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MOTS CLES
Radiolaires,

Anrmoni tes,
Iurassique supdr ieur,.  , . 1

Nr mmenog len ,
I  l t h o n r e n ,

b iostrr t i  grap h ie,
pen lnsu le  Anr i r rc t lque.

INTRODUCTION

Alrhough Uppe r  Jurassic  seqt tences wi th co-

occu r r i ng  rad io la r i ans  and  an rmon i res  we re

conrinuously reported in the last ferv years (e.g'

Pessagno et al. 1987a, b; O'Dogherry et al. 1989,

1995;  Puiana 1989,  1991,  1996;  Baumgartner  r t

al. 1995b; Zngel 1997), such findings can srill be
regarded exceptional. Hence, new sections yiel-

ding both radiolarian and ammonite faunas are

of high value for the improvement of biostrati-
graphy.
L a t e  J u r a s s i c  m u d s t o n e  s e q u e n c e s  o I  t h e

Antarctic Peninstrla contain relatively rvell-preser-
ved ammonites and radiolarians ar several locali-
ries. Tivo sections are described in this paper.
The sections belong to the Anchorage Formation
( B y e r s  P e n i n s u l a ,  L i v i n g s t o n  I s l a n d )  a n d
A m e g h i n o  ( =  N o r d e n s k j o l d )  F o r m a r i o n
(Long ing  Gap ,  Graham Land ) ,  r esPec t i ve l y .
Stratigraphically important macrofossils (ammo-

ni tes,  aptychi ,  belemni tes,  b iva lves)  as wel l  as
microfossi ls  ( radio lar ians)  were found in the

same sections and somerimes even in rhe same

samDles.
The ammonite fauna in the sequences is mainly
composed of cosmopolitan or Tethy'an elements
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nEsutvtE
Stratigraphie combinie de radiokires et ammonites du Jurnssique superieur de ln

pininsule Antarctique : implications pour k stratigraphie des radiolaites.

be nouvelles donndes biostratigraphiques obtenues ir partir de co-occurcttces

de radiolaires er ammonites dans les sir ies du Jurassique supir ieur de la

pdninsule Antarct ique (pdninsule Byers sur I ' i le de Livingston et d. '  Longing

Gap, Graham Land), permettenr de riviser et affiner une stratigraphie rigio-

nale. Les nouvelles donnies permettent aussi une rdvision des attr iburions

chronosrratigraphiques de quelques zonations de radiolaires amdricaines dr.r-

blies par Pessagno et ses collaborateuts : la limire de la zone 3-4 est assignde

au Kimmdridgien le plus tardif, contrastant ainsi avec la prdcidente assigtrrt-

r ion I la l imite Tithonien pricoce-tardif .  La l imite encre la sous-zone 4 betr

et 4 alpha est assignde au Tithonien infdrieur mais fut habituellement corre-

lde avec la l imite entre les part ies infdrieure et supir ieure du Tithonien supi-

r ieur. Les nouvelles donnies chronostrat igraphiques de I 'Antarcriqt le sont

uri l isdes en m€me temps que les rdsultats rdcents de Baunrgartner et sr 's col l l -

bor : r teurs  pour  r i v iser  les  a t r r ibu t ions  d ' ige  des  zones  i  rad io l l i res  dLr

Jurassique supdrieur d'Amdrique du Nord.

showing no significant differences fronr Tethvan
or orher  eastern Paci f ic  s i res on a gentrs level .
Hence, ammonites allolv a fairly straightfonvard
chronostratigraphic assignmenr.
The excellenrly preserved radiolarian fattn,ts rec,r-
vered from carbonate concretions exhibir a pro-
nounced  Aus t ra l  aspec t  (K iess l i ng  &  Scasso
1996). Nevertheless, they can be [inked ro the
North American standard zonation (Pesslgno er
al. 1993, 1994) and allorv a detailed biostratisra-
phic subdivision. Horvever, rhe chronostri lt isra-
p h i c  r a d i o l a r i a n  a g e s  a r e  a l w a y s  i n  s l i e h r
disagreement with ammonite ages.
In this paper we provide a revised chrorrostrrttt-
g r a p h i c  a s s i g n m e n t  o f  t h e  K i n r m e r i d s i . t r t /
T i t hon ian  Nor th  Amer i can  rad io l l r i l n  zones
es rab f i shed  by  Pessagno  e t  a l .  ( 1984 ,  1987b '
1993 )  and  eva lua te  rhe  app l i cab i l i t y  o f :  o rhe r
radiolarian zonations in Antarctica.

GEOLOGICAL SETTING

The Antarctic Peninsula formed a separate p.' lare
which was s i tuated in  southern h igh la t i rudes
during Late Jurassic time (see review in Kiessling
& Scasso 1996).

GEOOTVERS|TAS . 1999 . 21 (4)
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med partly on pre-exisring continental crust
(Hervi etal.1996.
Back-arc of the Anrarcric Peninsula volcaniclasric
sedimenm and anoxic radiolarian-rich mudstoncs
are supposed ro unconformably overlay an older
accretiorrary cornplex, the Triniry Feninsula
Gr9ug. The mudstone sequence beiongs to the
T4lly Upper Jurassic Ameghino Fo-rmation
(Medina & Rarnos l98l; MJdina ct al. t9g3)
also known as Nordenskj6ld Formation

l'-t-. l tor"r. Cretaceous-Tertiary back-arc and fore-arc sediments

IEI upper.lurassic-Cretiaceous arc magmatics I occurrences of upper Jurassic Mudstones

Ftc' 1' - Geological map of th€ northeastem Antiarctic Peninsula (Graham Land). The studied tocalities are printed in bold.

This region is characterized by an almost conci-

areas. The magmatic arc is thoughr to have for-
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(Farquharson 1982, 1983) which forms the basal
sedimentary in f i l l  o f  the Larsen Basin in  the
norrheastern Antarctic Peninsula (Macdonald er
al. 1988). The basin contains approximately
6000 m of  epi -  and volcanic last ic  sediments
deposired from the Late Jurassic to the Paleo-
gene. Outcrops of the Ameghino Formarion are
scattered along the eastern coasr of Graham Land
(Fig. l). They are either isolated by surrounding
ice-masses or found in complex tectonic contact
to other rocks.
The Late Jurassic Anchorage Formation is the
chronostrarigraphic equivalent of the Ameghino
Forma t i on  i n  t he  f o re -a rc  reg ion  (P i r r i e  &
Crame 1995). As in the Ameghino Formation
mudstones and ruffs prevail, but additional sand-
stone beds are in tercalated.  The Anchorage
Format ion forms the base of  a 1000 m th ick
sequence  (Bye rs  Group )  rang ing  f rom the
Kmmeridgian to the Valanginian (Crame et al.
1993). The Anchorage Formation is only expo-
sed on Byers Peninsula, Livingston Island.

LOCATITY DESCzuPTIONS

LoNcrNc Gnp
Longing Gap is situated at the Nordenskjri ld
Coast (Larsen Inler) of northern Graham Land
(Fig. l). The area rvithour permanent ice cover
extends some 4 km in a north-sourh direcrion
and a maximum of 1.5 km in an east-west direc-
t ion (F ig.  2)  and is  surrounded by g lac iers.
Long ing  Gap  i s  t he  t ype  l oca l i t y  o f  t he
Ameghino Formation and only rocla assigned to
the Ameghino Formation are exposed there. The
geological  s t ructure is  a wide syncl ine wi th a
nearly east-west oriented axis. Beds dip to the
south at the northern margin of the exposure;
they lie horizontal in the southern parr, and dip
genrly to the north at the southernmost margin.
Minor faults are present, but no significant offset
was noticed.
The sedimentary succession consisrs of black
mudstones and gray tuffs. Borh l irhologies are
tighdy intercalated or mixed. Additionally, calci-
te concretions are common throughour the sec-
tion reaching 3 m in diameter. They occur in
mudstones as well as in tuffs, but mudstone

I 6e0
I

l ] l  Rmegnino Member I Ameghino Hut

._l Lonsins Member , - -,i P"?:li"?,lTr",
^F Moraine @ Ammonite loc:

Frc. 2. - Outcrop of the Ameghino Formation at Longin!
The profile line tor radiolarian samples, importanl conc
levels and ammonite locat ions,  and the ages provid
ammonites are indicated.

concretions are generally larger. Ar the ba
the succession mudstones predominate, ',

towards the top tuff beds b..o-. incrcasi
abundant .  This  t rend led Vhi tham & I '
(1989) to d is t inguish two members:  a l '

Longing Member and a h igher  
'Ameglr

Member. Although rhere is a continuous tr
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Kiessline V, Scso R., Zciss A , Riccardi A. & Nledina F
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L t  12 -13

Lt  31

? Uhligites sp., Eerriasel/a sp.
Splticeras (Spiticeras)
cf. sprlense (Blanford)

Berriasella sp , ? Blanfordiceras sp.

Lr 35

Radiolarians

late Tithonian-Benias

late Tithonian?

Subzone 4 a

Subzone 4 p

Ll 44
Ll 48

Retroceramushaastl (Hochstetter) gr. Kimmeridgian

N ruts tEF-..{ll sandstone and conglomerates E Mudstones

Frc. 4. - ldealized composite section of the Anchorage Formation on Byers Peninsula (Livingston lsland) Only radiolari'
Zone4cou ldbe recove red  Mac ro foss i l  agesa rebasedon faunaco l l ec tedbyCramee la / . ( 1993 )  a t t hebaseandownda '
higher part of the section. The late Tithonian age for the upper part of the Anchorage Formation is based on new fir
Blanlodiceras sg. and Beilasella so

quenr desrrucrion of lamination indicate dysae- than the 
'Ameghino" Member. Only abo

robic conditions. fourth of the Longing Member is expt
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Biens Perurusuu

The lvhole sequence is composed of radiolarian_
nch mudsrones rvirh inrercalarions of ruffs and _
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FAUNAL CHAMCTERISTICS

In contrasr, rhe radiolarians displav a pronoun_
c e d  A u s r r a l  a s p e c r ,  b o r h  i n  , t i , , + l . g h ; "
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Formar ion and in the Anchorage Formar ion.
The faunas exhibir rypical high larirude characte_
r i s r i cs  as  i nd i ca red  by  t he  p redominance  o f
Paruicingula/Praeparuicingula (Fig. 5D, E). The
Antarcr ic  faunas are especia l ly  s imi lar  ro rhe
Sourhern Boreal Province as defined by pessagno
& Blome (1986),  Pess:rgno et  a l .  ( t '99 j ) , ind
Hull (1997). Both rhe Alstral province and the
Southern Boreal Province have many species in
common and share features such as the flucrua-
ring-panranell i id abundance and rhe high diversi_
ry of Parui.cingula (Hull 1995; Kiesslin g tlll).
Compared wirh faunas from equivalen-r larirudes
on rhe Norrhern Hemisphere, panranell i idae are
considerably more abundant (Kiessling & Scasso
1996).Typical Terhyan raxa such as fritrabs and
Pod3capsa are rare bur presenr. Vallupus hopsoni
and orher vallupins are presenr, *hi.h i, lr..y
useful for strarigraphic correlarion. Hsuum and
Periipyridium are as conrmon as in Tethvan sec-
tions and can also be used for global correlarions.
H o r v e v e r ,  c h e  s r r a r i g r a p h i c a l l y  i m p o r r a n r
Tethy'an r:xa Miriftsus, Rislola, and Acaitltocircrs
d.icranacantltar (Squinabol) are rotally absenr in
An ra rc r i ca  r vh i ch  l im i r s  t he  co r re la r i on  w i th
Terhyan secrions.
,\ selection oIsrrarigraphically importrnr radiola-
rians is shown-in Figure 5. A more comprehensi-
ve ta-xonomic framework is provided by-Kiessling
(1999).

STMTIGRAPHY

Former amnronire and bivalve data suqeesred an
age range of Kimmeridgian/elrly Tir"h"onian to
lrrte Tithonian/Berriasian for rhe investigared sec-
t ions (Vhirham & Doyle 1989;  Cra-me et  a l .
1993;  Pi r r ie  & Crame 1995).  Our new mater ia l
is essenrially in agreement wirh previous designa-
rions, bur we are now able ro provide . . io..
detailed srrarigraphic subdivision.
The firsr srrarigraphic subdivision o[ the Longing
Gap Secrion based on radiolarians *r, propJr.J

i t l j :rr] i le & Scasso (1996) and Kiessl i . ,g
(1996). Referring ro the Norrh American sran-
dard zonarion the authors came to the conclu-
s i o n  r h a r  r h e  a g e  r a n g e  o f  r h e  A m e s h i n o
Formarion is early Tirhonian ro Berriasian. Our

GEOO|VERS|TAS . 1999 . 2l (4)
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nor wirh rhe same securiry as from betrer preser-
ved material; rhis should be kepr in minj rvhen
using the dererminations below.-

"Perisphinctes" uracensis (Berckhemer & Hdldet
1959,  p l .  7135),bw the r ibs are branchine a l i r_
tle deeper near rhe middle of rhe flanks 

"id 
,h.

secondaries are somewhar more inclined. Thus,
the  spec imen  f i t s  be r re r  t o  a  pa ra rype  o f
Wrga tau i oceras s eta to ides ( Berckhemer & Fiolder
1959,  F ig.  30) .
K l6 ILG 4]. Virgataxioceras cf . setatoides
(Berckhemer & H6lder): an impression of a cru-
shed Virgataxioceras. The specimen is rarher close
to Virgataxioceras setatoidet (Berckhemer &

Strarigraphr of ,*n*r.,,." I

i;'i,

6et 
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Frc 6 - Age diagnostic ammonrtes from Longing Gap A, ? Virgatosphnctes densist.riatus (Steued (LG 20)' B' Virgatosphin

af taustra l /s"(Burc[hardt)  (LGZ5l ,C,Taramelt i ierascl  prol i thographicum\F.ontannes)[LG_16(r) ] ;  D,Aulacosphinctoides(?) sp

ILG r 6(2)l; E. Subptanitoides ct oppeli Zeiss tLG 9(2)l: F . Vigataxioceras cl setatoides (Berckhemer & Holde4 (LG 1 1 ) Scale
'I cm

I 6e6 G E O D V E R S I T A S . 1 9 9 9 .



Frc  7  -  Age  d i agnos t i c  ammon i t es  f  r om  Long ing  Gap
A, Neochetoceras (?) sp [LG 9(1)]; B, Kossmatia (?\ ct tenuis-
t r iata (Gtay\  (LG 3):  C,  Viryatosphinctes al ternecostatus
(Steiger)  (LG 29) Scale bars:  1 cm

Holder 1959, f ig.  3l) .  The shrpe anc{ rhe r ibbing
stvle agree rvell. Differences are indicated by the
somewhat more r igid rect icost:rte and denser r ib-

GEOOTVERSTTAS .  1999 .  21  i4 )
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bing as rvell as by rhe branching poinr of rhe ribs
situared a l itt le deeper on our specimen.
K l6 [LG 61. ?Virgataxioceras cf. setatoides
(Berckhemer & Hcilder): a rarher poorly preser-
ved specimen.  Consider ing shape and r ibbing
style ir seems ro belong to rhe above describeJ
species or ro a related lare Kimmeridgian peri-
sphincrid. A similar specimen has been described
from the Anralo Limesrone of Erhiopia (Jordan
t97 r).
K 17 l043l. Glochiceras percet,ali (Fonrannes);
Glochiceras cf .  l i thographicun (Oppel) ;
Taramellicerar n. sp., aff . prolithographicum
(Fontannes); Torquatisphinctes habyensis Spath;
Lante l laptychus larnel loszr  (Park inson):  rh is
sample conta ins a new species oF rhe Thra-
m e I I i c era s p ro I i t h o gral> lt i c u m/ G I o c h i c e ra s I i t b ogra -
phicum group. The peculiar ribbing on rhe flanks
o f  a  l a r g e  s p e c i m e n  i s  r a r h e r  s i m i l a r  r o
Thramelliceras hernipleura, while overall morpho-
logy, ribs, and nodes of rhe ourermosr parr of the
flanks and the marginal and venrral region are
well comparable with srronger ribbed varianrs of
the Z prolitbographicum/G. l it l tographicunt

8rouP.
A similar, bur smaller species o[ the same group
is T Jlandrini (Coll ignon 1960, pt. 147, f ig. 583)
from the early Tirhonian of N{irdagascar. Thar
species has a rvider umbilicus, is srronger ribbed
and shorvs no nodes in the cenrer of rhe external
side.
K 17 [O44]. Kanolicertts sp., Retroceramus cf.
haasti (Hochstetter).
K 18 [045]. Torquarisphinctes sp.
K f8 [LG 16(1)]. Tnramellicenrs cf. prolithogra-
pltiutm (Fonrannes) (Fig. 6C): an impression of a
partly preserved Tantmelliceras.The oucer part of
the flanks is well observable. These are ornamen-
ted rvith Falcare ribs. The inner parr of the ribs is
not strongly curved, rhe ourer part is curved for-
ward. The ribs biftrrcare occasionally. The ends
o[ the ribs are marked by small rubercles. A rorv
of tubercles is also observed on rhe venrer. The
ribbing sryle is characterisric for Titramelliceras
prolithographicun (Fomannes). However, as we
cannot observe the inner parts of the flanks and
the specimen is not complere, we derermine it as
Tara m e lli c eras cf . pro I i t h ograp h i arm.
There is some affiniry rc T. cf. rigidum as figured

I
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by Medina et al. (1983, pl. 2e), but this determi-
nation does not agree with the description of the

species by Htilder (1955) and his i l lustration of

the holorype.
K lS [LG 16(2)]. Aulacosphinctoida (?) sp. juv.

(F ig.  6D):  th is  smal l  specimen is  d i f f icu l t  to

i den t i f y ,  as  young  spec imens  o f  r he  gene ra

Aulacosphinctoides, Kdtroliceras and Tbrquati-
sphinctes can be very similar and only the cross-

section could help to distinguish them (cf. Spath

1931). However, there is a rarher good corres-

pondence between the shape of our sporimen

ind those of young Aulacosphinctoides as figured

by  Spa th  (193 r ,  p l s  7814 ,  7917 ) .  Bea r i ng  i n

mind the problems mentioned above, specimeh
is best identifi ed as Aulacosphinctoides (?) sp. juv.

K 29 ILG 9(l)1. Neocltetoceras (?) sp' (Fig. 7A): a

rather well-preserved fragment of a compressed
oppeli id with narrow umbilicus. The poor pre-

seruarion of the suture does not allow to decide if

rhe specimen belongs to the Haploceras sttbelima-

tum g roup .  As  the  ove ra l I  shape  i s  t ha t  o f

Neochetoceras (see Oppel 1863, pl ' 69/3)' rhis

specimen can be assigned rc Neochetoceras (?) sp.

K 29 [LG 9(2)1. SubPlanitoides cf. oppeli Zeiss

K 29 [LG 10, LG 27). Neochetoceras (?) sp.:

seve ra l  oppe l i i d  spec imens ,  c rushed .  S im i l a r

forms have been figured by Vhitham & Doyle
( 1 9 8 9 ,  f i g . 6 e ) .  T h e y  a g r e e  i n  s h a p e  r v i t h

Neochetoceras. In order to exclude the possibiliry
thar they belong ro Pseudolissoceras, the poorly
preserved remains of  suture- l ines were c losely

Lbse.ued. In the end we are convinced that the

sutures suggest an assignment to Neochetoceras
rather than rc Psurdolissoceras.
?K 29 [LG 28). Glochiceras sP.i another oppeliid
specimen. The wider umbilicus suggests an assign-
ment to Glochiceras rarher than to Neochetoceras.
K 30 [LG 3), Kossmatia (?) cf. tenuistriata (Gray)
(Fig. 7B): fragment of a small ammonite' The

rib6ing is rather fine and dense. The branching

poinr is situated in the upper part of the flanks.

On the inner part of the last rvhorl the seconda-
ries are bent forward. At the end of the shell the

| 6e8
I

specimen is somewhat damaged and the bend rs
not well oreserved. The determination of such a
small specimen is diff icult, especially when the
ventral side can not be inspecred. Some affiniry
e x i s t s  t o  s i m i l a r  d e n s e l y  r i b b e d  f o r m s  l i k e

Kossmatia aff. rcnuistiata Gray (Thomson 1983,
fig. 39) or some Virgrttosphinoo of rhe tenttili'
neatut -burchhardt i  group (cf .  Indans 1954,
pl. l3l1, 4). There is also some resemblance to
the inner whorls of a" Lithacoceras sP.", as figured

by lVhirham & Doyle (1989, f ig. 69). Judging
from the ribbing on the outer whorl, the form of
Whitham & Doyle does nor belong ro Litha-
coceras, but more likely to forms like Franconites
ten t t i p l i ca tus  Ze i ss  (1968 ,  p l .  1 l  l 4 ) .  Pa ra '
berriasella blondeti Zeiss (1968, p[. l2l2) is also
comparable to our form, but exhibits a different
develooment of ribs on the outer whorl. All thes.
forms conre from the upper part of the lorver
Tithonian. The determination as Kossmntia (:)

cf . tenuisniara is therefore only one of several
other possibil i t ies.
K  3 l  [ 0 1 3 ,  0 3 8 a - e , 0 4 6 ,  L G  1 2 ,  L G  1 4 ,
LG 25, LG 291. A I m thick bank with abr'rn-
dan t  ammon i tes :  ?  Au lacosph inc to ides  sp ' ,
Haploceras sp.; Oppeliidae indet.; ? Tammellicer,t
sp.; Substreblites or Ubligites aff . hrafii (Uhliet

Virgatosphinc,res c[. and aff . andesensis (Dotrvilli)

Virgatosphinctes sp.; Virgatosphinctes (Litlttco'

ceras)  sp. ;  Lamel laptychus cF.  lamel lost , -
(Parkinson) ; Virgatosphinctes alterrtccostitt l
(Ste iger)  ;  V i rgatosphinctes af f  .  austrn/ i
(Burckhardt).

t0l3l. ? Substreblites or Uhligites aff . kraffr
(Uhlig): a specimen of 47 nm in diameter' r 'er
involure and wich fine falcoid ribbing. Ir look
l ike the specimens f igured by Thomson (197' l

p l s  2 /q ,  3 l d ,  f )  unde r  t he  above  men t i one .
names. However, determination is doubrFul sinc,
the venter could not be observed and the ribbinr
ls stronger.
tLG 291. Vi rgato sp h i n c tes tt lterne c o s tanrr (S te ige r
(Fig.7C): half of the ammonite is preserved. Th
ribbing sryle is similar ro V denseplicatus rztund.
(Spa th  1931 ,  p l .  9612 ) ,  bu t  t he  umb i l i cus  r

more narrow. In this respect "Perisphinctei' altti
necostatus Ste iger  (1914,  p l .  104/ l )  f i ts  bet tc '
This species seems to belong rc Virgatosphinct,
representing an inrermediate form berween th
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denseplicatus end communli group.

ILG 251. Virgatosphinctet aff . ausnalis
(Burckhardt) (Fig. 68): a fragmentary specimen
of Virgatosphinctes wirh a rather narrow umbili-
cus, but with more distant, polygyrate and bifur-
cate ribs (cf. Indans 1954, pl.2016).
K 32 [LG 22, K 321. Subdichotomoceras sp.; ?
Virgatosphinctes sp.
K 34 lO2O, O25, O35, X8l. Virgatosphinctes

[" Lithacoceras" Indans] sp.; Aukcosphinctoides (?)
cF. patagoniensis (Favre in Tavera); Buchid cf .
hochstexeri (Fleming); Buchia sp.

10251, Aulacosphinctoides (?) cf. patagoniensis
(Favre in Tavera): a fragment of a rather large
perisphinctid. The bifurcation point is changing
in heighr berween the inner third and the outer
third oF rhe flanks on the penultimate and outer
rvhorl. Ribs on inner whorl split up in half to
rwo thirds of the height of the flanks. There is no
virgarotome or polygyrate splitt ing of the ribs.
Single ribs are inrercalated especially on the outer
half of the penulrimare and on the last whorl.
Since rhe specimen is fragmentary the assign-
menr ro Au la cosp h i ncto ides r entains questionable.
A designation rc Tbrquatisphinctes could also be
possib le.  There is  some af f in i ty  to  specimens
fi gu red as " B la rtfo rd i c e rut t p tt t ttgo n i e n s e" (F av r e)
Ferugl io  by Tavera (1970,  p l .  3 /8) .  However,
those forms are smaller, more coarsely ribbed,
and rhe h igh outer  rvhor l  o f  our  specimen is
aDsent.
K 40-l [LG 20]. ? Virgatosphinctes densistiatus
(Steuer) (Fig. 6A): an impression of a densely
ribbed, virgatosphinctid ammonite with a rather
narrow umbilicus. It has a good counterpart in
rhe specimen figured by Indans (1954, pl.2ll5)
as V densistriarrrr (Steuer), but there is also a dis-
r i nc r  a f f i n i t y  t o  undesc r i bed  fo rms  o f
Catutosphinctes Leanza & Zeiss (1992) from
Zapala, Argentina.
K 41. ? Kawltiasphinctes cf. i,ttipodus Stevens: a
fragment, broken at abour the level of midflanla
or  s l ight ly  above.  Only rhe outer  hal f  o f  the
flanks rvith straight and slightly prosiradiate ribs
can be observed. Any probable bifurcation point
of the ribs should be situared deeper. The flanls
are similar to the outer flanks of Kawhiasphinctes
antipldut Srevens (1997, pl. 3213) or Virgato-
sphinctes aff. dcnseplicatus (Thomson 1979,
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pl. l4la). However, the latter is more densely rib-
bed and does not fit well. The specimen is too
poorly preserved for any more precise identifica-
tlon.
K 57. Bbnfordiceras cf . weaueri Howlerr: a speci-
men of 87 mm in diameter with an umbilicus of
ca. 40 mm. The venter is not preserved; of rhe
last whorl only one quarter is preserved. The rib-
bing is similar ro rhat in specimens figured from
Anrarctica as Blaffirdiceras weaueri by Howletr
(1989,  p l .2 l5,7) ,  but  our  form is  more evolure
and the ribbing is somewhat coarser. The same is
true in comparison with the specimen figured by
K r a n t z  ( 1 9 2 8 ,  p l . 3 l 4 )  o r ' W e a v e r  ( 1 9 3 0 ,
pl. 31356-357). The ribs divide above midflank
and are widely spaced in the lasr quarter of the
whorl as in"Blanfordiceras wallichi" Gray as figu-
red  by  S teue r  (1891 -1892 ,  p l .  l 611 ) .  The re  i s
also some similarity rc Blanfordiceras delgai
Col l ignon (1960,  p l .  166/680).

[O3Ol. Substeuroceras or Parodonnceras sp. The
specimen is comparable to the one figured by
Olivero et al. (1980, pl. l12) f iom James Ross
Island. It is also similar rc Ko;sntatia carsensis
(Thomson 1975).
l{ll. Blanfordiceras cf. rueaueri Howlett: rhis
ammonice stems from a moraine deposit above
rhe top of the section. The specimen is compa-
rable with "Beriasselk subpriuasensis" Kranrz (in
Thomson 1979, pI.7/i), rvhich rvas included by
Howlett in his new species B. u'eaueri. It is also
similar rc " Berriasella behrendseni" o[ Feruglio
(1936,  p l .  7  l3-7 ,  9)  .

Stratigraphic subdiuision based ort antmonites
Medina & Ramos (1981) and Medina et  a l .
(1983) described ammonites from Longing Gap
that  can be assigned ro rhe ear ly  to middle
K i m m e r i d g i a n .  O u r  n e w  m a t e r i a l  d i d  n o t
contain ammonites of this age.
In our section. rhe first horizons rvith ammonites
occur some 80 m above rhe base (K 16, K l7).
These levels belong to the late Kimmeridgian
Hybonoticeras becheri zone. The presence of this
substage is also demonstrated by a specimen figu-
red by Whi tham & Doyle (1989,  f ig .  6c)  as
Hybonoticeras sp. This form appears to represent
rhe microconch of a new species o( Hybonoticeras
(Hybonotella) which belongs to rhe group of
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H. bechei. The specimen of Vhitham & Doyle

can best be compared with the inner whorls of a

macroconch f igure d as "  Hlbonot iceras

hybonotum" by Coll ignon (1960, pl. 1321494)

fiom the "Kimmiridgien moyen" of Madagascar.

However,  the species and age assignment  of

way into the Antarctic Region.
The early Tithonian Hybonoticeras hybonotum
zone is reached in concretion level K 18 as pro-

ved by characteristic Thrarnelliceras species. In the

middle par t  of  the Longing Member (K 29 '

K 30-l) rhe ammonites may correspond with the

Mucronatum and Vimineur zones of Southern

Germany.  They are comparable wirh Sub-
planitoides, Franconites and to the Pacific genus

Kossmatia.
Higher in rhe section, some 70 meters above the

former ammoni te hor izon,  we f ind a typ ical
Virgatosphinctes fauna similar to thar of the

Argentinian Neuqudn Basin (K 3l-K 32). This

fauna is  ass igned to the la te ear ly  T i thonian

Mendozanus zone in Argentina.
VirgatltPhinctes is present up to level,K 40-1. It

should be noted that true middle Tithonian ele-

ments of South America (Pseudolissoceras and

Aulacosphinctes proximu) have nor been discove-
red in Longing Gap so far. Reports from other

An ra rc t i c  l oca l i r i es  a re  ve ry  doub t fu l ,  t oo .

However, the Antarctic Virgatosphinctes fauna

assigned rheir Virgatosphinctes assemblage to_ the

latJTi rhonian.  The lat ter  is  character ized by

V. denseplicatus which is also known from

Antarctica (Howlett 1989). It is especially remar-

kab le  t ha t  i n  t he  uppe r  Pa r t  o f  t he

Virgatosphincrar beds of Longing Gap (K 34-
K 40) only densely ribbed forms predominate

I 7oo
I

which do not  branch up in  more than thre.
secondaries. The specimen of K 4l could be o:
middle or late Tithonian age (cf. Srevens 1997
Enay & Cariou 1997).'V/e preliminarily assigr

the beds above K 32 to the earliest late Tithoniar
Densiplicatur zone. Further investigation ar,

necessa ry  t o  de f i ne  t he  ranBe  o f  t h t
Virgatosphinctes fauna more precisely in th.

Antarctic region.
The first occurrence oF Bknfordicerar s.s. is notet

in concretion level K 57 providing clear evidenc,
fo r  l a re  T i t hon ian .  On  A lexande r  I s l an .
(Howlett 1989) the Bknfordiceras fauna include
Lytohoplites weaueri, a true Lytohopliras. Species o

th i s  genus  have  been  found  i n  Ch i l e  (B i ro

Bagoczky 1984) in the Corongoceras alternart
zone. the second zone of the lare Tithonian ir
South Amer ica.  I t  corresponds approximatel
with the zone of Paraukcosphinctet tfttntitoriut i:
Mediterranean Europe, i.e., the middle part o

the la te T i thonian.  This is  in  agreemenr wi t l
Thomson  (1979 )  and  How le r t  ( 1989 )  wh

considered rhe Blanfordiceftis zone as part of th
lare Tithonian.
Some 30 m above K 57 follow beds that ca
quesrionably be correlared wirh the Argentinea
Substeurocerus hoeneni zone. 

'We 
can suppose tl

Jurassic/Cretaceous boundary in these beds (c

Zeiss 1986).
Near the top of the section a Berriasian age
suggested by Spiticeras (Spiticeras) according r
\Whitham & Doyle (1989).

North American radiolarian zones at Longing Ga1
The base of the Longing Gap Secrion is assign.
rc Zone 3 as indicated by the presence of Cant:
/nai (Pessagno) and the absence of Vallupus ha,

rozi Pessagno & Blome. Since neither Tttntrtt
s.s. nor Hsuum maxwelli Pessagno we re fottn,
we presume that the basal part of the Longin
Gap Secrion belongs to upper Subzone 3 alph
al though the pr imary marker  taxon Napot
burchhardti Pessagno, Vhalen & Yeh was rr
recorded (= exclusively Tethyan marker raxt
according to Pessagno et al. 1987b). The seco,
dary marker :axa Paruicinguk colemani Pessagr
6c Blome (Fig. 5D) and Hsuum mclaughlit
Pessagno & Blome are present near the base in.
caring Subzone 4 beta. However, the prima
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marker laxon Vallupus hopsoni was nor recorded,
a l though pantanel l i ids and even val lupins are
common in some samples and we have searched
for rhis species inrensely. The last distinct hori-

The base of Zone 4-subzone 4 bera is well defi-

Perilpyriliym is represenred by rwo new species
wirh in Subzone 4 bea (Kiessl ing 1999).  f t  is
conr inuously recorded in a l l  berrer  preserved
assen rb lages .  The  l as r  occu r rence  o f  pe r i -
spyridium is noted berween ammonite assem-

including Vallupus hopsoni and rhe absence of
Perisp_yridium. The lasr occurrence of V hopsoni
is noted some 20 m above rhe ammonite horizon

gula colemani Pessagno & Blome and the firsr
occurrence of lVillirieddlum ntesti (Thn Sin Hok).

I n  s u m m a r y ,  r h e  A m e g h i n o  F o r m a r i o n  a t
Longing Gap ranges from rhe Kimmeridgian to

GEOOTVERS|TAS . 1999 . 2l (4)
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r i an  assemb lages  p re l im ina r i l y  ass igned  ro
Zone 5. This would indicare rhar rhe b-oundarv
of  Zone 4-Zone 5 agrees wirh rhe Jurassic ' -
Creraceous boundary. A more derailed discussion
follows below.

SrRnrrcnaputc suMtvtARy oF ByERs pextxsuu
Radiolarians
No radiolarians could be extracred from rhe basal
secrion, bur the middle secrion yielded several
exceprio^nally well preserved faunas (Figs 4, g).
Mosr of rhe producrive samples can be-assigned
to Subzone 4 bera. This is confirmed br. rhJ co-

from the upper secrion.

Ammonites, belemnites and biualues
First age diagnosric ammonires and belemnires
from the Upper Jurassic sequence rvere listed by
Tavera (1970) and Smellie et al. (1980). Smellie
et al. (1980) found indication for Kimmeridgian
(Hibol i tes marwichi  marwichi  Srevens ind

lubpknites sp.), early Tirhonian (Belemnopsis sto-
/ayi Srevens) and lare Tirhonian (Berriuella cf.
behrendseni Burckhardt). Wirhout referring ro a
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sec t i on  t hey  gave  a  "ba lanced"  age  o f  ea r l y
Tirhonian for rhe "mudstone member".
Crame et  a l .  (1993) found inocerams of  the
Retroceramtu haasti (Hochsretrer) group near rhe
base of the secrion suggesting (bur nor proving)
Kimmer idgian.  Near the top of  rhei r  secr ion
Crame et al. (1993) found an ammonite-belem-
nite assemblage wirh Tithonian affiniries. \We

could collect Berriasella and ? Blanfordiceras 25 m
b e l o r v  t h e  u p p e r  b o u n d a r y  o f  r h e  e x p o s e d
sequence providing evidence for lare Tirhonian.
Spiriceras (Spiticeras) cF. spitense (Blanford) was
found  i n  t he  ove r l ay ing  P res iden r  Beaches
Format ion.  No ammonires were d iscovered in
the radiolarian-rich interval.

In summary, the Anchorage Formarion on Byers
Peninsula ranges from Kimmeridgian/Tirhonian
ro la tesr  T i thonian.  Radio lar ians belonging to
Subzone 4 6era are srrar igraphical ly  c loser  to
rvhat has been dated as Kimmeridgian rhan ro
rhe B e rr i a s e I I a-bearing la re Ti rhon ia'n/ Berrias ian
(Fig.  4) .  The dara supporr  the conclus ion that
Sr.rbzone 4 bera should be complerely assigned ro
the earl,r 'Tirhonian, alrhough rhe evidence is less
convincing rhan at Longing Gap.

LATE JURASSIC RADIOLARIAN
BIOSTRATICRAPHY

The biostratigraphic use of Lare Jurassic radiola-
rians has only been recognized in the pasr rwenry
1'ears starting w'irh Pessagno (1977a). Since rhen a
number of Late Jurassic radiolarirrn zonations have
been proposed. There are basic:rlly four zonarions
in use for different regions of rhe world.
l. The North American zonarion: this zonarion
dates back to the rvork o[ Pessagno (1977a). h
rvas complerely revised by Pessrgno et al, (1984)
and refined larer by Pessagno er al. (1987b,1993,
1994).  The mosr recent  updr te of  rhe Norrh
American zonarion rvas provided by Hull (1997).
The chronostrar igraphic cal ibr l r ion oI  radio la-
rian zones was established using ammonite, cal-
pionell id and bivalve dara.
2. The Tethyan zonation: a first zonarion was
presented by Baumgarrnet et dl. (1980) based on
unitan' associations. This zonation was conside-
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rably  rev ised by Baumgarrner  (1984),  chrono-
s t r a t i g r a p h i c a l l y  u p d a r e d  b y  B a u m g a r r n e r
(1987), and reached irs currenr srare by the com-
prehensive contriburion of Baumgartner et al.
(1995a). The chronosrrarigraphic calibrarion of
rad io la r i an  zones  was  es rab l i shed  by  us ing
ammonire,  ca lp ionel l id  and calcareous nanno-
fossil ages.
3.  The "Japanese" zonar ions:  several  Japanese
scientists developed zonarions which are mosrlt
applied ro wesrern Pacific secrions, bu, ... 

"lr luseful in the Tethys. The mosr rvidely used zona-
t ion has been developed by Matsuoka & Yao
(1986) which rvas updared by Matsuoka (1992,
1995b).  The chronosrrat igraphic cal ibrar ion is
parr ly  prov ided by ammoni te and calcareous
nannofossil dara, bur mosrly relies on correlarion
rvith dated Terhyan and Norrh American radiola-
rian-bearing sequences.
4 .  The  Russ ian  zona r i ons :  zona r i ons  oF  rhe
Caucasus Region and the Russian Far Easr rvere
p roposed  by  T i khomi rova  (1988 )  and  \ / i sh -
nevskaya  (1993 ) .  The  Ju rass i c  zones  i n  rhe
Caucasus are calibrated by ammonires and apry-
chi, lvhereas the Russian Pacific marsin is poorly
dated by Buchia sp. LareJtrrassic radiolarian srra-
r igraphy on rhe Russian p lar form is  s t i l l  in  i rs
inflrncy with only one preliminary' zonarion avai-
lable (Kozlova 1994).

As explained above, rve moscly applied rhe North
Amer ican radio lar ian zonar ion for  dar ing our
radiolarian samples. The primarl ', seconda.i- and
corporeal markers of Pessagno et a/. (1993) rhat
are present  in  Anrarcr ica are l isred in  Table l .
The application of the new Unirary Associarion
srrar igraphy of  Baumgarrner  et  a l .  (1995a) is
hampered  by  t he  sca rc i t y  o f  Te rhyan  raxa .
Horvever, there are several species that haye been
used in Tethl'an zonations as *ell (Table l). The
occurrences o[species discussed belorv are indica-
red in Figure 8, if rhey were rraced in more rhan
o n e  s a m p l e .  S p e c i e s  o c c u r r i n g  i n  o n l y ' o n e
sample are:
- LI 3l: Acantbocircus furiosus Jud;
- K 8-l: Saitoum pagei Pessagno;
- K l2: Protunuma japonicusMarsuoka & Yao;
- K l3: Sethocapsa traclryostraca Foreman;
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TABLE 1 - Antarctic radiolarian taxa used in published zonations

Radiolarian marker taxa used in
the North American zonation

(Pessagno et al. 1984,1 987b, 1 993, 1 994)

Radiolarian species used in
the Tethyan zonation

(Baumgartner et ar. 1995a)

Bivallupus
Caneta hsui (Pessagno)
Hsuum mclaughlrni Pessagno & Blome s.l.
Orbicul if orma low reye ns i s Pessagno
Pa rvicingu la b/owr Pessagno
Parvicingula colemani Pessagno & Blome
Parvicingula excelsa Pessagno & Blome
P arvicingula jonesi Pessagno
Praeparvicingula vera (Pessagno & Whalen)
Perispyridium
Tethysetta boe s i i (P arona)
Vallupus hopsoniPessagno & Blome

Acaeniotyl e u mbi licata (Rrist) gr.
Acanthocircus fu riosus Jud
Acastea d i aphorogo n a (Foreman)
A n g ulob racchia b iordi nal is Ozvoldova
Tethysetta boesii gr. (Parona)
C rucella theokafte nsis Baum gartner
Emiluvia chica Foreman
Emiluvia hopsoni Pessagno
E miluvia pessagnoi F oreman
G o ngylot horax f avos us Dumilrica
Haliodictya (?) antiqua s.l. (Rust)
H o moeopa ronae I I a el egan s ( Pessagno)
Hsuumsp atl. H. cuestaense Pessagno
(= Hsuum mclaughlini s.l.l
Hsuum feliformis Jud
Loopus primitivus (Matsuoka & Yao)
N a po ra py ra m idal,s Baumgarlner
Perispyridium ordinarium (Pessagno) gr.
Podobursa spinosa s.l (Ozvoldova)
Podocapsa a mp h it re pte ra Foreman
Prctunuma japonicus Matsuoka & Yao
Saitoum pagei Pessagno
S ethocaps a t rachyost raca Foreman
Suna echiodes (Foreman) s l.
Triactoma mexicana Pessagno & Yang
T riactoma tithonian um RUst
T r i t rabs rhododacty lu s Baumgartner
Zhamoidellum ve ntricosum Dumitrica

- K l4-l: Haliodicrya(?) antiqua (Riist)s.1.;
- K 23 : Orb icu lifo nna lo wreyens is Pessagno;
-K27: Podobursa sPinosa (Ozvoldova) s.l.

\Ve first discuss the value of the North American
zonarion and subsequently rry to l ink our data to
rhe zonation of Baumgartner et al. (1995a) and
Matsuoka (1995b).  The Russian zonat ions are
not discussed, since their stratigraphic resolution
is eirher too coarse or they consider poorly defi-
ned species.

Tue Nonru AltEnrceN MDIoLARIAN zoNATtoN
The major pitfall of the North American zona-
tion is the reFerence to species absence in strati-
graphic assignmenr.  As zonal  boundar ies are
defined by first or last occurrences of marker
raxa, rhe reliabiliry of their absence has to be cri-

I toq
I
I

t icalh' evaluated for each secrion or sample. Thit
can be achieved by observ ing the quant i ta t iv t
d isr r ibur ion of  marker  taxa wirh in thei r  rang.
and by judging the possibil i ty that species absen
ce is mereh'a result of oceanographic, diageneti
or srochlstic bias.
As discussed above, lve can recognize the Nortl
American Zones 3 and 4, and probably zone 5 ir
Antarctica. Zone 3 rvas originally assigned to th.
earh'Tithonian, but it has been demonstrated b.
Baumgartner  et  a l .  (1995a) that  i ts  base ma,
reach dorvn ro the middle Oxfordian.
The base of Zone 4 rvas originally (Pessagno er ar
1984, 1987) calibrated by corresponding closel
to rhe first occurrence o( Crassicollaria intermedi,
(Durand Delga) and late Tithonian ammonitc
in Mexico and by occurring below the Buchi,
piochiizone of Jones er al. (1969) in Californi.r
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summary of moditications in the chronostratigraphic assignment of North American radiotarian zones resutrrng trom our

Pessagno et al.
(1977a, b, 1984, 1987, 1993)

This paper

Base of Zone 5
Base of Subzone 4 alpha
Base of Zone 4

Tithonian/Berriasian boundary
early late/late late Tithonian boundary
early llale Tithonian boundary ft

I t  w a s  t h t r s  c o r r e l a r e d  w i r h  r h e  e a r l y ,
Tirhonianilare Tirhonian (reziiz Gall ico) bounda-
ry. Recenrly, rhis bound:rry rvas lolvered ro rhe
la te  ea r l y  T i rhon ian  (Pess rgno  pe rs .  comm.
1997;Hull1997).
The nerv resul rs  f rom the Anrarct ic  secr ions
demand a rev is ion of  the chronosrrar igraphic
calibrarion for rhe base of Zone 4 and the base of
Subzone 4 alpha given by Pessagno er al. (1993).
Before rve do so, we havc ro check rhe reliabil in,
of our radiol,rrian ages, especially referring to rhe
marker ra-xa o[ Pessag no et al. (1993).
The base of Zone 4 was originall l '  (Pessagno rr
a l .  1984) def ined by rhe f i rsr  occurrence of
Acartthocircus dicranacanthos and l,allupus hop-
i on i .  S ince  A .  d i c rannca r t t l as  i s  absen t  i n
An ra rc t i ca ,  due  to  rhe  h igh  p r l eo la r i r ude ,  rhe
flrsr occurrence of rhe pantanell i id Vallupus ho7r-
soni  (F is .  5 l )  is  cruc ia l  in  our  d iscussion.  Tne
Austral chrrracrer of rhe r:rdiolari lns reeuires cau-
tion in rhe inrerprerarion of rhe firsr o..urr.n..
date of rhis species. Since rhe abundance (or pro-
babi l i tv  of  derecr ion)  of r  the pantanel l i id  suu-
famill '  Vallupinre is correlared w'irh rhe overall
abundance oI Panranell i idae, it is very rrnlikely ro
derecr  Val lupus hopsot t i  in  srandard res idues
(abour I g in the Antarcric nrrrrerial), if panranel-
l i i ds  make  up  l ess  rhan  5ozo  o f  a  rad io la r i an
sample. This fact may be p:rrrly responsible for
t he  e r roneous  co r re la t i on  o f  Pessagn  o  e t  a / .
(1993).  The abundance and d ivers i ry  of  oanra-
nell i ids rvas rhought ro decrerrse rapidiy ruiih lati-
tude in the paleolatitudinal model oIPessagno &
Blome (1986).  Al though pantrnel l i ids sum up ro
50.1orc in one sample from Longing Gap, their
abundance is strongly flucturrting in Anrarcrica.
In Longing Gap (Fig. 3) rhe first occurrence of
Vallupus hopsoniis nored in a sample (K 20-l)
wi th l2 . lo lo rora l  pantanel l i id  abundance.  The

samples raken f rom jusr  2 and 3 m belorr . (K lg ,
l9)  conrain a r ich radio lar ian fauna,  bur  y ie ld
few pantanel l i ids.  Only rhe samples K l4- l  and
K l5 provide firm evidence for an age older than
Subzone 4 bera. They conrain diverie and abun-
danr panranel l i ids (15.6 and 13.8026,  respecr ive ly)
a.nd even some valltrpir.rs, bur no Vailuprts was
derecred.  Our lasr  f i rm ammonire ev id ince for
rhe Kimmer idgian is  f rom berrveen K l5 and
K 18, bur our firsr evidence of Tirhonian stems
from the level of K 18. Thus rhe firsr appe:rrance
of Vallupus hopsoni is onh' reliable s'irhin a 40 m
t h i c k  i n t e r v a l  s e p a r a r i n g  K  l 5  a n d  K  2 0 - 1 .
Al rhoueh * 'e  do have ammonire ev idence for
ea r l y  T i t hon ian  be lo * '  K  20 -  |  (Hybo t to tun t
zone), *'e can-nor reject a lare Kimnreiidqian age
for the base oF Zone 4.
The lasr occurrence of l i  bopsotti has been useci
as a corporeal marker rvirhin Subzone 4 alpha. Ar
Longine Gap concrerion level K 33134 is ihe last
hor izon conrain ing th is  species.  This hor izon is
dated :rs middle/late Tirhonian and is probabll.
equivalenr ro rhe \Yindltttuse,ti(.errts intentisDino-
sutt zone oF Argenrina. Althoueh *r'e are noi able
t o  p r o v i d e  f i r n r  e v i d e n c e  f o r  r h i s  z o n e  i n
Anrarcrica (see discussion above), rhe presence of
V hopsoni in rhe W4 internispinos,,r, ,one ,uas
established bl' Pujana (1991, 1996) in Argentina.
I n  t he  Sou rhe rn  A lps ,  Subzone  4  a lpha  w i th
V hopsottiu'as recorded in rhe lare middle ro ear-
l i es t  l a re  T i rhon ian  Ch i t i no ide l l a  zone  ( c f  .
K iess l ing 1995).
Perispyridiurn (FiS. 5J) is rhe only orher primary
m a r k e r  r a x o n  i n  Z o n e  4  t h a r  i s  D r e s e n r  i n
Anrarctica. Its lasr occurrence marks the roo of
Subzone 4 bera. The lasr occurrence ofthis ginus
provides a reliable darum, since Perispyridium is
common rhroughour irs srrarigraphic range (wirh
nvo exceprions) and suddenly disappears in rhe
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Frc 9 - New chronostratigraphic asslgnment of the radiolarian biostratigraphy of Pessagno (1977b), Pessagno et a/ (198J : lE-

1 993, 1 g94, 1 9g6) Our data allow a modification of the Zone 3lzole 4 boundary and the boundary between Subzone 4 alpta a- :

4be ta  The lowe rzonesweremod i f i ed fo l l ow ingBaumgar l ne re ta /  ( 1995a , f i g  13 )  Ma rke r t axa tha ta rep resen t i nAn ta r c i r caa ' e
printed In bold In this tigure we use the Tithontan sensu Gallico as do Pessagno el al; however it should be noted that suc::^€

4 beta ends before the middle Tithonian sensu Gerth

sequence.  Horvever ,  there is  a re lar ive ly  th ick
interval rvith only sparse radiolari:rn faunas above
rhe fast recordof Perispyridiurn in K 29. The first
radio lar ian sample wi th a sure absence of  th is
genus is K 30b, rvhich is only a few meters below
the  f i r s t  r eco rd  o f  t he  l a tes r  ea r l y  T i t hon ian
(sezsz Gerrh) Mendoznnus zone. Hence, the top
of Subzone 4 beta is assigned to the lare early
Tithonian (sensu Gerch = early early Tithonian
sensu Gallico).
According to Pessagno et  a l .  (1987),  the Iast

occurrence of Paruicingula colemani is noted in

the upper par t  oI  Subzone 4 a lpha (corporeal

marker taxon). In Longing Gap, the lasr samples
with ? colemani s.l. are above the level with first
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ev idence  o I  be r r i ase l l i d  ammon i tes  i nd i c . r r i nc
la te  T i t hon ian .  Above  the  l as t  occ t t r r cncc  o t
P. colemani no primary marker taxa (rvith thc
exception of htruicingula jonesi Pessagno) oi thc
North American zonation are present. Horvevcr'
Hull (1997) trsed the last occurrence of Hsutltt
mclaughlini as a secondary marker to define thc
top of Zone 4. This species is presenr near the
top of the Longing Gap Section (K 65) which is
assigned to the Berriasian. This would indicrrc
rhat the top of Zone 4 should be assigned to thc
early Berriasian, consistent with new results ol
Pessagno et al. (1996). Horvever, a relativelv great
faunal change is noted in Antarctica from K 60
on rva rd ,  app rox ima te l y  cons i s ten t  r v i t h  rhe

1999 . 21 (4)



Jurassic-Cretaceous boundary. Since no primary
marker taxa are present, we tentatively correlate
the Zone 4-Zone 5 bound:rry with rhe Jurassic-
Cretaceous boundary and the first occurrence of
\Villiriedellum ruetti (Tan Sin Hok) as figured in
Kiessling & Scasso (1996, pl.2l14).

Considering the starements above, we can revise
rhe chronostratigraphic assignments of the North
American radiolarian zonation (Table 2, Fig. 9).
'We 

are currently not able to affirm what led to
the erroneous chronostratigraphic assignment of
rhe zones and subzones discussed above. They
may parrly be due ro the complex tectonic set-
rings of both Mexico and California.

EvtoeNce FRoM orHER AREAS
The nerv chronosrrarigraphic assignment of the
Zone 3-Zone 4 boundary is supported by new
dara from Germany.
Recent investigations in the Upper Jurassic of
Sorrrhern Germany produced a very well-preser-
ved  and  d i ve rse  rad io la r i an  f auna  i n  t he
Miirnsheim Formarion (Zfigel 1997) including
V ltopsoni. The Mcjrnsheim Formation is correla-
red with rhe upper part of rhe Hybonoticeras
hybonotunt zone (Zeiss 1977) equivalent to an
early early Tithonian age. In his ongoing rvork,
Ziigel (pers. comm. 1997) could recover V hop-
son i  a l so  i n  rhe  che r t -bea r i ng  l imes rones  o f
Schamhaupten (Bavar ia,  Sorrrhern Germany).
The localiry is currently assigned to the upper-
most Kimmeridgian (Bausch 1963).
In summary, the data fronr Germany do support
an older age for rhe Zone 3-Zone 4 boundary.
.We 

can thus conclude that  V hopsoni  f i rsr
appea rs  ve ry  c l ose  to  rhe  K immer idg ian /
Tirhonian boundary. Other reports (Marsuoka
1992, Chiari et al. 1997) on the first occurrence
of V ltopsoni do also support this interpretarion,
although rhey are not directly correlated rvith
ammonire data.

ZoNaloN oF BAUN{GARTNER rrl2. (1995s)
'W'e 

have discussed above that the applicabiliry of
rhe Terhyan unitary association zonation (U|il)
is restricted owing to biogeographic differences.
Additionally, there is a general rrend from assem-
blages containing Tethyan taxa at rhe base to

GEOOIVERSITAS . 1999 . 2l (4)
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assemblages wirh a high degree of endemism at
the top in the Ameghino Formarion. However, a
limited comparison is possible, if we sum up all
our samples from rhe zones and subzones of rhe
Norrh American zonation. Three of the new uni-
tary associarions of Baumgarrner et al. (1995a)
were expected to occur in Antarcrica:
-UAZ I l: lare Kimmeridgian-early Tirhonian;
- Ul\Z l2: early-early late Tithonian;
- UAZ l3: latesr Tithonian-earliest Berriasian.

Ve will show below that UAZ l0 is unexoecred-
ly also present at Longing Gap.
At Longing Gap, our samples from Zone 3, Sub-
zone 3 alpha (K 2-K 15) contain the Tethyan
laxa Acaeniotyle umbilicata gr. (Fig. 5L), Acastea
diaphorogona, Angulobraccbia biordinalis,
Archa eod i c tyom i ta rn i n o en s i s, Cru ce I la t h eo haf en-
rlr (Fig. 5F), Gongylothorax fauosui (Fig. 5N),
Haliodicrya (?) antiqua s.l. (Fig. 5K), Hsuum sp.
aff. H. cuestaense, Napora pyramidalis, Peri-
spyridiunt ordinarium gr. (Fig. 5J), Protunuma
japonictts, Saitoum pagei, Sethocapsa tftic/ryostrutca
(Fig. 5lv{), Triactoma mexican't, and Zhamoi-
dellum t,entricosum. This assen'rblage rvas not
observed in the Terhys and trying to apply the
U!\Z 95 leads to contradictory results. Triactoma
mexicana (samples K 8-1, K 13) is predicted to
range not higher rhan UAZ 9, bur Acaeniotyle
umbilicata (samples K 6, K 12, K 13, K l4-l) is
not supposed to occur before UAZ 10. It is likely
that rhe total range of T mexicana is poorly defi-
ned in rhe UAZ considering the zonal assign-
ment  of  T.  mexicana to Subzone 4 beta by
Pessagno et  a l .  (1989) and i rs  occurrence in
UAZ 12  i n  t he  Sou the rn  A lps  ( c f .  K iess l i ng
1995). Gongylothorax fauosus is not reported
above UAZ l0 according ro Baumgartner et al.
(1995a). This species was found only ar the very
base of the section (K 2, K 4) which mar- actually
be assigned rc UM 10. The samples above K 4
are assigned rc UAZ l0-l l. There are nor suffi-
cient Terhyan radiolarians to precisely define the
UAZ of Baumgartner et al. (1995a). Horvever,
the application of the unpublished 127 UA range
chart on the lumped zone 3 fauna resulrs in a
f i rm  co r re la t i on  w i t h  UAZ  l 0  (Guex ,  pe rs .
comm. 1998). Triactoma mexicana ranges uP to
Ul\Z I I in this recomputing.
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Vithin Subzone 4 beta the following taxa used
by Baumgartner et al. (1995a) are Present in
Antarctica: Acanthocircus furiosus (Fig. 5H),
Acasted diaphorogona, Angulobraccb ia biordinalis,
Emi luaia chica,  Emi luuia pessagnoi  s .1. ,
Gorgansium sp., Homoeoparonaella elegans,
Hsuim af|. cuettaense, Hsuum feliformis (only

detected in James Ross Island), Loopus primitiuus
(Fig. 5B), Napora pyramidalis, Perispyridium
ordinarium gr., Podobursa spinosa s.1., Podocapsa
dm?hitreptera s.1., Suna echiodes s.l. (Fig. 50)'
Tr i ac t o m a t i t h o n i an um, Tr i tra b s r h o do da c ty lus
(Fig. 5G).
Again, there are some contradictions applying
rhe unitary association zonarion. Gorgansium
ranges from Ul\Z 3-8 according to Baumgartner
et al. (1995a), whereas Hsrtttm feliformis is
thoughr to occur  not  ear l ier  rhan UAZ 13.
Leaving aside these problematic taxa would result
in a correlation with UAZ 10 for the assemblage,
as def ined by A.  fur iosus (UAZ l0-20)  and

127 tJA range chart helps to define the correla-
rion more precisely. Guex (1998, pers. comm')
stares thar the lumped Subzone 4 beta fauna per-
fecdy correlates with UAZ ll.

Only a few Techyan taxa were found in the
assemblages assigned to Subzone 4 alpha and
Zone 5: Gorgansium sp., Hsuum aff. cttesffiense,
Ti:thysena boesii gr. (Fig. 5C), Triactoma tithonia-
num are present indicating UAZ 10-13. A more
exact correlation is not possible. Thus the pre-
s e n c e  o f  I J A Z  1 2 - 1 3  c a n n o t  b e  p r o v e d  i n
Anrarctica.

The  s t ra t i g raph i c  co r re la t i on  o f  t he  No r th
American zones with che UAZ can be controlled
by  new da ta  f r om Europe  (K iess l i ng  1995 ;
Chiari et al. 1997; Zugel 1997). V. hopsoni was
reported from UAZ l0 (Chiari et al. 1997) to
VAZ 12-13 (Zugel 1997, cf. Kiessling 1995,
1996). Two samples from the Southern Alps bear
V hopsoni and lack Perispyridium and can thus be
assigned to the base of Subzone 4 alpha. The
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sample f rom Ponte Serra near Fonzaso (see

Kiessling 1996 for localiry description) is from
the  t rans i t i ona l  i n te rva l  be rween  the
Ammonitico Rosso Superiore and the Maiolica
which has been assigned to the late middle to
earliest late Tithonian Chitinoidella zone by
Grandesso (1977). This sample (PS l3) contains
many species that make their first occurrence in
UAZ 13: Emiluuia chica decussata Srciger,
Obesacapsula ruscoensis umbr iensis  Jud,
Paronaella (?) tubulata Steiger, Pyramispongia
barmsteinensis (Steiger), and Syringocapsa amP ho-
re l la  (Jud) .  On the other  hand,  species l ike
Syringocapsa spinell ifera Baumgartner and
Williriedellum tystallinun Dumitrica are also
present .  These have thei r  last  occurrence in
UAZ 12 andUAZ ll, respectively. Therefore,
PS l3 is preliminarily assigned rcUAZ 12.
In summary the total range of V hopsoni is from
IJAZ l0 to at least Ul\Z 12. The related form
Valhryus japonicus has been shown by Matsuoka
(1998 )  t o  range  up  to  t he  ea r l y  Be r r i as ian
(UAZ 13). UAZ l0 radiolarian assemblages can
be observed from the base of the Longing Gap
Section (Kimmeridgian) up to a horizon rhar has
been dated as early Tithonian by ammonites.
Baumgar tne r  e t  a l .  ( 1995a )  i nd i ca ted  a  l i r t e
Oxfordian-early Kimmeridgian age for UAZ 10.
Alrhough Baumgartner et al. (1995a: 1033) pro-
vide good evidence for this age, the age of rhe
succeeding UAZ I I is much less well defined.
Considering the results above, we can conclude
that  UAZ l0 ranges up to at  least  the la test
Kimmeridgian Becheri zone. The new correlarion
of UAZ l0-13 with the North American zonr-
tion and their chronostratigraphic assignment rrc
indicated in Figure 10.

ZoNnrroN oF MArsuoKA (1995s)
The comparison with Matsuoka (1995b) is ham-
pered by the rather coarse stratigraphic resolu-
tion of Matsuokat Late Jurassic zonation. Only
rhe Pseudodictyomitra primitiua zone can be rra-
ced in Antarccica, owing to the absence of other
age-diagnostic taxa. This interval zone is defined
by the last occurren ce of Hsuum maxwelli ar irs

base and the first occurrence of Pseudodicryomina
carPaticd (Lozynyak) at its top. It is supposed ro
range from the early to the middle Tithonian.
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Kimmeridgian/Tithonian interval

Acco rd ing  to  Ma tsuoka  (1995a ,  f i g .  3 ) ,  t he
P prirnitiua zone ranges from the base of Zone 3
ro the top of Subzone 4 beta. Considering our
results and the correlation chlrt of Baumgarrner
et al. (1995a, fig. 13) this rvould imply a total
range of rhe P primitiu/l zone from the middle
Ox[ordian to errrly Tithonian. However, as the
last  occurrence of  Hsuurn naxwel l i  is  noted
rv i t h i n  uppe r  Subzone  3  a lpha  acco rd ing  to
Pessagno  e t  a l .  ( 1993 ) ,  we  sugges t  t ha r  t he
Pseudodictyontitra primitiua zone starts in the late
Ki rn meric{gia n. S i nce Ps e u do d i t' tyo nt i tra c a rp a t ic a
is absent drre to biogeographical differences, the
top of rhe heudodicryontitnt printiriua zone can-
nor be defined.
Alrhough rhe total range of Looptu printit i t 'us
(= Pseudodictyoni t ra pr in i t iua)  is  uncer ta in
according to Matsuoka (1995b) its major occur-
rence is definitely within rhe Pieudodictyomitra
printitiutt zone. At Longing Gap and Livingsron
Island, L. printit iuus is [ound in Subzone 4 beta
and at the very base of Strbzone 4 alpha. Its f irst
occurrellce coincides with the first occurrence of
V hopsoni and irs last occurrence is noted slighrly
above rhe last occurrence of Perispyridium. This
agrees rvith a latest Kimmeridgian to probably
middle Ti thonian age and is  consistent  rv i th
Matsuoka's chronostratigraphic assignment for
rhe Ps e udodi ctyo m i tra p ri m i ti tu zone.
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CONCLUSIONS

New pa leon to log i ca l  da ta  f r om two  Upper
Jurassic localities on the Anrarctic Peninsula allow
the e laborat ion of  a combined ammonire and
radiolarian stratigraphy, provide a high strarigra-
phic resolution and allorv to revise current chro-
nosrrarigraphic calibrations of radiolarian zones.
The  Amegh ino  Fo rmar ion  a t  Long ing  Gap
ranges  f rom the  K immer idg ian  to  t he  ea r l y
Berriasian, whereas the Anchorage Formarion ar
Byers Peninsula ranges from the Kimmeridgian/
T i t hon ian  to  t he  l a tes t  T i t hon ian .  Zone  3 ,
Subzone 3 alpha, Zone 4, Subzones 4 beta and
4 alpha and probably rhe base oF Zone 5 could
be r raced at  Longing Gap,  whereas on Byers
Peninsula only  Subzone 4 beta assemblages are
well establishecl
The chronostrat igraphic cal ibrat ion of  Zone 4
and its subzones as used in the North American
radio lar ian zonar ion (Pessagno et  a l .  1993) is
revised herein. The base of Zone 4 is assigned to
rhe Kimmeridgian/Tithonian borrndan' interval
and the b,rse of Subzone 4 alpha is located *' ithin
the early Tithonian.
The North Anrer ican r i rd io lar ian zones can be
correlrtec-l rvith the unir:rry' associ;rt ion zonation
(Baurngrrrrner et al. 1995l.). Uppermosr Zone 3,
Subzone 3 alphr correlates with UAZ l0 and the
base o[ Zone 4 agrees rvith UAZ I I in Antarc-
tica. Higher trp in the sequences no correlation
with rhe UAZ 95 is possible orving to increasing
biogeographical differences. Evidence from the
Southerrr Alps sugeests thar Vallupus hopsotti
ranges rrp to ar lerrst UAZ 12.
The inrerval  zonat ion used b1 '  Pessagno et  a/
(1993) has the advantages ro be :rpplicable ro rro-
pical as rr.ell as high latirude settings and to rely
o n  o n l v  a  f e w ' a g e  d i a g n o s r i c  r a d i o l a r i a n s .
However, the absence of marker taxa has to be
carefull l '  proved, in order to overcome preserva-
t ional ,  paleoceanographic and stochast ic  b iases.
Vith the chronostnttigraphic corrections in this
paper and rhose oF Baumgartner et al. (1995a.),

we hope rhat the Norrh American zonation can
now be applied everywhere without contradic-
tions. A major trsk for the future wil l be rhe defi-
rrir ion oF the Zone  -Zone 5 boundarl ' u' ith the
aid of high htitude radiolarians.
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