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The forne! north€.n margln of Tethys is ber.g studied in the
Arpine chaiD by IGCP [toject 198 (rErclutio! o{ the
No.rhed MaFin ol the Tetlrvd). This paoet dnmanzes
the orrsent sdte ol knorledge of the opening phase ol thi!
Meezoic to 4rly Pal{gene seaway in Easteru
S{itadand. Ba;ment rocks ard sediments of the pEviou,g
margin are now e,Qosed here In the mppe stack ol the Arpg
and in thei! Eulopon fo!€lard.

The AIDine TethYs is the oceanic basin that opened bv
exleGi;ml snd lt.ike*lie teclonics from ftidssic lime
ondsrj. seoaratins the lormer Pangaea into the Gonddana
.ontinent in the south and lEurasia in the Dorth This
martne opening was sFchronous with th€ beginning of the
emnsion ot the North Atlantic b€sin. However. the Alpine
reihvs closed assin bv orosenic iD!etsion b€ginnlng near lhe
end;f Earlv ft;tacdus time, some tlo Ma ago. Tlrtn the
tormer coniinenlsl maqtns of the Telhvan basin ere now
eesed on land, in tb€ ouicfops of the AlPine chaln (Fig. r).

on tt'" ,outtr"- matEin ot the Alpine 'tethys (lhe Austrc-
rlDine realm and souihern Alps ot Frgs lB and lc)' Mese
zoic extenslonat iectonics resulted in tilted blocks and
basins, as outlined by Bernouui and othe$ (19?s) and
winte.er and Boselini (1981). 'Ihe stvle of this maryin has
been comDared to the tectonic stvl€ of the A.moriran coD-
tinental ;asin ol Bay ot Biscay. as revealed bv reflec(ion
seismics (Bany et al., l98l).

within the f.anework of IGCP Project r98' E$opean geor-
osiets are now se.king a belter undeBtanding of the elolu-
tion ot the no hern maGin of the Tethys f.om ftlassic to
ea.Iv Paleoeene times, which must obviouslv hsve been
auit; dltrFr;nt lrcm that of the southem marsln. A kev
{i.q tor the northern marsiD is E€stern swltzerland. whe.e
rhe geological history is perticubrly well studied. Two main
Drobiems srise here: what is the mGt cohe.ent paunsPastic
ie.omtructlon of the folmef psleoseosraphl. relm obtsin-
able by .€storing the Alpine tectoDic historyi and whicb
mechanisms of basiD subsidence predominated _ exteNionar
tectonics, pst-tlercynian thermal relaxation, or strike*liP

'the Mesozoic to eady PaleoAene oargiG and basins of
Tethv5 in East€ln gwitzerland are found in seYe.al geolog_
ical irnits, (Fig. r)' which are reviewed fbm Do$h to south
ln the following, Figu.e 2A is a synoptic c.oss sectron
showing the retative position of the Yarious units discussed

the European Foreland

The EuroDean Foreland is leqraented by the fold-anaFthrust
belt ofth; Jura mouniains, composed of Mesozoic sediments
ano the for6iila-ntinental Jum besiD. The sediments
are mainly €vaporitic and sha[ow{ater tiassic carbonates
and Jurassic mlrls and shalow-Y{atef limestones. Below
this sedinentaly cover, th€ meso-European crystaline base-
ment is cut by an east-west' late Hercynian intracontinental
rift, {ith continental clastics and coal seams.

To the southeast is the Molase of the !gE!
Plateau. whlch constltutes the OliSpcene
ni-locere fo.eland bsin of the alps. The
cNstautne basemett he.e is ove.lein bv a
M;sozoic sedimenta.y sequence, which is
emewhat thinner than in the Jura nouD-
tains The Mola$e sediments are slightlv
tilted or the Platau and fo.m a fold and
thrust bett at the e{te.nal margtn of the
Alps (left side of Fig.2A, and see coYer

Figtre I: ?he teqi@a1 sexxias ad

naln geloqial faatutes of tte ,-lps.

A: uain ttqils af the Aipihe chain
;n tne deditertaean reatni B:

Sinptified geolagial nap ot xhe
ltesxern ed catral Alpst 9,
sjnplified pa-ljrslE5tlc nap ot xbe

cqtfal dd rle'ten alps 7t later--  r { ,  sbuDF$N'.xdnF\ [TI I l l  {p\wiErr
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Fique 2: paleaqeaqraphic evolutian at the tatthen
narqin ot the ?elnys i, ,aster, svltzerta.d ata.q
.  
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Lhe tAxt .  B:  Pdl-aa6a

I Lawer cretaceous).

Fiqute 3: ceahistorg diagras ar the cantinental
nargi, urits of Eastetn switzedad. shaqinq tatal
suls.iderce of pte-Mesazoic basenst- (a) Jura basin
af Easxen sritzerland. (b) southett patt .f the

talviet secxian). (c) E,rpaxhesis
af rhe to.th-penninic prdttiqau

basin. (d) tttd-Petuitic ktippa u.it in central
e) sauth-Atpine ce.erosa basir-

The ancient Tethyan basin and continental nralgin units ol
Europe (the nofthe.n margin) and of Adria (the southe.n
maryin) constitute a pile of thrust sheets (Iig. 2A), \tithin
these nappes, the Nlesozoic sediments deline thrce geolog
icai mega units, namely the Helvetic, the Penninic and th€
Austrcalpine zones. As demonstrated in the following, the
northern morgin is preserved in the Ilclvetic zone and in th€
nodhe.n and middie units ol the Penninic zone (Fig. lB and
C). The south-Penninic units are loceanicr! basin relicts, and
the Austroalpine zone fepresents the Mesozorc southeh
magin ot the Tethys, which belongs io the Ad.iatic prcm-
ontory of the Af.ican continent (Laubschef, 1975, Behouli
et  er . ,  19?9, Dercouft  et  a1. ,  1985).

h the Helvetic zone, the tle.cynian basenent of the Aar
massil and its sliced up Mesozoic end Tentiary cover are
overlain by the Helvetic nappes (tiimpy, 196s, vilnes and
Pfiifnef, 197?, Pfiffner, l9?8, l98l). ln atl unitq thin epi-
continental sediments of Tfiassic age !.e followed by Juras-
sic to Eocene platlorm units. Comprcssion and thfusting in
this zone sta ed in the Late Eocene dnd continued into
Middle Miocene tnn€ (Pf i f fner,  I936).

The norl:h-Penninic uniis are conposed oi Alpine crystelline
barene,,t napFs--co hatu, Lucomagno, Simano, Adura,
Tambo and Sufeita, see Fig. 2A) and of ihick sedim€ntary
sequences. The ldtier comprise cpicontinental and dolG
mitic sediments oi'hiassic age, tu.biditic Jurassic and
Lower cretaceous shales and afenites (Biindnerschiefcr) and
shaly, arenitic and conglome.atic deep-water ciastics ol
Ldte c.etaceous to Early Eocene aee (Priittigau Flysch).
The sedihents are detached t.om their crystsrline base
meni.  Alpine metamoehisd in these uni ts is mainly
epizoml, with amphibolite lrcies in the extrcne south.

The mid-?enninic units consist of thick platlofm carbonstcs
of friassic to lowermost Cretaceous age in the north, and
T.iassic csrbonates and Jurasic to Lower C.etsceous scdlp
bfeccids in the south. The Uoper Crelaceous to Pateogene
deposits are hemipeldgic dnd turbiditic.
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Fiqute 4: ?ae s;irtjs nappe, a. allachchanaus
plaxtarn nix ih Easterr switzerled.
titholaqical Dnixs ate lateratlq
ad sqnseAinentalj extetsia.al tectanics
deduce.l frcn predise neasure'e'ts
chictress. uJ: upper rurasslc linestane fatnatian-
sK: rschrattetkal).,n a platfam famaxia. af

Baffenid xo eatlg Aptian aqe-

It has been suggested that mid-Penninic units exist n two
di f fefent structural  s i tuat ions (r iC.2A; Strei f f ,  1962,
Trijmpy et al., 1969). In the iirst, the lalknis-Surzfluh
nappes ovedie the lo.th-Penni.ic units and afe themserves
overlain by south-Penninic ophiolites. In the second setting,
ihe Schams nappes envelop the ircnt or the suretta base-
ment nappe and overlie the AveN Bu_ndne.schiefer
contain'ng basic volcanics in blueschist licies. Iiowever, as
north-south and east west nappe transpolt is sospected in
this a.ea, the debate is still open concefning th€
paleogeographic origi. of ihe Schams nspp€s.

The south-Penninic units i. this transeci of the Alps are
sticeFf rhe Armnd of the Platta nappe with ophi-
olites, and pelagic and henipelagic sediments oi JuEsic
and Cfetaceous age. The Austroalpine zone comprises the
silvretta basement nappe dnd tbe vesozoic cover sediments
ol the Northern Carcareous Alps (Fig. 2A). Defornation in
the Penninic zone and at the southeh maBin ol the Tethys
(the Austroalpine rerln) siarted in Early c.etaceous trme
and contin(ed inio the Pareogene.

Triassic to Lower Cretaceous Evolution

The whole area that subsided during the Nesozoic to form
the northe.n ma€in of the Alpine Tethys was underlain by a
Hercynian (Vadscan) crystalline b&sement with east_west
and northeastiouthwest laie Hercynian riits. Since the
opening of the marine basins only begon in T.iasic to Eady
Ju.assic time, dnd since orogenic inversion of the basins
stafted in the Early C.etaceous, the discu$ioD here ol the
evolution of the margin is gene.ally limited to this tihe

In Eafly Triassic to Late Jurasic times, the Jura basin
(!ig. 29) was a slowly subsiding tfoueh together with the
.orthe.n and central pa.t of the Swiss Plateau. The south-
ern part ol the Platedu and the ares of the Aar masif
emereed during ea.ly and middle liassic (the Alemanic land
of Tdmpy, 1949). h the l\liddle and Late Ju.assic, global

sea level charges and a somewhat ir.egular basin subsidence
cont.olled the sedimentation. This was either of shattow
basin type with deposition of ma.ts, or doninated by plat-
forn Orogradation (Bolliger and Bumi, is?o' Oygi, 1986). In
this bssin, no extensional iectonic featu.es such as ]istric
faults or scarp breccias have been observed until now. we,
therefore. Dostulate that subsidence was due to thermal
lelaxation after a late Hercynisn thermal event. Creta-
ceous sediments are absent due to erosion snd/o. q sedi-

The Helvetic plaiform oi eastem Switzerland existed lrom
the Triassic o.ward, in patt on the top of a late Paleozoic
continental basin fill, the "Ver.ucano, trowh (Fig.2B).
Jurassic and C.etaceous sediment sequenc€s are dominated
by ca.bonates, grading into a frore harly sequence in the
solihefn pa.t of the shetf. The total thickness of Mesozoic
deposits is about 1.5 km in the nodh and 3 km in the south.

Despite the lack of synsedimentary fautts and conglomer
ates, extensioml tectonics appeac to be mainry responsibre
to" rhF subsidence, be.ause lh-  g€ohisrof ,  d isgrsms (F'g.  3)
indicate s stepwide subsidence with the chamcte.istics of
extensional ma€ins (Funk, 1985). qoreover, isopach maps
and pfecise palinspastic reconstructiom ol the sediment
prisms illustrdte sedimentation in tilted basins fbm the
Early Jurussic to early Bamemian (Triinpy, 1980, straser
and Funk, l9??). No evidence of extensional tectonics hss
been shown to exist f.on the Baremian (top of "Sch.at-
tenkalk," Fig.4) to the ea.ly Paleogene when globar s€a-
level chanees and detrital input were controlling the

A paleogeogmphic gap (r'nissing I'nk" of Fig. 28) exists
between lhe southernmost outcfops of the Eelvetics and the
no.thernmost outcrops of the no.th_Penninic basin. The
Late Cretaceous and early Paleogene Sardona Flysch, an
exotic strip sheet qithin the llelvetic .appe stack, may

The nofth-Penninic Priittigao basin began with epiconti-
nentdl and shaUow-marine deposits in the Triassic and Esrly
Jurassic, and theD subsided rapidly during Jurassic and Eady
C.etaceous, ss indicated by the tu.biditic deeF-wate.
sedimentation of the Bijndnerschiefer (Niinny, 1948, PaDtic
and lsler, l9?8). In the Valais basin, fadhef dest, coarse
clastics in the Liassic sediments have most prbsbly been
dedved from intrabasinai highs (Leu, i986). $'e therefore
think that st.ong subsidence and basement topoglaphy
indicate a regime ol extensioMl tectoDjcs in this ar€a.
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when takiry into account the pr€sence of h€lminthoid t.ac€
fosils in the Upper C.etaceous flysch sequence of th€
P.iittigau, ore can €stimate water depth at that time of
several bundr€d metres, h this ca8e, the total p.F.ogenic
subsidence of the basin is about 5 to ? km, and the width
after stletching is estimated at 80 to 100 krfl. Late.al
sediment input frcm the we6t rath€. than fmm the €ast has
to be pdtulated for nost of the Cletaceos time; Paleocene
and Eoceoe s€diment tranQort directioN ar€ flom the north
to the south, host p.obably from an orogentc scarp st th€
Dorthern meryin, to th€ P.iitliga, basin in the So h (NAmy,
1948. Allemann. r95?).

In the BiiDdDerschief€. of the Ave.s area and overlying the
Adula basement napp€ {Flg. 2A, B), ultrabasic .ocks soch as
praslnite-s, gabbros, ser?entiDits and ghucophane schists
are intercalated in the sediments, indicating vorcanic
activity durlng basin subsidenc€ (Oberhandi, 197?, !978,
1986). More coopl€te ophioutic sequence are only known
in the overlying south-Penninlc units (Dietrich, 1967). lt
thus 6eems that the nolth-Penninic basement reDresents
thinn€d continental crust.
Ar r€ards the evolution of the p.4un€d miaFP€minic
!!glD in the Schams nappei the Middle Trie$ic csrbondtes
contain smal layers ot al(alic ash-fau tulfs (srreiff et aL,
19?6), @mparable to similar .ocks in the Westem Alps,
which ore now being lirked to g.owth laults of Lia$ic age.
h Middle Jurassic to Early Ctetaceous tim$, the 6lowly
sbsidlng Scham and Falknis platfo.ns were bordeed to
the South by a zone of steep sca4,s, indicating tectoric
activity by exte$ion snd/o! st.ikeslip movements. The
angle-s of urconfornlti$ at the base of th€ scarp brecciss

In the Westerh and Cen(ml Alps. the Briensonnais, rhe
\'l6di6nes. and the Kllppen{ni(6 ale coreidered as femnants
oI a Mesozoic structural hkh or 't8well" 60 to 100 km wide,
south oJ the north-PenDinic basin (Fig. lC, Boilot et aL,
19844). NoDetheless, it is stilr possible that these nid-
Penninic units may also include the Schams, Falknis and
Sulzfluh nappes. Fo. the Fallctis nappe, a euthem (Au€tre
alpine) origin has recently been G.tated (Grue., l98r),
Howeve., this hypothesis is not consistent v'ith the tectonic
position of this unit. New inv€stiaatiom by St, Schmid and
coueagle-s indlcate tbe po$ibility of an astern origin ol the
Schams nappes with reQect to their actual pGitioi.

Tbe-se two alteroative paleogeogEphic slutioN afe illus-
trated in Flglrre 28. ln the hypothesis of an eastem origin
of the s.hams nsppe (Flg. 2Bi), th€ miaFPenninic high was
a laterally fragment€d .idge, and the no.th-Penninic basin
passed In place,s continuoudly by crutal lhinning irto the
south-P€nninic basin Gee also wei$ert and Be.nouli, 1985).
!n the hypothesls of a miiFPentrinic o.igin of the schams
mpPes (Fie. 2BD, a cruttal block with mode.at€ crustd
st.etching was intercalat€d b€tvreen the stretched north-
PeDninic basin ar€a and tbe partly oceanic euth-Penninic
basin, In thi8 case. the extorlion oI the EuroD*r conti-
nental ma€iD of the Tethys was ve.y discontinuous with
alternatlng areas of strong thiming (P!;ittigau basin) and
blocks of al.nost no thinnlng of the continental cfust (mid-

On the Eurcpean continent in the north, the intracontinetrtal
JUE basin and part of the swiss Plaleau were sro$ly sub-
siding flom Triassic to Late Jura$ia tine. qowever, as no
€xtedslonal features are known in thk basin, subsiderce was
most Probabry cont$ted by p6t-Hercynian th€.nal relax-
atior! though this is not yet proven by paleog€othefmic data.
To the south ol the Plateau, the Helvetic !aln, which was
a 60 km wide Eutopean shelf of the Tethys, sobsided by
noderate cdstal stletching (les than 10t), fmm Bady
Jurassic to Early Cretaceous time,. !s indicated by the

sedimentary reeorn. Late Cretaceoll3 to early Paleogeoe
sedimentation was contrclled by global sea-level changes
and te.rigenoB sediment input. st.ong edensional tec-
tonlcs wlth s'rbidence a.e indicated in the neighbouring
basin to the soutb the north-Peminic Prdttisau basiD, with
turbiditic deep-water clastics f.om Ju.assic to Early Eocene
time (Biirdnecschiefer and flysch sediinentatioD).
The inte.pretation of the transition f.om the exten6ioDl
part of the Eump€an naryin to the suth-Penninic relh
with oceanic crustal cha.acteristics is controversial One
hypothBis suggests that a contiruous east-west struct$at
high with platform s€dinentation separated the north-
Penrinic basin from the south-Penninic realm, indicating
discontinuous st.etching, m6t p.obably coupled with
st.ikslip tectonics. Alt€.natively, the structurat higbs
formed father isolated i3lands, and a continuou! traDsition
from one deep basin to the oth€r and from contlnertal crst
to oceanic crut may have existed in places. h any case th€
margin is not a simple Atlantic type stretched mergin.
C.ustal slretching in the Penninic basiB was ths falrly
discontinuous, i{ith eres of armost no.mal crustal thicknes
in the niat-Penninic structu.at highs, and stfong extensional
tectonics in the nodh-P€nninic basiL CoDtinental maEin
tormatton was. (hefetore, quite different trcm (he sjmile
stretchins model s published fof sev€ral AUsntic margins
and the southem maryin of the Alpine Tethys. This may be
due to sinistral strike*lip movements linked ro the opening
or the TethF, as postulat€d by lJemoine (in! Boi[ot et sL,
1984), corre4onding to a la.se s@le slrikeEllo between the
Aftican and the Eufopean contineDts.

Resesrch on the evolution ol the northem maEiD of the
Alptne Teth!6 is spocored by the Swis Netionil gcience
Foundation proj€cts 2,107-0.86, 4.901-0.85.20, 4.89?-0.85.20
and 2.155-0.86.

E. Futrt teaches sedim€ntary
p€tFAraphy at the Swis F€d€rrl
hstitute oI Techoology {ETH,
Sonneggstrsse 5, CH- 8092 Zihieh,
Switzerrand. ne is known for his
reseafch ryo.k on the stratigrapby,
sedim€ntology ald paleog@glaphy
of the Eelvetic platform in Eastern

R. obefiiinsll terches magmatlc
rocks and o.e deposits at the
Mineralogical hstitute of Beh (CH
3012 Bem. switze.land. tlls nain
activity concerB the g€ochenistry
of volcanics and the geology and
g€ochemistry of high?f€sure
metamophic rocks in the Alp!.

A. Pflff@r {ceorogicar Institute,
Univelsit€ de Neuch6tel, Il rue
EnilFArgand, CH-2000 Neuchetel
Switze.hDd) is coordinator of the
eastem g€otEvefs of tbe Swits
NFP 20 prcject, aim€d at explodng
the deep structure of the Atps. His
main research is focu$ed on Mk
defornation and Alpioe tectonics.
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S. Schhid (Swiss Fed€tal Institute
of 'Iechnology, ziirich) is engaAed
in research on the agPlication to
laree scale teetonic Problems in
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mentai rcck deformatio! and the
techniques of micrcfabric analysis.

w. wilitl teaches basin aMlysis'
Eldh history and geomoDhorogy
at the universit6 de Genave (I3
rue des Ma.alcbefs, cH-l2ll
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involved in tbe study of the ther
nal hittory' subsideoce and exten-
sional tectotrics of th€ EuroPean
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