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Early Cretaceous radiolarians from the Indus suture zone, 
Ladakh, northern India 
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Abstrad The Nidar ophiolitic ∞mplex ine拙tem Ladakh, northem India, consists of u1tramafic rocks, gabbro 
組dsedimentary-volcanic member，泊錨伺ndingorder. The sedimentary-volcanic member in 也eNidar area is 

about 370 m in thickness, and is composed of altemating chert, j拙perite，volcanic rocks, red shale, volcanic 
conglomerate, sandstone and shale. Among these rocks, chert血dshale yields well-pre関rvedradiolarian fossils, 
which range in age, at le錨t，金omHauterivian to Aptian (Early Cre組問ous). These ages are consistent wi也也e

Sm-Nd mineral-whole rock isochron age ofthe underlying gabbro. 百1e lithology, ages and geochemical char釦・
teristics ofthe Nidar ophiolitic ∞mplex inc盛岡.te 白紙 thecomplex formed in an in回・oceanicvolcanic arc 舘組ng.

A chert block 企omthe Shergol ophiolitic melange in westem La也khyiel也Albi血 radiolarians.

Key words: Cretaceous, radiolarians, Shergol ophiolitic mel佃.ge，Nidar ophiolitic complex, Indus su加re zone, 
Ladakh, India 

Introduction 

Geologic hisω'ryof血.eNeo・Tethyso白血W部 recorded

泊 therocks of the Indus 印刷rezone (ISZ), or也e Ind田・

T問時野O 劉蜘lre zone, which is回ced， atlea錦，企omTibetin

the 伺stto Pakis加1in thewestσ'ig.l). Theo切組 isgenｭ

erally considered to open in 血eTriassic and close in 白e

Eocene (e.g., Deweyet al., 1988;Searle, 1991). 百1eprecise

history, however, is ∞ntroversial among researchers (e.g., 
Beck et al., 1995; Rowley, 1996) partly because ofthe re.・
gional differenc白血geology組dre∞，nstructedpaleogeogｭ

raphy along the suture zone. In order to make也.edevelop­

ment of the whole of the Neo・Tethys clear, we need deｭ
tailed geologic data all along the 制限'e.

百1e La白khHimalaya in 血ewestem part of the ISZ is 

one ofthe s凶旬bleplace to s胞dythe geologyofthe ISZ. 

Basic geologic and paleontologic data of the Ladakh 

阻malaya， however, are scarce，田p田ially 泊 its伺stempart.
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h也is paper, we report radiolarian 品ssils 企omthe sediｭ

mentary-volcanic member ofthe Nidar ophiolitic complex: 

m伺S闘nLadakh組dthecb回blockin也eShergol ophiolitic 

melange in westem Ladakh. We also discuss the age 組d

d叩ositional se柑ngofthe Radiolaria-bearing rocks. This 

is血.efirstre伊dof radiolarian fossils from e副館m Lada幽.

Geologic Setting 

The Ladakh Himalaya is subdivided inω也e Karakoram

zone, Shyok suture zone, ISZ組d ZaI凶karzone 企omNEto

SW(百takur， 1981; Figs. 1 ・3). No地e出tem伊氏 oftheISZ

isoωupied mostly by the Late Cretaceous to Late Te耐釘y

Ladakh plutonic∞mplex. But the coun町rωkof也isplu­

ton includes Paleozoic 11∞ks，組d世1eLadakh pluto凶ccom・

plex or the Ladakh block is inte中retedto be a fragment of 

continent (Rob釘tson組dDe伊an， 1994). 百1e Shyoksル

ture zone represents the paleo・ocean between the 

Kar味:oram組dLadakh blocks or con也1ents. To the south 

of the Ladakh block, a v紅白tyof Mesozoic to Cenozoic 

sedimentary-igneous rock complexes occur fon凶ngn釘­

row belts: they 紅'einterpreted to be deposited in the Neoｭ

Tethys oceanic basin or to be originated as p釘t ofthe 

恒国・oceanicvolcanic arc wi白血 theNeo-Tethys. 

In the westem Ladakh, rocks ofthe ISZ are subdivided 
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EarlyCre也氏:ous radiolarians 企'OmL組成h

into the Namilda Formation, Lamayuru Formation, Dras 
volc制ω，Shergol ophiolitic melange組dIndus Formation 

(Fig.2). According 加温le geologic 組dtectonic recon・

館山tionby Sinha皿d Mishra (1992)， Si曲a組dUpadhyay

(1993), Robe由on血dDegnan (1994), Upadhyay and Sinha 
(1998) and C凶etal. (20ω1)，曲目egeologic unil飽 arein伽­

preted部品llows;百leN畑出a血dLamayuru Formations 

are deep-water p部sivem紅ginsediments on the Indian 

plate, and are Triassic to Eocene in age (Upadhyay 姐d

Sinha, 1998). The Jurassic to Cretaceous Dr踊 volcanics
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were accumulated in the ÍJ町a・0開祖ic arc, which is ∞m・

la凶withthe Kohi蜘n蹴血P剥stanσ'ig. 1). The Sh町gol

ophiolitic melange w部品Irmedby 血.enorthward subducｭ

tionofNeo・Tethysocean beneath 血eEur槌ian (La白幽­

K釘akoram)con出.ent. 百leage of the melange is ∞nsid­

ered to be Jurassic to Late Cretaceous on the b田isoffora­

m血iferaland radiolari組 fossils(Shah and Sharma, 1977; 
Upadhyay 組d Sinha, 1998). 百lesamples tr回tedforthe 

radiolarian ana切is in 血ispaper are chert blocks in 曲e

Shergol ophiolitic melange. 百leTertiary Indus Forma討on
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Fig.3. Geologic map ofthe 伺sternLadakh R加ge. S加.plified 命。m Ahmadetal. (1996). 
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O'D'Oghe町(1994)皿dothers.

1. Radiolarians from tbe Nidar opbiolitic complex細d

tbeirages 

We c'Ollected and treated 33 s出切'OUSsedimentary rock 

鑓mples :fromthe sedimen回y-v'Olcanicmember 'OftheNidar 

'Ophi'Olitic∞mplex (Figs. 3組d4)， 16回mpl田'Ofwhichyield 

radi'Olari組s well-preserved姐dabundant佃'Ought'O deterｭ

mine the ages (Figs. 4 and 5; Pla蜘 1・5). In血ispaperwe

出sumethat the secti'On measured near Nidar and sh'Own in 

Fig.4is ∞n伽U'OUSon the basis 'Of白eli血'Ol'Ogicωn出u・
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'Or Indus M'Olasse is 血eproducts 'Of c'OlIisi'On between Inｭ

必aandE羽田ia.

The ISZ in e拙temLadakh is c'Ompo関d 'Of the Zildat 

'Ophi'Olitic melange, Nidar 'Ophi'Oliticωmplex， Indus F'Ormaｭ

ti'On, Kargil F'Orma姐'Onand Ladakh plut'Onic c'Ompl既 σig.

3). 百leZildat叩thi'Oliticmelange is 血terp民鉛dt'O be f'Ormed 

by subducti'On 'Ofthe Nω-Te也yS 'O切札組d isω，rrelated 

wi也血.e Sherg'Ol 'Ophi'Olitic melange in westem Ladakh 

(Ahmad et al., 1卯6). 百leNidar 'Ophi'Olitic∞mplexωnsis包

'Of叫位祖国宣c rocks, gabbro組d鈴必mentary-v'Olcanicmemｭ

ber泊出回:nding'Order; namely the∞mplex has an 'Ophi'Olite 

su∞essi'On. 百esedimen国y-v'Olc佃icmember is well exｭ

posed in the Ni由rarea (Fig. 3), and is c'Omposed 'Of chert, 
j錨.perite， shale, siltstone, san制:òne， gri町 sandst'One， ωn­

gl'Omerate, v'Olc組ic 同ff， p戸ocl舗tic r 'Ocks, v'Olcanogenic 
sandsωne and v'Olcanic r'Ocks (Fig. 4; Bagati 血dKumar，

1999). In the l'Ower p釘t 'Ofthe secti'On sh'Own in Fig. 4, 
radi'Olarian chert is a d'Ominant facies, whereas s担dstone，

siltst'One and shale are d'Ominant in the middle part. In血e

upper part 'Ofthe 鈎cti'On，major part 'Of the rocks are repreｭ

sented by c'Ongl'Omerate and v'Olcanic rocks with s'Ome 

曲rust sheets 'Of gabbro intervening between these rocks. 

S組lplestreated in 血ispaper were ∞Uected 企om由issec­

ti'On, and their horiz'Ons are sh'Own 血 Fig.4. 官leKargil 

F'Ormation ∞m芯tsmainly 'Of congl'Omerate, sandstone and 
min'Or shale interlayers yielding Ne'Ogene f'Ossils such 卸

会eshwaterm'Oll田崎p加11remains and a vertebrate (Thakur, 
1981). 
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日19.4. Columnar section ofthe Nidar sedimen飽ry-vol・

canic member 泊di国自宅白ehorizons ofthe Radiolariaｭ

bearing samples. Locality of Ihe section is indicated in 

Fig. 3 as radiolari阻 S創nple locality. Simplified 金'om

B句界ti 叩dK凹nar(l卯9).

The r'Ock samples including chert, silice'Ous shale and 
shale 企om 血eNidar 'Ophi'Olitic c'Omplex in e箇temLadakh

組d白eSherg'Ol ophi'Olitic mel岨ge泊W郎総mLa也khwere

町atedwith 5 % hydr'Oflu'Oric acid. We used由e 住ea回ent

me白'Oddevel'Oped by Pess~伊'0and Newp'Ort (1972). All 

也.ef'Ossil individuals rep'Orted in 也ispaper are dep'Osited 

intheN喝pyaU凶versityM田eum，組d血eradi'Ol副anpho­

t'Omicrographs are stored in the Earth Science Laborat'Ory, 
Department 'OfCivil Engineering, G出U凶versity. All曾le

盆gur四泊Plates 1・5are JlUDlbered, f'Or阻ample，as 1231NDι 

56, wh'Ose num釘at'Orrepresents a sequential number 'Of 

SEM (scanning eI即位onmicroscope) ph'Ot'Omicr'Ogrョphand

血.eden'OminaωIr indicates也.erock specimen number sh'Own 

inFigs.4組d5. Identificati'On and system紺cs 'Ofthe radiｭ

'Olari組sare main1y b拙，ed 'On 出.estudy by Baumgartner et 

al. (1995), supplementary referring t'O Schaaf (1981), 

EarlyC問taceous radiolarians 
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i思aI血oughthere are some horizons not exposed. 

Most ofthe radiolarians 企om血.eSample NDC・16have

long ranges，組dit is di節cu1tto determine the age preｭ

cisely. However, occurrence of Cecrops s伊'tempora郎

副dHemic.りptocapsa capita are restricted from late 

Va阻ginianω倒iy Barremian組dlateVal組ginianωearly

Hauterivian, respectively (Schaaf, 1984; Sanfilippo 組d
FUede~ 1985; Baumgar組.eret al., 1995). First appearan偲
horizon of Dictyomitra pseudoscalaris is also late 

ValaJ:明nian但aumgar飢ぽet al.，1995). Co11lωn団関of也田e

叩eci，回 strong1yindicates that the age of血.eSample NDC-

16 is late Valanginian or Hauterivian. Occurrence of 

Ps側dodictyomitra nuda, Sethocapsa sp. cf. S. uterculus, 
Thanarla pulchra 姐d 肋angelliumpuga a1so supports 

this age estimation. By the 錨sumption 白紙 the section 

examinedis ∞n出回国， bytheoωurrence ofs泊rilarradi・

olarians抑制国.，and by the age ofthe Sample NDC・29(鈴e

below)，喝田of也.eSamples NDC・20ωNDC・27are regl'凶d

錨回metimebetw偲n加.eVa蜘伊ianand儲rlyBar時国組.

百leSample NDC・29is characterized by the occurrenω 

ofPs，倒dodictyomitralanceloti which has the :first appe掛

組問 horizonin the late Hauterivian, and by the occurren∞ 
of Sethocapsa sp. aff. 主 kamigoensiswhich has the last 

appe舘加問 horizonin the early Barremi組(Baumg;釘組.eret

al., 1995); these lines of evidence 泊必伺te that 也eageof 

也is s咽Ipleis res住ictedbetween the late Hauterivi組組d

鋭ITlyBarremian. 

The Sample NDじ52yields Pseudodictyomitra la町e/oti

and P. leptoconica, of which :first occurren∞ horizon lies 

near the boundary between Barremian and Aptian 

(Baumgartner et a1., 1995). Sin，回 Acaeniotyle umbilicata, 
静'angellium puga 組dXj加 clavamade the討 extinctions

in Aptian time (S81泊lippo 組d FUede~ 1985; Ishida 組d

Hashimoto, 1991; O'Dogherty, 1994)，也issample is older 

白血Albi血.百leage ofthe Sample NDC・52is most probｭ

ably Aptian. Oc心urrenceof Acaeniotyle umbilicata from 

也.eSample NDC・58a1s0 su毘ests 血E 喝eωbeAptian.

百leSmnples NDC・60toNDC・ 172are lacking 也 age­

dia伊ostic speci白，andare di血叫tto determine the ag'回

ac叩rately. Although Pseudodictyomit1・alodogaensis was 

first reported 企omthe Albian to Cenomanian interval by 

Pessagno (1977), Ishida 叩dHashimoto (1991) extended 

therange 企om也e Barremian.τherat司geofPs，四dodictyo・

miか'acarpatica is controversial among researchers. For 

example, Baumgartner et al. (1995) reported 也.e f8llge be・

伽een the 脳血neridgian庁i血onianand early Barremian, 

whereas Schaaf (1984) indicated its occurrence, at least, 
企omVal組回国組 to 百lTonian. The discrepancy might reｭ

sult 企omthediv，ぽ田 morphotypesofthis species. We al拘

include several morphotypes into P. carpatica (Plate 4), 
and 白血k也atit is di伍cultto determine the age precisely 

by using this species. By considering 血eselines of data 

組dby部suming 白紙 thesection is con伽uo凶， we 邸si伊

血eSampt.回 NDC-60to NDC・172加回metimebetw悶1the 

Apti組組dCenomanian. 

2. Radiolarians from the Shergol ophiolitic melange and 

their ages 

We collected nine chert block samples 企omthe Shergol 

ophiolitic melange near Sh釘golfor radiolarian analysisσ$ 

2). Only one cheq sample (WMRC・9;Fig. 5) yields well欄

presぽvedradiolarians. This chert is lantinac切us， reddish

brown in color，組dis∞mpo路dofcrypωα戸旬llineq凶抱

組dradiolari組問mains. 百lediversity ofthe fauna is low, 
but the presence of Pseudodictyomitra pentacolaensis 

makes it possible to assign this chert to the Albian 

(p回sa伊0， 1977).

Discussion 

1. Age ofthe Nidar ophiolitic complex 

The Nidar ophiolitic∞mplex∞nsistsof叫回mafic rocks, 
gabbro, and sedimentary-volcanic member, in ascending 
order σig.3). The radiolarian ages ofthe sedimen臼ry­

volcanic member described above are ∞nsistentwi白白e

Sm-Nd mineral・wholerock isochron喝.e(139.6:却2.2 Ma;

Ahmad and T:組aka， in preparation) ofthe gぬbro. This 

indicates 白.atthe Nidar ophiolitic complex is a series of 

igneous-sedimentary rock∞mplex representing an 0伺anic

crust covered by marine sediments. 

ηle radiolarian ag田 determinedin the Nidar s由討onare，

in part, based on the assumption that the section measured 
in this paper is continuous. The contacts between the 

gabbro 姐dthe volcanic-sedimen筒ryrocks of the upper 

part ofthe me部町志d section, however. are .minor faults 総
showninFig.4.Ifthelower祖dmiddle parts ofthe section 

W錨aISOdeformed or rep回総dby faults or folds, some of 
血eages might be reconsidered. 官邸 possibility m凶tbe 

ruled outby 血加regeologic mapping. 

2. Depos蹴onal田鍋ngof曲eNidar ophiolitic complex 

百leNidar ophiolitic complex h出血 ophiolitesuccesｭ

sion, but the sedimen匂ry-volc創世cmember does not show 
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Fig. S. List ofEarly Cre包句O凶 radiolariansfrom the Nidar ophiolitic complex in 伺stem Lada抽 andfrom the chert 

block in the Shergol ophiolitic melange in westem Ladakh. ch:chert, sh:shale, ssh:silic伺凶 shale.

a typical 'Oceanic plate stratigraphy, which is c 'Omp'Osed, 
企oml'Ower t'O upper, 'Ofbasalt, pelagic sediments like radi・
0加iancb叫 hemipelagic sediments, and回1ch-fiU turbidｭ

ites (Ma回ldaand Is'Ozaki, 1991). Ins飽adthe member∞10-

sis匂'Ofalterna也事 radi'Ol副ancb回，jasperite， v'Olcanic∞n­

gl'Omerate, sandst'One and shale, which means白紙血eradi­

'Olarian chert w部 accumulatedunder the influence 'Of inｭ

tensev'Olc創出 acti吋ty. 百1e 'O田町rence 'Ofthe sedimentary 

r'Ocks t'Oge由.erwi白白egeochemical si伊ature 'Ofv'Olcanic 

rocks 'Ofthe Nidar 'Ophi'Olitic ∞mplex (Ahmad and Tanaka, 

in preparati'On) str'Ongly indicate the intra-'Oceanic v'Olcanic 

arc 'Ori伊1 'Of由is∞mplex，which is ∞rrela飴dwi白血町田

arcinwest，即1 Ladakh組d白eK'Ohist組 arc 泊 Pakis国1. 印E

the 'Othぽ h掴d，the Zildat 'Ophi'Olitic melange is inte叩，reted

t'O be f'Ormed by the subducti'On 'OfNe'O・Tethys 'O白血 m・

demeath the Eurasian plate margin (Ahmad et al., 1996). 
百1eHauterivian t'O Aptian radi'Olari組砲白隠戸市din也is

paper indicate the durati'On 'Of devel'Opment 'Ofthe Ni品r

v'Olcanic arc. 
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Conclusions 

百lesedimen陶ry-volcanicmember ofthe Nidar ophiolitic 

complex in eastem Ladakh is∞mposed of altema出.g chert，

jasperite, volcanic rocks, red shale, volcanic con.giomerate, 

sandstone and shale. Radiolarian assemblages 仕omthe 

rocks 'Of this member in the Nidar area range in age, at 1伺礼
金omHau旬d泊組t'O Aptian.百le radiolari組 agessupported 

by the Sm-Nd mineral-whole rock isochron age (139.6土

32.2 Ma) indicate the mininlUm duration of development of 

theNidarin回。o∞anicvolcanic arc. A chert block企omthe

Shergol ophi'Olitic melange in we蜘nL袖柏戸地Albi血

radiolariat凶.
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Explana伽nofPla附

Plate 1 Early Cre旬開O国 radi.olariansfrom the Lada油田ma1aya，n.orthem India The numbers担問四也回国並dicatethe

sequ阻tialnumb釘ofSEMph.ot.omicr.ograph and也erocksl蹴im聞 number(s田 explan甜onsin也e館時. Sca1e bar is 0.24 

mmf.or白.efigure9， o..14mmf.or也efigur四 1 ， 5・8 血dl o.・ 12，血d o..l mmf.or血efigures 2-4 and 13. 

Fig. 1. Archaeospongoprunum 叩.(183刷DC・16). F~ち 2. Arc.加eospongoprunumsp. (378刷DC・123). Fig.3. Pantane//ium 

squinaboli (1印刷DC・16). Fig.4. Pantane//ium sp. (346，別DC・172). Fig. 5. Acaenioty/e umbilicata (1901NDC-29). Fig. 

6. Acaeniotyle umbilicata (1 89/NDC・29). Fig. 7. Acaenioぴ'ieumb�cata (30.8/NDC・23). Fig.8. Cecrops sp. cf C. 

septemporaωs (426，別DC-27). Fig.9. Hagias仕idgen. 組dsp. 血det. (363刷DC・ 172). Fig. 1 o.. Triactoma sp. (2231NDC・

29). Fig. 11. Aαmthocircus sp. cf. A. Þ・'Îzonalis (3仰'INDC・23). Fig. 12. Nassellaria ge乱掴dsp. indet. (3271NDC・23).

Fig. 13. AIi卸'iumsp. (30.71NDC・23).

Plate 1 Early C鮒回O国 radi.olari姐sfrom也eL鋪a他団malaya， nor血emIndia Th� numbers泊伊rer曲儲鴎包.dicate也e

sequen出1number .of SEM ph.ot.omicrograph 組d也.er.ocksp白血阻 number(鴎eexpl組組onsin 也.etext). Sca1e bar is 

0..14 mm forthe figures 4, 6 and 9, 0..1 mm forthe figures 1 ， 3， 5， 7， 8 組d 1 0.・ 16，組d0..067 mm f.or也efigure 2. 

Fig. 1. Holocryptocanium barbui (250./NDC・76). Fig. 2. H%cη'Ptocanium barbui (495IWMRC-9). Fig. 3. 

Holocryptocanium barbui (40.8INDC-21). Fig.4. Holocryptocanium barbui (184必IDC・16). Fig. 5. Holoc.ηpω'canium 

barbui (4541NDC・52). Fig. 6. H%cryptocanium sp. (30.61NDC・23). Fig.7. H%cryptocanium sp. (240./NDC・29). Fig. 

8. Holocryptocanium sp. (20.21NDC之助. Fig.9. Sethocapsa sp. (214/NDC・29). Fig. 10.. Sethocapsa utercu/i附 (313/

NDC・23). Fig. 11. Sethocapsa utercu/us (3 10.創DC-23). Fig. 12. Sethocapsa sp. aff. S. Iwm怒Oe1おお (2151NDC・29). Fig. 

13. Sethocapsa sp. (489，パνMRC・9). Fig.14. Cryptamphorella sp. (3121NDC・23). Fig. 15. Sethocapsa sp. (1731NDC-

16). Fig. 16. n.倒的yptocapsacapita (1721NDC・16)

Plate 3 Early cre臨伺IUSradi.olarians from the Lada油田ma1aya， nor血emIndia The numbers in paren也es白血.di伺te也e

sequen伽1number of SEM ph.otomicr.ograph 組d therocks戸cimennumb町 (seeexplanati.ons in the text). Scale bar is 

0..14 mm f.or也efi割問s 1, 11, 13 and 14,0..1 mm f.orthe figur四 3・10， 12， 15組d 16，血d0..067 mm f.or the figure 2. 

Fig.1. Psω'dodictyomitra戸ntacolaensis(486IWMRC-9). Fig.2. Ps側'dodictyomi，か'alodogaensis (294INDC・ 169). Fig. 3. 
Pseudodictyomitra lodogaensis (480./NDC・ 122). Fig. 4. Pseudodic抑制仰 lodogaensis (479，別DC・ 122). Fig. 5. 

Pseudodictyomitra lodogaensis (295/NDC・ 169). Fig. 6. Pseudodic砂omitralodogaensis (3 o. l/NDC・ 169). Fig. 7. 

Ps側'dodictyomitra早 (27州DC・76). F事 8. Ps側dodictyomitrasp. (262INDC・76). Fig.9. Xii加clava (3251NDC・23). Fig. 
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10. Xi加 c1ava (232INDC・29). Fig. 11. Xi伽 (?)'O/i朗li(2291NDC・29). Fig. 12. Xitus c1a附(228.刷DC-29). Fig.13. xí加's(1) 

d抑'i(2301NDC-29). Fig.14. 沼似s c.伽a(制91NDC・52). Fig. 15. Parvicingul'O sp. (122INDC・16). Fig. 16. ci初伊10，加地(1)

sp.(4~<:-9) 

Plate 4 Early <:re飽ωousradiolarians from the La白地回malaya， n州問nIndia. The numbers in paren血儲esindi伺Ite 也e

sequential number of SEM photomicrograph and the rock specimen number (see explanations in 血etext). Scale bar is 

0.14 mm forthe figures 5, 6, 8, 9， 11 ， 13 姐d 14, and 0.111)111 for 也efigures 1-4, 7, 10 皿d 12. 

Fig. 1. Pseudodic抑制的 l'Onceloti (448/ND<:・52). Fig. 2. Pseudodic砂'omitr'O l'Onceloti (2691ND<:-76). Fig. 3. 

Pseudodic.抑制陶1m由r:eloti (508.INDC・83). Fig.4. Pseudodi品r:tyomitr'OIanceloti (193刷oc・29). Fig. 5. Pseudodictyom伽

c'O中'Otic'O (201/ND<:・29). Fig. 6. Pseudodictyomitr'O c'Orp'Otic'O (368.別n<:・123). Fig.7. Pseudodictyomitr'O sp. a:ff. P. 

leptoconic'O (3341ND<:・23). Fig. 8. Pseudodictyomii陶 ca.中''Otic'O (1551ND<:・ 16). Fig.9. Pseudodic.ぴomitr'O ca.申倒的

(507別n<:・83). Fig. 10. 肝angelliumpug'O (475刷D<:-52). Fig. 11. Wr'Ongellium pug'O (1 47/ND<:・16). Fig. 12. 

Ps，側dodic.砂'omi.加 leptoconic'O (4511ND<:・52). Fig. 13. 静''Ongelliumpug'O (125.泊四<:-16). Fig. 14. Wr'Ongellium 呼・

(1561ND<:・ 16). Fig.15. Pseudodictyomitr'O nud'O (4141NDC・21)

Plate 5 Early <:re旬開ousradio加iansfrom the L誠akh回malaya， nor血.emIndia. The numbers血 parenthes白血diα誕ethe

sequential number of SEM photomicrograph and the rock specimen number (see explanations in 也.etext). Scale bar is 

0.14 mm for the figure 4, and 0.1 mm forthe figures 1 ・3 姐d5・ 1 1.

Fig. 1. Dictyomitr'O PSI側!dosc'Olaris (186/NDじ16). Fig. 2. Dictyomitr'O pseudoscalaris (1581ND<:-16). Fig. 3. Dic，σom伽

'pseudosc'OI'Oris (1211ND<:・16). Fig.4. Dictyomitr'O pseudoscalaris (2461ND<:・29). Fig.5. Dict)勿mitr'O psωdosc'Olaris

(210/NOC・29). Fig. 6. D均IOmii陶ps，側dωcalaris (261別oc・76). Fig.7. 17z'Onarl'O sp. (485川島眼ι9). Fig. 8. 17z'On'Orla 
pulchr'O (245/ND<:・29). Fig.9. 17z'On'Orl'O sp. (473/ND<:・52). Fig. 10. 17z'On'Orl'O l'Ocrimul'O (512/ND<:・83). Fig. 11. 

Turboc'Opsul'O 叩・ (2521ND<:・76)
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