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a b s t r a c t

The biota from the Yingzuilazi Formation in the Baishan Basin yields a diverse fossil assemblage
(including a new described ostracod species Cypridea horni sp. nov. Wang), which provides a valuable
opportunity to investigate the evolution of major terrestrial plants and animals. However, the age of this
biota is still controversial. To address this, we report a new SIMS zircon UePb age of 128.5 ± 1.0 Ma for
the uppermost part of the Yingzuilazi Formation. This age, combined with our new ostracod biostrati-
graphic age from the Yingzuilazi Formation, indicate that the age of biota from the Yingzuilazi Formation
is mainly Barremian (~129 Ma to ~127 Ma). It seems that the biota from the Yingzuilazi Formation
temporal coincides with Jehol Biota sensu stricto stage I, but it is closely related to Jehol Biota sensu stricto
stage II in terms of comprehensive biostratigraphic and paleontoloical materials. Therefore, this biota
shows the significances not only in understanding the spatiotemporal evolution of the Early Cretaceous
terrestrial biotas in East Asia, but also in exploring the possible relationship between the terrestrial life
evolution and the destruction processes of the North China Craton.

© 2022 Elsevier Ltd. All rights reserved.
1. Introduction

Non-marine Jurassic to Cretaceous sedimentary rocks are
widely exposed in China, especially in northeast China where two
world-famous Mesozoic terrestrial Lagers€atten are discovered:
The MiddleeLate Jurassic Yanliao Biota and the Early Cretaceous
Jehol Biota (e.g. Zhou and Wang, 2017; Xi et al., 2019; Xu et al.,
2020; Zhou et al., 2021). In recent year, an increasing number
of research indicated that the spatiotemporal evolution of the
Yanliao and Jehol biotas coincided with the initial and peak stages
of the North China Craton (NCC) destruction, respectively (e.g.
Zhu et al., 2012a,b, 2020; Zhou and Wang, 2017; Xu et al., 2020;
Zhou et al., 2021). Therefore, the northeast China especially the
NCC is the ideal place to explore the linkage of terrestrial life
evolution and the deep dynamic processes of the earth (e.g. Zhu
et al., 2020; Zhou et al., 2021). Besides the Yanliao and Jehol bi-
otas, several other biotas have also been found in northeast China
especially in NCC, which are contemporaneous and have the same
geological background with the former two biotas (Zhou et al.,
2021), such as the biota from the Yingzuilazi Formation of the
Baishan Basin (Huang, 2016; Li et al., 2018). These biotas are
thought as the supplementary data to discuss the evolution of
terrestrial life as well as the possible relationship between
terrestrial life evolution and tectonic processes (Zhou et al., 2021).
Previously, the biota from the Yingzuilazi Formation was assigned
to the Late Jurassic (Bureau of Geology and Mineral Resources of
Jilin Province, 1988, 1997 and also see the geological map of
Hunjiang (1:200, 000)), whereas some recent studies suggested
that the biota from the Yingzuilazi Formation belongs to the Early
Cretaceous Jehol Biota (Huang, 2016; Li et al., 2018; Guo et al.,
2018). To date, no absolute age has been reported for the Ying-
zuilazi Formation, which has hindered attempts to define the age
of biota from this formation.

In this study, we report a new zircon UePb SIMS age from the
volcanic ash in the uppermost part of the Yingzuilazi Formation.
Meanwhile, a biostratigraphy framework is established based on
the new discovered non-marine ostracod fauna of the Yingzuila
Formation. These new data provide a critical age constraint for the
Yingzuilazi Formation via two independent methods. Therefore,
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this work provides a robust chronostratigraphic framework for the
biota from the Yingzuilazi Formation in the Baishan Basin.

2. Geological setting

The Baishan Basin (¼ “the Hunjiang Basin”) is one of the small
typical rift basins in northeast China, which is situated in the
Fig. 1. The location map. The inset map showing the location of the Baishan Basin in the Nort
geological map of Hunjiang area and Zhu et al., 2012b, fig. 1).
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northeast margin area of the NCC (Huang, 2016; Chen et al., 2016;
Guo et al., 2018; Meng et al., 2021) (Fig. 1). It is surrounded by the
TianshaneXingmeng orogenic belt to the north, the Liaodong
Peninsula to the south and the Korean Peninsula to the east (Chen
et al., 2016). The Cretaceous sedimentary sequences of this basin
divide into four formations in ascending order: Yingzuilazi, Linzi-
tou, Shiren and Yumuqiaozi formations (Fig. 1). Of these, the
h China Cartonwithin China (NCC¼ North China Carton) (modified from the 1:200, 000
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Yingzuilazi Formation yields a diverse flora and abundant lacus-
trine and terrestrial invertebrates and vertebrates (e.g. Li et al.,
2015; Huang, 2016; Zhao et al., 2016; Li et al., 2018; Guo et al., 2018).

The studied section closed to Yingzuilazi village (Baishan city,
Jinlin Province; Fig. 1) is regarded as the stratotype section of the
Yingzuilazi Formation (e.g. Li et al., 2015; Huang, 2016). Detailed
stratigraphic descriptions were given by Huang (2016). The Ying-
zuilazi Formation is dominated by lacustrine depositional se-
quences consisting of conglomerate, sandstone, siltstone, shale, and
coal (Fig. 2). It unconformably overlies the Proterozoic Badaojiang
Formation, and is overlain by the Linzitou Formation (Li et al.,
2015).

3. Material and method

3.1. Tuff sample

Sample YZLZ-02 was collected from a variegated gray tuff layer
that is ~35 cm thick (41�5802100 N, 126�2505200 E), located at the
uppermost part of the Yingzuilazi Formation (Figs. 2 and 3A). Thin
sections were made for petrographic studies. It is a poorly sorted
crystal tuff. The crystal fragments are dominated by angular to
subangular quartz (10e150 mm) and feldspar (20e100 mm)
(Fig. 3BeD). Some bright yellow and elongated biotites were
observed (Fig. 3B).

3.2. Zircon UePb dating by SIMS

Zircons were separated from the tuff sample YZLZ-02 using
conventional heavy liquid andmagnetic techniques and purified by
hand-picking under a binocular microscope. About 200 grains were
mounted on epoxy mount and the internal structures of the zircon
were exposed by polish the mount to half section for analyses.
Zircons were documented transmitted and reflected light photo-
micrographs as well as cathodoluminescence (CL) images to reveal
their external and internal structures. CL images were obtained
using a Supra 55 Sapphire (Carl Zeiss Company, Germany) field
emission scanning electron microscope (FESEM) connected to a
MonoCL4 system (Gatan Company, UK) at the State Key Laboratory
of Isotope Geochemistry (SKLIG), Guangzhou Institute of
Geochemistry, Chinese Academy of Sciences (GIGCAS) (Guangzhou,
China). The imaging conditions were 10 kVwith aworking distance
of 14.9 mm. The analyzed spot should be located by checking the CL
images with transmitted and reflected light photomicrographs that
the appropriate target sites could avoid cracks and inclusions of
zircon crystals.

Zircon UePb dating were performed on a CAMECA IMS1280-HR
system at the SKLIG, GIGCAS. The analytical procedure was similar
to that reported by Li et al. (2009). A primary O2

e ion beam of ~8 nA
was used to bombard the surface of selected zircon, with a
20 mm� 30 mm ion spot size. Each measurement consisted of seven
cycles, and the total analytical time was ca. 12 min. Standard ana-
lyses were obtained after every five unknown analyses. The zircon
standard Ple�sovice (Sl�ama et al., 2008) was analyzed to calibrate Pb/
U ratios based on the linear relationship between ln(206Pb/238U)
and ln(238U16O2/238U) (Whitehouse et al., 1997). Uncertainties on
single analyses are reported at the 1s level. The data reduction was
carried out by use of the Geochronology software developed at
NORDSIM by Dr. Martin Whitehouse. The data processing concept
is equivalent to SQUID. The plotting program Isoplot/Ex_ver4.15
(Ludwig, 2011) was used to calculate ages, uncertainties, weighted
means, and the generation of UePb concordia plots. A reference
zircon SA01 (Huang et al., 2020) was analyzed as unknown to
monitor the reliability of the whole procedure. Five measurements
of SA01 yielded a 206Pb/238U age of 535.2 ± 8.8 Ma (1s), which is
3

consistent within errors with the reported value of
535.08 ± 0.32 Ma (Huang et al., 2020).

3.3. Ostracod samples

The studied ostracod samples were collected from the Ying-
zuilazi Formation at the Yingzuilazi section (41�5803300 N,
126�2505600 E) (Fig. 2). We totally collected fifteen samples. Of these,
thirteen samples contain ostracod individuals, and two samples
only contain ostracod fragments. The rock samples (250 g for each)
were crushed 1 cm � 1 cm pieces, then were kept in an oven at
60 �C for 24 h. After drying the samples were totally covered with
warm water and 5% surfactant liquid. Two days later, the samples
were washed under 2 mm and 0.063 mm meshes. The fine deposit
fragments which lift on the 0.063 mm mesh were dried again.
Ostracod specimens were picked under a binocular microscope.
Ostracod carapaces/valves are coated gold and scanned with Hita-
chi SU3500 scanning electron microscopes at the Nanjing Institute
of Geology and Palaeontology, Chinese Academy of Sciences (NIG-
PAS) (Nanjing, China). The figured specimens are housed in the
Nanjing Institute of Geology and Palaeontology, Chinese Academy
of Sciences (NIGPAS) under the collection numbers NIGP
176368e176434.

4. Results

4.1. Zircon UePb geochronology

Zircon grains are abundant in the tuff sample YZLZ-02, enabling
precise UePb age determination. Zircons from this sample are
mostly euhedral and 100e200 mm in length with length to width
ratios varying from 3 to 6. Most grains are clear in color, and
showing oscillatory magmatic zoning in CL images (Fig. 4), indi-
cating a magmatic origin (Corfu et al., 2003). UePb isotopic ratios
and ages that were obtained by SIMS are listed in Supplementary
Table 1. A total of 24 zircon crystals were analyzed. U and Th con-
tents vary from 145 to 640 ppm and from 81 to 490 ppm, respec-
tively. The Th/U ratios of analyzed zircons range from 0.36 to 1.11.
Twenty-one spot analyses of zircons from YZLZ-02 are concor-
dant, with 206Pb/238U and 207Pb/235U ages in agreement within
analytical error, yielding a concordia age of 128.5 ± 1.2 Ma (Fig. 4A).
Analysis 03 was excluded from the calculation because it was
discordant (Fig. 4A). Besides, two grains (analyses 06 and 15) are
slightly older and were thus excluded because of likely inheritance
(Fig. 4A). The remaining 21 analyses yielded a weighted mean
206Pb/238U age of 128.5 ± 1.0 Ma (n ¼ 21, MSWD ¼ 1.05; Fig. 4B),
which is interpreted as the depositional age of the tuff sample
YZLZ-02.

4.2. Ostracod systematic palaeontology

The classification for suprageneric categories follows Sames
(2011a,b), Danielopol et al. (2018) and Meisch et al. (2019). Abbrevi-
ations used in text and figures, H: height; L: length;W: width; LV: left
valve; RV: right valve. Size intervals used are: Very small: <0.40 mm,
small: 0.40e0.50mm,medium: 0.51e0.70mm, large: 0.71e1.00mm,
very large: 1.01e2.00 mm, gigantic: >2.0 mm (e.g. Ayress and
Whatley, 2014). Morphologic terminology, Anterior and posterior
outline and margin curvature symmetry: equicurvate ¼ equally
rounded; infracurvate ¼ narrower towards ventre;
supracurvate ¼ narrower rounded towards dorsum (see Sames,
2011a,b, fig. 5 for illustration and Sames, 2011c for definitions).

Class Ostracoda Latreille, 1802
Subclass Podocopa Sars, 1866



Fig. 2. Stratigraphic columns showing lithologies and the positions of the ostracod samples and tuff sample in the Yingzuilazi Formation at the Yingzuilazi section of the Baishan
Basin (modified from Huang, 2016, fig. 1.4). Reference [a] Chen et al. (2016).
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Fig. 3. A, Field occurrence of tuff sample YZLZ-02; BeC, Photomicrographs under cross-polarized light; D, Photomicrograph under plane-polarized light; Pl: plagioclase; Qtz:
Quartz; Bi: Biotite; Zr: Zircon.

Fig. 4. (A) UePb Concordia diagram and (B) Plot of individual analyses show the UePb dating results from SIMS analyses for YZLZ-02. Inset figures are cathodoluminescence images
of representative zircons. Number below each grain is the corresponding 206Pb/238U age. Red ellipsoidal spot is approximately 30 � 20 mm. Data shown as gray circles were not used
for the age calculations. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article).
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Order Podocopida Sars, 1866
Suborder Cypridocopina Baird, 1845
Superfamily Cypridoidea Baird, 1845
Family Cyprideidae Martin, 1940

Genus Cypridea Bosquet, 1852
Type species: Cypris granulosa Sowerby, 1836

Cypridea tubercularis (Pang in Pang et al., 1984)
Fig. 5AeH; Table 1

1984 Cypridea (Cypridea) jiandeensis tubercularis, Pang et al., p.
121e122, pl. 29, figs. 4e8, pl. 38, figs. 12e13.
1985a Cypridea (Cypridea) tubercularis, Zhang, p. 22e23, pl. 2, figs.
7e10.
1985a Cypridea cf. tubercularis, Zhang, p. 80, pl. 3, figs. 3aec.
2002 Cypridea tubercularis, Hou et al., p. 428, pl. 164, figs. 9e11.

Material. More than two hundred specimens, mostly complete
carapaces with well to moderately preserved.
Dimensions. L: 0.92e1.20 mm; H: 0.68e0.76 mm; W:
0.52e0.68 mm.
Remarks. The studied specimens match the description of subspe-
cies Cypridea (Cypridea) jiandeensis tubercularis Pang, 1984 (in Pang
et al., 1984) very well. Zhang (1985a) promoted this subspecies to
the species level and stated that variation in shape of species
Cypridea tubercularis is due to sexual dimorphism, with the more
elongate forms representing males. However, after then, Hou et al.
(2002) disagree with Zhang's sexual dimorphism hypothesis and
considered that the differences of size, size-ratios and shapes of
carapaces in C. tubercularis indicated the intraspecific variation. In
this study, two distinctive adult morphotypes always co-occur in
the same samples; one morph with more elongated and less
laterally inflated carapace is most likely the male (Fig. 5AeD),
another morph with higher width and more laterally inflated
carapace indicates the female (Fig. 5EeH). Therefore, we follow
Zhang's (1985a) concept, C. tubercularis represents sexual
dimorphism.
Distribution. Upper part of the Dabeigou Formation (¼ Dadianzi
Formation) of the Luanping Basin (Pang et al., 1984); Yixian For-
mation of western Liaoning (Zhang, 1985a); Yingzuilazi Formation
of the Baishan Basin (this study).

Cypridea horni Wang, sp. nov.
LSID urn: lsid: zoobank.org:act:522441B4-D595-4854-9466-
66F9D72A061C.
Fig. 5IeN; Table 1

Derivation of name. Named for Prof. David J. Horne in recognition of
his great contribution to our understanding of fossil and living
ostracods, and for being a mentor to YQW over many years.
Holotype. NIGP 176376 (Fig. 5I and J), complete adult carapace,
sample YZLZ-11 from the Yingzuilazi section of the Yingzuilazi
Formation, L: 1.20 mm, H: 0.84 mm, W: 0.72 mm.
Paratype. NIGP 176377 (Fig. 5K and L), complete adult carapace,
sample YZLZ-9-1 from the Yingzuilazi section of the Yingzuilazi
Formation, L: 1.16 mm, H: 0.72 mm, W: 0.64 mm; NIGP 176378
(Fig. 5M), complete adult carapace, sample YZLZ-9-1 from the
Yingzuilazi section of the Yingzuilazi Formation, L: 1.16 mm, H:
0.76 mm, W: 0.64 mm; NIGP 176379 (Fig. 5N), complete adult
carapace, sample YZLZ-9-1 from the Yingzuilazi section of the
Yingzuilazi Formation, L: 1.24 mm, H: 0.84 mm, W: 0.68 mm.
Type locality. Yingzuilazi section of the Baishan Basin, Yingzuilazi
Formation, Jilin, China.
Material. More than one hundred well to moderately preserved
carapaces and twenty-three valves.
Dimensions. L: 1.04e1.28 mm; H: 0.72e0.96 mm; W:
0.60e0.76 mm.
6

Diagnosis. Large to very large sized Cypridea, carapace shape
approximate triangular to oblong in lateral view, with distinct
rostrum, and broader alveolar furrow in LV. Hinge margin
incised, forming an extremely visible dorsal furrow; dorsal
furrow and outlines of both valves forming a lip-like structure in
dorsal view. Carapace surface punctate with presence of tubercles.
Description. Carapace with large to very large in size with approx-
imate triangular to oblong laterally (Fig. 5IeJ) and ovate in dorsal
and ventral views (Fig. 5M, N). LV > RV, inequivalve, LV overlapping
RV along free margin. Maximum height at anterior at or slightly
behind mid-length. Maximum length slightly below mid-height,
maximum width at mid-length. Anterior margin broad and
almost equicurvate with visible short rostrum and broad alveolus.
Anterior cardinal angle rounded, somewhat protruding in RV.
Posterior margin narrower than anterior one, equicurvate or
slightly infracurvate, with posteroventral triangular or slightly
rounded cyathus weakly developed in the LV. Posterior cardinal
angle strongly rounded. Dorsal margin straight and strongly in-
clined towards posterior end. Dorsal outline in LV always over-
topping in RV, strongly convex in LV and straight in RV. Hinge
margin incised, forming an extremely visible dorsal furrow; dorsal
furrow and outline forming a lip-like structure in dorsal view
(Fig. 5M). Ventral margin straight. Ventral outline slightly concave
in RV, and slightly convex in LV. Rostrum well-developed, but not
overreaching ventral margin and its point moderately acute. Alve-
olus relatively well-developed; alveolar notch triangular but
distinct and somewhat broad, and alveolar furrow broad extending
upwards to 1/5 height of carapace/valve and more visible in LV.
Carapace surface finely to moderately punctate but except for
dorsal, anterior and posterior margin areas, also characterized by
tubercles located close to anterodorsal, posteroventral and poster-
odorsal parts and arranged in rows in the LV. Moderate variation in
ornamentation, presence, number, size and intensity in develop-
ment of tubercles showing difference in different specimens.
Remarks. The new species strongly resembles Cypridea species from
the Lower Cretaceous sediments of Mongolia, as described by
Galeeva (1955) and Sinitsa (1993); however, C. unicostata Galeeva,
1955 has a ventral ridge in LV and lack the lip-like dorsal struc-
ture, and C. elevata Sinitsa, 1993 is distinctly bigger with alveolar
furrow absent. Cypridea borhuaensis Gou and Wang, 1986 (in Gou
et al., 1986) is similar to Cypridea horni sp. nov. in general outline
but differs from the latter by its two short node-like ridges in
ventral margin area of each valve.
Distribution. Yingzuilazi Formation of the Baishan Basin (this
study).

Cypridea bulumensis Sinitsa, 1992
Fig. 6AeF; Table 1

1992 Cypridea bulumensis, Sinitsa, p. 23e24, pl. 3, fig. 6.

Material. Sixty well to moderately preserved carapaces and twelve
valves.
Dimensions. L: 1.08e1.36 mm; H: 0.40e0.88 mm; W:
0.40e0.64 mm.
Remarks. The specimen studied resembles Cypridea xiaogushanensis
Zhang, 1985b in general outline and surface ornamentation. The
latter shows no distinct alveolar furrow in left valve and with more
arched dorsal margin. Moreover, Wang et al. (2013) considered that
C. xiaogushanensismight be a synonymy of Cypridea deplecta Zhang,
1985a.
Distribution. Transbaikalia area of Russia (Sinitsa, 1992); Yingzuilazi
Formation of the Baishan Basin.

Cypridea aff. multispinosa Hou, 1958

Fig. 6HeR; Table 1
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aff. 1958 Cypridea multispinosa, Hou, p. 43e44, pl. 2, figs. 8e11.
?1979 Cypridea multispinosa, Pang, p. 31e32, pl. 2, figs. 4e8, pl. 7,
fig. 8.
1982 Cypridea multispinosa, Pang, p. 67, pl. 8, figs. 4e8, pl. 15, fig. 1.
aff. 2002 Cypridea multispinosa, Hou et al., p. 404, pl. 148, figs. 4e6.
aff. 2005 Cypridea multispinosa, Neustrueva et al., p. 37, pl. 9, figs.
3aeb.

Material. Twenty moderately to badly preserved carapaces and
twenty-three badly preserved valves with most of them com-
pressed and covered with sediment fragments.
Dimensions. L: 1.12e1.28 mm; H: 0.72e0.80 mm; W:
0.60e0.76 mm.
Description. Very large sized carapace, outline approximately
rounded rectangle to elongated ovate in lateral view to subovate
or elliptic in dorsal and ventral views. LV larger than RV,
inequivalve, LV overlapping RV along all margins except for dorsal
margin. Maximum height slightly behind mid-length or at ante-
rior cardinal angle area. Maximum length at mid-height,
maximum width at mid-length. Anterior margin broad and
almost equicurvate to somewhat infracurvate. Anterior cardinal
angle rounded in LV and somewhat protruding in RV. Posterior
margin narrower than anterior one, equicurvate or slightly
infracurvate, with posteroventral rounded cyathus which weakly
developed in the RV. Posterior cardinal angle strongly rounded.
Dorsal margin arched and inclined towards posterior end,
developed a ridge-like structure along the dorsal outline in LV.
Dorsal outline of LV always overtopping of RV. Hinge margin
incised, forming an extremely visible and wide dorsal furrow.
Ventral margin straight, ventral outline slightly convex. Rostrum
short and broad associated with a wide alveolus, alveolar notch
short and small, alveolar furrow broad extending upwards to 1/3
height of carapace/valve in LV, but short in RV. Carapace surface
finely to moderately punctate except for dorsal, anterior, and
posterior margin areas, also covered by tubercles located close to
anterodorsal, posteroventral and posterodorsal areas but showing
low density in central part. Moderate variation in ornamentation,
presence, number, size, and intensity in development of tubercles
showing difference in different specimens. Sexual dimorphism
present. Females smaller, more inflation in dorsal and ventral
views, and more strongly developed tubercles (Fig. 6HeM); males
larger and more elongated in lateral view and less hinge margin
inclinations (Fig. 6NeQ). Juvenile individual shows a more
remarkable anterior cardinal angle and less degree development
of ornamentation (Fig. 6R).
Remarks. Our species show closer affinities to Cypridea multispinosa
Hou, 1958. The size range of our adult specimens is smaller than in
C. multispinosa of Hou (1958), Hou et al. (2002) and Neustrueva
et al. (2005). The development of alveolar furrow in LV seems to
be wider and more visible in our specimens than in C. multispinosa,
as well as the distribution patterns of tubercles and spines of both
are different. C. multispinosa of Pang (1979) may belong to Cypridea
aff. multispinosa Hou, 1958 based on Pang (1979)'s description such
as elongated ovate carapace shape and developed a ridge-like
structure along the dorsal outline. However, his illustrations are
of poor quality, for more details, we need to check the original
collection material. Therefore, it is given a question mark.
C. multispinosa from the Lisangou and Guyang formations (Pang,
1982) show striking similarities to our specimens in lateral
outline, and the carapace/valve surface characters, as well as shape
of the rostrum.
Distribution. C. multispinosa was reported from the Lower Creta-
ceous sediments from Shanxi Province of China (Hou, 1958) and
Tsagaantsav Formation (?) of Mongolia (Neustrueva et al., 2005). C.
7

aff. multispinosa is found in the Lisangou and Guyang formations
(Pang, 1982) and the Yingzuilazi Formation of the Baishan Basin.

Cypridea cf. unicostata Galeeva, 1955
Fig. 7AeD; Table 1

1955 Cypridea unicostata, Galeeva, p. 34e35, pl. 4, fig. 2.
1985a Cypridea unicostata, Zhang, pl. 10, figs. 7aec.
1986 Cypridea unicostata, Gou et al., p. 50e51, pl. 12, figs. 7e9.
2002 Cypridea unicostata, Hou et al., p. 452, pl. 166, figs. 20e21.

Material. Twenty carapaces and twenty-one valves with filled
sediments. L: 1.00e1.20 mm; H: 0.64e0.76 mm;W: 0.52e0.60 mm.
Remarks. Our species share diagnostic features of C. unicostata of
Galeeva (1955), Zhang (1985a), Gou et al. (1986) and Hou et al.
(2002): A approximately trapezoidal carapace in lateral view; a
visible alveolar furrow in each valve; a deep dorsal furrow; and
surface with punctations and small tubercles; however, our speci-
mens develop less degree of ventral ridge or almost absent ventral
ridge. Thus, our specimens are attributed to C. cf. unicostata.
Distribution. Cypridea unicostata has been described from the Lower
Cretaceous sediments of Mongolia (Galeeva, 1955), the Jiufotang,
Saihantala, Xiguayuan, Guantou, Fengtai, Dahuichang, and Lian-
muqin formations of China (e.g. Zhang, 1985a; Gou et al., 1986; Hou
et al., 2002).

Cypridea beipiaoensis (Cao, 1999)
Fig. 7EeI; Table 1

1999 Cypridea (Ulwellia) beipiaoensis, Cao, p. 136, pl. 3, figs. 1e13.
2017 Cypridea beipiaoensis, Wang et al., p. 346e347, figs. 6AeG.

Material. More than one hundred well to moderately preserved
carapaces and thirty valves.
Dimensions. L: 1.08e1.20 mm; H: 0.64e0.84 mm; W:
0.56e0.64 mm.
Remarks. The studied specimensmatch perfectly with the emended
diagnosis and description of Cypridea beipiaoensis (Cao, 1999) in
Wang et al. (2017), such as RV larger than LV, developing of a
remarkable anterior cardinal angle and the distribution pattern of
tubercles. Wang et al. (2017) stated that the C. beipiaoensis strongly
resemble C. justa of Lübimova (1956), and the latter one may
represent the juvenile stage of the former one. For further confir-
mation, the original material as well as topotypes of C. justa is
required.
Distribution. Yixian Formation of western Liaoning (Cao, 1999;
Wang et al., 2017); Yingzuilazi Formation of the Baishan Basin (this
study).

Family Ilyocyprididae Kaufmann, 1900

Genus Rhinocypris Anderson, 1941
Type species: Rhinocypris scabra Anderson, 1941

Rhinocypris jurassica (Martin, 1940)
Fig. 8AeD; Table 1

1940 Ilyocypris jurassica jurassica, Martin, p. 313, pl. 4, figs. 51e54.
1940 Ilyocypris jurassica spinosa, Martin, p. 316, pl. 4, figs. 55e57.
2002 Rhinocypris jurassica, Hou et al., p. 391, pl. 144, figs. 1e2, 9e10.
2016 Rhinocypris jurassica, Wang et al., p. 412e413, figs. 4PeR.

Material. Twelve moderately to badly preserved carapaces and
seven valves.
Dimensions. L: 0.64e0.84 mm; H: 0.36e0.44 mm; W:
0.32e0.40 mm.
Remarks. Although the carapace surfaces of our specimens are
dissolved, the studied specimens can assign to species R. jurassica
by general outline, dimension, and the presence of a visible groove



Fig. 5. AeH. Cypridea tubercularis (Pang in Pang et al., 1984), A, left view of male adult carapace, NIGP 176368, sample YZLZ-4, B, right view of male adult carapace, NIGP 176369,
sample YZLZ-4, C, ventral view of male adult carapace, NIGP 176370, sample YZLZ-7-2, D, dorsal view of male adult carapace, NIGP 176371, sample YZLZ-4, E, left view of female
adult carapace, NIGP 176372, sample YZLZ-7-1, F, right view of female adult carapace, NIGP 176373, sample YZLZ-7-1, G, dorsal view of female adult carapace, NIGP 176374, sample
YZLZ-7-1, H, ventral view of female adult carapace, NIGP 176375, sample YZLZ-7-1; IeR. Cypridea horni sp. nov.Wang, I, left view of adult carapace, NIGP 176376, sample YZLZ-11, J,
right view of adult carapace, NIGP 176376, sample YZLZ-11; K, right view of adult carapace, NIGP 176377, sample YZLZ-9-1, L, left view of adult carapace, NIGP 176377, sample YZLZ-
9-1, M, dorsal view of adult carapace, NIGP 176378, sample YZLZ-9-1, N, ventral view of adult carapace, NIGP 176379, sample YZLZ-9-1, O, left view of adult carapace, NIGP 176380,
sample YZLZ-9-1, P, left view of adult carapace, NIGP 176381, sample YZLZ-9-1, Q, right view of adult carapace, NIGP 176382, sample YZLZ-9-1, R, right view of adult carapace, NIGP
176383, sample YZLZ-11. Scale bar is 100 mm.
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Table 1
Distribution and occurrence of ostracod species in the Yingzuilazi Formation at the Yingzuilazi section of the Baishan Basin.
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and two nodes. Wang et al. (2016) concluded this species is
worldwide distribution species.
Distribution. Upper Purbeck or basalWealden, UK (Anderson,1985);
Campolara Formation, Spain (Schudack and Schudack, 2012); Yix-
ian, Puchanghe, Shouchang, Lianmuxin, Xiwa and Saihantala for-
mations of China (Hou et al., 2002; Wang et al., 2016), Yingzuilazi
Formation of the Baishan Basin (this study).

Rhinocypris sp.
Fig. 8E; Table 1

Material. Only one valve, L: 0.68 mm; H: 0.32 mm; W: ?
Remarks. The presence of three nodes, two depression and the thin
shell place the studied specimens within the Genus Rhinocypris.
This single specimen may represent a new species, however, with
only one left valve collected, the material is not sufficient to pro-
pose a new species.
Distribution. Yingzuilazi Formation of the Baishan Basin (this
study).

Family Djungarididae Gou and Hou, 2002 (in Hou et al., 2002)

Genus Djungarica Galeeva, 1977 (in Ye et al., 1977)
Type species: Djungarica saidovi Galeeva, 1963 in Nanjing Institute
of Geology and Palaeontology, Chinese Academy of Sciences (1963)

Djungarica sp.
Fig. 8F; Table 1

Material. Three carapaces and one broken valve, L: 1.92e2.04 mm;
H: 1.24e1.36 mm; W: 0.92e1.08 mm.
Remarks. The specimens available are poorly preserved and many
details are not visible, but the gigantic size and approximately
9

triangular lateral carapace outline fit emended diagnostic of the
Genus Djungarica in Hou et al. (2002). The carapace shape of our
specimens is quite similar with D. circulitriangula Zhang, 1985a (see
Zhang,1985a, pl. 21 figs. 4a-c), but our specimen is distinctly bigger.
This species is similar to Mantelliana chanhilensis Sinitsa, 1973 in
general outline. The problem is that in Sinitsa (1973), no diagnosis
and description are given for her new species M. chanhilensis and
her illustrations are of poor quality. Thus, we need to check the
original material for further confirmation.
Distribution. Yingzuilazi Formation of the Baishan Basin (this
study).

Family Ziziphocyprididae Chen, 2002 (in Hou et al., 2002)

Genus Ziziphocypris Chen, 1965
Type species: Timiriasevia costata Galeeva, 1955

Ziziphocypris linchengensis Su and Li, 1981

Fig. 8GeL, Table 1

1981 Ziziphocypris linchengensis, Su and Li, p. 124, pl.2, figs. 1e17.
1992 Ziziphocypris galeevae, Sinitsa, p. 28, pl. 4, fig. 1.
2002 Ziziphocypris linchengensis, Hou et al., p. 690, pl. 296, figs.
11e16.
2016 Ziziphocypris linchengensis, Wang et al., p. 416, figs. 6AeF.

Material. More than hundred well to moderately preserved cara-
paces and forty valves, L: 0.60e0.76 mm; H: 0.44e0.56 mm; W:
0.28e0.44 mm.
Remarks. The studied specimens assign to Ziziphocypris lin-
chengensis Su and Li, 1981 in general outline, surface ribs orna-
mentation and two visible dorsal ridges in each valve. The synonym



Fig. 6. AeG. Cypridea bulumensis Sinitsa, 1992, A, left view of adult carapace, NIGP 176384, sample YZLZ-12-1, B, right view of adult carapace, NIGP 176385, sample YZLZ-12-1, C,
ventral view of adult carapace, NIGP 176386, sample YZLZ-12-1, D, dorsal view of adult carapace, NIGP 176387, sample YZLZ-12-1, E, left view of adult carapace, NIGP 176388, sample
YZLZ-16, F, left view of adult carapace, NIGP 176389, sample YZLZ-17, G, left view of adult carapace, NIGP 176390, sample YZLZ-12; HeR. Cypridea aff. multispinosa Hou, 1958, H,
right view of female carapace, NIGP 176391, sample YZLZ-12, I, left view of female carapace, NIGP 176391, sample YZLZ-12, J, ventral view of female carapace, NIGP 176391, sample
YZLZ-12, K, left view of female carapace, right view of female carapace, NIGP 176392, sample YZLZ-12-1, L, right view of female carapace, NIGP 176392, sample YZLZ-12-1, M, dorsal
view of male carapace, NIGP 176393, sample YZLZ-12, N, left view of male carapace, NIGP 176394, sample YZLZ-12, O, dorsal view of male carapace, NIGP 176394, sample YZLZ-12, P,
left view of male carapace, NIGP 176395, sample YZLZ-12, Q, dorsal view of male carapace, NIGP 176395, sample YZLZ-12, R, lateral view of juvenile right valve, NIGP 176396, sample
YZLZ-12-1. Scale bar is 100 mm.
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Fig. 7. AeD. Cypridea cf. unicostata Galeeva, 1955, A, left view of adult carapace, NIGP 176397, sample YZLZ-9-1, B, right view of adult carapace, NIGP 176398, sample YZLZ-9-1, C,
dorsal view of adult carapace, NIGP 176399, sample YZLZ-9-1, D, ventral view of adult carapace, NIGP 176400, sample YZLZ-9-1; EeD. Cypridea beipiaoensis (Cao, 1999), E, right
view of adult carapace, NIGP 176401, sample YZLZ-17-1; F, left view of adult carapace, NIGP 176402, sample YZLZ-17-1; G, dorsal view of adult carapace, NIGP 176403, sample YZLZ-
17-1, H, ventral view of adult carapace, NIGP 176404, sample YZLZ-17-1, I, right view of adult carapace, NIGP 176405, sample YZLZ-17-1. Scale bar is 100 mm.
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list in Wang et al. (2016) had included published specimens in
Eastern Asia. Ziziphocypris galeevae Sinitsa, 1992 is considered a
synonym of Z. linchengensis, because of sharing the same diagnostic
features with specimens of Z. linchengensis in Su and Li (1981).
Distribution. Lincheng Formation (Su and Li, 1981), upper part of the
Dabeigou Formation (¼ Dadianzi) Formation of the Luanping Basin
(Pang, 1982); Yixian Formation of western Liaoning (Wang et al.,
2016); Lisangou Formation (Pang, 1978, 1979); Duhongmu Forma-
tion (Li, 1989) and second member of the Saihantala Formation
(Gou et al., 1986) of Inner Mongolia; Transbaikalia area of Russia
(Sinitsa, 1992).

Family Cyprididae Baird, 1845

Genus Lycopterocypris Mandelstam (in Lübimova, 1956)
Type species: Cypris faba Egger, 1910

Lycopterocypris infantilis Lübimova, 1956
Fig. 8MeN; Table 1

1956 Lycopterocypris infantilis, Lübimova, p.106, pl. 21, figs.1aeb, 2a,
3aeb.
2016 Lycopterocypris infantilis, Wang et al., p. 414e415, figs. 5FeG.
11
Material. Fourteen moderately to badly preserved carapaces and
three valves, L: 0.56e0.68 mm; H: 0.28e0.36 mm; W:
0.16e0.28 mm.
Remarks. The small size and rounded oblong shape of carapace
allow our specimens to be identified as Lycopterocypris infantilis
Lübimova,1956. The taxonomy, distribution and stratigraphic range
of this species had been well discussed by Wang et al. (2016), and
their work is followed here.
Distribution. Lisangou, Guyang, Dabeigou, Penglaizheng, Hekou,
Dahuichang, Xiazhuang, Fengtai, Yixian, Jiufotang, Fuxin, and
Sunjiawan formations, Zhidan Group and Xinmingbao Group of
China (e.g. Zhang,1985a; Hou et al., 2002); Zuunbayan Formation of
Mongolia (Lübimova, 1956); Yingzuilai Formation of the Baishan
Basin (this study).

Lycopterocypris debilis Lübimova, 1956
Fig. 8OeR; Table 1

1956 Lycopterocypris debilis, Lübimova, p. 107, pl. 21, figs. 5aec.
1985a Lycopterocypris liaoxiensis, Zhang, pl. 23, figs. 3aec, 4aec.
1985b Lycopterocypris liaoxiensis, Zhang, p. 145, pl. 3, figs. 7aec.
2016 Lycopterocypris debilis, Wang et al., p. 415, figs. 5HeI.



Fig. 8. AeD. Rhinocypris jurassica (Martin, 1940), A, left view, NIGP 176406, sample YZLZ-17-1, B, left view, NIGP 176407, sample YZLZ-17-1, C, left view, NIGP 176408, sample YZLZ-
17-1, D, right view, NIGP 176409, sample YZLZ-17-1; E. Rhinocypris sp., lateral view of right valve, NIGP 176410, sample YZLZ-17-1; F, Djungarica sp., left view of carapace, NIGP
176411, sample YZLZ-17-1; GeL. Ziziphocypris linchengensis Su and Li, 1981, A, left view of, NIGP 176412, sample YZLZ-17-1, B, left view of, NIGP 176413, sample YZLZ-17-1, I, right
view of, NIGP 176414, sample YZLZ-17-1, J, ventral view of, NIGP 176415, sample YZLZ-17-1, K, ventral view of, NIGP 176416, sample YZLZ-17-1, L, dorsal view of carapace, NIGP
176417, sample YZLZ-17-1; MeN. Lycopterocypris infantilis Lübimova, 1956, M, right view of carapace, NIGP 176418, sample YZLZ-9-1, N, left view of carapace, NIGP 176419, sample
YZLZ-17-1; OeR. Lycopterocypris debilis Lübimova, 1956, O, left view of carapace, NIGP 176420, sample YZLZ-9-1, P, dorsal view of carapace, NIGP 176421, sample YZLZ-9-1, Q, left
view of broken carapace, NIGP 176422, sample YZLZ-9-1, R, left view of compressed carapace, NIGP 176423, sample YZLZ-9-1. Scale bar is 100 mm.
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Material. Twenty moderately to badly preserved carapaces and five
valves, L: 0.60e0.68 mm; H: 0.32e0.40 mm;W: 0.20e0.24 mm.
Remarks. The size, overlap and carapace outlines in lateral
and dorsal view all allow the studied specimens to be identified
as Lycopterocypris debilis Lübimova, 1956. We agree with the
emended diagnostic features of species L. debilis by Wang et al.
(2016).
Distribution. Guyang and Jiufotang formations, Xinmingbao Group
(Wang et al., 2016); Zuunbayan Formation in Mongolia (Lübimova,
1956); Yingzuilai Formation of the Baishan Basin (this study).

Superfamily Cytheroidea Baird, 1845
Family Limnocytheridae Sars, 1928
Subfamily Timiriaseviinae Mandelstam, 1960

Genus Timiriasevia Mandelstam, 1947
Type species: Timiriasevia epidermiformis Mandelstam,1947

Timiriasevia principalis Lübimova, 1956
Fig. 9AeC; Table 1

1956 Timiriasevia principalis, Lübimova, p. 129e130, pl. 24, figs.
1aeb.
1965 Metacypris miaogouensis, Chen, p. 19e20, pl. 1, figs. 10e13.
? 2004 Timiriasevia principalis, Van Itterbeeck et al., p. 403, figs.
4NeO.
2005 Timiriasevia principalis, Neustrueva et al., pl. 27, figs. 7e8.

Material. Six moderately to badly preserved carapaces and three
valves with two broken, L: 0.48e0.72 mm; H: 0.28e0.44 mm; W:
0.32e0.44 mm.
Remarks. Although the studied specimens with incomplete valves
and carapaces covered with sediments, the general outline of valve
and the distinct ornamentation allow the attribution of the speci-
mens to the species Timiriasevia principalis Lübimova, 1956. Van
Itterbeeck et al. (2004) stated that the species Metacypris miao-
gouensis Chen, 1965 is a junior synonym of T. principalis, which is
followed in this study. However, the specimens of T. principalis in
Van Itterbeeck et al. (2004) may not belong to this species even the
Genus Timiriasevia. The figured incomplete specimens of Van
Itterbeeck et al. (2004) strongly resemble species Paracypretta
dashuigouensis Huang, 1985 (probably belongs to the Genus Zono-
cypris; for further confirmation, we need to examine the original
material) in lateral valve outline and the fingerprint-like surface
ornamentation (see Van Itterbeeck et al., 2004, figs. 4NeO and
Huang, 1985, pl. 2, figs. 17e18), which are both from the Dashuigou
Formation of Inner Mongolia. Compared with the representative of
the Genus Timiriasevia, the P. dashuigouensis specimen of Huang
(1985) (see Huang, 1985, pl. 2, figs. 17e18) shows more inflated
carapace outline in dorsal view and lacks the antero-lateral
constriction as well as covered with fingerprint-like ornamenta-
tion. Therefore, the synonymy of T. principalis in Van Itterbeeck
et al. (2004) is given a question mark here.
Distribution. Sainshand suite of Mongolia (Lübimova, 1956;
Neustrueva et al., 2005); Cretaceous strata (Miaogou) of Gansu
Province (Chen, 1965); upper part of the Dabeigou Formation (¼
Dadianzi Formation); Yingzuilazi Formation of the Baishan Basin
(this study).

Superfamily Darwinuloidea Brady and Norman, 1889
Family Darwinulidae Brady and Norman, 1889

Genus Alicenula Rossetti and Martens, 1998
Type species: Darwinula serricaudata Klie, 1935

Remarks. Although Martens et al. (2003) assigned some fossil dar-
winuloidean specimens from England Purbeck sediments to the
extant Genus Alicenula based on valves internal structures and the
carapace overlap. However, the assignment of fossil
13
darwinuloidean species to recent genera remains problematic for
reasons, particularly when the internal features are unknown
(Antonietto et al., 2018; Trabelsi et al., 2020). Furthermore, no at-
tempts have been carried out to integrate taxonomic approaches
for fossil and living darwinuliodean species so far (Antonietto et al.,
2018). To address this problem, more detailed taxonomic work and
a wide morphological analysis of key specimens from the Super-
family Darwinuloidea are required, however, is out of our topic of
present work. Therefore, we tentatively assign our normal carapace
overlap species to the Genus Alicenula of this study.

Alicenula? dadianziensis (Pang in Pang et al., 1984)
Fig. 9DeI; Table 10.5

1984 Darwinula dadianziensis, Pang et al., p. 195e196, pl. 36, fig. 7.

Material. Seven moderately to well preserved carapaces and one
broken valve, L: 0.72e0.88 mm; H: 0.40e0.44 mm; W:
0.36e0.40 mm.
Remarks. The general carapace outline and the smooth surface
clearly place the studied specimens within Alicenula? dadianziensis
(which is equivalent to Darwinula dadianziensis of Pang et al., 1984).
This species is similar to Darwinula darbiensis Neustrueva (in
Neustrueva et al., 2005), but the former one has more inflation
posterolateral carapace and more concave ventral margin.
Distribution. Upper part of the Dabeigou Formation (¼ Dadianzi
Formation) of Luanping Basin (Pang et al., 1984 and YQW's un-
published material); Yingzuilazi Formation of the Baishan Basin
(this study).

Alicenula? leguminella (Forbes, 1855)
Fig. 9JeR; Table 1

1855 Cypris leguminella, Forbes, p. 294, fig. 334c.
2002 Darwinula leguminella, Hou et al., p. 751, pl. 303, figs. 5e12.
2003 Alicenula leguminella, Martens et al., fig. 3aeu.
2016 Alicenula leguminella, Wang et al., p. 419e410, figs. 6MeR.

Material. Ten moderately to well preserved carapaces, L:
0.48e0.68 mm; H: 0.28e0.32 mm; W: 0.24e0.28 mm.
Remarks. The size and shape of the carapace, with the LV over-
lapping RV on all margins, refers the present specimens to
A. leguminella, although this species belongs to Genus Alicenula is
questionable here. We follow the synonym list in Wang et al.
(2016).
Distribution. Jinxin, Puchanghe, Jianmenguan, Suining, Zhuanqiao,
Shouchang, Guantou, Xiwa, Dabeigou, Zhoujiadian, Yixian and
Saihantala formations of China (Hou et al., 2002;Wang et al., 2016);
Lulworth Formation, UK; Purbeck/Wealden-like deposits of Ger-
many, Poland, and France; Jydegaard Formation of Denmark;
Morrison Formation of USA (Martens et al., 2003); Zuunbayan
Formation of Mongolia (Lübimova, 1956); core samples from Ara-
ripe and Jatob�a basins of Brazil (Tom�e et al., 2014).

5. Discussion

5.1. Chronostratigraphy for the Yingzuilazi Formation

The age of Yingzuilazi Formation is poorly constrained because
of lacking the radiometric age data. The age of Yingzuilazi Forma-
tion was formerly assumed by bracketing ages between the un-
derlying Guosong Formation and overlying Linzitou Formation
from the Baishan Basin or adjacent areas (e.g. Pei, 2005; Li, 2006; Li
et al., 2011; Chen et al., 2016; Huang, 2016; Guo et al., 2018). The
published dates for the Lizitou, Yingzuilazi, and Guosong forma-
tions are summarized in Table 2 and briefly discussed as follows. Pei
(2005) reported 40Ar/39Ar age of 130.2 ± 0.3 Ma for andesite
collected from the Guosong Formation of the Hunjiang area. Similar



Fig. 9. AeC. Timiriasevia principalis Lübimova, 1956, A, dorsal view of male carapace, NIGP 176424, sample YZLZ-17-1, B, lateral view of left valve, NIGP 176425, sample YZLZ-17-1,
C, lateral view of left view with anterior-ventral part missing, NIGP 176426, sample YZLZ-17-1; DeI. Alicenula? dadianziensis (Pang in Pang et al., 1984), D, left view of compressed
carapace, NIGP 176427, sample YZLZ-7-1, E, left view of compressed carapace, NIGP 176428, sample YZLZ-7-1, F, dorsal view of carapace with sediments, NIGP 176429, sample YZLZ-
7-1, G, left view of carapace, NIGP 176430, sample YZLZ-7-1, H, right view of carapace, NIGP 176430, sample YZLZ-7-1, I, ventral view of carapace, NIGP 176430, sample YZLZ-7-1;
JeI. Alicenula? leguminella (Forbes, 1855), J, left view of compressed carapace, NIGP 176431, sample YZLZ-9-1, K, left view of carapace, NIGP 176432, sample YZLZ-9-1, L, right view
of carapace, NIGP 176432, sample YZLZ-9-1, M, dorsal view of carapace, NIGP 176432, sample YZLZ-9-1, N, dorsal view of carapace, NIGP 176433, sample YZLZ-9-1, O, right view of
carapace, NIGP 176434, sample YZLZ-9-1, P, left view of carapace, NIGP 176434, sample YZLZ-9-1, Q, dorsal view of carapace, NIGP 176434, sample YZLZ-9-1, R, ventral view of
carapace, NIGP 176434, sample YZLZ-9-1. Scale bar is 100 mm.
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Table 2
Summary of literature age dates of the Lizitou, Yingzuilazi, and Guosong formations from Baishan and adjacent areas.

Formation Location Type Sample No. Method Age (Ma) Reference

Lizitou Fm. TonghuaeBaishan andesite LZT2 LA-ICP-MS UePb 126.0 ± 2.9 (n ¼ 5) Zhao (2015)
TonghuaeBaishan andesitic tuff LZT1 LA-ICP-MS UePb 123.2 ± 0.9 (n ¼ 21) Zhao (2015)
TonghuaeBaishan Rhyolitic ignimbrite LZT3 LA-ICP-MS UePb 121e129 Zhao (2015)
Tonghua Trachyandesite 20TH-34 AreAr 119.0 ± 0.6 Li (2006)
Tonghua trachyte 20TH-46 AreAr 114.0 ± 0.6 Li (2006)

Yingzuilazi Fm. Liuhe Basin sandstone P14-B3 LA-ICP-MS UePb ~131 Lan (2019)
Liuhe Basin sandstone L1-B178 LA-ICP-MS UePb ~126 Lan (2019)
Yalu River Basin tuffaceous siltstone HD1-3 LA-ICP-MS UePb ~126 Pang et al. (2018)
Baishan Basin palynology HauterivianeBarremian Guo et al. (2018)

Guosong Fm. Guosong Basin andesite GS-1-TWS LA-ICP-MS UePb 130.8 ± 0.8 (n ¼ 24) Zhao (2015)
Hunjiang andesite TH8-3 AreAr 130.2 ± 0.3 Pei (2005)
Guosong Basin andesite GS04 LA-ICP-MS UePb 130 ± 2 (n ¼ 14) Liu et al. (2018)
Tonghua Basin trachyandesite 16PJ10-2 LA-ICP-MS UePb 129 ± 1 (n ¼ 9) Zhou (2021)
Guosong Basin trachyte 16PJ1-7 LA-ICP-MS UePb 129 ± 1 (n ¼ 15) Zhou (2021)
Guosong Basin andesite GS07 LA-ICP-MS UePb 129 ± 2 (n ¼ 19) Liu et al. (2018)
Tonghua Trachyandesite 20TH-31 AreAr 125.7 ± 0.6 Li (2006)
Xinbindong Basin trachyte 18JF21 SIMS UePb 124 ± 1 (n ¼ 20) Feng et al. (2020)
Guosong Basin rhyolite GS-2-TWS LA-ICP-MS UePb 118.5 ± 1.1 (n ¼ 23) Zhao (2015)
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ages for andesite and trachyte from the Guosong Formation of the
Guosong Basin were obtained by LA-ICP-MS (129 ± 1 Ma,
129 ± 2 Ma, 130 ± 2 Ma and 130.8 ± 0.8 Ma; Chen et al., 2016; Liu
et al., 2018; Zhou, 2021). Chen et al. (2016) reported LA-ICP-MS
UePb dating results (123.2 ± 0.9 Ma and 126.0 ± 2.9 Ma) for the
tuff samples from the Linzitou Formation of the Tonghua area.
However, Li (2006) and Li et al. (2011) reported slightly younger
40Ar/39Ar ages of 119.0 ± 0.6 Ma and 114.0 ± 0.6 Ma for trachy-
andesite/trachyte collected from the Linzitou Formation of the
Tonghua area. Thus, the age of the Yingzuilazi Formation is roughly
constrained from ~130 Ma to ~123 Ma. On the other hand, all the
radiometric results of the Yingzuilazi Formation were determined
by LA-ICP-MS UePb dating on detrital zircons extracted from
sandstone samples fromnearby Liuhe and Yalu River basins (Fig.10;
Pang et al., 2018; Lan, 2019). The youngest peak age of the sedi-
ments constrains the deposition of the Yingzuilazi Formation to
~127.7 Ma (Fig. 10). In this study, the tuff layer collected from the
uppermost part of the Yingzuilazi Formation provide a critical op-
portunity for geochronological study. Hence, the weighted mean
SIMS UePb age of 128.5 ± 1.0 Ma could represent the age limit of
the Yingzuilazi Formation. In addition, our SIMS data is the first
robust radiometric age from the Yingzuilazi Formation, which is
consistent with the youngest age group by detrital zircon studies
mentioned above.
5.2. Ostracod biostratigraphy and age determination for the
Yingzuilazi Formation

Ostracoda, a small crustacean arthropod with a calcified
bivalved shell (carapace), have excellent fossil records extending
back to Ordovician (e.g. Horne, 2005). Because of their small size,
high fossilization potential and frequency of occurrence in non-
marine and marine sediments, thus ostracods are undoubtedly a
useful biostratigraphical indicator for regional, supraregional and
intercontinental biostratigraphic correlations (e.g. Sames, 2011a,b;
Sames and Horne, 2012;Wang et al., 2015; Choi et al., 2020). For the
Yingzuilazi Formation, 11 ostracod taxa were reported in the liter-
ature (Huang, 2016). Finds from this formation were assigned to
genera Cypridea, Lycopterocypris, Damonella, Yumenia and Darwin-
ula, indicating an Early Cretaceous age with no stage information,
but were neither described nor figured (Huang, 2016). Li et al.
(2018) proposed a Cypridea-Lycopterocypirs-Darwinula ostracod
assemblage for the Yingzuilazi Formation and stated that the
Yingzuilazi Formation can correlate with the Yixian Formation of
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western Liaoning. Again, no species description or figures are
available. Therefore, more detailed taxonomic and biostratigraphic
studies of the ostracod fauna from the Yingzuilazi Formation are
requested.

In this study, fifteen ostracod species belonging to seven genera
including a new species are described and figured: Cypridea
tubercularis (Pang in Pang et al., 1984), C. horni sp. nov., C. bulu-
mensis Sinitsa, 1992, C. aff. multispinosa Hou, 1958, C. cf. unicostata
Galeeva, 1955, C. beipiaoensis (Cao, 1999), Rhinocypris jurassica
(Martin, 1940), R. sp., Djungarica sp., Ziziphocypris linchengensis Su
and Li, 1981, Lycopterocypris infantilis Lübimova, 1956, L. debilis
Lübimova, 1956, Timiriasevia principalis Lübimova, 1956, Alicenula?
dadianziensis (Pang, 1984 in; Pang et al., 1984), and Alicenula?
leguminella (Forbes, 1855), all from the type section of the Ying-
zuilazi Formation. This ostracod fauna is dominated by Cypridea
species as well as shows a high diverse of non-Cypridea species.
Besides the world-widely distribution species Rhinocypris jurassica
and Alicenula? leguminella, the rest of them seem to be endemic to
east Asia. In this fauna, Cypridea tubercularis has been found in the
upper part of the Dabeigou Formation (¼ Dadianzi Formation) in
Luanping Basin (Pang et al., 1984) and in the Yixian Formation of
western Liaoning (Zhang, 1985a). The upper part of the Dabeigou
Formation is assigned to Hauterivian to Barremian (based on un-
published biostratigraphy data of YQW). Recently, the upper part of
the Dabeigou Formation (¼ Dadianzi Formation) is constrained to
127.8 Ma (Barremian) by Yu et al. (2022a). The Yixian Formation
was dated as a Barremian to Aptian based on biostratigraphic dates
(e.g., Sha, 2007; Wang et al., 2015), however, this formation has
been recently precisely dated as between 125.755 Ma to 124.122
Ma (Aptian) in the Sihetun area (Zhong et al., 2021). C. bulumensis is
reported from the Late Jurassic to Early Cretaceous sediments in
Transbaikalia area of Russia (Sinitsa, 1992). C. beipiaoensis is also
found in Yixian Formation of western Liaoning (Cao, 1999; Wang et
al., 2017). Ziziphocypris linchengensis has been discovered from the
Hautervian to Aptian sediments of northeast China and eastern
Mongolia, and from Early Cretaceous in Transbaikalia area of Russia
(e.g. Su and Li, 1981; Pang, 1982; Sinitsa, 1992; Xin et al., 2000;
Wang et al., 2016). The distributions of species Lycopterocypris
infantilis and L. debilis have beenwell documented and summarized
in Wang et al. (2016), these two species are widely distributed in
Hauterivian to Albian non-marine strata of east Asia (Wang et al.,
2016 and see reference therein). Timiriasevia principalis was re-
ported from the Dabeigou Formation in the Luanping Basin and the
Sainshand suite of Mongolia (Lübimova, 1956; Neustrueva et al.,



Fig. 10. Histograms of LA-ICP-MS zircon UePb ages for sandstone samples of the Yingzuilazi Formation from (A) Yalu River Basin and (B) Liuhe Basin. Data are compiled from Lan
(2019) and Pang et al. (2018).
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2005 and unpublished data of YQW). The age of the Sainshand suite
was suggested to be Aptian to Cenomanian (Khand et al., 2000).
Alicenula? dadianziensis also occurs in the upper part of the
Dabeigou Formation (¼ Dadianzi Formation) (Pang et al., 1984).
Alicenula? leguminella has a long stratigraphic range (Late Jurassic
to Albian) and a world-wide distribution (e.g. Wang et al., 2017). A
scheme of ostracods stratigraphic ranges from the Yingzuilazi
Formation is summarized in Table 3. Consequently, based on the
available information above, the age of the Yinzuilaizi Formation is
Hauterivian to Barremian, which can be correlated with the Yixian
Formation of western Liaoning, the upper part of the Dabeigou
Formation (¼ Dadianzi Formation) in Luanping Basin, the Lower
Cretaceous strata from Transbaikalia area of Russia and the Zuun-
bayan Formation of eastern Mongolia.
5.3. The biota from the Yingzuilazi Formation, and its relationship
with Jehol Biota

In addition to a diverse non-marine ostracod fauna, the biota
from the Yingzuilazi Formation contains several other animal
and plant fossil groups, including conchostracans (clam shrimp),
bivalves, gastropods, insects, fishes, amphibians as well as
plants like Sphenopsida, Ginkgopsida and Czekanowskiales (see
Li et al., 2018, pl. 1; Guo et al., 2018, fig. 3 and references
Table 3
Stratigraphical ranges of the ostracod species present in our samples from the Yingzu
Val. ¼ Valanginian, Hau. ¼ Hauterivian, Bar. ¼ Barremian, Apt. ¼ Aptian, Alb. ¼ Albian, L
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therein). Because of the occurrences of the conchostracan
Eosetheria, the insect Ephemeropsis and the fish Lycoptera (EEL
assemblage) in the Yingzuilazi Formation as well as sharing
several same fossil plant species with the Yixian Formation, the
biota from the Yingzuilazi Formation was assigned to the well-
known terrestrial Lagers€atten Jehol Biota (e.g. Huang, 2016; Li
et al., 2018; Guo et al., 2018). However, the definition and dis-
tribution pattern of Jehol Biota have been widely discussed
since Pan et al. (2013) proposed a new paleoecological defini-
tion for this biota integrating the ecological and taphonomic
aspects (e.g. Xu et al., 2020; Zhou et al., 2021; Yu et al., 2022b).
More recently, Zhou et al. (2021) clearly stated that the poorly
defined traditional Jehol Biota is equivalent to the Jehol Biota
sensu lato as well as the newly defined Jehol Biota by Pan et al.
(2013) is named as the Jehol Biota sensu stricto. According to
Pan et al. (2013), the Jehol Biota sensu stricto has a limited
paleogeographic distribution in northeast China, occurring in
the Huajiying, Yixian and Jiufotang formations in northern
Hebei, western Liaoning, and southeast Inner Mongolia (Pan
et al., 2013). Whereas, the Jehol Biota sensu lato is distributed
across the whole of northern China and neighboring regions in
eastern and central Asia, which is charactered by occurrences of
conchostracan Eosetheria, the insect Ephemeropsis and the fish
Lycoptera (EEL assemblage) (e.g. Chen, 1988; Xu et al., 2020;
ilazi Formation of the Baishan Basin. Late Jur. ¼ Late Jurassic, Ber. ¼ Berriasian,
ate Cre. ¼ Late Cretaceous.
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Zhou et al., 2021, fig. 1 and references therein). However, the
distribution patter of the Jehol Biota sensu lato is questionable
and challenged by some recent studies (e.g. Pan et al., 2013;
Hethke et al., 2018; Yu et al., 2022b). As Pan et al. (2013)
argued, fish Lycoptera which is one of the main elements from
Jehol Biota sensu lato is restricted in the Yixian Formation, the
fishes from the Jiufotang Formation should be assigned to
genus Jinanichthy but not Lycoptera. Moreover, the species di-
versity of Spinicaudata (conchostracan) in the Jehol Biota
sensu lato has been overestimated and a thorough taxonomic
revision of Jehol Biota “Eosetheria” fauna is requested (Hethke
et al., 2018). Because of lacking detailed taxonomy study on
fossil fish and Spinicaudata (conchostracan) of the Yingzuilazi
Formation, therefore, the biota from the Yingzuilazi Formation
of the Baishan Basin is now better treated as a separate biota
from the Jehol Biota sensu stricto as well as the Jehol Biota sensu
lato.

In addition, the newly obtained isotopic ages of the Jehol fossil-
bearing stratigraphic units have significantly refined our under-
standing of the temporal distribution of the Jehol Biota sensu
stricto (Yang et al., 2020; Zhong et al., 2021; Zhou et al., 2021). This
biota has been placed between ~135 Ma and ~120 Ma, that is,
during Late Valanginian to Early Aptian (Yang et al., 2020; Zhou
et al., 2021). According to Zhou et al. (2021), the Jehol Biota
sensu stricto is generally divided into three evolving stages, i.e.,
Jehol Biota stages I (JBS I; ~135 Ma to 127 Ma), JBS II (~126 Ma to
~124 Ma), and JBS III (124 Ma to 120 Ma). Similar to Jehol Biota
sensu stricto, the biota from the Yingzuilazi Formation was also
recovered from the volcaniclastic lacustrine deposits in the NCC.
And our new radiometric age suggests that the biota from the
Yingzuilazi Formation is probably time consistent with the JBS I
defined by Zhou et al. (2021). However, the comprehensive
biostratigraphy data and fossil compositions implicate that the
biota from the Yingzuilazi Formation can be relative with the JBS
II. Therefore, the study of biota from the Yingzuilazi Formation will
not only help reveal the spatiotemporal distribution, diversity, and
pattern of radiation of the Early Cretaceous terrestrial biome in
northeastern China, but also help better understand the linkage of
terrestrial life evolution and the deep dynamic processes in the
NCC even in East Asia.

6. Conclusions

The Yingzuilazi Formation in the Baishan Basin holds an
ostracod fauna consisting of fifteen species belonging to seven
genera, Cypridea tubercularis, Cypridea horni sp. nov., C. bulumensis,
C. aff. multispinosa, C. cf. unicostata, C. beipiaoensis, Rhinocypris
jurassica, Rhinocypris sp., Djungarica sp., Ziziphocypris linchengensis,
Lycopterocypris infantilis, L. debilis, Timiriasevia principalis, Alice-
nula? dadianziensis, and Alicenula? leguminella, which were taxo-
nomically studied in detail. This recovered ostracod fauna is
relatively unique and diverse, with one new species having been
described. Based on the ostracod biostratigraphic correlations, the
age of the Yingzuilazi Formation is Hauterivian to Barremian. This
age, combined with our new SIMS zircon UePb age of
128.5 ± 1.0 Ma for the upper part of the Yingzuilazi Formation,
indicates that the age of biota from the Yingzuilazi Formation is
mainly Barremian (~129 Ma to ~127 Ma). Considering the chro-
nology and paleontology compositions of the biota from the Ying-
zuilazi Formation, this biota is treated as a separate biota from the
Jehol Biota sensu lato as well as the Jehol Biota sensu stricto.
Although this biota is time consistent with Jehol Biota sensu stricto
stage I, however, the comprehensive biostratigraphy data and
paleontology compositions of this biota implicate that this biota has
a close relationship with the Jehol Biota sensu stricto stage II.
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Therefore, this biota will eventually help to not only elucidate the
spatiotemporal evolution of the Early Cretaceous terrestrial biotas
in East Asia, but also explore the possible relationship between the
terrestrial life evolution and the destruction processes of the North
China Craton.
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