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Abstract

The Dumak ophiolitic mélange is part of the nearymplete Neh Ophiolite Complex in Eastern Iran.sThi
complex exhibits a typical ophiolite suite that sists of mantle peridotite, cumulates, gabbro, teliedikes,
pillow basalt and a sedimentary cover includingagal and shallow-water deposits. A sequence of red
radiolarites intercalated with mid-oceanic ridgéated basalt and pelagic limestone was examineah fitwe
Shuru part of the Dumak ophiolitic mélange. A refglly well-preserved and diverse radiolarian asdaggwas
extracted that includes 25 genera with 19 spunietizaind 26 nassellarian species. The radiolariamofaiuna
from the Shuru section provides the first biosgraphical data which establishes a Cretaceous,|enilithian

age for the ophiolitic mélange. The new age datatritute to a better understanding of the geodynami

evolution of the eastern branch of the Neotethys.

Keywords: Radiolariaradiolarites Neotethys, Neh Ophiolite Complex

1. Introduction

Understanding the geology of the collision zon¢hie Alpine-Himalayan orogenic belt is critical ®construct

the evolution of the Neotethyan Ocean during Megs@&nozoic times (e.g. Agard et al., 2007, 20The
western part of this zone (i.e. the Peri-Mediteeam Neotethys) has been extensively studied from a
geodynamic aspect (e.§engor et al., 1984; Robertson, 2002, 2004; Starapfli Kozur, 2006; Bortolotti and
Principi, 2005; Dilek et al., 2007, Schmid et &Q08), but significantly fewer studies have focusedthe
eastern part (e.g. Tirrul et al., 1983, Stockliay ). The Sistan suture zone (SSZ) in Easternptays a key
role in the geodynamic reconstruction of the longotéthyan suture zone (Fig. 1). The nearly nortitkso
trending SSZ stretches for over 1000 km betweerl theblock (Eastern Iran) and the Afghan block (Vées
Afghanistan). Tirrul et al. (1983) subdivided th&Zs into three main units: two ophiolitic-accretiopa
complexes (Neh and Ratuk) and the Sefidabeh forkasin between them. The Neh accretionary complex
contains blocks of various lithologies and ages,rs@ sedimentary or volcano-sedimentary matriaikizot,
1979; Tirrul et al., 1983). Commonly, these teataslices contain a thick succession of deep-wadingents
(radiolarites) which are locally associated witthigfite sequences. Any geodynamic model for thenopgeand
closure processes needs to be based primarily tailede biostratigraphic dating of these differeattonic

slices. Fortunately, a well-preserved and relagivalh radiolarian fauna was extracted from a sngldiolarite



41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

sample in the Shuru area which is part of the Dumglkiolitic mélange. Previously, only a few radioda
records were reported from the SSZ (Soulabest n¢dip Babazadeh and De Wever (20044, b) and Babhzad
(2007). The aim of this study is to present newidladian biostratigraphical age data and systematic
paleontology from the SSZ in Eastern Iran wherertitholarite directly overlies basalts, therefate results
allow an improved reconstruction of the evolutidntlee eastern branch of Neotethys from openingldsure

during Mesozoic and early Cenozoic times.

2. Geological setting

The eastern Iranian range geologically correspadadte Sistan suture zone (SSZ, Fig. 1). Foldegd@gne
accretionary prisms and various Mesozoic ophioissemblages are mixed in this zone. The main Ngaie
ophiolitic remnants in the SSZ from north to soatk as follows: the Birjand ophiolite (Pang et 2012), the
Nehbandan ophiolitic complex (Delavari et al., 20@accani et al.,, 2010), the Tchehel Kureh oplsolit
(Delaloye and Desmonse, 1980) and the Talkhab mélammplex (McCall, 1985, 2002). Formation and
emplacement of these ophiolites reflect the consiommf the Sistan arm of Neotethys and subdudbeneath
the Afghan block (e.g. Agard et al., 2007, 2011ccaai et al., 2010) and subsequent collision batvibe Lut
and Afghan continental blocks during the late Pgém@ (e.g. Tirrul et al., 1983). Subduction-relatkeeschists
and eclogites associated with the Birjand ophisl{feotoohi Rad et al., 2005) provided early to latetaceous
radiometric ages (Brocker et al., 2010, 2013), toebe high-pressure metamorphic rocks are uncoafaym
overlain by Maastrichtian rudist-bearing limest@harul et al., 1983).

The Neh and Ratuk complexes have been consideretastionary prisms and their overlying sediments
attributed to the forearc Sefidabeh basin, develggethe frontal part of the Afghan block. The deling suite

of rocks is exposed there (after Tirrul et al., 39&1) ophiolites with lower Aptian to middle upp&lbian and
Cenomanian to Maastrichtian pelagic sedimentarks;02) Upper Cretaceous—Eocene phyllites; andJ(g)er
Cretaceous—Lower Eocene unmetamorphosed maringccsaslimentary rocks including sandstone and marly
turbidite. Detritus includes fragments of ophia@lithert, basalt and gabbro. Sedimentary fill of Sefidabeh
basin includes Cenomanian to Eocene clastic dep@sth deep-marine carbonates and calc-alkalinaslav
(Camp and Giriffis, 1982).

Radiolarites of the Ratuk complex, the only radités studied so far in the SSZ, are charactertnedwo
faunal assemblages of early Aptian and middle Adidéan ages (Babazadeh and De Wever, 2004a, ihpugh

deep-water sedimentation continued until the EBdgene (Saccani et al., 2010).

2.1 Dumak ophiolitic mélange

The Dumak ophiolitic mélange is located on the emsmargin of the SSZ (Fig. 1). This mélange ig pathe
long ophiolitic belt which was emplaced in conneativith the East Lut fault system that extends fiBinjand
to Iranshahr (Walker and Jackson, 2004). The elengaposures of this mélange spread toward thén raod
south, to the ophiolites of Nosrat Abad and the ilurespectively. Despite the fact that some geo#ig
evidence such as the Eocene Lut magmatic arc (Adaedeh et al., 2010) implies the subduction ofStstan

oceanic lithosphere under the Lut block (Pang .e8l12), direct evidence for remnants of a westveirected
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subduction zone and associated high-pressure mgthimorocks and accretionary prisms have not been
reported so far. In addition, the nature of thegphidlites, their tectonic evolution, geological tseg and
temporal correlation have not been carefully reeidwn East Iran.

The upper part of the ophiolitic sequence in then@k ophiolitic mélange appears in a large-scalectiral
curvature known as the Shuru arc. Most of the pelsedimentary rocks overlying the ophiolite arerfd in this
northward convex structure which separates the tigsch-like sediments in the south from the ntzody of
the Dumak mélange in the north. This arc is stmadiys composed of an imbricated thrust sequencechvhi
shows a southward regional transport direction.(E)g

The upper part of the ophiolite that includes shbeedikes, pillow basalt, and deep-water sedimertsnes
along the flysch deposit and terrigenous sedimierttse Shuru area (Fig. 2). A northeast-trendirepatlage of
sheeted dikes is accompanied by pillow basaltsthegewvith clay-rich sediments and radiolarite. lmavop,
these dikes are dark to light green in color amdganerally aphyric and aphanitic. A considerabtewant of red
clay-rich pelagic sedimentary rocks is found alerith the basaltic units in the Shuru area (Fig. T3 bands of
radiolarian cherts which are contained in a seqa@iaed pelagic clays comformably overlie the slay the

upper part of the sequence. The series continubsméssive flysch-like turbidites of Eocene age (B).

3. Materials and method

Samples were collected from diverse localitieshaf Dumak ophiolitic mélange by Elham Bahramnejad an
—Sasan Bagheri. The sampled lithologies consisslgfhtly metamorphosed fine-grained sandstone with
carbonate, limestone, limestone with chert andotadte. Only the Shu95-3 sample contains a riekatively
well-preserved and diverse radiolarian fauna. Bhimiple was collected from a sliced part of pelagidiment
overlying basalt and sheeted dikes. Approximat&l§-300 g of dice-sized crushed chert from each kamps
processed with the dissolution method. Samples deeel and placed in approx. 3-5% HF (nine parssikid
water and one part concentrated HF (48%) follovétandard laboratory procedures of Pessagno and ddewp
(1972). The residues were washed through arBGieve and dried. The laboratory preparation efdhmples
was carried out at the Hungarian Natural Historysklum, Budapest. Photomicrographs of the radiolarian
figured herein were taken using a Hitachi S-260@ype Scanning Electron Microscope at the Hungarian
Natural History Museum, Budapest. The radiolariaecémens of the Dumak ophiolitic mélange are depdsn

the Hungarian Natural History Museum in Budapesinghry.

4, Radiolarian fauna

The radiolarian assemblage from sample Shu 95-3attn19 determined spumellarian and 26 nasseilaria
species, assigned to 25 genera. Generally, eaemmdeed nassellarian species contains 10-15 spesjme
whereas spumellarian species contain only one o gpecimens. Four nassellarian genddéctyomitra,
Pseudodictyomitra, Hiscocapsa and Sichomitra) dominate the radiolarian assemblage, althoAgéeniotyle
spp. and Archaeospongoprunum cortinaense are also relatively abundant in the radiolariamnta The
assemblage contains some extremely long-rangingiespesuch asArchaeocenosphaera clathrata (Parona,

1890) andAcanthaocircus levis (Donofrio and Mostler, 1978). Other species ase &hown to have a long range,



121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

such asAcaeniotyle diaphorogona Foreman, 1973Acaeniotyle umbilicata (Rust, 1898) an€rucella messinae
Pessagno, 1971. The following typical Barremian@enomanian or Turonian radiolarians are important
members of the assembladg@ictyomitra communis (Squinabol, 1904)Dictyomitra montisserei (Squinabol,
1903), Obeliscoites perspicuus (Squinabol, 1903)Xitus mclaughlini (Pessagno, 1977b{rococapsa asseni
(Tan, 1927) andHiscocapsa grutterinki (Tan, 1927). The sample also contains typical Apt@ Turonian (or
younger) radiolarians such &rucella euganea (Squinabol, 1903)Napora crassispina (Squinabol, 1903),
Pseudodictyomitra lodogaensis Pessagno, 1977b anBarvimitrella communis (Squinabol, 1903). The
biostratigraphically most important species are #mort-ranging (dominantly from Albian or Albian to
Cenomanian) forms such a3actyliodiscus cayeuxi Squinabol, 1903, Thanarla brouweri (Tan, 1927),
Dictyomitra obesa (Squinabol, 1903)Xitus spinosus (Squinabol, 1904)Parvimitrella magna Squinabol, 1904
and Dorypyle communis (Squinabol, 1903). Based on the presenceTlwdnarla brouweri (Tan, 1927),
Dictyomitra obesa (Squinabol, 1903)Xitus spinosus (Squinabol, 1904Rarvimitrella magna (Squinabol, 1904),
and Dorypyle communis (Squinabol, 1903), this assemblage is assignatig¢cAlbian (Romanus and Missilis
radiolarian subzones of the Spoletoensis Zone, twhimmprises UA 10-13 of O’Dogherty, 1994). A more
precise biostratigraphic age assignment is posgibl¢he late middle to early late Albian (early Wlis
radiolarian subzone which allows correlation to WA of O’Dogherty, 1994) based on the co-occurresfce
Dictyomitra obesa (Squinabol, 1903)Parvimitrella magna (Squinabol, 1904)Acanthocircus multidentatus
(Squinabol, 1914) andcanthocircus levis (Donofrio and Mostler, 1978). Howeveliscocapsa grutterinki
(Tan, 1927);Thanarla brouweri (Tan, 1927) an€rococapsa asseni (Tan, 1927) disappear from the fossil record
after the Romanus subzone, therefore the samplSt3umost probably represents the Romanus andligliss
subzones (O’'Dogherty, 1994). Detailed range dathefspecies in the studied sample from the Sherction

are presented in Fig. 4.

4.1 Systematic paleontology

Class Radiolaria Miller, 1858

Subclass Polycystina Ehrenberg 1838 emend. Rigglér,

Order Spumellaria Ehrenberg, 1875

Family Xiphostylidae Haeckel, 1881

GenusArchaeocenosphaera Pessagno and Yang, 1989 in Pessagno et al., 1989

Type speciesArchaeocenosphaera ruesti Pessagno and Yang, 1989 in Pessagno et al., 1989

Archaeocenosphaera clathrata (Parona, 1890)
Fig. 5.1

18807Heliosphaera echinoidites n. sp.: Pantanelli, p. 46, fig. 8.
1890Cenosphaera clathrata n. sp.: Parona, p. 19, pl. |, fig. 5.
2015Archaeocenosphaera clathrata (Parona): Ozsvart et al., p. 344, fig. 5.1. (cum.py



160 RemarksA. clathrata (Parona) is clearly distinguished from other specoithe genugrchaeocenosphaera by
161 the hexagonal shape of pores, but this speciman fh® Neh accretionary complex, Iran has smalleedbsi
162 pores.

163 Range: lower Devonian — Eocene.

164  Occurrence: Cosmopolitan.

165

166 Family Acaeniotylinae Yang, 1993

167 Genus Acaeniotyle Foreman, 1973

168  Type speciesXiphosphaera umbilicata (Riist, 1898)

169

170 Acaeniotyle diaphorogona Foreman, 1973
171 Fig. 5.2

172

173 1973Acaeniotyle diaphorogona n. sp.: Foreman, p. 258, pl. 2, figs. 2-5.

174 1993Acastea acer n. sp.: Yang, p. 94, pl. 15, figs. 1-2, 13, 15, Al6;16, figs. 3, 8, 14.

175 1994 Acaeniotyle diaphorogona Foreman: O’Dogherty, p. 284, pl. 50, figs. 8-1rcsyn.)

176 1995Acaeniotyle diaphorogona gr. Foreman: Baumgartner et al., p. 54, pl. 308, f.-6.

177 1997Acastea tenuisn. sp.: Hull, p. 35, pl. 10, figs. 8-10, 15, 22.

178 1998Acastea diaphorogona (Foreman): Matsuoka, pl. 13, fig. 197.

179 2004 Acaeniotyle diaphorogona Foreman: Bragina, p. 398, pl. 17, fig. 4; pl. 44sf7, 16.

180 2005 Acaeniotyle diaphorogona Foreman: Vishnevskaya et al., pl. 2, fig. 14.20@2eniotyle diaphorogona
181 Foreman: Danelian et al., pl. 3, fig. 2.

182 2011Acaeniotyle diaphorogona Foreman: Zyabrev, pl. 1, fig.

183 2011Acaeniotyle diaphorogona Foreman: Bandini et al., pl. 2, fig. 7.

184  2017Acaeniotyle sp. cf.A. diaphorogona Foreman: Xu and Luo, fig. 3F.

185

186 Remarks: This fragmentary specimen is assignede@éenusicaeniotyle, based on its characteristic shell with
187 large porous nodes. This specimen differs fromhibletype ofA. diaphorogona Foreman by fewer pores on its
188 nodesGenerally, one node contains 6-9 rounded poreghizuspecimen bears 3-5 pores on each node.

189 Range: upper Bajocian — lower Turonian (Baumgaréhel., 1995, O'Dogherty, 1994 and Bragina et200Q7).

190 Occurrence: Cosmopolitan.

191

192 Acaeniotyle umbilicata (Rist, 1898)
193 Figs. 5.3-4

194

195 1898Xiphosphaera umbilicata n. sp.: Rust, p. 7, pl. I, fig. 9.

196 1994 Acaeniotyle umbilicata (Rust): O’Dogherty, p.289, pl. 51, figs. 19-20uifc syn.)
197 1995Acaeniotyle umbilicata (Rust): Baumgartner et al., p. 54, pl. 3092, fibs.

198 1997 Acaeniotyle umbilicata (Rust): Dumitrica et al., p. 21, pl. 2, fig. 1.

199 2003Acaeniotyle umbilicata (Rust): Ziabrev et al., fig. 3.1



200 2004 Acaeniotyle umbilicata (Rust):Bragina, p. 401, pl. 17, figs. 3 and 7; pl. 41, g

201 2005Acaeniotyle umbilicata (Rust): Vishnevskaya et al., pl. 2, fig. 5.

202 2009Acaeniotyle umbilicata (Rust): Ishii et al., pl. 1, fig. 2.

203 2011Acaeniotyle umbilicata (Rust):Zyabrev, pl. 1, fig. 4.

204  2013Acaeniotyle umbilicata (Rust):Zyabrev and Anoikin, pl. fig. 2.

205

206 Remarks: These specimens from the Neh accretiocamplex, Iran resemble the holotype, although the
207 illustrated specimen in Fig. 5.3 has shorter aigh#ly more robust polar spines with significantder grooves
208 between ridges than the illustrated specimen by R88€8).

209 Range: upper Oxfordian — upper Campanian (Baumgiaetnal., 1995, Bragina and Bragin, 2004, G6rka&9).

210 Occurrence: Cosmopolitan.

211

212 Acaeniotyle sp. cf.A. sp. A. sensu Thurow, 1988
213 Fig. 5.5

214

215 1988Acaeniotyle sp. A.: Thurow, p. 396, pl. 6, fig. 2.

216 1994 Acaeniotyle amplissima (Foreman): O’Dogherty, p. 288, pl. 51, figs. 11-14.

217 1998Acaeniotyle (?) glebulosa (Foreman): Salvini and Marcucci Passerini, fig. 6a

218 2013Acaeniotyle amplissima (Foreman): Bragina and Bragin, pl. 1, fig. 4.

219 2015Acaeniotyle amplissima (Foreman): Shirdashtzadeh et al., fig. 4.14.

220 2015Acaeniotyle amplissima (Foreman): Bragina and Bragin, pl. 2, fig. 6.

221

222 Remarks: This specimen is closely relatedAtaeniotyle sp. A. (Thurow, 1988), but not in the least related
223 Saurosphaera amplissima Foreman (1973) which has no characteristic larggesamn surface. Nodes of the
224 illustrated specimen contain fewer pores (3-4) thieg are slightly pointed.

225 Occurrence: Cosmopolitan.

226

227 Family Intermediellidae Lahm, 1984

228 GenusTetrapaurinella Kozur and Mostler, 1994

229  Tape speciestetrapaurinella discoidalis Kozur and Mostler, 1994

230

231 Tetrapaurinella sp. 1

232 Figs. 5.6-8

233

234 1975 Actinommids gen. and sp. indet: Foreman, ppB2F, figs. 13-14.
235

236 Remarks: Poorly preserved specimens with a spondyaagular test. 4 needle-like, long and smootgh#y
237 curved spines. These specimens are identical withesof the illustrated Actinommids gen. and spetnioly

238 Foreman from 1975. Also reported similar form. &aurus Dumitrica, 1997) of the upper Valanginian:



239 Hauterivian of the Fayah unit in Masirah ophioldé Oman by Dumitrica et al., 1997, but that spedias
240 relatively shorter and straight spines.

241 Occurrence: Neh accretionary complex, Iran.

242

243

244 Tetrapaurinella sp. cf.T. staurus Dumitrica, 1997
245 Fig. 5.9

246

247 1997 Tetrapaurinella staurus n. sp.: Dumitrica in Dumitrica et al., p. 25, p).figs, 1-2.

248 2004aPseudoaulophacus sp.: Babazadeh and De Wever, p. 203, Figs. 8F-G.

249

250 Remarks: This specimen bears few, short needledieondary spines on the test between main spines.
251 However, the illustrated specimensTofstaurus Dumitrica do not bear secondary spines on the adtsipugh it
252  was mentioned in the description. Babazadeh andMeeer (2004a) illustrated a poorly preserved buty ve
253 similar species aPseudoaulophacus sp. from the Sistan Suture zone (Soulabest village) Jud (1994) also
254 published a very similar species Sylospongia from the Hauterivian-Barremian section of the Apees
255 (Umbria), although this latter bears polar spines.

256 Occurrence: Neh accretionary complex, Iran.

257

258 Family Hagiastridae Riedel, 1971

259 GenusCrucella Pesssagno, 1971

260  Type specierucella messinae Pessagno, 1971

261

262 Crucella euganea (Squinabol, 1903)
263 Fig. 5.10

264

265 1903Sauralastrum euganeumn. sp.: Squinabol, p. 123, pl. 9, fig. 19.

266 1994 Crucella euganea (Squinabol):O’Dogherty, p. 367, pl. 70, figs. 10-20. (cum syn.)

267 1998Crucella euganea (Squinabol)Salvini and Marcucci, fig. 9.1.

268 2008Crucella euganea (Squinabol)Zyabrev et al., fig. 6.9.

269 2016Crucella euganea (Squinabol)Bragina and Bragin, pl. 4, fig. 4.

270

271 Remarks: However, three rays are broken off onilthgtrated specimen, it can be specified to heuganea
272 (Squinabol, 1903) becausg euganea (Squinabol, 1903) has a very characteristic, Idhgge-bladed and a
273 slightly curved terminal spine.

274 Range: Aptian — Turonian (O’'Dogherty, 1994).

275 Occurrence: Cosmopolitan.

276

277 Crucellasp. 1

278 Fig. 5.11
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1971Crucella messinae n. sp.: Pessagno, p. 56, pl. 6, figs. 1-3.

Remarks: Poorly preserved specimens with charatitenmeshwork with large circular pores, although i
resembles the Cenomani@nmessinae Pessagno, 1971, but cannot be specified, obviously.

Occurrence: Cosmopolitan.

Crucellasp. 2
Fig. 5.12

Remarks: Broken specimen wears four rays with regttar pore frames arranged in double linear rdvavs
converge in slightly elevated ridges.

Occurrence: Neh accretionary complex, Iran.

Family Angulobracchiidae Baumgartner, 1980
GenusParonaella Pessagno, 1971

Type speciesParonaella solanoensis Pessagno, 1971

Paronaella sp. cf.P. communis (Squinabol, 1903)
Fig. 5.13

cf. 1903Spongotripus communis n. sp.: Squinabol, p. 123, pl. 9, fig. 7.
cf. 1989Pseudoaulophacus polonicus n. sp.: Goérka, p. 337, pl. 10, figs. 1-4.
cf. 1994Paronaella communis (Squinabol): O’Dogherty, p. 353, pl. 66, figs. 9-16

Remarks: Small, three-rayed form (one of them iseab) with long, three-bladed spines. Triangulatlimoi
similar to P. communis (Squinabol, 1903), but the test has been compleatetyystallized. Gérka (1989)
published very similar specimens Rseudoaul ophacus polonicus n. sp., from the Campanian of Poland, but all
spines are almost covered by the spongy outer ytbie test.

Occurrence: Neh accretionary complex, Iran.

Family Patulibracchiidae Pessagno, 1971
GenusHalesium Pessagno, 1971

Type speciesHalesium sexangulum Pessagno, 1971

Halesium sp. cf.H. nevianii (Squinabol, 1903)
Figs. 5.14

cf. Halesium nevianii n. sp.: Squinabol, p. 122, pl. 10, fig. 6.
cf. Halesium nevianii Squinabol: O’Dogherty, p. 348, pl. 64, figs.19-24.



319
320 Remarks: The illustrated specimens with double rofasiangular pore frames with characteristic rodad
321 median bars. These specimens are similét. taevianii (Squinabol, 1903) but the preservation is fairlppo

322 Occurrence: Neh accretionary complex, Iran.

323

324 Halesium sp. cf.H. crassum (Ozvoldova, 1979)
325 Figs. 5.15-16

326

327 cf. 1979Dictyastrum crassumn. sp.: Ozvoldova, p. 10, pl. 2, figs. 1, 3.

328 cf. 1994Halesium nevianii Squinabol: O’Dogherty, p. 348, pl. 64, figs. 17-18.

329

330 Remarks: Rays are more or less tetragonal in @esten with characteristic central and lateralnheavith
331 large nodes at both rows. Nodes are connecteddgypdal tiny bars that form triangular pore framéthw
332 relatively large pores. Rays broaden distally amdhinate relatively large nodes that tapered dystaarge
333 terminal nodes bear two thick lateral spines.

334  Occurrence: Neh accretionary complex, Iran.

335

336 Family Spongodiscidae Haeckel, 1862

337 GenusArchaeospongoprunum Pessagno, 1973

338  Type speciesArchaeospongoprunum venadoensis Pessagno, 1973

339

340 Archaeospongoprunum cortinaense Pessagno, 1973
341 Figs. 6.1-2

342

343 1973Archaeospongoprunum cortinaensisn. sp.: Pessagno, p. 60, pl. 9, figs. 4-6.

344 1989Archaeospongoprunum cortinaensis Pessagno: Goérka, p. 339, pl. 12, fig. 6, non 5.

345 non 1998Archaeospongoprunum cortinaensis Pessagno: Salvini and Marcucci Passerini, fig. 9b.

346 2001Archaeospongoprunum spp.: Snoke and Noble, fig. 5.9

347 2004 Archaeospongoprunum cortinaensis Pessagno: Bragina, p. 407, pl. 18, figs. 5, 11nd8 10, 14.

348 2004 Archaeospongoprunumklingi Pessagno, 1977: Bragina, p. 407, pl. 18, fig. 12.

349 2006 Archaeospongoprunum cortinaensis Pessagno: Musavu-Moussavou and Danelian, p. 153, fig. 15,
350 non 11-14.

351 non 2007Archaeospongoprunum cortinaensis Pessagno: Musavu-Moussavou et al., pl. 5, fig. 3-

352 2009Archaeospongoprunum cortinaensis Pessagno: Bragina, pl. 2, figs. 3-5.

353

354 Remarks: Secondary grooves on the ridges of spireesomewhat wider and deeper than on illustrabéstype
355 by Pessagno (1973).

356 Range: Berriasian (Kiessling, 1995) — Campaniarrk&dl989).

357 Occurrence: Cosmopolitan.

358
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Family Pseudoaulophacidae Riedel, 1967
GenusBecus Wu, 1986
Type speciesBecus gemmatus Wu, 1986

Becus sp. cf.B. gemmatus Wu, 1986
Fig. 6.3,7

cf. 1986Becus gemmatus n. sp.: Wu, p. 356, pl. 1, figs., 14, 17, 18, 21.
cf. 1994Becus gemmatus Wu: O’Dogherty, p. 317, pl. 58, figs. 4-8.

Remarks: This poorly preserved specimen figureéihgrossesses large nodes at the central paré ¢ésh and
numerous, smooth pointed secondary spines.

Occurrence: Cosmopolitan.

GenusDactyliodiscus Squinabol, 1904
Type speciedDactyliodiscus cayeuxi Squinabol, 1904

Dactyliodiscus cayeuxi Squinabol, 1903
Figs. 6.4-5

1903Dactyliodiscus Cayeuxi n. sp.: Squinabol, p. 120, pl. 9, figs.18, 18a

1994 Dactyliodiscus cayeuxi Squinabol: O’Dogherty, p. 332, pl. 61, figs. 16-28um syn.)
2011Dactyliodiscus cayeuxi Squinabol: Zyabrev, pl. 1, fig. 17.

2015Dactyliodiscus cayeuxi Squinabol: Bragina and Bragin, pl. 4, fig. 1.

Remarks: This poorly preserved specimen figure@ lhas only two spines, the others broken, but t#se lof
the discoidal test can be assigned toDhAetyliodiscus cayeuxi Squinabol, 1903.
Range: lower Albian — Cenomanian (O’Dogherty, 1994)

Occurrence: Western Neotethys.

Dactyliodiscus sp. cf.D. longispinus (Squinabol, 1904)
Fig. 6.6

cf. 1904Xylotrochus longispina n. sp.: Squinabol, p. 207, pl. 6, fig. 8.

cf. 1904Spongolonche diversispina n. sp.: Squinabol, p. 206, pl. 6, fig. 6.

cf. 1904Stylotrochus euganeus n. sp.: Squinabol, p. 207, pl. 6, fig. 9.

cf. 1994Dactyliodiscus longispinus (Squinabol): O’'Dogherty, p. 333, pl. 62, figs. 6-11

cf. 2004Dactyliodiscus longispinus (Squinabol): Bragina, p. 431, pl. 26, figs. 4B 27, fig. 1, pl. 38, figs. 4,
7, pl. 41, fig. 10.

cf. 2016Dactyliodiscus longispinus (Squinabol): Bragina and Bragin, p. 318, pl. 3sfig)-2.
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Remarks: This specimen differs from the illustratetbtype ofStylotrochus longispina Squinabol by having
longer and slightly curved spines.

Occurrence: Western Neotethys.

Family Saturnalidae Deflandre, 1953
GenusMesosaturnalis Kozur and Mostler, 1981

Type speciesPaleosaturnalis levis Donofrio and Mostler, 1978

Acanthocircus levis (Donofrio and Mostler, 1978)
Figs 6.8-9

1914 Saturnalis polymorphusn. sp.: Squinabol, p. 293, pl. 22, figs. 12 non fity; pl. 24, figs. 2-3. non figs. 4-7.
1978Paleosaturnalislevis n. sp.: Donofrio and Mostler, p. 36, pl. 2, fids2.

1994 Acanthaocircus levis (Donofrio and Mostler): O'Dogherty, p.251, pl. 48s. 5-7. (cum syn.)
2000Acanthocircus levis (Donofrio and Mostler): Jasin, pl. 2, fig. 1

2015Acanthocircus levis (Donofrio and Mostler): Shirdashtzadeh et al., Hid.7.

Range: Berriasian — middle Albian (Ishii et al.020and O’Dogherty, 1994).

Occurrence: Western Neotethys.

Acanthocircus multidentatus (Squinabol, 1914)
Fig. 6.10

1914Saturnalis multidentatus n. sp.: Squinabol, p. 298, pl. 23, figs. 11-12.

1994 Acanthocircus multidentatus (Squinabol): O'Dogherty, p.255, pl. 44, figs. 7-16um syn.)
2000Acanthocircus multidentatus (Squinabol): Jasin, pl. 2, fig. 2.

2004 Acanthocircus multidentatus (Squinabol): Bragina, p. 447, pl. 34, figs. 9, 12.

RemarksA. multidentatus (Squinabol, 1914) differs frorA. levis (Donofrio and Mostler, 1978) by having inner
carina on the ring which is clearly recognizabléhie illustrated specimen.
Range: middle Albian —Turonian (O’Dogherty, 1994).

Occurrence: Western Neotethys.

Order Nassellaria Ehrenberg, 1875

Family Ultranaporidae Pessagno, 1977b
GenusNapora Pessagno, 1977a

Type speciedNapora bukryi Pessagno 1977a

Napora crassispina (Squinabol, 1903)
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Figs. 6.11-12

1903Lychnocanium crassispina n. sp.: Squinabol, p. 129, pl. 8, fig. 33.
1994 Ultranapora crassispina (Squinabol): O'Dogherty, p. 242, pl. 42, figs. 1¢6um syn.)
2013Ultranapora crassispina (Squinabol): Bragina and Bragin, pl. 4, fig. 5.

Remarks: The specimen figured herein has a sliglktiyv apical horn with deep grooves. Cephalis psssl
spherical and smooth.
Range: Aptian — lower Cenomanian (O’Dogherty, 1994)

Occurrence: Western Neotethys and South India.

Napora sp.
Figs. 6.13-14

Remarks: Preservation is very poor, therefore viahassign this form to species level.. Apicalrhsimilar to
N. praespinifera Pessagno, but cephalis and thorax much smalleleaadnflated.

Occurrence: Neh accretionary complex, Iran.

Family Neosciadiocapsidae Pessagno, 1969
GenusSciadiocapsa Squinabol, 1904
Type speciesSciadiocapsa euganea Squinabol, 1904

Sciadiocapsa sp.
Fig. 6.15

Remarks: Absence of apical horn suggests this foare likely belongs to the genSsiadiocapsa.

Occurrence: Neh accretionary complex, Iran.

Family Archaeodictyomitridae Pessagno, 1976
GenusArchaeodictyomitra Pessagno, 1976

Type speciesArchaeodictyomitra squinaboli Pessagno, 1976

Archaeodictyomitra chalilovi (Aliev, 1965)
Fig. 6.16

1965Lithocampe chalilovi n. sp.: Aliev, p. 66, pl. 12, figs. 10-13.

pars 199Dictyomitra gracilis (Squinabol): O’'Dogherty, p. 73, pl. 1, figs. 16, 2B.
1994 Archaeodictyomitra chalilovi (Aliev): Jud, p. 63, pl. 3, figs. 12-14. (cum syn.
2015Dictyomitra montisserei (Squinabol): Shirdashtzadeh et al., fig. 3.7-9



479 Remarks: The preservation is rather poor but thecisnen was assigned £ chalilovi (Aliev), although its
480 distal pores are slightly bigger and its wall igshex massive. O’'Dogherty illustrated more specimehs
481 Dictyomitra gracilis (Squinabol) in 1904, although part of that serigk {, figs. 16, 21, 23.) can be rather
482 assigned t@\. chalilovi (Aliev, 1965)thank s to the non-lobate outline.

483 Range: upper Hauterivian-?Barremian (Jud, 1994lbiaA (Asis and Jasin, 2012).

484  Occurrence: Cosmopolitan.

485

486 Archaeodictyomitra vulgaris Pessagno, 1977b
487 Figs. 6.17-18

488

489 1977bArchaeodictyomitra vulgaris n. sp.: Pessagno, p. 44, pl. 6, fig. 15.

490 1991 Archaeodictyomitra vulgaris Pessagno: Basov and Vishnevskaya, p. 171, plids,1,4.

491 1996 Archaeodictyomitra vulgaris Pessagno: Zyabrev, pl. 1, fig. 4.

492 non 2004Archaeodictyomitra vulgaris Pessagno: Bragina, p. 375, pl. 33, fig. 18.

493 2001Archaeodictyomitra vulgaris Pessagno: Vishnevskaya, pl. 86, figs. 1,4; pl. fi6y7.

494  2005Archaeodictyomitra vulgaris Pessagno: Vishnevskaya et al., pl. 2, fig. 27.

495 2008Archaeadictyomitra vulgaris Pessagno: Danelian, p. 5, pl. 1, fig. 3; pl. 2sfigl-12. (cum syn.)

496 2009Archaeadictyomitra vulgaris Pessagno: Kurogi and Takahashi, pl. 1, fig. 17.

497 2013Archaeodictyomitra montisserei (Squinabol): Bragina and Bragin, pl. 3, figs. 12-13

498

499 Remarks: Test more rounded distally and somewhag perfectly conical than the holotype, costaeshaarper
500 and elevated higher and it bears bigger pores.

501 Range: upper Valanginian —lower Turonian, but pbiypéhis species already appeared in the late Sicras
502 Hull (1997) reported a similaA¢chaeodictyomitra sp. cf.A. vulgaris Pessagno) specimen from Tithonian of
503 California (Stanley Mountain).

504  Occurrence: Cosmopolitan.

505

506 GenusThanarla Pessagno, 1977b

507  Type speciesPhormocyrtis veneta Squinabol, 1903

508

509 Thanarla brouweri (Tan, 1927)
510 Fig. 6.19

511

512 1927Eucyrtidium Brouweri n. sp.: Tan, p. 58, pl. 11, figs. 89a-b.

513 1994 Thanarla brouweri (Tan): O’Dogherty, p. 86, pl. 5, figs. 1-12. (cugmg

514  2003Thanarla brouweri (Tan): Ziabrev et al., fig. 3.43.

515 2008Thanarla brouweri (Tan): Danelian, pl. 1, figs, 7-9; pl. 2, figs.-18; pl. 3, fig. 10. (cum syn.)
516 2008Thanarla brouweri (Tan): Zyabrev et al., fig. 5.30.

517 2011Thanarla brouweri (Tan): Zyabrev, pl. 3, fig. 20.

518 2011Thanarla brouweri (Tan): Kurilov, Vishnevskaya, pl. 4, fig. 7.
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2013Thanarla brouweri (Tan): Zyabrev and Anoikin, pl, fig. 37.
2015Thanarla brouweri (Tan): Zyabrev et al., fig. 4.7.

Range: upper Barremian — middle Albian (O’'Doghet§94).

Occurrence: Cosmopolitan.

GenusDictyomitra Zittel, 1876
Type speciedictyomitra multicostata Zittel, 1876

Dictyomitra gracilis (Squinabol, 1903)
Figs. 7.1-2

1903Sethoconus gracilis n. sp.: Squinabol, p. 131, pl. 10, fig. 13

pars 199Dictyomitra gracilis (Squinabol): O’'Dogherty, p. 73, pl. 1, figs. 15, P2, 24.
2008Mita gracilis (Squinabol): Danelian, p. 6, pl. 3, figs. 8-9. (caym.)

2016Mita gracilis (Squinabol): Bragina and Bragin, p. 333, pl. 6sfif-2. (cum syn.)

Remarks: Due to the diagenetic alterations andystallization test poorly preserved, although it treardly
visible apical horn.

Range: The first appearance Dictyomitra gracilis (Squinabol, 1903) can be observed within oceanaxian
event OAE Ib (Erbacher and Thurow, 1997) in earlgi#n (in Romanus subzone after O’'Dogherty, 1994) —
Campanian (Urquhart, 1994).

Occurrence: Cosmopolitan.

Dictyomitra montisserei (Squinabol, 1903)
Figs. 7.3-5

1903Stichophormis Montis Serei n. sp.: Squinabol, p. 137, pl. 8, fig. 38.

1994 Dictyomitra montisserei (Squinabol): O’Dogherty 1994, p. 77, pl. 3, fig29. 8 (cum syn.)
2004aDictyomitra montisserei (Squinabol): Babazadeh and De Wever, p. 195, Hids 7F.

2005Dictyomitra montisserei (Squinabol): Vishnevskaya et al., pl. 3, fig. 8;4 fig. 15.

2007 Archaeodictyomitra montisserei (Squinabol): Musavu-Moussavou et al., p. 2652pfig. 3. (cum syn.)
2008 Archaeodictyomitra montisserei (Squinabol): Danelian, p. 5, pl. 1, fig. 2; pl.fgys. 9-10; pl. 3, figs. 1-2.
(cum syn.)

2011Archaeodictyomitra montisserei (Squinabol): Bandini et al., pl. 11, fig. 2.

2012Dictyomitra montisserei (Squinabol): Asis and Jasin, pl. 1, fig. 3.

2015Archaeodictyomitra montisserei (Squinabol): Zyabrev et al., Fig 4.3.

2016Dictyomitra montisserei (Squinabol): Kopaevich and Vishnevskaya, Fig. 8, t



559 Range: middle Albian (O’Dogherty, 1994) — Turon{@mretkova, 2011).

560 Occurrence: Cosmopolitan.

561

562 Dictyomitra obesa (Squinabol, 1903)
563 Figs. 7.6-8

564

565 1903Artophormis obesa n. sp.: Squinabol, p. 137, pl. 10, fig. 1.

566 1994Dictyomitra obesa (Squinabol): O’'Dogherty, p. 74, pl. 2, figs. 2-6un syn.)

567 2010Mita obesa (Squinabol): Robin et al., fig. 5. 15.

568 2016Dictyomitra obesa (Squinabol): Bragina and Bragin, p. 23, pl. 6, 8g(cum syn.)

569

570 RemarksD. obesa (Squinabol, 1903) has an asymmetrical test theleerly recognizable in Figures 6.6 and
571 6.8, but it is not visible well in Figure 6.7 besadit is front view.

572 Range: middle Albian — lower Cenomanian (O’'Doghgtt§94).

573 Occurrence: Cosmopolitan

574

575 Dictyomitra sp. cf.D. obesa (Squinabol, 1903)
576 Fig. 7.9

577

578 Remarks: This specimen is characterized by asynwaktest, but it differs fronD. obesa by well-developed
579  strictures between chambers.

580 Occurrence: Neh accretionary complex, Iran.

581

582 Family Obeliscoitidae O’'Dogherty, 1994

583 GenusObeliscoites O’Dogherty, 1994

584  Type speciesCyrtocapsa turris Squinabol, 1903

585

586 Obeliscoites perspicuus (Squinabol, 1903)
587 Fig. 7.12

588

589 1903Cyrtocapsa perspicua n. sp.: Squinabol, p. 142, pl. 10, fig. 16.

590 1994 0Obeliscoites perspicuus (Squinabol): O’Dogherty, p. 191, pl. 29, figs. 8-Icum syn.)
591 20030beliscoites perspicuus (Squinabol): Ziabrev et al., fig. 3.28.

592 20090beliscoites perspicuus (Squinabol): Ishii et al., pl. 20, fig. 1.

593 2011 0beliscoites perspicuus (Squinabol): Zyabrev et al., pl. 2, fig. 14.

594

595 Remarks: Test becomes asymmetrical from the seaotidrd post-abdominal chambers.
596 Range: upper Barremian — upper Cenomanian (O’'Daght994).

597 Occurrence: Cosmopolitan.

598
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Family Pseudodictyomitridae Pessagno, 1977b
GenusPseudodictyomitra Pessagno, 1977b

Type speciesPseudodictyomitra pentacolaensis Pessagno, 1977b

Pseudodictyomitra lodogaensis Pessagno, 1977b
Figs 7.10-11, 13-14

1977bPseudodictyomitra lodogaensis n. sp.: Pessagno, p. 50, pl. 8, figs. 4, 21, 28.

1992Pseudodictyomitra lodogaensis n. sp.: Vishnevskaya, pl. 2, fig. 6.

1994 Pseudodictyomitra lodogaensis Pessagno: O’Dogherty, p.103, pl. 7, figs. 18-2Lin{syn.)

2001 Pseudodictyomitra lodogaensis Pessagno: Vishnevskaya, pl. 23, figs. 9, 10; plfig611; pl. 123, figs. 26-
28.

2008Pseudodictyomitra lodogaensis Pessagno: Zyabrev et al., figs. 5. 25-26.

2011Pseudodictyomitra lodogaensis Pessagno: Kurilov and Vishnevskaya, pl. 5, fig. 11.
2013Pseudodictyomitra lodogaensis Pessagno: Zyabrev and Anoikin, pl., fig. 28.

2015Pseudodictyomitra lodogaensis Pessagno: Zyabrev et al., fig. 4. 5.

Remarks: However the preservation is rather modenapoor, the double rings of pores in strictaesvisible,
therefore we assign the specimenP ttodogaensis Pessagno, 1977b.
Range: lower Aptian — Cenomanian (O’Dogherty, 1994)

Occurrence: Cosmopolitan.

Pseudodictyomitra sp. cf.P. lodogaensis Pessagno, 1977b
Figs 7.15-16

cf. 1977bPseudodictyomitra lodogaensis n. sp.: Pessagno, p. 50, pl. 8, figs. 4, 21, 28.

Remarks: Only the first ring of pores (between #xoand abdomen) is single, all other rings of pbetsveen
post-abdominal chambers are double. Chambers comi@gsive, short costae. The rings of double panees
wider than at the holotype & pentacolaensis Pessagno.

Occurrence: Cosmopolitan.
Family Xitidae Pessagno, 1977b
GenusXitus Pessagno, 1977b

Type speciesXitus plenus Pessagno, 1977b

Xitus mclaughlini (Pessagno, 1977b)
Figs. 8.1-2

1977bNovixitus mclaughlini n. sp.: Pessagno, p. 54, pl. 9, fig. 17.
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1977bNovixitus sp. B.: Pessagno, p. 54, pl. 9, fig. 14.
1994 Xitus mclaughlini (Pessagno): O’Dogherty, p. 130, pl. 12, figs. 14{2um syn.)
2011Xitus mclaughlini (Pessagno): Zyabrev, pl. 3, fig. 37.

Remarks: This specimen is characterized by vegeléubercles that arranged parallel rows. Thetititisd
specimen herein differs from holotype by the slightmaller size of tubercles, only.
Range: upper Barremian — middle Cenomanian (O’Dagh&994).

Occurrence: Cosmopolitan.

Xitus spinosus (Squinabol, 1904)
Fig. 8.3

1904 Theocorys spinosa n. sp.: Squinabol, p. 222, pl. 8, fig. 9.
1994 Xitus spinosus (Squinabol): O’Dogherty, p. 129, pl. 12, figs. 3-Icum syn.)

Remarks: The illustrated specimen has a small, amtnical apical horn with relatively large poresuand the
distal part of the spine. The outer latticed lageslightly eroded.
Range: lower Albian — middle Cenomanian (O’'Doghget!§94).

Occurrence: Cosmopolitan.

Xitus subitus Vishnevskaya, 1991
Fig. 8.7

1991 Xitus subitus n. sp.: Vishnevskaya, p. 93, pl. 2, figs. 3-4.

1992Xitus subitus n. sp.: Vishnevskaya, p. 37, pl. 2, fig. 5.

2001 Xitus subitus Vishnevskaya: Vishnevskaya, p. 197, pl. 23, figpl6 132, fig. 3-5.
2010Xitus subitus Vishnevskaya: Palechek, pl. 3, fig. 4.

Range: Albian — Turonian.

Occurrence: Cuba, Eastern Kamchatka, USSR and ¢oshtepnary complex, Iran.

Xitus sp. cf.X. spineus Pessagno, 1977b
Fig. 8.4

Remarks: Due to poor preservation, this form caassign obviously t&. spineus Pessagno, 1977. It differs
from X. spineous by more slender test and uniformly arranged dopbtes between chambers. Tubercles
probably abraded, although they preserved at gutrainal chambers.

Occurrence: Neh accretionary complex, Iran.

Xitus sp.
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Figs. 8.8

Remarks: Due to missing apical part, this form assign to the genu§tus.

Occurrence: Neh accretionary complex, Iran.

Family: Xitomitridae O’Dogherty et al., 2017
GenusParvimitrella O’'Dogherty et al., 2017
Type speciesPseudodictyomitrella wallacheri Grill and Kozur, 1986

Parvimitrella communis (Squinabol, 1903)
Figs. 8.5-6

1903Stichomitra communis n. sp.: Squinabol, p. 141, pl. 8, fig. 40.

1991Stichomitra communis Squinabol: Basov and Vishnevskaya, p. 171, plfii212; pl. 13, fig. 13; pl. 15,
figs. 6-9.

1992Stichomitra communis Squinabol: Vishnevskaya, pl. 2, fig. 11.

1994 Sichomitra communis Squinabol: O’Dogherty, p. 144, pl. 17, figs. 6-{&um syn.)
2001Sichomitra communis Squinabol: Vishnevskaya, pl. 23, fig. 8; pl. 78, 8; pl. 129, fig. 8.
2004bStichomitra communis Squinabol: Babazedah and De Wever, pl. 1, fig221

2004 Sichomitra communis Squinabol: Bragina, p. 374, pl. 9, figs. 2, 6;3%, figs. 10-12; pl. 33, fig. 16
2005Stichomitra communis Squinabol: Vishnevskaya et al., pl. 2, fig. 26.

2007 Sichomitra communis Squinabol: Musavu-Moussavou et al., p. 271, pligé, 7-8. (cum syn.)
2008Stichomitra communis Squinabol: Baumgartner et al., pl. 5, fig. 13.

2008<tichomitra communis Squinabol: Zyabrev et al., fig. 6. 41.

2010Sichomitra communis Squinabol: Palechek et al., pl. 1, fig. 8, plfid, 4, pl. 7, fig. 4.
2011Sichomitra communis Squinabol: Zyabrev, pl. 3, fig. 11.

2012Sichomitra communis Squinabol: Asis and Jasin, pl. 2, fig. 2.

2012Sichomitra stocki (Cambell and Clark): Asis and Jasin, pl. 2, fig. 4.

2013Stichomitra communis Squinabol: Zyabrev and Anoikin, pl. fig. 34.

2015Stichomitra communis Squinabol: Shirdashtzadeh et al., figs. 3. 3-6.

2015Sichomitra communis Squinabol: Zyabrev et al., fig. 4. 10.

2018Stichomitra communis Squinabol: Kentri et al., figs. 8F-H. (cum syn.)

2019Parvimitrella communis (Squinabol): Pirnia et al., figs. 3.7-8.

Remarks: The illustrated specimens herein possassat, poreless cephalis. Thorax, abdomen and post
abdominal chambers separated by relatively deapwses. Thick wall with regularly distributed, tg
hexagonal to polygonal pores.

Range: lower Aptian (O’Dogherty, 1994) — Coniacamtonian (Baumgartner et al., 2008).

Occurrence: Cosmopolitan.
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Parvimitrella magna (Squinabol, 1904)
Fig. 8.10

1904 Sichomitra magna n. sp.: Squinabol, p. 234, pl. 10, fig. 8.
1994 Sichomitra magna Squinabol: O’'Dogherty, p. 146, pl. 17, figs. 17-pdum syn.)
2004 Sichomitra magna Squinabol: Bragina, p. 375, PI. 32, fig. 13.

Remarks: The preservation of this specimen is rdihd, however, | assigned to tRemagna Squinabol,
because of the long, multi-segmented test withively large hexagonal to polygonal pores.
Range: middle Albian — middle Cenomanian (O'Doghel994).

Occurrence: Cosmopolitan.

Parvimitrella sp.
Fig. 8.9

Remarks: Cephalis absent in the illustrated spetirtteorax and abdomen spherical or slightly congmeés
Post-abdominal chambers inflated (second post-abbddnchamber four times the size of the first post-
abdominal chamber. Thick-walled test, having |lgpgatagonal to polygonal pores at the thorax, abdoamel
first post-abdominal chambers, while the second-pbdominal chamber possesses tetragonal poregitar
distribution.

Occurrence: Neh accretionary complex, Iran.

Family Arcanicapsinae Takemura, 1986
GenusDorypyle Squinabol, 1904
Type speciedDorypyle cretacea Squinabol, 1904

Dorypyle communis (Squinabol, 1903)
Figs. 8.11-12

1903 Xyphostylus communis n. sp.: Squinabol, p. 111, pl. 10, fig. 20.

1994 Dorypyle communis (Squinabol): O’Dogherty, p. 204, pl. 32, figs. 19- (cum syn.)
2004aDorypyle communis (Squinabol): Babazadeh and De Wever, p. 201, AigsX.
2011Dorypyle communis (Squinabol): Zyabrev, pl. 1, fig. 33.
2015Dorypyle communis (Squinabol): Zyabrev et al., fig. 4.15.

Range: middle — upper Albian (O’'Dogherty, 1994).

Occurrence: Cosmopolitan.

GenusSguinabollum Dumitrica, 1970
Type specieClistophaena fossilis Squinabol, 1903
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Squinabollum fossile (Squinabol, 1903)
Figs. 8.13-14

1903Clistosphaera fossilis n. sp.: Squinabol, p. 130, pl.10, fig. 11

1970Sguinabollum fossilis (Squinabol): Dumitrica, p. 83, pl.19, figs. 11848&, 119a—119c.
19923quinabollum fossilis (Squinabol): Vishnevskaya, pl. 2, fig. 14.

1994 Squinabollum fossile (Squinabol): O’Dogherty, p. 203, pl. 32, figs. 4-{cum syn.)
2001 sgquinabollum fossilis (Squinabol): Vishnevskaya, pl. 22, figs. 6-11.

2007 Sguinabollum fossile (Squinabol): Bragina et al., p. 318, pl. 2, fi§. 1
2011squinabollum fossile (Squinabol): Zyabrev, pl. 3, fig. 9.

2016Sguinabollum fossile (Squinabol): Bragina and Bragin, p. 25, Pl. 7, 1i§. (cum syn.)

Remarks: Specimen in Fig. 8.14 differs fr@fossile (Squinabol, 1903) by lacking well-developed spiors
the abdomen, they are probably broken away.
Range: Albian — Cenomanian-Santonian (Bragina anagiB, 2006).

Occurrence: Neotethys.

Family Minocapsidae O'Dogherty et al., 2017

Crococapsa asseni (Tan, 1927)
Figs. 8.15-16

1927Cyrtocapsa Asseni n. sp.: Tan, p. 67, pl. 14, fig. 118.

1994 Hiscocapsa asseni (Tan): O’'Dogherty, p. 200, pl. 31, figs. 7-13. fcsyn.)
2003Hiscocapsa asseni (Tan): Ziabrev et al., fig. 3.23.

2008Hiscocapsa asseni (Tan): Zyabrev et al., fig. 6.23.

2011Hiscocapsa asseni (Tan): Bandini et al., pl. 2, figs. 3-4.
2011Hiscocapsa asseni (Tan): Zyabrev, pl. 2, fig. 5.

2011Hiscocapsa asseni (Tan): Kurilov and Vishnevskaya, pl. 6, fig. 9.
2015Hiscocapsa asseni (Tan): Shirdashtzadeh et al., figs. 5.5-6.
2019Crococapsa asseni (Tan): Pirnia et al., fig. 3.4-5.

Range: upper Barremian — middle Albian (O’'Doghet§94).

Occurrence: Cosmopolitan

Crococapsa sp.
Fig. 8.18
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Remarks:Hiscocapsa sp. is distinguished by possessing significantyhr cephalis without the apical horn.
Thorax and abdomen are subcylindrical and well-tgpe, relatively large circular pores visible beem them.
Inflated post-abdominal chamber with large hexafampolygonal pores.

Occurrence: Neh accretionary complex, Iran.

GenusHiscocapsa O’Dogherty, 1994
Type speciesCyrtocapsa grutterinki Tan, 1927

Hiscocapsa grutterinki (Tan, 1927)
Fig. 8.17

1927Cyrtocapsa Grutterinki n. sp.: Tan, p. 64, pl. 13, fig. 110.

1994 Hiscocapsa grutterinki (Tan): O’'Dogherty, p. 201, pl. 31, figs. 14-16; B2, figs. 1-3. (cum syn.)
1994 Cyrtocapsa (?) grutterinki Tan: Jud, p. 74, pl. 8, fig. 12; pl. 9, fig. 1.

2003Hiscocapsa grutterinki (Tan): Zyabrev et al., figs. 3.24.

2011Hiscocapsa grutterinki (Tan): Kurilov and Vishnevskaya, pl. 6, fig. 8.

2013Hiscocapsa grutterinki (Tan): Zyabrev and Anoikin, pl., fig. 18.

Remarks: On the surface of the test many tubeaskesisible, on the basis of this it can be eatisyinguished
from other species dfliscocapsa.
Range: Barremian — pper Aptian.

Occurrence: Cosmopolitan

5. Discussion

The Sistan suture zone (SSZ) in Eastern Iran péaysitical role in the geodynamic reconstructiontioé
Neotethyan suture zone. The polarity of the Nehetmnary prism and Sefidabeh forearc basin, andytmeral
younging of the accretionary prisms to the southwasswell as some other geological evidence haee bsed

to postulate a northeast-dipping subduction uniderAfghan block. According to this model, one woekpect

to find the youngest parts of accretionary prismgeent to the Lut block. However, our new radialarage
from the Dumak area contradicts this model. In tagion the oceanic lithosphere is commonly intiatea with
massive radiolarian chert, therefore stratigrapdting of this radiolarite provides age constraiotstime of
oceanic lithosphere formation. Only two radiolari@astratigraphic studies from the SSZ from eastean have
been published so far (Babazadeh and De Wever,a208)4 reporting two rather moderately preserved an
moderately diverse radiolarian assemblages frontaBest village. Those assemblages were obtained rfeal
argillaceous cherts and green-grey cherts fronR&eik ophiolite complex and were considered eartyigh
and middle-late Albian in age (Babazadeh and De &ie2004a). Our sample examined herein contains a
relatively well to moderately preserved and divees#iolarian fauna, with an assemblage of 19 splamieh and
26 nassellarian species. The biostratigraphicatigtnmportant species are short-ranging (dominahithyan or

Albian to Cenomanian) forms such Ractyliodiscus cayeuxi Squinabol, 1903Thanarla brouweri (Tan, 1927),
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Dictyomitra obesa (Squinabol, 1903)Xitus spinosus (Squinabol, 1904)Parvimitrella magna Squinabol, 1904
and Dorypyle communis (Squinabol, 1903). This assemblage is assignedhéo middle Albian — lower
Cenomanian Spoletoensis radiolarian zone incluthiegRomanus and Missilis radiolarian subzones,dhaivs
correlation with UA 10-13 of O’Dogherty (1994), baitmore precise biostratigraphic range suggestidlen
Albian age (Romanus and most likely Missilis sutezdny O’'Dogherty, 1994). This radiolarian fauna seslg
that sampled radiolarite was deposited during thd-@netaceous which also determines the time ofbice
crust formation. This radiolarian fauna from theniak ophiolitic mélange contains a typical mid-Ceetaus
radiolarian assemblage that compares well with thadtlished in the outstanding monograph of O’'Dogher
(1994), although quite similar radiolarian faunassdén been also reported from Iran (Pessagno e2@D5,
Babazadeh, 2007, Babazadeh and De Wever, 2004apbGimal De Wever, 2010, Shirdashtzadeh et al., 2015
and Pirnia et al., 2019), Crimea (Kopaevich, Visiskaya, 2016), southern Tibet (Ziabrev et al., 200&lia
(Bragina and Bragin, 2013), Eastern Russia (Zyaht896; 2011; Kurilov and Vishnevskaya, 2011), Mala
(Jasin, 1992; 2018; Asis and Jasin, 2012; Jasinrandkul, 2012), Indonesia (Jasin and Haile, 1988)well as
from Cuba (Vishnevskaya, 2001).

6. Conclusions

A relatively well-preserved and diverse radiolarianna from the Dumak ophiolitic mélange of thet&@issuture
zone in Eastern Iran is reported herein. The rader fauna was obtained from a deep marine sedamen
succession associated with basalts. The radioksuiteession represents pelagic strata depositedinezeanic
spreading center. The radiolarian fauna suggestgldie to late Albian age which also determinestiime of

oceanic crust formation.
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1284 Figure captions

1285

1286 Figure 1 a) Generalised tectonic map of the Miditist, showing the location of the Sistan SutureeZmgtween
1287  the Afghan and Lut blocks (modified from Tirrul @&t 1983). (b) The Sistan suture zone of eastemm &nd its
1288 major subdivisions (modified from Tirrul et al. 138

1289

1290 Figure 2 Simplified geologic map of the Dumak opitim melange with the location of the analyzed p#am
1291 (Shu95-3) with Section of Dumak ophiolitic mélangih the position of the radiolarites studied inugihand
1292 simplified stratigraphical column of pelagic seditteoverlying the Dumak ophiolite in the Shuru area

1293

1294 Figure 3 The sequence of red radiolarites with baséhe Shuru region. Shu-95 sample comes froenntiiddle
1295 part of the red massive radiolarite outcrop.

1296

1297 Figure 4 Stratigraphic ranges of radiolarian taxgahple Shu95-3, the Neh accretionary complex eEastan.
1298 Radiolarian Unitary Associations and biostratigiaphonation based on O’Dogherty, 1994 and timescale
1299 calibrated after Ogg et al., 2016.

1300

1301 Figure 5 1.Archaeocenosphaera clathrata (Parona, 1890) (INV 2019.2768); Acaeniotyle diaphorogona
1302 Foreman, 1973 (INV 2019.2769); 3-#caeniotyle umbilicata (Rist, 1898) (INV 2019.2770.1 and INV
1303 2019.2770.2); S5Acaeniotyle sp. cf.A. sp. A. Thurow, 1988 (INV 2019.2771); 6-Betrapaurinella sp. 1. (INV
1304  2019.2772.1,INV 2019.2772.2, INV.2019.2772.3);Tétrapaurinella sp. cf.T. staurus Dumitrica, 1997 (INV
1305 2019.2774); 10Crucella euganea (Squinabol, 1903) (INV 2019.2775); 1Qrucella sp. 1 (INV 2019.2776); 12.
1306 Crucella sp. 2 (INV 2019.2777); 13Paronaella sp. cf. P. communis (Squinabol, 1903) (INV 2019.2778);
1307 14 Halesium sp. cf. H. nevianii (Squinabol, 1903) (INV 2019.2779.1) 15-H@lesium sp. cf. H.. crassum
1308 (Ozvoldova, 1979) (INV 2019.2779.2 and INV 2019.2.87; Scale bars are jn All illustrated specimens were
1309 extracted from the Shuru section of the Dumak dhimélange, Eastern Iran

1310

1311 Figure 6 1-2 Archaeospongoprunum cortinaense Pessagno, 1973 (INV 2019.2780.1 and INV 2019.2)83.
1312 Becus sp. cf. B. gemmatus Wu, 1986 (INV 2019.2781); 4-Dactyliodiscus cayeuxi Squinabol, 1903 (INV
1313 2019.2782.1 and INV 2019.2782.2); ®actyliodiscus sp. cf. D. longispinus (Squinabol, 1904) (INV
1314  2019.2783); 7Becus sp. cf.B. gemmatus Wu, 1986 (INV 2019.2786); 8-FAcanthocircus levis (Donofrio and
1315 Mostler, 1978) (INV 2019.2784.1 and INV 2019.2784.20. Acanthocircus multidentatus (Squinabol, 1914)
1316 (INV 2019.2785); 11-12Napora crassispina (Squinabol, 1903) (INV 2019.2787.1 and INV 2019.223; 13-
1317 14. Napora sp. (INV 2019.2788.1 és INV 2019.2788.2); 1Sciadiocapsa sp. (INV 2019.2789); 16.
1318  Archaeodictyomitra chalilovi (Aliev, 1965) (INV 2019.2790); 17-18Archaeodictyomitra vulgaris Pessagno,
1319 1977 (INV 2019.2791.1 and INV 2019.2791.2); Thanarla brouweri (Tan, 1927) (INV 2019.2792). Scale bars
1320 are inp. All illustrated specimens were extracted from ®leuru section of the Dumak ophiolite mélange,
1321 Eastern Iran

1322
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Figure 7 1-2Dictyomitra gracilis (Squinabol, 1903) (INV 2019.2793.1 and INV 2019.229 3-5.Dictyomitra
montisserei  (Squinabol, 1903) (INV 2019.2794.1-3); 6-®ictyomitra obesa (Squinabol, 1903) (INV
2019.2796.1-3); IDictyomitra sp. cf.D. obesa (Squinabol, 1903) (INV 2019.2797); 10-1Rseudodictyomitra
lodogaensis Pessagno, 1977b (INV 2019.2799.1 and INV 2019.2)992. Obeliscoites perspicuus (Squinabol,
1903) (INV 2019.2798); 13-14Pseudodictyomitra lodogaensis Pessagno, 1977b (INV 2019.2799.3); 15-16.
Pseudodictyomitra sp. cf. P. lodogaensis Pessagno, 19770NV 2019.2800.1-3). Scale bars are jin All

illustrated specimens were extracted from the Skaation of the Dumak ophiolite mélange, Eastean.Ir

Figure 8 1-2Xitus mclaughlini (Pessagno, 1977b) (INV 2019.2801.1 and INV 201®128); 3.Xitus spinosus
(Squinabol, 1904) (INV 2019.2802); Xitus sp. cf. X. spineus Pessagno, 1977 (INV 2019.2803); 5-6.
Parvimitrella communis (Squinabol, 1903) (INV 2019.2804.1, INV 2019.2804. 7. Xitus subitus
Vishnevskaya, 1991 (INV 2019.2813)&tus sp. (INV 2019.2805); 9Parvimitrella sp. (INV 2019.2806); 10.
Parvimitrella magna Squinabol, 1904INV 2019.2807); 11-12Dorypyle communis (Squinabol, 1903) (INV
2019.2808.1 and INV 2019.2808.2); 13-Bjuinabollum fossile (Squinabol, 1903) (INV 2019.2809); 15-16.
Crococapsa asseni (Tan, 1927) (INV 2019.2810.1 and INV 2019.2810.2}, Hiscocapsa grutterinki (Tan,
1927) (INV 2019.2811); 18Crococapsa sp. (INV 2019.2812). Scale bars are jin All illustrated specimens

were extracted from the Shuru section of the Duoyakolite mélange, Eastern Iran.
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