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The significance of the Schams nappes for the reconstruction
of the paleotectonic and orogenic evolution of the Penninic zone
along the NFP-20 East traverse (Grisons, eastern Switzerland)

by STFFAN M. SCHMID'_ .  PrrrLrPP RUCK" and Gr rDo SCHREI RS'

K?:y r,/ds. - Schans nappes, Alpine paleoteclonics, Alpine teclonics, Pennine zone, easlern Swnzenand.

, br?ra.r. - Thc Middlc Pcnninic Schans cover nappcs nave becn detached from lheh cryslalline subslrarum, pans of .hc prcscnr day Tanbo
and Surotra nappca. during a fir$ deformarional evenr Dl. This €venr is associared wnh noclinal folding within th€sc dcrached sedimc.ts.It k prcbably
of early Terliary aee and lssocidt€d wirb rhe Nrcking ol niddle rnd nodh-Pe.nini. nappes duri.g rbe linrl srges of collisio. b€rsee. Erope a.d
Apulir, which commcnccd in rhc Crct.ccous qnhin rhe euth-Pc..i.ic units and the Austoalpine. A second ph.sc ol laigc sc.lc rcfoldi.g i.vcned
and backthrusted a Dl srack of N Pe.ninic lnirs (ophiolites. Bthdne^chiefer and flysch) above the slbhorizonul arill rrace oi a la.ge scale F2 fold
(NiemelBevelin fold). This refolding of a previously enplaced slack of nappes is due to a helero8eneous sinple shear paltem vithin lhe lncous
Pennine unils below a rigid orogenic lid of pEviously enpllced Austroalpine u.its. This poscollisional reworking is caused by ldditional shortening
a.ross rhc sourbern $eep bell of lh€ Alps durin8 the rnsubric phase in the lale Olisocene and Neos€ne. ll sev€r€ly nodified tbe collisional stacki.B
gedheky and it effe.ts have ro be consideied for rhe inre9dation of reflection seismic profiles.

staiigraphic and €dinenrological inve$igarions, wben combined wnh a kinematic inversio. of Alpin€ defomation, sugBe$ that the southern
pri of lbe Schans paleoEeographicrl realm (Tschcra-K.lkbcr8 unitl rcprcscnt rhc ca(crn continurtion of rbc Brianqonnris domrin. Sinistal ran$
pressionrl hovenents iniriaring in the Middlc Jurassic md conti.ui.g into the early Cretaceous ar rhe nodbern nargin of rhis pldfom cruse rhe
fraciumiioh of Lower Jurassic a.d oldcr fomarions. Basemcnr-rich breccias. shed as submarine rock-lalls a.d rurbidires. arc re-dcDosired inro a basin
occupying the northem pxn of $e Schrns rcaln (Gelbhorn unit). fik basin reprcsenh rhe sourh nxrgin of rhe vrlriq todgh lhn paleoLeclonic
activity leads lo extremely rapid facies chanses but by Mid Crelaceous tine all the Schams subunils exfiibit the same sdimentary evohlion. We
recad thc Scnans realn as a conlinental fragdent caughr belween fie easrwards leminaling Pienont Liguna ophiolitic donain (Arosa, ?laua, Ma
lenco-Lizuh opbiolitcs, Avcrs Bijndncschicfct and the pestwards rerminatins valais tou8h ond a$ociat€d ophiolilic zo.€s (Chiivenn., Areua, M.F
rcans oDhioh€s a.d N-Penninic B0.dneschiefer and Fl!sch).

ll significato d€lle falde dello Schams p€r la ricostruzione d€ll'evoluzione pal€olettonica €d orogenetica
della zona penninica lungo la traversa est del PNR-20 (Grigioni, Svizzera orientale)

Parole chiav. Falde dello Schrms. Prleote(onicd dlpina, Tetronicr alpina, Zona penninicr, Svizzera o.emale.

Rizssu,tu. Lc faldc mcdio-oenniniche di coDenura di Schans sono state scollare dal loro substnto crntallino. ora Darte delle falde di Tanbo
e suerra. duranre !n primo elenlo defomativo Dl .ui sono rsociare pieShe isoclihali nei sedimcnri scollar. La f.sc Dl e probxbrlmcnte dr ctn
terzirir inieriorc c collc8ara all'inpil.nenro d€ll€ falde m€dio- e nord penni.iche nesli stadi finali della cohione tra Eurcpa €d Apulia cominciata
gil nel Cretaceo nelle unn, sudpennini.hc cd atreroalpinc. Una scconda lse di pieBamenlo dereminn il rov€sciamento ed il r€trocareAgiame.to di
un pila Dl costituiu da unirl nord penniniche (ofioliti, Bundnerschiefer e flysch) al di sopra d€lla raccia assiale suborizDntale della pi€Ba F2 Nie-
m€cBeverin. Qucsro picgamcnlo, po$eriore alla mess. in pono delle falde. si svolse in un conteso senerale di taslio senplic€ eleroBeneo alle sp€se
delle u.ila penniniche che si componaiono i. modo lncoso, rl di lorro di un lid oro8cnico coniruiro dallc unirA austoalpi.c prcccdc.rcnc.lc
nessc i. poto. Qu€sta rielaborazione posl-collisionale fu causata da un ulteriore raccorciam€nlo attrave6o la fascia sub veflicale meridionale delle
Alpi nel co6o dellr frse Insubrica d€l Teziario superiore. Essa nodificd Io gcomckia dcll inpilamcmo collisionalct Bli cficni di qucsl. f.sc vanno
tenuti pEsenle nell'inlertehzione d€i profili shmici a riflessione.

Analisi stariBrafichc e sedin€moloBichc, combi..tc.l lctrosviluppo cinematico dclle deformazioni alpine, moslrano chc l. prrtc mcridionale
del doninio paleogeogmfico dclla falda di scbrms (unna Tschcra c Kalkbcrd r.pprcscnta la prosccuzio.c oricntalc dcl doninio bri.nzorcsc. Movincnri
rranspressivi sinisri al n*gi.e N dell, pir(atoma, iniziaihi nel Giurassico medio e continuarisi fino ,l cietaceo interiore, dereminaono la fiarr-
razionc dcllc Fom.zioni aiurassichc c piu'mlichc. Brecce ricche in clenenti di crktalli.o furono risedimenlale come rock-ialls e torbidili in un
baci.o l@rlizzrto nella panc scncntio.alc dcl doninio di Schrms (unnd del G€lbhorn) poslo al mrrAi.e sud del solco vallesano. Quesra attivilar
paleolettonica detemino varix2ioni di facies e{rcnanenle rnpide cbe perb si esauriiono .el Creraceo nedio: rune Ie soro-unna di S.bms nostano
a q!e$o punto un'evollzione sedinenraria similc. Sccondo la no$ra iniuprcruionc, il dominio di Schams rapprc*.rr u. frammcnlo conrinenrrlc
inquadrato tra la teminuione orientale dellr ,one ofioliticd liguie piedontese (Aiosn, Plaua. ofioliti di Mdlenco Lizln. Biindne(chiefei di Avers) e
l4 leminazio.e occidentale del solco vallesano con le ofioliti associate (Chiavenna. Areua. ofioliti di Manesnas, Biindnerchiefer e flysch nord pen-

' Gcolo8iscbes Instilul, ETH-Zenlrum, CH-8092 Ziirich.
** Now Geologisch-Prltoniologisches lnsrirur, Bcrnoullisr. 32, CH-4056 Bascl
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THE SCHAMS NAPPES AND THE PENNINIC ZONE 265

I. INTRODUCTION

The invesligated area belongs to the Penninic nappe sys-
tem of eastern Switzerland. This Penninic structural zone
is of heterogeneous composition. Firstly. it consists of base-
menl nappes derived fiom the northern coniinental margin
of the Tethys. Secondly, this zone encompasses a great
variety of mosdy detached Mesozoic cover rocks belonging
to. from external to internal. the Valais, Brianeonnais and
Liguria-Piemont paleogeographical domains. Thirdly.
ophiolites are found within several Penninic units. partic-
ularly near the sulure with the southern coniinental margin
of the Tethys (Austroalpine nappes, southern Alps).

It must be emphasized that these Penninic paleogeo-
sraDhical domains are well established in wesiern Switzer
l-anil only tTriimpy, 1960. 19881. The Valais irough does
not exist in the French western Alps [Lemoine er d/., 1986].
Sediments of the N-Penninic rrough form a massive pile of
complexly folded and poorly dated calcareous. shaly and
sandy schists (called Bundnerschiefer i. eastern Switzer
land). Hemipelagic sedimentalion predominates from the
Middle Jurassic onwards and grades into flysch type
deposits in the Mid-Cretaceous [Pantic and Gansser, 1977].
Sediments from Middle Penninic platform areas, similar to
the Brianeonnais domain r.r. are also found in western (e.g.
Pr6alpes) and easte.n Switzerland (Schams, Falknis Sulz
fluh and Tasna nappes). However, the Swiss equivalents of
the Brianeonnais are now sepa.at€d by the Valais belt from
rhe proximal N European margin and shelf (Helvetic zone).
This Valais belt broadens towards E-Switzerland where the
N Penninic Biindnerschiefer and flysch volunetrically pre-
dominate over all other Penninic sediments (fi9. I & 2).
In many places the S Penninic Liguria-Pienonr domain
(Arosa-Platta units in eastern Switzerland) is characterized
by low sedimentadon rates during the Jurassic. Ieading to

the deposition of radiolarian cherB and pelagic limestones.
However, in this S Penninic domain lithologies referred to
as Biindnerschiefer or Schistes luslr6s rnay also be found
(Combin zone in the west. Avers Biindnerschiefer in ihe
east of Switzerland) but Iheir paleotectonic setting may be
complerely different from rhat of the N-Penninic sedimenrs.
They possibly represenl the remnants of an accretionary
p.ism evolving during subduction in the late Cretaceous
lMarthaler and Stampfli. 19891. No sediments younger than
Turonian occur in the S-Pe.ninic domain in easrern Swirz
erland [Ltidin, 1987].

While $e exislence of ophiolites representing fragments
of oceanic crust is undebated in case of the Lieuria-Piemonl
oLean. opinions dre div ided on rhe nature oi  the crusr in
the N-Penninic domain. Triimpy u9881 advocates for reticts
of oceanic crust, becoming more widespread towa.ds the
east (eastern Switzerland. Tauern window). Others l|-aub,
scher.  1971; Weissert  and Bernoul l i ,  19851 regard the Valais
lrough as a marginal basin of thinned continental crust of
the proximal European margin. In this view the Brianeon-
nais r.1. of easte.n Swiizerland would still represent the dis-
tal parl of the European passive margin, analogous ro the
situation in the western Alps. The Piernonl-Liguria ophio-
lites could then be direcdy co.related wi.h ophioliles found
in eastern Switzerland and Austria (Tauern window). The
prime reasons for these uncerlainties are due to (1) insuffi-
cient petrological and geochemical dala on the ophiolites
in the Valais trough, and, (2) uncertainties about fte orisinal
structural position of some ophioliles in rectonically low
positions within the nappe pile (Antrona, Chiavenna) in
view of post-nappe folding, so characteristic of the Pennine
structural zone tMilnes, 19741.

Numcrous aitemDts have been made to correlale Penninic
units of western Switzerland with those of easlern Switzer
land. Il is generally accepted that the structurally highesl
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)66 S.M SCHMID . .  d/ .

S-Penninic Saas-Zernall ophiolitic units find their eanern
continuation in the Platla-Arosa unias- In regard to leclonic
correlations of all olher Pennine units the prime obstacle
is the co-called t-epontine dome of lhe central Swiss Alps.
There, the structurally higher basement nappes, and most
of the cove. rocks, are nissing because of erosion. The
lower Penninic nappes in rheir rurn have been deformed
inlo a particularly complex geomery with lwo subdomes
divided by the Maggia synclinorium running obliqucly
across strike lMerle et al., 19891. This absolutely precludes
geometric correlaiions of tectonic units. Paleogeographical
correlations are nade difficult by non parallelism between
paleogeographical domains and the slrikc of the future Al-
pine orogen. It is very likely thal some oi rhe striking diffe-
rences between structural sections rcross weslern and
eastern Switzerland are due 1() first-order paleotcctonic

In v iew of  these conside.able uncertainl ies wi th cy-
lindristic structural and paleogeographical correlalions the
situation in easte.n Switzerland has to be analysed in its
own right- The parlicular section discussed in this contribu,
tion is a crucial one for Alpine geology because further
easl, Penninic unirs only occur in isolatcd windows (En-
gadine, Tauern). We shall try to firsl unravel the slructural
complexilies within and around the Schams nappes. This
analysis will rhen be complemented with sedimentological
investigations, wilh special enphasis on the paleotectonic
environment. lt will not always be possible to separately
reat structures and sedimentology and some of the strati-
graphical results will have ro be already incorporated when
analysing thc structures during the following chapters.

Wc would likc to emphasize rhat we were able to base
our investigations on lhe pioneering work of Jackli l94ll,
Strei f f  [1939, 1962] and Neher [ i , l  Strei f f  et  a l . , l9 '71/19161.
Their excellent work provided an indispensable foundadon
for our investigations. The reader will find it useful to con-
sul t  their  l :25.000 geological  map, including thc explana,
tory booklet lsrciff et al., l97l/19161.

ll. THE SCHAMS NAppEs lN THEIR TEcroNIc FRAME

Before presenting our new sedimenlological and struc
tural data regarding the Schams nappes we find it necessary
to first discuss the posiiion of the Schams nappes within a
la.ger tectonic framewo.k. Howeve.. we could not avoid to
occasionally mention some of our new findings during this
discussion.

proximates the over all azimuth of most of the large scale
fold structures relevant to the section. A notable exceplion
are first phase folds reslricted to the Schams nappes proper
and loo small to be depicted in figure 2- A series of secrions
parallel N0708, based on structure conrour naps including
those of Pfiffner ?r a/. 119901. allowed for projections wilh
variable plunge (l0o 35o). This allowed stacking of tectonic
units under the simplifying assumption that there is no
change in the thickness of tectonic units parallel 10 the pro-
jection direction. No cosmetic alterations werc applied sub,
\equenr ly excepr lor  rhe i ronr or rhe ldmbo ni tpe uhi .h
had 1() be moved further to the norlh by 2 km in respecr
to its position predicted by the contour maps [Pfiffner €t
d/., 19901 in order to achievc a real compatibitity wilh sur

Afler detachment the rootless Schams nappes have been
wrapped around the front of the surerra nappe (figs. I and
2) by a second phase fold (Niemet-Beverin fold). Our struc-
tural data suggest lhat the axial plane of rhe Beverin fold
Uackl i ,  19411 corresponds lo .he Niemei phase axial  t race
mapped out wilhin the suretra basement by Milnes and
Schn'r lz t19781. As wi l l  be shown later th is fo ld of  im-
pressive dimensions is a D2 structure and posdates rhe Dl
decollement of the Schams nappes. Nappe refolding was
already envisaged in earlier work of Staub [1958]. Streiff
t1939, 19621 and Mi lnes and Schmutz [1978].  Parts of  the
Schams nappes came to lie above rhe axial rrace of rhe
Nielnel-Beverin fold and they will be referred to as the easr-
Schams nappes since they largely oulcrop in the easre.n
Schams area, due to the general east directed plunge of all
structural units in the area depicled in figure 1. Likewise,
tbe Schams nappes below lhis axial trace will be referred
to as the west-Schams nappes.

Structural a.d stratigraphic argume.ts indicate thar ihe
E Schams nappes in the Avers valley cannot be rraced
lurther to the south and into the Margna nappe in the hang
ingwall of the Surera nappe. Likewise. the W Schams
nappes cannot be followed into the Spliigen "synclinal"
zone between Suretta and Tambo naDDes. No t.aces of rhem
have yet been found in the Misox "iy;clinal" zone between
Adula and Tambo nappes either. However, the lithological
affinities between the Areua "Biind.e.schiefer" (turnins out
to lzrgely consrsr of  ser i ( i rc marble\ .  brerrras anJ quan
/ i rc\)  . t  rhe l ronr of  rhe Tdmbo ndDDe and Schams ledi-
menls are so close rhat the Schams nappes can be safely
traced all alo.g the front of the Tarnbo riappe as indicaleil
in f igures I  and 2 tMayerat ,  19891. Cansser t l937l  a l ready
suggested such a l ink.

2) The Schans di lenma

l) The Schams napp€s and their position within a N-S This complicated relationship between Schams nappes
profile and surrounding units lead to the so-called Schams dilemma

lTrnmpy and Haccard, 1969i Trtimpy, 19801 which has con-
For Ihe purpose ofgraphically illustraring the very com- siderable conseqoences fo. both paleogeographical and

plex spatial relalionships discussed in this chapler a N S kinematic reconstructions- If the Schams nappes have to be
vertical section (fig.2) has been construcrcd parallel to grid '!ooted" in the hang;ngwlll ot rhe Surerra basemenr tsotu-
li.e 755 of the lopographic map of Switzerland. This sec- tion "supra") all the Penninic basement nappes of eastern
tion closely coincides wilh the NFP 20 East seismic reflec- Switzerland would be in an exrernal position with .esDect
tion profile [Pfiffner €r d/., 1988]. All major lec.onic to the Schnms platform sedlmenls which would rhus deJine
boundaries have been projecred up and down plunge and the northem continental margin adjacent to the Liguria-Pie-
slriclly parallel 10 a direction N070 E. This direclion ap mont oceanic crust (Platta recronic unir). The Avers Biind-
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THE SCIiAMS NAPPES AND THE PENNINIC ZONE 261

ncrschicfcr structurally between Suretta and E Schams
nappes would also be of N-Penninic origin unless one pos-
tulales rhe famous backfolding geornetry in the slrucrurally
higher parts of the Suretla nappe (fig. 2) as due 10 an early
phase of top to the south transpo.t as suggested by Milnes
and Schmutz 119781. However. our new data preclude such

Streiff [1962] proposes to root the Schams nappes below
the Suretta nappe (solution 'infra") and, additionally, he
structurally connects the sediments of the Schams nappes
wilh other plalform sedimenls now further 1l) the norlh
(Falknis-Sulzfluh nappes). This conneclion belween Schams
and Falknis Sulzfluh unils asks for an addilional S-closing.
but severely disrupted hinge above the Avers Biindner-
schiefer. resoonsible for and identical with the southern teF
minalion of the E-Schams naDDes. The earlier mentioned
Niemet,Beverin fold, rogerher tiih the S closing fold ar lhe
southern lerminalion oi the E-Schams naDDes define a Z-
shaped megafold (looking cast) of enorm;us dimensions
wirh top to the S-backfolding and backthrusting reslricled
to the short middle limb (E-Schams nappes). Thus this so-
lution "infra" poslulates refolding of initially lower struc-
rural elements (W-Schams) in.o a struclurally higher
Dosition (E-Schams) around the Niemet Beverin fold. Re
atoring the original nappe pile before this large scale.e
folding leads lo a situation whereby the Suretta basement
and its autochthonous covcr now forming the backfolds
above the Niemet-Beverin axial lrace are structurally below
the Avers Biindnerschiefer while the Schams naDDes will
bc iound in a \ r ruLlural  posir ion below the Suiar ld dnd
Tanbo nappes. The paleogeographic consequence of restor-
ing the original nappe pile according to the solulion "infra"
is thar the Suretta and Tanbo basemcnt and. additionally,
the Avers Biindnerschiefer would be of more internal origin
in respect to the Schams nappes. Of course this paleogeo
graphic deduction is subjec. to .he validity of a "normal"
siacking order during early nappc formation-

The contacts with all surrounding tectonic elemcnts are
strictly tectonic- The Schams nappes are allochthonous wilh
respect to both Tambo and Su.etta basement cores and their
occasionally preserved Mesozoic cover ("Mesozoic cover
of Pe..inic bascment nappes" in figure l). Their conucls
wilh the other Penninic sedimentary units to the oortb are
marked by extremely thin ophiolitc bearing melange zones
(units 3d & e in figure l. thickness exaggeraied in both
figures I and 2). Because these m6lange zones play a c.u
cial role for both slructural and paleogeographic reconstruc-
tions and because they will not be discussed in detail wilhin
the following chapters a closer look at their structural posi-
tion and their lithological composilions will now be given
in the following section.

3) M6lange zones in tectonic contact with the Schams
nappes

The Areua-Bruschghom m6lange zone (3d in fig. l)
delimirs a tectonic conlacl with the N-Penninic Biindner-
schiefer and flysch in the footwall of the W-Schams nappes.
This m6lange has a characteristic association of lithologiesi

serpentinitcs! meta basalts. quartzo-feldspatic gneisses aDd
mylonites, Triassic sediments. Triassic sediments and
gneisses have strong affinities to similar lithologies in the
Tambo and Sureua basement. and various sediments also
found in the Schams nappes.

The Martegnas m6lange zone (3e in fig. 1) delimiB the
tectonic contact of the E-schams naDDes wirh lhe N Pen
ninic Terriary flysch found in rhe hangingwall: the so-calle{t
Arblatsch Flysch. where Eocene fossils were found by Zie,
gler t19561 and Eiermann t l988l .  This m6lange contains a
large va.iety of oceanic Iithologies which are lithologically
undistinsuishable f.om those found in the Plaua unit (la
in fig. 1) which occurs in a slructurally higher position.
These lithologies include serpentinites. gabbros, pillow
lavas, radiolarian cherrs and pelagic limestones. Thus they
undoubtcdly rep.esent fragments of oceanic crusl and sedi-
ments. Since dese oceanic lirhologies nerely indicate the
offscraping of flakes of oceani€ material ii is questionable
thal their identical composilion within Platta and Martegnas
m6lange zones is a sufficient condilion for postulaling a
direct paleogeographical and tectonic conneclion between
these two m€lange zones. ln fact, the non-oceanic elements
within the Martegnas n6lange zone have very slrong af-
finities 10 the Sure(a and Tambo basement a.d to sediments
also found in $e Schams nappes (T.iassic quartzites and
dolomites, Jurassic ? marbles and breccias which locally
conlain basement boulders characrcristic for the Vizan brec
cia to be described in detail in a later chapter), while the
same non oceanic constituents are absent in m6lanae zones
ol  rhe Plz l r r  unrr  ' lhere rhe non-ocednic ma'e ' ia l  LJmp' i \cs
I;rhologies of Austroalpine affinity.

Thi \  d i l l t ren(e in composi t ion uf  lhe non o.cani .  con\
titucnts of the m6lange and, additionally. the presence of
Tertiary flysch between Martegnas and Platta units. sug-
gests a paleogeographically and structurally differe.t posj-
tion for Ma.teBnas and Platta unils in spiae of the similar
oceanic lithologies. These two units were only brought into
relativcly close spatial contact during Tertiary deformation.

Such a view is supported by our new structural data (pre-
sented in some detail in a later chapler) suggesting that the
Marlegnas m6lange connects with the Areua Bruschghorn
m€lange around the Niemel-Beverin fold. The Areua
Bruschghorn mdlange can be further traced into lhe Misox
"synclinal" zonc (3b in fig. l), together with other ophio-
litic lithologies wrapped around thc front of the Adula
nappe (3c in fig. l) tNabholz. 1945t Dierrich et dl., t9141.
Furlher to the soulh these ophiol;re bearins units (3b,e in
fig. l) come to lie into a slruclural posilion in the footwall
of the Tambo nappe. together with lhe Chiavenna Ophiolite
(3a in f ig.  1)  tschmutz,  19761.

The axial trace of the NiemeGBeverin fold. refoldinp the
5ch!m{ nrppei  Iogerher $r lh lhe ophiol i re-bea' ing Aieue
Bruschghorn and Martegnas m6lange zones can be traced
further to ihe north where a N-closing but S-facing fold
affecls the N-Penninic Biindne.schiefer and Tertiarv flvsch.
including d characrer i . r ic  .onBlomerarc uecr ing t6rmir ion
(N marsin of profile in fig. 2) described by Jeckli ll94ll.
The Tertiary Arblatsch Flysch, together with a small slice
of Crelaceous flysch [Ziegler, 1956] thus connects with rhe

Mln Sa.. giol Fr., 1990. a" 156. M;n 5..
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ments. Suturing of this ophiolite zone witb the Austroalpine
unils occurred already in the Cretaceous tDeutsch, 19831
and due to w'directed thrusting [Ring "r 

dl., 1988]. How-
ever, the presence of the Tertiary Arblatsch Flysch below
that suture indicates reworking of the same suture during
the Tertiary when the transp;n changed into northerli
directions [Ring et al., 19881. The disrance berween the
soulhemmost occurrence of Tertiary sediments in the cross
section of figure 2 and the front of the nonhern calcareous

Fc.:1. a) Sthtigraphy or rhe Schams units. b) Sketch of rhe paleo8eosFpiy durins rhe late Jurassi. epoch. c) Position oi turure Alpihc d€rmhnenr
hoizons. d) Schematic crc$ section through the Schans nappes.

main body of N-Penninic sediments around the Niemet
Beverin fold.

4) The tectonic units in the hangingwall of rhe
Schams nappes

The Platta and Arosa Ophiolite units (la & lb in fis. 1)
torm a continuous zone in the hanging-wall of the N Pen
ninic sediments and the Schams-Sulzfluh platform sedi-
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SCHAMS NAPPES ANDAlps (Upper Austroalpine) amounts to over 50 km and
gives a minimum eslirnate for the amount of Tertiary thrust'

'nc
Whereas the Platta unil can be lraced further to the soulh

and into ihe hangingwall of the Margna nappe thcre is yet
a.other ophiolite bcaring unil in lhe foolwall of ihe Margna
nappe: (he Malenco serpentinite body, structurally above lhe
Sureua nappe and generally accepaed to be of S-Penninic
origin. ln fact. lhe Malenco serpcntinite forms the largest
ultramafic body of the Alps (2a in fig. l). This ophiolitic
unit can be lraced ihrough the Forno series [Peretti, 19851
and in io the Lizun Ophiol i les (2b in f ig.  l ) .  The lat ter  are
in direct tectonic contact with the Avers Bnndnerschicfer
cornplex which also contains ophiol i t ic  s l ivers.  Such a con
nection argues for a S-Penninic origin of thcsc Avers Biind
nerschiefer and is in agrecment wilh the sam€ deduction
made fiom assumin8 rhe solution "infra" ot the Schams
di lenma ro be val id.

Contrary to some of the earlier inlerprctalions the
Margna nappe represents an Auslroalpine element. This is
suggested by the facies of the Margna cover rocks and the
fact that all najor defonnalions are of Cretaceous age
lMontrasio and Trommsdorf. 1983; Liniger and Guntli.
19881. Thus. a Tert iary age fbr a possible lectonic dupl '
calion by backthrusiing of the ophiolite zone I above ophi
olite zone 2 (fig. l) can be ruled out. The southern
continuarion of the Tertiary thrust bringing the Platta unit
over ihe Arblatsch Flysch musr be looked for sornewhere
between the Lizun Ophiolites and the Suretta nappe, but
no data are avai lable yet .  I t  is  a lso nol  c lear yet  i f  th is
duplication into lwo ophiolile-bearing unils above and
below the Margna nappe (la and 2a i. fig. 1) is due to
Cretaceous backthrusting lliniger and Guntli, 19881 or to
a primary paleogeographical configuralion wirh rhe Margna
uni i  forming a microconl inent.

5) Concluding remarks

In view of tbese considerable siructural and iaihological
complexities there is no doubt th{t Ihe simple method used
for many paleogeosraphical reconsruclions. consisting in
assigning a no.e internal origin to teclonically bigher ele-
menrs cannor always be applied. Phenomena such as large
scale refolding of previously emplaced nappe units
(Niemet Beverin fold), backthrusting of the Schams nappes
over the Suretta nappe and Tertiary .eactivation of lhe
Cretaceous suture belween Auslroalpine unils and Platla
unit obviously seriously affcct the original nappe pile. How-
ever, we do not share the recently p.oposed "nihilistic"
approach. suggesting that the present day position of ophio-
lilic units is absolutely meaningless for paleogeographic re-
constructions due to chaotic mixing wilhin a huge
accretionary wedge tPolino et al., 19901.

The foltowing chapter adresses the structures within rhc
Schams nappes and sur.ounding units more closely and will
provide constraints for the kinemalic evolulion- Another
aim of the following delailed slrucrural analysis is the
restauration of the paleogeographical conliguralion within
the Schams area and sunounding units. allowing a discus-
sion of paleoteclonics and associated sedimentological

IlI. STRUCTURES wrrHrN THE
AD]ACI]N1' l'EC]'ONIC L]NITS

l) 'lhe €ffect of the three main Dhases of deformation
r€corded in the Schams area

The metamorpbosed sediments (lower greenschist facies)
of (he Schams nappes have undersonc a polyphase Alpine
deformation bisto.y. which is superimposed on an already
comDlicated Daleotectonic evolution. For an extensive dis-
cussion of rha paleogeography the reader is rcfcrred to later
chaplers. At this slage it will only be noled that, based on
str.ttigraphic evidencc, two Jurassic paleogeographic
domains can be diff€rentiaied (fig. 3b shows a simplified
section lhrough these domains). The Tschera-Kalkberg unit
represents a platform sequence, whereas the Gelbhorn unit
represents the proximal and distal part of a sedimentary
basin. The paleogeography detemined to a largc cxtent the
future position of detachments, which developed during
early slages of Alpine deformation.

Overprinting relationships allow us to clearly distinguish
th.cc Alpine deformation phases within the Schams nappes.
The relative deformalion events are numbered with .cspect
to the deibrmation history of the Schams nappes and refer
lo Alpine defoimation only. Unravelling the slruclurcs is
esse.tial for a cor.ect interp.etation of the stratigraphical
and sedimentological data. A structural study of lhe Schams
nappes must also consider the deformation in the surround-
ing basement nappes, Bnndnerschiefer and flysch units.
which can. in Darl. be correlated with rhose in the Schams
nappes. The geomerrical analysis of tbe structures also puts
constraints on the kinematic evolution. Three parallel
\N\ -SSF orenred \ef l rcJl  . ,ecuons were connrucred ro i l -
lusrate the geonelry (fig. 5).

The second phase N-closing Bever in fo ld,  wi th a s l ight ly
E to SE dipping axial plane and a l0-20 degrees E plunging
fbld axis, wraps the Schams nappes around ihe flaGlying
Suretta and Tambo nappes (fig. 2). Both nappes consist of
n pre-Alpine basemenl core, made up of ortho and para
gneisses. envcloped by Mesozoic sediments. The Niemet
phase axial trace wilhin the Surena nappe [Milnes and
Schmutz, 19781 codelates with the axial trace of the Be-
ver in fo ld ( f igs.4 & 5).  As menl ioned before we make a
distinction bctwcen lhosc parts of the Schans .appes that
lie above the NierneGBeverin axial lrace (easl Schams
nappes) and those parrs that lie below (west-Schams
nappeJ ro al los ior  d berter sLrucLural  de{cr ipr ion.

The second phase Nienet-Beverin fold overprints isocli
nal folds and thrust contacB, which developed during a first
deformation phase as the Schams sediments were detached
from their basemenl- The incompetent Triassic evaporitic
sediments (Carnian corsneule) act as rhe principal decou-
pling horizon for rhe Gelbhorn unit. In case of the Kalk-
berg'Tschera unil detachmenl also takes place .ear rhe
inrerface bctween Middlc Triassic carbonates and Triassic
qrartzites. In those places where the Carnian evaporite hori
zon was eroded during the Jurassic. Alpine detachment oc-
cuffed along other horizons and locally basemenl rocks
together witb (? Permo) Triassic quartzites are sheared off
from thcir substratum (fig. 3c) Istreifi 19391. Du.ing the
first deformalion phase the now allochthonous Schams sedi-
menls were slacked in a pile of fold and thrun nappcs.

Min. S.t. t:a.t. etis:e, 1990, no li vrl. r,?... S,.. C?.1. tt., 1990, na LMin 5.. Ni.l F,:, 1990. n" l56i
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Frc. 4. - a) Schcmalic tcctonic nap or rbc s.hams .appes and xdjacent Fctonic units. b) Azimurh or Fl srlcrural flcina direcrions. For ! dhcussion
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A large-scale firsl phase fold nappe essentially comp.ises
the Celbhorn unit. Ac.oss the fold hingc a rapid Jurassic
facies change takes place, from a thick se.ies of proxinal
breccias on one 

'imb 
(Gelbhorn unil 1a) to thin distal

Iurbidites and hemiDelasic sediments on the other limb
(Gelbhorn unit lb). Witliin the Gelbhom unir strarigraphic
repetitions are comnon. especially in the Upper Jurassic
and Cretaceous sedimenls. lsociinal Fl folding bas olten
ro be inferred from changes in younging directions which
systematically chaoge between units la and lb with lhe
Carnian evaporites in between. Due to the exlremely isocli-
nal nature of lhe Fl folds actual hinses are difficnll to de
tect, but their observation was crucial for the discussion of
faciDg directions in regard 10 F1 folding. Certain repetilions
might also be due to inrcrnal thrusting.

The Jurassic platform domain (Tschera-Kalkberg unil) is
pardtioned into 3 lectonic subuoits (fig. 3c) due to the first
Dhase AlDine deformation. The Tschera subunit consisls of
ilpper Triassic to Creraceous sediments and generally lacks
the Middle Triassic carbonares. The lader form a subunit
of rheir ow. (Kalkbe.s subunit 2b), often inrimalely asso-
cialed with basement slivers similar to the geographically
nearby Rofna Gneiss of the Su.elta nappc or the far away
Truzzo cneiss of the Tambo nappe lculson, 19731. Fin{lly
the Weissberg subunil 2c consisls of the enlire Middle-
Triassic !o Cretaceous sedimenlary pile. This subunil is
of ten s l iced into a tectonic m6lange IPaul i ,  19881. contain
ing ophioliric elements.

The wesl-Schams nappes consist fiom bottom to top of
firstly a Fl fold nappe, generally conprising Gelbhorn unit
lb in;rs lower overturned l imb and Gelbhorn uni l  la in
the upper normal limb, and secondly the rcclonic sub-unils
of the Tschera-Kalkberg domain. Due to intensive post-
nappe folding of fie Tschera-Kalkberg subunits 2a. 2b &
2c it is difficult to discriminate their original individual tcc
lonic position. Subunit 2c seems to occupy the highest tec-
ronic position. The easl-Schams nappes, however, show thc
reverse order from bottom to top (fis. 3d).

The youngest phase D3 shows a regionally consistent
NNW fold and cleavage vergence. The F3 fold wavelengrhs
vary in scale from millimetres lo seve.al hundred metcrs
with steep SE dipping axial planes and ENE plunging fold
axes. D3 does not only affect the Schams nappes, but all
the surrounding tectonic units, including the basal thrust of
the Austroalpine nappes (fig. 2). This phase can be corre-
lated with rhe Domleschg phase [Pfiffner, 1977] furlher
nortb, which probably is of Miocene age. Since this phase
does not significantly alter the large scale geometry sccn
in figure 2 it is of minor tectonic significance.

The Schams dilemma queslions whether the stack of the
presenl day west-schams nappe sequence represents the
oiginal D1 nappe configuration (solution 'infra") or, aher
natively, whether the east-Schams nappe sequence depicts
the D1 siluation Golution "sup.a") before the developmenl
of the second phase Niemer-Beverin fold.

Associated wirh Dl is fie development of a penetrative
schistosity and a stretchins linearion {fig. 4a). which trends
approximately NNW-SSE in bolh east- and west-Schams
nappes (i.e. above md below the F2 Niemet-Beverin axial
trace). The analysis of the Fl structural facjng directions
(f ig.4a).  i .e.  younging direct ion projccred normal to f ie

fold axis and ly ing wi th in the axial  p lane. provides us wi lh
kinemalic constraints. In lhe wesl Schams nappcs the Fl
facing directions vary between SW and Nw' whe.eas in the
eas.Schams nappes (hey moslly iie between SSE and NE
(f is.4b).

In regions of high Dl slrnin Fl fold axes rotate toward
the NNW SSE trending Ll  srretching l ineat ion and their
facing directions are SW to WNW for the wesl-Schams
nappes and ENE to NE for the easFschams nappes. The
reason for this change in facing direction between west-
and easl Schams nappes is the fact that apart from the
Niernel-Beverin fold hinge region, where F2 fold axes trend
approximatcly E W, most F2 fold axes on both limbs de
viarc from this orientaiion and trend subparallel lo lhe Ll
strelching lineation. ln such cases coaxial refolding around
approximately NW-SE axes produces the switch in Fl

Howeve..  in compelenl  l i thologies or areas of  re lat ively
low Dl strain Fl fold axes generauy do not rorare roward
the stretching lineation, but remain more or less perpendi-
cular. Then the Fl facing direction is NW to NNW in fie
west Schams nappes and SSE to SE in the east-Schams
nappes (if Fl and F2 axes nre subparallel). An example of
such a s i l ra l ion is shown in the inset of  prof i lc  2 ( f ig.  5) ,
where a F1 fold in the Gelbhorn unit is coaxially folded
by the F2 Niemel-Beverin phase.

Thus lhe analysis of these Fl structural facing directions
suggests that lwo possible scenarios rernain, assuning Dl
lransport of the Schams nappes parallel to the Ll st.etchi.g
lineaiion and perpendicular lo F1 fold closures in competenr
lithologies or areas of low Dl strain.

d) A solution 'suprd : the Dl movcment direction is
ioward SE to SSE in the hanging-wall of the Surelta nappe
and Avers Btindnerschiefer (as proposed by Milnes and
Schmutz n9781, based on structural analysis of ihe Sureita
nappc complcx). F2 folding of the Schams nappes changes
ihe Fl facing to NW ro NNW on the lower Niemet-Beverin
limb (west Schams nappes).

b) A soluti'rn 'i,{ta' r movernenl during Dl is toward
NW to NNW in the lootwnll of the Suretta and Tambo
nappes. Back-folding and back-thrusting during D2 causes
the invercion of the Fl facing to SE to SSE on the upper
limb of the Niemet-Beverin fold (easl-Schams nappes).

Notc that  thc solut ion 'sup.a" impl ies SE to SSE directed
movements during the first Alpine deformation phase re-
cognized in the area- Although backthrusring is widesp.ead
in many pans of the Alps it is usually associaled with larer
po.r-col l i . iondl  event.  uhich posrddte rhe main nappe em
placeme.t. Additionally, the solution "supra" would imply
thar almost rhe ent i rc volume of  the N,Penninic Bi indner-
schiefer and Flysch, now situaled norrh of the Schams area
(commonly assigned ro the Valais belt) would only come
to lic into the fottwall of the Schams nappes (commonly
accepted to represent the BrianEonnais) during F2. The Fl
nappe pile would then have sediments of the Valais bell in
a structurally higher. i.e- more internal posilion with respecl
to the B. ianqonnais,  a s i tuat ion which completely contra-
dicls findings in western Switzerland.
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However, although .he solution "supra" appears unlikely
it is still a possible solution in principle. Primary S-directed
lransport cannot be excluded a priori and large scale cy-
lindristic cofelations between eastern and western Switz-
erland across rhe Lepontine dome are extremely dangerous.
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2) Arguments in favour of a solution "infra" of the
Schams dilemma

In view of the .enaining uncerlainties the following se-
ries of additional arguments in favour of solution "infra"
is provided.
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Fro. 5. Three prallel NNW-SSE orienred vertical seclions througt lhe Scnams noppcs. For locarion of rhe lections see fiAure 4.
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a) Basement slivers within the Schams nappes show
great petrographic similarities to orthogneisses of the
Suretta and Tambo nappes. Detachment from the upper parl
of the Suretta nappe (above the F2 axial plane) is nol
possible, because of the presence of the autochthonous
Triassic cover rocks in the north and the Avers Biindner-
schiefer in the souih.

b) Another argument againsi the solution "supra" is
based on the structural analysis of the Areua-Bruschghorn
m6lange. This m6lange separates the west Schams nappes
in the hanging-wall from Biindnerschiefer and Flysch sedi-
ments in the footwall, including a conglomerate-bearing
unit (fig. 2) at the base of the flysch [Jackli, l94l; Slreiff
et al., l9'7tll9'761. The m6lanse is isoclinally folded by pa-
rasitic folds of fie second phase Nienet Beverin phase
(profile I in fig. 5) and. therefore, the superposition of
w€st-Schams nappes on the N-Penninic sedimenls must
have originated during Dl. In case of a solution "supra"
with SE to SSE directed D1 movement- the Biindnerschiefer
and Flysch sediments would occupy a pre-D2 position in
the hanging wall of the Suretta and Schams nappes. Due
to the D2 Niemet-Beverin folding the Biindnerschiefer and

Flysch sediments would become inverted in the present-day
footwall of ihe wesrSchams nappes. However, observations
by Jackli 09411 indicate a normal way up of this sequence.

c) The crystalline basement and Permotriassic autoch-
thonous cover in the upper part of ihe Surerta nappe. as
well as the Avers Biindnerschiefe. are isoclinally folded
tFenera phase of Milnes and Schmutz, 19781. A penetrarive
schisbsny in the Rofna Orthogneiss is axial planar to the
Ferrera folds and is thought to be contemporaneous with
the first phase penetrative folialion in the Schams nappes
(Dl). The basal thrust of the easCschams nappes is not af-
fected by the Fefera phase and clea.ly postdates it (pro-
f i le 3 in f ig.5).  The D2 Niemel-Bever in phase. which
overprinrs the Ferrera phase (Dl) and produces rhe cha-
racteristic S vergena back-fold geometry in rhe upper part
of the Sureua nappe, must be contemporaneous with rhe
back-thrusting of the east-Schams nappes on top of Suretta
nappe and Avers Bijndnerschiefer.

d) Kinematic indicators. such as shear bands and asym-
meniL porphyrocla\ ls occur only in rhe uoDer l imb o[  lhe
t ' f iemer:eeieirn dxial  Dlane. Th;\  , re asr 'ocialed $, lh rhe
D2 defornation and sirow predoininantly a top ro lhe SE
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movement in ihe Martegnas zone. east-Scharns nappes and
Avers Biindnerschiefer and support tbe concept of back
flow (i.e- back folding and back,thrusting) during D2. Ir is
important to noae ahat bolh east Schams nappes and Avers
Biindnerschiefer. which were noi in conlacr before D2. in-
dicate this SE movement.

e) Isolated slivers of basement ard Triassic cover rocks
occur amidsr the Avers Biindnerschiefer. The petrographic
composition of ahe basemenl slivers is identical 10 the
Rofna Gneiss. One of these slivers (profile 3b in fig. 5) is
situated S of the most southernly occurrence of Rofna
Gneiss within the Suretta nappe and indicates a relative dis,
placement to the south due to backthrusling.

f) Structural analysis of the south end ofthe east-Schams
nappes [Pauli, 1988]. indicales that the Schams nappes do
not continue further south but are folded bv a S closins
\econd phase lo ld r inser in prof i le Jb ol  l ig._<, Thereror i
a conneclion, albeit severely disrupted, with the Falkn's
Sulzfluh elements much further north is possible. as already
proposed by Streiff 09621. The southern end of the east-
Schams nappes is €lose 1o ihe overlyins S Penninic Platta
and Austroalpine units. which show a northward movement
direction during the Terliary [Ring er a/., 1988j. Shear
bands with top to NNW movements are observed al Ihe
southern lermination of the east Schams naDoes and are
lhoughl  lo be reldted lo Lhis no. lhward mo!emenr A. ui l l
be argued in a later chapter these NNW movemenl direc-
tions are rhought to be more or less coeval and by no means
in contradiction with the backfolding and backthrusling

We thus firmly conclude thal the solotion "infra" with
NW to NNw Dl nappe transport followed by backfolding
and backthrusting during D2 above 

'he 
Niemer Beverin

axial race offe6 the mosl Dlausible intemreLation of the
present day geometry of the Schams nappei and sunound-

3) Concluding rema.ks

Summarizing. we can conclude from the structural data
that top to the NW-NNW thrusting and folding with SW
to NNW facing directions tates place during a fifst Alpine
deformation event as the Schams sediments are delached
from their basement. Associated with this deformatron event
is the development of a penetrative schislosity and a gene
rally NNW SSE trendinS stretching lineation. The presenl-
day wesl-Scharns nappe sequence represents the original
prc-D2 slack of fold and thrust nappes (solulion "infra").
Therefore. going from approximalely north to sooth, the dis-
tal sediments of Gelbhorn unit lb represent the most ex
ternal unit, followed by the proximal sediments of Gelbhorn
unit la, followed by tbe Tschera-Kalkberg unit, with the
Weissberg unil 2c occupying the most i.ternal. southem.
position (fig. 3b). The Martegnas m€lange (3e in fig. l) is
folded around the Niemet Beverin fold and corresponds 10
the Areua-Bruschghom m6lange (3d in fis. l) in the fooF
lwall of the west-Schams nappes- The m6lange is thought
ro have formed during the detachment of |he Schans sedi
ments from its substratum durins the first deformalion
phase. This would place lhe rocks ;onstituting the ndlanse
in an original exlemal position in respect to the schans

Large-scale backflow during D2 produces a huge N-clos-
ing recumbent fold wilh elements of the Schams nappes on
both limbs. Martegnas m6lange and Arblalsch Flyscti sedi-
ments (N Penninic Tertiary Flysch. fig. I & 2) are now
brought in the hanging-wall of the Schams nappes and the
Avers Biindne.schiefer

A laqr derormal ion phdse. producing Nu-NNW \ergenl
lb lds wirh {reep S ro SL dipping arral  p lanes rs ot  minol

IV STRATIGRAPHY AND SEDIMENToLoGY oF TIIE
ScH MS NAPPES

A first seclion will briefly dcscribe the completc sedi
menlary record found in ihe Scharns nappes and summarizc
the basin evolution. Two subsequent chaprers are devoted
to the detailed discussion of tbe breccias found in celbhorn
subunit la. ln contrasl to Ihe other, more finegrained sedi-
ments depositional geometries can still be observed in rhe
Vizan Breccia Formation. This formation plays a key role
in the understanding of the paleotectonic environment dis
cussed in a concluding section.

Since the sediments are very strongly deformed and
metamorphosed under lower areenschist facies conditions
the nature of the protoliths is somedmes interpretative. In
the following we will use an inferred or observed sedi
mentological nomenclarure and we will only additionally
indicate metamorphic aspects if there are substanrial diffe-
rences between original and melamorphic lithology.

l) Basin evolution of th€ Schams paleogeographical

Detailed slratigraphical and sedimenloloSical investi-
gations, combined with the struclural analysis outlined in
the previous chapler, demonsrrale thar the now tectonically
separatcd subunits within the Schams nappes once formed
a single coherent paleogeosraphical realm. On the one hand
this middle Penninic realrn exhibits phases of discrete
paleogeographical and paleotectonic differe.tiation resulr-
ing in contrasting sedimentary record found wirhin ihe
different subunils. On the other hand there are iransitional
domains and, addi.ionally, certain time periods wiih a si
m'lar sedimenlary rccord common in all lectonic subunits.
supporting the nolion of a cohe.ent Schams paleogeographi-

The Gelbhorn unil represenrs a region which durinS the
Mesozoic evolved into a basin which was to be filled
mainl) .by resedimenrs.  includrng bre(Lias _A p'o\rmal pdf l
nr  rhe basrn wrth corr{e c la. | |c.  cof iespond{ ro the tecloni(
subunil la, whereas a distal finer claslic pa corresponds
10 subunit lb (fig. 3a and b). Borh subunils of rhe Gelbhorn
unit are linked loge.her by hrge scale F1 hinge zones which
preferentially formed at the distal terminarion of thick brec-
cia fans, hence at the transilion lrom la to lb (fig_ 3c).
Since decollement occurred wilhin the Carnian evaporites
ihe Lower and Middle Triassic subsrratum was generally
leI I  behrnd dur ing Dl  fu ld ing and rhrust ing.  In \ubunrr  Id
rhis decol lemenr ho' i /on i ,  local l )  misr;ng due ro Jurassic
erosion. As a resull Lower and Middle Triassic carbonares
and/or basement slivers. Iilhologically identical ro the same

ltt'nt S.r !i.r. Fr. 1990, n' 156: n-r'1, Sr.. !1r1. rri$u, 1990, n" 1i yrl rpc.. Sr. C'r1. /r, 1990, no I
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fornations found in unil 2 (Tschera-Kalkberg). have also

The Tschera-Kalkberg unit comprises a sedimenlary
sequence of ptatform carbonares. The individualizalion into
ihe three tectonic subunits (fi9.3c) is controlled by the pre-
sence of Upper Triassic evaporites which often have been
removed by erosion durins the Jurassic (fis. 3b).

The evolution of the Schams paleogeographic realm can
be divided into four episodes (fig. 3a)r A: ea.ly stages of
moderate subsidence and rifting (Permian late Liassic);
Bi the main rifting and/or transcurrent faolling stage (late
Liassic - early Cretaceous)t C: the convergence stage (Mid-
Cretaceous); and D: the collision stage (late Crelaceous ?
and/or Tertiary ?). These stages cannot always be separated
clearly in the rock record, but they roughly represent dis-
crete stages during basin evolution.

A: earl! stages of subsidence and moderdte rifting

The sediments, documenling the early slage of moderale
rifting, have been partly removed by Jurassic erosion. partly
they were left behind during detachment. Where preserved
they exhibit comnon characteristics in all the Schams units

A thick (max.600 m) Lower to Middle Tr iassic car
bonate platforrn evolved above an older weathered surface
of porphyritic igneous rocks (so-called "Taspinit". lithologi-
cally ;dentical to parts of the "Rofna Gneiss" of the Suretla
nappe). Lirnestones and dolomites allernate and intercala-
tions of volcanic tuffs are characteristic. Fossils date these
sediments as Anisian and Ladioian [Neher, t,? Streiff €r a/.,
19761. At least parts of this Middle Triassic sequence are
always preserved within the Tschera-Kalkberg unit, either
as a separate tectonic subunit (2b, Kalkberg) or in slrati-
graphic contacr wirh younger sediments (2c, Weissberg).

Above the evaporites of Carnian age yellow Upper Trias
sic dolomites exhibit a "Carpathic" facies (reduced lhick-
ness with intercalations of clay horizons, differing from the
very thick Haupldolomile fomation characteristic for the
Austroalpine facies). The age of these two sequences is in-
ferred from their idenlical stratigraphic position when com-
pared to other Middle or North Penninic domarns.

The Liassic linestones of rhe Gelbhorn unit consist of
echinodermal and spiculitic limcstones and represcnt a con
linuous transition from neritic 10 open marine hemipelagic
co.ditions. Ammonites indicate their minimum age as late
Liassic Uackl i ,  I94I I .  Within the Tschera Kalkberg uni t  the
Lias. ic .ecr ion is general ly missing. Hosever.  in some
places a dark belemnite-bearing limestone horizon, similar
to the Liassic section of the Gelbhorn unit, is found beiween
Upper Triassic dolomites and white marbles (Malm). There-
fore the absence of the Liassic limestones in thc Tschcra
Kalkberg unit is not due to .o.deposition bul to erosional
processes during the following srage B.

The evolut ion dur ing th is stage (A) is str ik ingly s imi lar
to tha. of the Prealps in western Switzertand (Brianronnais).
Slow subsidence is possibly associated with moderate early
.ifting.

B: the main ftins and/or transcunent faulting stage

During the main rifting stage Iwo distinctly different
paleoleclonic environments evolved within the Schams
realm: a basin (today preserved in the Celbhorn unit) is
.ather abruptly separated from a platform (Tschera-Kalk-
berg unit). The kinernalic inversion of the complex defor-
malion hislory allows the reconst clion as descr;bed below.
and going from N to S.

In the Gelbhorn subunit lb the Liassic limestones are
first overlain by shales and marls which contain intercala-
tions of rhin bedded breccias and sands, representing rhe
distal paris of turbidites shed to the north and away from
Celbhorn subunit la. This formation is virtuallv undistin
gur ihable f rom parts ol  rhe \ -Penninic Birnd;er"chierer.
This formation (mapped as Nisellas series by Streiff zr a1.
tl976l) is followed by inpure, slightly marly limestones

The coeval section within the Gelbhorn subunit la con-
sists of basement bearing resediments. predominantly in the
forn of breccias (Vizan Breccias). which will be discussed
in more detail in a later chapter. It is important to empha
size that the sedimentary st.uctures of lhese resediments
will give us the main arguments for the reconst.uction of
the paleotectonic seliing during this stage.

W'rhin rhe l "chera Kalkberg uni t  a sequence oi  p lar torm
ca.bonates is found. ln subunit 2a (Tschera) massive pure
lirnestone (white narble) is overlain by the similar inpure
lirnestone (sericile narble) found in the Gelbhorn unil.
These sediments are slill undated but transilions and inter
calations indicare that thev were deoosited contern,
poraneously wilh the Vizan Breccia.

In the most intemal platfom (subunit 2c, Weissberg)
breccias locally occur again. However, these breccias do
not contain basement clasts and they are paleogeographi
cally completely separated from the Vizan breccias by sub
unit 2a (Kruysse I19671, er.oneously mapped them as Vizan
Breccia). Upwards and laterally they grade into pure lime-
stones (whirc marble), whereas the sericiie marble is mostly
missing. In this mosl inrcmal domain the evaporite horizon
is alwavs missins and Jurassic erosion down to rhe Lower
and Miadle Triassic is common. This deep erosion in sub
unil 2c exhibits a very close affinity to the same silualion
found in the Medianes Rigides of thc P.ealps, the most in-
temal domain of the Brianqonnais in western Switzerland
IBaud and Septfontaine. 19791. Only further ro the north
are the Carnian evaporites preserved and lhis rhen leads to
the individualization into subunits 2a (Tschera) and 2b
(Kalkbers).

Due to the absence of fossils thc age of this episode can
only be bracketed between the Liassic and the infer.ed Mid-
Cretaceous age of the following stage.

C: the convergence stage

The lithology of sediments deposited during this slage
is identical in all the subunits of the Schams nappes. Quarl-
ziles, sandy limeslones and black shales characterize this
sequence. A Middle Cretaceous age is infe.red from the
strong lithological affinities to the co-called "Gault" of the
Falknis nappe tAl lemann, 19571. The sane is also.sug-
gcsted by the chemical analysis of ihe black shales,
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deposited in an anoxic environmenl. The content in o.ganic
carbon is significantly higher than in olher shale or marl
horizons in the Schams nappes and comparable 10 that of
th€ black shales associated with the Falknis "Oault". Anoxic
events are characterislic for the entire Tethvs realm du.in!
rhe Viddle Creraceou. rnd are therelore g 'ood.onelat ion
horizons tJenkyns, 19801

The similar character of the sedimenls of this cpisode
wilhin the entirc Schams area sugSests that the Jurassic re-
lief has been larsely smoothed by erosion and/or sedimen-
lalion. This time period is considercd to mark imponant
changes in the plate motions lDercourl er al., 1986]. Con
vergence between Europe and Apuli^ is indicared by the
onset of collision, deformation and melamorphism in the
eastem Alps lRing er a1., 19881, but no direct evidence for
conversence is indicated for the Schams area.

D: the accletionary andlo. coltision stase

The youngest sedimenls consist of rhin bedded lime-
stones. intercalated with shales. calcareous and siliciclastic
turbidites, and marly lirnestones. These sediments exhibit
a flysch-type appearance and they have been mapped as
"Gelbho.n Flysch" by Streiff el al. 11971/19761. UnfoF
tunately, it is not clear if sedimenlation in the Schams area
continues into the Tertiary (as expected from a close si-
milarity with dated flysch of Tertiary age in rhe Falknis
nappe) due to the lack of fossils.

It is importanl to mention that these sediments lay locally
with an unconformity on the Middle Triassic in the mosl
intemal subunit 2c [Weissbers and Pauli, 1988]. There bi-
carinate Globotruncana tPauli, 19881 date the matrix of
pebbly mudstones as late Crelaceous. Il is possible that this
unconfbrmity documents the onset of rhe firsl orogenic
even.s in the Schams area. This sane subunit 2c also con-
tains ophiolitic slivers within a m6lange found in the neigh-
bourhood of the above mentionned ransgressive contact in
the region of the Avers Weissberg near the S lerminalion
of the E Schams nappes lPauli, 1988]. Both the above mcn
tioned unconformity and the emplaceme.t of the ophiolitic
slivers suggest the onset of accretion and/or collision in the
southemmost subunit 2c.

2) The Vizan Breccia in the vestschans a.ea

The following descriplion of the Muuolta area will give
important constrainls for the recoflsiruclion of the 3 dinen-
sional depositionat geomelry in fte Vzan Breccia Forma-
tion and its relationship with older formations (fis. 6a).

In this region, the Vizan Breccia Formation forms the
normal limb of a large scale Fl fold, remaining nornal
during F2 folding. Hence ihe locality is particularly suited
for deriving Ju.assic depositional geometries.

The VrzJn Breccia formarron dL Muuokd mounlai. (an
be divided into 6 nappable members (fig.6). Figure 7 syn,
thesizes the depositional geometry in a scaled block dia
grarn and also exhibits lithological sequences representalive
for each of these members.

The subdivision in six members is based on sedimentarv
and perrographrcal  cr i ref la.  The bigger paf l  of  Ihe Vr/a;
Breccia Formation (Member 1, 3, 4 & 6) consisls of poorly
graded. mostly gravel sized breccias and well graded sand-

stones. Inlercalations of silty horizons are common. This
kind of sequence is interpreled as a tu.bidite deposition.
Some rare isolated, up to 15 m long blocks (Liassic line
stone) appear in the sequence (Member 3). They indicale
a near escarpment as source region. The non graded rhick
breccia horizons of Member 2 are interpreted as debris
flows. Menber 5 is very chaotic in appearance and shows
all transitional shges from semi-coherent Triassic
sequences to isolaled blocks and finallv into well mixcd
sa;ds. This member is inlerpreted ro rep;eserr one srnsurar
cataslroDhic event. a subma.ine landslide.

Mernbers I 3 exclusively conlain Triassic and Liassic
carbonate c lasts.  Basement c lasts aooear in Membe.4
(< 10"/o) and become important in Member 6 (> 10,/.)
while Member 5 exclusively co.tains Middle Triassic ca.

The deposilional gcometry (fig. 7) of these breccia mem
bers is charactcrized by a basal contacr which is concordant
to the frequently slurnpcd Liassic limeslones in an E W
direction. However. the thickness of the Vizan Breccia
decreases towards the wesl. This change in thickness indi
cates an apparent tilting of the base by some 8. (angle p
in fig. 7) if the turbidites of member 6 are assumed to ap-
proximately represent a former horizontal level.

In a N-S direclion ansula. unconformi.ies are far more
pronounccd. Over a short distance of 600 m the base of
the Vizan Breccia Formalion cuc throush the Liassic and
Upper Triassic sediments. In addilion. younger breccia
members are seen to cut off older breccia members until
rnember 4 forms the stratigraphic blsis of tbe breccias at
the southernmost exposu.es. ln this direction an apparent
tilt of 24o is inferred (angle q in fig. 7).

ln three dimensions the Upper Triassic and Liassic bed
rock appears to have been tiiled by some 25o towards rhe
NNE. ln view of the tectonic flauening in a direcrion per-
pendicular to bedding (Fl schistosity is subparallel to bed,
ding) this angle represenls a minimum eslimate.

The direclion of sediment transport was roughly f.om S
to N as infcrred from three sources of information. Firsrlv
rhe dr\rdl  rerminar ion oi  \ome ol  the lurbrdi les are loun: l
in thc Gelbhor. subunit lb which comes ro lie to the norrh
ot the Muttolta region (Gelbhorn subunir la) a er unfolding
the rnajor Fl closure between these subunits. Secondly, the
few transport indicators (bottom marks. ripples) do at least
not conlradici a transport direction ro the north. Tbirdly.
the contacts between individual breccia rnenbers become
more confornable going from S to N (especially the conract
at the base of member 4) indicatins a transilion from a
sou$erly proximal region characteriz;d by erosion and re-
sedimentation into a more conformablc northerly distal re-
gron.

Conbining lhe evidence for the direction of lilling of
the bedrocks with the inferred direction of sedimenr trans-
port, it appears that th€ bedrock was rilred away from thc
sou'ce dre! .  Such a seomelr \  rs incomDatiblc wi lh lhe c las-
sicr l  s ' ruat ion or a domrnoiype c(re;{ ional  basin,  where
the turbidiles are shcd away from the fauh scarp and un,
conformably onto bedrock dipping towards the fau11, i.c. in
a direction opposite to sediment kansport lEberli, 19871.
A transpressional scenario, as discussed in the final section.
explains the observed geometry much betler.
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F6.6.  r )v ieworrbeMuitol iaar€ainihewesr-schrmsthosingrhevizanBrecciaFomation.h)DrawinArrrerphorograph.displayingtbeseomeric
Rldlion b.r$een rhe d'fieRnr b'eccra members rl or and rhe undirl\rns iormauon".
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3) The Vizan Breccia in the east-Schams area

In the E-Schams area around Piz Tsche.a the lateral
development of the Vizan Breccia Formation can be sludied
over a distance of some 15 km. However the entire
sequcnce of this Gelbhorn subunit la has been inverted
during F2 folding such thal the presenr day No.th corres-
ponds to paleogeographical South.

The present day map picture (fig. 8) clearly demonstrates
that the Vizan Breccia Fo.matio. unconfbrmably overlies
older lruncated bedrock formalions. ln the south, Liassic
bedrocks wilh partly conco.dant contacl 10 the Vizan Brec
cia are preserved. Going 10 the north, the bedrock becomes
progressively older .ill the breccia directly overlies the
crystalline basemenr.

In the stratigraphic profiles, lwo differcnt features are
shown ( f ig.8).  On the r ight  the c lasr abundance. only
differeDriating dolomite. limestone and crystalline rocks,
and on th€ left, the bed typc. Bedtype A, B and C are in-
lerpreled as turbiditcs and bedtype D as debris flow. E-typc
beds show very special characte.istics, like small scaled
lateral and vertical sorling, poor nixing of different clast
lypes and the presence of a very fine,grained marrix. To-
gether with other criteria, like lhe bedform and the
geomclric relationship to the overlying sediments. bedtypc
E is inrerpreted as a subma.ine Iandslide deposir lHsii,
19901. Sumnarizing. we go fron A to E from retatively
quiet sedimenralion processes to more and more catas,

In regard lo lhe vert ical  evolut ion a general  th inning-
fining-upward tendency (shift from E 1o A) and an increase
in cryslalline clast abundance up section arc observed.

Horizontally. the tendencies are as foilows: in Ihe south.
negabreccias are confincd to the base of the sequence while
further to the north they also appear in higher stratigraphic
levels. Inversely, thc lurbiditic resediments decrease in
abundance towards the nonh. In the south crystalline clasts
arc mo.e fiequent in the upper part of the fornation while
in the north they also occur al lhe basc of the profiles.

All these tendencies indicate impo ant erosional
processes in the presenl day Norlh. These processes, caused
by relief-building paleotectonic aclivily musl have been ac
ting over a very long period (assuming a time span from
the late Liassic to the early Crelaceous for the Vizan Brec-
cia Formation. fig. 3a). The presence of basement clasts
throughoul the whole breccia sequence is much easi€. to
explain by aclive uplifl of crystallinc basement under a
transpressional regime than in a purely exlensional setting,
whe.e tault scarps. the potenlial source area fo. basement
clasls. are conlinuously sealed off by the deposition of syn
ri sediments. For instance, no bascmcnt clasts have been
found in classical synrift sediments in the southem Alps.
although the much larger vertical component along exten-
sional  faul t  scarps such as the Lugano l ine [Bernoul l i ,  1964j
could have potentially exposed bascment rocks.

High rates of erosion in the north and deposition re
stricted to the south, indicate a rough lransporl direction
from present day North Io South. Thus, paleogeographically
lhe source of the basement clasls lay in the south and
around the Alp Taspin profile. The erosion of all the Trias-
sic and Liassic cover (600-800 m) can only be explained
by substantial uplift in tbis southem area. Exclusively crys,

M,nt. S.c ga.t Ft, 1990, n" 1561 l'1a,1. Soc A/rl r!iss., 1990. n" lr y,/.

talline megabreccias wilh later carbonate-bearing neptunian
dykes, hematitic crusls and thick arkose sequences indicate
d \hon l rJnspon di . lance rnd nearb) \ubde' i (  e\po\ure.

The uncertainties in the exact palinspasric reconst.ucrion
ot lhe E Schdm. due lo In len,e Alpine delormal ion and.
addj l ional ly Lhe elungatc oulcrop pdlrern r f ig.8,  do nol
allow us to be precise about the orientation of the paleo-
tectonic elemenrs. The described evolution of the sedimen,
lary .ecord fiom more proximal in the south 10 more disral
in the norlh merely indicaies a tendencyi norrh may be re-
placed by NE or NW. The tiend, however, is consisrenl with
the findings in the W,Schams (Mu olta), where the three-
dimensional aspecl of paleotectonic activily ;s betrer con-

4) Paleog€ographical and paleotectonic reconstruc-
tion of the Schams realm

The block diagrarn of figure 9 illustrates lhe basic sub-
division of the Schams realn inio a northern basin and a
southern plalform during the late Jurassic. It represenis an
altempt to integrate all the available stratigraphic and slruc
tural dala in one single picture during the lare Jurassic
(s lage B).

The regional context for that period of lime indicates an
ove.all sinislrally lranstensive scenario IDercourt 

"r 
a/.,

lq86l  lor  shrch there is abun( iznr Seologrcal  evjdenLe te.g.
wei \ \er t  and Bernoul l i .  la85l  tocal l l .  and pos. ib ly r i
. t r i r ted ro the Schams dren. a rran\pre\5 've .cenar io 

' .  
im

plied in figure 9. This reconst.uction was inspired by the
geomet.y of presently active strike slip environments in
Cal i fornia [Chr isr ie Bl ick and Biddle,  19851. The evidence
for transpression can be summarized as follows.

(l) ln the Muttolla region the bedrock was found ro be
tilted away from the source arca and towards the basin. In
addi t ion huge platy sediment boulders ( f ig.7a) found
within the Vizan Breccia Formation suggesl gravirational
sliding along a dip slope, where the erosional surface runs
parallel to bedding. Along extensional fault scarps the
erosional surface is at a very high angle to bedding and
hence more isometric blocks are expecled lo form.

This dipping of blocks towards the basin is typical for
pusb-up ranges or fiowei srructures Lcrowell, 19851, but
nol for exlensional basins. The infened tilt axis runs WNW-
ESE. Thus. a transpressive component would be compatible
with overall E-W direcled srrike slip movement.

(2) The complele lack oi Upper Jurassic platform debis
tiom the Tschera-Kalkberg unit within the Vizan Brcccia
and evidencc for subaerial exposure argue for a morpho-
logical separation between the platform (Tschera Kalkberg
unil 2) and the basin (Oelbhorn subunir lb) by a posirive
relief. This reli€f. providing lhe source for basement clasts,
percisted into the Mid-Cretaceous and, in view of rapid ero
sion. had 1() be continuously renewed.

(3) The interfinsering of Mid-Cretaceous sediments wirh
thc top of the Vizan Breccia Formation indicales teclonic
activity over a very la.ge time span (at leasr 40 rn.y.). Re-
sed'menlation coupled with purely extensional features is
confined to the rifting period and rerminates with the onsel
of ocean floor spreading. Only stfike-slip-movements. in

sp... Sa.. G.ol. h.. 1990, n 1.
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Frc. 9. Reco.srrucriotr ol the Schams sedinenlary arca in a transpressire re8ide duiins the lale Jurussic ep@h (for lfie legend of rhe lnholosies

our case with a lfanspressional cornponent, can explain the
conlinuous activity.

(4) The reduced lhickness of syn rifi sediments and the
absence of the classical deep sea post-rift association
(radiolarites and pelagic limestones) indicate moderate sub
sidence for the Schams area. But small scale pronounced
paleogeographical differentiation. deep reaching erosion
and high-energy resedimentation indicate strong paleolec
tonic activity. Low subsidence combined with strong tec-
Ionic activity is hard to explain in an extensional context;
a transpressional context fits better.

It is very likely thar the reconstruclion in figure 9 over-
simplifies a more complex r€ality. The constraints in N-S
direction are quite good, in E'w direction they are rather
poor. A final chapter will present an attempt to integrate
the local transpressive paleotectonic activity (fig. 9) inlo a
larger scale synthesis (fig. ll).

V SYNTHESIS AND DIscUssIoN

l) Pal€og€ographical and paleoaectonic configuration

In view ofrhe considerable complexities ofAlpine defor-
mation the paleotectonic sketch map of the situation during
the late Jurassic (fig. l0) must only be regard€d as a first
approximation. Caution is panicularly indicated with regard
to the strike of the postulated paleotectonic fault zones and
the width of the domains of oceanic crust. The ricture Dre-
senred r \  led by Ihe fol lowing pr incipal  resuhs of  our cbm-
bined structural and sedimentological approach and,

additionally, by previously published reconstructions lin
panicular:  Kel ts,  l98l :  Weissert  and Bemoul l i ,  1985;
Triimpy, 19881.

a) According to our reconstruction the Gelbhorn unit
represents the proximal and distal parts of a basin situated
to ihe north of the Tschera Kalkberg unit which is con-
sidered to represent the eastem equivalenl of the Brianqon-
nais pladorm. Both these lwo units of the Schams nappes
correspond 10 the Falknis and Sulzfluh units which have
been t.ansported furthe. to the north during Tertiary thrust-
rng. Ihe breccias of  lhe Celbhom and Falknis nappes oc
cupy a different paleogeographic position when compared
to the Breccia nappe of Wswitzerland. While the latter
mark the lransition into the more internal Pre-Piemontais
and the Piernonl-Liguria oceanic domain the former is in-
lerpreted to mark the transilion into the Celbhorn basin and
th€ still more exlemal ophiolite zone 3 and the N-Penninic
Biindnerschiefer and Flysch.

b) Based on sedimenrological  dnd paleorecronic rrgu
ments the breccias of Celbhorn subunit lb are interpreted
to have formed in a locally lranspressive regine. Hence a
WNWESE trending strike was chosen for tracing this rnajor
transpressive lineament within a regime of overall sinistral
tfanstension, indicated by overall plate tectonic constraints
iDercoun er dl., 19861 and previous tentative reconstruc-
tions [weissert and Bernoulli. 1985]. Local transpression
in the Schams area indicates that on a much lareer scale
rhe rrdnscurrenr component of  l rans!ension wa( by la '  more
subslantial than the tensional comDonenr in E Switzerland
and probably the eastern Alps in general. Also the paleo
tectonic evolution within lhe Schams area is characterized
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FIc. 10. Paleogeog.apfiic stetch of the cenlral Alps showing cn Cchelon ,rangenenr of l*o oceanic or qua:' ulenic domrrns formnE n an overrll
$nistral l ranstensionsyslemdurinFtheJurassic.Tbcthreeocernicdonl insinrheSchansransccrmnunberedd\Iol loFstPtatrauntrzMrtenco
Lizun-Avers unit; 3: Chi.vcnna-Malenco-Anur Mfregnas unit BR: Breccia nappei PP: nonhern rerminarion of rhe Prc-Piemonuis; SCH: Schrms
nrppesi T: Tauem Biindnesciiefer M: Maqna nappet LA: Lowcr Austorlpine (Grisons)i C: Ca.ovcsc.

Thus, it appears that the Piemont Liguria ocean cannor
be traced as a conlinuous spreading center into the area of
the Tauern window. lnstead we propose en-6chelon spread
ing during sinistral transtension belween the Apulian block
and the EuroDean foreland. The Schams area and their
former crystaline substratum (Tambo-surerrar represenr a
conr inental  l ragment caughr ber$ecn the easlward\  rermi
nating Piemonl-Liguria and the westwards terminaring
Valais oceanic spreading centers and/or oceanic fracrure
zones. An interesting consequence of this en-echelon
spreading geometry is that the easte.n continuation of rhe
Schams paleogeog.aphic realm will eventually come ro lay
near the northem margin of Apulia. Stong simila.ities
during the Triassic to early Jurassic evolulion between the
Tasna nappe (eastemmost part of rhe Brianeonnais r./. out
cropping in the Engadine window, cruner ll98ll, Trtimpy
tl972l) and Austroalpine elemenrs additionally suppori this

2) Consequenc€s of the pal€otectonic configu.ation
for the orogenic €volution

The strong influence of the paleotecronic features on
local Alpine tectonic features wirhin the Schams area have
already been nentioned: e.g. detachment of thin basemenr
slivers at the siles of unconformities where the Triassic d6-
coll€m€nt horizons were eroded: pre-dere.minarion of Fl
fold hinges at the sites of extremely rapid facies changes.

On a regional scale the en-dchelon reconsrrucrion prg-
sented in figure 10 could help to explain rhe following
major structu.al and metamorphic differences in the Alpine
evolution of eastern and western Switzerland.

by ongoing rifting andlor transcurrent faulting until Mid-
Cretaceous times. in contrast to the neighbouing S Pen
ninic and Austroalpine domains.

c) The Margna nappe is only tentativ€ly interpreted to
represent a ribbon continent with Austroalpine affiniries
tliniger and Guntli, 19881, between ophiolite zones I and
2 (fig. l) and near the Erermination of the Piemont-Liguria
oceanic crust lfollowing arguments of Trnnpy, 1988j. How-
ever. Cretaceous backthrusting could also be responsible for
this duplication into ophiolite zones I and 2.

d) The ophiolites of the Areua-Ma.tegnas ophiolitic
zone 3 are considered to have originally formed to lhe north
of the Schams area and hence somewhere within or at the
S-margin of the Valais trough. In spite of the considerable
lithological sinilarities between Martegnas and Platta
ophiolites we are forced to place the Martegnas ophiolites
to the nonh of the Schams area on ihe basis of our kine-
matic inversion of F2 folding and contrary to previous io,
terpretations [Streiff, 1962i Eiernann, 1988]. lt is by no
means certain rhar all the ophioliric remains of ophiolitic
7one. l  r t ig.  l )  formed near one and Ihe same oceanic
spreading center (as depicted for simplicity in figure l1).
Altematively, some of them could mark sites of predomi-
nantly transcurrent motions (oceanic fracture zones) wilhin
severely thinned continental crusl.

e) The overall geometry of the eastwards broadeninS N-
Penninic Valais trough [Triimpy, 1980. 1988], characledzed
by pull-apart basins separaled by locally lranspressive fault
zones is inspired by the model of Kelts tl98ll who stressed
the analogy of the Valais aough to the situation in the gulf
of California. W€ also think that this paleotectonic setting
is pa icularly favourable for nassive erosion and redeposi-
tion leading to a very thick pile of Bijndnerschiefer.
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a) The Brianeonnais domain forms part of the foreland
thrusl bell in W-Switzerland (Prealps) and largely escaped
Denetrative lectonic ovemrinr and associated metamor-
ihism. In E-switzerland the conlinuation of the BrianEon-
nais is fbund in a more internal Dosition (i.e. nearer to the
Apulian margin). Consequently iI was more penetratively
deformed and netanorphosed, and additionally. later ove.
ridden by the Tambo and Suretla basement nappes.

(b) A.other slriking difference concerns the rec
tonometamorphic evolution of the neighbouring Auslroal-
pine domains. The Sesia Dent Blanche units adjacent to a
Piemont'Lisuria ocean of considerable width underwent
subduction-related HP metamorphism [e.g. Compagnoni ?r
al., 191'll. Tne Austroalpine units of Switzerla.d and
Austria. however, situatcd adjacent to a narrow or non-ex-
isiing Piemont Liguria ocean lareely escaped such a HP
overpr inr  because no rmmedrrrely ncishbou' ing o(ean side
enoueh 

"a- 
avai lable lor  subducrron. The) general l )  e\-

hibit no metamorphism or no.mal greenschist 10 amphi
bolite facies metamorphism in the Crelaceous [e.g. Frank,
198?1. According to Frank eI  d l . . I l987l  HP metamorphism,
and consequently subduction, in Austria is restricted io the
paleogeographically norlhernmost part of the Pennine basjn
(Valais trough ?) outcropping in the Tauern window. This
would be in agreement with our scheme depicied in
figure 10, suggesting that a truly oceanic domain is ex-
pected in a more external position (Valais lrough) for the
Tauem cross section.

3) The Creaac€ous orog€nic evolution

Within the Schams nappes only the southernmosl subunit
2c of lhe Tschera-Kalkbers unit was marginally affected by
Eoalpine tectonism. However, the onset of convergence
associated with the fomation of an accretionary wedge is
well docunenled for the suture between the Platla-Arosa
ophioliric unit and the Austroalpine nappes [Ring ?r al.,
19881, including the Margna nappe lliniger and Guntli,
19881. We ientativelv attribute defbrmation within thc S
Penninic Biindnerschiefer and imbrication within the Lizun-
Fono-Malenco ophiolitic units (ophiolit€ zone 2 in fig. 1
a.d l0) ro such an accretionary process. Inrcmal deforma-
iion within rhe Austroalpine (Apulian plate), and. locally
metamorphism up to amphibolite grade lschmid and Haas,
19891 are also of Cretaceous age. This suggests thai further
east (eastern Alps) collision of the Apulian plate with the
European plate (flakes of continental crust represenled by
the Pennine units of the Tauern window) was already undet
way at the same time. All authors cited above record lop
ro the W to NW movement during this Eoalpine orogeny.
This is hardly conpatible wilh the classical pictures of sub-
duction and associated accretionary p sm tbrmation in a
direction Demendicular to the former oceanic domains car-
ried over fr;m recent analogues. A dexlral transpressive
regime is fa. more realislic. as pointed out by Ratschbacher
tl986l. There is slrong geochronological evidence that
Cretaceous deformation and mctamorphism were followed
by rapid cooling before 70 Ma ago [Thiini. 1986 and re-
ferences cited the.einl.

Cretaceous deformalions and metamorphism have also
been postulated fo. the Adula basenent nappe which would
occupy a much more exlernal position jn our figore 10- lf

the yet unpublish€d and debatable age dates (Hunziker er
d/ . ,  t l989l  quote a t ime span between 76 and 180 Mal)
from ahe Adula nappe represent real events and turn oui to
be Eoalpine indeed major modifications in either the paleo
geographic rcconstruction or the kinematics of Alpine oro-
geny are necessary. However, in the absence of reliable and
published geochronological dala ii is too early to speculate
on fiis problem. It has 10 be mentioned. however, that there
is no need at all ro regard the Adula basemenl as the crys-
talline basis for lhe Valais Biindne.schiefer (as deDicted in
l iSurc l0 l  s in.e al l  conra.r .  o l  th is bd{ement dnd { ' round-
ine sediments are of tectonic nature.

As a consequence of lhese uncerlainlies and, of course,
severe Tertiary orogeny described in the next sections, a
reconslruction of the crelaceous sulure belween Austroal-
pine units, ophiolite zones I and 2 and possibly also parts
of the European conlinental margin is very difficult.

4) Th€ main phase of napp€ emplacement in the Ter-
lrary

The main phase of detachment of tbe Schams cover
rocks, associated with top to the NW NNW thrusting and
D1 isocl inal  fo ld ing very probably fa l ls  into the Middle to
late Eocene based on the following argumenrs: (l) sedinen
iar ion in lhe Br ianronnais r . / .  of  rhe Falknis and Sulzf luh
units and in the Prealps of W-Switzerland continued inlo
|he Eocener (2) the transport direction during Fl was in-
ferred to be NW 1o NNW direcred, whil€ Ring ?r.1., 119881.
Schmid and Haas t19891 and Liniser and Cunt l i  l l988j  re-
port W-directed movements du.ing the Cretaceous for the
Austroalpine and Platta unils. (3) the Arblatsch Flysch js
additionally affecled by a firsl deformational event which
may well coffespond to the Schams Fl event. Funhermore.
preliminary radiometic K-Ar age determinations on white
mica, ly ing wj th in the Sl  schistosi ty af iect ing Tr iassic sedi
ments of the Schans nappes. give early Oligocene ages
(pers. conm. Hunziker and Hnon).

However. the notion of two strictly separated Cretaceous
and Tertiary orogenic cycles (Eoalpine and Mesoalpine i'r
fie sense of Trijmpy. tl973l) may be misleading. The data
of Ring ?t al., [1988] suggest a rather continuous change
in thrusting direction from rop to the west into top to the
north and across the Crelaceous-Tertiary boundary asso-
ciated with successive accretion of Penninic elements
duf lnB fo 'c land p'updBat ion oi . lefo 'mdrion.

Dl defo.mat ion in the Schams and surrounding reclonic
units led to the pre-F2 slacking of units in the following
stackina order (from slruclurally Iower to struclurally
higher): (l) Adula basement rnd detached N-Penni.ic
Biindnerschiefer. (2) ophiolile zone 3 (Chiavenna-Areua-
Martegnas). (3) Schams cove. nappes, detached and in front
of their original crystallinc substratum (Surcrta Tambo),
(4) a S-Penninic accretionary wedge of Avers Bnndne.-
schiefc. and ophiolile zone 2 (Lizun-Fomo Malenco) and
(5) the Austroalpine nappes. ophiolite zone 1 (Arosa-
Pla(a), and the Margna nappe.

At ihis stage ir is impossible 1() be very specific rboul
lhe queslion as 10 from which part of the present day Tambo
and Suretta basement lhe Schams naoDes have been
dctached, although the pe.rographic aomposition oi
detached basemenl slivers within the Schams naDDes and
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of basement components in the Vizan Breccia is identical
to the Rofna Porphyry also found in the Suretta nappe. At
least part of the Schams nappes (Gelbhorn unit) rnusl have
been derived from the Tanbo basement containins similar
hrhologie.  re.g.  I ru/zo Cranirer s in.e rhe) can ble rraced
along the front of the Tanbo nappe (fig. l) and inro the
northernmost part of the Misox "synclinal" zo.e. However,
we cannot exclude the possibility that more internal Scha.ns
units were originally detached in an area now occupied by
the Spliigen "synclinal" zone, situated between Surelta and
Tambo basement nappes-

5) Post-nappe folding during the lat€ Oligocene to
Mioc€n€

The st.uctural analysis provides evidence for large scale
post nappe folding. including backlhrusting and backfold-
ing within the flat lying part of this transect, north of the
southem steep belt near the Insubric line and south of the
northem steep beh forming the ".oot zone" of the Helvetic
nappes. Manifestations of backfolding and backthrusting are
widespread within the northem and sbuthern steep belts
IMilnes, 19741 and their formalion is generaily believed to
be due to post-collisional shortening during ihe lale Tertiary

lschmid ?r al . ,  1987, 19891. The importance of  post-nappe
retolding rn the Schamr area has been recogniTed e.r l )  by
Haus l lo25l ,  Srei f l  Is1c,  l962land Mi lna,  and Sch;ur i
tl978l but aee and kinenatic significance rernained enig-
matic- In this section we attempt to place rhis F2 folding
into a kinematic context within the overall oroeenrc evo-
lur ion along rhrs l ranseLr.

It is clear that F2 refolding must be of late or post Eo,
cene age since il also affects the Lower Eocene sediments
of the N-Pennine Arblarsch Flysch. During this event ihe
slructurally higher previously cooled lHurford er dl., 1989]
Austroalpine unils and the Platta unit can be considered as
a ielalively rigid orogenic lid in the sense of Laubscher
19831, whos rheology is governed by fricrional srrengih.
While the units below this orogenic lid were affected by
viscous F2 refolding this orogenic lid remained in an
upright position, logerher with the Arosa-Plaua ophiolitic
suture (ophiolite zone I in figs. I and l0).

However, as was argued in an earlier chapter rhis oro-
genic Iid, including the Margna nappe and ophiolitic
zones I and 2, was aransDorted bv at leasr 50 km ro rhe
north and ove. the N-Pen;inic sediments includins rhe Ar
blarsch FlysLh du' ing rhe lef l iary.  reworl ing rhe ear l ie '
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snc or a line or.o shear strain (LNs) as ounined in figuE lob.
b) Synlhetic s€ction lh.ouSh lho nod€l or Mede rnd Cu'llier [1980] Nok rcfoldrnA rnd reveN senre ofshcarto borh sides oftheLNS and wnhin
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r4o heral  indenle^ (ro$ ruled)
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A kinematic model of F2 deformalion and larse scale
relotding of  Ihe Schams unrrs.  includrnt  nphrolrra zone J
and parts of the N-Penninic Bijndnerschiefer and Flysch
must explain the following featurcs: (l) a mechanism for
the inversion of this Fl stack of lectonic units ove. a dis
iance of some 30 km (length of the uppe. inverted limb of
the Niemet-Beverin fold) has to be found; (2) the orogenic
lid (Austroalpine units and Arosa-Platta Ophiolires) renains
largely unaffected by this F2 refolding: (3) the specBcular
flatlying backfolds and backthrusts affecting the upper in-
terface between Suretta basement and its authochrhonous
cover. and additionally, the E Scharns nappes and the fron
tal part of the Avers Biindnerschiefe.

Recenl rnodelling work by Merle and Guillier u9891 re
sulted in a geometrically and kinematically very similar
velocity profile as suggested for F2 (fig. ll) within a
viscous mediurn (silicone putty) underlying an orogenic lid
governed by Navier Coulomb frictional strength (sand).
This nodelling produced a relalive velocily profile resulting
in a line of no shear strain (LNS, corresponding to the axial
trace of the Niemet-Beverin fold. fig. 1l) bounded by top
.o the N-shear below and top to the S shear above the LNS,
i.e. the axial trace of the Nienel-Beverin fold. This silu
ation essentially arises from intense post-collisional shorl-
ening between two rigid pistons, simulaling shorlening
across the southem steep belt and the associated l.subric
line, leading to rapid uplifi of the Bregaglia (Bergell) and
Gruf units (fig. 2). As viscous crustal malerial protrudes in
a vertical direction it has to escape laterally (to the north
and south below the oro8enic lid (sa.d layeo. The experi-
menlal configuration was choosen such as to produce ;n-
dentation of palt of the Apulian plate which in rum resohs
in a N-direcled viscous horizoflhl intrusion of a larse Dart
ol  rh j .  marer ja l  rcorrespondinC to the f ldr- l l ing PanniniL
nappes north of the southern steep bel0. At the same iime
some of this material is backthrusted and backfolded to the
south (along the Insubric line and within the southern Alps).
This viscous horizontal intrusion mechanism offers a viable
kinematic model because it satisfactorilly explains the
above menrioned major fearures associaled with F2 defor
mation. Additionally, it is based on modem concepls of
rheological stratification [Ranalli and Murphy, 1987]-

The inversion of the Fl stack would be the result of top
to the south simple shear in the hangingwall of the Niemet-
Beverin axial t.ace, affecting (l) originally S-dipping
isoclinal Fl folds at the basement cover interface of the
Suretta nappe (fig. 2) and (2) a S-dipping Fl stack of N-
Penninic sedirnents, ophiolile zone 3, Schams nappes and
frontal parts of the Avers Biindnerschiefer. The orogenic lid
remains unaffected by this refolding. Il may even be simul'
laneously thrusted to the north, in which case the velocity
profile indicated in figure 11 may rnerely represenl devia
loric components of a largcr scalc subhorizontal top to the
N-velocity profile. The intense backthrusting and backfold
ing above the Niement-Beverin axial trace indicates an
asymmelry in width of the reladve velocily profile to bolh
sides of the LNS, aod consequently higher amounts of de-
viatoric shear strains above the LNS. as compared 10 rhe
region below the LNS (see f ig.  l l ) .

This asymmet.y could be responsible for the obse.vation
lhat the F2 minor folds below the Niemet-Beverin axinl
trace, schematically shown in figure 11, exhibil a vergence
which is consislenl wnh the N closing major fold hinge,
while the vergence of F2 rninor folds above the Niemet-
Beverin axial trace are inconsistent with a fblding rnecha-
nism in the stricl sense. It has to be nored however thar
ihe F2 minor folds a.e almost parallel (NW-SE, fig.4a) to
the F2 mov€ment dhection in the E-Schams whereas thev
are general ly more pe'pendicular In rhe F) movement dire;
tion in the W Schams area (WSW-ENE io WNW ESE.
fig. 4a). This change in orienlation of F2 fold axes is con-
sistenl w;th the observed difference in inlensirv of F2 shear,
ing.  More inren{c rop ro the S-\hedr ing dbove rhe
Nicmet Beve.in axjal trace probably led to thc rotation of
F2 fold axes into near parallelism with the overall move
ment direction during F2 (N S or NNW SSE).

Wc thus propose large scale F2 refolding to be caused
by a complex flow pallem within lhe still viscous Pennine
units below the orogenic lid of Austroalpine and Platta
units. Strain intensily during F2 deformation and within thc
sedimentary units may be additionally enhanced by the in
dentalion of the relativelv more flow resistant Sureua
Tambo basement cores 

'(1hcy 
iypically only exhibil

crenulation folding durins F2) into the softer cover rocks.
If F2 is indeed seen in conjunclion with the formation of
the southern sleep beh its age would have to be placed into
the late Oligocene to Miocene. i.e. the time of backrhrusting
molions in the vicinity of and along the Insubric line fu her
1l)  lhe soulh [Schmid er al . ,  198?, ]989J.

It thus appears that pos!-collisional Neogene deformation
substanlially .eworked lhe entire Penninic stack of nappes
below lhe Au.rroalpine nrogenrc l id.  Thi \  impoces severe
restrictions to the interpretation of the soulhem parr of the
NFP-20 Easl seisnic profilc which lies entirely wilhin this
zone of postcollisional reworking. The t.aces of earlier
(Cretaceous and Eocene) collisional events have been
severely modified. AIso, the astonishingly bigh degree of
ductility of the crusr, even al lower greenschist facies con-
d'tions, argues against oversimplifying interpretations of
seismic . reflcction profiles in lerns of ramp and flat
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