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1 Introduction  
 
The QinghaiïTibet Plateau (QTP) is the highest and 
youngest plateau on Earth, with an average elevation over 
4000 m above sea level (a.s.l.). The Cenozoic uplift of the 
QTP was one of the most significant geomorphological 
changes on Earth, has not only driven the transformation 
of the ecological environment from a low-altitude 
subtropical forest of the middle Eocene to the current 
alpine meadow ecosystem, but also profoundly influenced 
the evolution of the Asian monsoon system and terrestrial 
biosphere (Harrison et al., 1992; An et al., 2001; Li et al., 
2001; DeCelles et al., 2014; Chang and Miao, 2016; Ding 
et al., 2016, 2020, 2022; Deng et al., 2019, 2020; Spicer et 
al., 2020; Su et al., 2020; Liu et al., 2024; Wang et al., 
2025). As the QTP critically shaped regional and global 
surface dynamics, reconstructing its paleoenvironment, 
paleoclimate, biodiversity and elevation history across 
geological zones is essential to decode their tectonic 
origins (Deng et al., 2020; He et al., 2022; Zhao et al., 
2022; Sun et al., 2023; Spicer et al., 2024). A series of 
substantial works and important paleontological 
discoveries in recent years from the Nima, Lunpola and 
Luolong Basins revealed that the terrestrial biodiversity of 
the modern central QTP during the Cenozoic was 
unexpectedly high, elucidating the general features of the 

ecosystem before the strong uplift of the central QTP as 
tropical or subtropical lowland habitats in the óCentral 
Tibetan Valleyô (Deng et al., 2012, 2019, 2020; Wang and 
Wu, 2015; Wu et al., 2017; Cai et al., 2019; Jia et al., 
2019; Liu et al., 2019; Su et al., 2019, 2020; Tang et al., 
2019; Low et al., 2020; Fang et al., 2020; Xiong et al., 
2022; Zhao et al., 2025).  
The Cyprinidae sensu lato (commonly named ócarpsô) is 

a highly diversified teleostean family with more than 370 
genera and 3000 species distributing and occurring widely 
in much of mainland Eurasia, most of the East Indian 
islands, Africa and North America (Howes, 1991; Nelson 
et al., 2016). Although recent phylogenetic studies 
proposed a new phylogenetic classification of groupings in 
Cypriniformes and Cyprinidae (Tan and Armbruster, 
2018), for the sake of facilitating the description and 
comparison of fossils, we temporarily adhere to the 
previous classification framework in the Cyprinidae by 
Chinese researchers (e.g., Yue et al., 2000). Cyprinid 
fishes play an important role in the modern freshwater 
ecosystems via their interactions with the plants, 
invertebrates, and other aquatic vertebrates (Winfield and 
Townsend, 1991). Traditional morphological and 
molecular studies support the framework of dividing the 
Cyprinidae into two major subgroups, i.e., the Series 
Barbini (subfamily Cyprininae sensu lato) and the Series 
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Barbini, while the other can only be assigned to the Cyprinidae family level. These findings reveal that the hinterland of the 
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Leuciscini (subfamily Leuciscinae sensu lato) (Chen et al., 
1984; Howes, 1991; Cavender and Coburn, 1992; Saitoh 
et al., 2006; Wang et al., 2007; He et al., 2008; Mayden et 
al., 2009; Tao et al., 2013; Feng et al., 2023). In those 
studies, the Series Barbini is well supported, and includes 
four traditional subfamilies: Cyprininae (cyprinins), 
Labeoninae, Barbinae, and Schizothoracinae (this taxon 
was sometimes included in the Barbinae).  
The Series Barbini is the largest subclade of the family 
Cyprinidae, most of which inhabit waterbodies of southern 
Eurasia and Africa (Yang et al., 2015). In China, the 
majority of Barbini species are predominantly distributed 
in southern regions, with the exceptions of the pan-
Eurasian widely dispersed common carp (Cyprinus 
carpio), crucian carp (Carassius auratus), and high-
altitude morphologically specialized schizothoracine 
species (snow carps) inhabiting the QTP (Yue et al., 
2000). Recent molecular biological studies have revealed 
that the distribution patterns and evolutionary processes of 
Barbini have been profoundly shaped by the uplift of the 
QTP and the evolution of the Asian monsoon system (He 
et al., 2016; Wang et al., 2016; Feng et al., 2023; Li et al., 
2023). Consequently, fossils of Barbini bear significant 
paleoenvironmental and paleoclimatical implications.  
The abundant fossil assemblages of fishes, plants, 
insects, and mammals, reflect a forest-aquatic ecosystem 
characterized by high biodiversity in central QTP from the 
middle to late Paleogene to early Neogene (Deng et al., 
2012, 2019, 2020; Wang and Wu, 2015; Wu et al., 2017; 
Cai et al., 2019; Su et al., 2019, 2020; Zhao et al., 2025); 
however, as a vital consumer in the freshwater 
ecosystems, the knowledge of the cyprinid fishes therein 
remains limited. Any new findings of fossil cyprinids are 
critical proxies for understanding the biological and 
geological interplays in the ecosystem during the 
geological ages (Chang and Miao, 2016), and also hopeful 
candidates for providing calibration points for the 
molecular clock analyses of their group. Here, we report 
new Miocene fossil cyprinids from the Lunpola Basin, 
northern Tibet. They represent new fossil cyprinid 

lineages from the hinterland of the QTP and shed new 
light on the knowledge of biodiversity and paleoclimate of 
the Neogene QTP. 

 
2 Geological Setting 

 
The Lunpola Basin situates at the BangongïNujiang 

suture, central QTP (northern Tibet), bounded by the 
Tanggula Range to the north and the Gangdese Ranges to 
the south, has a present surface elevation of ca. 4600 m 
a.s.l. (Fig. 1). In modern times, the basin is dominated by 
the semiarid and subcold monsoon climate, with a mean 
annual precipitation of ~300 mm and a mean annual 
temperature of ī1ÁC (Mao et al., 2019). Lunpola Basin 
contains a thick Cenozoic stratigraphic succession 
consisting of Niubao Formation (estimated early Eocene 
to early Miocene in age) and overlying Dingqing 
Formation (presumably Oligocene to Miocene in age) 
(Xiong et al., 2022; Sun et al., 2023). The basin has 
exposed continuous fluviolacustrine sedimentary outcrops 
and contains rich fossil assemblages, recording detailed 
information of uplift and paleoclimatical changes on the 
QTP since the Eocene (Rowley and Currie, 2006; Polissar 
et al., 2009; Sun et al., 2014; Wu et al., 2017; Deng et al., 
2019; Su et al., 2019; Fang et al., 2020; Sun et al., 2024). 
In this study, we describe two new fossil fishes 

collected from the Dingqing Formation in Chebuli section 
(Fig. 2a) and Lunbori section (Fig. 2b), respectively. For 
the Chebuli new fossils, Sun et al. (2014, 2023) conducted 
detailed geological and paleoclimatic researches in 
Chebuli area, north to the Zagya Zangbo River, and two 
sections, ChebuliïA and ChebuliïB, had been explored 
(Fig. 2a). The ChebuliïB section, which exposes a 
stratigraphically higher part of the Dingqing Formation, is 
situated at the overturned limb of the syncline (Fig. 2a), 
and the synthetical chronological study suggested that the 
deposition age of Dingqing Formation in this section is 15ï
12 Ma (Sun et al., 2023). Chebuli fish fossils (IVPP 
V33863 and V33864) were unearthed from the grayish-
green laminated, lacustrine mudstones in the upper part of 

    
 

Fig. 1. The basin containing the fossil locality and shaded topographic map of the Qinghaiï

Tibet Plateau (adapted from https://maps-for-free.com). 
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the Dingqing Formation, ca. 500 meters west to the 
ChebuliïB section (Fig. 2a). Based on the stratigraphic 
relationship between the fossil site and ChebuliïB section, 
the geological age of Chebuli fossils was estimated to be 
approximately 15 Ma of the middle Miocene. 
The other new fish fossil (IVPP V34023) collected from 
the Lunbori section came from the upper part of the 
Dingqing Formation (Fig. 2b), of which the geological age 
was estimated to be 18ï16 Ma according to a 
contemporaneous extinct rhino, Plesiaceratherium sp. 
(Deng et al., 2012).  

3 Materials and Methods 
 
Fossil materials in the study include IVPP V34023 (Fig. 

3), V33863 and V33864 (Fig. 4aïd), and. All specimens 
are housed in the Institute of Vertebrate Paleontology and 
Paleoanthropology (IVPP), Chinese Academy of Sciences, 
Beijing. The methods of measuring and counting the 
fossils follow those conventionally used for extant 
cyprinids (Wu, 1964). The osteological terminology 
follows Conway et al. (2008). The taxonomy of 
Cyprinidae follows Yang et al. (2015). The specimens 

    
 

Fig. 2. Geographical and geological settings of the fossils in this study.  
(a) Map showing the location of the new fossil fish from the ChebuliïB Section and the stratigraphic age, modified from Sun et al. (2014, 2023); 

(b) another new fossil fish from the Lunbori section and the stratigraphical column, modified from Mao et al. (2019). 

 

Fig. 3. Cyprinidae gen. et sp. indet from the lower Miocene of the Lunpola Basin, IVPP V34023.  
The arrow denotes the origin of the serrations on the fin ray. Abbreviation: pxe: proximal end of fin ray. Scale bar = 5 mm. 
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were mechanically prepared by the technicians of IVPP 
via using needles. The line drawings were done based on 
photos, assisted with observation of the specimens under a 
Nikon SMZ1500 binocular microscope. 

 
4 Systematic Paleontology 

 
    Superorder Ostariophysi Sagemehl, 1885 

Order Cypriniformes Bleeker, 1859/60 
Family Cyprinidae Bonaparte, 1840 

 
4.1 Cyprinidae gen. et sp. indet.  
Included material: IVPP V34023 (Fig. 3), an 

incomplete last unbranched fin ray. 
Horizon and localities: Lunbori section, Dingqing 

Formation of the Lunpola Basin, northern Tibet, China, 
the late early Miocene (18ï16 Ma). 
Description: Specimen V34023 (Fig. 3) is an 

incomplete last unbranched fin ray and only its proximal 
part (ca. 16 mm) was preserved. The fin ray is spine-like, 
equipped with 12 anteroventrally oriented serrations on its 
posterior edge. Compared with the last unbranched dorsal-
fin ray in V33864 (Fig. 4c, d), the serrations on this 
specimen are relatively large and sparse (see below). 
Different from V33864, the serrations originate from the 
basal region of the fin-ray. 

    
 

Fig. 4. Barbini gen. et sp. indet. from the middle Miocene of the Lunpola Basin.  
(a, b) An incomplete skull, IVPP V33863, head to left; (c, d) Specimen IVPP V33864, head to left. Scale bars = 10 mm. Abbreviations: cb: cerato-

branchial; cl: cleithrum; enpt: endopterygoid; epn: epineural; fr: frontal; hs: hemal spine; hy: hyomandibular; io5: 5th infraorbital; le: lateral ethmoid; 

lud: last unbranched dorsal-fin ray; me: mesethmoid; mpt: metapterygoid; mr: middle radial; na: neural arch; ns: neural spine; pa: parietal; pal: 

palatine; pmr: proximal-middle radial; pr: proximal radial; pt: posttemporal; pto: pterotic; poz: postzygapophysis; prz: prezygapophysis; r: rib; sc: 

supraorbital canal; scl: supracleithrum; sn: supraneural; so: supraorbital; spo: sphenotic; tc: temporal sensory canal; v: vertebral centrum. 


