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ABSTRACT ARTICLE HISTORY
Well-preserved dinosaur eggs from the Cretaceous Huizhou Formation in the Xiuning Basin, Anhui Province, Received 20 May 2017
China, are analysed in this paper. We describe a new oospecies, Similifaveoloolithus giyunshanensis, based ~ Accepted 3 July 2017
on several distinct characters of external morphology, size, eggshell thickness, and internal microstructure. KEYWORDS

Radial sections of this new oospecies show branched eggshell units with a fused layer near the outer
surface, while numerous irregular pores and cones constitute a honeycomb pattern in tangential sections.
The discovery of S. giyunshanensis expands the distribution of Similifaveoloolithidae dinosaur eggs in China
and provides new fossils for researching dinosaur eggshell formation mechanisms which are different from
those of the currently known oofamilies. The dinosaur-egg-bearing strata in the Huizhou Formation have
been dated to the early Late Cretaceous (Cenomanian-Turonian) on the basis of a similar dinosaur egg
assemblage in the Tiantai Basin in Zhejiang Province. The eggs described in this paper are thought to have
been laid in a buried nest while enrichment of trace elements in eggshells may have been caused by their
ingestion into the body of the dinosaur producer. We suggest that the paleoclimate of this habitat was
semi-arid to arid and that this environment was favourable for the preservation of eggs.
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Introduction

More than 200 dinosaur egg and eggshell localities have been
reported from Upper Jurassic to Upper Cretaceous continental
sediments in Mongolia, Korea, India, North America, South
America, Europe, African, and China although none are known
as yet from Antarctica and Oceania (Carpenter & Alf 1994;
Vianey-Liaud & Lopez-Martinez 1997; Mohabey 1998; Grellet-
Tinner et al. 2004, 2006; Agnolin et al. 2012). The earliest records
of these kinds of egg fossils to be described were fragments from
Southern France that were noted by Jean-Jacques Pouech in 1859
(Buffetaut & Le Loeuff 1994). Recent scientific attention on dino-
saur eggs has been focused mostly on morphology and taxonomy
(Buckman1859; Grigorescu et al. 2010; Sellés et al. 2013; Tanaka
etal. 2016), paleoethology (Grellet-Tinner et al. 2006; Liang et al.
2009), geochemistry and paleoenvironments (Sarkar et al. 1991;
Zhao et al. 2002; Kim et al. 2009; Bojar et al. 2010; Montanari
et al. 2013; Riera et al. 2013), biostratigraphy and biochronol-
ogy (Garcia & Vianey-Liaud 2001; Li et al. 2009; Chassagne-
Manoukian et al. 2013), and taphonomy (Jackson et al. 2013).
Dinosaur eggs and eggshell fragments are numerous and
widely distributed in Cretaceous continental depositional basins
across China. At present, 14 oofamilies, 33 oogenera, and 70
oospecies have been described (Jin et al. 2013; Wang, Huang,
et al. 2013; Zhang et al. 2014; Zhao et al. 2015; Hao et al. 2016;
Xie et al. 2016), including large numbers of fossil eggs from

the Laiyang Basin in Shandong Province, the Nanxiong and
Heyuan basins in Guangdong Province, the Xixia Basin in
Henan Province, and the Tiantai Basin in Zhejiang Province
(Zhao & Jiang 1974; Zhao et al. 2002; Li et al. 2009; Tanaka et al.
2012; Wang, Zhao, et al. 2013). Although Cretaceous deposits
within the Xiuning Basin have recently been recognised as fos-
siliferous and have yielded abundant dinosaur eggs, systematic
descriptions of these fossils are in their infancy compared to
other parts of China. Nevertheless, since the late 1990s, a number
of oospecies have been reported, including ?Ovaloolithus wei-
qiaoensis, Parafaveoolithus xiuningensis, and Wannanoolithus
huangshanensis (Yu 1998; Wang et al. 2013). The first of these
has been considered of uncertain status due to the lack of micro-
structural images (Zhao et al. 2015), while detailed taxonomic
analyses have yet to be carried out for the other two oospecies.
Recently, Zhangwei and Huyi discovered new dinosaur eggs
close to the northern border of Qiyunshan district within the
Xiuning Basin (Figure 1) which provide further materials on
which to base conclusions about geological age. In this paper, we
provide the first description of these dinosaur eggs and present
a preliminary discussion of biostratigraphy, paleoethology, and
paleoenvironment.

Institutional and location abbreviations: QYSM, Qiyunshan
Geological Museum, Anhui, China; IVPP, Institute of Vertebrate
Paleontology and Paleoanthropology, Chinese Academy of
Sciences, Beijing, China; PLM, polarised light microscope.

CONTACT Qing He @ heqingzjb@163.com
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Figure 1. Map showing the location of Similifaveoloolithid eggs in Qiyunshan area, Anhui Province, China. Source: Modified from Xing et al. 2014.

Geological setting

The dinosaur-egg-bearing site discussed in this paper lies on the
margin of the Qiyunshan scenic area, Xiuning County, within the
city of Huangshan in Anhui Province in the northwestern region
of the Cretaceous Xiuning Basin. Regional geological survey
results suggest that the Xiuning Basin is a typical small Mesozoic
intermontane basin in eastern China that is bounded by a series
of northeast (NE) and north-northeast (NNE) trending faults (Yu
& Wang 2001). Typical Danxia landforms characterised by differ-
ent peaks in southeastern China as well as Cretaceous-aged red
beds are well-developed within the Qiyunshan syncline struc-
ture of the Xiuning Basin and are divided into three ascending
stratigraphic units, the Huizhou, Qiyunshan, and Xiaoyan for-
mations. These rocks are overlain by Mesoproterozoic strata and
underlain by Quaternary deposits (No. 322 Geological Team,
Bureau of Geology & Mineral Exploration of Anhui Province
2001). Field work has shown that most of the outcrops con-
taining dinosaur remains are associated with the Xiaoyan and
Huizhou formations, while skeletons of the pachycephalosaur
Wannanosaurus yansiensis as well as theropod tracks referred to
Paracorpulentapus zhangsanfengi have been collected from the
upper part of the Xiaoyan Formation (Yu 1998; Butler & Zhao
2009; Xing et al. 2014).

Outcrops of the Huizhou Formation are the main constituents
of the Xiuning Mesozoic red bed Basin, which is approximately
785 m thick and is characterised by red sandstones, mudstones,
and conglomerates that contain diverse assemblages of dinosaur
bones, tracks, and eggs. The Huizhou Formation is further divided
into lower and upper members; of these, the upper member is a
cyclic sequence composed of purple and thick layers of sandstone
and siltstones with interlayers of silty mudstones that reaches a
maximum thickness of 371.4 m, while the lower member is a
sedimentary sequence comprised of red conglomerates and silty
mudstones mixed with lithic sandstones and siltstones that has a
total thickness of 413.2 m. The dinosaur bone site for Xiuningpus

xintanensis occurs in a bentonite layer towards the lowermost
part of the basal member, while known Shangshangen footprints
are preserved in a thin-layered mudstone unit, located strati-
graphically in the upper part of the upper member (Yu 1998). The
purple-red lithic sandstone from the upper part of upper member
has yielded the majority of egg fossils including ?Ovaloolithus
weigiaoensis as well as new material of Parafaveoolithus xiunin-
gensis and Wannanoolithus huangshanensis (Ya 1999; No. 322
Geological Team, Bureau of Geology & Mineral Exploration of
Anhui Province 2001). The newly discovered dinosaur egg sites
reported here are exposed in fine grained reddish and thick-
ly-bedded sandstone layers in the uppermost part of the upper
member of the Huizhou Formation (Figure 2).

Materials and methods

In order to prevent weathering, all the dinosaur eggs reported
in this paper are housed in the QYSM. A total of ca. 20 eggshell
fragments were collected from three of the best-preserved eggs
(QYSM-1, QYSM-2, QYSM-3) during field investigations, and
four or five fragments from each were examined in this study.
Laboratory preparation and microstructural observations were
performed at the IVPP; preparation work included cleaning sam-
ples with hydroxide peroxide in an ultrasonic bath and drying
in a heating chamber at 50° which made it simple to remove the
loose sediment from the fragments with a small needle. Least
weathered eggshells were then selected for examination; egg-
shell thickness was measured multiple times from thin section
images, and samples were embedded in EXAKT Technovit 7200
one-component resin and cut with an EXAKT 300CP automatic
microtome. Radial and tangential sections were then prepared
by grinding and polishing to a thickness of approximately 40 um
using an EXAKT 400CP variable speed grinder-polisher with
P1200 and P4000 abrasive paper. Sections were viewed under
normal and polarized light using a Zeiss Axio Imager A2 PLM.
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Figure 2. Stratigraphic section of the Cretaceous strata in the Xiuning Basin with the position of the eggs described herein (emended from Yu & Wang 2001; Xing et al.
2014).

50 mm
Figure 3. Holotype of Similifaveoloolithus giyunshanensis oosp. nov.
Note: (A) A clutch containing about 10 eggs; (B) Holotype of QYSM-1.
Three tangential sections were selected for observations; All egg- Oogenus. Similifaveoloolithus Wang, Zhao, Wang et Jiang,
shell thin sections are catalogued at IVPP and were identified 2011
using the parataxonomy outlined by Zhao et al. (2015). Oospecies. Similifaveoloolithus giyunshanensis oosp. nov.
(Figure 3, 4)

Etymology. ‘Qiyunshan’ for the dinosaur egg locality within
the Xiuning Basin, Anhui Province, China.
Oofamily. Similifaveoloolithidae Wang, Zhao, Wang et Jiang, Holotype. A nest composed of ca. ten eggs, of which three
2011 are relatively complete (QYSM-1, QYSM-2, QYSM-3) as well as

Systematic paleontology
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Figure 4. Eggshell microstructure of Similifaveoloolithus giyunshanensis.

B a, DT
100 pm

200 pm

200 um

Notes: (A) Radial section through the eggshell under PLM, showing irregular pore channels and cones. Red arrows point to the situation of pore channels, while white point to cones; (B) Radial
section through the eggshell under PLM, showing branched eggshell units. (C) honeycomb structure of the whole eggshell in the middle part of tangential section; (D) tangential section near the
outer surface of eggshell, showing the fused eggshell units and the irregular pores. Red arrows point to the situation of pores; (E) tangential section through the middle part of eggshell, showing
interconnected eggshell units and connected pores. Red arrows point to the situation of pores; (F) tangential section near the inner surface of eggshell, showing isolated eggshell units and tightly

arranged cones. Red arrows point to the situation of cones.

seven broken eggs, all preserved in QYSM (Figure 3). QYSM-1 is
the most complete egg while QYSM-2 and QYSM-3 are exposed
just in part.

Type locality and horizon. The uppermost section of the
upper member of the Huizhou Formation, Late Cretaceous,
Qiyunshan Town, Xiuning County, Anhui Province, China.

Diagnosis. The eggshell is composed of columnar, or asym-
metric, branched units that are irregular in shape in radial sec-
tion. Eggshell units are tightly fused near the outer surface of
the eggshell, and the pore canals are extremely numerous and
irregular, forming a honeycomb organisation when viewed tan-
gential section from the middle of shell (Figure 4).

Description. All eggs are sub-ellipsoidal and are irregularly
arranged in the nest. The polar axis and equatorial diameter of
QYSM-1 are 135 and 96 mm, respectively, while measurements
of QYSM-2 and QYSM-3 could not be accurately performed

Table 1. Measurements of Similifaveoloolithus giyunshanensis oosp. nov.

Equatorial diameter

Egg number Polar axis (mm) (mm) Shape index
QYSM-1 135 96 711
QYSM-2 110+ 83+ 754
QYSM-3 109+ 75+ 68.8

(Table 1). Eggshell thicknesses range between 0.74 and 0.97 mm
(average: 0.86 mm), and the outer surfaces of eggshells exhibit
short surface ornaments or protuberances, as well as an abun-
dance of pore canals.

Eggshells comprise a single structural layer in radial section
and reticular units are invisible. Polygonal, or circular, cones
on the inner surface of eggshells exhibit a red layered structure
under PLM, separated by surrounding canal openings. The
units in the mid-lower portions of the shell are columnar or
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Figure 5. A line drawing shows the distinctions of eggshell units in radial section among Similifaveoloolithidae, Faveoloolithidae, Dendroolithidae, and Dictyoolithidae.
Notes: (A) Similifaveoloolithidae, showing a single structural layer without ‘reticular’ shell units; (B) Faveoloolithidae, (C) Dendroolithidae, (D) Dityoolithidae, showing relatively irregular ‘reticular’

eggshell units.

have few branches above cones; large and irregular pore chan-
nels between eggshell units are well-developed, ranging between
79 and 247 um in width. These canals would have enabled the
exchange of gases and water vapor through shell. Most observed
pore canals are closed off and the shell units are tightly arranged
forming a fused layer beneath the outer surface. The height of
this fused layer ranges between one fifth and one sixth of the
total eggshell thickness.

Tangential sections of eggshell units reveal honeycomb-like
structures with large and rimiform pore canals, which vary con-
siderably in shape. Adjacent to the inner surface, eggshell units
are divided by irregular pore canals that exhibit sinuous tubes
connections between them; compared to the pores, the cones
(calcite nuclei) of eggshells can be recognised; the geometry and
size of these structures are different from one another, as most are
subspherical with diameters between 0.05 and 0.23 mm (average:
0.14 mm) and there are about 34 cones per square millimetre.
Through the middle part of the eggshell, neighbouring pores

coalesce into larger and branching structures that have variable
diameters along the pore length (between 0.04 and 0.55 mm at an
average of nine pores /mm?). In the upper portion of the eggshell,
most eggshell unit branches fuse with adjacent ones and a large
number of pores are closed, which means that both the number
and diameter of these structures decreases significantly. Pore
diameters vary between 0.02 and 0.20 mm and are subcircular
or triangular in shape. Calculated pore density is 6 pores/mm?

Comparison. The QYSM eggs we studied are ellipsoid in
shape and exhibit eggshell microstructures comprising one
irregular layer unit that is different from other oofamilies,
including Macroelongatoolithidae, Elongatoolithidae, and
Prismatoolithidae which all contain regular units of two lay-
ers including an upper columnar and lower mammillary layers
(Tanaka etal. 2011; Wang Q et al. 2012). Numerous irregular pore
canals and branched eggshell units are developed in the QYSM
fossils, features that differ significantly from Ovaloolithidae,
Megaloolithidae, Spheroolithidae, and Stalicoolithidae, but
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resemble Faveoloolithidae, Dendroolithidae, and Dictyoolithidae
(Zhao et al. 2015).

The QYSM eggshells most closely resemble those of
Faveoloolithidae, although comprising a single shell unit in radial
section that lacks reticular units of irregular shape. Although all
of these shells are remarkable for their honeycomb-like struc-
ture in tangential section, the QYSM specimens exhibit more
irregular and rimiform pore canals which connect to each other
forming curved shape. A further significant difference between
these shells is that the thickness of the new shells is thinner
than known eggs referred to Faveoloolithidae, and compared to
Dendroolithidae and Dictyoolithidae, branching eggshell units
and compact layer near the outer surface in radial section are also
developed. Dendritic and reticulate eggshell units are not seen
in the QYSM eggshell (Figure 5); on the basis of macrostructure,
microstructures, and nesting characteristics, these eggs can be
assigned with confidence to Similifaveoloolithidae (Wang et al.
2011).

At the moment, just one oogenus, Similifaveoloolithus, has
been referred to Similifaveoloolithidae and their characteristics
are consistent. Two oospecies, S. shuangtangensis and S. gong-
zhulingensis, were erected by Wang (2011, 2013); the Qiyunshan
specimens share several characteristics with the typical oospecies
S. shuangtangensis from the Chichengshan Formation in Zhejiang
Province, including the presence of extremely numerous irreg-
ular pores, and irregular branched eggshell units. However, the
QYSM eggs also exhibit some traits that distinguish them from
S. shuangtangensis; these eggshells are thinner than those of S.
shuangtangensis which range between 1.05 and 1.20 mm, and
the compact layer near to the outer surface of the eggshell is
also thinner in these new shells. Cones near the inner surface of
the Qiyunshan eggshell in tangential view, as well as columnar
eggshell units in radial views, are better developed compared
with the S. shuangtangensis specimens. In addition, the difference
between these eggs and S. gongzhulingensis is also remarkable
in terms of eggshell thickness (between 1.40 and 1.70 mm in S.
gongzhulingensis), radial section microstructure, and the fused
eggshell units beneath the outer surface of the shell. The QYSM
eggs are also easily distinguished from other oospecies in general
external shape and size; thus, these specimens are referred to the
new oospecies, Similifaveoloolithus qiyunshanensis.

Discussion. Dinosaur eggshells are classified into a num-
ber of relatively primitive ootaxa including dictyoolithids,
faveoloolithids, dendroolithids, as well as relatively advanced
ootaxa including elongatoolithids and prismatoolithids (Zhao
1993). Primitive examples exhibit complete extinction patterns
including reticular eggshell units and well-developed pore canals,
whereas the latter have some similarities with extant crocodil-
ians and avians based on their non-reticular eggshell units and
narrow pore canals (Zhao et al. 2015). Similifaveoloolithidae
has well-developed pore canals, but no reticular eggshell units
under PLM. Therefore, it is very important in the process of
the evolution of dinosaur eggs. Similifaveoloolithidae is a new
oofamily worldwide only reported in Zhejiang and Jilin Province,
China. So Similifaveoloolithus giyunshanensis reported here is the
first record in Anhui Province, China. These fossils expand our
knowledge of the diversity of Cretaceous egg fossils in Southern
Anhui and China, but also provide new fossils for the study of
dinosaur eggshell formation mechanism.

The age of the QYSM egg-bearing sediments remains con-
troversial because of the lack of chronostratigraphic data for
the Huizhou Formation in the Xiuning Basin. A 1:50,000 scale
regional geological survey of Jurassic-Cretaceous rocks within
the Xiuning Basin of the Huangshan area shows that these sed-
iments belong to the late Early Cretaceous. Yu (1998) studied
the fossil-bearing red deposits of the Huizhou Formation and
divided them into two periods such that the lower part belongs to
the late Early Cretaceous while the upper part belongs to the early
Late Cretaceous. Recently, Ren et al. (2016) considered that the
late Early Cretaceous Xintan Formation should be re-established
as the result of a regional geological survey in the Tunxi-Xiuning
area, and that the overlying strata Huizhou Formation should be
re-assigned to the early Late Cretaceous.

The ages of 90% of the known dinosaur-egg-bearing lay-
ers are predominantly restricted to Cretaceous deposits (Paik
et al. 2012), besides occurrences in the Late Triassic in South
America (Bonaparte & Vince 1979) as well as the Jurassic in
America, Europe, India, and South America (Hirsch et al. 1989;
Weishampel et al. 2004). In China, all the 41 known dinosaur
egg sites have been found in Cretaceous strata, with just three
localities known from the Early Cretaceous (Zhao & Zhao 1999;
Wang et al. 2015; Zhao et al. 2015; Xie et al. 2016). Thus, eggs and
eggshell fragments provide reliable biochronological markers for
both the division and correlation of Cretaceous continental red
beds while others are relatively less important; eggs and eggshells
occur at great abundance, have great variety, excellent preserva-
tion, a wide distribution, and have a large stratigraphic coverage
(Vianey-Liaud et al. 1994; Garcia & Vianey-Liaud 2001; He et
al. 2013). In other words, confirming the kind of dinosaur eggs
and their associated faunas within the Qiyunshan area of the
Xiuning Basin will help us to ascertain their age and resolve the
controversy of the Huizhou Formation.

On the basis of preliminary statistics, we know that
the Xiuning Basin is currently dominated by two oofam-
ilies (i.e. Faveoloolithidae: Parafaveoolithus xiuningensis;
Similifaveoloolithidae: ~ Similifaveoloolithus — giyunshanensis)
which both have well-developed pore canals, as well as shells
referred to as incertae sedis (i.e. Wannanoolithus huangshanensis
and ?Ovaloolithus weigiaoensis) (Yu 1998; Wang, Huang, et al.
2013). Thus, compared to other dinosaur egg assemblages from
major Chinese basins that exhibit great diversity and abundance,
including the Laiyang, Nanxiong, Xixia, and Tiantai basins (Zhao
& Jiang 1974; Zhao et al. 2002; Li et al. 2009; Wang et al. 2010),
the dinosaur egg fauna from the Xiuning Basin most closely
resembles that from the Tiantai Basin which is dominated by
Faveoloolithidae, Dictyoolithidae, and Spheroolithidae, but lack-
ing Ovaloolithidae (Fang et al. 2000, 2003; Wang et al. 2011;
Wang, Zhao, et al. 2013; Barta et al. 2014). The Tiantai dinosaur
egg fauna is early Late Cretaceous in age (Jiang et al. 2011), while
SIMS zircon U-Pb ages from the dinosaur egg-bearing deposits
of the Laijjia and Chichengshan formations within the Tiantai
Basin range in age between 96 and 99 Ma (Cenomanian) and
91 and 94 Ma (Turonian) (He et al. 2013), consistent with the
preliminary time framework for the dinosaur egg strata from
the Tiantai, Laiyang, Xixia, and Nanxiong basins (Wang XL et al.
2012). There is therefore a strong possibility that the geological
age of the dinosaur egg-bearing strata within the Xiuning Basin
is early Late Cretaceous (Ren et al. 2016).



Table 2. The content of elements in the dinosaur eggshells.
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Macroelements

Trace elements

Content (10~° g/g) 1072 g/g
Sample Ca Na Mg K Fe Al Sr As Pb Mn Cr La U Ir
Eggshells 56,798.8  1501.6  5452.7 4790.5 53142 97952  6526.9 1163 121 1313.0 105 9.0 1.1 41.6
Surrounding rocks 10,978.2 72958  6209.1 23,934.8 27,053 46,555 305.5 62 14.9 4927 352 183 1.8 2304

Note: The content of elements is the average of QYSM-1, QYSM-2 and QYSM-3.

Paleoethology and paleoenvironment

The nesting environments of Cretaceous dinosaurs globally come
from a range of diverse depositional conditions encompassing
inland to littoral areas although the major habitat comprised
inland floodplains and alluvial fans (Paik et al. 2004; Diaz-Molina
et al. 2007). The absence of marine fossils in the Xiuning Basin
indicates a continental origin while the lithological features of
Qiyunshan dinosaur-egg-bearing units are dominated by fine-
grained lithic sandstones interbedded with silty mudstones,
interpreted as a small fan delta-deep lacustrine deposit (Yu &
Wang 2001). The absence of significant lithological changes
from egg-bearing sediments to overlying layers mirrors the fact
that dinosaurs preferred stable sedimentary environments for
nesting.

The nesting behaviour of dinosaurs contributes to the pres-
ervation of their eggs. The spatial arrangement of eggs can be
classified into four modes, radial, irregular, multi-bed parallel,
and cross-parallel (Zhou et al. 2001). Similifaveoloolithus qiyun-
shanensis eggs are arranged irregularly based on cross modes
and the diverse distance between eggs between 5 and 44 cm.
All of these examples are characterised by developed pores, the
channels for material exchange between buried nests and outer
spaces, while the highest pore density of tangential sections is ca.
15 per square millimeter. Because of their irregular arrangement
and the highly porous nature of eggs, it is highly probable that
the Qiyunshan dinosaurs laid their eggs in buried nests during
incubation represented by Spheroolithidae and Faveoloolithidae
(Zhao 1979). These fossils occur commonly in sandstones or
silty mudstone layers in close accord with Sanlimiao eggs from
the Xixia Basin (Liang et al. 2009). In general, the ways that eggs
are buried in nests within fine-grained sediments as autochtho-
nous type (Liang et al. 2009; Paik et al. 2012). According to this
observation, the integrity of eggs was partly maintained and egg
bodies were destroyed in some degree. For example, the absence
of surrounding rock and eggshell on the right side of the QYSM-1
is obvious (Figure 3). It is assumed that Qiyunshan dinosaur eggs
were outcropped by weathering for a period of time.

In order to understand the living environment of dinosaur
fauna and the reason of hatchability reduction, the content of
the main and trace elements of Qiyunshan eggshell and sur-
rounding rock samples were analysed by Inductively Coupled
Plasma-Mass Spectrometry (ICP-MS) in modern testing centre
of Anhui University. For the sake of avoiding secondary altera-
tions influence on the original chemical composition of eggshell,
the eggshell debris which is not filled with secondary calcite is
tested. In addition, there are no recrystallization and diagenetic
alteration under PLM. So the experimental content of the egg-
shell is the true composition of Qiyunshan dinosaur eggshells.

Results reveal that the eggshell mainly consists of macroele-
ments such as Ca, Na, Mg, K, Fe, Al and other trace elements
such as Sr, As, Pb, Mn, Cr, La, U, Ir (Table 2). Trace elementary
combinations are featured by high Sr and Ir (6,526.9 x 107 g/g,
and average 41.6 x 107'? g/g respectively), and other harmful
elements such as As, Pb, Mn, Cr, etc. Especially, the content of
Ir is relatively high compared with most of the CGN section of
Nanxiong Basin (Zhao et al. 2009), and obviously higher than
that of Xixia Basin (average 9.3 x 10712 g/g, respectively) (Wang et
al. 2015). It is speculated that excess of trace elements in eggshells
were caused by the ingestion of them into the dinosaur body, and
then into the eggs (Zhao et al. 2002, 2009; Zhang & Pei 2004).
However, the high concentration of trace elements has no effect
on the eggshell structure in the light of eggshell microstructure
characteristics of QYSM eggs. On the other hand, deficiency of
organic elements (such as C, N, P, S) and trace elements (such
as La, U) may be related to the low content of organic matter of
sedimentary environment, which conform to the conclusion that
high organic content resulting in low pH is a negative factor for
the preservation of eggs (Paik et al. 2012). The content of essential
elements Fe reaches up to 5314.2 x 107 g/g, indicating the pale-
oclimate of the nesting site was semi-arid to arid during the Late
Cretaceous that is unfavorable to the dinosaur diversity (Zhao
etal. 2013). The semi-arid to arid paleoclimate is also the cause
of the formation of intermittent flood which results in alluvial
fan floodplains. Repeated flooding events can be a positive con-
dition for the rapid burial and preservation of eggs. Meanwhile,
compared with ordinary sedimentary rock, the sharp increase of
Fe in eggshell debris and surrounding rocks are directly related
to the Cretaceous red bed and the typical Danxia landforms of
Southeast China.

Conclusions

(1) The QYSM dinosaur eggs from the Xiuning Basin,
China, are assigned here to the new oospecies
Similifaveoloolithus qiyunshanensis because of their
ellipsoidal shape, relatively thinner eggshell thickness
(between 0.74 and 0.97 mm), columnar eggshell units
with a compact layer near the outer surface, and the
majority of irregular pores and cones in tangential
sections.

(2) The Xiuning Basin dinosaur egg fauna repre-
sents two oofamilies (Similifaveoloolithidae and
Faveoloolithidae) and resembles those found in the
Tiantai Basin. The age of QYSM fossil-bearing strata
could be the early Late Cretaceous on the basis of
reliable isotopic ages from the Tiantai Basin, which
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corresponds to the newly regional geological survey
results in the Tunxi-Xiuning area (Ren et al. 2016).

(3) The QYSM eggs could be speculated laid via burial
nesting on the basis of the spatial arrangement and
the highly porous nature of eggs, and the lithological
features. The high concentration of trace elements in
eggshells may have been caused by receiving polluted
diets during the life of dinosaurs, and the habitat was
dominated by a semi-arid to arid climate in the early
Late Cretaceous of the Xiuning Basin.
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