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Abstract

The detailed dental anatomy of sauropod mamenchisaurids remains largely unexplored. Here,
we describe a well-preserved isolated sauropod tooth from the Upper Jurassic Qigu Formation of
the Turpan-Hami Basin, Xinjiang, using high-resolution Micro-CT and three-dimensional
reconstruction to investigate its internal anatomy. This tooth exhibits a diagnostic feature of
Mamenchisauridae, specifically the presence of marginal denticles restricted to the mesial margin.
CT scan data provide novel insights into mamenchisaurid dental anatomy and present the first
three-dimensional enamel distribution in sauropod teeth. The lingual ridge forms from thickened
enamel and dentine, whereas the lingual boss arises solely from dentine expansion. A labiolingual
enamel thickness asymmetry appears in the apical region, convergent with certain neosauropods.
The pulp cavity shows a distinct volumetric transition, expanding basally into a bulbous root canal
and appearing as a labiolingually compressed lamina structure in the crown. Taxonomic
comparison indicates that this tooth represents a mamenchisaurid lineage distinct from the
previously only known sauropod tooth from the Qigu Formation. Our study supports diverse
sauropod assemblages in the Qigu Formation and provides new anatomical evidence for
understanding sauropod dental evolution.

Keywords

Sauropoda, Late Jurassic, Qigu Formation, Turpan-Hami Basin, Micro-CT, enamel asymmetry,
pulp cavity

Introduction

The family Mamenchisauridae represents a dominant eusauropod clade primarily distributed in
the Middl-Late Jurassic of East Asia (Upchurch et al. 2004; Ren et al. 2020, 2021; Moore et al.
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2020, 2023). Although most remains have been discovered in China (Ren et al. 2025), fossil
evidence indicates their geographic range extended northward to West Siberia (Averianov et al.
2019) and southward to Thailand (Suteethorn et al. 2013), with a potential occurrence also reported
from Tanzania in East Africa (Mannion et al. 2019). Mamenchisaurids are notably characterized by
pronounced morphological specializations, including extreme neck elongation and gigantism
(Moore et al. 2023; Wei et al. 2025). The clade currently comprises at least 18 taxa, although the
definition of mamenchisaurid remains controversial (Moore et al. 2023; Dai et al. 2025).

In contrast to their osteology, the dental anatomy of mamenchisaurids, particularly the internal
structure of the teeth, remains poorly understood due to limited preservation (Maisch and Matzke
2019a). Current knowledge of mamenchisaurid teeth is based primarily on descriptions of external
features in several key taxa, such as Mamenchisaurus youngi (Pi et al. 1996; Ouyang and Ye 2002),
M. sinocanadorum (Russell and Zheng 1993; Moore et al. 2023), M. jingyanensis (Zhang et al.
1998), and M. hochuanensis (Ye et al. 2001), as well as some isolated teeth from Thailand
(Suteethorn et al. 2013) and Russia (Averianov et al. 2019). Nevertheless, some dental features
may hold taxonomically importance within Mamenchisauridae. For example, the absence or nearly
absence of denticles on the distal margin of the tooth is regarded as a synapomorphy of the clade
(Xing et al. 2015; Xu et al. 2021). Additionally, M. sinocanadorum distinctly features a parallel-
sided tooth crown in labial or lingual view and the presence of a distolingual boss on some dentary
teeth (Moore et al. 2023).

The Upper Jurassic Qigu Formation in the Junggar and Turpan-Hami Basins of Xinjiang, has
produced a diverse assemblage of vertebrate fossils, such as mammals, turtles, and dinosaurs
(Matzke et al. 2005; Pfretzschner et al. 2005; Martin et al. 2010a, 2010b; Wings et al. 2007, 2012,
2015; Rabi et al. 2013; Wu et al. 2013; Maisch and Matzke 2019a, 2019b, 2020; Augustin et al.
2020). Among these, dinosaur remains are scarce. To date, isolated teeth attributed to theropods,
sauropods, and stegosaurs, as well as fragmentary bones from stegosaurs and ankylosaurs, have
been documented from the Qigu Formation in the Junggar Basin (Wings et al. 2007, 2015; Maisch
and Matzke 2019a, 2019b, 2020; Augustin et al. 2020). In contrast, the Qigu Formation of the
Turpan-Hami Basin has yielded only the mamenchisaurid Xinjiangtitan shanshanesis (Wu et al.
2013; Zhang et al. 2020), with no reported dinosaur teeth to date. Significantly, the sauropod tooth
from the Qigu Formation has been provisionally attributed to either ?Mamenchisauridae or a basal
representative of Euhelopodidae, given that it lacks unequivocal synapomorphic characteristics that
are diagnostic of these clades.

This study reports the discovery of a well-preserved, isolated mamenchisaurid tooth (PMOL-
ADt0009) from the Qigu Formation in the Qiketai area of the Turpan-Hami Basin. This finding
represents the first documented occurrence of sauropod teeth within the Qigu Formation in this
region. To reveal the internal anatomy of the tooth, including the morphology of the pulp cavity
and the enamel distribution patterns on the labial and lingual sides, X-ray computed tomography
(CT) and three-dimensional reconstruction techniques were employed. By integrating internal and
external morphology, this study aims to provide novel insights into the dental anatomy of
mamenchisaurids.

Geological Setting
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The specimen was collected from the same locality and stratigraphic horizon as the
mamenchisaurid Xinjiangtitan shanshanesis (Wu et al. 2013; Zhang et al. 2020). The fossil locality
is situated approximately 8 km south of Qiketai Town, Shanshan County, Xinjiang Uygur
Autonomous Region, Northwest China (Fig. 1). The fossil horizon is the Qigu Formation of the
Turpan-Hami Basin. Magnetostratigraphic and biostratigraphic studies constrain the geological age
of the Qigu Formation to the Late Jurassic (Oxfordian to Kimmeridgian), with the top of the
formation dated to approximately 155.3 Ma (Deng et al. 2015). The Qigu Formation lies
conformably above the Qiketai Formation and is conformably overlain by the Kalaza Formation
(XBGMR 1993).

Lithologically, the Qigu Formation consists primarily of purplish-red and brownish-red
mudstones and siltstones, intercalated with greyish-green silty mudstones, fine-to medium-grained
sandstones, and occasional layers of pebbly sandstone, gypsum veins, and thin-bedded marl (Song
et al. 2014). The Qigu Formation in the Turpan-Hami Basin represents a sequence of fluvial-
lacustrine deposits formed under semi-arid conditions (Li et al. 2021). In the Qiketai area, the
formation can be subdivided into upper, middle, and lower members (Song et al. 2014). Among
these, the middle member is the most fossiliferous, yielding abundant vertebrate remains (including
sauropods and turtles) as well as bivalve fossils (Song et al. 2014), including the tooth in this study.

Material and methods

The specimen (PMOL-ADt0009) described in this study is a well-preserved, isolated sauropod
tooth discovered in the Gobi Desert, located approximately 8 km south of Qiketai Town, Shanshan
County, Xinjiang Uygur Autonomous Region, China. The GPS coordinates of the fossil locality
are 42°57.78'N; 90°34.44'E (DDM)). Stratigraphically, the specimen was collected from the Upper
Jurassic Qigu Formation. It is currently housed in the Paleontological Museum of Liaoning
(PMOL), Shenyang, China. The specimen was mechanically prepared using a steel needle under a
stereomicroscope to remove the attached matrix. To examine fine dental structures, including
marginal denticles and enamel ornamentation, at high resolution, microscopic imaging was
performed using an Olympus DSX1000 digital microscope.

To non-destructively reveal internal anatomical features, PMOL-ADt0009 underwent high-
resolution X-ray computed tomography (CT) scanning at the Laboratory of Stratigraphy and
Paleontology, Institute of Geology, Chinese Academy of Geological Sciences (IG-CAGS), Beijing,
China, using a Nikon XT H 225 ST scanner. A total of 3141 projections were generated at an
operating voltage of 110 kV and a current of 115 pA. The reconstructed voxel size was 26.41 x
26.41 x 26.41 pm. Three-dimensional reconstruction, morphometric measurements, volume
calculation and enamel wall thickness analysis (using the sphere method) were performed with VG
STUDIO MAX 3.4.0 software (Volume Graphics, Heidelberg, Germany).

The slenderness index (SI) is calculated as the ratio of crown height to the maximum mesiodistal
crown width (Upchurch 1998). The compression index (CI) is defined as the ratio between the
maximum labiolingual crown diameter and the maximum mesiodistal crown diameter (Diez Diaz
et al. 2013; Bindellini and Dal Sasso 2021). The expansion index is the ratio of the maximum
mesiodistal widths of tooth crowns to their basal breadths (Moore et al. 2023). The determination
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of labiolingual and mesiodistal orientations in isolated teeth is based on the asymmetry of the tooth
morphology. This includes features such as the D-shaped cross-section and the position of the apex
of the ‘D’ situated close to the mesial margins (Canudo et al. 2002; Barrett and Wang 2007; Amiot
et al. 2010).

Systematic Paleontology

Dinosauria Owen, 1842
Sauropoda Marsh, 1878
Mamenchisauridae Young and Zhao, 1972
Mamenchisauridae indet.

Description

General. The specimen (PMOL-ADt0009) is preserved as an isolated tooth, retaining a relatively
complete crown and the basal portion of the root (Fig. 2). It has a SI of 2.03 and a CI of 0.80 (Table
1). The presence of mesial and distal facets, along with a distinct apical wear facet, collectively
demonstrates that it was a functional tooth. PMOL-ADt0009 is generally characterized as a
spatulate tooth. Notably, the cervix extends more basally on the lingual side than on the labial side
(Fig. 2A-H).

Crown. The crown curves lingually. The crown apex is positioned distally (Fig. 2C, D). The
crown exhibits a characteristic D-shaped cross-section at its apical half, attributable to the strongly
convex labial surface and the concave lingual surface (Fig. 2). The apex of the ‘D’ shape is
positioned more mesially, with the portion of the crown mesial to the apex exhibiting greater
convexity compared to the distal section. The labial surface is gently convex apicobasally (Fig. 2E—
H). The mesial and distal margins of the crown are evenly spaced along the basal two-thirds and
gradually converge toward the apex along the apical one-third (Fig. 2C, D). The crown's expansion
index is < 120% (Table 1), with parallel sides in the labial view. The enamel, dentine, and pulp
cavity of the crown were segmented. The total volumes of the enamel, dentine, and pulp cavity
were measured as 415.87 mm?, 2852.11 mm?®, and 73.12 mm?>, respectively. It is noteworthy that
the pulp cavity exhibited the smallest volume among the three structural components of the crown.

Three wear facets are present. The apical wear facet is nearly circular in shape, oriented lingually,
and inclined at approximately 25 degrees relative to the long axis of the crown. Two lateral wear
facets exhibit a V-shaped morphology and are located along the mesial and distal margins of the
crown. These lateral facets are subequal in apicobasal length. The mesial facet consistently faces
linguoapically, whereas the distal facet is oriented linguodistally (Fig. 2C, D). The mesial facet is
well-developed, in contrast to the distal facet, which is at an early stage of attrition. The mesial
facet is confluent with the apical wear facet, while the distal facet appears to be separate from the
apical wear facet (Fig. 2C, D). Furthermore, the mesial wear facet progressively narrows
mesiobasally (Fig. 2C, D), whereas the distal wear facet extends linearly along the distal margin.
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Specifically, distinct marginal denticles are observed and primarily restricted to the apical one-
fifth of the crown along the mesial margin (Fig. 3A). In total, eight denticles have been identified
and numbered sequentially from 1 to 8. The first three denticles, located on the mesial wear facet,
have been worn away, leaving circular concavities (Fig. 3B). Their diameters are approximately
0.65 mm. The fourth denticle exhibits partial damage. Conversely, the remaining four denticles are
well-preserved, characterized by a blunt or coarsely granular morphology, and are clearly
demarcated from one another (Fig. 3B).

On the labial surface, a distinct apicobasal groove is present near the distal margin, extending
apicobasally along the crown and gradually diminishing towards the apex (Fig. 2A, B). Distal to
this groove, a distinct, flattened surface is delineated along the distolabial margin (Fig. 2B, H),
extending basally from the cervix and apically to the point of maximum mesiodistal width. The
enamel on the labial surface displays a distinct rugose texture, characterized by fine, densely
packed wrinkles extending from the base to near the apex (Fig. 2A, B). The ornamentation of this
specimen consists of closely spaced, sub-parallel, and interwoven crests and grooves oriented along
the apicobasal axis (Fig. 2B). This wrinkled texture gradually smooths towards the apex (Fig. 2A,
B), likely as a result of antemortem wear. A distinct area of enamel spalling is present on the
mesiolabial aspect of the crown apex, exposing the underlying dentine (Fig. 2A, B, E, F, I, J), which
is attributed to tooth-to-tooth occlusion.

The lingual surface is generally concave, exhibiting the characteristic shovel-like morphology
typical of spatulate teeth (Fig. 2C, D). Enamel spalling is observed on the lingual surface in certain
areas, notably on the distobasal portion of the crown, where the dentine is completely exposed (Fig.
2G, H). Enamel wrinkles are also present on the lingual surface, although they are poorly preserved
(Fig. 2C, D). The lingual surface is divided into two asymmetrical longitudinal depressions by a
prominent, sub-vertical lingual ridge that extends apicobasally. This ridge results from the
thickening of both dentine and enamel (Fig. 4B, C). A sub-circular boss (refer to lingual crown
buttress, sensu Wilson and Upchurch 2009) is developed on the distolingual surface; its surface is
smooth (Fig. 2C, D). This feature is widely distributed among mamenchisaurids and euhelopodids
(Suteethorn et al. 2013; Moore et al. 2020). Concerning the internal origin of this prominence, 3D
reconstruction based on micro-CT data provides evidence that the lingual boss arises from the
lingual expansion of the dentine, rather than from localized enamel thickening (Fig. 4F, G). In
contrast, the overlying enamel in this region is relatively uniform and thin in cross-section.

A distinct cingulum is present mesial to the boss on the lingual surface (Fig. 2C, D),
linguobasally extending from the crown’s mesial margin. This feature is typical of Euhelopus
(Wilson and Upchurch 2009) and certain basal titanosauriforms (Zhang et al. 2024). Below this
cingulum, a mesiolingual surface is present (Fig. 2D, F). Apicodistal to the boss, a weak cingulum
is also observed. Below this, a distolingual facet (Fig. 2C, D) serves as an articular surface that
facilitates the imbricated arrangement of the teeth. This suggests that the distolingual surface of the
tooth overlapped the mesiolabial surface of the succeeding posterior tooth in life, a pattern noted
in Mamenchisaurus sinocanadorum (Moore et al. 2023).

Root. The preserved root measures 12.11 mm in height and is distinguished from the crown by
the cervix (Fig. 2C—H). It displays an oval cross-section (Fig. 2K, L). The mesial and distal margins
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converge towards the midline as they extend apically, while the lingual margin converges towards
the labial side. Additionally, the dentine on the distal side of the root is thicker than that on the
mesial side.

Enamel distribution. Micro-CT data reveal the spatial distribution of enamel thickness (Figs 4,
5). In the apical half of the crown, enamel on the labial surface is significantly thicker than that on
the lingual surface (Figs 4B-D, 5A, 5C), regardless of enamel loss resulting from wear on the labial
surface. Conversely, enamel thickness becomes progressively more symmetrical towards the base
of the crown (Figs 4F—H, 5A, 5C). This pronounced labial thickening likely serves to reinforce the
crown against mechanical stress during shearing occlusion. Enamel thickness decreases basally on
both the labial and lingual sides. Three-dimensional analysis of enamel wall thickness (Fig. 5)
further characterizes this distribution within the observed regions. Notably, the labial surface (Fig.
5C) exhibits the most robust enamel distribution, with thickening (>0.56 mm) centrally located on
the apical half of the crown. In contrast, on the lingual surface (Fig. 5A), the maximum enamel
thickness (>0.56 mm) is confined exclusively to the lingual ridge. Additionally, the enamel is
largely lost on the mesial wear facet (Fig. 5B), while it becomes thinner at the distal wear facet
(Fig. 5D).

Pulp cavity. Three-dimensional reconstruction based on high-resolution micro-CT data (Fig. 6)
reveals that the pulp cavity is centrally positioned, with a total length exceeding 4.1 cm. The most
apical segment could not be reconstructed due to a fracture (Fig. 4B). Overall, the pulp cavity
exhibits a pronounced lingual curvature (Fig. 6B, D), corresponding to the recurvature observed in
the crown. The pulp cavity comprises both the root canal and the pulp chamber, with a distinct
morphological transition between these two anatomical components. The root canal represents the
most volumetrically extensive portion, characterized by an enlarged, bulbous morphology (Fig. 6A,
C), and its cross-section is approximately circular. The pulp chamber is a thin, laminar structure
that tapers apically. Its basal cross-section is slit-like (Fig. 4G), whereas the most apical cross-
section is small and circular (Fig. 4C).

Discussion
Relationships of PMOL-ADt0009

PMOL-ADt0009 is assigned to Eusauropoda based on a combination of characteristic features
of this clade, including the presence of a lingual concavity, V-shaped wear facet, wrinkled enamel
texture, a D-shaped mid-crown cross-section, a distolingual facet indicating overlapping tooth
crowns, and a labial groove (Upchurch 1998; Wilson and Sereno 1998; Wilson 2002; Upchurch et
al. 2004; Wilson 2005). Within Eusauropoda, PMOL-ADt0009 is excluded from Neosauropoda
because it retains marginal denticles, whose absence is generally regarded as a synapomorphy of
Neosauropoda (Wilson 2002; Upchurch et al. 2004). In non-neosauropod eusauropods, PMOL-
ADt0009 can be specifically referred to Mamenchisauridae, on the basis of the presence of
denticles along the mesial margin and their absence along the distal margin (Xing et al. 2015; Xu
etal. 2021).

In the Upper Jurassic of Xinjiang, mamenchisaurid fossils include five genera: Xinjiangtitan
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(Wu et al. 2013), Mamenchisaurus sinocanadorum (Russell and Zheng 1993), Tienshanosaurus
(Young 1937), Hudiesaurus (Dong 1997), and Rhomaleopakhus (Upchurch et al. 2021). Of them,
only M. sinocanadorum has preserved teeth (Moore et al. 2020). PMOL-ADt0009 shows a parallel-
sided crown in labial or lingual view and a prominent boss at the lingual base, two distinctive
features of M. sinocanadorum. Nevertheless, it differs from M. sinocanadorum in retaining a
distinct labial longitudinal groove, whereas M. sinocanadorum has a convex, groove-less labial
surface (Moore et al. 2023). Additionally, X. shanshanesis has been shown to share a close
phylogenetic relationship with M. sinocanadorum (Moore et al. 2023), and may have similar dental
morphology. Given that PMOL-ADt0009 and X. shanshanesis were found in the same locality and
stratigraphic horizon, it is plausible that PMOL-ADt0009 may belong to X. shanshanesis.
Accordingly, we provisionally assign PMOL-ADt0009 to Mamenchisauridae indet. pending the
discovery of definitive dental material attributable to X. shanshanesis.

To date, aside from Xinjiangtitan shanshanesis (Wu et al. 2013; Zhang et al. 2020), the only
other reported sauropod fossil from the Qigu Formation is a putative mamenchisaurid tooth (SGP
2002/005) (Maisch and Matzke 2019a). PMOL-ADt0009 differs clearly from SGP 2002/005.
Specifically, PMOL-ADt0009 has a large crown measuring 34.1 mm in height, clearly defined
marginal denticles, a distinct distal labial groove, a prominent lingual boss, and wrinkled enamel
arranged in a sub-parallel pattern. In contrast, SGP 2002/005 features a smaller crown, measuring
17.8 mm in height, and lacks marginal denticles, a labial groove, and a distinct lingual boss, while
displaying an irregular anastomosing enamel pattern (Maisch and Matzke 2019a). Although the
presence of a lingual boss may vary depending on tooth position in Mamenchisaurus
sinocanadorum (Moore et al. 2023), the combination of these morphological differences likely
reflects true taxonomic diversity within the Qigu Formation rather than intraspecific variation. It
remains uncertain whether either specimen belongs to Xinjiangtitan shanshanesis, as no dental
material has been preserved for that taxon (Wu et al. 2013; Zhang et al. 2020). Collectively, these
dental morphological differences suggest the coexistence of at least two sauropod species within
the Qigu Formation.

New dental anatomy of mamenchisaurids

Research on mamenchisaurid teeth has primarily focused on their external morphology, as
demonstrated by previous studies (Pi et al. 1996; Russell and Zheng 1993; Zhang et al. 1998; Ye et
al. 2001; Ouyang and Ye 2002; Suteethorn et al. 2013; Averianov et al. 2019; Moore et al. 2023).
In contrast, the internal anatomy, including the histology of the lingual ridge and lingual boss, the
distribution of enamel thickness, and the three-dimensional structure of the pulp cavity, have
received little attention. This study aims to address this gap by using high-resolution non-
destructive Micro-CT imaging to provide the first comprehensive analysis of these internal features.

An apicobasal ridge within the lingual concavity is considered plesiomorphic for sauropods
(Upchurch 1998; Barrett et al. 2002), and is mainly found in clades characterized by broad,
spatulate crowns, such as Mamenchisauridae (Moore et al. 2023). This ridge may be homologous
with the mesiodistally convex lingual surface present on the crowns of numerous diplodocoids and
somphospondylans (Upchurch 1998; Upchurch et al. 2004). Despite the widespread presence of
this feature in sauropods, its histological structure remains poorly known. Analysis of high-
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resolution micro-CT data from PMOL-ADt0009 reveals that the lingual ridge is formed by the
thickening of both enamel and dentine. Although the limited sample size precludes broad
generalisations, this observation provides direct evidence of the structural composition of the
lingual ridge and highlights the need for further histological investigations of sauropod teeth
exhibiting this feature.

A prominent distolingual boss has previously been considered a diagnostic feature of Euhelopus
(Wilson and Upchurch 2009). However, this morphological characteristic has also been reported in
Mamenchisaurus (Suteethorn et al. 2013; Moore et al. 2023) and in some isolated sauropod teeth
from the Late Jurassic to Early Cretaceous of China (Barrett & Wang, 2007; Amiot et al., 2010;
Upchurch et al. 2021; Zhang et al. 2024), Spain (Canudo et al. 2002), Thailand (Suteethorn et al.
2013), and Portugal (Mocho et al. 2017). Furthermore, the presence of this boss in Yongjinglong
remains uncertain (Li et al. 2014; Upchurch et al. 2021). Despite its taxonomic importance, the
internal structure of the boss has been poorly understood. Recent micro-CT studies by Zhang et al.
(2024) of a Euhelopus-like titanosauriform tooth from the Lower Cretaceous Yixian Formation
revealed that this feature results from an expansion of the dentine. Although the formation of the
boss in other lineages has yet to be verified, our cross-sectional analysis of PMOL-ADt0009
demonstrates that the boss in this mamenchisaurid tooth also forms through dentine thickenin. This
finding supports the conclusion that the lingual boss is determined by dentine expansion and is
possbily homologous, at least in some mamenchisaurids and the Euhelopus-like titanosauriform
(Zhang et al. 2024).

Asymmetrical enamel thickness on the labial and lingual sides of tooth crowns is linked to
herbivory in large-bodied dinosaurs (D’Emic et al. 2013) and is an apomorphy within sauropods
(Sereno and Wilson 2005). Basal taxa like Camarasaurus show plesiomorphically uniform enamel
thickness around the tooth circumference (Sereno and Wilson 2005; D'Emic et al. 2013), whereas
neosauropod Diplodocoidea, such as Nigersaurus and Diplodocus, exhibit pronounced labiolingual
asymmetry (Sereno et al. 2007; D’Emic et al. 2013). Zhang et al. (2024) recently reported similar
enamel asymmetry in an early-diverging titanosauriform from the Yixian Formation, suggesting
this trait is likely more widespread among sauropods than previously recognized. Micro-CT data
reveal that PMOL-ADt0009, also shows distinct labiolingual enamel asymmetry, characterized by
thicker labial enamel. This pattern likely represents a convergent evolutionary event independent
of that observed in some eusauropod diplodocoids and titanosauriforms. Similar enamel asymmetry
has independently evolved in ornithischian clades such as Iguanodontia and Ceratopsia (Norman
2004; You and Dodson 2004; Zhang et al. 2024), but it has not been reported in herbivorous or
omnivorous theropods.

As far as we know, the three-dimensional geometry of the pulp cavity in mamenchisaurids has
remained undescribed until now. Using high-resolution micro-CT data, this study quantifies the
internal structure for the first time. The pulp cavity is centrally positioned and closely matches the
external crown profile. Along the apicobasal axis, the cavity shows a distinct volumetric change:
the basal root canal is large and bulbous, whereas apically it narrows sharply due to severe
labiolingual compression, transitioning rapidly into a lamina that appears as a slender, tapered sliver,
similar to the condition observed in a Euhelopus-like titanosauriform tooth (Zhang et al. 2024).
Furthermore, the combined volume of enamel and dentine volume is approximately 45 times
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greater than that of the pulp cavity, confirming the tooth's solid composition and explaining its
mechanical strength.

Conclusions

This study reports a new isolated mamenchisaurid tooth (PMOL-ADt0009) from the Late Jurassic
Qigu Formation within the Turpan-Hami Basin. Morphological comparisons show that PMOL-
ADt0009 is a distinct morphotype, differing from the only known eusauropod tooth from the same
stratigraphic horizon. These differences suggest that sauropod diversity in the Qigu Formation has
been underestimated, indicating a more complex paleoecological landscape than previously
recognized. Additionally, this study provides the first three-dimensional reconstruction of
mamenchisaurid teeth, uncovering previously unknown internal structures. We show that the
lingual ridge forms from thickened enamel and dentine, the lingual boss is supported by substantial
dentine, and the pulp cavity shows a distinct "bulbous-to-laminar" transition. The identification of
labiolingual enamel asymmetry (labial > lingual) in the apical crown reveals a functional
convergence with derived neosauropods. Together, these findings highlight the importance of
internal tooth anatomy in understanding eusauropod evolution.
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Figure captions
Figure 1. Geographic position of fossil locality (marked by a red star) in Qiketai Town, Shanshan County,

Xinjiang Uygur Autonomous Region, China.
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Figure 2. Mamenchisaurid tooth (PMOL-ADt0009) in labial (A, B), lingual (C, D), mesial (E, F), distal (G,
H), apical (I, J) and basal (K, L) views. Abbreviations: awf, apical wear facet; b, boss; c, cingulum; Ir,
lingual ridge; cx, cervix; dt, denticle; d lag, distal labial groove; dIf, distolingual facet; dwf, distal wear facet;
es, enamel spalling; mlf, mesiolingual facet; mwf, mesial wear facet; pc, pulp cavity; ro, root; se, smooth
enamel; we, wrinkled enamel.
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Figure 3. Mamenchisaurid tooth (PMOL-ADt0009). A. In lingual view; B. Detailed view of the mesial
marginal denticles with numbers 1-8 indicating individual denticles. Abbreviations: dt, denticle.




— ARPHA Preprints Author-formatted, not peer-reviewed document posted on 09/02/2026 DOI: https://doi.org/10.3897/arphapreprints.e188103

635  Figure 4. CT rendered images of the mamenchisaurid tooth (PMOL-ADt0009). A. Tooth in lingual view
636  with selected cross-sections (B—I). Abbreviations: b, boss; de, dentine; en, enamel; f, fissure/fracture; lab,
637 labial; lin, lingual; Ir, lingual ridge; pc, pulp cavity.
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640  Figure S. Three-dimensional analysis of enamel wall thickness in the mamenchisaurid tooth (PMOL-
641  ADt0009) in lingual (A), mesial (B) , labial (C), and distal (D) views.
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644  Figure 6. Semi-transparent CT rendered images of the mamenchisaurid tooth (PMOL-ADt0009) with pulp
645  cavity highlighted in lingual (A), mesial (B), labial (C), and distal (D) views. Abbreviations: rc, root canal;
646  pc, pulp chamber.
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649  Table 1. Morphometric (in mm) data of mamenchisaurid tooth (PMOL-ADt0009).
650

[tems PMOL-ADt0009

Total length 46.21

Crown height 34.10

Maximum mesiodistal crown length 16.78

Maximum labiolingual crown width 13.02

Root height 12.11

Mesiodistal width of tooth crown at its base 14.32
Slenderness index 2.03
Compression index 0.80
Expansion index 1.17

651



