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Parafaveoloolithus is an oogenus within Faveoloolithidae, comprising oospecies with uncertain parataxonomic status 
due to ambiguous microstructures. The revision of problematic taxonomy and the identification of new materials in 
Parafaveoloolithus can make the classification of Parafaveoloolithus more accurate. Here, we described a new clutch 
containing 13 dinosaur eggs from the Upper Cretaceous Zhaoying Formation in the Xixia Basin, Henan Province, 
China by macroscopic measurement and microscopic observation (PLM, CL and SEM). Compared with other oogen-
era of Faveoloolithidae, these specimens could be assigned to Parafaveoloolithus based on the subspherical shape, 
columnar eggshell units and partially developed secondary eggshell units. A new oospecies of Parafaveoloolithus, 
Parafaveoloolithus xixiaensis, was further erected on the basis of the subspherical shape (average 84 in shape index), 
small size (average 132.4 mm in length and 111.3 mm in width), the parallelly arranged slender eggshell units with a 
width of 0.05–0.11 mm and wide pore canals with a width of 0.10–0.23 mm in the radial sections, as well as the honey-
comb-like structure in the tangential sections. Radial sections of P. xixiaensis oosp. nov. show a single structural layer 
composed of columnar eggshell units and straight pore canals; some secondary eggshell units are present in the radial 
sections. The parataxonomy of Parafaveoloolithus guoqingsiensis is revised to Propagoolithus guoqingsiensis based on 
the branched eggshell unit and smaller pores near the outer surface of the radial section, and the smaller eggshell thick-
ness. Duovallumoolithus is considered an invalid oogenus in Faveoloolithidae, and Duovallumoolithus shangdanensis is 
assigned to the new combination Parafaveoloolithus shangdanensis. The geographic distribution of Faveoloolithidae is 
mainly restricted to China, Mongolia and South Korea of East Asia, and P. xixiaensis oosp. nov. provides new material 
and a complete clutch of Parafaveoloolithus. The assignment of Parafaveoloolithus provides important references for 
the study of parataxonomy, geographical distribution and clutch structure in Faveoloolithidae.
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Introduction
Faveoloolithidae is one of the dinosaur egg ootaxa charac-
terized by a subspherical morphotype and a developed pore 
system (Zhao and Ding 1976; Grellet-Tinner et al. 2012). 

Six oogenera (Faveoloolithus, Parafaveoloolithus, Hemi­
faveoloolithus, Propagoolithus, Hormoolithus, and Duoval­
lumoolithus) with honeycomb microstructures have been as-
signed to Faveoloolithidae (Zhao and Ding 1976; Zhao et al. 
2015; Zheng et al. 2018; Kim et al. 2019; Wang et al. 2022). 
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However, taxonomic issues persist within Faveoloolithidae 
because of the complex three-dimensional microstructure 
and the great variability in their tangential and radial sec-
tions. For example, Duovallumoolithus has been erected 
based on the developed interspaces between two eggshell 
units and the relatively closely arranged eggshell units, de-
spite having remarkable similarities with Parafaveoloolithus 
(Zhao et al. 2015; Zheng et al. 2018). The microstructure of 
Parafaveoloolithus guoqingsiensis is similar to that of Pro­
pagoolithus in having smaller pore canals towards the outer 
surface of the eggshell (Fang et al. 2000; Wang et al. 2011; Kim 
et al. 2019). At the same time, the geographic distributions of 
these faveoloolithid eggs have not yet been comprehensively 
summarized. Therefore, a detailed comparison, taxonomic 
review and geographic distributions in faveoloolithid eggs are 
necessary, with particular focus on Parafaveoloolithus.

Henan Province is one of the richest fossil localities char-
acterized by abundant ootaxa with a wide geographic distri-
bution in China (Zhao 1979; Zhao and Zhao 1998; Zhou et 
al. 1999; Liang et al. 2009). More than ten Cretaceous basins, 
such as Xixia Basin, Xichuan Basin, Xiaguan-Gaoqiu Basin 

and Wulichuan Basin, are reported to preserve dinosaur eggs 
and bones (Zhou et al. 2001b; Wang et al. 2008). Although 
the Xixia Basin is the largest egg hosting site with abundant 
oospecies represented by thousands of dinosaur eggs assigned 
to 10 oofamilies, 16 oogenera and 22 oospecies (Zhou et al. 
2001a; Wang et al. 2008, 2012; He et al. 2019, 2020), there 
are only two known oospecies of Faveoloolithidae contain-
ing Faveoloolithus oosp. and Parafaveoloolithus xipingensis 
recorded in the Xixia Basin, which are preserved as single 
egg and broken eggshells (Fang et al. 1998; Zhou et al. 2001a; 
Zhang 2010; Zhao et al. 2015). Recently, we discovered a new 
complete egg clutch of Parafaveoloolithus in the Sanlimiao 
district, Danshui Town, Xixia County, Henan Province 
within the Xixia Basin (Fig. 1A), and their microstructures 
are different from the known Parafaveoloolithus in faveolo-
olithid eggs. Here, we describe the new Parafaveoloolithus 
eggs with PLM, CL, and SEM images, make a parataxo-
nomic revision of Parafaveoloolithus, and further provide a 
taxonomic review, geographic distribution and clutch struc-
ture comparison of Faveoloolithidae in East Asia based on 
the new parataxonomy.
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Fig. 1. A. Geographical location of the newly discovered dinosaur eggs (red 
asterisk) in the Upper Cretaceous rocks of Xixia County, Henan Province, 
China. B. Lithology of the Upper Cretaceous formations in the Xixia Basin 
showing the stratigraphic position of the dinosaur eggs described herein.
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Institutional abbreviations.—GMC, Geological Museum 
of China, Beijing, China; GSW, Shaanxi Nature Museum, 
Xian, Shaanxi Province, China; IVPP, Institute of Vertebrate 
Paleontology and Paleoanthropology, Chinese Academy of 
Sciences, Beijing, China; SLGTJ-RJC, Bureau of Land and 
Resources of Shangluo, Shaanxi Province, China; TTM, 
Tiantai Museum, Taizhou, Zhengjiang Province, China; 
YJYM, Dinosaur Egg Fossil Museum of Xixia Dinosaur 
Relics Park, Xixia, Henan Province, China; SREE, School 
of Resources and Environmental Engineering, Anhui Uni
versity, Hefei, Anhui Province, China.

Other abbreviations.—CL, cathodoluminescence; PLM, 
polarized light microscope; SEM, scanning electron micro-
scope.

Nomenclatural acts.—This published work and the nomen-
clatural acts it contains have been registered in ZooBank: 
urn:lsid:zoobank.org:pub:714D4690-D1A6-46D7-A350-
7EDEFAADCE40.

Geological settings
The Xixia Basin is a typical Mesozoic continental sedi-
mentary basin located along the eastern side of the Qinling 
Orogenic Belt, which is distributed in the northwest direction 
with a length of approximately 100 km in the east-west di-
rection and an area of 518 km2 (Zhou et al. 1999; Wang et al. 
2008; Jia et al. 2020). A set of Upper Cretaceous fluvial sed-
iments was deposited over the Devonian Nanwan Formation 
in the Xixia Basin (Jia et al. 2020). At present, there are two 
schemes for stratigraphic division of Upper Cretaceous in the 
Xixia Basin. Zhao et al. (2015) and Fang et al. (2007a) divide 
the Upper Cretaceous strata into Zoumagang, Zhaoying and 
Liuyemiao formations in an ascending order, whereas Jia et 
al. (2020) and Zhou et al. (2001a) consider that the succes-
sion is composed of Gaogou, Majiacun, and Sigou formations 
from bottom to up. Since the latter classificatory scheme was 
mainly established in the Xichuan basin, adjacent to Xixia 
Basin (Wang et al. 2012; Zhao et al. 2015), we use the former 
division in this paper. The Zoumagang Formation is domi-
nated by the upper purplish gray thick-bedded conglomer-
ates interbedded with brown-red medium thick-bedded sand-
stones and argillaceous siltstones with a thickness of about 
840 m, and the lower purplish red fine siltstones interbedded 
with conglomerates with a thickness of about 211 m; the 
upper member of the Zoumagang Formation belongs to the 
Upper Cretaceous based on the lithology and fossils (Fang 
et al. 2007a, b; Wang et al. 2012). The Zhaoying Formation 
consists of the lower motley argillaceous siltstones, sand-
stones and mudstones and the upper reddish mudstones and 
sandstones with a thickness of  2120 m, while the Liuyemiao 
Formation is composed of the bottom pebbly sandstones, the 
lower gray-yellow thick sandstones interbedded with pur-
plish red thin argillaceous siltstones and mudstones, and the 

upper gray-white thick sandstones with purplish red peb-
bly sandstone interlayers, about 310 m in thickness (Fang 
et al. 2007a, b). The Zoumagang and Zhaoying formations 
yield lots of dinosaur eggs, such as Macroelongatoolithus 
xixiaensis (Li et al. 1995; Zhao et al. 2015; He et al. 2020), 
Prismatoolithus gebiensis (Fang et al. 2007a; Zhao et al. 
2015), Parafaveoloolithus xipingensis (Fang et al. 1998; Zhao 
et al. 2015), Pionoolithus quyuangangensis (He et al. 2019), 
Dendroolithus sanlimiaoensis?, D. furcatus?, and D. dendri­
ticus? (Fang et al. 1998; Zhao et al. 2015). The newly discov-
ered dinosaur eggs are preserved in the argillaceous siltstones 
from the Upper Cretaceous Zhaoying Formation in the Xixia 
Basin (Fig. 1B), which represents a typical fluvio-lacustrine 
environment with an arid climate (Fang et al. 1998). A number 
of invertebrate fossils (bivalves, gastropods, ostracodes, and 
spinicaudatans), plant fossils, ichnofossils, dinosaur bones 
and turtle egg fossils were also reported along with dinosaur 
eggs in the Zhaoying Formation (Fang et al. 2007a; Wang et 
al. 2008; Li et al. 2009).

Material and methods
A clutch containing 13 dinosaur eggs was discovered in 
the Upper Cretaceous Zhaoying Formation of Xixia Basin 
(Fig. 2). The single dinosaur eggs are numbered as YJYM-
01–13 and housed in YJYM. Eggshell fragments from each 
dinosaur egg in the clutch were analyzed because the weath-
ering process damaged the outer surface and the radial mi-
crostructures of the inner surface. Four or five eggshell 
fragments of each egg were collected and numbered based 
on the number of each egg. The loose surrounding rocks 
on the outer surface were eliminated using small needles. 
All eggshell fragments were cleaned using pure water in an 
ultrasonic bath for 10 minutes and then dried in a laundry 
dryer at the Geological Laboratory of SREE. Eggshell thick-

100 mm

Fig. 2. A clutch of dinosaur egg oospecies Parafaveoloolithus xixiaensis 
oosp. nov. YJYM-01–13 (each egg has unique repository number), from 
the Upper Cretaceous of the Xixia Basin, Henan Province, China.
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nesses were measured several times with vernier calipers 
and the average values were ultimately adopted. Each egg-
shell was embedded in Technovit 7200 one-component resin 
and one radial and two tangential sections per eggshell were 
cut by an EXAKT 300CP automatic microtome. Sections 
were finally ground and polished to about 35 μm and 45 μm 
thickness with an EXAKT 400CP variable speed grinder 
polisher and abrasive paper. All of the above processes were 
finished at IVPP. The 35 μm sections covered with covers-
lips and the 45 μm sections without any coverslips were then 
viewed and photographed with Olympus BX53 PLM and 
DELMIC CL, respectively, for the identification of micro-
structure and assess diagenesis. Some eggshell fragments 
were fractured to expose fresh sections without etching 
and were subsequently observed using a SEM (FlexSEM 
1000Ⅱ) at Anhui University to image the three-dimensional 
microstructure. Fragments were mounted on aluminum 
stubs with carbon tape and a heated tungsten filament was 
used to generate and accelerate electrons at a beam current 
of 100 μA, a voltage of 20 kV, and a working distance of 
5 mm. SEM images were acquired in backscattered electron 
(BSE) mode. Radial and tangential sections with complete 
microstructures were labeled as X13-01–05 and selected for 
systematic paleontological description and comparison at 
SREE. The pore density is defined by the number of pores 
per square mm and was obtained by manually counting the 
number of pores in tangential sections.

Systematic palaeontology
The newly discovered dinosaur eggs from Xixia County, 
Henan Province, China belong to Parafaveoloolithus in 
Faveoloolithidae, which contains many oospecies: Para­
faveoloolithus xipingensis, P. fengguangcunensis, P. macro­
porus, P. microporus, P. tiansicunensis, P. pingxiangensis, 
and P. guoqingsiensis (Fang et al. 1998, 2005; Zhang 2010; 
Zou et al. 2013; Zhao et al. 2015). During our research, we 
found that P. guoqingsiensis is more closely related to the 
oogenus Propagoolithus, while the characteristics of the 
oogenus Duovallumoolithus in Faveoloolithidae are highly 
similar to those of Parafaveoloolithus. In order to facili-
tate the comparison of our new materials with other mem-
bers of Parafaveoloolithus, we first revised the oogenus 
Parafaveoloolithus and then described our new materials 
from Xixia County, Henan Province, China.

Oofamily Faveoloolithidae Zhao & Ding, 1976
Oogenus Propagoolithus Kim et al., 2019
Type oospecies: Propagoolithus widoensis Kim et al., 2019; Upper 
Cretaceous Siltstones within the Daeri Andesite of the Wido Volcanics 
of the northeastern Wi Island, Buan County, North Jeolla Province, 
South Korea.

Emended diagnosis.—Slightly nodulose or smooth surface. 
Eggshell units are branching out, while pore canals accord-

ingly gradually become smaller in diameter towards the outer 
eggshell.

Propagoolithus guoqingsiensis (Fang et al., 2000) 
comb. nov.
2000	Dendroolithus guoqingsiensis; Fang et al. 2000: 109, figs. 21, 22.
2011	Parafaveoloolithus guoqingsiensis; Wang et al., 2011: 447, fig. 

1G, H, I.
2015	Parafaveoloolithus guoqingsiensis; Zhao et al. 2015: 118, figs. 

78, 79.
Type material: Holotype: GMC Zhe-9-3, a complete egg (Fang et al. 
2000). Paratypes: TTM 12, an incomplete clutch composed of ten eggs; 
IVPP V16511, an incomplete egg (Zhao et al. 2015).
Type locality: Muyushan district, Tiantai County, Zhejiang Province, 
China.
Type horizon: The Chichengshan Formation, Upper Cretaceous;

Emended diagnosis.—Propagoolithus guoqingsiensis is 
characterized by spherical eggs with 187 mm in length and 
177  mm in width. The shape index (width×100/length) is 
94.7 and eggshell thickness is 1.30–1.50 mm. The eggshell 
units are composed of a single layer, divided into two or 
three branches in the middle part of the eggshell and com-
bined with neighboring shell units near the outer surface of 
the eggshell. In the tangential sections through the middle 
part of the eggshell, the diameter of pores is 0.02–0.21 mm 
with sharp edges and the pore density is 55–60 per mm2.
Remarks.—Slender eggshell units of Propagoolithus guo­
qingsiensis branch out in the middle part of the eggshell 
and pore canals accordingly gradually become smaller to-
wards the outer surface of the eggshell in the radial thin 
section (Fang et al. 2000; Wang et al. 2011), which differ 
from the relatively uniform width of eggshell units and pores 
in Parafaveoloolithus (Zhang 2010; Zhao et al. 2015) and 
conform to the characteristics of Propagoolithus (Kim et al. 
2019). Relatively large and irregular pores of P. guoqingsien­
sis are observable in the tangential section near the inner sur-
face of the eggshell; irregular to sub-circular pores are devel-
oped in the middle part of the eggshell while smaller pores 
are observed near the outer surface of the eggshell (Fang et al. 
2000; Wang et al. 2011; Zhao et al. 2015). The morphological 
change of pores from the inner to outer surface of P. guoqing­
siensis is similar to that of Propagoolithus (Kim et al. 2019; 
Jo et al. 2023). The slightly nodulose or smooth outer surfaces 
are present on both P. guoqingsiensis and Propagoolithus 
(Zhao et al. 2015; Kim et al. 2019). Therefore, P. guoqing­
siensis from the Chichengshan Formation is more similar to 
oospecies of Propagoolithus than to Parafaveoloolithus and 
is thus reassigned to Propagoolithus.

The only known oospecies of Propagoolithus is Propa­
goolithus widoensis, which is characterized by a slightly nod-
ulose surface and slender eggshell units that become wider 
towards the outer surface (Kim et al. 2019). Branched and 
irregular shaped eggshell units both exist in Propagoolithus 
widoensis and P. guoqingsiensis (Zhao et al. 2015; Choi et 
al. 2021; Kim et al. 2022). However, the thickness of P. guo­
qingsiensis (1.30 mm in GMC Zhe-9-3, 1.40–1.50 mm in 
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TTM 12, average: 1.40 mm) (Fang et al. 2000; Wang et 
al. 2011) is smaller than that of Propagoolithus widoensis 
(1.34–1.98 mm, average: 1.62 mm) (Kim et al. 2019). Propa­
goolithus guoqingsiensis is characterized by its large egg 
size within Faveoloolithidae (Zhao et al. 2015). Although the 
exact size of P. widoensis is uncertain due to lithostatic com-
pression and its resulting flattened geometry, its maximum 
length (~150 mm) is still smaller than the average length of 
P. guoqingsiensis (187 mm) (Zhao et al. 2015; Kim et al. 2019: 
fig. 3B), indicating that P. guoqingsiensis is distinctly larger. 
Therefore, Parafaveoloolithus guoqingsiensis represents an-
other oospecies of Propagoolithus and could be renamed as 
Propagoolithus guoqingsiensis (Fang et al., 2000) comb. nov.
Stratigraphic and geographic range.—Upper Cretaceous, 
Zhejiang Province, China.

Oogenus Parafaveoloolithus Zhang, 2010
2018	Duovallumoolithus Zheng et al., 2018: 899, figs. 3, 4, 5.
Type oospecies: Parafaveoloolithus microporus Zhang, 2010; Up-
per Cretaceous Laijia Formation, Tiantai County, Zhejiang Province, 
China.

Emended diagnosis.—Eggs are spherical or subspherical in 
shape with a smooth surface. Eggshell is usually composed 
of a single layer of eggshell units with 2–5 secondary egg-
shell units in some portions. Eggshell units are columnar in 
shape and loosely arranged, which separate from each other 
near the inner surface of eggshell, but gather in groups occa-
sionally in the middle or upper part of eggshell. Boundaries 
between columnar eggshell units are relatively clear and 
nearly straight pore canals are observed. Two adjacent pores 
are separated by two eggshell units and interspaces are 
widely observed in tangential sections.
Stratigraphic and geographic range.—Upper Cretaceous, 
Zhejiang Province, China.

Parafaveoloolithus shangdanensis (Zheng et al., 
2018) comb. nov.
2018	Duovallumoolithus shangdanensis; Zheng et al. 2018: 899, figs. 

3, 4, 5.

Type material: Holotype: four single dinosaur eggs (GSW-087-2–5). 
Paratypes: two clutches containing seven eggs (SLGTJ-RJC-1, SL-
GTJ-RJC-2); other specimens: several eggshell fragments.
Type locality: Renjiacun, Yangyuhe Town, Shangluo City, Shaanxi 
Province, China.
Type horizon: The Lijiacun Formation, Upper Cretaceous.

Emended diagnosis.—Eggs are subspheroidal and smooth 
on the outer surface. The length ranges 165–192 mm (av-
erage 181 mm) and the width ranges 143–168 mm (average 
154  mm) with an average shape index of 85.08. Eggshell 
thickness is relatively large, with an average value of 
1.80  mm. Eggshell units consist of a single layer and are 
columnar in shape, with nearly straight pore canals. The 
diameter of the pore canals remains constant from the inner 
surface to the outer eggshell. The pores in the middle part of 
the eggshell are irregular with a diameter of 0.08–0.36 mm 
and the pore density is about 13 per mm2.
Remarks.—The oogenus “Duovallumoolithus” was erected 
mainly based on the developed interspaces between two 
eggshell units and the relatively closely arranged eggshell 
units (Zheng et al. 2018). However, the characteristic that 
two adjacent pores are separated by two eggshell units and 
interspaces are widely observed, and is consistent with the 
known oospecies of Parafaveoloolithus (Fig. 3), even in-
cluding the new materials described herein. For example, 
interspaces between two eggshell units are obvious in the 
tangential section through the middle part of P. macroporus 
(Fig. 3A) (Zhao et al. 2015: 115, fig. 74D). Furthermore, be-
cause massive pores are present in the radial and tangential 
sections of “Duovallumoolithus” with the pore diameters 
varying between 0.12 and 0.44 mm (Zheng et al. 2018), 
the other characteristic that the eggshell units are closely 
arranged in “Duovallumoolithus” is an inaccurate repre-
sentation. Although the pore canals between eggshell units 
are filled with secondary minerals with dark colors, nearly 
straight pore canals are observed in the thin section of egg-
shell (Zheng et al. 2018: 902, fig. 5A). Therefore, we regarded 
that these two characters cannot be used in the diagnosis of 
oogenus and “Duovallumoolithus” is an invalid oogenus be-
cause the diagnostic elements of “Duovallumoolithus” also 

A B C

Fig. 3. Interspaces between two eggshell units in the known oospecies of Parafaveoloolithus. A. Parafaveoloolithus macroporus Zhang, 2010 (IVPP V 
16858) from Upper Cretaceous Laijia Formation, Tiantai County, Zhejiang Province, China. B. Parafaveoloolithus microporus Zhang, 2010 (IVPP V 
16857.1) from Upper Cretaceous Laijia Formation, Tiantai County, Zhejiang Province, China. C. Parafaveoloolithus tiansicunensis Zhang, 2010 (IVPP 
V 16859) from Upper Cretaceous Chichengshan Formation, Tiantai County, Zhejiang Province, China. Arrows point to interspaces. Scale bars 200 µm.
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exist in Parafaveoloolithus. “Duovallumoolithus shang­
danensis” should be reassigned to the Parafaveoloolithus 
based on the following two aspects, which are not present 
in Faveoloolithus and Hemifaveoloolithus: (i) two adjacent 
pores are separated by two eggshell units and interspaces are 
widely observed in Parafaveoloolithus; (ii) nearly straight 
pore canals are also observed in both oogenera. However, 
the length and width of these specimens vary between 165–
192 mm and 143–168 mm, respectively, which are larger than 
those of other oospecies of Parafaveoloolithus (130–170 mm 
and 100–143 mm). Similarly, the width of the eggshell unit 
in these eggs is 0.12–0.23 mm, larger than that of other 
oospecies of Parafaveoloolithus (about 0.03–0.17 mm). The 
dinosaur eggs from Shangluo City, Shaanxi Province, are 
assigned to an independent oospecies of Parafaveoloolithus 
named Parafaveoloolithus shangdanensis comb. nov.
Stratigraphic and geographic range.—Upper Cretaceous, 
Shaanxi Province, China.

Parafaveoloolithus xixiaensis oosp. nov.
Figs. 2, 4–6.
Zoobank LSID: urn:lsid:zoobank.org:act:83E8FB93-E433-46DB-A6 
FD-13E20060395F.
Etymology: From Chinese phonetic Xixia, the locality where dinosaur 
eggs were found.

Holotype: A clutch composed of 13 dinosaur eggs (YJYM-01–13) 
are housed in YJYM; five thin sections of eggshell (X13-01–05) are 
housed in SREE.
Type locality: Sanlimiao District, Danshui Town, Xixia County, Henan 
Province, China.
Type horizon: The Zhaoying Formation, Upper Cretaceous.

Diagnosis.—Eggs show a subspherical shape, which are 
evenly distributed and indicate a radial arrangement in the 
clutch. These eggs are small in size and the lengths and 
widths are 123.3–142.6 mm and 97.2–127.2 mm, respec-
tively. The shape index is 84 and eggshell thickness is 1.42–
1.76 mm. Radial sections of eggshell comprise a single struc-
tural layer composed of slender eggshell units with a width 
of 0.05–0.11 mm and straight pore canals with a large width 
of 0.10–0.23 mm. Some secondary eggshell units are assem-
bled in the radial sections and growth lines are undeveloped. 
Tangential sections consist of irregular eggshell units and 
subcircular pores with a pore diameter of 0.11–0.30 mm in 
the middle part, showing honeycomb-like structures.
Description.—The egg clutch is subcircular in shape, ap-
proximately 62 cm in length and 53 cm in width. It is com-
posed of 13 eggs (YJYM-01–13) with a radial arrangement 
in the clutch (Fig. 2). Most eggs are outcropped completely 
and three of them are partly emerged (YJYM-02, 06, 10), but 
all of them are well-preserved. YJYM-05 is directly super-
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Fig. 4. Radial sections (SREE X13-01) of dinosaur eggshell Parafaveoloolithus xixiaensis oosp. nov. (YJYM-13) from the Upper Cretaceous of the Xixia 
Basin, Henan Province, China. A1. Cross-polarized light image showing a single structural layer. A2. CL image showing different colors of eggshell units 
and pore canals. A red arrow points to eggshell units with black colors, while a white arrow points to the pore canals with orange-yellow colors. A3, A4. 
BSE images showing the ultrastructural features composed of a single layer and nearly straight pore canals. A red arrow points to a pore canal while a 
white arrow points to the radial microstructure in the inner portion of the eggshell. 
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imposed on YJYM-02 and YJYM-06, indicating that this 
is likely to be a result of an original planar clutch affected 
by displacement prior to or after compaction (Wilson et al. 
2014). Eggs are subspherical with no prominent ornamen-
tation on the outer surface. The length of these eggs ranges 
between 123.3 mm and 142.6 mm (average: 132.4 mm) while 
the width ranges between 97.2 mm and 127.2 mm (average 
111.3 mm). Egg shape index varies between 76 and 89 with 
an average of 84 (Table 1).

Eggshells contain a single structural layer in the radial 
section, composed of loosely arranged eggshell units and 
more or less straight pore canals, which are clearly shown 
under PLM with cross-polarized light, CL and SEM (Fig. 4). 
Eggshell units are slender while pore canals are thicker 
(Fig. 4A1). In the CL image of the radial section, non-lumi-
nescent and orange-yellow luminescent domains each occupy 
approximately half of the area, reflecting two distinct stages 
of calcite mineralization. The primary eggshell units are 
mostly non-luminescent, supporting that the original micro-
structure remains well-preserved and minimally altered by 
diagenesis. In contrast, the sparry calcites infilling the pores 
display orange-yellow luminescence, reflecting their second-

ary origin. The non-luminescent and orange-yellow lumines-
cence domains are parallel in the CL image (Fig. 4A2). The 
ultrastructural features including a single layer and nearly 
straight pore canals are more distinct under SEM (Fig. 4A3). 
Eggshell units are composed of homogeneous calcite crystals 
without growth lines. A large number of pore canals from the 
inner to outer surface indicate the developed pore system of 
faveoloolithid eggs. Each pore canal is surrounded by 4–5 
eggshell units. A few radial microstructures composed of 
calcite microcrystals could be seen in the inner portion of the 
eggshell (Fig. 4A3, A4). Some secondary eggshell units are 
observed in the radial section of the eggshell and their radial 
microstructures are obvious under PLM with plain-polarized 
light (Fig. 5A1, A2). Most of the eggshell units are columnar 
and slender, with the width ranging between 0.05 and 0.11 
mm (average: 0.08 mm). Upright pore canals are well-de-
veloped, distributed among the parallel eggshell units and 
filled with secondary calcite. The diameters of pore canals 
vary between 0.10 mm and 0.23 mm, with an average of 
0.17 mm. The porosity of the eggshell reaches up to about 
50% showing the multicanaliculate pore system. The radial 
microstructures of columnar eggshell units near the inner 
surface are not obvious due to weathering. Slender eggshell 
units gather with neighboring shell units and become slightly 
wider in the middle part of the eggshell. Six secondary egg-
shell units gather in the middle part of the eggshell, forming 
an extra layer in the eggshell of YJYM-13 (Fig. 5A3). The 
growth centers of these secondary eggshell units are obvious 
(Fig. 5A4). Compared with the inner surface, the diameter 
of pore canals of the middle and outer surface is slightly 
smaller. A crystalline layer composed of secondary calcite 
could be seen near the outer surface of the eggshell.

Eggshells in the tangential sections exhibit honeycomb-
like structures under PLM with plain-polarized light. Round 
or sub-round pores filled with white secondary calcites are 
observed among complicatedly interconnected eggshell 
units (Fig. 6). The diameter and morphology of pores vary 
in different tangential sections. Most pores are irregular to 
subcircular in the tangential section through the inner part 
of the eggshell; the diameter of pores ranges from 0.15 to 
0.41 mm, with an average of 0.28 mm, and the pore den-
sity is 16–20 per mm2 (18 per mm2 in average) (Fig. 6A1). 
Pores are subcircular or circular in the middle part of the 

Table 1. Measurments (in mm) of Parafaveoloolithus xixiaensis oosp. 
nov. in the Xixia Basin, Henan Province, China. “–”the absence of 
relevant data; ”+” a value higher than this data (the actual length and 
width of YJYM-02, 06, 10 are larger than the measured data due to 
partially bury).

Egg number Length Width Shape index 
YJYM-01 129.3 104.2 81
YJYM-02 102.5+ 85.0+ –
YJYM-03 123.3 108.3 88
YJYM-04 128.6 111.7 87
YJYM-05 126.0 101.6 81
YJYM-06 105.5+ 79.5+ –
YJYM-07 137.8 117.3 85
YJYM-08 137.8 112.2 81
YJYM-09 127.6 97.2 76
YJYM-10 121.4+ 91.9+ –
YJYM-11 137.5 118.9 86
YJYM-12 133.6 114.8 86
YJYM-13 142.6 127.2 89
Average 132.4 111.3 84

Table 2. Measurements (in mm) and characteristics of different oogenera (including the doubtful oogenus Youngoolithus) in Faveoloolithidae. 
Diameter of eggshell units in the middle part of the eggshell; pore density in the middle part of eggshell (per mm2); “–” the absence of relevant data.

Oogenus Length Width Shape 
index Thickness Diameter Pore 

density References

Faveoloolithus 130.8–143.7 117.6–127.9 92.7 1.20–1.54 0.07–0.40 18 Zhao and Ding 1976; Zhang 2010
Hemifaveoloolithus 130, 137 120, 121 90.3 1.60 – 40–50 Wang et al. 2011

Parafaveoloolithus 130–192 100–168 74.0–96.0 1.37–2.35 0.04–0.64 12–55 Zhao et al. 2015; 
Zheng et al. 2018

Propagoolithus 187, 150 177 94.7 1.30–1.98 0.02–0.21 55–60 Fang et al. 2000;
Wang et al. 2011; Kim et al. 2019

Hormoolithus – – – 1.65–1.71 0.10–0.35 – Wang et al. 2022
Youngoolithus 156.0–173.4 91.0–109.4 59.8 1.45–1.60 0.07–0.33 26 Zhao 1979; Zhang 2010
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Fig. 5. Thin sections (SREE X13-01) of dinosaur eggshell Parafaveoloolithus xixiaensis oosp. nov. (YJYM-13) from the Upper Cretaceous of the Xixia 
Basin, Henan Province, China. A1. A single structural layer composed of loosely arranged eggshell units and the straight pore canals between eggshell 
units; arrows indicate the secondary eggshell units. A2. A line drawing showing the eggshell units in radial section. A3. Enlargement of the gathered egg-
shell units; arrow points to the single eggshell unit. A4. Growth centers of the gathered eggshell units; arrows point to the six growth centers.
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eggshell and become smaller varying between 0.11 mm and 
0.30 mm, with an average of 0.21 mm; the pore density be-
come larger with 21–25 per mm2 (23 per mm2 in average) 
(Fig. 6A2). The interspaces between eggshell units are dis-
tinct in the middle part of the eggshell (Fig. 6A3). Compared 
with the middle part of the eggshells, most of the pores are 
rounder and smaller near the outer surface. The diameter 
of pores varies between 0.05 mm and 0.27 mm (0.16 mm in 
average) with a pore density of 29–35 per mm2 (32 per mm2 
in average) (Fig. 6A4).
Remarks.—The slender and columnar eggshell units in radial 
sections and honeycomb-like microstructures in tangential 
sections of these dinosaur eggs from Xixia Dinosaur Relics 
Park align with the diagnostic characteristics of Faveo
loolithidae (Zhao and Ding 1976). Since Duovallumoolithus 
shangdanensis was revised to Parafaveoloolithus, five 
oogenera belong to Faveoloolithidae: Faveoloolithus (Zhao 

and Ding 1976), Hemifaveoloolithus (Wang et al. 2011), 
Parafaveoloolithus (Zhang 2010), Propagoolithus (Kim et 
al. 2019), and Hormoolithus (Wang et al. 2022). Because 
the oofamily “Youngoolithidae” was considered to be inva
lid and the only oogenus Youngoolithus was reassigned to 
Faveoloolithidae (Kim et al. 2019), we also compare the 
characteristics of Youngoolithus with our samples (Table 2). 
The subspherical shape and smaller length of dinosaur eggs 
described here are distinctly different from that of the ellip-
soidal shape and greater length of Youngoolithus; the num-
ber of secondary eggshell units in the former is less than 
that of Youngoolithus (Zhao 1979; Zhang 2010). Among the 
known oogenera of Faveoloolithidae, the pore density in the 
middle part of the tangential thin section (40–50 per mm2) 
in Hemifaveoloolithus (Wang et al. 2011) is greater than that 
of dinosaur eggs from Xixia Dinosaur Relics Park (21–25 
per mm2). Unlike the branched eggshell units merging to-

4A

A1 2A

3A

500 mµ 500 mµ

100 mµ 500 mµ

Fig. 6. Tangential sections of dinosaur eggshell Parafaveoloolithus xixiaensis oosp. nov. (YJYM-13) from the Upper Cretaceous of the Xixia Basin, 
Henan Province, China. A1. Section SREE X13-02, the inner surface of the eggshell, showing the irregular and large pores. A2. Section SREE X13-03, 
the middle part of the eggshell, showing the circular and subcircular pores. A3. Interspaces between two adjacent eggshell units in the middle part of the 
eggshell; arrows point to interspaces. A4. Section SREE X13-03, the outer surface of the eggshell, showing circular and smaller pores. Images under PLM 
with plain-polarized light.
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wards the outer surface of Propagoolithus (Kim et al. 2019), 
there are no significant changes in the parallel eggshell units 
near the outer surface of the currently described dinosaur 
eggs. The macrostructures of these dinosaur eggs present 
similar characteristics with Faveoloolithus, such as length, 
width and eggshell thickness, but the slender eggshell units 
and unapparent horizontal lines on the eggshell units differ 
from the wide eggshell units and the developed horizontal 
lines of Faveoloolithus (Zhao and Ding 1976; Zhang 2010; 
Zhao et al. 2015). Furthermore, Hormoolithus is described 
as an oogenus with a large number of secondary eggshell 
units developed around the eggshell units and the presence 
of a proliferative layer in the pores in the middle part of the 
eggshell, which are not apparent in our samples (Wang et 
al. 2022). These dinosaur eggs from Xixia Dinosaur Relics 
Park are assigned to Parafaveoloolithus based on the sub-

spherical shape, columnar eggshell units, absence of hori-
zontal lines on the eggshell units, and partially developed 
secondary eggshell units in the radial sections.

After the revisions of Duovallumoolithus shangdanensis 
and Parafaveoloolithus guoqingsiensis, Parafaveoloolithus 
is currently composed of P. xipingensis, P. fengguangcun­
ensis, P. macroporus, P. microporus, P. tiansicunensis, P. 
pingxiangensis, and P. shangdanensis comb. nov. (Fang et al. 
1998, 2005; Zhang 2010; Wang et al. 2011; Zhao et al. 2015; 
Zheng et al. 2018). We compared the Parafaveoloolithus 
eggs from Xixia Dinosaur Relics Park with these oospecies 
of Parafaveoloolithus (Table 3, Fig. 7).

As shown in Table 3 and Fig. 7A, B, egg length and width 
of Parafaveoloolithus from Xixia Dinosaur Relics Park 
(123.3–142.6 mm, 97.2–127.2 mm) are less than those of P. xi­
pingensis (170 mm, 143 mm) (Fang et al. 1998; Zhao et al. 

Fig. 7. The main difference between Parafaveoloolithus xixiaensis oosp. nov. and the other oospecies in Parafaveoloolithus. A. Egg length, P. xixiaensis 
show smaller lengths compared to the other oospecies. B. Egg width, P. xixiaensis show relatively smaller widths than the other oospecies. C. Eggshell 
unit width, P. xixiaensis show slender eggshell units with smaller widths in radial sections. D. Pore canal width, P. xixiaensis show wide pore canals with 
larger widths in radial sections.
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2015), P. fengguangcunensis (150–170 mm) (Fang et al. 2005; 
Zhao et al. 2015) and P.  shangdanensis comb. nov. (165–
192 mm, 143–168 mm) (Zheng et al. 2018). Meanwhile, egg-
shell unit and pore canal widths of Parafaveoloolithus from 
Xixia Dinosaur Relics Park (0.05–0.11 mm, 0.10–0.23 mm) 
are larger than those of P.  pingxiangensis (0.03–0.06  mm, 
0.02–0.05 mm) (Zou et al. 2013) based on Fig. 7C, D. The 
above four oospecies could be excluded, and we further com-
pare Xixia eggs with P. microporus, P. macroporus, and P. 
tiansicunensis, which have similar egg sizes, eggshell unit 
widths and pore canal widths.

The eggshell thickness of Xixia eggs is 1.42–1.76 mm, 
less than that of P. microporus (2.20–2.35 mm), while the 
pore density in the middle part (21–25 per mm2) is simi-
larly less than that of P. microporus (35 per mm2) (Zhang 
2010).

The maximum pore diameter in the middle part of 
P.  macroporus can reach 0.64 mm, which is much larger 
than that of Parafaveoloolithus eggs in Xixia Dinosaur 
Relics Park (0.30 mm). Meanwhile, the eggshell units in 
the middle part of radial sections of P. macroporus separate 
from each other in contrast to the partly merged eggshell 
units of our dinosaur eggs with gathered secondary eggshell 
units; the pore density (12 per mm2) of the former is less 
than that of the latter (21–25 per mm2) in the middle part of 
the eggshell (Zhang 2010; Zhao et al. 2015).

The specimens described here are similar to P. tiansi­
cunensis in the eggshell thickness, the pore diameter and 
pore density in the middle part of the eggshell, but there are 
several discrepancies in their microstructure in the inner 
and outer surfaces of the eggshell. Compared to the straight 
eggshell units and pore canals in our specimens, the pore 
canals of P. tiansicunensis widen near the inner surface and 
narrow sharply near the outer surface, and P. tiansicunensis 

generally contains one layer of columnar eggshell units but 
there are 2–3 relatively shorter eggshell units superimposed 
on each other in some portions (Zhang 2010).

According to the above comparisons, we have erected a 
new oospecies Parafaveoloolithus xixiaensis based on their 
small length-width values, slender eggshell units, straight 
and wide pore canals (Table 3, Fig. 7), as well as secondary 
eggshell units in the radial sections (Fig. 5).
Stratigraphic and geographic range.—Upper Cretaceous, 
Henan Province, China.

Discussion
Taxonomic review and geographic distribution of Faveo­
loolithidae.—Due to the complex three-dimensional micro
structure and the lack of comparison of prior research in 
faveoloolithid eggs, there are some problematic taxonomies 
in Faveoloolithidae. Numerous parataxonomic revisions 
on Faveoloolithidae have yielded confusion and there is a 
critical need to systematically summarize all of them to 
help researchers understand the current taxonomic status. 
Taxonomic review of Faveoloolithidae provides a reliable 
basis for the discovery and the naming of new oospecies.

Faveoloolithidae was first discovered in the north-
ern Gobi regions (Ologoy-Ulan-Tsav), Mongolia and was 
named as multicanaliculate type (Sochava 1969; Zhang 
2010). The oofamily Faveoloolithidae and the type oogenus 
Faveoloolithus and oospecies Faveoloolithus ningxiaensis 
were officially erected on the basis of characteristic honey-
comb-like pore canals in the dinosaur eggs from Alxa, Inner 
Mongolia (Zhao and Ding 1976). A clutch of dinosaur eggs 
was discovered in a succession and characterized by olive 
eggs with branched eggshell units from Xiaguan Basin, 

Table 3. Measurements (in mm) and characteristics of different oospecies in Parafaveoloolithus. The width of eggshell units and pore canals in 
the radial sections. The pore diameter in the middle part of the tangential sections. The pore density in the middle part of eggshell units from the 
tangential sections (per mm2). “–” represents the absence of relevant data.

Oospecies Length Width Height Shape 
index Thickness

Width Pore
Referenceseggshell 

units
pore  

canals diameter density

Parafaveoloolithus 
xipingensis 170 143 – 84.1 1.70–2.00 – – – – Fang et al. 1998; 

Zhao et al. 2015
Parafaveoloolithus 
fengguangcunensis 150–170 – – – 1.60 – – – – Fang et al. 2005; 

Zhao et al. 2015
Parafaveoloolithus 
macroporus (2 eggs)

130
135

100
100 – 74

76 1.85–1.90 0.11–0.17 0.13–0.18 0.04–0.64 12 Zhang 2010

Parafaveoloolithus 
microporus 141.06 129.44 – 91.8 2.20–2.35 0.04–0.08 0.07–0.15 0.06–0.25 35 Zhang 2010

Parafaveoloolithus 
tiansicunensis – – – – 1.37–1.45 0.09–0.16 0.06–0.13 0.10–0.42 17 Zhang 2010

Parafaveoloolithus 
pingxiangensis – 138.1 73.2 – 1.40–1.60 0.03–0.06 0.02–0.05 0.06–0.21 40–55 Zou et al. 2013

Parafaveoloolithus 
shangdanensis 165–192 143–168 – 74.5–96.0 1.80 0.12–0.23 0.09–0.17 0.08–0.36 13 Zheng et al. 

2018
Parafaveoloolithus 
xixiaensis oosp. nov. 123.3–142.6 97.2–127.2 – 76.0–89.0 1.42–1.76 0.05–0.11 0.10–0.23 0.11–0.30 21–25 this paper
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Henan Province. Their microstructure is similar to that of 
Faveoloolithus but has branched pore canals. Zhao (1979) 
suggested that these dinosaur eggs from Xiaguan Basin, 
Henan Province represent a new oogenus Youngoolithus 
(Youngoolithus xiaguanensis) of Faveoloolithidae. Zhang 
(2010) later revised Youngoolithus into the oofamily Young
oolithidae, based on its olive-shaped egg morphology. 
However, Kim et al. (2019) regarded the single character 
(the olive egg shape) could not be used in parataxonomy and 
reassigned these dinosaur eggs from Xiaguan Basin, Henan 
Province to Faveoloolithidae. In this study, the oogenus 
“Duovallumoolithus” is transferred to Parafaveoloolithus 
based on its invalid eggshell characteristics, and the 
oospecies “Duovallumoolithus shangdanensis” is reclas-
sified as Parafaveoloolithus shangdanensis comb. nov. 
Therefore, there are currently six oogenera (Faveoloolithus, 
Hemifaveoloolithus, Parafaveoloolithus, Propagoolithus, 
Hormoolithus, and Youngoolithus) in the Faveoloolithidae 
worldwide (Zhao and Ding 1976; Zhao 1979; Zhang 2010; 
Wang et al. 2011, 2022; Zheng et al. 2018; Kim et al. 2019; 
Jo et al. 2023). Faveoloolithus eggs are widely distributed 
in Inner Mongolia, Henan, and Hubei provinces of China 
(Zhao and Ding 1976; Zhou and Han 1993; Zhang and Li 
1998; Zhou et al. 1998; Zhou and Feng 2002), Ologoy-Ulan-
Tsav, Khulsan and Ikh-Shunkht localities, South and East 
Gobi provinces, Mongolia (Mikhailov 1994), and Bosung 
County, Chullanam-do Province of South Korea (Huh and 
Zelenitsky 2002). Except for Faveoloolithus ningxiaensis, 
most oospecies of Faveoloolithus from Henan Province, 
China and Chullanam-do Province, South Korea were 
named as F. oosp. (Zhao et al. 2015).

Hemifaveoloolithus is an oogenus with the only oospe-
cies Hemifaveoloolithus muyushanensis in reference to the 
lower part of the eggshell with the honeycomb-like char-
acter, reported from Tiantai County, Zhejiang Province, 
China (Wang et al. 2011). Propagoolithus is an oogenus 
with a unique shell unit morphology in which the eggshell 
units branch towards the outer surface, as reported from 
Buan County, North Jeolla Province and Sinan (Shinan)-
gun, Jeollanam-do, South Korea (Kim et al. 2019; Jo et 
al. 2023). Since Parafaveoloolithus guoqingsiensis was re-
named as Propagoolithus guoqingsiensis in this paper, the 
palaeogeographical distribution of Propagoolithus extends 
to Tiantai County, Zhejiang Province, China. Hormoolithus 
is different from other faveoloolithid eggs for its accretion-
ary layer in the pores, which consists of secondary eggshell 
units around eggshell units in the middle part of the tangen-
tial section; Hormoolithus dongjiangensis represents the 
only oospecies of Hormoolithus reported from Heyuan City, 
Guangdong Province, China (Wang et al. 2022). Although 
some titanosaur eggs were reported from the Cretaceous 
of Sanagasta, Entre Ríos, Río Negro 1, Yaminué and La 
Pampa, Argentina (Grellet-Tinner and Fiorelli 2010; Grellet-
Tinner et al. 2012), it is doubtful whether their parataxo-
nomic classifications are in line with those of faveoloolithid 
or megaloolithid eggs (Sander et al. 2008; Grellet-Tinner et 

al. 2012). Therefore, most faveoloolithid eggs are mainly 
found in East Asia (Table 4).

Among the six oogenera of Faveoloolithidae, Parafave­
oloolithus has the largest number of oospecies and was first re-
ported from Tiantai County, Zhejiang Province, China (Zhang 
2010; Zhao et al. 2015). As Dendroolithus guoqingsiensis 
(Fang et al. 2000) from Tiantai City, Zhejiang Province was 
renamed as Parafaveoloolithus guoqingsiensis (Wang et al. 
2011) and further reclassified as Propagoolithus guoqingsien­
sis in this paper, it is no longer a member of Parafaveoloolithus. 
Considering that the new member Parafaveoloolithus shang­
danensis is revised from “Duovallumoolithus shangdanen­
sis” at present, Parafaveoloolithus comprises eight oospecies, 
viz., Parafaveoloolithus microporus, P. macroporus, P. tian­
sicunensis, P. pingxiangensis, P. xipingensis, P. fengguangcu­
nensis, P. shangdanensis, and P. xixiaensis oosp. nov. (Fang 
et al. 1998, 2005; Zhang 2010; Zou et al. 2013; Zhao et al. 
2015; Zheng et al. 2018). Parafaveoloolithus macroporus, 
P. microporus, and P. tiansicunensis are found from Tiantai 
County, Zhejiang Province, China (Zhang 2010; Zhao et al. 
2015). Parafaveoloolithus pingxiangensis is a new oospecies 
of Parafaveoloolithus reported from Pingxiang City, Jiangxi 
Province of China (Zou et al. 2013). Dendroolithus fenggu­
angcunensis from Heyuan City, Guangdong Province, China 
(Fang et al. 2005) was renamed as Parafaveoloolithus feng­
guangcunensis (Zhao et al. 2015). Parafaveoloolithus xipin­
gensis is another amended oospecies of Youngoolithus xipin­
gensis from Xixia County, Henan Province, China (Fang 
et al. 1998; Zhao et al. 2015). Parafaveoloolithus shang­
danensis comb. nov. is a revised oospecies placed within 
Parafaveoloolithus from Shangluo City, Shaanxi Province, 
China. The geographic distribution of Parafaveoloolithus 
is mainly concentrated in the Upper Cretaceous rocks of 
Zhejiang, Jiangxi, Guangdong, Henan and Shaanxi prov-
inces, China. The discovery of P. xixiaensis oosp. nov. in 
the Zhaoying Formation from Sanlimiao district, Xixia 
Basin provides new materials of Parafaveoloolithus (Fave
oloolithidae) from East Asia (Fig. 8).

At present, the geographic distribution of six oogenera in 
Faveoloolithidae is mainly concentrated in the Upper Creta
ceous of China, South Korea and Mongolia of East Asia, 
and there are no records in Japan and North Korea (Fig. 8). 
Notably, diverse dinosaur eggshell assemblages belonging 
to Elongatoolithidae, Prismatoolithidae, Spheroolithidae 
and Dongyangoolithidae have been reported from the Lower 
Cretaceous of central and southwestern Japan (Tanaka et al. 
2016; Imai et al. 2021; Uematsu et al. 2023). The absence 
of Faveoloolithidae from Japan and North Korea, despite 
their wide occurrence in other East Asia regions, is likely 
related to the limited discovery of dinosaur eggshells in 
Upper Cretaceous deposits of Japan (Uematsu et al. 2023) 
and the limited research in North Korea. Different oogen-
era in Faveoloolithidae have different geographic distribu-
tions. Faveoloolithus is the most widely distributed oogenus 
in East Asia, found in China, South Korea, and Mongolia 
(Mikhailov 1994; Huh and Zelenitsky 2002; Zhao et al. 
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2015), which suggests that the female dinosaurs that laid 
Faveoloolithus inhabited a broad range of biogeographical 
habitats. Propagoolithus is mainly presented in China and 
South Korea (Fang et al. 2000; Wang et al. 2011; Kim et 
al. 2019; Jo et al. 2023), while the remaining four oogen-
era (Parafaveoloolithus, Hemifaveoloolithus, Hormoolithus, 
and Youngoolithus) are restricted to China and exhibit nar-

row biogeographical distributions (Zhao et al. 2015). The 
geographic distribution of oogenera is random and cannot 
be grouped, indicating discrepancies in the geographic dis-
tribution of different oogenera. Some oogenera, such as 
Hemifaveoloolithus, Propagoolithus, Parafaveoloolithus, 
overlap each other, and are mainly concentrated in the 
Tiantai Basin, Zhejiang Province, China, which is a typi-

Table 4. Geographic distribution of Faveoloolithidae in East Asia. “–” represents the absence of relevant data. IVPP, Institute of Vertebrate Pa-
leontology and Paleoanthropology, Beijing, China; PIN, Paleontological Institute, Moscow, Russia; CUGW, China University of Geoscience, 
Wuhan, China; DRCC, Dinosaur Research Centre, Chonnam National University, Kwangju, South Korea; TTM, Tiantai Museum, Taizhou, China; 
SNUVP, Seoul National University, Seoul, South Korea; GMC, Geological Museum of China, Beijing, China; HYM, Heyuan Museum, Heyuan, 
China; GSW, Shaanxi Nature Museum, Xian, China; SLGTJ-RJC, Bureau of Land and Resources of Shangluo City, China.

Faveoloolithidae Referred specimens Occurrence Locality Stratigraphy References
Faveoloolithus  
ningxiaensis IVPP V 4709 – Alxa, Inner Mongolia, China Cretaceous Zhao and Ding 1976

Faveoloolithus  
ningxiaensis

PIN 4225-1, 4225-5;  
4477-3;  3142-461

Barun-Goyot 
Formation

Ologoy-Ulan-Tsav, Khulsan and 
Ikh-Shunkht localities, South and 
East Gobi provinces, Mongolia

Upper Cretaceous Mikhailov 1994

Faveoloolithus  
ningxiaensis CUGW HYH21 Gaogou  

Formation
Yun County, Hubei Province, 

China Upper Cretaceous Zhou et al. 1998

Faveoloolithus oosp. DRCC-B104, 105, 
110

Seonso  
Formation

Bosung County, Chullanam-do 
Province, South Korea Cretaceous Huh and Zelenitsky 

2002

Faveoloolithus oosp. 74-06 Gaogou  
Formation

Neixiang County, Henan Prov-
ince, China Upper Cretaceous Zhou and Han 1993

Faveoloolithus oosp. 77-08 Gaogou  
Formation

Xichuan County, Henan Province, 
China Upper Cretaceous Zhou and Han, 1993; 

Zhang and Li 1998

Faveoloolithus oosp.  77-01 Gaogou  
Formation

Xixia County, Henan Province, 
China Upper Cretaceous

Zhou and Han 1993; 
Zhang and Li 1998; 
Zhou and Feng 2002

Youngoolithus 
xiaguanensis IVPP V 5783 – Neixiang County, Henan Prov-

ince, China Cretaceous Zhao 1979;  
Zhang 2010

Hemifaveoloolithus 
muyushanensis TTM28 Chichengshan  

Formation
Tiantai County, Zhejiang Prov-

ince, China Upper Cretaceous Wang et al. 2011

Propagoolithus  
widoensis SNUVP 201610

Siltstones 
within Daeri 

Andesite

Buan County, North Jeolla Prov-
ince, South Korea

Upper Cretaceous
(Coniacian–Santo-

nian)
Kim et al. 2019

Propagoolithus 
guoqingsiensis TTM12 Chichengshan 

Formation
Tiantai County, Zhejiang Prov-

ince, China Upper Cretaceous Fang et al. 2000; Wang 
et al. 2011; this paper

Propagoolithus oosp. KDRC-SJ-DE01 – Sinan (Shinan)-gun, Jeolla-
nam-do, South Korea – Jo et al. 2023

Hormoolithus  
dongjiangensis IVPP31377 Dongyuan 

Formation
Heyuan City, Guangdong Prov-

ince, China Upper Cretaceous Wang et al. 2022

Parafaveoloolithus 
xipingensis GMC 93, 95 Zoumagang 

Formation
Xixia County, Henan Province, 

China Upper Cretaceous Fang et al. 1998;   
Zhao et al. 2015

Parafaveoloolithus 
fengguangcunensis HYM 05HY-1, 2 Dongyuan 

Formation
Heyuan City, Guangdong Prov-

ince, China Upper Cretaceous Fang et al. 2005;   
Zhao et al. 2015

Parafaveoloolithus 
macroporus IVPP V 16858 Laijia  

Formation
Tiantai County, Zhejiang Prov-

ince, China Upper Cretaceous Zhang 2010

Parafaveoloolithus 
microporus IVPP V 16857 Laijia  

Formation
Tiantai County, Zhejiang Prov-

ince, China Upper Cretaceous Zhang 2010

Parafaveoloolithus  
tiansicunensis IVPP V 16859 Chichengshan  

Formation
Tiantai County, Zhejiang Prov-

ince, China Upper Cretaceous Zhang 2010

Parafaveoloolithus  
pingxiangensis IVPP V 18619 Zhoutian  

Formation
Pingxiang City, Jiangxi Province, 

China Upper Cretaceous Zou et al. 2013

Parafaveoloolithus 
shangdanensis

GSW-087-2–5;  
SLGTJ-RJC-1, 2

Lijiacun 
Formation

Shangluo City, Shaanxi Province, 
China Upper Cretaceous Zheng et al. 2018;  

this paper
Parafaveoloolithus 
xixiaensis oosp. nov. YJYM-01–13 Zhaoying  

Formation
Xixia County, Henan Province, 

China Upper Cretaceous this paper
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cal early Late Cretaceous dinosaur egg fauna composed of 
faveoloolithids and dictyoolithids, as well as macroelon-
gatoolithids (Wang et al. 2012). Another fossil locality of 
faveoloolithids is concentrated in the Xixia Basin, Henan 
Province, China, and is dominated by Faveoloolithus and 
Parafaveoloolithus (Liang et al. 2009).

Clutch structure of Parafaveoloolithus xixiaensis oosp. 
nov.—Only a small number of faveoloolithid oospecies have 
been found preserving clutch structures, including Faveol­
oolithus ningxiaensis (Zhao and Ding 1976), Youngoolithus 
xiaguanensis (Zhao 1979; Zhang 2010), Hemifaveoloolithus 
muyushanensis (Wang et al. 2011), and Propagoolithus guo­
qingsiensis (Wang et al. 2011). Although Parafaveoloolithus 
has the highest oospecies diversity among Faveoloolithidae 
and a widespread distribution across several basins (Fig. 8), 
no clutches of Parafaveoloolithus have been found to date. 
Parafaveoloolithus xixiaensis oosp. nov. from the Xixia Basin 
has a well-preserved clutch, representing the first clutch of 
Parafaveoloolithus. It also exhibits the best preserved clutch 
with complete eggs among faveoloolithid egg clutches, except 
for the doubtful oogenus Youngoolithus (Zhao et al. 2015). 
Therefore, clutch structure of P. xixiaensis oosp. nov. can 
reveal the nesting behavior of the dinosaur clade that laid 
Parafaveoloolithus and further shows differences with other 
faveoloolithid egg clutches in terms of clutch geometry and 
egg arrangement. However, clutch geometry may be used to 
infer nesting style to some degree and an actual sedimentary 
nest structure was not preserved.

The clutch of P. xixiaensis oosp. nov. is subcircular 
in shape, with a length of 62 cm and a width of 53  cm. 
This is different from the irregularly shaped clutch of 
Faveoloolithus ningxiaensis (Zhao et al. 2015) and the sub-
rectangular clutch of Youngoolithus xiaguanensis (Zhao 
1979; Zhang 2010). Although the clutch shapes of Hemi­
faveoloolithus muyushanensis and Propagoolithus guo­
qingsiensis remain unknown due to the incomplete preser-
vation, their clutches, composed of randomly arranged and 
vertically stacked eggs, differ from the planar arrangement 
of P. xixiaensis oosp. nov. (Fig. 2), a pattern also present 
in F. ningxiaensis and Y. xiaguanensis (Zhao et al. 2015). 
In contrast to the parallel alignment of egg long axes in 
the clutch of Y.  xiaguanensis (Zhao 1979), the eggs of 
P. xixiaensis oosp. nov. clutch exhibit random orientations, 
suggesting that the clutch was preserved in situ rather than 
transported over long distances by water flow. In view of 
the subcircular arrangement and high porosity of eggs, 
we infer that the female dinosaur laid the eggs in a sub-
circular pattern and subsequently covered them with sand 
(Zhao 1979; Deeming 2006), which likely contributed to 
the well-preserved condition of the clutch.

Conclusions
The dinosaur eggs from the Upper Cretaceous Zhaoying 
Formation in the Xixia Basin, Henan Province, China, are 

N

1000 km

Fig. 8. Geographic distribution of Faveoloolithidae in East Asia. 
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referable to a new oospecies Parafaveoloolithus xixiaensis 
of Faveoloolithidae based on their subspherical shape, small 
length-width values, irregular arrangement in the clutch, 
slender eggshell units and straight pore canals, and second-
ary eggshell units in the radial thin sections.

Duovallumoolithus shangdanensis and Parafaveolooli­
thus guoqingsiensis were reassigned to Parafaveoloolithus 
shangdanensis comb. nov. and Propagoolithus guoqingsien­
sis, respectively on the basis of their macro and microstruc-
tures. At present, the amended Parafaveoloolithus is com
posed of eight oospecies: P. microporus, P. macroporus, 
P. tiansicunensis, P. pingxiangensis, P. xipingensis, P. feng­
guangcunensis, P. shangdanensis comb. nov., and P. xixia­
ensis oosp. nov.

The distribution of Faveoloolithidae is mainly concen-
trated in Inner Mongolia, Hubei, Henan, Shaanxi, Zhejiang, 
Guangdong and Jiangxi provinces, China; Khermiyn-Tsav; 
Ologoy-Ulan-Tsav; Ikh-Shunkht, and Khuren-Dukh locali-
ties, Mongolia; Chullanam-do and North Jeolla provinces, 
South Korea. The clutch structure of P. xixiaensis oosp. nov. 
provides insight into the nesting behavior of the egg-lay-
ing dinosaur and we further speculate that it laid eggs in a 
subcircular pattern and then covered them with sand. The 
discovery of P. xixiaensis oosp. nov. provides new materials 
and the first complete clutch of Parafaveoloolithus and en-
riches the diversity of faveoloolithid eggs in East Asia.
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