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Thc Mc$roic scdincnls of  the Misox 
^re,  

s i luated in the
eastcn Lcpontinc domc. scparalc thc Adula nappe lro'n the
Tanrbo nrptc.  Thcsc scdimcnLs reprcscnl  Lhc soulhcrn cr-
lfcmily ot lhe North Penninic Biirrdnerschieler (Fig. l). Whjlc
the Adula nappc prlcogcographicalll belongs to lhe south Eu-
ropcan nargin. the Tambo naPte represents a part oi the
BrianqonDais donrain (Schnid cr al. 1990). Hence, the Misox

zone represents thc suturc behlecn lhe European margin and
the Br ianqonrais paleoSeographic donrain (Tanrbo. Suret la
and Schanrs nappes) thal  resulred l ro 'n the c losurc oi  thc
Valais nough dur ing Middlc to Latc Eoccnc (SLanrpf l i  c t  r1.
1998).  I t  wns suSgesled !hat in the soulhcrn taf i  ot  the area- a
nornralhult might bc rcsporsiblc lbr thc clis.ppcarancc ol this
sutufe. caused by a major displacement of the Tambo nappe
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Syn-orogenic extension along the Forcola fault: Correlation of Alpine
deformations in the Tambo and Adula nappes (Eastern Penninic Alps)
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Thc Arlula.rd T.Drbo nap|cs holh cxpc,icncod thc To irry locronics lcxdrg
ro th! closui0 ol rhc vrhn ocexn. howcve' then delannrlioi r l dic1.trx}

0lri. hsror es nro\vcedain dillc.cnc.s: rhc Adrla nappc undciNcnr a complcx
suhdudi.n cyoluttun rhxr crldinl.d undcrcdognc licics condIn,nslS.nd
drjlrc\colnren). lncontN.lh.TxNbnrfDc re..rdcd loNerpre$trrecondi
lbns duing nrtp. n..knrg{Dl). ivoicover.l,: w slD .'ogcnrc ctrcnson look
pln.c d rhc lrmbo Dr!rnc (l)2) Nhil. rli. $u{h Jneclel \uhducrion w6 iill
icr !. i ', rhe Adull nrppc (Zrtpon). Si.G rhc Eo.cnc. rhcs. rapFs utrdef
*cn1 thc srnrc recl!ni. rvolurion.

Thcc.DlrdbcrNecrtheAdula ' i infeandihe lanrbonl tpeismrrkcdb)
a major Alpi|c trorDral aiuli ' l lrn ForcoL! nomxl lxulr consiis oI dtlonncs
rnd crlr.lrrilc{ cxpo\cl be(veen Me$cm in rhc ValLe Me$lcidx (Grisons.

S$ re lan!)ird GorJoni in rhr VxlNJ.m (Iril!) Thnducrilc-brillcDoimaL
rauhofas.I rho 1*o nrppcsb! r v . n i . r I r h o u n r o I r p p r o x ] i cII iolx) D In

rt yie!v Lhc Foiaoh i.' il laul( cuts.ur pair.l rhe laDnro Drp0e. the en
Inc N{isox zotrc.nd paiis.l tbc stuctually highcr rho Adul| nappc.
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re lat ive to the Adula nappe (Marquer.1991: 'Forcola phase or
Schnid et al., 1997aiFig.2). Previous tield investigarion s clear-
ly pojnted out that lhe Forcola nornral faul!, amongst olher
faults mappcd within the Tambo nappe, is associatcd with sub-
stantial omissions o[ slruclural levcls and drat drese normal
faulls lormed la1e during the tectonic history of thc Easrern
part  of the Penninic domain (phase D4ofMarquer.199l) . I t  is
lhe aim of this study (i) to provide a conelarion of Alpine
structures between Adula and Tambo nappe. and (ii) to
describe the gcometry and the kinemalics of delbrnration
along this major normal fault in more detail.

The Misox zonc includes slrongly attenuated units at the
southcrn cxlremity of  the N-Penninic 'Bnndnerschiefer ' .
namely lhe Ucello unils and rhe Gadriol m€langc (see Stein
mann. 1994. lbr a correlation with tectonic units furlher to
noflh). The Misox zone does nol exceed a thickness oi 800

in its middle part and consisls maiDly of calcareous schists wjth
some cxtremely srrerched lenses of gneisses (e.g. Gadriol
gneiss ofGansser,1937) and mafic rocks. SouthNard. this zone
p.ogressively thins oul and finally disappears near the Passo
dclla Forcola. This leads !o a direcl conLact between thc
Tambo and Adula nappes (Fig. l).

Thc Adula nappe largely conskts of well-tbliated quanz-
rich ortho and para-gncisses of pre-Alpine age (Jiiger et at.
1967i Hanny et al. 1975). Inierlaycrcd with these quartzo
teldspatic rocks are metapclites and mafic lcnses of unknown
age. occuring as sUces of different length (seve.al merers ro
kilomelers). The mafic lenses often sho\! assemblages of Ter-
tjary eclogile tacies metamorphism (Hcinrich l986: Meyre el
al. 1997). Dolomitic marls and quartzires are .are and arc rc
Erred 1() as tnterial Mesozoic due to their probable Triassic
age (Jenny el  a l .  1923).  In the southern par l  of  the Adula
nappe nrigmaLic rocks are abundant. some of thcm afe of
Variscan age (Hanny et al. 1975). The Adula nappe is charac-
terized by a well developed nain schistosily. Because of this

Allo.hthonous Middle-P€nninic

Pennink baFmeni nappes

N-Pennin c Silndeu.h eler
and Fly(h (cr€ia.eouj &reniary)
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doninant Alpine schisrosity. relics of primary conlacts ol in
trusive rocks are only preserved in the less deformed northern
pa of the nappe (e.g. zenreila gneiss;Jager el al. 1967; Low
1987).

The Tambo basement mainly consists ofpre-Alpine ('poly-
cyclic') basement which is intruded by the Truzzo graniie in
lhe southern part. The Truzzo granite underwent only Alpine
deformation and meumorphism. The'polycyclic' iithologies
are characterized by signs of slrong pre-Alpine deformalion

and metamorphism and moslly consisl of netapsanmites or
metagreywackes. Some metapelites (micaschists) are also pre-
senl, containing pre-Alpine minerals such as staurolite, kyan-
ite, andalusite, gainet, rnuscovite and biotite. Some migmatitic
rocks are found in the southe.n part of the nappe. In the
northern parl of the nappe aligned lenses of mafic and ultra-
mafic.ocks a.e especially welldeveloped. These are amphibo-
lites with few preserved pyroxene-garnet assemblages (pre-
Alpineeclogi tes;Bi ;noeta] .  1997). Inotherpartsof  thenappe,

sy n-orcge nic ext ension along the Forco Ir lau lt 411



!hese mafic rocks underwent a conrplctc Alpinc rclrogradc
melamorphism producing amphibolites and prasirites. A pre
Pcrmian orlhogneiss crosscuts the enlire nappe body and may
have been emplaced undcr anatcclic conditions. The mono-
cyclic'basement ofthe Tambo nappe is mainly represented by
the Truzo granite. exposcd in lhe southern part of the nappe
(Blanc 1965i weber 1966i GulsoD 1973; Marquer 199r). This
early Pernian granilic complex (268 a 0.4 Ma. 206Pb/238U
zircons, Marquer et al., in prcss) erperienced only Alpine de-
tormations. AccordnrSly, it appears as an o.jgjnauy 

'sotropicand honogeneous body ot porphyrilic granite (with centimet-
ric K feldspars porphyroclasts), crossed by many Alpinc shear
zones (Marquer 1991).

Tedonicsetting

The stacknrg ofthe Adula, Tambo and Surella nappes results
l rum nr. l . l lc  l  crr i r ry Jc.rer,on ol  c-uiJ . Icp'  ( \chm a el  . l .
1990. 1997a. l997bi Marqucr c1 al. 1994). By the cnd ot rhc
Eocene. the ent i re widlh of  the Br ianronnais domain had
beeD subduc(cd. logellrer with large parls of the North Pen-
ninic 'Bijndnerschielcr' (Schlnid clal. 1996). The Tambo and
Suretta nappes reached peak pressure conditions (10 l3 kbari
Baudin & Marquer 1993) by this time. Peak temperatures
(500 550 'C) prevailed until 40 3s Ma ago (Hurford cl al.
l98q Marqucr e1 al.. 1994t Schmid et al.. 1996). The subduc
lion of lhe Adula nappe. representing the soothcrn lip oi Eu-
rope al1hal!ime, is due 1o lhe collisioD olslable Europe willr
rhe BrianEonnais and the Adriatic plnte/microcontinenl in laie
EoceDc timcs. culminaling under eclogite facies conditions.
Subduction wasfollowed by rapid exhumation and thc forma
rion of the Adula nappe, associated with the establishment of
lhe complete nappe pile of llrc highcr Penninic unils by (he

cnJ ol  lhc EocLnc (J5 Md).  In rhe .o lo$rrg $e 'unnar/e
and compare ihe structural evolution of Adula and Tambo

The struclural evolution ofthe Adula nappe has recently been
examined in detail (Low 1987r Meyre & Puschnig 1993i
Parlzsch e1 a1. 1994: Panzsch l99lt). Accordirg to these au
thors. the Adula nappe experienced the following five defor-
nratioD phases d ring its Alpinc evolution:

The Sorreda phase (Low 1987) represents the inrbrication oi
Mesozoic sediments willr basenrent rocks during subduction of
the continental marSin of the European plate. Howcvcr, con
tacls belween these lithologies are totauy overprinted by later
siructures. Although the dircclion ot the Sorreda deformalion
cannol be reconstructed. a soudrward directed subduction is
most probable. bascd on the large scale geomelry otbasement-

The Trescolmen phase operales under eclogile facies condi
lions. atter peak pressure along thc rclrogradc path. Pressure
and tcmpcrature cstimations [d this event are in the range of
19-21 kbar and c.  650-700'C for lhe niddlc Adula nappe
(Trescolnen localityr Meyrc et al. 199?). Elongated garnet ag-
gregates and recrysiallized omphacite definc a disttuct folia
tion as well as a strelching lincalion only apparert in dre core
ot natic lcnscs that preserved ecloliie facies assemblages.
During the tbllowing Zappo( deformalion phase subslanlial
rotalions ot the matic lenses do occur. Thc kincmalics of the
Trcscolnren deformation phase remair therefore unknown.
The eclogile facies conditions have no equivalence in rhe other
Penninic units (Simano, Tambo. Suretta).

Zappor! phase

Schistosity and hreation tbrmed during the Zapport delornra-
tion phase are the dominanl fabrics in thc Adula nappe (Ldw
1987r Mcyrc & Puschnig 1993j Partzsch el al. 1994: Parlzsch
1998). Irr the central part of the nappe lhe nrain loliation dips
with about 20' 10 the ENE and rcprcscnts the axial plane of
isocUnal iolds. The iold axcs srrike Nbhorizontally N,S to
NNW SSE. tbe stretching lineation being parallel 1o lhc fold
axes. Shear sense indicators reveal a 1op to the North move
ment durinS this deformation phase.

In the Forcola pass area thc slrclching linealions ol lhe
Zapport deformation phase progressively curve into an E'W
slrike while the main folialion conslantly dips lowards the

The Leis phase is characlcrized by open folds overprintnrg the
Zapport folds and foliation. ln sheet-silicale rich lithologics .r
crenulation develops. The fold axes ot thc Leis phase slfike
E-W, thc fold axial plane is steeply south dipting. the rolds
benrg constaDtly north vergenl withir lhe entire nappe.

The Carassino phase nainly affecled thc ftontal part of the
Adula nappe and is responsible for an undulation and kinking
ofthe leucoc.alic lithologies of the Adula nappe. Possibly.lhc
Carassino phase is a lime-equivalent to thc Forcola phase
(Schmid et al. 1996). but no direct conelations exist.

Dl deformation

The D1 ductile Alpine deformation (Marquer l99l) is linkcd
to lhe progressive Eocenc stacking of lhe Suretta. Tambo and
Adula nappes lowards the NNw (Ferrera phase ot Schmid cl
al. 1997a). Dl is associatcd with a slrong SSE-NNW orieDred
slrctching lineation and a 1op 1o the NNW shearing (Baudin e!



Table t Car 
' 
?tat'on oJ Alpiap d4oma,on pha'$ ol the Atlul' tuW and th" ranbo aorye

Adula napp€ rR€f.

Soneda (1)

Tr€scolm€n {5)
6clogita f.ci6s condillo.s

DI{Foi i .h l  12,3,11

thruslins and isocll.al roldins
LS: SSE-NNW Si subhodzonial

slbductionofand poak P in Brianconnai.
domain, lollow€d by subductlon
of Europ6an ma|gin lAdul.).
leading to eclogite facies conditions

ongoi.g N Sconprcssion in ContralAlp3,
combined with E-w srerching in the
Trmbo dnd Surena n.pp€s
inlrusion of Belgell granodioril€ (30 Ma )

back-thrBting along th6 Insubrlc Line

{1,6,71 D2 {Niemel Beverin)(2,3, 4)

LS: E-W; S: subhorDonr.l

D3(Domlechg) 12,3,4l
statcase geomeiry Jolds
E-W lold aris, nonh veroe.ce
fold arial pl.na: sl€€ply sollh dipping

D4(Forcola) 12,3,4,4)
NNW-SSE normalfauhs
britll.-ducul6 d.fo.m.tion

rop-N shearing, isoclinal foLds
LS/FA: NNW-SSEj S: dipping 40'to ENE

L€is 11,6,1)

ENE dipping iold axes (dipping 35'),

Forcola(c.bssino?) h,3)

kinking a.d undul.lion in lrontslpa.l

brittl6-du.lile defomalion

dextral brinb sltp along Insubric Line
block rotation along rlnistralEng8dine Line

(1)Liiw (19371, {21Maqu€r(1991), {3)86udin €r al. O993), (4) Schmid €ral. (19961, (5) MeyEet al. {1997), {6) M.y6 & Puschnig {1993),
{TlP.rtzsch or al. {199!tl,l3)this siudy.
Ls = slrorchins lin€alion, FA =fold axe, s - foliation

al.. 1993). Esrimates of the P-T conditions are based on phen-
gitic substitution (Massonne & Schreyer 1987) in Dl mylon;lic
foliations and systematically show HP-LT netamorphic condi
tions (Baudin & Marquer 1993). For example. metamorphic
conditions of about 12 kbar and500 "C are altained a1lhe bor
tom of the Tambo nappe. Ahead of ihe Tanbo and Suretla
basement. the pile ofcryslalline and sedimentary slabs (Ucello.
Areua, Schamq Vignone) represenrs an accretionnary *edge
particularlywell-developed in thenorlhern Penninic'Biinder,
schieter'and tlysch (Steinmann 1994). The overall geomelry
of dre frontal slices is related io the closure of the Valais
trough.

D2 defornration

Deformalion D2 is a duclile and heterogeneous deformation
linked widr a gende east-dipping schislosity and an E W
stretching lineation. Most of lhc D2 mylonitic zones cross-cut
previous conlacts and indicate top to the East shearing- D2 is
responsible for large scale slructure on thc top of the Su.etta
nappe, developing recunbcnl SE vergent folds F2 with very
low angles between fold axes and mainly N70 to E-W orienled
stretching linealions (Marquer et al., I 996). The phengilic sub-
stitution values neasured in the D2 mylonites or in the D2
shear bands indicate pressures, which progressilely decre.se

with 1ime, associated with a slightdecrease in tenperarure. For
example. a progressive decrease of pressure and temperalure
from 11 down 10 5 kbar and 550 down to 500'C is recorded at
the bo(om of lhe Tambo nappe (Baudin & Marquer 1993)
.nd from 10 5 kbar at 400-.450 "C in the Roffna granite (Chal
landes. 1996). This tectono metamorphic evolulion of rhe D2
deformalion is interpreied in terms ofstrong vertical shorlen-
ing associated with pieterentially iop ro rhe Easr shearing,
which occurred synchronously with substant;al decompression
(Baudin & Marquer 1993). This progressive deformation ;n
duces crustal thinning wilh i stretch parallel to the Alpire
chain during Late Eocene to Early Oligoccne (Marquer et al.
1994). simultaneous with refolding of the Schams nappes
(Niemet Beverin phase of Schmid et al., 1996) and ongoing
N-S convergence in the Adula nappe.

D3 deformalion

This detbrmation evenl occurred under lower greenschist fa
cies conditions and became mucb more localized. D3 detbr-
mation results in local staircase shaped folding, wiih steeply
soulh dipping axial planes and E W fold axes. preferentially
developed in the southern part of the nappes (Baudin er al.
1993). This D3 deformation was generated by differenlial
uplifi of the southern part of the nappe and could be associ

SF-orogenic exleDsion otong rhc Foicotd trulr 4l:



Fi8.3 Conrour map olthc lauh pline olthe Forc.la nonatfauh The con
tous arc 6a'nlyconstrarned by dda lron wcbcr (1966) dnd our own fictd ob
seralioN. Comorrlinesare given in lm m interval. Protite mce Ercis ro be

sures oI this event range from 450 550 "C and 1t-13 kbar in
ihe northern part (locality Vals) ro 750-900'C and 18 35 kbar
in the soulhern parr (localilies Atpe Arami. Cima djcagnone)
(Heinrich 1983: Heinrich i986; Risold et al. 1996). The rerro_
grade path is characlerized by isorherrnat decompression dur
ing the Zapport phase. The tecrono metamorphic Alpinc evo,
lulion ofthe Tambo nappe is characrerized by peak neramor-
phic conditions at c. 500 .C and 13 kbar in its sourhern part.
Like in the Adula nappe it is also tollowed by isothernal de
compression. For the furrher .elrograde evolurion the pres-
sure and lhe temperature path coincide (cf. Marquer e1 }l.
1994).

Correlation of deforrnation phases in the Adula and

Concluding fron the above sections, we can correlate rhe
delbrmation phases in the foorwau (AdLrla nappe) and in the
hansingwall (Tambo nappe) of rhe Forcota fautr (Tab. l). The
'Trescolnen' deformation phase, associarcd with eclogile fa-
cjes conditions in the Adula nappe (Meyre & puschnig 1993,
Meyre et al. 1997), cor.esponds io the early stages ofthe Zap_
port pbase ofLdw (1987) and Schmid (19s6).

The subsequen! decompression ofthe penniDic units is ac
companied by E-W extension restricted to rhe hangingwall
(D2 in Tambo nappe) and N S compression in the footwa
('Zapport' deformation phasein the Adula nappe)_This D2de
formation h correlated with the Niemel Beverin phase de-
nr ibed in rhe Sureua and l4e Scham\ rJppe. b\  t fevious aL
thors (Milnes & Schmutz 1978; Schmid et al. 1990j Sch.eurs
1993) and the Zapportphase in the Aduia nappe. This correla-
tion is based on the observation of a conrinuous transition ol
the Zapport folialion into the NienerBeverin axiat planar fo,
liat;on in lhe San Bernardino pass area. In the same area the
slretching lineation continuously rurns from a N S direcrion
('Zapport') into an E-w direcrion (D2). The latesl stages of
the'Zapport'phase were conremporaneous wiih the Niemer
Beverin phase in the Schams nappes and in parts of the Nortb
Penninic'Biindnerschiefer' (Schnid et al. 19S6). This equiva-
lence gives an imporlant tine constraint for lhis deformation
event because siruciures relared io the Niemet Beverin phase
are cu! by the Turba no.nal fault (Nievergett er al. 1996),
ehich is ilself lruncated by the inrrusion oi the Bergell graD
odiorire (30 Ma. after von Bia.ckenburg, 1992). It is inpor-
tanl to note that D2 E-W stretching was active in the upper
Penninic nappes (i.e. the Tambo and Suretta nappes) white
the lower Pennlnic nappes (i.e. the Adula nappe) were pro-
gressively stacked towards the north (.Zapport.). Moreover
D2 thinning could also explain part of the extumation of the
easrern parl ol the high grade Ticino dome (Bradbury &
Nolen-Hoeksema 1985t Hurrord 1986i Hurtord et al. 1989;
Merlc 1994).

The Leis phase can bc correlated sjtlr the Domleschg
phase thal has been described in lhe N-penninic Biindner
schiefer and flysch by Pfiffner (1977). The Domteschg phase is
equivalenl with the D3 deformation phase in the Tambo nappe
(Steinmann 199,1t Schmid er at. 1996).

ated with the Oligo-MioceDe verrical movements along the
Insubric Line (Hurfo.d 1986;Heilzmann 1987r Schmid er al.,
i989).

D4 deformalion

The lasl extensionalD4 deformation consisB ofseveral NNW
SSE britileductile normal faults, stceply dipping towards rhe
ENE and syslenatically lowering lhe eastern compartments
with hectomerric faull throws. The geomerry and rhe kinemat-
ics of this detormation is conlemporaneous wilh activity along
lhe Forcola normal faull-

7 ec to no-me tamo ry hic e v olution

The tectono-metamorphic evolution of lhe Adula and the
Tambo nappe is described jn detail in Ldw (1987). Meyre &
Puschnis (1993). Partzsch et al. (1994), partzsch (1998), Meyre
et al- (1997) concerning the Adula nappe and in Baudin &
Marquer (1993). Marquer et al. (1994) concerning the Tanbo
nappe. A comprehensive descriprion of the tectonic evolurion
or the entire Penninic domain can be found in Schmid er al.
(1996; 1997a: 1997b).Thestructural lyhigherparrof  theAduta
nappe experienced a clockwise Alpine Plloop culminaling
under eclogite facies condilions. The temperatures and pres



Fig.4. Tecronic cros section a[he Forcola pasaie., perpendicularro the faulr oierlation. Minor rclia ol rhe Misox zone can bc obseived ar rhe Foicota pass
.rea. Thc Soaz. zone is bnncared by the For@la Line becaus ofa high rngle betseen the main loliation i. rhe loot$rll and the fauft.

Forcola phase

In rnap view the trace of the Forcola Line forns a slight arc
@ncave towards the northeasl. The construction of a contour
map of the fault surface reveals a nrore or less constant inclina-
lion of the faull between 40o and 50' lowards northeasl
(Fis.3).

The flat lying foliation of the hangingwall is clearly discor-
dant to the fault zone. whereas in the footwall adiscrimination
between the pre-existing 'Zapport' foliation and the subparal-
lel Forcola nylonitic schistosity is not always clear because of
the snall angle between the two foliations. Towards the south-
east, the Forcola nornal fault cuts off the 'Soazza' zone
(Weber 1966), which is a zone of metasedimenlary rocks
(paragneisses and netapelites) within the leucocratic gneisses
ot rhe srrucrural ly higher Adula nappe. The Misox zone i r  en
tirely thinned out due to Forcola phase movemenrs. The last
small sUces ofthe Misoxzone are prcserved in the Forcola pass

The vertical component of displacernent, induced by nor-
mal faulting nay be estinated from a cross seclion in the For-
cola pass area (Fig- 4) and amounts to 3000m at least.

The continuanon of the Forcola line towards the southeasr.
as well as lowards the northwest is still unclear. In the no h-
west (the Valle Mesolcina) the fault possibly continues at the
base of the Misox zone, alihough north of Mesocco no relics of
this normal faull could be detecred so far. In the southeasl the
trace of the normal fault is covered by the alluvial plain of the
Vaile Mera. the last outdop being found near the village of
Gordona. However, inspection ofthe foliation rrajecrory map
of the southeastern pa of the Lepontine area (Fig. 2), reveals
a significant change in the orientalion of the foliarion across
Valle Mera: The E-W srriking folialion on rhe easi side of
Valle Mera (Gruf unii) contrasts with rhe NW-SE srrike of the
west side (Adula nappe). This prominenr change could indi-
cale acontinuation ofthisline across the alluvial Dlain ofValle
Mera. as indicated in Figure 2. This hyporhesis is supported by
ihe occurrence of brittle fractures and faults in rhe region
north ofNovate (work in progress, L. Ciancaleoni). However,
the exacl localization ofthe maior faultzone in rhe Novate in-
trusion is still unknown. Furthernore, nylonites clearly relar
ed to the Forcola phase are nol apparent on the easl side of the
Valle Mera. The continuation of the Forcola normal far t
across the Valle della Mera south of Cordona, such as suggesr-
ed by Fig. 2 has two important consequences:

Syn orosenic exrehsion alons rh.I".@la hult 415
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(i) the Chiavenna ultramafic complex appears as the lateral
equivalenl of the Misox zone, both units being situated in the
hangingwall of the Forcola normal fault and structurally below
the Tambo nappe, and

(ii) the Grufunit is separated from the Adula nappe by the
Forcola normal fault. causing the same angular difterence be-
tween the foliation trajectodes east and west of the normal
fault also observed north of Gordona (NW-SE vs. EW). This
supports the view that the Gruf unit represents the lateral
equivalent of the Adula nappe as proposed by Berger et al.
(1996).

The Forcola phase is characterized by three dominant struc-
tures:a schistosity SF. a lineation LF and shearbands, which are
especially well established in the hangingwall (Tanbo nappe).
The Forcola phase overprinis the Zapport and Leis structures

in the Adula nappe with inueasing intensily towards the For-
cola Line. In the footwall, the strain due to the Forcola defor-
mation is restricted to a zone that is at most200m wide. Wilh-
in the Tambo nappe, however, shear bands and small normal
faults.elated to the Forcola phase can be observed wiihin t}le
entire nappe. Britde features are abundant in the hangingwal
but can also be observed in the foolwall.

.tcrr'sroriry .tF

In average the Forcola schistosity SF is dippingwith about 42'
towards NNE (032142; ct inset in Fig. 2). Within the Trmbo
nappe, the Forcola schistosity is oblique with respect to the
older flallying predominant schistosities. In the Adula nappe,
however, the Forcola schistosity is subparallel to the older
'Zappo.t' foliation. Here, it is therefore difficult to differenti-
ate between the two schistosities or even between two parage
neses. No folds related to the Forcola phase can be observed.



First isoclinal folds in the foolwall clearly bclong to the Zap
pon deformaiion phase and occur aboui 150 metcrs below the
nornral tault zone. Only a few open folds of lhe Leis phase

have been dc(ected in the foolwall oi the Forcola pass area.

The Forcola linealion Lr dips wilh about 40" to lhe ENE
(067/39). This slreLch ing lineation is mainly built up by chloriLe
and elongated quarLz aggregales. The oriertation of the lir
earion LF is interpfeled 10 be oriented subparallel lo the dis-
placement vcclor on the normdl faLrll. The Forcola lineation
nrakes a small angle with respect to the pre existing linealion
in !he iootwall (Zapport lineation oi the Adula nappe) as wcll
as in the hanginswall (D2 lineation in the Tambo napfe:
Fis.21.

Shear bands rclated to the Forcola phase are very abundaDt
and sporadically develop wilhin the non-mylonitic rocks oi the
hangnrgwall (Tambo nappe). Delbrnaiion is much 

'nore 
pcr-

vasive and honogcnous in the footwall (Adula nappe) thaD in
lhe hangingwall. l'hese shearbands are promincnt within lhe
firsl 50 n1 ot Adula'derived mylonites. Further below. shear
bands die out as the Forcola phase deformation becomes less
intense. A strong deformation gradient within the top200 n of
the Adula nappe is also apparent with respect to fold geo
metry: Older 'Zappon' phase folds are not prescnt wilhin dre
mvlonilcs of lhe fault zoDe. while dismenrbered folds can be
obse.ved in the structurally lowcr 200m. In lhe Soazza zone
isocLinal folds, clearly rclated to the Zapporl phase. are appa

Althougb no quanlilative detenninations of pressure and
tenperalure are possible, a qualilative statement with respect
to the difference between hangingwall and footwallof the fault
zone ca. be dcduced. The observed nicroslructu.es unply
coider temperatures in the hangingwall and warmer conditions
in the footwall Brown biotite has grown within shear bands in
the mylonites of the Adula nappe and green biotile and chlo
riie found in conparable lilhologies froln ihe Tambo nappe
supporl this assumption. Theretbre. shcarbands as well as the
olher s!ruclural elencn(s clearly developed under greenschisi
iacies condilions. Altbough brillle as well as ductilc lealures
car be obscrved, il is nol possible to map out a systematic dis
rribution ofbriule and ducdle pheromenas due lo insufficient
displdcemeni across the Forcola normal faul!.

In the rootwall of the Forcola rauh (300m wesl of Gordora).
cxtensional structu.es developed under gradually decreasing
temperatures (Fig.5). On !he outcrop, CiS relalionships, asynr
metricclasls. folialion boudinage. and shear bands are the lyp-
ical structures of the duclilc deformation (Hanmer and

Passchier. 1991). Low-angle duclile shcar bands (C' of Berthd
ai al. 1979) arc betler expressed in phyllosilicate rich lilholo
gies and have shallow angles lo the main mylonitic schisiosity.
In more competent layers. likc gncisses, briltle-ductile shear
bands develop at higher angles (up to about 6{J') to thc main
mylonilic schislosity (high angle ductilc-britlle shear bands of
Fig. 5). These high-angle shear bands gradually cvolvcd inlo
h- i l r 'e iu l l . .  bca ing, tu3rr / -chlor i rc . l r iJc.  Tne) .  e r  ' le

orientation of synthelic Ricdcl shears with respecl 1o the C
surfaccs (Fig.5). The down'dip chlorite strerching ljneation on
rlre majorfault scarp, parallelto the C'planes is associaled with
scnse of shear criteria indicating a consislent top-down to the
NE directed rclalive oftset. Antithetic brittle shear baDds dc
veloped during the last nrc.emcnts oflhe progressive deforma
lion, conjugale lo 1be main C surfaces and cross-culting earlier
fonned bigh anglc duclile'brillle shear bands (Fig. 5). All
these duciile briule sbcar bands did not oltsel dre nranr C
pl.tnes. On lhe basis of ihese lield rclalionships, thcse mi
crostructurcs arc inlerpreted as coeval progressivc scts oi
shear bands associated with ongoing Forcola deformalion
undef cooling conditions and across the ductile brjtlle lraDsi

In ductile shear zones. dre shear plane and stretching lio-
earion may be considered in first app.oximation 1() rctlccl the
displacemeDt plane and veclor, respeclively. The invefsion
progranrs. oflen used to deduce stress axes in britlle deforna-
tion. can give indications about lhe incremen tal slrain axes aod
the bulk kinematics or duclile deformalion (Marquer et al.,
1996).  The program Faul t  k inemat ics ' (Al lmendinger et  a l . .
1989), which is bascd on the P-T axes and the righr dihcdral
graphical methods, was used lodelermine principalstrain axes
hom strialcd taulis and brirde'ductile shear zoncs. FaulGslip
data from these britlle ductile normal faults indicate NE SW
oricnred extension (Fig. 5C) whicb is compalible wilh the ex-
tension d;ection deduced from schistosity stretching lin
eations pairs of the ductile detormation (Fig. 5A)- The bulk
asynrnetrt betwee. the resolved T axis comprise in the T-in'
tennedialc nxes plane and the average of schislosily strelch-
ing li.eatioD couple give an indication ior a normal taulting
witb a loweringofthe norlh-eastern block (Fig.5C).

The resuhs ofthe kinematic analysis of lhe brittle atrd bfit
dc duclile deformalions in lhe Forcola area are cohereni in the
lootwall and the hangingwall. In the latter, parlicularly well-
developed shcar bands are tound in the Truzo granite. Dorth
of the Forcola pass (Fig. 6). Briltle faulls wilh the same direc
tion and sense ol shear occur further norlheasl in thc Tambo
nappe, lar away fronr the main Forcola fault. These results arc
corsistenl ]|ilh an NE SW directed extension attecting the en-
r . re rrea. l l  Np\rrn. ionsdcacu\edurngdecre-\ :18l fmprrJ
(ures condilions. as shown by thc ductile 1lJ britlle transition.

'l'his Lrller observation indicates thal the Forcola normal
faul1 must havc been actile at a time when the southcrn
Tanrbo nappe cooled down ro bclow about 300'C. thal is be-
tween abour 18 and 25 Ma according !o bioiite Rb Sr and
K-Ar ages (Jager ei al. 1967; Purdy and Jager 1976: Marquer et
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F1g 6 Mlcrogrlfh oI shcd bmd dcforncd l ruTro gfunire (samplc T3,1.

t .urhcrn' l rmbonrppc) Si ' i i ! r i lscns.olshe i rd icale\rotbNEshcxr ing.

al., 1994). The beginning or the Forcola lault ac(ivily cannol be
placed bctbrc 25Ma because the 25Ma old Novatc granilc lvas
aho defoflned by this normal faulting phase. During its lan
stagc (i.e. a1 around lltMa), the Forcola phase seems lo be co
eval with the bcginning of displacement on dre Simplon nor-
mal faull. i1s symmetrical equivalent stroclu.e slarting arou.d
20Ma a1 the wcstcrn parl of lhe st.uctural Lepontinc done
(Steck 1984. MaDcktelow 1985; Steck 1990). From its age and
kincmalics lhe Forcola normal laull has lo bc seen in the con
text oi Late oligocene-Early MioceDe transpression, assocra!-
ed with an orogcn parallel slrelch and coeval with conjnSatc
dextral and sinistral stfike slip abng thc Insubric and Enga
dine Lnres (Periadriatic lault syslem), respectively (Schmid &
Froirzhcim 1993).

Hence. this normal faultirg substantjally post-dales normal
faulling aloDg anolhcr prominent E-dipping normal tault in
a higher ieclonic level, the Turba nylonite (Zapport D2)
(Nievcrgcll cr al. 1996), Nhich tredates the inlrusion of the
Bergell granodnrrilc (30 Ma: von BlanckenburS 1992). Thc
Early Mioccne NE-Sw directed extcnsion. well-expressed by
the Forcola fault. could be interpreted as the conliluation ol
the Oligocene ductile detbrmalion phase in !he Upper PeD
ninic Dappcs (E-w extension during D2 within the Tambo
nappe and T rba nornal fault). but with a slighlly different
strclching direclion. It appea.s th31 nornal faulting on the
easlern sidc of the Lepontine dome corresponds 1(r a maln
process of strelching oricntcd parallello the orogen belt lrom
Late Eoccne ro Early Miocene lime. Whilc thc latc Eocene'
Oligocene E W cxlension (D2) is as$ciared with a largc
isothermal decompression and Oligo-Miocene exlension (D4)
acts during typical Barrovian cooliDg. this last event does not
nccessarily imply a strong c.ustal thi.ning or extensional col
lapsc. Hcncc E-w lo NE Sw extensions are not inconpatible
with !he simultancous N-S 1o NW-SE bulk conpression which
is documented in thc northcrn and southern loreland of the

Alps for  the same intervalof t ime. These two cvcnts olstrctch
ing parallcl to the Alpine belt correspond to diflerent defoL
nratiotr processes during thc lcctonic evolution of the inlernal
donain of ihe Alplne belt. These diftereni teckrno netanDf
phic evolutioos rcflccl a slrong exhumation during the main
European subduction and laleral exhusioD duriDg the evolu
t ion ol thcPeriadr ia l icsystem. respecl i !e ly.

Beilg both due to the l'ertiary closurc otlhe Valais ocean. the
deformation phases of the Adula and the Tambo nappes can
be correlated- However. thcrc arc some differences in their
lectonic and metamorphic histories: the Adula nappc Lrnder
wcn( a complcx subduction process that culninated under
eclogitc tacics condilions (Sorrcda-Trescolmen), in corlrasl
the Tambo natpe reachcd lowcr prcssurc conditions (Dt).
Furthennorc. deformalion relaled !o the soulh'difected sub-
duction was recorded in thc Adula nappe (Zappotl). while
E W syn-orogenic extension D2 took place in the Tambo
nappe durinS Eocene tnne. After thcsc carly dctornations. !he
lwo nappes lollowed the sane Oligo Miocene tcctonic history.

From the observatiors discussed in the previous chapier, it
is evidenl that tlre Forcola normal laull grcatly contributes !o
the late slages of unrooling in the Cenlral Alps and plays an
importaDl rolc lor the dome-like structure in the SE-Lepon
tine zone. The main tectonic implications conccrDing the For-
cola delormation are the folloBings:

(l) The Forcola nornal fault offscts thc Tambo nappe in the
hangingwall relalive to the Adula nappe in the fooiwall
wi!h an amount ofapproximalcly 3000 m. The direction of
faulting is lop to ENE.

(2) Duc to llrc observation olduclile and brillle slruciufes, lhe
Forcola faull wds aclivc rlndcr progressive rerrograde con'
ditions. Cold struciures are apparcnt in thc hangingwall.
'warner structures are apparent in the footwall. An ofi:sct
of the mitreral isograds cannot be delermined because of
the lack of critical assemblages in dre difterenl lithologies
as wellas a in$fficicnt rcsolulion ot the pelrologic data.

(3) The conlinuation of lhe fault lowards thc soullrcast is nor
clcar. Howcver, lrom (rajecto.y maps of the southeastenr
'LepoDLinc, honr conlour maps of the taull surface and
from recent field work wc can soggcst that the tault contin-
uL\ inro rhc norrhern end oI .he Novare inr-u ' inn.

(4) Timing consLraints ol thc Forcola Line are given indirectly
by cool ingages from this wel l 'srudied part  ofCenlralAlps.
A realisric age interval is bclween 25 and l8 Ma.

(5) The Forcola fault nriSht be a! equivrlent struc(urc 1o 1he
Simplon iaull in the weslenr Central Ahs. l'he Forcola
lault was activc bclorc thc normal iaulting in the Si'nplon
area. This time-discrepeDcy could be rclalcd lo llrc linc-
space evolulion of the Periadriatic fault syslem during the
lale Oligocene early Miocene transpressivc displacenrenl
ol the Adria plare.



We would likc ro rha.k M li.y. N Froitzheim, R H:i.nt, R. Huber. T.
N.gel. and J. H. PaiTsch lbr lruirlul discussions abour rhc recronics of dre
Central Alps The connrucrivc and hclpful rcvicNs by T. Baudin and C.
StamplLi are grarclully ackno\vlcdged. This (udy h tlr olrhe Ph D. rhesk of

C. Nley'e rhrr {ds linandally suppofred by tlre Swis National Sciencc Fo un
drtion.grdnrs20 39130 93 and20.15270.9i. D. Mlrquerrassupponed by rhe
SNSF granr 20-26311.39 l- Ciancaleoni is suppoied by rhc SNSF 8ratrt
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