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F1 XNREHATEHERIRAE (GSLTZP02-001) T B & (4L :cm)
Table 1 Measurements (in centimeters) of holotype (GSLTZP02-001)

of Huanghetitan liujiaxiaensis gen. et sp. now.

FEME Sacrum

FHEER B Total centra length
B K % BE Maximum width

90
110

R &R B HE Proximal caudal

HEHR K Centrum length

He{k F& Centrum width

HEfR R Centrum height
BT BE Total height

9
13.5
12.5

28

FEEHE Middle caudal

K Centrum length

HERFE Centrum width

HE4E B Centrum height
BB E Total height

11
13
10
20

B I8 & Scapula

B E Total length
JA # 8 8 T Blade length
B E & T&AKREE Maximum width of blade
B EE T H/NEE Minimum width of blade
JE IR B JB ¥ 5% FE  Plate width

123
70
45
27
83

& Coracoid

WK Length (dorsoventral)
1 ) 3% Width (transverse)
JE A& K Glenoid length
JE A& B KJEE Glenoid thickness (maximum)

60
50
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20
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Table 2 Coding of Huanghetitan liujiaxiaensis gen. et sp. now. for character matrix
of Wilson (2002) used in phylogenetic analysis
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Fig. 1  Phylogenetic relationship of Huanghetitan
liu jiaziaensis gen. et sp. nov.
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The topology is based on the strict consensus of six egqually
parsimonious and shortest trees from a PAUP * 4. 0b10 heuristic
search (436 steps; CI: 0.66; RI: 0.80). The definitions of taxa
are based on Curry Rogers (2005) and Wilson (2005 ).
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Sacrum of Huanghetitan liujiaxiaensis, gen. et sp. nov. in dorsal (a)

and ventral (b) views. Scale bar equals 10 cm.
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Proximal (a—f) and middle (g—I1) caudals of Huanghetitan
liujiaxiaensis, gen. et sp. nov. in cranial (a, g), caudal (b, h), left
lateral (c, i), right lateral (d, i), dorsal (e, k), and ventral (f, I

views. Scale bar equals 10 cm.
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Left scapula (a) and left coracoid (b, ¢) of Huanghetitan
liujiaxiaensis, gen. et sp. nov. in lateral (a, b) and ventral (c) views.

Scale bar equals 10 cm.

Huanghetitan liujiaxiaensis, a New Sauropod Dinosaur from the Lower

Cretaceous Hekou Group of Lanzhou Basin, Gansu Province, China
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Abstract

Sauropod dinosaur material excavated from one quarry in the Lower Cretaceous Hekou Group of the
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Lanzhou Basin, Gansu Province in 2004 pertain to a single, new taxon and are described. Unique features of its
sacrum, including an extremely low neural spine with a remarkably transversely expanded distal end, support
the attribution of this material to a new genus and species of sauropod , Huanghetitan liujiaxiaensis gen. et sp.
nov. Cladistic analysis strongly supports Huanghetitan gen. now. as a basal member of the Titanosauriformes.

Dinosaurs have only recently been discovered in the Lower Cretaceous Hekou Group in the Lanzhou Basin,
but the great promise of these strata for dinosaur research may now be recognized due largely to work by field
crews from the Fossil Research and Development Center of the Third Geology and Mineral Resources
Exploration Academy of Gansu Province. Beginning in the late 1990’s (Li et al. , 2002, Zhang et al. , 2006),
numerous dinosaur footprints were discovered in the western part of the basin, and their importance led to the
establishment and opening of the Liujiaxia National Dinosaur Geopark in 2005. The first Hekou Group dinosaur
body fossils were discovered in the southern part of the basin in 2002, and one quarry excavated in 2003 yielded
the holotype of Lanzhousaurus magnidens, the largest-toothed herbivorous dinosaur in the world (You et al. ,
2005). Fieldwork has continued to the present, and a new vertebrate fossil assemblage, including fishes,
turtles, and various dinosaurs, is being revealed.

Among the quarries excavated in 2004, Quarry 2 preserved partial sauropod skeletons. This material has
since been prepared; the material exhibits some unique features that warrant the erection of a new taxon. Here

we present some preliminary observations of this new taxon and discuss its phylogenetic relationships.

1 Description

Dinosauria Owen, 1842

Saurischia Seeley, 1887

Sauropoda Marsh, 1878

Titanosauriformes Salgado, Coria and Calvo, 1997

Huanghetitan gen. nov:

Type Species: H. liujiaxiaensis gen. et sp. nov.

Etymology: “Huanghe” (Chinese): Yellow River, which flows along the Lanzhou Basin where the fossils
were discovered. “Titan” (Greek) : refers to Greek mythological giants, symbolic of great size.

Diagnosis: Huanghetitan gen. now. is a basal member of the Titanosauriformes distinguished from all
others by its possession of extremely low sacral neural spines (lower than the height of the centrum) and
transversely expanded distal ends of the neural spines (wider than neural spine height).

Huanghetitan liu jiaxiaensis gen. et sp. nov. :

(Plates 1 ~ I, Table 1)

Holotype: GSLTZP02-001 (Quarry 2): nearly complete -saCSrum, one proximal caudal vertebra, one
middle caudal vertebra, fragmentary cervical ribs, one chevron mfssiﬁg its distal end, left scapula, and left
coracoid. Reposited in the Fossil Research and Development Center of the Third Geology and Mineral Resources
Exploration Academy of Gansu Province in Lanzhou. ]

Type locality and horizon: Eastern part of the Lanzhou Basin, Gansu Province, P. R. China; Hekou
Group, Lower Cretaceous (Editorial Committee of Chinese Stratigraphic Standard, 2000).

Etymology: “Liujiaxia” (Chinese): Liujia Gorge, which is part of the Yellow River in Lanzhou Basin,
where the Liujiaxia National Dinosaur Geopark is located nearby.

Diagnosis: Same as for genus.

Description: An almost complete sacrum is preserved (Plate I ). The sacrum is composed of five
coossified vertebrae, as in basal macronarians, but one fewer than in Euhelopus (Wiman, 1929) and more
derived lithostrotians (Upchurch et al. , 2004). The cylindrical sacral centra are fused; the first sacral has a flat
cranial articular surface and the last a concave caudal articular surface; The cranial surface of the first centrum is

much wider than tall. No pleurocoels are developed on the lateral surfaces. The articular surfaces of the
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prezygapophyses of the first sacral face dorsally. The neural arches of all five sacrals are, like their centra,
fused, though the neural spines of only the first four sacrals are fused. Autapomorphic to these four fused
neural spines (totaling 60 cm long) are their extremely short heights and markedly transversely expanded distal
ends. The height of each neural spine is about 8 cm, but the widths of the expanded dorsal surfaces (along their
caudal margins) begin at 20 cm on the first sacral and decrease caudally to 8 cm in the fourth sacral.

The sacral plate is composed of the transverse processes dorsally and the sacral ribs ventrally; these are
fused to each other. In dorsal view, the transverse processes project laterally, but also slightly cranially in the
first two sacrals and slightly caudally in the last three (Plate I -a). The dorsal surface of the proximal end of
each transverse process is craniocaudally expanded and braced against the neural spine by the
spinoprezygapophyseal, spinodiapophyseal, and spinopostzygapophyseal laminae. However, the robustness of
these laminae varies in each individual sacral. In ventral view, the sacral ribs expand at both the proximal and
distal ends. The proximal ends of the first four ribs attach to the cranial portions of their respective centra via
the parapophyses, while that of the fifth rib attaches to the midpoint of the centrum. Except for the first, the
distal ends of all the sacral ribs connect to each other, forming a sacrocostal yoke.

Two isolated caudals are preserved (Plate I ). One, which has its neural arch occupying most of the
length of the centrum, is much taller than the other. It is designated as a proximal caudal (Plate I-a—f{). In
the other, the neural arch only occupies the proximal half of the length of the centrum, which is typical of the
middle caudals of titanosauriforms (Plate I-g—1I).

The centrum of the proximal caudal is amphiplatyan, and has subcircular articular surfaces. The length of
the centrum is shorter than the width of the articular surface. The ventral side of the centrum bears a wide but
shallow longitudinal fossa that is more prominent at its distal end due to the enlargement of the chevron articular
facets. The neural arch encompasses a relatively large neural canal that is about half as tall as the centrum. The
medially facing prezygapophyses are transversely compressed, directed proximodorsally, and project slightly
beyond the proximal end of the centrum. The postzygapophyses are mere facets, rather than processes. The
neural spine is rectangular in lateral view, projecting more dorsally than distally. No clear laminae develop
around the neural spine, as would be expected in a very proximal caudal vertebra, implying a relatively distal
position for this element. The transverse processes are situated at the neurocentral suture, and seem to trend
caudolaterally.

The centrum of the middle caudal is also amphiplatyan. Its articular surfaces have subcircular outlines,
although diagenetic deformation may obscure its actual configuration. The width of each articular surface is
about the same as the length of the centrum, which is slightly longer than that of the proximal centrum.
Differing from the proximal caudal, its prezygapophyses and neural spine project more horizontally than
dorsally. Transverse processes still exist, indicating a relatively proximal position for this middle caudal.

Several fragmentary cervical ribs are preserved. One cervical rib is relatively complete, and measures 1.1 m
long. Its proximal end is tetraradiate, with a short cranial process. The angle between the capitulum and the
tuberculum is well below 90°, indicating a ventral placement of the rib relative to the ventral edge of its
centrum.

A single chevron is represented by its proximal end and part of its distal portion. Based on its large size,
this chevron is probably articulated with proximal caudals. The proximal end has two rami that are not bridged.
The hemal canal enclosed by the two rami is deep.

The lateral side of the left scapula is prepared (Plate M -a). This scapula is unique among all sauropods in
having an extremely dorsoventrally expanded, plate-like acromion (83 cm tall), longer than the blade itself (70
cm). The plate is elliptical in outline, with its dorsal portion far larger than the ventral one. A low deltoid ridge
runs along the caudodorsal edge of the acromion, and defines the caudal margin of a shallow fossa that occupies
the bulk of the dorsal portion of the plate. The acromion and scapular body become thicker ventrally, especially

at the cranioventral edge of the glenoid. As in Euhelopus and titanosaurians, the scapular portion of the glenoid
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faces not only cranioventrally, but also medially. The short blade of the scapula expands caudally, with a
pronounced hook at its caudodorsal corner. The lateral side of the blade is slightly convex, giving it a D-shaped
cross-sectional morphology.

The left coracoid is a relatively flat plate, with round dorsal and cranial margins and sinuous caudal and
ventral margins (Plate T-b). The caudal margin is convex, with its apex at the midpoint, fitting a
corresponding concavity on the cranial margin of the scapula. The coracoidal portion of the glenoid is
transversely rugose and thick and bears a pronounced lip (Plate I -c). Cranial to this, a notch embays the
ventral margin of the element. A coracoid foramen is situated at mid-height, just cranial to the coracoid-scapula

contact.

2 Discussion

In order to find the phylogenetic relationships of the new taxon, a cladistic analysis was performed using
the data matrix of Wilson (2002). This data matrix was also used by Ksepka and Norell (2006) to find the
phylogenetic relationships of the Early Cretaceous, Mongolian sauropod Erketu ellisoni. An additional character
state (state 2) is added to character 111 to accommodate a sacral neural spine length that is less than the length
of the centrum. This autapomorphic feature is only known in the holotype. The codings for Huanghetitan
liujiaxiaensis gen. et sp. now. are listed in Table 2. A heuristic search in PAUP * 4. 0b10 (Swofford, 2002)
recovered six equally most parsimonious trees with lengths of 436 steps, CI = 0. 66, and RI = 0.80. The
position of Huanghetitan liujiaxiaensis gen. et sp. now. , as the sister taxon of the Somphospondyli, remained
constant across all six trees. This clade (Huanghetitan gen. now. + Somphospondyli) is supported by two
unambiguous synapomorphies (132: 0>1; 153: 0>1). Huanghetitan gen. now. is less derived than other
somphospondylians in its lack of two unambiguous synapomorphies (108: 2>3; 154: 1>0). A simplified,
strict consensus of the six most parsimonious trees is presented in Figure 1. Huangheiitan gen. now. is more
derived than Brachiosaurus in possessing a ventral, longitudinal hollow in proximal and middle caudal centra,
and a strongly medially beveled scapular glenoid. Huanghetitan gen. now. is less derived than other members of
the Somphospondyli in its lower sacral count (5), and the D-shaped cross-section of the base of the scapular
blade.

The discovery of Huanghetitan gen. now. is yet another addition to the growing roster of basal
titanosauriforms in the Early Cretaceous of Asia, following Euhelopus (Wiman, 1929), Phuwiangosaurus
(Martin et al. , 1994, 1999), Tangvayosaurus (Allain et al. , 1999), Jiangshanosaurus (Tang et al. , 2001),
Gobititan (You et al. , 2003), Erketu (Ksepka & Norell, 2006), Jiutaisaurus (Wu et al. , 2006), and an
unnamed taxon from western Siberia (Averianov et al. , 2002). Research on titanosauriform sauropods has
experienced great advances in recent years (Upchurch et al. , 2004 ; Wilson, 2005). Titanosaurian dinosaurs are
no longer restricted to the Southern Hemisphere, but were also common in Northern Hemisphere during the
Early Cretaceous. The existence of an Asian monophyletic titanosaur group was raised on the opisthocoelous
condition in their caudal centra (You et al. , 2004). The increase in new discoveries of titanosaurian sauropods
also challenges the traditional view that the Cretaceous terrestrial herbivorous world was dominated by duck-
billed and horned dinosaurs.
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