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ABSTRACT 

This paper revises the age assignment of previously published 
radiolarian assemblages form the Ionian Zone and the Pelagonian 
Argolis Peninsula, based on a preliminary new radiolarian 
biochronoloqy in preparation by the IN'TERAAD JURASSIC-CRETA.CEOUS 
WORKING GROUP. 

The radiolarites of the Ionian zone were deposited since the 
latest Bajocian or lower Bathonian in basinal sequence~, where 
sediD'.entation was continuous until the Tithonian. In swell 
sequences. important hiatuses can now be dated. 

The onset of radiolarite sedimentation in pelagonian basinal 
sections of Maliac affinity started in the middle or early late 
Bajocian. Assemblages associated with the lowest ophiolite debris 
are dated as early as middle to late Bathonian in the internalmost 
pelagonian units. The emplacement of marg1.nal sequences is now 
dated as middle or early late Oxfordian to Kimmeridgian or 
earliest Tithonian in the external Argolis Peninsula. 

1. ATLAS AND BIOCHRONOLOGY 

After three meetings (Lausanne 1989. Munich 1990, Paris 1991) 
held by the members of the working Group, we have agreed on the 
systematics of about 600 taxa to be used for the creation of a 
Middle Jurassic t.o Lower Cretaceous radiolarian biozonation for 
the Tethyan realm. A Radiolarian At.las is in preparation; it will 
include all taxa used in biostratigraphy, with illustrations. 
including the holotype. original and subsequent definitions as 
well ~s an up~to-date synonymy. 

Taxa difficult to identify in poorly preserved material have 
preferentially been placed at subspecies level, whereas our 
species represent a more broadly defined group of morphotypes 
determinable even in poorly preserved samples. In that way, the 
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resulting zonation is based on, and can be applied to a wide range 
of preservational stages, typical for Mesozoic rQdiolarians. 

Individual chapters (authored by each contributor) will contai~ 
details concerning the geology. strat.igraphy and radiolarian 
occurrences from each region: 
1.	 Geographic and geologic location of sections, regional and 

local geology. 
2.	 Lithostratigraphy of the studied sections including a 

description of the rocks and discussion of s~dimentology, and 
environment of deposition. Figures representing 
lithostratigraphic columns based on measured sections with 
sample levels. and original sample numbers will be included. 

3.Biostratigraphy.	 Besides the radiolarian occurrencea, special 
attention will be paid to other fossil groups (ammonites, 
nannos, calpionellids, etc.) that are important to the 
chronostratigraphic calibration of radiolarian assenblages. 

4.	 Biochronology: A di~cussion and comparison of old and new 
zonations is included. 

Our data base consists of radiolarian occurrence data from over 
1100 samples from 1)0 measured sections of the Middle Jurassic t9 
Early Cretaceous time interval. recovered from the Tethyan 
Circumpacific low paleolatitude realm. Sample localities include 
the Alpine Mediterranean area, Central and Eastern Europe, Oman, 
Japan. parts of Western North America, Central A1nerica and low 
paleolatitude DSDP - ODP sites in the Oceans. 

Th~ contributors agreed on using the Unitary Associations 
method (Guex 1991) to integrate individual data sets intO a common 
zonation. Unitary Associations (U.A.) are calculated with the 
program BIOGRAPH (Savary & Cuex. 1991). The U. A. methoO creates a 
synthesis of the co-occurrences of taxa observed in all samples 
from ul1 sections. The program BI<X;RAPH produces a co-occurrence 
chart of chronologically ordered U. A.. in Which the llldXirnum range 
of each species is displayed with respect to the maximum ranges of 
all other species. In general, several V.A. are orouped to define 
a biochrono2one. to insure the optimum of lateral reproducibility 
and superpositional control of zones in as many sections as 
possible. 

The large number of included taxa and studied sections results 
\n a good temporal resolution (about BD U.A. for the Middle to 
Upper Jurassic and 35 V.A. for the Lower Cretaceous). We will 
create about 20 zones for the Aalenian Aptian interval. 
Chronostratigraphic calibration was principally obtai~ed by 
correlaticn to ammonite zones defined by ammonites which co-occur 
with radiolarla~~ in the sections studied for the database. 
Furthermore, co-occurring calpionellids, nannofossils and 
magnetostratigraphy previously established in the same sections 
were used to tie radiolarian U.A. to the stages. 

Since 1984. the calibration of our radiolarian zonation has 
been improved, especially by the inclusion of data from sections 
in the Subbetic realm (Spain, Bawngartner 1987, O' Dogherty et al. 
1989J and the Trento Plateau (Northern italy), where ammonites co
occur with radiolarians in the middle and upper Jurassic. The 
increased number of taxa included with the database and better 
calibration to ammonite~ allow to precise the age of Greek 
radiolarites to the substage level. 

It should be noted that the numbers indicating Unitary 
Associations given in parenthesis are preliminary and do not 
represent anything like zones. These numbers, as well as the 
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faunal cortpnts of U.A. are lik.ely to change once our dataset is 
finalized a~ a result of better resolution. However, the age 
statemelJLf. made in this chapter depend on the calibrations 
discus$l' 1lLove and are made '... ith sufficient allowance to account 
for possi ..,)" imprecisions in correlation and should not change, 
but may ~,. re! ined by our further work. 

2. AGE OF RADIOLARITES IN THE IONIAN AND PELAGONIAN ZONES 
(aELLENIDES, GREECE) 

2.1 IONIAN ZONE (T. Danelian) 

Ne'N Unj t.ary Associations were calculated for a combined 
radiolarian database of Danelian (1989) and the Jurassic
Cretaceous Working Group. They have resulted in the refinement of 
the chronostratigraphy in the middle to upper Jurassic sediments 
of the Ionian zone in Epirus (north-western Greece) . 

Eightytwo species of the Ionian material are represented in 
the atlc.s of taxa of the work.ing Group and were used in the 
calculations. Th~y are present in 39 samples, collected from seven 
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Figure 1.- Loc"tion of the studied areas: (1) Louros, (2) Khionistr.t, (3) 
Sk"ndhalon, (4) V.trclthi. For geological details see D.tne1illn (1989). Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.
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Figure 2.- Representative samples in the studied sections of the Ionian zone and 
age calibration of the Unitary Associations (U.A.) relative to the 
chronostratigraphical scale and standard Ammonite zones. 
CP :Pantokrator Limestone, CF: Calcaire d filaments, 
SPs: Upper "Posidonia" Beds. They correspond to a radiolaritic 
sequence. 
CV	 : Vigla Limestone, MP : Member of Paliambela. 
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sectlons separated lnto four groups based οη thelr geograρhic 
locations (fig.l). The results are presentcd ίn figure 2. The 
formations and membres discussed hereln were defined by I.G.R.S. & 
I.F. Ρ. (1965) and Danelian & 8audin (1990). 

The results are summarlzed ίη the following. 

Radiolarlans recovered from the top οΕ "Calcaire a filarnents· 
Formatlon ίη the Vathy sectlon al10w ιο determlne a !ates( 
Bajocian-middle Bathonlan age (U.A.21-30). 

The Upper "Posldonla " Beds are dated ίη two baslnal sequences: 
thc latest Bajocian-early Bathonlan (U.A. 20, sample CSA3-1, 
Skandhalon sectlon) i5 clearly recognised ίη the base of thls 
FormιIt.ion. νοτίουΒ levels can be attributed ιο elther Bathonian. 
Callovlan. Oxfordian, Kimmeridgian or lονer Tlthonian ίη the 
Skandhalon and Tsibouriki sectlons. The upperrnost levels οΕ this 
Formatlon are οΕ late Tithonlan to early BerrlaslδIn ίη age ([J.A. 

79-85; Sample BSA4-1, Khioni~tra section). 
Concerning the Member οΕ Paliambela, present Ιπ the homonyme 

sectlon, ίςθ base (sarr,plc 885-1,3) ίθ now attributed wlth 
certitude to the Callovian (U.A. 42-50). 

The 4-5 meters οΙ the Upper ·Posidonla Beds ίη the Kato 
Koukle~si sectlon (samples ASBl-l to ΑSΒΙω4) can πο..., be dated 
rnore precisely as middle to late Oxfordian (U.A. 57). One major 
hlatus eXlsti; ίl1 the Kimmeridgian and Tithonlan οΕ this section, 
slnce just above the last wPosidonia" bed, dated ac OxEordian, the 
first level οΕ Vigla ιΛme5tοne i5 dated as early Berriaslan by 
calpionellids (determlnδItlon οΕ Remaniel1a ferasini by Azema in 
Danelian, 1989). 

ConclUBions 

The radiolarltes οΙ the 10ηίαπ zone were deposited slnce the 
latest Bajocian ΟΓ lower Bathonian ίη baslnal sequences, where 
sedimentation was contlnuous until the Tithonian. An important 
sedimentory hiatus has been detected ίη the reduced υΡΡθΓ Jurassic 
sequence οΕ Kato Kouklessi section. thδInks to the good 
biochronologicel rocoluticn presently achieved by Radiolaria. The 
change Ercm radiclaritic to calcareous sedimentation (νίσΙΒ 

Limestone) took place ίη the lonlan basln during the late 
Tlthonlan to early Berrlaslan. 

2.2. PELλGONIAN ΖΟΝΕ (Ρ. Ο. Baumgartner) 

The radiolarlte Fcrmations οΕ the Argolis Penlnsula (Figure 3) 
were described and dated by Baumgartner 11985), based οη the 
radiolarian zonatlon proposed ίη Baumgartner (1984). For the first 
tlme, the Dhimalna and Potami Formations. both characterlzcd by 
siliceous. radiolarian bearing mudstones θηα ophiolite debrls, 
were clearly dated as Kimmeridgian. Younger ages ίη ttle rnore 
external Adhaml Basal Sequence permi t ted to date the lnterval οΕ 
westward prOQradation οΕ the clastlcs derived from the ophio1ite 
nappe and the Asklipion Unlt, boLh emplaced άurίng the Late 
JurδI5sic οηςο the pelagonLan margln. Ιη this paper, we would like 
to precise the ages οΕ the radiolarite formations ίη Aroolis Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.
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Fjgure J .• Ge010giC" ιnaρ 0/ the Argoljs Penjnsul" Ill/ter B"uπlgllrtner, 1985Ι with 
numbers locating the sectjons jl1ustr"ted in Figure 4 "nd discussed in 
the text. 1, 4 Dhim"in", 2 AΠgelok"stron, 5 K"ndhi", 7 Kolj"kj, 8 
Theok"/c", 9 R"dhon, 1Ο Hydr". 

Penlnsu1a and οη Hydra Is1and, based οη preliminary resu1ts οΕ the 
Jurassic-Cretaceous working Group. 

The lnterna1most sequences οΕ the Argo1is Penlnsu1a and Hydra 
Island (Figure 3, Νο. 10) have Maliac aEEinltles (Ferriere 1982, 
Vrielynck 1982). Deep water cherty limestones οΕ Lower Jurasslc 
dge (Adhaml Limestone) are over1aln by resedimented Arornonltlco 
Rosso lithologies, which ίη turn are over1ain by radio1arites and 
siliceous mudstones (Ko1iaki Chert). The base οΕ the Koliaki Chert 
ίδ now dated as late middle ιο early late Bajocian (U.A. 11-15) ίη 

the Argo1is Peninsula (Figure 4, see a1so Baumgartner, 1985, Plate 
6, Sectlon ΑΙ. Οη Hydra Island, several samples at the base οΕ the 
Koliaki Chert λη the K1imaki υηίι (Ernst ει a1. 1992, ρρ. 75-83) 
have yielded radiolarian assemblages assignable to the late middle 
ιο early late Bajocian (U.A. 10-12). 

Ση the Basal Sequences of the Argolis Peninsula, radiolarite 
sedimentation started much later in the ear1y Oxfordian (υ.Α. 52
53, Figure 4), which is typical for Tethyan ~seamount" sequences 
(like the Trento Plateau in Northern Ita1y). Ιη the external 
Adhami sequence, basal radio1arites could be even younger (υ.Α. 

53-65, Figure 4), the age is, however, poor1y constrained. 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.
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Radiolarltes assoclatcd with the Ophiolites (Migdhalitsa 
Ophlolite Unlt) ΠθΔΤ Radhon ίη the Argo!is Peninsula can now be 
dated as middle Bathonlan or younger (υ.λ. 27-61. Figure 4). This 
sample, tIowever, has Ιο be reeχamlned 1Π order to better coηstrain 

Ηε age. 
The age οΕ the firsL occurrenCQ οΕ ophiolite detrltus a10ng the 

eastern Pelagonian Margln i5 crltlcal to the history οΙ 

enplacement of the ophiolites during the Eohellenlc Phase. The 
earliest ophiolitic detrltus occurs ίη radlolarltes (J<o1ialci 
Chert) οΕ the Klimaki Unlt ση Hydra Island (Ernst ct a1. 1992, ρ. 

80) The radiolarian a6seI!1blages assoclated .... lth a drn-thick bed οΕ 

ophlollte breccia (cm-sized pebbles οΕ serpentinite and altcred 
volcanlcs) can be dated as midcHe Ιο latc Ea.thonLan (U.A. 29-37). 
Ιη t.he Argol i5 peninsula. t.he oldest ophiol ite detrltu$ ls found 
ίη the Asklipion Nappe, associated to ollstolithc οΕ Asklipion 
Limestone (F'igure 4, Baumgartner 1985, Plate 6, Sectlon Α). The 
cadlolarlan assemblage can now be dated αΒ late Callovian to carly 
OxEordian (U.A. 47-55, F'igure 4). 1η tho Basal Sequence οΕ the 
Dhidhlmi-Trapezona Composlte Unit, coarse ophiolitlc breccias 
certainly occur Slnce the middle Οι' late Oxfordian (υ.Λ. 58). 
These breccias, attributed to the Potaml F'orrnatlon record the 
emplacemQnt οΕ the ophiolites onto the pelagonian marg1n. 1η the 
more external Adhaml Basal Sequ€nce. the onset οΕ ophiolite 
detrltus could be quitQ younger, but its age lS ρoorly constrained 
Εοτ the moment (υ.Λ. 53-65, Figure 4). The youngest age assoclated 
with coarse debris der.i.ved Erom the ophiolites and the Asklipion 
Nappe (I<andhia Breccia) ls Kimmeridgian or earliest Tittlonieιn. 1t 
wa5 Eound οπ the Theokafta hil1 (ΡΟθ 986, υ.Α. 68, F'igure 4 and 
8aumgartner, 1985, P1ate 2. Sectlon F). 

Conclufiilion& 

The n~w calibra~ions presented ίη this chapter allow the 
coπclusion that the onset οΕ radiolarlte sedimontation in 
Pelagonian baslnal sections οΕ Maliac affinity started ίπ the 
midd1e or early late 8ajocian. at the same tlme a5 ίπ othcr 
Tethyan baslns (e.g. Lombardy Basin, Umbria). However. preliminary 
results of ι11θ working Grοuρ indicate that radiolarite (s.str.) 
sedimentation seems to start θοτιίθΤ in the Pindos~Budva Zone 
(early 8ajocian or ΑοοΙθηίδΠ ?). 

New calibrations of assemblages assoclated wit.h the lO.... ~9t 
ophiolite debris, imply that the Eohellenlc οrοι;enic phase 
emplacing Ophiolitcz οΕ the Vardar Ocean onto the pelagonian 
margi,n was recorded by the arrlval οΕ oph~olitic d""trltuc aG early 
as middle to late BathonIan ίη the lnternalmost pelagonian un~ts, 

while ocoan floor was still forming. The main phase οΕ emplacement 
οΕ ophiolites and of the Asklipion Nappe onto the margin it5elf is 
now dated as iniddle or early late oxfordian to Kimneridgian Οι' 
earliest Tithonian in the external Unit οΕ the AΤ901ί~ Penlncula. 
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