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Abstract

The presence of the Zhongba microterrane causes the 
Yarlung–Tsangpo suture zone to be bifurcated into two parts 
in its western segment: the Northern Ophiolitic Belt and 
Southern Ophiolitic Belt. This indicates that the evolution 
of the Neo-Tethys Ocean in the western segment is more 
complex than previous interpretation. Between the Southern 
Ophiolitic Belt and the Zhongba microterrane, there exists 
a successive stratigraphic sequence. In this study, a total 
of 15 genera belonging to 20 species of radiolarians were 
identified from the siliceous strata of the Dangxin Formation 
within this sequence, constraining the age of the Dangxin 
Formation to the Barremian, Early Cretaceous. Additionally, 
a stratigraphic column was constructed based on the basic 
understanding of this stratigraphic sequence from regional 
geological surveys, and it was compared with deep-water 
sediments in the Tethyan Himalaya. The results show that 
this sequence can be correlated with the Rilang, Duobeng, 
Chuangde, and Zongzhuo formations, which were deposited 
on the passive margin of the Indian plate.

Keywords: Yarlung–Tsangpo suture zone, radiolarians, 
Early Cretaceous, Zhongba microterrane

introduction

The Yarlung–Tsangpo suture zone (YTSZ) is the youngest 
and southernmost tectonic suture in Tibet, which 
marks the boundary between the Indian and Eurasian 
plates. Neo-Tethys subduction and subsequent India-
Asia collision have been the focus of research in recent 

decades. Most of the Neo-Tethys oceanic crust was 
subducted and consumed, and only a few fragmented 
remnants of a few kilometers in width were preserved 
as accretionary complexes within the YTSZ (Aitchison 
et al., 2000, 2003; McDermid, 2002; McDermid et al., 
2002; Fig. 1). The siliceous rocks are widely distributed 
in the Yarlung–Tsangpo suture zone and its vicinity. These 
rocks represent oceanic remnants within the Neo-Tethys, 
which were deposited from various environments, ranging 
from oceanic basin to continental margin. Radiolarians 
within the siliceous rocks have provided crucial age 
constraints for reconstructing the stratigraphy of oceanic 
plates. Reconstruction of the Ocean Plate Stratigraphy 
(OPS) based on radiolarian biostratigraphy thus helps us 
understand the evolution of the Neo-Tethys. Since the 
1980s, numerous studies on radiolarians have provided 
age constraints and offered new insights into the evolution, 
subduction, and accretion of the Neo-Tethys. The YTSZ 
can be subdivided into three structural segments: the 
western segment stretching from Kohistan-Ladakh to 
Saga, the central segment extending from Sangsang to 
Renbu, and the eastern segment extending from Zedong 
to Namjagbarwa (Liu et al., 2021a). The existence of 
the Zhongba microterrane has led to a more complex 
evolution of the western section of the Neo-Tethys Ocean. 
The Zhongba area belongs to the western segment of the 
YTSZ. Studies on the Zhongba area have been largely 
focused on strata in the southern ophiolitic mélange and 
the Tethyan Himalaya (Li et al., 2013, 2017, 2019, 2023; 
Zhong et al., 2017), reports on the northern ophiolitic 
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mélange and deep-water deposits south to the Zhongba 
microterrane remain sparse and fragmented. This leads to 
a limited understanding of the stratigraphy in this region. 
This paper aims to supplement the radiolarian records from 
deep-water deposits south to the Zhongba microterrane in 
the Zhongba area and provide further age constraints on 
stratigraphic units with disputed chronology. 

Geological setting

Six geological units can be identified from north to 
south in the Zhongba area: the Xigaze forearc basin, the 
Northern Ophiolitic Belt, the Zhongba microterrane, 

the deep-water sedimentary, the Southern Ophiolitic 
Belt, and the Tethyan Himalaya.
 The Xigaze forearc basin in southern Tibet formed 
during northward subduction of the Neo-Tethys slab 
and was filled by a thick sedimentary succession 
passing upward from upper Aptian to Santonian deep-
marine turbidites (Chongdui and Ngamring formations) 
to Campanian-Maastrichtian shelf and fluvio-deltaic 
sediments (Padana and Qubeiya formations) (Dai et al., 
2015).
 The Northern Ophiolitic Belt appears as an irregular 
and narrow discontinuous strip, with rocks being heavily 
dismembered and fragmented. The ophiolitie is primarily 
composed of mantle peridotites (mostly harzburgite 

FiGURe 1. Simplified geological map and geodetic structure location map. A, Sketch map showing the location of the studied 
area in southern Tibet. B, Geological map (modified after Xu et al., 2015). c, D, Geological map showing the sections.
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with minor lherzolite), mafic dykes, and minor cumulate 
gabbro. The Northern Ophiolitic Belt, along with the 
forearc basin of Xigaze to the north and the Gangdese 
magmatic arc, constitutes a complete trench-arc-basin 
system (Dai et al., 2012; Zheng et al., 2017; Liu et al., 
2018).
 The Zhongba microterrane is bounded by the Zhada-
Zhongba-Chacang Fault in the north and the Qonggo-
Munse Fault in the south. The Zhongba microterrane is 
dominated by Silurian/Ordovician–Triassic sedimentary 
and/or slightly metamorphosed carbonate-clastic deposits 
(Li et al., 2014). 
 The Southern Ophiolitic Belt is relatively 
continuous and mainly exposes several large, rounded 
mantle peridotite bodies, including the Dongbo, Pulan, 
Dangqiong, Xiugugabu, and Zhongba massifs. The 
ophiolitie consists of harzburgite with minor mafic dykes, 
and locally, cumulate gabbro bodies larger than 1 km in 
width are observed. These peridotites formed during the 
Early Cretaceous (Dai et al., 2012; Zheng et al., 2017; Liu 
et al., 2018).

 The Tethyan Himalayan Sequence represents the 
Ordovician-Eocene passive margin sediments that were 
deposited on the northern margin of the Indian Plate 
before and after its separation from East Gondwana. The 
Tethyan Himalaya is separated from the High Himalaya 
by the South Tibet Detachment System (STDS). Based on 
stratigraphy, sedimentary characteristics, and structural 
features, the Tethyan Himalaya can be divided into 
southern and northern sub-belts. (Zhu et al., 2008, 2009). 
 Between the Zhongba microterrane and the Southern 
Ophiolitic Mélange Belt, there exists a sequence of 
deep-water sedimentary. New research on the deep-
water sedimentary is limited to insights gained from 
1:50000 regional geological surveys in 2010, and precise 
recognition has yet to be established. The regional 
geological survey results indicate that, the sequence from 
bottom to top can be subdivided into the Nadang Formation, 
Dangxin Formation, and Suyoula Formation. Due to the 
insufficient understanding of the age, provenance, and 
other characteristics of this sequence, it is the focus of 
this study.

FiGURe 2. Suyoula and Yinri sections and field photographs. A, Macroscopic photos of section and stratigraphic grouping. B, 
Red chert (Sample 0803-009). c, Red chert (Sample 0803-017).
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FiGURe 3. Scanning electron micrographs of the Early Cretaceous radiolarians from sample 0803-017 from the Suyoula 
section. Scale bar: 100 μm. (1, 2) Pseudodictyornitra lodogaensis Pessagno; (3) Pseudodictyomitra carpatica (Lozyniak); (4) 
Pseudodictyornitra hornatissirna (Squinabol); (5) Pseudoeucyrtis sp.; (6–9) Archaeodictyomitra mitra Dumitrica; (10–12) 
Archaeodictyomitra pseudomulticostata (Tan); (13–19) Dictyomitra communis (Squinabol); (20–28) Thanarla brouweri (Tan); (29) 
Thanarla elegantissima Cita; (30) Mictyoditra lacrimula (Foreman); (31) Svinitzium sp.; (32) Xitus sp.; (33) Hiscocapsa grutterinki 
(Tan); (34, 35) Squinabollum cf. S. asseni (Tan); (36–38) Holocryptocanium tuberculatum Dumitrica; (39, 40) Holocryptocanium 
sp.; (41) Stichocapsa sp.; (42) Archaeospongoprunum sp.; (43) Crucella sp.
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Material and methods

Section
The stratigraphic units in both the Yinri and Suyoula 
sections are consistent. The Suyoula section is located 
to the west of the Zhongba County, while the Yinri 
section is near Zhuzhu village to the west of the Zhongba 
County. From bottom to top, the stratigraphy includes the 
Nadang Formation, Dangxin Formation, and the Suyoula 
Formation. The lithology of the Nadang Formation 
is dominated by lithic sandstone with minor siliceous 
shale, while the Dangxin Formation mainly consists of 
thin to medium-bedded purplish-red and bluish-gray 
foraminiferal limestone, bioclastic limestone, chert, 
and siliceous shale. The Suyoula Formation is a set of 
sedimentary mélanges. In this study, 20 chert samples 
were collected from the siliceous layers of the Dangxin 
Formation in both sections for radiolarian biostratigraphic 
analysis.

Radiolarian analysis
A total of 20 chert samples were processed with standard 
radiolarian extraction techniques (hydrofluoric acid 

method), as described by Pessagno and Newport (1972). 
Each sample was broken into approximately 2–3 cm3 
sized pieces and packed in plastic netting. Before being 
immersed in a 4 % HF solution for 12–24 h, the pieces 
were washed several times under running water to remove 
surface sediment. After that, the acid residues were sieved 
into 63–425 µm fractions, and the radiolarian-containing 
residues concentrated on the 63 μm sieve were carefully 
washed and dried. This procedure was repeated 5–7 
times to obtain as many radiolarian-bearing residues as 
possible. Radiolarian fossils were picked from the residues 
under a binocular microscope, and then well-preserved 
specimens were selected to be mounted on a stub that was 
later coated with platinum for subsequent examination 
under a Hitachi TM3030 Scanning Electron Microscope 
(SEM) at the State Key Laboratory of Palaeobiology and 
Stratigraphy. More than 600 SEM images were captured. 
All radiolarian specimens are deposited in the Nanjing 
Institute of Geology and Palaeontology, Chinese Academy 
of Sciences.
 Identification and age assignment follow taxonomy 
and zonation of Early Cretaceous radiolarians (Takemura, 
1986; Matsuoka, 1992, 1995; Baumgartner et al., 1995; 

FiGURe 5. Ranges of age diagnostic radiolarian taxa from chert samples (Ranges refer to Jud, 1994; O’Dogherty, 1994; 
Baumgartner et al., 1995).

FiGURe 4. Scanning electron micrographs of the Early Cretaceous radiolarians from sample 0803-009 from the Suyoula section. 
(1, 2) Holocryptocanium tuberculatum Dumitrica; (3) Pseudoeucyrtis sp.; (4) Stichomitra communis Squinabol; (5) Spumellaria 
gen. et sp. Indet.; (6) Holocryptocanium barbui Dumitrica.
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O’Dogherty et al., 2009, 2017) in the Tethys and Pacific 
regions.

Results

Radiolarian biostratigraphy
After experimental processing, we selected three samples 
(0803-003, 0803-017, and YR-01) with high radiolarian 
content for radiolarian biostratigraphy dating. Samples 
0803-009 and 0803-017 come from the Suyoula section. 

FiGURe 6. Reconstruction of deep-water sediments in Saga and Zhongba areas based on radiolarian assemblages and zircon age 
(Hu et al., 2008; Du et al., 2015; Li et al., 2017, 2023; Liu et al., 2020b; An et al., 2021).

Sample YR-01 comes from the Yinri section, but the 
preservation of radiolarians in the Yinri section is too 
poor to be of chronological significance. 
 The radiolarians in sample 0803-017 are 
characterized by the occurrence of Dictyomitra communis 
(Squinabol), Pseudodictyornitra lodogaensis Pessagno, 
Xitus sp., Holocryptocanium sp., Hiscocapsa grutterinki 
(Tan), Holocryptocanium tuberculatum Dumitrica, 
Squinabollum cf. S. asseni (Tan), Pseudodictyomitra 
carpatica (Lozyniak), Archaeodictyomitra mitra Dumitrica, 
Thanarla brouweri (Tan), Archaeospongoprunum sp., 
Svinitzium sp., Pseudodictyornitra hornatissirna (Squinabol), 



AN EARLY CRETACEOuS RADIOLARIAN ASSEMBLAGE Mesozoic 001 (3) © 2024 Magnolia Press   •   337

Mictyoditra lacrimula (Foreman), Pseudoeucyrtis sp., 
Archaeodictyomitra pseudomulticostata (Tan), Crucella 
sp., Thanarla elegantissima Cita, and Stichocapsa sp. 
(Fig. 3; Table A). The co-occurrence of Squinabollum cf. 
S. asseni (Tan), Pseudodictyornitra lodogaensis Pessagno, 
and Pseudodictyomitra carpatica (Lozyniak) (Fig. 3) 
suggests that the age assignment of the Barremian.
 The radiolarians in sample 0803-009 are characterized 
by the occurrence of Holocryptocanium tuberculatum 
Dumitrica, Pseudoeucyrtis sp., Stichomitra communis 
Squinabol, Holocryptocanium sp., Spumellaria gen. et sp. 
Indet., and Holocryptocanium barbui Dumitrica (Fig. 4; 
Table 1). The co-occurrence of Holocryptocanium barbui 
Dumitrica and Stichomitra communis (Fig. 4) suggests an 
age assignment of the early Barremian to Aptian.

Discussion

Stratigraphic correlation
Current understanding of the Nadang Formation, Dangxin 
Formation, and Suyoula Formation is primarily based 
on regional geological surveys. In this study, radiolarian 
biostratigraphic analysis was conducted on the siliceous 

layers of the Dangxin Formation, constraining the age 
of the siliceous strata to the Barremian. In terms of 
lithology and stratigraphic age, the Nadang, Dangxin, 
and Suyoula Formations can be compared with the 
Rilang, Duobeng, Chuangde, and Zongzhuo formations 
of the Tethyan Himalaya in Saga and Zhongba areas 
(Du et al., 2015; Li et al., 2013, 2017, 2019, 2023). The 
Nadang Formation, consisting of massive volcaniclastic 
sandstone from the Early Cretaceous in the Zhongba 
region, is highly comparable to the Rilang Formation of 
the Tethyan Himalaya. The Dangxin Formation is mainly 
composed of thin to medium-bedded purplish-red and 
bluish-gray foraminiferal limestone, bioclastic limestone, 
chert, and siliceous shale. The lower part of the Dangxin 
Formation can be compared with the Duobeng Formation 
and the upper part can be compared with the Chuangde 
Formation. The Suyoula Formation, characterized as a 
sedimentary mélange, shares lithological characteristics 
with the Zongzhuo Formation in the Tethyan Himalaya. 

Sedimentary background analysis
In previous studies, Qin et al. (2019) conducted radiolarian 
biostratigraphy analysis on deep-water sedimentary strata 
and palaeomagnetic analysis on the Dangxin Formation 

TABLe 1. Occurrence of the Early Cretaceous radiolarians from the Suyoula section.
Samples
Radiolarian species

0803-017 0803-009

Holocryptocanium tuberculatum Dumitrica ● ●

Pseudoeucyrtis sp. ● ●

Stichomitra communis Squinabol ●

Holocryptocanium sp. ● ●

Holocryptocanium barbui Dumitrica ●

Dictyomitra communis (Squinabol) ●

Pseudodictyornitra lodogaensis Pessagno ●

Xitus sp. ●

Hiscocapsa grutterinki (Tan) ●

Squinabollum cf. S. asseni (Tan) ●

Pseudodictyomitra carpatica (Lozyniak) ●

Thanarla brouweri (Tan) ●

Archaeospongoprunum sp. ●

Svinitzium sp. ●

Pseudodictyornitra hornatissirna (Squinabol) ●

Mictyoditra lacrimula (Foreman) ●

Archaeodictyomitra pseudomulticostata (Tan) ●

Crucella sp. ●

Thanarla elegantissima Cita ●

Stichocapsa sp. ●
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strata. However, the time range limited by radiolarian 
dating results was relatively vague (Early Berriasian–late 
Cenomanian). This study is the first attempt to provide 
age constraint on the Dangxin Formation with moderately 
preserved radiolarians (Barremian). Qin et al. (2019) 
believed that the deep-water sediments south to the 
Zhongba microterrane is the northern edge of the India 
plate. However, due to insufficient research at present, 
the sedimentary background of deep-water sedimentary 
strata needs further study.

conclusions

In this study, a total of 15 genera and 20 species of 
radiolarians were identified from the Dangxin Formation 
within the orderly sediments to the southern side of 
the Zhongba microterrane, constraining its age to the 
Barremian. Radiolarians are discovered from the lower 
part of the Dangxin Formation, which is characterized 
by red chert interbedded siliceous shale. Additionally, 
based on basic understanding of this orderly sediments 
according to regional geological surveys, we reconstructed 
a stratigraphic column and compared it with strata in the 
Tethyan Himalaya. The results indicate that the Nadang 
Formation, Dangxin Formation, and Suyoula Formation 
south to the Zhongba microterrane near Zhongba can 
be correlated with the Rilang, Duobeng, Chuangde, and 
Zongzhuo formations in the Tethyan Himalaya near 
Zhongba and Saga areas. 
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