r emain in the f ield.

Description � The tracks at Site III have been

known and exposed for a long t ime but have not

yet suf fered serious damage and are therefo re the

best preserv ed footprints at any of the tr ack sites

discussed her ein. T here are four definite t rack�
ways, of w hich T2 has seven tracks, T3 has 15,

T4 has 5, and T 5 has 2. T6 has 13 tracks, but the

tr acks are disordered, represent ing not only one

saur opod tr ackw ays. Prints in t rackw ays T 2, T 3,

and T6 ar e smaller than those in T4 and T 5, and

possibly repr esent juveniles. T2 is unusual in that

it comprises six pes impressions but only one

manus impression.

Length % w idth r at ios of the best preserved

pes prints in these tr ackw ays are as follows:

T2. 1b= 1. 47% 1 and T3. 8b= 1. 41 % 1. T3. 6a, a
substant ial ly deformed manus impression, has a

length %w idth rat io of 0. 56%1.

In t rackw ay T 3, the manus impressions ar e

rotated 50∀� 70∀ outw ard f rom the t rackw ay ax is,

substant ial ly g reater than the outw ard rotations o f

the pes impressions ( 16∀� 19∀) . T he center s of the

pes impr essions are somewhat closer to the t rack�
way midline than the center s of the manus impres�
sions. Pace angulat ions range f rom 117∀� 124∀.

Width betw een tracks ranges fr om 9. 2 � 22. 9 cm.

Manus print T 3. 6a is w aisted at midlength,

dividing the impression into medial and lateral

parts ( Fig . 5) . T w o deep concavit ies at the medial

part probably indicate digit s I and II. A shallow

concavity at the lateral part probably indicates the

presence o f digit V. Deformat ion w as observed at

digit I and cranial par t ( probably digit III) due to
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the influence of mud backfill. A sizable pit occu�
pies the middle part of the impression, w hich may

have been fo rmed by invasive vegetation o r w ea�

thering . The later al part of the impr ession is para�
bolic and is follow ed by a relat ively long dr ag im�
pression.

Fig. 5 � Out line draw ings of Nan guzhai sau ropod t racks T 3. 6a, T 3. 8b and T4. 1a, T 4. 1b fr om Site III

Dash ed lines indicate indist inct footprint borders and the maximum extent of sedimen t deformed b y regist ration of the t rack . Arrow s in T3. 6a

indicate the direct ions of mud backf ill.

� � Well pr eser ved pes print T 3. 8b has an espe�
cially w ell�developed digit I impression that is

5. 0 cm w ide, 3. 5 cm deep, and sharp. Several

deep concav it ies ( 2. 5 � 4. 0 cm deep) beside dig it I

may represent digit s II � IV. T hey have less dis�
cernible claw marks than dig it I. The metatarso�
phalangeal pad region is smoo thly curv ed.

T he length % w idth r at ios of manus print

T 4. 1a and pes print T4. 1b are 0. 38 % 1 and

1. 51%1, respect iv ely . T hese larger t racks may

have been made by adults of the smaller track ma�
kers of T3. 6a and T 3. 8b, but T 4. 1a is not only

deformed but also heavily w eathered. Due to the

absence of manus tracks in this sequence, it is dif�
f icult to compare w ith T3. 6a.

T rackw ay T 3 changes along its path from nar�
row to w ider gauge ( F ig. 6) . One o f the pr obable

tw o t rackw ays in T6 is w ide gauge compared to

T 2. Trackw ay T 4 also appears to be wide gauge.

U sing the equat ion to calculate speed ( A lexander,

1976) , the w alking velocity of the tr ack maker de�
creases along the t rackway: track sequence T3. 4b �
T 3. 6b has a calculated velocity o f 0. 64 m / s,

Fig. 6 � Port ion of Nanguzhai Site III t rackw ay T 3 that

ex hibit s a ch ange f rom narrow to w ide gauge

T3. 5b � T 3. 7b is 0. 54 m/ s, T3. 6b � T 3. 8b is
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0. 45 m/ s, and T 3. 7b � T3. 9b is 0. 5 m/ s. T his

decreasing velocity corresponds to the sw itch f rom

narrow gauge to w ider g auge � � � the narrow gauge

port ion w as made at higher speed, w hile w ider

g auge port ions demonst rate slow er t rack maker ve�
locity. A similar change in gauge co rresponding to

t rack maker velocity w as repo rted in a M iddle Ju�
rassic theropod trackw ay in England ( Day et al . ,

2002) .

� � Discussion � Br ontop od us ( Farlow et al . ,

1989) is one of the most common and w ell know n

Cretaceous t rack types. Previously, Early Creta�
ceous saur opod tracks in eastern Asia have been at�
t ributed to w ide gauge Br ontopod us ( Lockley et

al . , 2002 ) , not narr ow gauge Par abrontop odus

( Lockley et al . , 1994) . How ever t rackw ays T 2 �

T 6 can be att ributed to Par abrontop odus because

they have litt le to no space betw een the t rackw ay

midlines and the inside margins of the pes t racks.

Pes footpr ints are longer than w ide, w ith their

long axes rotated outw ard. Although the manus

t racks are not sem icircular, they ar e smaller than

their asso ciated pes t racks.

T he pr imary difference between T2 � 6 and

Par abrontop odus mcintoshi ( Lockley et al . ,

1994) , Par abr ontop od us di ster ci i ( M eijide Fuen�
tes et al . , 2001 ) , and I guanod onichnus f renki

( M oreno and Benton, 2005) is that the manus im�
pr essions lie aw ay f rom the tr ackway midline.

Other morpholog ical characterist ics ar e diff icult to

compar e due to the comparat ively poo r pr eser va�
t ion of the M eng tuan tracks. T her efore, there is

no just if ication for placing the M engtuan tracks

into a new ichnotax on; they are best at t ributed to

Par abrontop odus isp.

Chronolog ically, Par abrontop odus ranges

f rom Ear ly Jurassic ( P . isp. ( Niedz'w iedzki and

Pie�kowski, 2004) ) thr ough the Late Jurassic ( P.

mcintoshi ( Lockley et al . , 1994 ) and  I guano�
donichnus f renki ! ( M oreno and Benton, 2005) )

and into the Early Cretaceous ( P . distercii ( M ei�
jide Fuentes et al . , 2001) ) . The discovery of

Par abrontop odus t racks in China pr ovides new ev i�
dence for the dist ribut ion of t rack makers capable

of registering Par abr ontop od us tracks.

6 � INFLUENCE OF SUBSTRATE AT SITE III

The subst rate of Site III appears to have been

sof t and w et at the time the t racks w ere made,

mud cracks developed in a few places suggest that

the sediment dried subaer ially before being buried.

Using t rackw ay T 3 as an example, bo th the t rack

maker mani and pedes lef t deep impr essions. Of

these, the pes pr ints, w hich are lar ger and bor e

more w eight , are mo re complete and less defo rmed

than the manus prints.

Manus print T3. 6a ( F ig. 7A ) w as the least

inf luenced by subst rate condit ions, w hereas manus

print T 3. 7a ( Fig. 7B) w as inf luenced by the sedi�
ment the most : the lat ter is bounded by at least

2 � 3 concentric mud impressions both medially and

laterally, especially in the central part of the an�
terior region. The impressions tend to be deepest

medially and centrally ( the medial part pr obably

const itutes an impression of dig it I) . T hat sug�
gests that the t racks w ere filled to varying degrees

w ith co llapsed, unconsolidated sediment af ter the

tr ack maker appendage w as ex t racted ( Fig. 8) .

� � T he consecutive t racks T . 3. 3a � T3. 7a w er e

inf luenced by subst rate condit ions to v ary ing de�
g rees, but their medial par ts ( impressions o f dig it I

or dig it s I � II ) are the deepest , w hich suggests

that these areas w ere pr obably the fo ci at which

for ce w ere applied by the track maker mani.

This tr end is readily discerned in the theropod

tr acks ( T 1. 1 � 1. 4) : the t racks change f rom ha�
ving w ider to narrow er posterior ends through the

sequence, suggest ing that the subst rate transi�
t ioned from drier, easily deformed sediment to

w et ter and muddier sediment mo re likely to col�
lapse and, backf ill the tr acks. For example, T1. 4

consists only of tw o unconnected digit impressions

because the remainder w as infilled by backfilling

sediment. In a similar case, poor ly�def ined tracks
of I guanodontipus isp. and M egalosaurop us isp. ,

cont rasted w ith w ell�def ined examples, have been
consider ed as indistinct primarily because of sedi�
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ment w ater content ( Diedrich, 2004) . The  back�
f il led! t racks of Nanguzhai Site III are the pr oducts

of appendage�sediment interact ions w here the sub�
st rate w as f luid and behaved plast ically.

Fig. 7 � Photographs of Nan guzhai t rack Site III sau ropod manus t racks T 3. 6a ( A) and T3. 7a ( B)

Fig. 8 � T rack m aking in loose, m uddy, f luidic sedim ent at th e Nan guzhai t rack site

A. ap pendage steps in; B. appendag e h as pulled u p; C. mud backf ills t rack. A � C are in medial view ; A2 � C2 are in dor sal view . The arrow s

indicated the mud f illing in the t racks.

7 � MORPHOLOGICAL DIVERSITY OF NAN�
GUZHAI SAUROPOD TRACKS

� � T he Nanguzhai t racksite is unusual in the di�

versity o f sauropod track and trackw ay morpho lo�
g ies preserved w ithin a smal l area and in the same

st ratum. T he manus print at Site I is claw less and

more r ound than the expected U�shape, likely a
funct ion o f sediment consistency rather than sub�
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stant ial dif ferences in for elimb morpholog y. The

manus impression at Site II is similar to that o f the

unnamed sauropod tr acks from the M iddle Jurassic

of the Galinha t racksite, Portugal ( Santo s et al . ,

1994) and may exhibit a discernable dig it I claw

mark. Part ial w ell�preserved manus impressions at
Site III in t rackw ay T3 ar e sim ilar to those at Site

II, but the pes impr essions ar e mar kedly dif ferent.

T he manus% pes area rat io of T 7. 1 ( Site I) is

about 1 % 2. 5; that of T8. 1( Site II) is 1 % 2. 2.

Both co incide w ith w ide gauge t rackw ays, as in

other Chinese saur opod tracks ( Lockley et al . ,

2002) . These values are also sim ilar to manus %
pes area ratio s f rom most other Cretaceous sauro�
pod trackw ays g lobally ( Lockley, 1999, 2001) ,

though in some instances, repo rted rat ios are as

high as 1% 5 ( Santo s et al . , 1994) . How ever, the
area rat io s of Par abrontop odus isp. T3. 6a and

T 3. 8b at Site III are closer to 1%3. 7, and the area

rat ios o f t rackw ay T 3 are 1 %2. 4 � 1 %5. 9, both as
results of feet dragg ing through the muddy

sediment .

M ar ty et al . ( 2006) divided sauropod tr ack�
ways into four groups: quadrupedal t rackw ays

( manus and pes present ) , manus�dominated tr ack�
ways ( quadrupedal t rackw ays w ith deep manus

prints and shallow , barely visible pes prints) , pes�
dominated tr ackw ays ( quadrupedal t rackw ays w ith

deep pes prints and shallow, bar ely visible manus

prints) , and pes�only t rackw ays. Nanguzhai Par a�
br ontop odus t rackw ay T 3 is quadrupedal, w hile T2

is pes�dom inant. Similar disco ver ies include ROLM
26, w hich consists of unnamed tracks f rom the

Lavini di M ar co site ( Leonardi and Miet to , 2000) ,

and S5 and S6, consist ing of unnamed tracks f rom

Sw itzer land ( M arty et al . , 2006) . Such trackw ays

have fr equent ly been regarded as made by

relat iv ely fast moving sauropods, w here the pes

overprints the manus ( M eyer, 1990) ; alter nat ive�
ly, slig ht changes in palaeoenvironment and sub�
st rate consistency may have similar ef fects ( M ar ty

et al . , 2006) . No pedes overprint the manus in

T 2, fo r w hich stride leng ths do no t dif fer substan�
t ially from T 3, in w hich the velo city is not fast.

Thus, the pes�dominant situat ion at the M engtuan
sites is probably more the r esult of paleo environ�
mental and substr ate consistency dif ferences.
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Explanation of Plates

Plate &
A. Overview of sauropod t rack s at Nanguzhai Site III.

B. S au ropod t racks at Nanguzhai Site II.

Plate ∋

T her opod an d saur op od t rack s f rom the Nan guzhai t rack s ite. Scale

bar= 10 cm.

A � D. T her opod t racks ( T1. 1. � 1. 4, sequent ially) f rom S ite III.

E. Sauropod pes t rack T2. 1b f rom Si te III.

F. S au rop od pes t rack T 3. 8b f rom site III.

G . S auropod manus�pes t rack set f rom Site I.

H . Sauropod pes t rack T 4. 1b f rom Site III.
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