
Accepted Manuscript

Correlation of Early Cretaceous radiolarian assemblages from southern Tibet and
central Italy

Xin Li, Atsushi Matsuoka, Angela Bertinelli, Marco Chiari, Chengshan Wang

PII: S0195-6671(18)30324-0

DOI: https://doi.org/10.1016/j.cretres.2018.12.016

Reference: YCRES 4046

To appear in: Cretaceous Research

Received Date: 7 August 2018

Revised Date: 29 November 2018

Accepted Date: 30 December 2018

Please cite this article as: Li, X., Matsuoka, A., Bertinelli, A., Chiari, M., Wang, C., Correlation of Early
Cretaceous radiolarian assemblages from southern Tibet and central Italy, Cretaceous Research,
https://doi.org/10.1016/j.cretres.2018.12.016.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.cretres.2018.12.016
https://doi.org/10.1016/j.cretres.2018.12.016


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 

 

Correlation of Early Cretaceous radiolarian assemblages from southern Tibet 1 

and central Italy 2 

 3 

Li Xin a, Matsuoka Atsushib, Bertinelli Angelac, Chiari Marcod, and Wang Chengshane 
4 

 
5 

a State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of 6 

Geology and Palaeontology and Center for Excellence in Life and Paleoenvironment, 7 

Chinese Academy of Sciences, Nanjing, 210008, China. xinli@nigpas.ac.cn 8 

b Faculty of Science, Niigata University, Niigata, 950-2181, Japan 9 

c Dipartimento di Fisica e Geologia, Università degli Studi di Perugia, Via A. Pascoli 10 

snc, Perugia, 06123, Italy 11 

d C.N.R., Istituto di Geoscienze e Georisorse, sede secondaria, via G. La Pira 4, 12 

Firenze, 50121, Italy 13 

e Department of Earth Science and Resources, China University of Geosciences, 14 

Beijing, 100083, China 15 

 16 

Corresponding author: Li Xin 17 

xinli@nigpas.ac.cn 18 

Nanjing Institute of Geology and Palaeontology and Center for Excellence in Life and 19 

Paleoenvironment, Chinese Academy of Sciences, 39 East Beijing Road, Nanjing 20 

210008, China. 21 

 22 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

2 

 

ABSTRACT 23 

Comparison of radiolarian assemblages from marls in the Gorgo a Cerbara 24 

section in the Umbria–Marche Basin in central Italy and a siliceous sequence (BB1 25 

section) near Babazhadong in southern Tibet indicates similar faunas comparable to 26 

those in the Aurisaturnalis carinatus zone and Turbocapsula costata zone. Several 27 

significant species, Archaeodictyomitra lacrimula (Foreman), A. excellens (Tan Sin 28 

Hok), Dictyomitra communis (Squinabol), and Aurisaturnalis carinatus perforatus 29 

Dumitrica and Dumitrica-Jud, which are common in older strata, make their last 30 

occurrences near the base of the Turbocapsula costata zone in these two areas. 31 

Comparison with the Gorgo a Cerbara section provides an accurate age constraint for 32 

the siliceous succession in southern Tibet, which contains no fossils other than 33 

radiolarians. The comparison indicates a close connection between the western and 34 

eastern Tethys during the Barremian to early Aptian. The correlation testifies that the 35 

radiolarian zonation in southern Tibet is applicable for the whole Tethys. The siliceous 36 

succession in BB1 section encompasses the early Aptian Oceanic Anoxic Event 1a 37 

(OAE 1a). The early Aptian OAE 1a is located in the upper part of the Aurisaturnalis 38 

carinatus perforatus subzone. The first occurrence biohorizon of the genus 39 

Turbocapsula and the evolutionary first appearance biohorizon of T. costata costata 40 

(Wu) are useful markers for constraining the OAE 1a in the Tethys. 41 

Keyword: early Aptian, Umbria–Marche Basin, southern Tibet, radiolarian 42 

assemblages, Oceanic Anoxic Event 1a 43 

 44 
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1. Introduction 45 

O’Dogherty (1994) proposed a valuable mid-Cretaceous radiolarian zonation for 46 

the western Tethys based on radiolarian biostratigraphic study on the Northern 47 

Apennines and Betic Cordillera. Matsuoka et al. (2002) correlated their youngest 48 

radiolarian assemblage from the Xialu Chert in southern Tibet with the Costata 49 

subzone of O’Dogherty (1994) and named it “Turbocapsula costata zone”. Wu (2007) 50 

pointed out that the specimens of T. costata described by Wu (1986) and O'Dogherty 51 

(1994) are in fact likely to be two different species and assignable to different ages. Li 52 

et al. (2017) remarked that Wu's and O'Dogherty's specimens are assigned to two 53 

different subspecies within a single species. The Aurisaturnalis carinatus zone and 54 

the Turbocapsula costata zone are defined based on radiolarian biostratigraphic study 55 

on siliceous sequence in southern Tibet. The Turbocapsula costata zone is subdivided 56 

into the Turbocapsula costata multicostata subzone and the Turbocapsula costata 57 

costata subzone by the evolutionary first appearance bio-horizion (EFAB) of T. 58 

costata costata. So far there are still controversy on age assignment for Turbocapsula 59 

costata (Wu). Although Lower Cretaceous radiolarian bearing strata are widely 60 

distributed in southern Tibet, they contain no fossils other than radiolarians. The 61 

radiolarian assemblages from the Apennines and Betic Cordillera, on the other hand, 62 

are well dated with nannofossil (Bralower et al., 1989; Coccioni et al., 1992, 2012; 63 

Erba, 1994) and planktic foraminifera (Coccioni et al., 1992, 2006；Patruno et al., 64 

2015). No detailed correlation of radiolarian assemblages between the western and 65 

eastern Tethys was conducted to testify the applicability of the radiolarian zonation in 66 
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southern Tibet for the whole Tethys.  67 

The early Aptian Oceanic Anoxic Event (OAE) is characterized by considerable 68 

environmental and climate changes (Erba, 1994; Leckie et al., 2002; Erba et al., 2015). 69 

Black mudstone with high organic matter content, which is lithological expression of 70 

the OAE 1a in the western Tethys, is absent in coeval pelagic sequences in the 71 

Shimanto Belt in Japan (Ihoriya et al., 2009) and siliceous sequence in southern Tibet. 72 

Radiolarian biostratigraphy is a key method to indicate the early Aptian OAE 1a 73 

horizon in the siliceous sequence in southern Tibet. 74 

The stratigraphic record of the Babazhadong 1 (BB1) section in southern Tibet 75 

and the Gorgo a Cerbara section in central Italy offers a good opportunity to correlate 76 

the radiolarian biostratigraphy between the eastern and western Tethys.  77 

The main purposes of this study are: (1) To compare Early Cretaceous 78 

radiolarian assemblages from central Italy and southern Tibet, (2) To testify the 79 

applicability of the radiolarian zonation in southern Tibet for the whole Tethys, (3) To 80 

select radiolarian events useful for constraining the early Aptian Oceanic Anoxic 81 

Event 1a (OAE 1a). 82 

 83 

2. Geological setting       84 

   The Tethyan Himalaya, which is located between the Higher Himalaya to the 85 

south and the Indus–Yarlung Tsangpo Suture to the north, was a part of the northern 86 

margin of the Greater India continental plate during the Cretaceous (Gansser, 1964; 87 

Wang et al., 1996) (Location 1 in Figs. 1, 2). It is roughly separated into two tectonic 88 
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subzones by a line along the Gyirong–Kangmar Intracrustal Thrust. The southern 89 

subzone is characterized by shallow-water carbonate and clastic sediments (Wan et al., 90 

2000), while the northern subzone is characterized by pelagic siltstones, cherts, and 91 

mudstones (Liu and Einsele, 1994; Hu et al., 2008). The Upper Jurassic to Upper 92 

Cretaceous strata of the northern subzone are divided into four formations: Upper 93 

Jurassic quartz sandstones of the Weimei Formation, Lower Cretaceous volcaniclastic 94 

litharenite intercalated with mudstones of the Rilang Formation, Lower–Upper 95 

Cretaceous siliceous mudstones and cherts of the Duobeng Formation, and Upper 96 

Cretaceous red beds of the Chuangde Formation (Du et al., 2015). The Babazhadong 97 

1 (BB1) section, which is located near Babazhadong County, belongs to the northern 98 

subzone of the Tethyan Himalaya. This section is represented by the siliceous 99 

mudstones and cherts of the Duobeng Formation and was studied for radiolarians by 100 

Li et al. (2017). 101 

The Umbria–Marche Basin is a Triassic to Messinian extensional basin, 102 

developed on the southern margin of the western Tethys and then of the Alpine–103 

Apennine foreland, on the northern edge of the African Apulian plate, which belongs 104 

to the so called Adriatic Promontory (Channell et al., 1979; Muttoni et al., 2001; 105 

Patruno et al., 2015) (Location 2 in Figs. 1, 2). Jurassic to Paleocene pelagic to 106 

hemipelagic sediments were deposited at bathyal depths in the Umbria–Marche Basin. 107 

The Maiolica Formation (Tithonian to lower Aptian) consists dominantly of whitish 108 

pelagic limestone beds including black chert layers and nodules. The upper Aptian 109 

and Albian are represented mainly by polychrome marls of the Marne a Fucoidi 110 
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Formation. Gorgo a Cerbara is a well-studied section in the Umbria–Marche Basin 111 

(Fig. 3). The section encompasses the transition between the Maiolica and Marne a 112 

Fucoidi formations. The Selli Level in the upper part of the section is dominated by 113 

black and organic-rich claystones, variegated claystones, and radiolarites. Studies on 114 

the magnetostratigraphy (Lowrie et al., 1980; Speranza et al., 2005; Satolli et al., 2007, 115 

2008), chemostratigraphy (Patruno et al., 2015; Erba, 1994), and cyclostratigraphy 116 

(Stein et al., 2011) of the section have been conducted. Detailed nannofossil 117 

(Bralower et al., 1989; Coccioni et al., 1992, 2012; Erba, 1994) and planktic 118 

foraminiferal (Coccioni et al., 1992, 2006；Patruno et al., 2015) biostratigraphic 119 

schemes have been established, additionally associated with ammonite (Cecca et al., 120 

1994; Channell et al., 1995), calpionellid (Monechi, 1989), and radiolarian data 121 

(Erbacher, 1994; O’Dogherty, 1994). 122 

 123 

3. Material and Methods 124 

The Babazhadong 1 section is located 6 km northwest of the Babazhadong 125 

County. In this study, we follow the logged columnar section and radiolarian 126 

biostratigrahy of Li et al. (2017). The strata trend NW–SE and dip to the north. 127 

The Gorgo a Cerbara section (43°36′01″N, 12°33′16″E) is located along the right 128 

bank of the Candigliano River, 4 km east of the town of Piobbico, central Italy. In this 129 

work, we follow the logged columnar section and dataset of Patruno et al. (2011; 130 

2015). A total of 20 samples were gathered from this section (Fig. 3). 131 

For the limestones of the Maiolica Formation, rock samples were treated with 8% 132 
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hydrochloric acid (HCl) for 1 h. For marls of the Marne a Fucoidi and cherts from the 133 

southern Tibet, we used the standard hydrofluoric acid (HF) method (Pessagno and 134 

Newport, 1972). Rock samples were disaggregated by 5% HF for 20–24 h. The 63–135 

380-µm fractions were used to obtain radiolarian-containing residues. Two samples 136 

from the Gorgo a Cerbara section and 16 samples from the Babazhadong 1 section 137 

yielding moderately to well-preserved radiolarians were studied to determine the 138 

stratigraphic range of radiolarian species. Radiolarian specimens were picked up 139 

under a stereoscopic microscope and a transmitted light microscope was used to 140 

observe the inner structures of the radiolarians. A total of 1800 Scanning electron 141 

microscope images and 2000 light microscope images were used for the 142 

biostratigraphic analysis of the radiolarians. Radiolarian assemblages from the two 143 

corresponding horizons of the Gorgo a Cerbara section and the Babazhadong 1 144 

section are examined for comparison.  145 

 146 

4. Early Cretaceous radiolarian occurrence and biostratigraphy 147 

The Babazhadong 1 (BB1) section in southern Tibet yields abundant radiolarians. 148 

The preservation varies among samples. The faunal composition is similar to that in 149 

the Gorgo a Cerbara section, central Italy (Table 1).  150 

 151 

4.1. Babazhadong 1 section 152 

A total of 25 samples were collected from the BB1 section. Twelve samples 153 

yielding moderately to well-preserved radiolarians were studied for radiolarian 154 
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biostratigraphy and the phyletic evolution of the genus Turbocapsula. Based on the 155 

phyletic evolution of Aurisaturnalis and Turbocapsula, two radiolarian zones have 156 

been defined: the Aurisaturnalis carinatus zone and the Turbocapsula costata zone 157 

(Li et al., 2017). In this study, two radiolarian assemblages: one comparable to the 158 

Aurisaturnalis carinatus zone (BB1-011, Fig. 4) and the other one comparable to the 159 

Turbocapsula costata zone (BB1-021, Fig. 5) are analyzed for comparison.  160 

Radiolarian fauna from sample BB1-11 is characterized by the occurrence of 161 

Archaeodictyomitra lacrimula (Foreman), Archaeodictyomitra excellens (Tan Sin 162 

Hok), Dictyomitra communis (Squinabol), Pseudocrolanium puga (Schaaf), 163 

Acaeniotyle umbilicata (Rüst), Aurisaturnalis carinatus perforatus Dumitrica and 164 

Dumitrica–Jud, Dicerosaturnalis amissus (Squinabol), Pseudodictyomitra recta 165 

Vishnevskaya, Stichomitra communis Squinabol, Neorelumbra manokawaensis 166 

(Tumanda), Thanarla pacifica Nakaseko and Nishimura, Xitus alievi (Foreman), 167 

Squinabollum asseni (Tan Sin Hok), Hiscocapsa grutterinki (Tan Sin Hok), 168 

Arcanicapsa clivosa (Aliev), Turbocapsula tetras Li and Matsuoka, Pseudoeucyrtis 169 

hanni (Tan Sin Hok), Mictyoditra columbarium (Renz), Suna echiodes (Foreman), 170 

Archaeospongoprunum patricki Jud, Acastea diaphorogona (Foreman), 171 

Quinquecapsularia sp., Conocaryomma sp. B in Thurow (1988), Becus horridus 172 

(Squinabol), Emiluvia sp., Dactyliosphaera sp., and Halesium sp. 173 

Radiolarian fauna from sample BB1-021 is characterized by the occurrence of 174 

Thanarla brouweri (Tan Sin Hok), Pseudocrolanium puga (Schaaf), 175 

Pseudodictyomitra recta Vishnevskaya, Pseudodictyomitra hornatissima (Squinabol), 176 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

9 

 

Xitus clava (Parona), Stichomitra communis Squinabol, Turbocapsula costata costata 177 

(Wu), Turbocapsula fugitiva O’Dogherty, Hiscocapsa grutterinki (Tan Sin Hok), 178 

Squinabollum asseni (Tan Sin Hok), Pseudoeucyrtis hanni (Tan Sin Hok), Mictyoditra 179 

columbarium (Renz), Mesosaturnalis sp., Dicerosaturnalis amissus (Squinabol), 180 

Acastea diaphorogona (Foreman), Suna hybum (Foreman), Becus horridus 181 

(Squinabol), Pantanellium squinaboli (Tan Sin Hok), Archaeospongoprunum patricki 182 

Jud, Acaeniotyle umbilicata (Rüst), Halesium sp., Conocaryomma sp. B in Thurow 183 

(1988), Holocryptocanium tuberculatum Dumitrica, and Deviatus diamphidius 184 

(Foreman), Acastea sp., Suna sp., and Conocaryomma sp. 185 

4.2. Gorgo a Cerbara section 186 

A total of 20 samples were collected from the Gorgo a Cerbara section. Only 2 187 

samples yielding moderately to well-preserved radiolarians were used for radiolarian 188 

biostratigraphic comparison in this study. Two distinct radiolarian assemblages are 189 

recognized from these two samples: the Aurisaturnalis carinatus zone (GC-025, Fig. 190 

6) and the Turbocapsula costata zone (GC-007, Fig. 7). 191 

Sample GC-025 yielded Archaeodictyomitra lacrimula (Foreman), 192 

Archaeodictyomitra excellens (Tan Sin Hok), Dictyomitra communis (Squinabol), 193 

Crococapsa uterculus (Parona), Olanda orca (Foreman), Pantanellium squinaboli 194 

(Tan Sin Hok), Acaeniotyle umbilicata (Rüst), Aurisaturnalis carinatus perforatus 195 

Dumitrica and Dumitrica–Jud, Dicerosaturnalis amissus (Squinabol), Thanarla 196 

pacifica Nakaseko and Nishimura, Pseudodictyomitra nodocostata Dumitrica, 197 

Pseudodictyomitra nakasekoi Taketani, Xitus clava (Parona), Stichomitra communis 198 
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Squinabol, Neorelumbra manokawaensis (Tumanda), Squinabollum asseni (Tan Sin 199 

Hok), Hiscocapsa grutterinki (Tan Sin Hok), Arcanicapsa clivosa (Aliev), 200 

Pseudoeucyrtis hanni (Tan Sin Hok), Mictyoditra columbarium (Renz), Acastea 201 

diaphorogona (Foreman), Suna hybum (Foreman), Quinquecapsularia sp., Becus 202 

horridus (Squinabol), Dicroa macroxiphus (Rüst), Conocaryomma sp. B in Thurow 203 

(1988), Hiscocapsa? sp., Dactyliodiscus sp., Staurospaeretta sp., and Halesium sp. 204 

Sample GC-007 yielded Thanarla brouweri (Tan Sin Hok), Dictyomitra 205 

communis (Squinabol), Pseudocrolanium puga (Schaaf), Pseudodictyomitra 206 

hornatissima (Squinabol), Xitus clava (Parona), Turbocapsula costata costata (Wu), 207 

Hiscocapsa grutterinki (Tan Sin Hok), Squinabollum asseni (Tan Sin Hok), 208 

Pseudoeucyrtis hanni (Tan Sin Hok). Mictyoditra columbarium (Renz), Hiscocapsa 209 

sp., Mesosaturnalis sp., Suna sp., Acastea sp., Conocaryomma sp. B in Thurow 210 

(1988), Holocryptocanium tuberculatum Dumitrica, and Dactyliodiscus florealis 211 

(Jud). 212 

 213 

5. Discussion 214 

5.1. Comparison with previous radiolarian biostratigraphy in central Italy 215 

Radiolarian zonation of the uppermost Barremian to lower Aptian (Squinabollum 216 

asseni zone and the Turbocapsula zone) was defined by O’Dogherty (1994) based 217 

mainly on his research in the Gorgo a Cerbara section. Stratigraphic occurrences of 218 

significant radiolarian taxa reported by O’Dogherty (1994) and this study are 219 

illustrated in Fig. 3. Stratigraphic occurrences of most species in this study are in 220 
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accordance with those in O’Dogherty (1994) (Fig. 3 and Table 1). 221 

The genus Turbocapsula is an index taxon of Barremian–Aptian radiolarians 222 

both for the western Tethys and the eastern Tethys, although there are still debates on 223 

its taxonomy and age assignment.  224 

O'Dogherty (1994) pointed out that T. costata is a significant species of the 225 

Aptian radiolarian in the western Tethys. He proposed possible phyletic relationships 226 

of species belonging to the genus Turbocapsula: T. giennensis appears to have 227 

evolved from T. fugitiva and given rise to T. costata.   228 

Turbocapsula costata is repeatedly reported from the ophiolite belt (Wu, 1986; 229 

Ziabrev et al., 2003), siliceous accretionary complex (Matsuoka et al., 2002; Ziabrev 230 

et al., 2004), and the passive margin sediments (Li et al., 2017) along the Yarlung–231 

Tsangpo Suture Zone (YTSZ), southern Tibet. These deep marine sediments contain 232 

no fossils other than radiolarians. Turbocapsula costata is a key species for age 233 

assignment. 234 

Specimens of T. costata described by Wu (1986) come from the Cenomanian 235 

Chongdui Formation in shouthern Tibet. Although the test outline of “T. costata” from 236 

the western Tethys and Tricapsula costata of the Chongdui Formation is similar, they 237 

are not one same species (Wu, 2007). Phyletic analyses of T. costata indicate that the 238 

specimens of Wu (1986) are assignable to T. costata costata and the specimens of 239 

O'Dogherty (1994) are assignable to T. costata multicostata. These two subspecies 240 

have different vertical distributions in BB1 section, but they co-occur in samples 241 

BB1-20 and BB1-021 (Li et al., 2017). 242 
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This study shows the existence of Turbocapsula costata costata (Wu) in Italy, 243 

which is comparable to typical specimens in the Chongdui Formation in southern 244 

Tibet. Only Turbocapsula costata costata occurs in GC-007, which is a little higher 245 

than BB1-021 and comparable to BB1-22 and BB1-025 in southern Tibet. This study 246 

testifies that the morphotypes of genus Turbocapsula and their biostratigraphic 247 

occurrences in southern Tibet are comparable to those in Italy. Therefore, the zonation 248 

established based on the phyletic evolution of the genus Turbocapsula is applicable 249 

for the western Tethys. 250 

All figures of T. costata (pl.37, figs. 24–30) in O’Dogherty (1994) are from the 251 

Monte Casalini section. Because he did not distinguish the subspecies, it is difficult to 252 

know which subspecies he found in the Gorgo a Cerbara section. According to this 253 

study, only T. costata costata occurs in GC-007. Horizons of GC-911.35 and 254 

GC-914.00 in O’Dogherty (1994), which are higher than GC-007, specimens from 255 

these two samples are possibly T. costata costata. Compared with the results of 256 

O’Dogherty (1994), the evolutionary first appearance bio-horizion (EFAB) of T. 257 

costata costata in this study is 7 m lower and FOB of S. communis is 5 m lower. 258 

  259 

5.2. Comparison of central Italy and southern Tibet 260 

The base of the Aurisaturnalis carinatus zone is defined by the EFAB of 261 

Aurisaturnalis carinatus carinatus (Foreman) (Matsuoka, 1995; Dumitrica et al., 262 

1997). This zone is divided into the Aurisaturnalis carinatus carinatus subzone and 263 

the Aurisaturnalis carinatus perforatus subzone on the basis of morphological change 264 
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in A. carinatus (Dumitrica et al., 1997). The occurrence of Aurisaturnalis carinatus 265 

perforatus Dumitrica and Dumitrica-Jud in BB1-11 and GC-025 characterizes the 266 

Aurisaturnalis carinatus perforatus subzone.  267 

A total of 20 species have been identified in green siliceous mudstone of BB1-11. 268 

The faunal contents are similar to those found in GC-025, which consists of whitish 269 

limestone beds including black chert nodules. BB1-11 records the first occurrence of 270 

Turbocapsula tetras Li and Matsuoka, which indicates the first occurrence of the 271 

genus Turbocapsula. GC-025 does not records the occurrence of the genus 272 

Turbocapsula, even we tried to find out it. GC-025 is possibly lower than BB1-11. 273 

Radiolarian assemblages, which are assignable to the Aurisaturnalis carinatus 274 

perforatus subzone, from the Umbria–Marche Basin and southern Tibet are 275 

characterized by the occurrence of Archaeodictyomitra lacrimula (Foreman), 276 

Archaeodictyomitra excellens (Tan Sin Hok), Aurisaturnalis carinatus perforatus 277 

Dumitrica, Acaeniotyle umbilicata (Rüst), Dicerosaturnalis amissus (Squinabol), 278 

Stichomitra communis Squinabol, Neorelumbra manokawaensis (Tumanda), Thanarla 279 

pacifica Nakaseko and Nishimura, Squinabollum asseni (Tan Sin Hok), Hiscocapsa 280 

grutterinki (Tan Sin Hok), Arcanicapsa clivosa (Aliev), Pseudoeucyrtis hanni (Tan 281 

Sin Hok), Mictyoditra columbarium (Renz), Suna sp., Quinquecapsularia sp., Becus 282 

horridus (Squinabol), and Halesium sp.  283 

The Turbocapsula costata zone is defined by the EFAB of Turbocapsula costata 284 

multicostata Li and Matsuoka as the base and the last occurrence bio-horizon of 285 

Turbocapsula costata (Wu) as the top. The EFA of T. costata costata marks the 286 
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evolution of T. costata and is used for subdividing the Turbocapsula costata zone into 287 

two subzones: the Turbocapsula costata multicostata subzone and the Turbocapsula 288 

costata costata subzone. The occurrence of T. costata costata in BB1-021 and 289 

GC-007 characterizes the Turbocapsula costata costata subzone. 290 

 A total of 21 species have been identified in red chert of BB1-021. The faunal 291 

contents are similar to those found in GC-007, which is red marl. Radiolarian 292 

assemblages, which are assignable to the Turbocapsula costata costata subzone, from 293 

the Umbria–Marche Basin and southern Tibet are characterized by the occurrences of 294 

Thanarla brouweri (Tan Sin Hok), Stichomitra communis Squinabol, Turbocapsula 295 

costata costata (Wu), T. fugitiva, H. grutterinki, Squinabollum asseni (Tan Sin Hok), 296 

Pseudoeucyrtis hanni (Tan Sin Hok), Mictyoditra columbarium (Renz), 297 

Mesosaturnalis sp., Acastea sp., Suna sp., Archaeospongoprunum patricki Jud, 298 

Halesium sp., Conocaryomma sp. B in Thurow (1988), and Holocryptocanium 299 

tuberculatum Dumitrica.  300 

Within the Aurisaturnalis carinatus perforatus subzone in the Umbria–Marche 301 

Basin and southern Tibet, important and typical Early Cretaceous taxa occurring in 302 

older strata show their last occurrences: A. lacrimula, A. excellens, Dictyomitra 303 

communis, and A. carinatus perforatus. The last occurrences of these species are 304 

lower than the first occurrence of T. costata costata.     305 

Common species in the Aurisaturnalis carinatus perforatus subzone and 306 

Turbocapsula costata costata subzone in both the Umbria–Marche Basin and southern 307 

Tibet are S. communis, H. grutterinki, S. asseni, P. hanni, M. columbarium，Acastea 308 
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sp., Suna sp., A. patricki, and Halesium sp. The last occurrence of a large-sized 309 

species, O. orca, is a useful criterion for comparison and age assignment in the 310 

western Tethys (Aguado et al., 2014) and abundant in GC-025. However, it does not 311 

occur in corresponding strata in southern Tibet.  312 

Suna echiodes, A. diaphorogona, and S. hybum, which possess three blade-like 313 

primary spines, show similar evolutionary trends from the Aurisaturnalis carinatus 314 

zone (GC-025) to the Turbocapsula costata zone both in southern Tibet and central 315 

Italy. Specimens of similar morphology, which possess thicker primary spines (Figs. 316 

5.18, 5.19, 7.17, 7.18), are common in the Turbocapsula costata zone. 317 

Radiolarian faunas in these two remote regions show a high similarity. Our new 318 

data shed light on a putative marine connection between the western Tethys and the 319 

eastern Tethys Himalayan region.   320 

 321 

5.3. Radiolarian biostratigraphy and the early Aptian Oceanic Anoxic Event 1a 322 

(OAE 1a) 323 

The biostratigraphic events of typical taxa in the Umbria–Marche Basin of 324 

western Tethys are compared to those in southern Tibet of the eastern Tethys. The 325 

radiolarian zones proposed in the Umbria–Marche Basin have been correlated with 326 

the magnetostratigraphic (Lowrie et al., 1980; Speranza et al., 2005; Satolli et al., 327 

2007, 2008), nannofossil (Bralower et al., 1989; Monechi, 1989; Coccioni et al., 1992, 328 

2012; Erba, 1994), and planktic foraminiferal (Coccioni et al., 1992, 2006；Patruno et 329 

al., 2015) biostratigraphic schemes. However, the BB1 section in southern Tibet is 330 
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dominated by siliceous sediments, which contain no fossils other than radiolarians.  331 

The early Aptian is a period of considerable environmental and climate change, 332 

during which activated seafloor spreading led to a high sea level and intense volcanic 333 

outgassing (Erba, 1994; Leckie et al., 2002; Erba et al., 2015). Organic-rich sediments 334 

associated with the early Aptian Oceanic Anoxic Event 1a (OAE 1a) were described 335 

from various marine basins, like the Alpine–Mediterranean regions (Coccioni et al., 336 

1992; Pancost et al., 2004; Baudin et al., 1998), the central and southern Atlantic 337 

(Bralower et al., 1994), and the middle and northwestern Pacific (Sliter, 1989). The 338 

OAE 1a horizon, identified as the Selli Level, is located between GC-025 and GC-007 339 

in the Gorgo a Cerbara section (Fig. 3). Based on radiolarian biostratigraphic 340 

comparison, the OAE 1a horizon is located between BB1-011 and BB1-020 in the 341 

BB1 section (Fig. 8). Black mudstone with high organic matter content is absent in a 342 

chert sequence in the Shimanto Belt in Japan (Ihoriya et al., 2009) and siliceous 343 

sequence in southern Tibet within the same biostratigraphically defined level. 344 

Accumulation of organic matter was clearly influenced by a variety of environmental 345 

factors peculiar to the basin. 346 

O’Dogherty (1994) remarked that the FOB of T. costata (GC-911.35) is 13 m 347 

above the OAE 1a horizon. This study revises the FOB of T. costata costata as 6 m 348 

above the OAE 1a horizon. O’Dogherty (1994) remarked that the FOB of the genus 349 

Turbocapsula is within the OAE 1a horizon. Aguado et al. (2014) remarked that the 350 

FOB of the genus Turbocapsula is found in the lower Aptian just above the boundary 351 

between the Barremian and Aptian in XF1 section, southern Spain (Table 1). They 352 
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also noted that the FOB of the genus Turbocapsula (= FOB of T. fugitiva or T. tetras) 353 

preceded the early Aptian OAE 1a. The OAE 1a horizon is located between the first 354 

appearance bio-horizon of the genus Turbocapsula and the EFAB of T. costata costata. 355 

OAE 1a should be located between BB1-011 and BB1-20 in BB1 section in southern 356 

Tibet (Fig. 8). Radiolarian faunal changes mentioned in chapter 5.1 coincide with the 357 

OAE 1a. Important and typical Early Cretaceous taxa, like A. lacrimula, A. excellens, 358 

Dictyomitra communis, and A. carinatus perforatus occurring in older strata show 359 

their last occurrence after the OAE 1a.  360 

The onset of the OAE 1a is marked by a pronounced negative excursion in the 361 

δ
13C record, which is followed by a large, positive excursion (Weissert, 1989; 362 

Menegatti et al., 1998). This δ13C record is a worldwide signal reflected by the global 363 

carbon cycle (Jenkyns, 1995; Adabi, 1997; Jarvis et al., 2006; Wendler, 2013). Low 364 

carbonate content makes the carbon-isotope analyses difficult for siliceous sequence 365 

in the southern Tibet. In the future, organic isotope chemostratigraphy is necessary for 366 

OAE 1a research on the siliceous sequence in southern Tibet.     367 

                                                                                                                             368 

6. Conclusion 369 

Radiolarian assemblages from the two corresponding horizons of the Gorgo a 370 

Cerbara section and the Babazhadong 1 section are examined for comparison. Marls 371 

in the Gorgo a Cerbara section in the Umbria–Marche Basin in central Italy and a 372 

siliceous sequence (BB1 section) near Babazhadong in southern Tibet yield similar 373 

radiolarian faunas comparable to the Aurisaturnalis carinatus zone and Turbocapsula 374 
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costata zone. Common species of these two zones in both sections are: Dictyomitra 375 

communis (Squinabol), Hiscocapsa grutterinki (Tan Sin Hok), Squinabollum asseni 376 

(Tan Sin Hok), Pseudoeucyrtis hanni (Tan Sin Hok), Mictyoditra columbarium (Renz)，377 

Acastea sp., Suna sp., Archaeospongoprunum patricki Jud, and Halesium sp. The 378 

zonation established based on the phyletic evolution of the genus Turbocapsula is 379 

applicable for the western Tethys. The OAE 1a horizon is located between the first 380 

appearance bio-horizon of the genus Turbocapsula and the EFAB of T. costata costata. 381 

Important and typical Early Cretaceous taxa, A. lacrimula, A. excellens, Dictyomitra 382 

communis, and A. carinatus perforatus, occurring in older strata show their last 383 

occurrences above the OAE 1a horizon.  384 

 385 
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Caption 567 

Figure 1. Locations of the Babazhadong 1 section in southern Tibet (location 1) and 568 

the Gorgo a Cerbara section in central Italy (location 2). 569 

Figure 2. Early Aptian palaeogeographic reconstruction (ODSN Plate Tectonic 570 

Reconstruction Service http://www.odsn.de/odsn/services/paleomap/paleomap.html) 571 

showing the locations of the Babazhadong 1 section in southern Tibet (location 1) and 572 

the Gorgo a Cerbara section in central Italy (location 2). 573 

Figure 3. Lithologic columns of the Gorgo a Cerbara section according to Patruno et 574 

al. (2011; 2015). Biostratigraphic occurrence of typical species of O’Dogherty (1994) 575 

and this study for the Gorgo a Cerbara section. Dots = this study; lines = occurrence 576 

according to O'Dogherty (1994). 577 

Figure 4. Scanning electron micrographs of biostratigraphically relevant radiolarians 578 

from sample BB1-011 (Aurisaturnalis carinatus perforatus subzone) in the 579 

Babazhadong 1 section. For each illustration the caption includes the photo number 580 

and the stub position in brackets. 1. Archaeodictyomitra lacrimula (Foreman), 581 

036536-1155-3-19. 2. Archaeodictyomitra excellens (Tan Sin Hok), 036521-1155-1-1. 582 

3. Dictyomitra communis (Squinabol), 044112-1046-12-25. 4. Pseudocrolanium puga 583 

(Schaaf), 044099-1046-7-24. 5. Acaeniotyle umbilicata (Rüst), 036553-1155-7-12. 6. 584 

Aurisaturnalis carinatus perforatus Dumitrica and Dumitrica–Jud, 1995, 585 

036548-1155-5-16. 7. Dicerosaturnalis amissus (Squinabol), 039559-1214-2-7. 8. 586 

Pseudodictyomitra recta Vishnevskaya, 044095-1046-6-1. 9. Stichomitra communis 587 

Squinabol, 044082-1046-2-9. 10. Neorelumbra manokawaensis (Tumanda), 588 

044105-1046-9-24. 11. Thanarla pacifica Nakaseko and Nishimura, 589 

044091-1046-4-16. 12. Xitus alievi (Foreman), 039582-1214-7-3. 13. Squinabollum 590 

asseni (Tan Sin Hok), 044128-1050-6-3. 14. Hiscocapsa grutterinki (Tan Sin Hok), 591 

036539-1155-4-8. 15. Arcanicapsa clivosa (Aliev), 039552-1214-1-4. 16. 592 

Turbocapsula tetras Li and Matsuoka. 17. Pseudoeucyrtis hanni (Tan Sin Hok), 593 

044100-1046-7-25. 18. Mictyoditra columbarium (Renz), 036557-1155-8-6. 19. Suna 594 

echiodes (Foreman), 039590-1214-8-5. 20. Acastea diaphorogona (Foreman), 595 
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044115-1046-14-1. 21. Quinquecapsularia sp., 044090-1046-4-11. 22. 596 

Conocaryomma sp. B in Thurow, 044086-1046-3-17. 23. Dactyliosphaera sp., 597 

036551-1155-6-8. 24. Becus horridus (Squinabol), 044089-1046-4-10. 25. Emiluvia 598 

sp., 044118-1046-4-9. 26. Halesium sp., 044123-1050-3-4. 27. 599 

Archaeospongoprunum patricki Jud, 039560-1214-3-2.  600 

Figure 5. Scanning electron micrographs of biostratigraphically relevant radiolarians 601 

from sample BB1-021 (Turbocapsula costata costata Subzone) in the Babazhadong 1 602 

section. For each illustration the caption includes the photo number and the stub 603 

position in brackets. 1. Thanarla brouweri (Tan Sin Hok), 044251-1321-1-3. 2. 604 

Pseudocrolanium puga (Schaaf), 044256-1321-2-7. 3. Pseudodictyomitra recta 605 

Vishnevskaya, 044253-1321-1-6. 4. Pseudodictyomitra hornatissima (Squinabol), 606 

044254-1321-2-1. 5. Xitus clava (Parona), 044258-1321-2-9. 6. Stichomitra 607 

communis Squinabol, 044260-1321-3-2. 7. Turbocapsula costata costata (Wu), 608 

042479-1215-9-15. 8. 9. Turbocapsula fugitiva O’Dogherty, 8. 044266-1321-4-5, 9. 609 

044271-1321-5-3. 10. Hiscocapsa grutterinki (Tan Sin Hok), 044272-1321-5-4. 11. 610 

Squinabollum asseni (Tan Sin Hok), 044268-1321-4-9. 12. Pseudoeucyrtis hanni (Tan 611 

Sin Hok), 044276-1321-6-2. 13. Mictyoditra columbarium (Renz), 044277-1321-6-5. 612 

14. Mesosaturnalis sp., 036737-1158-10-6. 15. Dicerosaturnalis amissus (Squinabol), 613 

036739-1158-10-8. 16. Acastea diaphorogona (Foreman), 039436-1215-1-7. 17. Suna 614 

hybum (Foreman), 039439-1215-2-2. 18. Acastea sp., 044281-1321-6-12. 19. Suna sp., 615 

044284-1321-7-4. 20. Becus horridus (Squinabol), 039486-1215-7-13. 21. 616 

Pantanellium squinaboli (Tan Sin Hok), 039500-1215-10-13. 22. 617 

Archaeospongoprunum patricki Jud, 044286-1321-7-9. 23. Acaeniotyle umbilicata 618 

(Rüst), 044259-1321-2-13. 24. Halesium sp., 044285-1321-7-5. 25. Conocaryomma 619 

sp. B in Thurow, 039431-1215-1-1. 26. Holocryptocanium tuberculatum Dumitrica, 620 

039523-1215-13-12. 27. Conocaryomma sp., 044295-1321-8-13. 28. Deviatus 621 

diamphidius (Foreman), 044288-1321-8-1. 622 

Figure 6. Scanning electron micrographs of biostratigraphically relevant radiolarians 623 

from sample GC-025 (Aurisaturnalis carinatus perforatus Subzone) in the Gorgo a 624 

Cerbara section. For each illustration the caption includes the photo number and the 625 
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stub position in brackets. 1. Archaeodictyomitra lacrimula (Foreman), 626 

043664-1289-9-1. 2. Archaeodictyomitra excellens (Tan Sin Hok), 043640-1289-7-6. 627 

3. Dictyomitra communis (Squinabol), 043595-1289-3-7. 4. Crococapsa uterculus 628 

(Parona), 043649-1289-8-1. 5. Olanda orca (Foreman), 043482-1288-1-2. 6. 629 

Pantanellium squinaboli (Tan Sin Hok), 043612-1289-4-14. 7. Acaeniotyle umbilicata 630 

(Rüst), 043495-1288-3-5. 8. Aurisaturnalis carinatus perforatus Dumitrica and 631 

Dumitrica–Jud, 043523-1288-6-1. 9. Dicerosaturnalis amissus (Squinabol), 632 

043529-1288-6-7. 10. Thanarla pacifica Nakaseko and Nishimura, 043676-1289-10-3. 633 

11. Pseudodictyomitra nodocostata Dumitrica, 043596-1289-3-8. 12. 634 

Pseudodictyomitra nakasekoi Taketani, (This specimen looks like Pseudodictyomitra 635 

nakasekoi Taketani. However, the first appearance of this species is recorded as 636 

Cenomanian in Taketani (1982). This possibly because Cenomanian strata are the 637 

bottom of his sections.) 043556-1288-9-7. 13. Xitus clava (Parona), 638 

043569-1288-10-9. 14. Stichomitra communis Squinabol, 043588-1289-2-13. 15. 639 

Neorelumbra manokawaensis (Tumanda), 043641-1289-7-7. 16. Squinabollum asseni 640 

(Tan Sin Hok), 043650-1289-8-3. 17. Hiscocapsa grutterinki (Tan Sin Hok), 641 

043642-1289-7-8. 18. Arcanicapsa clivosa (Aliev), 043627-1289-6-6. 19. Hiscocapsa? 642 

sp., 044075-1308-3-2. 20. Pseudoeucyrtis hanni (Tan Sin Hok), 043582-1289-2-7. 21. 643 

Mictyoditra columbarium (Renz), 043658-1289-8-10. 22. Acastea diaphorogona 644 

(Foreman), 043498-1288-3-7. 23. Suna hybum (Foreman), 043603-1289-4-4. 24. 645 

Quinquecapsularia sp., 043501-1288-4-1. 25. Dactyliodiscus sp., 043544-1288-8-5. 646 

26. Becus horridus (Squinabol), 043644-1289-7-11. 27. Conocaryomma sp. B in 647 

Thurow, 043548-1288-8-11. 28. Staurosphaeretta sp., 043611-1289-4-12. 29. 648 

Halesium sp., 043500-1288-3-9. 30. Dicroa macroxiphus (Rüst) 043655-1289-8-7. 649 

Figure 7. Scanning electron micrographs of biostratigraphically relevant radiolarians 650 

from sample GC-007 (Turbocapsula costata costata Subzone) in the Gorgo a Cerbara 651 

section. For each illustration the caption includes the photo number and the stub 652 

position in brackets. 1, 2. Thanarla brouweri (Tan Sin Hok), 043753-1290-1-6. 2. 653 

043757-1290-2-3. 3. Dictyomitra communis (Squinabol), 043755-1290-1-10. 4. 654 

Pseudocrolanium puga (Schaaf), 043796-1290-7-5. 5. Pseudodictyomitra 655 
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hornatissima (Squinabol), 043798-1290-7-13. 6. Xitus clava (Parona), 656 

043752-1290-1-5. 7–9. Turbocapsula costata costata (Wu), 7. 043764-1290-3-4, 8. 657 

043767-1290-3-8, 9. 043780-1290-5-4. 10. Hiscocapsa? sp., 043774-1290-4-5. 11. 658 

Hiscocapsa grutterinki (Tan Sin Hok), 043791-1290-6-11. 12. Squinabollum asseni 659 

(Tan Sin Hok), 043800-1290-8-3. 13. Hiscocapsa sp., 043786-1290-5-13. 14. 660 

Pseudoeucyrtis hanni (Tan Sin Hok). 15. Mictyoditra columbarium (Renz), 661 

043820-1290-10-2. 16. Mesosaturnalis sp. 043810-1290-8-15. 17. Acastea sp., 662 

043812-1290-9-3. 18. Suna sp., 043797-1290-7-12. 19. Archaeospongoprunum 663 

patricki Jud, 043821-1290-10-3. 20. Halesium sp., 043751-1290-1-2. 21. 664 

Conocaryomma sp. B in Thurow (1988), 043790-1290-6-9. 22. Holocryptocanium 665 

tuberculatum Dumitrica, 043794-1290-7-3. 23. Dactyliodiscus florealis (Jud), 666 

043787-1290-6-1. 667 

Figure 8. Comparison of the Gorgo a Cerbara section and BB1 section based on 668 

radiolarian biostratigraphy. For BB1 section, A. grayish-green cherts interbedded with 669 

claystones, B. red and green cherts interbedded with claystones, C. red cherts 670 

interbedded with claystones. 671 

 672 

 673 

 674 

Table 1. Occurrence of radiolarian species in the Gorgo a Cerbara (GC) section of 675 

O’Dogherty (1994) and this study, the Babazhadong 1 (BB1) section of this study, and 676 

the XF1 section of Aguado et al. (2014). 677 

 678 

 679 

 680 

 681 

 682 

 683 
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Table 1 Occurrence of radiolarian species in the Gorgo a Cerbara (GC) section of O’Dogherty 

(1994) and this study, the Babazhadong (BB1) section of this study, and the XF1 section of Aguado 

et al. (2014). 
References

Section

Sample Number

8
9

3
.3

0

8
9

6
.7

0

8
9

9
.7

5

9
0

2
.4

0

9
1

1
.3

5

9
1

4
.0

0

0
2

5

0
0

7

0
1

1

0
2

1

0
.7

0

1
2

.0
0

3
0

.1
0

Archaeodictyomitra lacrimula  (Foreman) ○ ○ ○ ○ ○ ○ ○

Archaeodictyomitra excellens (Tan Sin Hok) ○ ○ ○ ○ ○

Dictyomitra communis  (Squinabol) ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Thanarla pacifica  Nakaseko and Nishimura ○ ○ ○ ○ ○ ○

Thanarla brouweri (Tan Sin Hok) ○ ○ ○ ○ ○

Pseudodictyomitra nodocostata Dumitrica ○ ○

Pseudodictyomitra recta  Vishnevskaya ○ ○

Pseudodictyomitra hornatissima  (Squinabol) ○ ○ ○ ○ ○ ○ ○ ○

Pseudodictyomitra nakasekoi Taketani ○

Pseudocrolanium puga  (Schaaf) ○ ○ ○

Stichomitra communis  Squinabol ○ ○ ○ ○ ○

Neorelumbra manokawaensis (Tumanda) ○ ○

Xitus alievi  (Foreman) ○ ○ ○

Xitus clava (Parona) ○ ○ ○ ○ ○ ○ ○

Turbocapsula tetras  Li and Matsuoka ○

Turbocapsula fugitiva  O’Dogherty ○ ○ ○ ○ ？ ○

Turbocapsula costata multicostata  Li and Matsuoka

Turbocapsula costata costata  (Wu) ？ ？ ○ ○ ○

Squinabollum asseni  (Tan Sin Hok) ○ ○ ○ ○ ○ ○ ○ ○ ○

Hiscocapsa grutterinki (Tan Sin Hok) ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Crococapsa uterculus (Parona) ○ ○ ○

Arcanicapsa clivosa  (Aliev) ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Olanda orca  (Foreman) ○ ○

Pseudoeucyrtis hanni (Tan Sin Hok) ○ ○ ○ ○ ○ ○ ○ ○ ○

Mictyoditra columbarium  (Renz) ○ ○ ○ ○ ○ ○ ○ ○ ○

Aurisaturnalis carinatus perforatus  Dumitrica and

Dumitrica–Jud ？ ？ ○ ○

Suna echiodes  (Foreman) ○

Suna hybum  (Foreman) ○ ○ ○ ○ ○

Acastea diaphorogona  (Foreman) ○ ○ ○ ○ ○ ○ ○ ○ ○

Acaeniotyle umbilicata  (Rüst) ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Archaeospongoprunum patricki Jud ○ ○ ○ ○ ○

Dicroa (?) macroxiphus  (Rüst) ○

Pantanellium lanceola  (Parona) ○ ○ ○

Pantanellium squinaboli (Tan Sin Hok) ○ ○

Dicerosaturnalis amissus (Squinabol) ○ ○ ○ ○ ○ ○ ○ ○ ○

Becus horridus  (Squinabol) ○ ○ ○ ○

Becus gemmatus  Wu ○ ○ ○

Crucella hispana O’Dogherty ○ ○ ○

Holocryptocanium tuberculatum Dumitrica ○ ○

Deviatus diamphidius (Foreman) ○ ○ ○ ○ ○

Dactyliodiscus florealis  (Jud) ○ ○

 O'Dogherty (1994) This study Aguado et al. (2014)

GC section GC section BB1 section XF1 section

 
○, species identified with certainty; ?, species identified with some doubt. 
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