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l4-l Cene.al geological inlroduction

ft. sourh.n pan ofrh..anen hv.K of rh. NRP20 r.n.crion p@6tc E I
Ga chrprn 9) cm$6 rh. P.rninic domrin of *se6 swnzcrland (Fi8urc
14,r) Th. rorroqfS bn.rr oducrion inro rh. g.oto8rcltk!rin3 ! .nds ro
r.miliari!c rhc rcad4 wnh rhc $udy a€a. ln.vitrbly. su.h !n inroducrion is
panLy b.s.d on n.! hnd,(Bs pcsnr.d in morc d.r.il lar.r on.

Composirionally. thc Pcnninic nncrudl domain comp.ircs:
(l)A$ekof pE.Tndsiccry$allincbrsn munirsconlkrin8otrh.Adula.

Tambo and SUEG nappd wirhi! our da df inkEi. Thc r*o hiehcr
.non8n ft.s thE. b.s.m.m iippcs laBcly prcs.d.d fi* aur*h.
rhoious ro parad@hrhoious Mcsohic covd Ctambo covq o. Splag.i
zon.. Sr.tra co!..) and.onrari rclics afpE-alpine (va.iscan md Llr
P,lcozoic) magndi{m. d.fom.rion and m.bnolphtsm. H.n.. rh.y br
ncally .cpr.s.nr bscmciLcov.r llaka dcnvcd lom upp.r conrii.nr,l
ctoi. alb.n nonsly ov.rprim.d by Alp6. d.fomarion and mehmor
ph'sm (monly EGnschin faci.O. Th. Misr zone d.6nnety dcs ior
sinply Epr.snr rh. cov.r of ft. Adula nrpp. blr fomr rh. r.t.scopcd
solln.fr continuation of ddacb.d scdioenury unia d.scnbcd utrdc! (2).
Thc Adul, baem.nr napp., in conhn b Tadbo dd SuEu n.pp.s. ir
v..y intnely dic.d inro sh@6 ofqu cf.ldspdhic b.em.rr inrF
l.av.d-irhvcryrhin.clo8it f.ci.rn.fcsedMcseicma.dimcr.

2) Allehrhonous .ov.r rh€6 e found in fonr of, abor dd b.lw rh.
Tahbo.Surcn. pair Th. Middl. P.nninic or Bninqonmis cov.r dtc.s
!E .hmcEri&d by cadonak-nch plarfom edim.i6 qnn Educcd
rhickn.$ (Schans. Filknis-SuDfuh rapp.t. Th. bulk ot ln. rarh.r oo.

nn s (N-Pcnninic B0ndncNchi.fc!
and Frysch. d.polir.d i. rhc valais rFugh) nE loud in frcnr of rh.
Trmbo-surc& pai. Trt.tr.{.nron do !h. fmrsdl ofrh. Tubo napp.
fom rhc nrjo! prd oi lhc Mhor &n. shil. ih. .ir.nsion inro rh. hans-
ingwrllofrh. SurcrE napp. is knNn 6 Al6hbch nyeh.

3)Ophiolnc-b.fiin3unirsshoqninFi$G 14,t and l4-2.onrrii,song$
o'l-s dl Dp... dlr "hrh ur?mb'Buourly FpK fom.rtrsr
.ton (..3. Platra. MmaSnat. Malic md ulhfrlnc lilholqiG whos. oE
igin is nor .nfi.ly cl.& ccur as co(pon.nts oi malingc bna {A,c!a.
Bruscfuhomfralans.)bcrwanN,P.ininicBijidr.Mhi.f.r dSchros
iipp.soras i6bn.nes, pcf.Ebly ar rhc bc. of individdal r.cronjc{rari
traphic subunns qnhin lh. N,P.!ninic aundn.^chi.fd 1Figurc I4.?).

Dds of d. Tamb. and Surck bscmcnr n.pp.s 3ufi.r.d pE,Alpirc as !.ll
6 Alpinc m.ranorphsm (poltcy.lic baseneno. Pon-vdiscan (P.mo.

Cebonifcmus) gnnnoids and volca.ics (Truzr sHri(c, Rofn' p.rphyry)
undcocnr on. (Alpin.) m.hmoghic.v.nr onty (noicyctic b.s.mcno
,ud8ing fba th.n M.sozoic cov.r rh. Trnb6 and StreG basc6.nr nak.j
rcprc!.nr rh. upp.moi r.* kilon.rcB of comin.nkl cton. pat.o86gmpi_
ic.lly pd of rh. Briantonmir phrfom (Middtc pcnninic). Thh !is. {:n.d
ro individuali&ii rhc c.rly Middl.Juiasic 6 rhc tuul!ofobtiox. niinr
rnd ddhrng A morc ?\t.mal ba\n, ih. vala\ or N PrMmk r6ush b chd:
.cr.riz.d by r.ry rhick Judsic and CEbcals tulbidiric s.qucnes (Bund-
n.Mhi.f.t s'adiry imo brc cEbc@us ro Edcn nysch. Inkn.y.Ed
pftsinir.s hd srFnrinir.s !c i.rcQEr.n h.E s reronicaly .mptac.d
rcmrmaof canic cn{. Cluic!llx rh.y h.v. b..n d.scrib.d,s yrarrom
i nhsions inb ln. B 0!d nc6ch i.f.r, *h ic h weE d.p.sircd o.ro comin.nQl
cru$ ( Adula rBijndn.M h i.f.r). whilc i. rh.lans vi.w rh. AndDqornaa
simply Ep*nc dishl Etrop.ai ma8in. ln. foder i .rDEr{ion resu$ In
! morc cohplicar.d pal.og.ogdphic $.naio wirh rlo @nic dof,rins
s.p.6t dbyrheconrincnkl An.n9onnaisplarfom.AnNanicorisi. forrh.
S.P.nnini. orPi.no -Ligurir b.sin (..9. plaro unir) k undhpucd.
Alpin. conElg.ic. prcstrnabty rran d in.,Mid:Cdaeous rim.s ii rh.
S-P.nninic dDmain. Upp.r CcEcbus W to WNwniEccd rhrusiis .nd
m.hmorphisn is dcumdr.d qi6in ln. Aushalpinc mppcs chdni t936,
Schmid & H6 1939. Fbirzh.im .r .l I994), synchonous wirh rh. surnn!
of rhc Aush.Ipin nappa wiri dc Ams-Pl.ta ophiohic unir (Riry d et.
1933). HNcv.r, &a .rtd ofdcfomatior { dE soud.m 6r*in of rtE Bri-
d96nmis plallon dud.g ln. CEbc.ou3 6 rcll 6 rh. rimins oa .o kion
b.rs€n $. ausharpin. ,nd .hc Bri.nconniis wiu har ro b. discu$cd.
Th. nain d.fomnon strErina rhc moE deod ftid-p.nninic dsc. rh.
valais hueh and rh. di.ral Euop..n margin (hcnc. In..ntir. napF pit. b..
Io* rh. Plrfa unir of FiguE t4-2) did nor cr b€tm rh. T.ni!ry ...od-
ing ro our Esuls (for difl.rin3 paint of vic*s. c.lling tor Crcbcous d.fo.
rorion {d ncboolphiim ir this n.ppc pilc. pdiculrly fo. 6. Adlla
napp.. s Hunzik..r al. 1939, Riry 1992 a & b). H.nc.. rhc prc€ dry
lhcruE of th. P.nninic shtual anc d.Did.n in FiguE t4-2 n as.!.
ri.uy rh. Eltr ofT.nia.y oog.nt Lre c€@ous uplii ind cotins, 6so,
ci.r.d wirh s.wrc .icnsion (FoiEn.im 1992) ErdcEd &. Aurhtpinc
!ni6 vitualy lnd.fomablc dudry T.nirt oog.iyr Ausro6ttin. and
Pl.rG uni6 b.hrv.d d o orcgciic lid dd w.€ dns.d N-wrds ovlr oc
viscourlt dcfoming Middl. ed Nodn P.nninic ulib (Schmid.r i. 1990.
FoiLh.ih.t al. 1994). Srlcking inro b6.r.nr ed co€r nappcs is rh. rc.
sulr of foElmd Ebnics in ln. dirbl EurdFe ndgii, rd (if 6r N.p.n.
ninic doFain rcpEs.nts fomd e.anic cflst.0€rctioiTy w.ns.lomi.
tion l.adrngio@lliion ol ihcdnblEubFD ma.gin *itn$. Bns-t in.r\
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lnr .nepor napp.rold 'nglozl lvh(n.d$c{{ i igoddolpoD6rv
dchch; -a.,. 

Tn^ {61s oErpnd tr A'|rBr'd *id p'r{allnionil

shod.n'ng td,ng,nth. Ohgr.n. Ii b 
'mPon'n' 

row$th' rr'rl 'd i1

ft. dk;n rcn.r LHdErks sou$cm 
^lp') 

sJb'hnil po{_n li' ioml

;hof,.nnr wenr on a! lan unir 
'n. 

.dd ot rh' MiGr' rh tou'd"of

inrcas w;s ldg.ly co.solidaEd bv thc.nd of rh' OliSccn'

n r.'*.*,"*a*u- +"*.d rhd i pd'nrpdn' don\h'ri'nol $'

p*n,nr.iom".'n 
"palcog',p1.(al*'( 

trctuc'al'o''b'ucrLnd'du\d'

. ! .  * . .* .  p*." . '  
-+ ^" f l igmd 

colhion anan\* ' r 'od' fo l '

ro".sr"oq*.  ro*.  ru"oamcn. l foru{ ' rbnd'n8rh'r4ron! 'vorutron

aloos-h. NRP?o E 
'k- 

To*,{ whd tr rh' ongridl p"rirn or |n'

sch;: .!pp.s in fic .app. pil. b.for p'n napP' EfoldiDs and wMt is

lh. MNrc;iftc \zlds uoush rL. 
'c 

or disBl L!'op'm mr4in)'

n. E!dh! oa&irl.d di6 tmd our in (onJuncuoi *'fi d' NRP20

orcKr rcmmr6'.d d m a d eclpicd bv th' 'onLl pM of tn' T'mbo rnd

iu;'u mDts\ mdldiis fic alhhrhoior\ schm cov'i >lt'r @pFd

muid ln; io ol lncs b&m.nr nlppcs Sine starisnPhic_$dinc e

losical and lhclunl_raronic .tgucnB e nor iid'p'ndc't rhn *h

;.r a combircd int.rdhciplindrv lppdeh wE 
'ho&' 

Fd clsitv or prcs

.nbdon. how.v.r, th. 6sulB on ln. 
'ifiing 

and ddtring sbg' will b' prc'

scnrcd b.forc $. tsuls ot Alpin coN'l8cne Bur lne E dc! lhould b's

ii 6ind rhlr rh. sm.isrphic{cdimcitological dM tEsenr'd fr6t h'avrlv

rlv o. ft. rcsults of $c sdctu.l rnalvsis ud vic' v'6a For dcbih on $'

woik .ui.d our in connation wnh NRP 20 rhc Ed'r k Efcftd @ ln' rc_

su lb ol rhra PhD 6.scs (Mav.Et l g3g publ ishcd in nodi icd r'n und"

Mdv.Er D.md. loga Ruclt lggo publrrh'dl995 Schruh lq90 pub

hJ.d 1995r "nd 
unpublishcd diplomlfi6'! (Adl'r 1937 S(h'ff 1933

Pbdlt 1933 ar ETHZuich,dd Hiu 1939 D,ll?Tom la9l Chnt'n 1993

drh.univ.EirvofBc6c) PEvioui luimujcs h'v' b"' publishcd bv Pnl

frcrd al (1990), schnid.r al. {1990) sd schEun (1993) Thit sunmrv

v'll rddrionally trDI. u akmpr ropl&' rh't dcBilcd judns inro? I'red

conkrr by compung dcm *itn publkhcd md ongornS {* rn nciShboJt

;." *"s in o,i.r ro a"ir. d.latgs scal. prl'dE{gBPhic ard kin'm5'ic

14.2 Mesozoic rifting and ddfdng

14.2.1 lntroduction

Amonsr ln. maorpal.oecogrzPh'.d do'tin' found'n ln'alp' rH'l*ric

p-.i,". .qu'rcaoinc.s*hdft. ) 
'nc 

P.notrr {ioma'n F th' moi P'ob_

l.midc on. To rcsard $e P.nnilic domin as simply rcpEs'nting an @-

,nk sutuE 4.. bcrwc.. fi. Eurcp..n lorchnd (Hclvcic domtin) 
'nd 

rh'

o\?ndins Aprl'm plrk ralsuorlPinc_5ornllp'n'r *ould b' a g6! o"'

dnoh6-auon. Th. Pcnn,n( n!pF.! in rh' vnt' orr $n's or ntppct o\'r'

ndi;g tu H.lvdic napp. svn.D rnd found in Lh. torwdl 
'r 

rh' aus

hil;n. napp. 
'r{?n 

do nol (F*fl ! sn3l' psl'q'osraPhic domajn

Th.* P.nnmr n,pp.s N mrd. upofrhccn'8oti'r' rl)bsm'nr n'pFr

md rh.ir urchrhonous ro Ddur@hhnous covai (2) d'dhed M'$zoic

cov.r n.oFs or slic6 (..4. schm nap!.t. Biindncnchi'f'r and Flyeh)

shos. d;;vaion rrcm individusl h&m.nr napP.s or ron nappc dividin3

Mcsozoic $D{ dn.s ( dts) n 6n@Edial cnd (3) ophioh' b'&Dg

a P.nninr P,l.ogcognphkll domrrn sruponding ro lh' P'nijnr n'pp'

i{.m .r hdd ro d.6m ior *E'.1 teasonr' an 
'xr'nlion 

of !h( rom*

mnhcn p!$ivc condncnbl naigin (H.lvctic) inro uni6 Mupvin8 
' 

sbc-

rurll ffiirion within Ih.low.rpds oflhc P'niinic 
'lomaln 

ln 
'h' 

shcrural

$n; r b b. crFc'.d (. s Milnd l9?4 subponinic!nib) Thi'fliss'_

nn* nrcbl.hs in cminololv b.caN. or his@'icd 6ons Untonunaelv

no cl;ar ddinc'io. n uslalrv made b'r*4tr Pcnninic in rh' Pil@seo

skDhLJl lno kcro c {n. r h'lus. or A'smd Lmbrvonrlkkrcn:k -

i"--o ,oro, ,"*.'"4 *uL..u.m. (rlndn\m rsrd'is ollosssE'

pf rl domrn' 
-h 

cn ,c(orc,ng ro n m pftdcrmrn' fururc ndpa In 
'm'

;^oni( ror I nloidnarcl) ft. bt"rrh'o Bno'modm pt'q'o8dPhic

rconnrucriots bas.d on rh. cotrccps ol plat' r'cronics (pasrv' connn'nrar

franin foma.on. c.an nmr spcidinS. sccr'tioiarv w'dg' fomaridn) did

id;ad Io ! coftsDondi.P ch.ns. inln.@dnionalGminolosv *hich nill

afr.cb rh. conc.pi of. seorynci'n..
' lpd f6m nom'n(lirunr pobr'mi s'

ar'o r,_"mit io "m orr.- 
-a:o' 

p'o'rcm' (rr mr\v srmcn'' n' 'rr'dakd
r?, bs.T.n!roe' 

'. 
ai,on\hip ar ob\-rd bt d(oll'mcN of dimen'

kocovcrnncs who$ p.'idoninrcsp.c!tob 
'6cnr 

napp's konln' ma!

k;ofd.bare (cs rh. "S.hams dil.mma . sa T'umPv ind Haeitd 1969'

TrumDv I 930), ln some cass cotr.sP.nd ing ba'6'nt units ar' nis$ng aL

bedF.r. l t p.Dphs. rrcurNcd.fomdon ofr'nEsrLt?d 'i$ 
laA'

'*n 
"  

ora*.  op'- .^ ' r .nplr .ed nrpp. o ' l '  
' '  

g M ln ' !  10id\p 'a

! . 'Gnmpr.p. lcog.os'{n 'crc.onirucnon r ' 'cr ' 'd ' fomr'on? -
fld.d ",; Td,morphis a rzrA tr,hs anh'c, Jn'l rd'm'nrolos'cr {Ld

Thn cnad.r r.Dons somc postss md. rc8adin8 fic Parcog@grrphrcal

cvolud; of ai imponanr pd 6f th. NFP 20 Eanrm Travc6c h $c tnm''

workdf rhcNFP20poj.crndignphic-sdnncnrolog'calinv' gatonsPn_

manlyaim.d! t ( l )dksoIf i .SchahsnrpFs(Ruck 1990.Schmid.ral '

1990i, i! cld.conjuncrion *nh rrudurd work (Schr'uu 1990) tnd (?) \im

ilr cover rsks Dr.$nrly folnd ar rh. frcni of ft. Tanbo naPP' inv'nigd'd

Dr conb'n'd{tudu'd dndn'n gnphtr {o'r'\44dr rc8! Pfillnn'' rl

l;9or rhc t$lr' orh6. Ndlsdmn\ * rl b' d"u'so nrh'conr'r nf

od.r 'nv. i ,Adon!r . .g FzlLnasul /nuhn:pP. '  C'unnl93l ' !nd'c^ ' '

c.nr 
'n{i'gd'on, 'c g Bundn{vh'.fci skrrtrrn 

'r 
r' l9a} skinmlnn

19e4, 
'n ' 

.ighb.unng vdim.nrsrv 
'.,1r\ 

erh rh' rm ol d'nv'rg r rargc_

s.!1. pal.ogsgcphical donshctioi cocial f.r u.d'6tand'n3 rh' 
^rp'n'

14.2.2 Strarigraphy and sedimentologv ofthe
Schams nappes

14.2.2.1 Paleogeographic and €ctonic uni$ in ihe
Schams napPes

In o.ds !o di$u$ *rdigmphy and kdim.ntologvolftc Schqns n'pp'! or

h.rcr $c SchiN covcr slic.s n ir conv.ni.nr ro suliiv'd' rh' p'lcogeo-

sruhkrl Rlm co\.,.o by rh. s.h!n\ i'c. n'o 
'o-8hlt 

E w t(nd nP

:ni6 dd {b{ b d.p(rcd m f 'sqt  ld I r tdbrRult lem) ThD'ub

division h bdcd on l combincd smcrunl and s.dim'nblogical apprcach

(schnid.ral 1990). U!i6and sublnns pnnrilvdenoc Pal'oecqFlhical
. iri.s. bu abrufl faci.s chans.s co&ol lh. posirioi old'c6ll's' hon'

zo$ and, con*qucntly, rh. strucunl subdivilion ol rhc schans napp's

r f icuE3cudd, TnAcrr 'c\changcsd' t rsrp 'ono-n(co'nrh 'Middl '
1,,;str bLo*s adorcoh{dE T}? rcco1{rucr'on dlons! N s plko

g.ogmphici prc6le n b6.d on ! d.6iled shclunl analvsh (Schtu6

hr.mlv.subunn lb6.miFlasi.b6in)mav b'dncqlv link'drithsubunn

la rorcirmrl {ots chlrdd.nxd bv rh. \/Jn b'd\B' iorid r rl rold

n-ec .rro- r*r'- i, oaoa.m.n.d bv d "brupr 
la r' chlnc' rrr8uR

lair  Boln 'ub!ni !  Ib.^d lzrcushlvtof t lpondro'hcoc oFDmnrp*oi

su.rif r1939, lah2). lrcrli 
' 
lgalr and N.n.' 

'n 
srEiff 

'r 'l 
I l97l/lo?6

O v( lr!. disranccs $c Gclbhon u n n I has b€n dchch'd along rh' Camiai

-,*.i.. 
ora. ..a'..t. *a uttr.nr hr\. k'n kn bch'nd 

'n 
r )'i rn

town F$nor d rhc bae or thc fanbobrkm'n napp' Onl) wF'i' 
'n! 

dc'

o l - .mmrhonrcnbhinEd.bV.s@c'roionr lGal lv n 'ubud l" '

h.v. old.r $dim.n6 and ba$6cm sliEu (Tlspinn 3nd Noua b!$ment

FiNa l4-4) ilso bccn incoaoorcd inb$c Schamscov'rdic's

Onlv lrall\ !rc | | h ns+ Et"c.' C.lbhoa u- I 3noTscl''m KslLbe{

unii : orc'cnco sub:rr ra rp,nl) bu' nor 
'ntrrc|) 'd'n'ic'l 

brF 
'he

Trchca napp. of sGifi. l93s) simplv Eprcsnc th' uPPc' Tnrnc ind

rourr.r @v; or subunit 2b (GDtrchutklkb'E naPD' oi Su'iff d al
'1971il976). 

2aand2bb.ingdeuchld frc6.ach orhc!dlrinecdlv Fl im

bicdion alons ftc Clmiin cvsPori

cov.r rliccs i;S.n..sl changcs fsm rh' Crmi!n cvaporircs (G'lbhom unir

lr to s. blr olrncTn.$'c cdnonr. 
'unr 

?b' boh ddolka'nr kv'r

b. inEr ' .sm' ldd.Prh(codiSrorh. ' .cotr{r(oninFgu' '  r4 tc Thi

".o'i.- " "."g'y "o"- 
no or rh. pa'co3'os''p\) n pd\ orrdbun'

ii. and oznkulr\ 'i 1-bd r 2. (F'sJ'c rr 1-b (rmkn 
'tJpon 'r 

r'!

..*"" i* . r-.p.q 
-"t ""son 

r rtr' bsc o r r M ddk ro uDp'

r.-*; b..-i" rom"'6Nr rc^.
bar.of ftcTliasi..a6onar.\ subuii' 2c(plnlvconcspondingio thcwis\

d '3napP.oIkruy$e l06r"e.r lsoPauh lqm ur l  
" \p"\"(u"{ 'n

"""*ii 
r-.,r'.u"* 

"t,t'. 
t,"'!c ',rbon!'.\ 'nro 'nr 

upp'' c'd:c'or

Latsc tans ollhk subunir. howcv.r' at {oi8lv dismemb'td bv Alpin'

r".r-onics, in pul"utar uy r"'sc scatc boudimSr of rh' comp'Gd Middl' Tii
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14.2.2-2 Lithostratigraphy of lhe Schams nappes

Cotrdarions afft. fomarions and s.n.r (h.marically illuslar.d i. FisuE

14 4 ar. hainly b6cd on liftolo8i.s which ar l..j lcally ec$ ii,llrh.

slbunns Th6.it,npanicularth.Tumpnv'S.iiercachlngfrcm$.Cambn
.laponts i'bft. Ld.rJum$i. (fdsilGcuterc.5 in rhc Rh&rhn 

'nd$'
Pli.nsb.chFi. Wilh.ln l93l) and. ddirionallv $. Olqu@it and Pla(.n'

sandi.in knon.ouny refcfcd ro !1 Pla{.n:quaeir" hv srrcitr.!,1 19'71/

1976).mb.dd.d in a.oiic black sh.l.s. Th.lan.r h thologi.s .(hibir ! high

.oircnr i' orya'ic.!d.n and rhow nnkiig lnhobli.il similaritiar r' !' l l

dd.d fomloo.s 
'n 

ftc Frlknis napp. (Allcmlm 195? darcd rhc roP or thc

Platr.niandi.in. lcolly t fen d to n _Caulr", ro be ofC.nom.ihn a3.)

Ru\( 'oao'cor.rrr . !  h.r .  iho.o3tr .s ihF._Midlcrc 'a( .o. \ ,no\ i
elenr(l.rkyns 1930).ThcE aG no rldh.r agc d.r.milarionr lor thc 

'nt.r
lcrins formrion\ Co nudior ors.dimenr,iioi inro rh. T.ni'rv is ro b.

.rp.cr.d {or pans oi th. schams napP.s trom thc Pfts.nc. of dd.d T.ni?ry

5.dim.ncinfi...iShbounnsArbla$choy$h(Lowc'EG.n. Zicgld 1956,

Ei.minn 1933)'ndinrh.Filknisn?pp.{Paks.n. all.minn 1957)

Cotr hrions.cos5Dbunirs laatd Ibat facilrbrcdbyih.Prenc.of disril

turbidiks of rh.vizanbkkzi.n-scnc id subunI lb. sinilr inr.rfi ng.dls is

alsoobscry.dac6$thcbound.rl b.rwc.nsubunns laand2!(Figur. 14_1)

Thc Unrcr. S.ncirmamo.Econfron ro subuiiK l, and 2a.lts as. $ proF

.bly Ld*riudsic ro Erdy CRkccous becaus noY.nicr rhcTsh'n'MaF

hors..ic(qhiaFUbl6.ndc.6.narcb@ia)toundinslbunits za.band
c, consid.€d to bc of Uppd luiissic 

'3. 
Od.d o. hci.r a.llogics ro rh.

SubnDh*alk of $c Sulzf,lh n.ppc and UPP.i Jlnsic limc$on.s 
'n 

th?

Pra:lp.s Mdi.n.t, lnd b.caus. ir is coEEd 6y Mid rcr.raccous foma

tions. Th. Vianbrctzi.n-S.n. leally c.conpases rh. .nu€ lgc bEck.t

b.r*an E&ly h6$ic (po$ PIicnsb.chi..) and Mid_Crcec4ls 
'in'! 

Ii

leally.uB dN' srion du. to pr. d.pos irional .6sio.. in Plads bv morc

rhan 600 m (marimln rhickne$ of th. Middlc Triasic cdbonar.s) rnd

dow! ro rh. p6-Tis$ic b6.n.!r. Th. acbal thictncss of th. vizanbftk_

zi.n-Scnc is .rdn.ly vajabl. aid may dch 250 F (coftspondrng ro

5OO d .fid Ehdcfomdion accordin8 to a $nin anilvsis cdi.d our bv

Schrcur I990).Th.minimunrhickn $oirh.pon_Coiancov.rr rdhdntr

lb ahounb to abour 40O m, imcnsi€ laycrprall.l cl.ava8. s!93'ss rha'

thi! h only 1fd.rion.frh. orisinal rhickncs lnsubunir2th. rhickncsol

ft. sr Tndsic scdin.ns n hishly vrri"bl. and say rcach abour l0o fr

rhissginb.ina.n sb..lur. mininum (ducroinr.tsiv.cl.avaS. fomario!)

B.caDs. ofth.s.lalB. uncctuinti.s rh. $i.k.css in Figur. 14'l rndl4_4

@only4porim,Gly scrl.d. Th. horibnbl scll. i. Figut l4'l i5.$F

n.kddordin8ro!n Rabalanc.(24 kmr@ccupi.dbySch.nsnaPp€s
and rclared unirs at lh. lMr of lh. Ttmbo n.pD. in a N_S srio!) and a wrv

6!gh drimr. of ln. av.Egc tnickn.s ot ft. Scham: .o!.r (800n). Ac

.oding b lnb 6rim.rc rhc .xtrcme faci.s variations acros thc vin'di sub

unirsffcurov.rr ldcd dnhnc. ofonly somc l0kn.

E &s,,-dem

t t l  hr.lur rhtsirdt

I  dGkidx

Sc h. tuti ov. tu i.v at't a I i 3 6 -
pht o^d nructua ol th. S.hrN

a) ,ntisnphr oJth. khons

b) Sk tch aJ th. pakq.ost.plD
d'i\ th? 1'1. Juttsk .poch.
.) Potition allutud AtPin d.h.h'

d) Sk tch ot th. pt.tut dat cn,
t.dim knush th. llhont
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14.2.2.3 Basin evolulion ofthe scbans nappes

lnfomalion on the nalute of fie pre-ftilsic baemcnl n crucill for spec

ularions abour rhc prcs.nlday posidon ot ln. bsemclt of rhe d.hchei

Schans s.difrdb. Such infom.rion G found in rhin ddached bGen.nr

tlivetr (Trspinit ind Nolla bNm.nD and rlon bi.cc'a conponenb rn h.

vizalbEkzirn.Scn.. Micrcslructuial invcdigstioN indicar. thatrhe lsdly
prcscned pr Alpin. foliorion in th. Taspinir lnd Nolla bas.m.nt fomed

under uppercEenschisr ro amphib.lir. 3rad. condirions (schft!6 1990).

Heoc. rh. Rotla poAhyry, typical lor de enfta ttonr of ln. SuEtla napp.,

and sinil monsyclic bas.m.nr lithologics (i e hhobgics shich did

nor undergo a pre.Alpitr. r4ronob.tanoQhic cvelo in $. Tambo mpP€

can be.r.ludcd b hav.fom.d de "hdmeland ofrhe schahs s.dim.n6

Th..mn.ous $akn.nr in Schmid.r d (1990), lno! vizan bftkzict'Sefie

pLbblc. rc{mbk rh. Rofnr porph)ry ""\ b!{d o_ rs 
'o.copi( 

!pp.$

arce. Aho .icludcd d sourc. arc! for cry$allinc pebbl.s ir rhc rop of

$. surela sd Tahbo nappes sincc $.y !d in oo$ Plrces €d.d bv lhen

own M.sozoic cov.r Dcr.chmelt ofthc Schams nappcs tbd $. basc ot

rhc Tambo snd su€na $ru$ sheeb is .xt mcly utlikcly lor shc.uBl

rcasons. The Adul. napPc h sepurr.d fiom rh. scba nQp.s bv rhe

N-P.nninic Biind!.6chicf' oi rhc Misor an and can tertfoft b. rul.d

hconclusion, irs..osria( mo$of rhcscdimcnbdf rh.SchanslaPpcahive

bccn originally d.posit.d on polycyclic@rtineobl bas.m.n!(i.e. bas.m.nt
whrh undetu.nt pre-Alpirc defomalion sd melmorphisn) which was

!lmo$ compldaly subducGd durinSAlpinc oFgeny This bas.m.n! s olry
prs.fl.d in rhc fon of lhin sliv.6 snhin th. schahs dappes 3 it is

tr.lik.ly rhat $e luge brsc6.nr trapp€s dcpiccd jn Fi8ure I4'2 (Adula,

Tmbo, Surctrs) can b€ considcr.! 6 Eprescnri4 rh. hontland ot in.

dd.chcd Schams Ediment.

Thc es.lt s1rs6 ol s ubsidenc. led ro rhc d.posnion of d rhick (mu 600 n)

Middle Trirsic cebonac pldio6, tn. uppcr Tlia$ic dolonjr.r rMve rhe

caoian evaponEs .rhibiting a vcry EdDc.d rhickne$ and inrscalarions of

clay iomrions idenricll*ith rhe H.lv.ric Qudcnlchiefer ( CaQarhian'

facieo.ln conr6$ ro rhe UpperAutuoalpinc md Pd ot rh.I.wr aus

roalpinc pa$ive sominenklnargin.h. ljw.. Jrnsic linesroner idtd.

a mnsirion lrom nenic bop.nnarinehemiPelagiccondnionsandevidenc.
ior exrcnsivc rifting ol pE Todid !3. h mhsilg

Th. rifttry and/or td@urrent faultitrg sldg. sds immcdidely after $.

Plicnsbachi.n, po$ibl, in th. Todcian rpEsenr.d by bl$k shrl.s conl:B
ing rh.66r dis(al rulbidirer orthc vizanbEtzien s.n. i! subunit It These

bla.k shalcs gB& inro cdbonar. bcriry shil.s and mdls. vitudly undis-

tin8uishabl. frcm dre N-Pcnninic B und.e6chi.f.r (Nis.llasscne). ln sub-
unir ta, howcvcr. de b6e of rh. Viz.nbek2ion_Sd., whcrc co.lomabl.

otr d. Tumpnv.Sdie, ioD.diatcly av.rli6 Lia$ic linc$oncs Lsall,

rhesc Lia$ic lim.son.s aE Oryphaa_&ein3 lnd covcrcd b, r rxin v.n@r

of black shales (Tosim?) I! is impo.Dr ro nor. tha! while cootomabl.
pnr ofrh. base of the Vianbnkzi.n.Selie indicdc rhc innia o! ol!ifirns

and/or tanscuftnr faulring ir or inncdid.ly allrr rhcToarchn, rhe top ol

lhe vizanba*2i.nscd. (ypically Eprca.nkd by bGcmcnr delived akos.t
locally g6dcs confomlbly bur abruprly inro lhe Pldlens.id$cir of Mid

cdaMus agc (ar Piz vizan, Rilck 1990). He.@ th. enhi. rg. Inr.rsr

f.om MidJurdsic ro "Mid:CreGc.ous is ftpr.s.ntcd by the vianbrck.

zicn Scoe. Th. cxac! age oi inrcmcdid. lirhosrarigtrphic levcls r.m ts

Thr depositional geoB.uy of rh. vizalbEkzien'Serie, sedim.nr tanspon
dirccrions ond $e geon.r.y ofrhc bisalunconfomiry (only sch.mdi.ally

s*eched in Figur. l4'5) hrve bee! inrerpded in rems ola llnspasivc
dher$a!dGt nsilecgimcGeeRUck 1990andS.hmid.r!l l990forlu.
rher derails), Abour 504 ofrhe vianbrckzieftSerie is md. up ofgEvnv
nos rnd rskJau deporit!, indi.lritr3 a v.ry $rclg rcl'el and i.m{ourcr
dlposnion aloo$ exclusively b ih. N olt oughly E W reidiig fauh e!
cdrpmenr (Figue 14-6),Thkf h cscarpmenr delimtrsthe N cndofa plal

fom Fpftsrnr.d by uln2. nirdepicrcdassinhrallytmspErriv. ii Fieur
l4-6,ln. s.nse of shea b.i4 purely bas.d on rhe luse scdc pl.re reron'c
ftmewo*. The Enaind.rofrh. ds.dimcnr is mrdc up ol prahmar.ur

Fieul 14.5
Sketch risualiziry rcloti.ns b?tu.?n tilttli|ctian aI PrcriJt EdrrenB ond
sedin 

^t 
ianspod diEction oJ srn.rif vdinenB kr ttE .as ofq) ilftt

sion ot lqneension a b) tantptesio\. Al.r Rrck I t990), lat dt.,$toi



Rla<k .lidRn al tl? pale.E aStoPhr oJ the S.hahs happ.s drtins IaR

lutittk ti pt ttt{ Rink 1199a). Fot srnthok an.l,uhtb.'s t?? FiEure

Sedimcnrologicrl data indicalc Ihar the iaul( .$rrpmed rcmaned i.iv.

u ill "Mid rcrthc.ous rines (Riick 1990) Cl.s abundance generally in_

dicales r rsnde.cy tor trp*ads iicr.Aing aEounh olcry$dlin. bas.m.nl

!rd generally . rhinning 6ning.up{ad rendency i obsefl.d, ecasionally

'n 
rwo cycles {Piz vizai. PizTschera, Ruck I990). Co.rempoHnentr .G

rotrLc acnviry is rcsponsible lorcontinuous supply ot pcbbles, almo$ exclu'
\ively denved Ism 6l(!l5ource (barene - ovcrlyiig Middl.TfiNsic car

bondes andTufrpnv.Scric). This!ngding recranic diviry is direcdy nani_

Ln.d by Mesozoic .an.lasnes wirhin th.Trspinir bAcnent (Brvusl! dea,

ec Rick 1990) Abuidanr nePruniai dykes ii b!s.men! and pre_breccia

cover indi .d.e{eis lo iandi l lu$tuE(hatrhhr( tonicsdivny*asnorofa
rlispR$ive naturo for rh. e'fe dme inr.dal covcred by lhe vizaibrck-

zren.Scie (Mid- Jumsic ro Mid Cr.rac.out. Llrgc scalt con.iderations

dlso iidicd. ihd rhe schms nappes werc Pan ofa p.sive conrilentalnd-

8,tr sediig issochrcd wilh iubna'rial .runal lhinnins in rhe Edy ro
v do e u s.i.. lr | -o' .Fz, di nE lhrcn lme i,eaal th. ra \prc iv.

rcg,me infeftd fom the deposirion g.om.rry GiSDF 14_6) prevailcd.

Ako. ra'sprc*ion m.y orly b€ a localphenomen. rcsriccd ro ln. Scha6s

Conrcnporotreous sdiments in unir 2 rre rypic.l pllrfom sedimenb
(Tscho&Mrmorserie ropp.d by local occurences of Unrere! Sericihtr_
mor and locllly wnhrhewi$b.qb@ciadthe base) Th. \Msb.E bEccia
i! enrnaly.omposed of ieworked Tn.sic lndJursi. cdbonfts md s, rD

.ont i { 'o ' l -ev. /$ba\re,de o.dof b"sn.nr.hn\ D're. ' ra \sr6 ion

odo Middh Tri.sic cebonar.s and *osiotr of intenening lirhologies
(TuDrpriv.Seric) is rcm'nisceni of rhc Pdllp.s M6dianes RiSidcs ln subu.ir

1b rhc lleady d*cnbed Nhclhs.Serie n bpp.d by impuE ca'hnnner
(frainly Unrerer Sedcitmdhor and utrteE Blinderkdkc of rh. Obnsl_Sen.,
ide ical wnh lhe socdlied Nivaigl'Sei. napp€d in the E-Schams by

4 kcroiicslly qulsenl phae brb'' rFe on{r ol Alprne con!.'8.n.e n

indi.ared by the Midrcretccous lirhologies which arc ide ical in all

subunirs Obviount, rhe oigoing recro.ic adiviry $hich is esponsibl. fdr

$e preserydion of rhc ertem.lacirs vandion\ chamd$isic lor old.r for

mdions withi. $e S.h.ms ilppcs came ro a h.lr by Mid:CBtaceous
dmcs Th. rescdid.ns found i! rh. Olqudzn and Phknsandnein arc
very nErue and aE widcspread ove! rhe .nftc Tcrhys (weisFn 1931.

Th. Atplne convergcnc. 
'nd 

dccrellona.ysra$ is rcPr.*nred by rhe ill '

dd.d Gdbhofr flysch which con hii s thc Ob.r. Se!i. itnamor, pmbabl y

reprcs.nring the Couches Rouges Thin b.dded limcsones. imercalded

wi$ shll.s folm rhe ftm.inderolrhis iysch Unir 2 ischaradenad by
h€bnE.foffidiors. embedded in a Ldc Crctoceors nadr ol pebbly mud-

sones (plmkronic fomrinilendescribed by P.uli 1938 3nd NeherinSteiff

er d l97l/19?6) This hdlmSe locaLly contains eroric slic.s oi gBnire,

ophidlir* did ndiolanres Gtrbdnir ?o. indicarng the Prorinny ro and/or

a.crcrion ol rhe sourhcnmon Bian9onnais ro lhe s-P.nn'n'c ceaiic do_

main d ftkrina. while ir ir posible thd accrcrio. and m€linleiomaron

n.ned ii Lak Cr.taceols rinc wirhi.lhe soutnedmossubonit2c, it is Pos
siblo rhd ftl ' v.1y undhrurbed\edimentolion (ehichdocs nor exclDdcce_
v rccreriondry wcdee rornulon) conrinucd inro rhe Tcnirry sirhin unir

14.2.3 Stratigraphy of neighbouring sedimenlary units

14.2.3.1 The sediments at the frontoftheTambo nappe

Moyeiar (1989) showed that l[g. pan: of thee scdimcnts. refeft.d ro A
Arc!a-. viglone- and Krcftn-Zone by Ginser (1937) aE nade !p of
schans coverslies and ddr rhe schams ndppcs n.d splilS.n may be di-
rectly hc.d $ro$ rheHinlenhcin valley and inbdeffia in ft. trcnr ol thc
Tambo nipp.. Th. Arcur bas.mcnt dic., nor being pan of lh. Schams iop.
pes, hos a vcry rcdlccd aut@hdonous cov.r ( Pemo-Cdbon ir.rcu s. bm.l
Tdrsic) dd is pan of ftc AEua-B ruschghon m€ lanle (Schdid er a1. | 990)
cnv.lopin8 rheSchrm! nappcs ind conrinuous rift lncMdc3nas mdhn8c
in rh. E-Schams, The Schms sedimenc in f6m of rh. Tambo napp. m li
r.cronic conroct wi6 ile Ar.u. mahngclnd have bccn dcrached wnhin rhc
Cadian cvaporir.s.Th. lirhologies found dedilsnoeic forborhsubunns la
md lb: Tumtriv'Seric, Vianbrckzien Scde (pEdomiiintly dolomitt md
mly sirb bdene pebbleO, UlGer Ssicnmlmoi Plan.nsandnein,
Obed Sericitmrmor ond Gelbhom flysch . Herce, only elemenLs ol srb
unirs lrand lbaEpEs.nr,whilesubunir2iscomplerelymi$in8(noM'ddle
Tria$ic nor T$hen-MamorS.rie).

Mryerar (1939) $mcwhd ani6cially sepankd lhese Schams cover nices
fbn a dismembe€d unir rcf.n.d ro as Xnotrtr mdlang.. This h6lange
hBcly conshh ofSchans lithologi.s and h in direc( rec(onic corbcr wtrh
$. f6m of rhe Tmbo bas.m.nr nopp.. In val vignolc (Mono da C&sl!s)
thi! n€lalgc conrairs d li.ksic breciidtectly ov.rlyin3 a bas.m.nr slrc..
coftkting of Pcmccid.nifercus bcdi8 and pdagnehs.s. Th. anil4i.s
wirh sinilr snoca ar coordinares Bavugls (E ScMns, Rilct 1990) n.
tuiki4 and indicar. rhe pEs.nce ol slices of subun la in $e (nofti mt.
l g. ar rhe fronr of rh. Tambo nappc
Recenr 6eld wor* (Scbmid unpublhhcd) rcv.al.d lhal rhe Andrana zo..
(bpmon sver dic. of$. Mhox mne. Shhbach 1965) conhins typical
Tumpriv.S.rie, U.re0 Sed.ir mrrmo! a.d Ph!.nsardsein (alons rh. Sa.
B.mddino noroflay it 716 600 / 144 40(l). This sD8gcss drr th! Schafrs
ndpp€! cm b. ticcd sourhwards and 3lo.g th. base of tlc Tahbd nippe as
fdas nearrh.vill!3e Mcsocco. o!rheone hand.his ercludes tne front oI
rh.Tamhdnapp.dapossiblesir.oldctachmc lor6cSchaDscdv.rnice!.
O1fi.orhcriand r rrle\ rher)po|n.!! fo-6o'inede t.hdms nlppt in
rhc splug.n zone (MayeBr 1939), i.e. dr rh. rop of th. Tanbo nipp., !inu.

14.2.3.2 Sphgen zone and Suretta cover

Most prcvious rorkds considercd rhc ag. ol lhc .ur@hrhonous cover ol the
Sur.rra nappe (excluding the Ava6 B0ndn.6chi.fer) and ofrh. s.dim.nts
ofrhe Spluge. zon. to b.ofpr-Ju6$ic (Triasic) a3..In rhc c.sc ol Ihe
Spl03cn zore, how.vei Baudin et al. (1993) su33.$ rhd pad of $is cov.r,
rcpftsenkd by cal6onaie brcc.ias (similar ro (hc wksbcE bfc& h rhe

Schads nappet, *h ir. cahnc malbl.s, y.llow sen cire malblcs, black shales
and cdce.ols schis6 is of Jumsic ald CEkceous aE.. Th!* aD$o6
found tnar PemGTnrsic conglo6.Er.s ('vemcano l volcanmlaticr
("Rolna :ryp€) and baral Trirsic sand$on.s rc sidcsprcld ar rhe basc of
tnc Spl0gen anc, rcpeselting 6. puau$ochthonou s .ovs of rh. T!mb.
nippa(pdlyid.nricalrirhrhcBardan blcof Sironba.h 1965).Thcs. basal
slices. tog.rher with rh. Ando$i zon. i. rh. hangilgwall. conraining rhe
po{ Tna$sic litholqi.s menlioned lbovc, rom ln. splilsen zone as r
single unir chand.riz.d by complcx imbricari.n oI rhe cover ofde Tahbo

The Tnrsic quanzirc oflhe Sur.na Merozoic cover ir tddsgr.sive on r
polycyclic bascn nr (Timun uril)oroi monocyclic berement (Rofni poF
phyrysd Vedcano rrypes.dimcna).Whilcpansof ft edolomiteandcal-
cir.narble alr.marions bppinC rhc brsal qudzn (eundoubrcdly of Tna'
sic igc (close faci.s analogies b d. Middl.Tri6sicof th. T$hcra.Kalkb€rg
unir in ln. schans napp.t fiets is srong evidcnce for rh. prcscnce ol
younSe' .dinenb.Ar *v.dll(rtion.,n $. surrb n8pp.. br--iu\co-
rai! algrld.onponenG ofdolomir. and cilcire madlcs and,16!lly, crys
ralline bas.mcnt owrlies Tria3ic cdbonares. To th. sourh (val Madft) lhese
b@chs conr n laEe bolldeN atrd canbe incrpftted as Gubmdine) @k
Iallbeccias(Hiu 1939).Arsome localni.s rh.s. brcccias re in dnecr.on
racr qirh rhc pE-ltif,$ic bas.renr and contaii m.rcrsiz. lnShcnts of base.
n.nr rcck! (D0lla Torc 199 | ) rtrssering that Ine Tria$ic qlanzfts md cm.
bonarcs had be€0 eoded lsally md/or $ar rhe brccci..bls.frcnr .onrod is
a syns.dimanbry nomal laulr.s(i0tcd wi$.lura$ic riftinS. A pectrliar rt-
laridnship b.t*..n b.s.n.nr, cdbolar.s and bEccias can be ird'ed dn rhe
Esidcof valFetrera.lnthePizCrischrca(Chnien 1993)rndEof Cmp.
ilt (Pfrtrnerunpublished, Figuc 14 ?),ldB. (lmn sir) bl@ks ol pE-Tri.
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F;i-n topp.' , rhir ol fr w 5sims mPos rr'(h. ! turfrc Ne
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Fllknisna!@burk subiairallv hsi!lhe sulzlluh napPe A$uh'nean rv'

edrc rhici;e$ ot lhc M$ozorc cover of ibour s00 for botlr FrlknN lnd

su;nuh napp€s and Feasdns $e dsaoccupied bv rh'k r*onapp's rr l

N saeci;irl tn:).i,e,ubpaDllclrorh.mavemei(dnedionduringTer
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sedimelu) in aN S;n4don mavb..$indcd b b' ii the ord$ ol?0 kn'

14.2.3.4 N-Penninic Biindnerschiefer and ophiolires

In rn. w'schams and in ftonr of lne T!!bo Mpp€ the Are$ BruschEhorn

melrngeanerMaye' i  la39 Rr. l  lqso scl  nod al  l9s0r lo d r \ebr '

. , , i , r , i , ,^*"r ' i ' . " . - " ' -  
" r ' r . . \ 'overonBrFeN 

Petr- '  B- ' l

nadchiefer Aro$d a h'!e scrle Poi nlPp€ rbld(NieiEr Bcv'nn fold)$n

malonc.zonedn cllv conneh*irh lh'Mmr'gnas 
'n':hnE 

(Figurc lJ-l)'

whkh:sDln ofm orentrn.d 
"tk 

ofrcdoni' mirs in ih' E Schads (Riick

1990. scbsid .t al 1990). TheE. lh. Mansgn$ m'lttr3e vprldes rnc

scbrmsndo.slron fte T.nitrv arblsbch flvsh originllly pon ol(h' N'

Peininic dysch zom o'lv due rd po$'!!ppt Elolding n rh' A6h$ch

flysch a! presem in I irudurally hiSher posirion in respccr b th' scha'ns

*.'*t'i,-" o'*"S'"*"e*'n M"ne8nt melrns' /on' onr'tro

oohidliric rcmnans whose derivlriotr f6m Gedniccrui k contary ro orEr

;;6c and ultBm.frc units wirhin rlre N Pcininic Bundnd$hietr' bevoDd

anv doubr. SeDenrinnes, s.bbros. pillow l!v!s ndioLeaan 
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p'3gr'

li;6bre: m lidestcad retr Pn Manegnm (steiff 
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!l l97 l/ 19?6 ELe'

mmn 1983. Schmid cr al. 1990) and imbric'red wirh bsened nive6{r 
'

Aleurbssemcnraodiedimem of lhe schans Mppcsli' Tunp !'S'ne

Vizanbrckzien S.rie,T*helu'Marinorscne) While rhe ophLo[hc tnnrds

arevintrally undistinguish le lronS'Penninicophidlires (Plrtu-Ardsr) rhe

.on.oDhioilic.onnnucnN dre drderc in $'$ No m6lanse zois (schaN

lirho;ci.sin fte Mlnegnas nrdlm8c vc6us Au{rdrlpine lnhobgLes ii rhe

Plina'Amsa n.rtnge)
The bulk of lhe N_Penli'ic Bilndnc6chicfd and nv$h sedimtnK n $ru'

tunllv bclow rbc Ar.u*Bruschghoh-Manegnas n6lMge md rhe scham\

naD*s. These Bii nerechiefer are idbicated inb fodr malor lrns (N'b

r'orz tq,rs, steinmonn er at tsqz. sGinmonn 1994) whi'h are l?otr' rop ro
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'skr  
le)b Errr '1933 he

c,-"  
-" . . ""ut ,  

.ontrnuor '  $ i t  r l rP' ! 'g iLBu

Sy$hrhorc;chinsi orh.Tcniarv(Nunnv 1943) rhcAuLmribleun(lp(

E;tdehe lot Jtnsn nomaLJodti8 in th' Sl4tto noppc'

L,"", 
"r -, '"-.' ' 

t^,-", 
"ad 

h orn q@tEk: a4 ?dhtddcr in

l",,li; .i,."- *o n-.. 
-,anat.' 

s'atqr \t'a'h olth' '1'p" Eol

!$.c brvren rno quM/iks erb.daed ir r mau'\ ol brc(ils mcur a'

.i"""". r.*. '"."r**j**trd'( 
A p t imbricluol dlon' e!'ii l

-on."a-ng,L. 
po lprt,.'*"-_'le\olur'o' c"nnor be c!ponqll' Io' rhc

" i . " . - ' i . " , - . r*  ' " .  
a-Lrebz€ment oo(r 'd mol l i lc \  dc

rcsun or svn"colne'rarv tauning. *hich qas subsequentlv oblir'ror'd bv

Dol\Dha* AIP'ne foLdinB and rhd ng

, iJ i'*l -"-"'.-u'.. t..o's . rtr. dir' r nn gc*'otr olro htuJl rno\

i. auanzi. or p'+1na*- D6' n'nr 
'nd'sk 

sub randal predeposrional

".'"" 
*. * ui .."^." .tt"* ns n ling T'r lnge bl*k\ o'pE Tnt*

''i 
""'... 

r 
'"i 

rn-'. qu rar\ emDeddeo In ru' rs' btccrz Donr b

,r*drn'n'ar) -ondl fJ,l0-3 $d z$&Dred h'g! 
' ' l 'f 

B'rh kdu(
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'Tplaccd 
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-',...' '* 
r"t-i ** i" ,l ' r'mDo and Su'{u cov'r In s r* or rh'

oar."rcog,prr'cn-onrrurlonothescnamsn0pp"iF'guE 
l4 l)sndth'

i.","rron o'rtrc s.t',m' *ppt' t'loq s'T0mbo btuem'nr nrpoe I * {g_

".'"i,i, ' 
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", 't" 
s"",'" add rdbo nrpp6 Gpr$d\'hc dr(r

:or.her cod rudron or lF. schar\ nlppe\' malosou rofi'Bsrfiomsrn'

in rhe wcnco SwnsAlps which rcpr'ssns a paleogeogmphical cqtralenr

of the Madhn.s Ricidls. $rll.ur(hdonous on !h' pr''Tna$'c basco'nt

.onldeEurr'o hrhonou' $rhft\pqL rd

,t" 
""i.i ' 'rt 
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othd places small eale inbricstions of

;ihd!ffshi.rdandbdemedorTrirsiccadonar'spoirrtoardtoniccon'
hcr. Th. Ave6 B undne^chiefer unit his ben occEtad to |ncAusrodFne

";sm'- l ,oandftrur.Jor ' 'he5-rctrrco 
e dunisrne&lvn'B'DrAl

.'";."" ***. lhe p(rncc of ndioldan c1'ro (Nt\'aex p'^

i".^,..ri'* -',r,.pnl"t"'_ 'rrv''\ 
qu n fi' Av'is Bnnrrer{heref

ohlhm{i lc?' sccsG " 
S Pen_-'c orc'- ol rhe Ar'' BmdR''

schret!' They shourd ;; bngd be considered to rcPEsed $c pos-Tda$t

coverolrhe Sureia nappe

14.2.3.3 Falknis, sulzfluh and Tasna nappes

Th.Cehceous$dimentotth.Falkih SulzffuhandTasnanappes lnps

.."r* *" C". 
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"lu,'a C"*-u\ rg? 'hot !lo\' <im"ir 
'\ 

ro th'r
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'"r."". 

*. S"1".' *op." Ihe Ju6tt lilnoldgi' Fo*?\cr' dif i
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-' O"l rne Loor Ju'iri ' SJtfluh Kall or 'h' Sul'fluh

nlom (Allemmn 195? oo 1969) is vinusllv idelricll wift rl'e T:chcn

M;;noFse coIlheschrms nrppes The Jun$ic sedinenb are sublcd ro
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u.q rt.noti. t ,to ftn thoiiaS I I ) th. d6.nsion' ol
.teotjok s a..ir.dhd nt snanpnnair d.noin nov
nteoryont?d i^to th. pE .nt do! .tus e.ti.n and JutuE
dtuchr.nt hotizot dlot d to AlpiE .allnian thtuit): 12) o
dininrln .aimt. al..uaat tuicr.4' .m..1 d br tssiRhkN

h. R.ianlouak domin
durins No trbs.qQnt .r.n$ .l p8siv. ntar|in Jomoti.n
(conpor. Fikrt 3l4-9.ahA U.gh): 13 ) suha!.rim oI ?k s
.1eol uat.riol b.in9 replac.d br ualak Stindne6.hi.J.t in
or K.r.tunar- w.AB. ienario.

donimdrly imptrft Grbondcs) rid rhc vallcr schupp.n (highly variabl.
l' lhologi.s, inbncakd wnh ftc Adula b.km.no. Steinnaln (1994)€poc
ophiolirc.b.arinB mahng. zon.s. aho comlining slive6 oi.onrin.dhl 6{.,
m.nt, Pcmo.Tna$ic .ov.r md ii pMiculr Liasic crypha.b.rins lin.,
$on.s (Nabholz 1945), d d. base ofrh. Cmv. andTomul !!its.'lh. Aul
nrinl. unir and rh. v,l&r S.hupp.n akocomin ophioliric .tias. Typici
Bilddn.6chicfc. lirholagi.s, ho*.ri are la4aly missing wirhin ln*. rwo
lo*.moi unirs.lnn ad ln.Aulmadl. Epcs.nb an impur. mdtlc prc.
$mably Epr.s.nrif,s, plartod aE N of rh. Bundnerehi.f.i
x app.a6 rhar rh. Arcua BDschghom.Mancgnas malus. and Schims
co!.r srr.r r.p6.nr rh. ropmo! .l.m.ns of i larA. rcr.rionary rcdgc
n.inlt.onsistngolft. lour Biindicnchr.rcrunirs me.rion.d !bov.. lr wilt
bc ffgucd lar.r rhlr rhis ac.diaoft e.ds. tom.d d$nc rh. T.diary. x
tursinrh.Mnoi&i..ndonropof $.Adutahigh,punir.lnErcninsly.$c
as. of$. Bund!.u.hi.f.rin Gnva- ind Tomill unirs is pndominan y CE,
rac.ous (wirh possibly som. t:r.iunsic edimcnG d d. b6.). Morcov.r,
pani oI ft.* N-Pcnninic Bundn.Mhi.fs .pFr b hav. ben d.posn d
odoG.anicmrh.rrh.noncondn nklcrurG..Scinmanr 1994).
in summrry. rhc N-P.nninic ophiolir.s. and ar 16r pdsofrh. Biindn..,
schi.fcr r. likely ro Ep€s. i dodair ofs.anic crun, ar pbposd by
Fnsch (1979). Ruck (1990). Schmid d al. (r99O) md Sbmpni 0993).
lruarcd ro Ihc N ol rh. Schams paleogcogmphi.al domrin. Th. Arcur
Arusch8hod-Mm4nas malog. would h.vc fom.d rhe N boundart df
rh. Bnanqonnais plartom Tljs phrfom. ftpftsBnrd by rh. S.hans and
rh. Falkffi Sulzfluh cov.r napp.s and, addnionallt rhc Tambo-Sudb
ba..n.rr napp.s wnh ft.ir own Mcsozoic .ov.', s.prmr6 rh. vatais
(N.P.nnihic Brndn.6chi.ter) ccanic donain tdd rhe S-P.ndinic or

14.2.4 Paleogeographical selring in a IrJgercontext

In o.d.. ro dkcls b.*m.n.cov.r rclarioishipi in rhc P.nninic mpp.s.nd

'n 
ordd ro *crch l.re. 5cal. p?l.o!.o8Eph'cal nEps ir ir imponan o hrvc

iom..(ind.on rh. odginalwidrh ofrh. Brurlonn.k plafom Tnl for-
gorns dtrcusioisrho*.d rhar rh. onsinatuidrh ofrhc Falkiis-surzfruh and
schamrcov.tnapp.s amounB b abod 70 km m.asurcd in. N-S-ditrrion.
Admirr.drn rh(.risar n v.ry crud. n n b,s.d o. @ balancinSappricd
ro a N S on.fu.d crc$ s..ion G.. chrprd 22, ptar. l), a$unirg phn.
nnin dcfomarion wirhir rh. p@6lc plric whil.rh.lhrusiDgdirccrioncan-
ior h.r b..n far ofi from N G.. dn.u$ion of rrucrurd dara 

'n 
s.ciro0

r3 2 .  our o!  p ld--  d.roa,no ou' ins o 'os.n pr, tktc\kB.on A,
r . . .nou. plobhr Th( r .um.drhl t - .$of  r \ .M..ozoi((ovs, .d l

whil.rh.sccov.rnlpp.\trrc.onplcrly ddach.d frcm r balcn. which n
r(i loi!.rpreRfl.d i. rhcp.c$nrday nos s.dlof,. rh. sruarion isdif.rcnr
for rhc sourhcmmon pln ol 6c Bmrcoirais plarform compnsins b6cm.nr
riak.s (Txmboand surctra bas.m.nr mpD.t Th..filiaridn ofh.$ b.e-
mrnr napp.s rorh. sdurh.mmos Snaitonnrisplarfom wasd.du..deani.r
to'i rh. nflurc or ft.n .(chrhoious ro prnurtrhrhonour cover (Surna
coln and splijS.n zon.) Takins rern rh? zrea of blrh s!r.k cov* (t2
hm:) mdSpldgci zon. ( 16 km:) in rhe pr.se'r day N-siccrion and a$tro,

'n-s 
an ongiillrhicli.s of 6a0n for rh. SUEM and Taftbo cov.i,ro!'rcr

17 km hav. ro b. idd.d ro ft. N s widft orihc Bliingonnais ptalfoq.
H.nc.rh. roral oricrnll !id$ olrhisplarform isiDcrcc$of 100 lo(Fig!.e
r4.3). whil. rh( 6gurc may b.considered an ov.r.{imarc duc bar und.r
ciimak olrh. o.iginil rhicki.$ of rh. covcr. rhos psdsof rh. suara covcr
,nrrud.d by rhc B(3c[ behotifi and po$ibt.ci.nsioisotrh. suanacov.r

inro ln. soud.m $c.p b.h l.E nlr inctud.d in rh.1Ea batancc ind edutd
ldd dta l.rurh ro our .nimac. Evidcn.. for ohg.n ptu.jl.l tar. iag.
shcbing di$u$.d lacr also sults in !n und.rcnimar. of rhe dcd Ecu-
pi.d in rie tonl. phD! dd, .onscqu.nrly, e$. routN-s-*idrhofrh.

n is obvious rhj! rh. prcs.miay crc$ slional fta mcupi.d by Tambo
nappc(lrr kn/)andsurtranapp.(145 rn1)5only Epr.$nrafndrct
ol lhc conrin.milcru$ fom.rly und.rlyirg rhe covq ofrh. Bnlnwnna's
plarfom (Figurt r4.3) Tog.rh.r *i$ tn. o.isinrl widrh of$. T,nbo.s!rcft
pd ofln. anancorn,is plarfom an o.isinat dcp6 oI abour s 5 m..n *
calcul .d for $. b6at d&ott.m.nr of rh. Ts6bo and Sur.rb crus.tflak s.
Th. d.prh rod.uch6.nr wirhii !h.Tsmb. bem.ni h6 b..' i.d.p.nde y
6hnat d.ob.arcund3 knbyMay.mr(1939).*hoasoEdrh.pEs.lrday
rhicknd! ro rh. pE-Alpinc sdncry consid.rins 6. inr.nsiry ofAlpin. oE.
prinr. wlrh .h. srm. prc.duE lh. be ro d.rachn.d wnhin tn. surcM
n!pp. wis found ro b. ar abour 4 kd b.narh rhc Tri6sic qu@ircs. A rh.s.
6LnaG @ rirhii 4-3 kh and comp@ b rh. on.s obbincd in rhc Souihen
Alps(Schitnbon 1992).ndfi .tu.m6sif (ch!pr.r l1), i.c. mas t.ckingsrb-
sraniar ducrilc ov.and modifying rh. o.iSinat d.flh rod.echm.nr.
Thc numb.6 discu$cd so fr haw b€en used for dr vcry siopt. p?t@gco.
graphic prcfil.d.picr.d in FiguE l4-3.Thkcrudc skcrch trimaity sc.v.s
rorillu$ntinE adrmatic pobl.m conc.diryhas.F.n!.ov.rEtarioiships
dudn3Alpir.oogeny.EEnBiwn.t m.aoou.bofctonatrhinnin8pr
diung convc4cncc. rhc enclusion lnar nuch of rh. b.s.h.nr odgi.illt un
d. ying $. B.iuEonrih cov.' mu$ havc b.cicliminar.d by subducrion i5
un.loidabl.. Thc srrudurally lN.rAdDIa mpp. cannor h. Egadcd ro rp-
Eeni !.nstd i.lc d.riv.d f6m ln! Bialqonnois It k s.p,r,rcd trcn
hiSbd cclonic unirs by rh. Misdr zonc. Epr.sniin8 rhcd.anicruruft b.
rw€n thc BianFnmis aid rh. Eubp€zn for.lmd. Thc Aduta naDE rh.E-
forc mun ftpcsm rh. sourhcmson .dgc of fiir Eurcp.an fodrarc
Ir is inr.rcstins ro nor har Mc!tud.r al. (199t)camc ro $. conclusioo rhir
subductiorof .significanrnounrof Eu6p.an conrin.nt tcrun (jnctud.
iog rhc BriinConnan pladom) is nor ftquiftd. Whitc rh.s. .dnoK bascd
rh.n.$imd.oi u b'lk mrs budS.rshich includ.s rh..nriE pro6t. a(o$
rhe Fr.nch-luliai Alps. ourcon.lusion (which k vatid fo! rh..o$ srion
in Ea$.6SwiEnano n.$. ially b6.don ftc rccognirioi rhar no{ ot
rh. b3wn.nr napp.r ol rh. P.rnr.r ntodu'rldorsir r*ih rh..\ .rron
of rhc Tamb..suErc pan) rE pan of rn. Eump.an dtrat miidn N of rhc
Valai!\uturc. H.reall rhcarcaecupi.dbyrh.Aduta.ndshcruraly to*c.
napFs dovnro!h.Mohoc.nnorrprs.mcomincnulcrunb.long'ngrorh.
Briangonnak.as p.inrcdour.rli.i d. schaN'id Falkdt-sutznuh cov.r
nappA lack 6.n baemcnr (.rc.pr tor rhtu ba.m.nr sliv.6) in ftc rEs.iL
day c@s srion whilc rh. Tmbo and Suretrabas.ocnr slic.smcovcrd

TrE pd.q.oSnphic rcconnrudion propos.d by schmid d at.09m. ft.n
FiguE ll). skcrchine rh..n{h.lon amns.m.nr ofrwo c..nic domriis
(valris and Pi.honrlisuna) rinuhm.olsly foming ro rh. N and S orrh.
Bnm9onnik plarfom dunlg rhc MiddlcJlnsic !6 adved ar in odc! ro
.xplain rh..rk.rc. oI. .onrin.nral Insm.m (aria.tonnais) caughr b..
rv..n r*o ffianic sprc.din8 ..nr.^ bur d rh. sank rinc fimlya!:ch.d ro
rh. EDropcan forclrnd ii f6nr oftn. w.$.fr Alrs Cl!$rc!lly. rhe vllah
rcn. ieconsidcEd ro blindlycnd lirhin rh. w.!.m Alps. Ldoinc.ral.
(1936) kincmaii.illylink.d rh. valai! zonc ro rh. Pi.honr spr.dingc.nEr

no' 4p15'n rr ongoins pakok!'on'c ac.
riyiryuDlil Mid:Crck..ous rim.s. d rccod.d hv rh.vianbr.kzi.r S.n.
in th.sch, napp.!. Addi[omlly, nd@s nor.rpllinihe shon hv.d tik
Junsic nfiing pukc rc.od.d in rhe Falk.n !ap!. Ilborhconrin.nbtnar
sirl N drd S of rhc Brirngonnrtr. r.,fffrflcd b hrv. b.cor- pr\.r.

hrnr' r!d4r!. .t i. : .i

., 
(rrrd !' N ilm !i-nr .i.,
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Giptd ti,,. tio^st^ .kt ,o ,rn iJ1 brcc.io d.pasitr.rh. HolstarMaiah o..on olzatiy.to'?d i h. Lok Jutosic

k.z diru{ioa in ChaPk. 22)
;: ;ibian. sertadks n t h. votoi, ac.an tinkd @ rh. prrtn. an Jractut zon ond o.tiv. ru4h b.Nan rh. Pxnmt usu.ia oc.o n ard Arrlio kodint to sub-

duaton rr th. s.na.n 8iatulolxhthd
:.;;;:.;;;;';;i;,;;;;;,;;n. h.od.on.ottsnn a ,h. c. ruland Ead.n atp' obtiqu"ottnitu osxio''d with rujo' 

'i^i'ttut 
!'ik' st'p 

'notion 
(RiLiu

and SiCntnt lss6) in th. w6nn AlPt 3.Paati\ Ih. Bnueotuok Jnn lbttia lincludi8 Cosi'a Sa'dinio) anA P't'ntt'

d: P rt k 
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doj cml suation, ltts.t, rttultks Itun w'd izd.d ind.1t'tio^ oJ tht , tnsubric PLk duri^s tht N?'s'E k" Ia'b$h't t97I I99lI

dunne midlun$i. ri6.s. hoth ma.gins oDghr to b.h.!. pa$iv'lv anc! thc

nnd brak up. Finally. rh. prcdooilan vCrcbc.ousagcol$'N-Ptnninic
Btndn.6chi.f.r in lh. Cdva ed Tomill !ni6 (Sr.inolnn 1994) dgu's for

a IaGrnf n3.nd dnfring.v.nr in ln. vilds @ugh

An llrcnariv. palinspasic rk.rch is prcsnrcd rn Fisua l4-9 lr!'lv basd

o.ancw mod.l poposcdbysumpfl i(!993).asom.thlrsiotlrddd h3v'

mg bc.n pmpos.d much.alidby Fn$h {1979) Bolh 6cs' 3utho6 p'o'

po*d a rwo $as. brct]<'up Th. Bdlnlonn.is fiN r.pdscotcd rh' ta$ivc
co.dn.nral ma'ain or ftc Edbp.lbcna b|ek ii rcsP.cr to th' Picm'n!

L'sunr ccanic cns nding ro fom duiq Ezrlv o Mddl.lum$( tm's

(FisuB la'9a) RiirinS along th.furle brcak !p of rhc v'lris e6 initiakn

lakr and dFng lh. Orfodian (FEut l4_9!). kr. lud$i. to Mid!

Crcraccous dniiing oa $c AnanCodi.isrb.nr blct (Figur. l4'9b) is c'

sponsiblc for $c op.nins of rhc valais c.an, Pdlvacconpan'dbvcrosuE
ot dr. Picmonrligu.ia G.an sdins in $. Cr.hccous Accordi4 ro rhis

nDd.l. rh. Bn.nqonmr plidom, $ pnicula. irs nonh'n pd rprcs'nr'd

163

by ln. Sch.ns, Falknis. Sulznuh and Ttna napp.: sufrc^ 2 s.cond cp6od'

ol nfting corcsp.nding to lars._$al. .inisral rai{en$on 
^ 

tanrloi

fr.h rifiing b dnfing in ln. N P.nnii,c valar doiBn during rh' Earlv

CEhc.our hss iod..d bc.n corrimcd by rcc.nr6cld*olk in ft. N Pcn0inic

Btndn.*chi.lr (sr.inmaitr 1994) lnd ar rh. nonhcn ma!8in or rhe

Brimgoniris{Tasna nappe. Flodn.rh and Froith.im 1994)

B.caus. ofdaringpoblcms ir k hard ro dccid. ho! msch orlh. vD'nbr'k-

zi.n's.n. cDold hsv. forhcd dunnS.ach tring ia-sc Thc v.rv lon! lne

.n S.n. sugg.^ rhrr borh rifi ns Jad'

may b. Eprcs. .d by !hcs. br.cilr TeMrivclv lGlL linnkal IdlrPEs

sidn in'licared byrh.wo* ol Rilck (1990)rn ft. Schans nrppcs could b€ al

dburcd ro rh. i..od iiiins cycl. lhcrcas rh..iono' $.nano In rnc

Sudo covcr di*u$cd rboY. mighr bc BlaEd ro ft.6d rifringcvcl' The

maid dfilng.pnddc rcco.d.d by ft. Falklis'Br.kzn. how.v.i h sdrdr''d

(rr.i luru:ic) and hls Io b. 
'.latd 

ro fic (cond rin'rg .v.d a$m'arcd

wnh fi. op.dns of rh. valas mcan
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A.co ins ro rh. r*on$Ddionr orShmpfli(1991)(hcval.iscdn wi5 di-
ctuG zon. (FisuE l4-9b) rkn.e rh.

valarc.!n dcs nor snd blindlyrirhin rh. Eu6p.rn for.lind accordinS ro
rhr hodcl. l.icad, n illin.ha.icllly linkcd ro !h. Pyrn.an lndur. zon.
rhrougb an ecanr do6ar fomcrly p@rt ir rhc wcnem Alps ln p6.nr
dlv maovi.wthc vllatr zon. i.rhe&ns.ora trtonicunirr.minar.s in rh.
Uppr. Vd d lsar.. Tnc rcasons tor rhis nc $illlncl.n Sinkrd slnk rlip
horion pr6ll.lro rh. N-.S randing pM atrhc W Alp5 (br. Cr.hc.ous ro
Eecnc d{dGhcn.d Bfiln9.n.Ligud. of Sranpni. l99S. Subbnanqon
nlh ink aip faulr"ofRi.ou andSidd.is.l936) dighr nav. obscuEd ftn
imponlnr rururc. Accordi€ ro rhk co.ntocrion iri[. ni! monon wlll
podu.e a rllrirc d'\rlrcn'ent otrhe Adridic wcd$ ov.r somc smkm ro
wa'dsfteN(Figurc 14 9c).onemponn.ous*nh$.closurotrft Valais
u.rn 

'n 
rh.ccnrtur d wci.'i Arps durinsrh. Eecnc. DuriiS rhr Nco.

gcnc rhf $nk. nipflulrnon hav. b..D ov.rp.im.d by E wihoncnrngi!
rh. w.s&n Alps, al*d ro rh. w-*ard ind.nblion of tnc Adnaic vcdg.
lLaubsher 197l. l99lt O..arnaion in rh. *.n.6 M.dntEanean du.ing
rhc N.qci. obs.urtd $. foms conn.ciions df de valft e.an slrr rh.

Clcarly. Ih. pol.or.crooic cvo lut ior dcpicr.d in Figu rc | 4 .9 rcnains sp.cu -
llriv. md, admnGdly, { also oer! witn somc diffculri.s. For.xmpl., th.
ddiolanrn .h.ns .nd p.l.8ic limcsbncs of rhc N-Pcnninic Mm.snas m6
langc 4 idcnti.!l to thos. found i! thc S'Pcnninicecm. Hcicc rh.s:ed-
io.is mu$ havc ben dcposired cort.mpo.mcously in both e.ani. do
mains.inconrErro FiSuk 1,1'9a,nd in!8rco.nr *ithrh._dNiczf view
\ly,ngrharborha.a,sfo,mcdduringrhcMiddt.turussic.lris spossibl.
rhl rhe Bri!.qonnaB rcad] fon.d a nbb.n conrin.nr dunds $. Mid-
lur2ssic brcar-up. r nbbon conrin.nr whicb wc iunh.r rmov.! from rh.
Euop.m lusindurtnsrh.lacrop.ninsof rh.valaisrrcuSh(Fi8urc 14.9b)
duriiE rh. E ly CEe.ous G@ Sr.inmiN 1994 tor an.n.nsiv. diicos

ion ud rhe bascn.nGcov.r oobl.m d.
picr.d in Figurc l4'3, rhc rro{b8c nfrilg mod.l prcpG.d by shmpii
11993) o6c6 a vidlc modcl for climinaring nuch of th. conrin.nralcrus
,1dn\ing $. Bnmlonmn b.roarhcon,.rorcony.E nc?. unifom ..n\.
simplcsh@nt ns(wcnickc 1935)isi.f&riblcro.limin .aUrt]llow.r
3nd much of rhc upp., cns or (n. pa$ivc mi4in Ef.tr d to 6 ih. uppcr
plaic 6argi( Ge sbmpfli..'1. l99l). uptd plar. masins ft chfficr.r
ned by lds.-scal. updomine alared .o innid uplin ciusd bt lh. Mmtrc
r6po.s. ro 

'.pracing 
sukoniin. al ma l. by l.$ d.ns a$.nosph.ric

chracre.iz.d by ionE inirial subsid
crulr ForluGsic rimcs su.h.n asym.

hcry is in f.ct indicd.d by rn. n@ryly conrding subsidcncc hisrory b.-
r!4n rh. nonh.n pa\if mrgin rBnsn\onnais, md ft. \oud.m p?-N.
mars,D (Aus@alpin. and Soubcm Alps) snultd on oDpcn sid.s oI rhc
Pi.monrLisurirc.an (Lnoin..r rl. 193?).Thk nonAly suppons an up-
p.rplar. m.rain s.tine of ln. Bnbconnais. a p6pos.d by Llhoitrc d .1.
(1937) and Sknpii (r991). Forldwing S@opfli (t993) rh. Brianqon'ah
ag.in lomcd an uppc.plac mffgindDnng rhc sc.ond rifiing.v.nr n.arrh.
JuE$ic'Crchcsus boundary which l.d b (n. op€nin3 of rhc v aG @n
Hcncc ihc upp€mGr crur of$. Anangonnais micrconriicnr 6.y b. cn-
vi\agcd as b.in8.rt.n ly lhin rnd dncdyjunapoqd onro elnrt. reks
rlong !ow angle dcrchmcdr, r d.picr.d in Figur. r4,3. tr 6u$ bc norcd,
how.v.a thar florin.rh.nd Frcirzh.im (1994) p.{trl,rc a lowcr pl.rc scc-
nario ror rh. nonhcm m,r3in olrh. Bdmgonnak dunns $. k.ond nins

Hacv.( .v.n giv.n rh. doi oprimisric s.mriodcpi.r.d in FiEurc 14.3
(an upp.. plat. mdgi. was choscn N and S ot lh. Bnangonnais) l..dine ro
rhe omhs ion of laiB. volln.s of con rin.mal crun d uti ng !i trin3 . nd ddhing.
\ubMmirl 

'mo!n6 
of upp.r crun mun hav. bccn rubducrcd du.ins rh.

Emen. allrh. baser.nr foma y und.nying rhc Schlms and Falknk Sulz
fruh n4p.s mun havc b..n subducEd lnd rcpllc.d by rhc coEr di.g of rbc
vrl!i5 aijndnacchi.fer cuftnrly trndcdyinS d.s Briarconrais cover mp-
pcs. Da.ollcnc ol rh.s. cov.r napp.s andjukposidon wirh rh. valais
BttrdncBchi.rn mar be aldily cxphincd rn a coni.xr of s.ccrion o' rnc cx.

c.\, roll.wcd by in $qucnc. r.crcrion or
rhe rour B0ndi.^chicf.. unns d.scnb€d dlid onro rn lpps plak fom.d
by th. N.w dsadvancinso.os.riclidollh.Alsollpii.napp.sduriisrhc
Eccn. Thh a.cErion would hav. mcurcd in coiilncrion wirh S wad
dtr cr.d subd!.rion ofrhc dkral Eu6p.ar low.r plsrc mreii ofrh. Valais
m.an l.adine ro Teniary hrgh p..lsurc mehmorphNn in rhe Adul! naoF
(Becrs r992 d r99l ,Ccb rcrrr  r992,Ccbao.r  t996).  in.phe.f f ic
racr $ar d?ri4 of rh. Adula high prc$urc mchmorphisD (cEhccous €r
sus T.nLary) is rilr conrovc6,al(ror a dilTcr v'ew se. Huizik.rer rl

14.3 Alpine convergence: from early imbricarion ro

14.3.1 Srructural analysis and nappe Ceomerry
This chlpler eill di$uis rhc dclomaror ph$.s. p.(ecdins fro'n otder
ro youn8., C*h .-khJpk' 5'.r de.cnb.1'n.lrB(+.r1. kJon'c !tor.
rurcs (e pofil.r in FiEurc r4.r0a and b), tollowcd by a d.Kiprion ol
small scalc irucrural Larurcs. Th. €nous dcfomdion phas.s have been
dcincd urin8 rhc.la\sicaL lsrmcrrrcrr tur.s orsurcry)\iriotr or {rucMc\
as {sible on rhc individual ourcr.p ln.ror in prc6h qew w{hri .i rrer

napp.t.In ord.. ro rvo'd confuso^s ro{hin3 fom $c dlLr.nr nulber

'ng 
syn.m us.d by pr.viour 3lrhoB (Dl. O?.rc.r cach d.fomalon pha*

pMiluh, phd. b w.lrdArrop€d 4,noug! rh... phav\ hJr. b.c I o13,.
i.lly deincd on $.idly geomerncal a!8umenh a. arcmpr will also b.
md. rodisus rhetr k'Ena!. siSniic.ncc wnhin rh. nudy ar! (chaprer

In a second scp rh.se dcfoftdion phnei w'll b. corchrd wrh phas.\
rbund in rhc !trmtrn'ling rr.!s. includirs a discus'on ofd. mcramoAh(
evolurion and an .tcmpr ro d.r. ft.i. phaks lchrprcr l4 3.2 ) Tlrissitti.
i.llyallw fara dncusion offt. kin.D c rvoluio^ ilon! ft. .nrrc NRP
20E.$pol i lc(chrprcr la. l l )  Thnbichrpr.rwi l r lof t  u 'nrponmrbx.
!. ro' 

'1.. 
dncu$inn ot Jn

tansr. includinB rh. g.ophysicaldib G.. chaprcr?2)
Ina vcry gcncEl sly Ihe.!rlici Alpin. d.fomarion involv.d rh.dcrach
n. of sdim.nrary unnsfnn rh.npc.Tdasicbr.n.m(schrmsiippet
or frcm pobablye.!ni. lirhosph.rc(Av.B s rdncBhicf.r)as *cll s rh.
inbric{ion ot rhin b6eo.nrdivc^ Only in rh. c,sc of rh. Avc6 Biindncr
schi.fd is n Dosiblc roun.quiveilly d.fiE a scDearc d.fom.oon phas
ch. Av.6 thasc) r.larcd ro lhis d.cchmcnr .v.nr. which is probably rsmi
.r.d wi6 aedionlry w.d8. fomarioi Th. rcsllring rhtun faulrs (Avcu
ph6..nd/or cany F.ftra phlsc) w.rc s$squ.ndy fotdcd. .nd $. p.fla
sivc Neiar.! dcfomdio. rcsulkd inaprcmincdnsr totildon ind ircrch
idg lincarion :o chradcrnic for fte Fcren phse. Th. n.I fottowin!
Nicn.GBcwrin ph.se inpli.s poi-nlpp. folding lnd la.lly produc.d a
sao'd foliarion Tn'. ph!{ \1. ir rum tol.o!.o b) lo(d l*' o\ca 

'nh(Doml.rhg and Forcola phrscn rcllkd ro.xhum,rion by rhru$iig rnd.or

14.3.1.I The Avers phase: precursor of fte
Fenera phase?

Ev'd.nc. egdding Alpinc Oi.-F.trnrphls d.fomarion {.ms non rhc
pal@g.og€phi$lly non sreftll unn. ft. Sur.tra iapp. aM rN coiucl
*irh rh. ov.nyinS Av.^ Btrndne$chi.f.r clc ly. rh. im..frc. ber*een
sucn? cov.rand av.^ a idn.Khnt r h !ff.d.d hy F.ftra phr. kmh.
narfordinSand cr.avaSe rbrnDrion This ted maiy llrho^ roconctud. rhdr
rh. av.B Biindn.rchi.ler sinply r.pcsnr ih. p.i-Trja$ic cover ol rhe

Rd pRviotrny.lu.h ! vic' r5 unreilbr.
Th. so.crll.d 'TlhNc colcrorrhc surcua rlmcd ou( ro !||o.ico p's
poi Tnasic mcnb€6 and. addnioially. rh. lirholosicat comp.siotr ol
$mc compon.nc ol rh. ar.6 Btr neschi.rd (ftdiobnrn ch.n\. ophr.
olnicdiv.n) pHludcd.p.miono! rh.Ananqonnaisptadom D1e.r sruc.
runl.vid.nc. ror rhtun1trg llong rhis conhcr is liv.tr by rh. tal (x(ur
E c.orcrgf,.ul.o.orher{dincnr.ryorhs.mc t.ns.s aihe brv o, ,h.

.. ornuncrcus maic boudinr *irh'n rhc
Avc6 Biindn.schiclcr - som. ol rh.m ar rhc brqlcoiracr - suEscns pre
Fcrcn pha$ inr.ie imbiclrion o. m€bnp. rom,rioi *irhii ftc Avn\

iorcop'c.vlddrs htrsu.h r pfr tua.h
.vcnr virhin rh.  vc6 Ruidtrc.schi.f( 

^ 
qindd hy Hir/ lls,ier wrro

tourd prc'F.rcr5 phase fodr ii pnrinnss..mbcdd.d in Avc6 Bundi..

Milncs and s.hmurz (1937) $Sgcjed s dnect.d mov.0.fl ol rhe Avc^
Bindncachicfcr ovn ftc SlrMcolcrdudng rh. avc6 tha*. Thdr a'su
mcnr ror a rccronicconrr.r 

'\ 
bired

codacr nr. (1om rprn rri nr
plic.s arc ro* beli.v.d rorcprcs. scdln.nrlry bccci?s and meeabrcccirl
Evidcncc for s dircdcd rhru{in3 wr\ br*d on I d'f.rcnr r.cun. olrht*

n ol ftc napp. p'1.lbrm.d dunig A!.A
andF.ft nphrs (ncortrr{ roouresul$ rcgrrdinspos-trxpp. rcfoLd1.g.
rhcy ccoRrtrcr.d rh. Ferrr p[as. rolds as hrving b.cn onginrLty tom.d
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"T)Atiat ptone ol taces ol th. F.t tu | D t ). Nretnd'

aN.rh (D2) a..t Donl?rfu | D3 ) Phav totdt
withit th. tontal Sttuna nory? and th. S.hons

Pre.Feftn ph$c foliolo's can b€ obsefl.d in prc_Tnlslc basened end

Ti,xsic covs reks oflhe Surc!! n+Pe and id rhc AvcF siindne^ch1eld

rhr/  r$o.c(rFUr 'soo r)dGnqo,r '  Ho*rv.r . .uc1old. '  m.so{opn
o he 

' 
re.ronic r.en'\cd1e 

'.nrin\ 
un'

Riig (1992r. b) repons E-w lineatio6 !$diar.d rith hish pdstrrc meh

mo?_.m Jno roo ro,he w ther {nse\ ol.dDpoledLy C(r(eou\ 8ce in

borh Tambo .dd Surcn! basenem lfcorccr. rhe$ hndings sould indi.

rhd rhe Bnmgonnds ealm vduld hrv.b..n dePly iNolv.d in th. Creri'

ceous (Eoalpin.) oro8.iy, acoftlusion thar wouldbe.ompl.r.lv incomPat

iblewirh fte palinip!$ic mod.lpftvioudyd.rivedlorlh.nfi inganddrift'ns
{aBe. The$ E-w lircarioisrr.consPicuously $senr inrheAduri bs.fr.nt

r!pp. md in rhc $s. of$e Surctra ond Tmbo natp.s rhey tun orr r. h.

reoienrcd Ferem phr* liicdion\ rnd/or linediots rormed during rh.

NiemcrB.vcnnpoi-drppcfold'n!evenr(Biudirdal 199l Miv.rd 1939

S.hcu^ 1990) F0nhcrnoa, shlir sens. iidic on indicarc rop b rhe E

0Dvcmcrrwhcrcobrcr lb lc(Mrq!9 l99l .Mry* l939rndownwork)

Regadiryrh.!g. olhighpresureorprcsurcdomin.ted melamorphhsr.-

diomedc eviden.e sugge$! considenbly younEerag.s. r p.inr fid $illbe

discu$ed in s.dion 141.2.
li fte Scham! napp.s, Crnia.cdgieule, Eprcs.nting rhc piicip!ld.tach_

mcnrhorizon. ecasionallyoccuBitrthccoreoIFcftdphd. fold5 slricrlv

rhis implies rhd Fcrer5 Phas foldiig p.n.ddes detdchm.nr However, w.

i clpddes. $rucrurcs as der.chn.nr folds. wirh dctachmenl and folding

i0 cms ofa conrinuo$ pre.s duiig the Fen n phoe delodatiot

In lhe car ot6. Schads napp.s lmded d ihe fm ofrh.Tambompt.,
however, isdliid Fcrcra folds also ibld rhru{ ldlrsdelifrnin3 rlrc Arcua
and Vi8none b.scm.ntslivc6 Gc. Figur.l4-10b. ins.r, ind Maycmr 1939)
Cotuidcnng th. largc displacene lntt occuncd along rh.s. deuchme.r
thrunhulrs.theluEeamplitud.of th.sub.quemFcftlaphdefold,and$e
lnalogy !o fic basal thnn df the Av.h B0ndn.Nchicfci i! is morc losral.
inrhhcse.rodsociaterh.$lhdnfaulrswnh$epsuFoiIneAve*phi*.

Ir summ'rr, a distincr !.paEr. Avc6 phase can only be cledly defincd in
cae ot rhe deuchnem of rh. Avcm BundrcMhicfci TneE ffeconsid.hbl.
dificuhi.s in ssisning d.tachmc
ph6e or to an .fily $ag. ol rh. Feren phas.. Th.rcfor. *e .onsider rh.
Av.B phasc (whre w.ll 

' l.6ned) 
!s ! precuBor of I conrinuous cvolurion

f6m early d.h.hne.r (aveB phasc) b keliid rolding and pcnetative duc
rile dcfomarion (Fcrcn ph.ie) ts r rcsulr ol{.!dily,ncreasins bunaland
mdamoohism durinS the Pllcogen.. Accordi.s (o our wdrk th.re is no
$rudur cvidci.c fori5co!.!rccrhceous lEoaloid.)IecroniccYcit bc10!
rhe Platb and AushalriE r4onic unirs.ln Drofile iew rh. Aveu Bundn.F
schief.r. unlik $. S.hams narEs and N-P.n.inic Biindn.dchi.fq and
Flysch, aft nor wnpp€d arcund de frcm of rhe Sufttr nlpp. Ins.ad rhcy
wedse d S ofth. SuEna lonl Soudrwards they can b. follor.d inro rhe
diEct f@twallofth. Lizun and F{mo ophiolitic unib until rhcy tu. cur by
$. Berscll intrusion (Linigd 1992). This sugsesb rhto$i4 ofrh. S.P.n-
ninic Av.s B0ndn.MhicleromotheDot intcm.l Bdinconn.is olarfom in
r dirction wnh a nonheny component during rh. Av.6 phase,



Simileobsepdions aa rcp.ned {mm $e rh'n ba*'nefi aid cov$slicos Ln
fronrofrh. Tambo nrpF (Figurcl4-l0b) by Mry*d (1939) Thcre.I vfy
rhin (fclsiondly aLw m) bilem.d nicc (Aruu.sn.ns. coveEd bt rrhrn
v.neer of Pcmo.nirsic clasict. whnh clr b€ rrrdd E qards do rh!
Arcua'Bruschhofr mdlangr, cm becon!nuously followcdoverr dilrance oi
morc rhan 10kfr. This slice was rhrNed onro N.Peniinic BiindD{sch'efer
3nd h in rum cov.rd by aLlochrhonous Schrmscover stices Auncr ft.
hn8c zone (Knoretr zone, ptudoDmimrly mde up ofSdri$ cove. rockt
d.nncs a tecronic conkr in r.specr ro Ih.lro otfieTlmbonappe.M.t.nr
(1939) argued thar rhh Knomn nClligc exbds a shon diskn.c i o rhc
Spl0gcn zon. lnd htporhesizd rhd rhe S.haft n.pFs could havedenled
tmn rh.Tanbonlpp. A,rDonrderhn.rcdn:s ' .c brh rhA'nrrp ' . r . .
non becdu* Ecelt ficld work enlbl.s ur rohce schims.l.m.nr sourh,
wrd md into rhe Misoi zonc beyond fte villageofMcseco In lbnr ol$e
Tmbonrpp.alatg.sal.helinrl Fererafoldlocolly!ffcc(rhe rhruicoi
hct b.rween AEua Clciss aftSch.m\ slices lnd ( prcb.bly €sponsible lor
rhe w.nward reminlrion olrhe sch!tu napp.s (May*.r t939).Tht k in
conrasr to mo{ or rh. orh6 F!tr.ra phasc rhruis in rhe Schans Drpp.s
eh'ch. rs metuoftd carliei rcml]! un,oldeddunnSrhe Fercru phr$. A\ ii
rhc Schrns nrypcs funhfl b rhe N md E. Si is p 1.l b rhese rhrus con.
racs ard !h. !xi!lsudrce ol rhe iseliialfold.
Ddcollem.nr honzons and. ccr$or!lly, rh. poririon ol(Fcrcm) fold hi[e.s
arccontrollcd by rhe prleoseos'nphy($e Figufu l4 ll) AspecuculrerdN
pl.olsuch aconrolhrhcposirionollold hrqes { rhe hrsir'on ircn bB.
ciastobasinsediscnbberwecnsubunirs laard lb lnorerhd.hcyounBtns
dnedon issynenarically ilvercd rcrcs rhe boundaryb.rweer rh.s.sub.
uni ts. in ih.W-Schimsaswel losinrhcE-Schams,FiEurc t4, t2) .Aiorher
drmpl. ofln. innucnc. of the paleogeogmphic Beom.rry concems rhe dc.
rachnenr of bascmenr sliyc6 5uch as rh. Tlspini'. NoLh aid Areua slrve6.
x can be shown rhar rh. Trspidirbr*menr slivs is dirccrly cov.rcd by lhe
vizMbftkzi.n sene(Rucl 1990),r$pornriald6co|Iem.nrhorizonsinrhe
Tri6si. h.vins be.n elini0a.ed by Drc-dep.snion!t ero\ion Th.$ bissrhddr
slic.r prcbrbly rcpre$0r "dcc.pn0Ed ho6[ (Mrye'ar t9a9. S.hnid d aL
I990), cxtemely rhinn.d our by sub$qu.nr {tuininE

In rhe Suetanipp., F.ft.r phase rhru$ing rnd foldin8 ccurcd co.vrtly
(P66!sdal. 1990,Sch8u6 1990).A mjo!lhrus fautr ecm in rhe fronlal
pn orrhe suEna mpp€ (Figun l4-l0r). This rhru! enpl.c$ !n upp€r
basemr digir.tion(witnpolycyclLcbas.mcnr d nsbrse)onro lhe M.$zoic
cover ot a low.rbas.dcnrdignario. (lalBcly m.d. up ol Rotla pnlphyry in
irs trcnral pd) Borh inbrimrs e itr an upriShr posirio! b€to* lhe ax'al
plan. of rh. Ni.n.!B.v.ri.lold (Figurc 14.10!) The prc,NiemelB.v$in
phase 8.omerry suggc$s rhd rhe rhrur -slrhough follosin! I fr ar *irhii Tri.
asic ehporires -cus up s.crioi rosdrns $e N, p.$ibty itrdtc..ing i ionh
crry hnrpon dnedon durinS rhe Fefem pha$ The cenrat pan of lhe
Sore[a oapp€ conrains r num6.r oftiehr, sorc o! lcs symmeric lolds af.
rering th! Mesozoic cover of ft. Surcru napp€ !trd rh. Av.^ Biind!.r
*h'ere( coEd by p.lycycli. b.$n.nr (immediarery SSEorrhccenrrtpan
ofFi8ure r4-r0r). Thc conr!$ ir $ytcotftis nappe,tdemddelanrtun
may qcll r.n.cr rhc o4haljcal sfdiSnphy i.votved rhe m.ctMnicllty
$ifrs moneyclic Roina pomhyry rclded by britrle rhru{ faulring. vhlc.s
th. polycyclic brsemelr colraining morc schinose hrhotogics detom.d by
ducrile falding Iiis impo@ onor rha h.p.nasiv. Feftm fottorion in
basmcnr and cov.r r pmllel@borh rh.lhtun f.uLr md rheuu' raccr
or tn. Iolds, md !h5r rh. thtu$s r.main unatf.cr.d by F.ftd phde iolding
(otcouNeexceprforrh.bcal rhrusrof rheAveu Bilrdne^chiefer).This suB,
S.ssrhdlhelwo$rucrur.s (dru$sald lolds)rrcfroreorle$coeval.These
large sclle Fencm ph.se folds, wellrs rtrhscqucdr Nienrr Bevenn fotds.

'nvorv. 
rh. previotrsly emplacad Av.ft Biindne6chiefer bur nor rhe E.

Schlms napp.s. Miln.s & Schmuiz (19?3) conclud.d lroN rhir. lhd rhe
Schimsnappcs had b.en .apiaced onro rh. Sud. nipp. rnd AveK Brid.
neachierq or somc hrer, poi Fererx lrgc
ln fte Tambo tripp. rh. auro.hdonous cove. is compl.rcly nnsins ar rhe
frcnr ofrhe 

'ipp. 
md ar rhe basc. ehcrcas in rhe strrcna nappc reti.s ot !

$in lur@hrhonou s cover (basar q ua4zir.O n teatty preserved 0. rh. fonr
of thcnappc. Forborh,TanbomdSurcnarapp.rh.conhcrwrh rhe Sch.ms
slices is t{lonic.v.rysh.r.. genc., on a v.ry lille scale thes. bascm.nr
nappcs rcpr.snki8hr way up rhrusrshc.6 which. dn a smalerscate, m. in-
.cmally slicd by rhto{s od pencradvely dcfomed bt iotdinS ard pefta-
sivc drain Th. bB tnru$s of borh bascmcnr iupes. however ar. ofied
ovepd!.ed by p.i.Fdftn moveoerNdixusscd ldGr

Tha F.ftra phasc napp€ $ck coisins of (tron bo(om ro rop) (t) N Pen-
ninic Bijndn.Bchi.tir ald nysch: (2) Areur Boschehom.Mmksu! rc
langq (3) schamsuniLs wilnsubutrirs lb, ta,2,ac6ion![y tink.d by i$-
clinalfoldsr (4) mElangezones such as rhe Knore. zonc:(5) Tambo n+p.
inclldin3 spltrSen anq (6) suftna nrppe includirg irs Mesozoic cover 8d
prcviouslyemplac.d Av. BiindreKchieLr Norc rh{ rhcseelemenr rre of

s.h.rutn blo.k diazran ot?t s.htertt (1993) th.wi19 th. El'tionships
b.tued the wirs and sub/nits of the schans happ.r on eilhet side oJ tre
Nt.m.t EPwnn uial |rc..

14.3.L2 The Fenera phasei nappe imbrication
and isoclinal foldjng

Fora bercr uldeEtanding of Ferem llrge scale $rudu(sdne mdjorresulr
regardin8 the su bsequen I po$'lappe folding phasc (Ni.nc!B.ve.in phas.)
hft ro b€ anricipared Thcschms covq mpp€s mdodginallyNLcins F..
rnd ph.$ folds in fte sur.rhcover have ben eiolded aDund rhe hingc of
rhc Nj.melB.v.rin fold (*e Figures 14 2. r,1,loond | 4- I I ). Th. socktng
o.der orrhe diflc(nr S.hans unirs (FisuE 14 l2)prcduceddurinerheFcr
rcrdph e 

'r 
uprighr below rhe lxial plane of$js m€.fold (w-schamt and

invcned abovc tne axial plare (E,Schimt. The parrrn ot youqing diftc-
riotu n more codplicated but also is cv.6.d ercs rh. arial pld. of $e
Niem.r Bevenn fold Gee youngiDg diec.ions indic.rcd forsubunns lr md
lb in FiSur r4-r2) This implies (nar rhc loltrlion "infn (8 d.fincd by
Tdrmpy 1930).i.e roo ne of rh. schads mppes b.low rhe Tlmbo-s ueno
pan, is comcr. An exr.nsiv.dhctr$ion ofnum.ous.rgumsnrs in favour of
such rreconsndion r lound in Schnider!1. (1990) lnd Schftu6 (1990.
l99l) and will ror b€ rcpclr.d hcft .
Discusionr conceming murual rcldionships berw.cn thruiing lnd napp€
lb.mdion (dscolrinuour d.fomorioi ona 1.ry.$ale) on rh. on. hand, and
folding asociared *irh p€nasive strainine, tdding ro I firsr senemioD of
folds, planr and linear hblics on rhc olhcr hand, e v.ry typical for 6e
Pcnninic incrnl donaio Some aulhos cnvisag. a toElandrype rhru$,
atd.fold h.n s.dmcry berng ovqvheln d by sub$q!.nr p.n.htive dc-
romarion.Tft cGany would inply I rwo+rogc sc.ndio. Orh.ii envisds.
conrinuous prcgrc$ive defomition rifi overlappirg .vcna ot d.kchm.nr

Fencn phas. d.fom ion in rhe Schams cover nappes (Schrcurs 1990)
nrongly !4uc! for th. second view. Feera phase rhru$ing of rh. Schdn!
cover napp.s ove! lne N-Pcnninic BilndneBchicf.r *as accommodared by a
malmg. zonecomposcd otgneissic marcri!|, Schams cov.r s€dimenb and
ophiolir.s: rh. Arcua-aruschShom rnd Manegnas ntlary. bn.s (Fi3rrt
14 l0) Ho*cvs, bcforcjuxhp.sidon wnh rhis m€l{ngc zonc.ho Schlhs
cov.r mppe! mushav.b..nd.rached ftom rh.i.subsrotuo fi6r (se rccon.
idcrion or principard€colemcm holibls in Figurc t4-3). rn cas. oftn.
C.lbhom unn lb ftis dacoll.m.nr ho zotr h mode up of Upp€r Triffsic
cugn.ul.s ehi.h lre fteqlcD y bur nor always round i!rh.corcof iloclinal
Ferem phas. folds. In mos placca (an exeprion dhcu$.d l!r.r i! found in
tonr ol the Tambo napp.) rh.s. folds do d afred rhc undcrlying malaiee
zo!. and could well b. i .rpEred !s deucha.nr folds shich dcv.lop€d
coevalwirh rhru$in3 over $e mdbrye zore.
Thc redonic consc6 bcrwc.n rhe Schams suhunirs (in ! plleogsgruphi.il
scnse) rho algue lor r conriiuous sc.ndio: Th.limirs berwen individual
subunns mry br d.6n.d bysiU visible F.rcn phase ne[nalfotd hing.s in
onc prrce (bcrwdrn unirs ltrblnd lr?a, s.. Figur. t4-t2)ormarked by
tho$sinolhcrpl$cs(dctrionallrb€rwen rtlbald lt2.,alwaysarcon
re$ of subunirs wirhin $e T$hcra,kltbcE u!n). Funh.morc, Fcftd
phse folialions (Sl), axial plma b Dl isocUnal folds, e parrllcl ro DI
rhrus coDrac6 which ofren bur no! always rcmajd dnfolded byDl fotds.



60r. or ls rcDescnhrive $ain mcas!€mc Eg,Jd'n3 bdehe.t and lime-
nor. hhologics bur c.nainly an und.e$imar. Egalding l.$ comp.rcnr
lirholo8ics (basi! s.diment of schams subuln lb, p.i Mid.cd.c.ous

SuDrisitrcly, the F.ft n phasc s@&hing lineati.ns cxhibir o rcasonobly well
d.v.lop.d prcfeftd o.ie.blion hendins NNW-SSE ii rheSchrms naPp.s.

despic of inr.nsc porlFeftri folding (Figurc 14'l4a), RaE o(unanc.s of

rclisbl. sh.d iidi.lto6 and int.nse pos-Feftra phas.lolding pr.vent an
unanbiguousd.t rminarion ot $. o!.nlls.ns offrov.m.nr rclated b ftn

Inconrrsr rhesterchinBlinearionsin$cSchahsunitsinlro olrh.Tombo
nap!. and sirhin rhc Trmbo napp. (FiguE I4- I4a,b) @ vert vrdably ori.
enred (Maysar 1989, Baudin .r al. 1993 and new work b, Pitfner.id
Schmid). Erampl.s of hriably orienkd nErchins lin.dions fon rhc Misox
rcn. snd $. top of lhc SuEtra nappe are giEn in Figwe 14'15(c andd) Th.

shtchin8 lincarions fDm these arc8 ff. !e.. to lom a gndb alon8 a ll.at
ciEle wh.s. polc coin.id6 wirhthe tv.d3. foliarion tolcs (Sl or 52) This

scarer is dle ro rm eff4rs wiich cdnnor al*ays b. s.prdcd: ( I ) reo.enta-

rion of .anier fomcd Fcncn nErchinE lineations Ll duitg nclrisoclinal
NiemerB.v.rin F2 loldins due to non-p.tall.tism b€!w.cn Ll 0id F2. and.
(2) fomdion oia new d€rchina lin.0rion L2 duriry 6. Ni.m.lB.vein

rhe.Msy.rd(1939)findsborh!r.hhi.glin. iorsLl andL2$!dd!ing
aconpleteSrcatcircl.onasle@plorGee FiSuE 14-l5b).Arlhesame uhe.
a clear pref.Fnc ol E-w ori.nratiotu h folnd. Th. gcsr .ircle disribution
usu.storrcodclrariorotLl. Howcv.i rher.isalsclcar.viden..tor hnire
E W sterching lom L2ddching lineations lound wiftin uialpldar52
$hhrosiri.s (MayeBt 1989, Aiudin.r d. 1993aldown work),supponed by

stlajn detedinations (Mayed 1989). Th.r.forc it is impostble ro epdate
Ll and L2 ,t m.ny losolni.s, !specially *hen52.ompl.r.tytsnsposessl
Mayeftr (1939) !$isned a thnd d.Iom!.ion phak ro b. r.sponsible for
whlr s. ( snd Baudin.r il. l99l) Erd ro as F2lNicn.lAcvcii phrs)

E-wdErchinE,bur rhisuill be discused larerAr rhis point trr inponanr

b a enphdiE rhd E-w sktching v.ty clctrly po$datcs NNW-SSE
sretchingdudng thc FereG phare, conMry ro thc findinss ofRing ( 1992 a
and b) whoclaims E w{rctchin3 ro b. followed by NNw-ssE$rcr.hing
Ar somc laarioDs ir can b. clemly sccn rhar rhe Fercn phr* sr.rch'lg
lin.ation G folded nound Ni.mer.B.vcrin fdlds reori.ntine rh. nr.tchi!3
lin.ationr frcm a dore N-S ori.nErion on fte low.r limb to 5 morc @*crlv

NNw-ssE @nding Fcftft phas. lincaions not itrecr.d by D2 lirh unar_
bisuous s.nse of sh.ar ae found in th. conrid zon. ro th. SpliiE.n zone 

'n
ri. hylonitiEd rop of $. Tahbo bsem.nr (at Splogcn Pas, May.mr 1939.

Schreuts 1990)andar rhebas.of th.Tambobas.Dcnrondrirhii rh. Misox

anc (SchEuis l99O). A lin.matic aialysk ofshetr ric nerworks *iftii

Sl.ik a"a lipoIF{fttu rhas! lnhiit,r

eitemely h.r.roEeneous mruE and iidude $'ck bcenenr thrus sheeb.

dd&hed rnd i$cLinrlly Ioldcdcovcrshcch. ertemelv rhDt bNemed {''e\

iid mebnges conrainiag ophidliric el.me'R The prc'Tdasic b8'neit or

rhc schrds cov.rilppe E mksinS lpan fmm I f.s bosment sliv.6

Due roiherlioMl arill p1un3., FcNia phasc foliariont6oilvdip rowa.ds

rh. E. Dei.dions ftom thisd;ection ar.clearlv vhibl. in Figure 14 13 ar

rhc ifonr ofthe Surc{a and Schrms napp€s poririon.n i! lhe hin3. bn. ol

rh.laGr NiemerBeverin fold Folialion, schistosiry or cl.avig. is p.n.ra-

riv. in dllirholosicll unirs cicepr in dolomne\ 8nd in patu ol Rorno por

phyry rnd Truzzo sDdirc. lhe ls{er dcronnitrS bv i.rsorks ofshe?r 4n'q

( Mrqu* 199 | ) A imin aiiiysis re8ardin3 F.rcE phrs nmining *as car

ncd od in rhcvinnbrckzlci'Scic (schreu^ l9s0) md ttu Timbo h$emenr
(Mryetu 1939). Arhlmrlos i.dicdr.phnc {mtr delormarion produciiS.

dictr.$ Edudion of asund 50%. asuming consrmr volune. This k a

F?rftto ptose tuttchiq lineatia8 in th. Scho^s nappa

F.rEn on4or Ni.n tB.v.tir phav lEt.hitq lheotids lwh.te a$iEn

^.nt 
to on. or the oth4 a4omtion ph.e is n possiLle) in Sur.ro .nd

Tanbo Mppet ohi in th. schons un' in Jnnt of th. Tanbo Mwe

t13



I

Steeogran shatnt| loliotih paks {.otbuQd) and ! khinE ,nea ont
t?oinB). snetchiry theotkns seotkt.n a zeat cirl? (bet ft thaded)||hich
i idati.at wnh thz avenE? onenhti.n .l the J.liotion (poh ta bee jt et at
.itk tot tineotions (sta4 ti6 wrhin nuin n ol.lottatim poks)t a: schaft
tnitt neu P.stu sat a.madino: b: fnnt oJthe Tanbo nappe cnn Mortol
Dmme 1994): e: Bnndn?A.hi.Jer af th. 

^tiw 
zonet d: bp ot th. suEta

Arientotkn oI tubhori.ontal Fetretu rh.y laldt to o\tnanrl nn(tual
locinB At.ction Iindnakd b\:ho ti.twithdot: up 

- 
rpvnl dn?.t?1la.

quned during D L susgess 6niie elorga.ion p.Acndiculd ro rhe mn:pon di
€crion. Howds. a D? sEtch accidenrally pamllcLroedli.r iomed Fl fold

onenratidnsoflolducs in rhe surenacov$dmnaricllly change in rhe !ie!
of vll Mad^ going sourh G.c sourhenhoi dara in Figure l4.l6i Hirz
1989. Schrcu6 1990).The |rrge scale Fenerrpha* fold sxes pr.f.ra Nw-
SEtrcnd bursmallscal. inr.B.dior line4ions and fold ax.s $ftddk acom
pld.grcarcircl. in sr (Hnz 1939). Faong 6 varhble bur prcdofrid! Ly NE
dn6Ed, esulring in Dparcnr N-hcins when projeccd Inro a N-S{ecriotr
(Figu€ 14.10!). Sr.r.hin! lin.arions, sh.rc obscnsbre ii rhe fom ofpcb-
ble srrh.s, aE mo$ly NW-SE ro NNW SSEorienred andctose ro taEe
scale Fl folds. This chln3e in orientarion of Dl $BduEs acu( aco$ rhc
tace oflnc Nicm.lBcverin told surlac. brce which ldves rhe Surcu b!lc-
nelt aco$ LaSo di L.i, runnin8 inro rh. Surera cover an,l Ayffs Biindn.r
schicf$ Gourhcmmo$ pd of Fi8ure r4,rl), conrary ro fie nndinss ol
Miln.sindSchnurz(r973) Hence, rhis sourhcrty 0r.! beinE sirMred in rhe
lower limb of $e Ni.mer Bevelin totd may hav. t*8.1y prtsen€d rhe
NNWJSE onenration oI rhe Feffcru pb!s. liiddion which. ir rhk cas..
would b€ pdall.l btncsupposedlBnspondne on (conraryro De nrcrch-
ii3lin.dions neard.lrotrr olftc Suara nrpp. shich are p.rpendruLr ro
rh. tadpoi di@!o!I tically, howcv.r, Ni.mclBevenn phase lblds ale
aho obsefl.d in val Midns. TheEloe a reorienrarioo oi Fen.n ph!$ foldr
by lar.rsraining dunnE the NienerB.v.rin phas. cannor h. ercLud.d.

Insufrnary d. F.mE phase rcprcscns drh.s.me dneli) rhe mrjoreve0l
or nuppc imbnmio! and (ii) rh. main phtue ol duc le peneralve d.lom!.
tion in lhe area. Pcnetarivc dcformdion follo*s earliefdeMchmcnG duiiS
ln. Ave6 phlk.nd/orduring lhe early $!g.s of rh. Fcma ph!$. The on
.ntdjon pincm of sr.rchins lin.arions tr verycomplex.Thh hpanly due ro
herdclomariondunnslhe N'emerBeverir phrx. p.nlyro fte lrclhd nol
lllsrcrhintlindridnscan be inletredrohr!r lbmcd r!bpdrutteL ro rhe&ns
pondnedLon ABumetu forepmximareLy NNwdtecrd Novemcnr dur
irglhk phNe cln only be le.lly rblrd (bascofTambolnd Surer. r+pet
or b. inf.md fmm M aulyls oi iold f@ing (Sch.ms napp€s). tr cannor be
crduded,horevei thar rhn NNw ronspon dirc.rion mry hrve bedn E..i-
enredrosofree!.nrbylarerdefomdioiph.sei lnt cr.reighbourtr8arer\
,irh l.s inr.ne pon Feft n phs. ov.lPrinr.xhibir slighrty differcnr roe.
nenrdiErionr.Frcirzheimer!l (1994)intesed!NroNNEdircfledrrns
pon dnarion lor Tediory rhruiing in rh.Ausroalpin. nappes (hrir Bldsun
phase). prcbably coeval eirh tha Ferer0 pha$ !s d.in.d lor rhe Peo.inic
unirs. Th.refoft the NNW umspon diftcrion infeftd irom our $udy area
mry bc of nther lioitcd pr.chioi rnd in fa( mry havc beei dcflccL.d ftoh
in4ly N ro Nl v duc ro larerntui's.

the Truzzo granire (Marquer l99l) d{umelb rop NNw s.n$ ol sh.d

srerch'n3 Lindrions in rh. Surno napp.. disccmiblc !s ndch.d d.fdmcd
pcbblc!. are Invanlbly parall.l ro Ferela ph$. fold axcs and int rcction
Lrnealions (comp0r. Figurc l4-14. qirh Figurc l4-16). Srricdy, rhcy oily
rcpr.s.trt finicelongatioidu !g rhc Fencm pha$ ard rh.y do not ne.$d-
ily have a kinemllic signincadon.In fact, $rain n.asurcmena indicat a
{roig flakning comp.ncnr ond mico$rucrurul aidysh sugge$s nea.co-
rri!l dclonation(Schrcus 1990).Aho.lnelineationsdonorruminro!pr.-
fcrcd onenta.ion i.ar the bdal lhross ol rhc nlppcs. For $.s. ieaons ihey
have no ki!.naric significmce in t ms ofr hnspondn c on which can
ody be asumed robcsubpddlclro rh. idching lin.aridn in de c6e of

A€umcnrs for rop ro rhe NNW hov.h.m r%arding de surcrra nlppe and
rhc Schms n&p.s cnrnely rcly on rnalyles of fold fming, Reguding rhe
Sch.msnapp.sthcar.so{p.rfectltkmlitriFl foldsliefaillycloserorhe
orienrarion ol Ll (Figurcs l4.l4a.l4.l6), .xcepr for compere honzons.
The analyshof$rucrunlhcing (yaurging dircctionpbjected no6al b tne
fold axisand lyingwnhin the lxial planc, Figu€ l1-16) yicld.d rhc fouow-
irgesulrs(Schrcuu1990, 1993) (l)FlcinCaziaurhsstscnatic lydcpd
in one dnadon rway fron de $ret.hilg lilcarion i. $c w-Schams, sug.
gesiDg unidnecionrl@r3rion of fold !r.s rovards rhe $rcrching limarions
Esulting inwtoSw feing.Thh.xclud.shcshmrhtoldfomationand ff
gucs fo! rctatlor of fold axes duc ro sy$emdic non-pdlleliss berwdn
eally fo.med fold axesof bucklc foldswirh rhe!heannsplanc. prosasively
rctarng rhes fold axes duinB onSoin! shcding dcfdrmdion. (2) Facilg dr

crions in fic E-Schams have locally b€ei Eoricnred by Niem.!Bevclin
phse foldingbtrtNE fdcing pledomnates (3)The facingdirecrio, olnon-
or htle rorat.d foldaxes in rhe w-Schams clearly indic.re rcp ro rh. NNW

Fl rold ares i! rhe Tambo bascncnt and Splo8cn zoncm cdfliplmdmd
valiabl.inori.nrarlor(Baudinerrl.l993).Thisisinconlrdrrorheelariv.ly
con$.nt ENE tending fold is orienration found wiliir fie fBnol pan of
$. Surcn! nrpp. (Milnes ard Schmurz 1978.Schreun 1990) for bolh leg.
and small scal. kclinal folds affedilg $e Surerb covs (FiguE 14-16).
Since these tolds have b€en coaxially folded mund a large kal. F2 fold
(Ni.n.rB.v.rinfold)thenpr.sanrdry facing(uporSSW, FiCurc 14.16)E-
$orcs inro NNWfting drer reuodeaomlrion. again comparibb wnh
NNw.dn.dsd rinspon during Dl. The sErching titr.arion. ifin td.c-



14.3- 1.3 The Ni€merBeverin phase: oappe refoldinS
and v€nical shonening

On . la€. scllcrh. D2 N,em.LB.vcnn foldcl.arly ov.Adib F.rcn Phas.
rhrunconucB.nd ir@liial lold: (FiSuEs l4'10.14 |l) LlSc salc folding

'nv.ns 
lh. napp. pil. prcscnrly lound in rh. upp.r limbof rh. Ni.m.!B.vcni

rold aiial tc consisrins of (tion rop to b.non in it prcs.nr posirior)i (l)

N.P.nninic Btnd!($hi.fd and flylch (mady arblab.h fly$h)i(?)ophi

olircmalans.an.s(Md.3iat:(3)panolrh.Schamsn?pp4(ESchantr
14) Ihc (op of lhc fBnial Sutri, !.pp€ wnh it specr(lla! backfolds Thc
axialtrac.orth.Ni.mdn.safolddisco!.r.dby Miln.slndSchmurz(1973)
cai be f.ll@.d inro rh. fnnr Bcvcrio fold (Fi8urcs 14 l0.rndh)i.rh.
Scham! narFs(SchrcuB 1990, I993)anddtuN6 rh.Srxu.ftoo(FEurt

l4 2.aboERorh.trbrunncnJinroaS-fa.iiSisrlinalfold(Jrckli l94l) ln-
v.61oi of F.ftn phasc imblic.ic rhru( shet G.uN ovd a dkune as long

m ,10 km 1m.6uEd in i N-s *crioi tom Rothcnbrunne. to $. s .nd of rh.

Schims n.pp.s and th.arblr$h flysh na.alp Sov€n.:seFiSuE I{ 2)

Larg. scal. Z{hlp€d pansni. folds {vicqedrNalnr $. E. Fi8urc 14-l0b)
tu obs. cd ro rciold th. imbricar.s rh. fonr of rh. Tambo.nd Sudu
napp.s {w-s.h.m!. schrcur 1990. MayeEt 1939). Pdsili. folds e llso
obs.d.d abov. rhc frcnr o[ih. sur.fla napp.- whec rh.y .fier th. E_Schlms
nagp.s. rh. ov.rlyin3 Md.gia\ slic? rd rhc AtblaMh f,ysch (Schrcu6

1990). ThcR Ni.m.ra.v.ni phas. tolds d nor vhibl. i! Fi8urc 14 loa

sin.. rhctrlolda&!on paEil.l rorh.tlrn.of d.s.cion Thc ZihaP.d lolds
in ih. fronr of th. Timbo nspp. nay b. rrcar.d a5 pmsiric folds h rcsp.cr Io
rh. Ni.m*B.vedn meafold Mon of th. _bekfolds fdnd wirhii rhc

nodh.m pan ollh. SuEk i.pp. (n.e worl hy Pfrfln.r DilhTor. l99l and

Chnn.n 1993). hw.v.i r.DEenr fome.ly N fici4 F.n{a-Phe o.g,
folds €on.ntd by lh. Ni.m.r B.vcdn phs. Th. lzrEa ba.ktold ar Piz

Cisch isliotabl..r..prionrndhrsfom.d(o.*as!i l4tamplifi.d)dudn3
rh. Ni.m.rB.v.rin pha$. On (h. o$.r hand. th. Z{blpcd fol& rouid abov.

rh. rEc. oftn. Ni.m.LB.vcnn 6.gafold (Fisurc l4.l&, rbovc L\c rontal
p.n otft. surcna f,appc) fod.d dunng$. Donl.sck thalc. on a m.s

o*opic sc!|. rh. Nicnd B.v.rin cleiv.C..52, can bc.oniruolsry tac.d

lhsugh lh. Ni.m.rB.v.nn told 3ii.l ttc. Iom loes linb rd tpp.r hmb

Inr.rcsingly,lh.ba€l brckhrun of th.ES.hamsnipp.sovdtlESuEtra
covcr indAvcF Bilndn.cchi.fd (Figurc l4'loa,..ntnl pd) 6 sccFFSly

ol.nar (wh.rc.or affcc!.d by Dl foldin8discu$.d lar.r) and su336b rhd
pon-napp. (rc)folding n6sciakd wnh somclmou of btkhnninS it

rhe upps limb ol dE Ni.m.r B.krin fold. w. willdis.u$ latd tht "h2.r

rhrusin8 a.d m.srfold fodarion p@bably borh Esulr fom N ro Nw

di€cr.ddifi.rcnrial movcm. or thc SuEna and Trnbo nrppcs i. Esp..r to

Palli ( 1988) show.d rh.r rh. sourh.r tcminalion of rh. E Schm laPP.s
(Figurc l4.l0a.inktnssourhcn.ndof rhcpofil.)i:cauedbyiscli.al
Niem.lB.vcrin foldins assiar.d *ith a s'closing (in N-s pofilc vicw)

d.g.fold (wksb.rg told). This codnms thc early vi.*r ofHauB (1925)atrd

5rcifl(196?),'d showirM! rh. Middl. Pctrninic Falknis.Sllzfruh nappcs
(nonhcnpanol Fisucs l4-1. la.2) in Plincipl.Eprc*nt rh. N conrou!.

dn of rh. E.Schms nlpFs in rh. han3ln3*all offt.arbla&h ny*h A
m.Ea ral.Z+hap.d fold !fr.c.ng all $. Adr9oniaieunirsDrcraubiind.n
appcaG in a lal3. .c.1. .o$ s.dior (cros-hdchcd i. Figur. l4_2): Th.
Falkns Sul2fruh napp.s fom rh. lpptr dghlvay-up li6b. (hc E Schams
n,DGs rhc ov.num.d shon middle l1nb. and th. w.schim! nrpF! th.

lo*n .i!h!*,y'up limb in csp.cr ro Ni.F.tBcv.nn ph6. m€. foldinS.
Ho* cad such o.g3 sca1. foldi4l.!d ro rh. ov.numin8 ofa 40km long
(m.curcd In N-s'diEcrion)'\hon middl. li6b posibly h.r fomcd? Th.
only f.a{iblc model v. [nos of k rhd popos.d by M(1. rid Cuilli.r
(1939)- c{cnriv.lv discuscd in schnid cr al (1990). In bdct: Po{-coni.
iodshoncni.g ii rh. @r zon. ncd rhc lisubnc lin.dunn3ln. Early Oli'

Erc.n. l.d ro lh. vennil .rrtuion of $c sourh.m P.nninic onits 
'n 

th.
serer l:rer Du. b rhc prc\ci.. olr n!'d orc!.ni.lid !.nlcrlfro* wirh'n

rhed!d'|. P.ni,fu unr\ *Ade0.cr.d 
'nro 

r ncm.haltidrl dltcroi and
krqrrds rhc N ar \hallo\'* Lcvclr,'n'n.d ely b.low rh. I'd This l.d ro ?
honzon{rldificrcnnrl movcmcnr ro*iid\ ftc N or h. Txnbo-ss.na p3n

b.rh,n rcspdrrorh. ov.ny'ns uni6(Auro,lP'ne) and lh. unddring trnirs

{Adula naD@).l( i1 rhil d'fi.rcoial tuovcm.nr which n rtsponsibl. for rh.

aoDr.nt backJolds in rhe Surctra covcrwhich simply rcpetd oriSinally

N.fcina F.ftn phrs. folds rcori.nrcd by rh. Ni.m.rB*.dn th6. $r,in.
How.y.r. rhc.ccond add hdurrlly hieh.! (in rcspccr b $. NiemerBc-
v.nnJold) nc3ifold (whrb.4 fold) issvcrcly ov.rpnncd by r |tr.( ESE
dn.d.d nomal rauh- thc Turb, mybnnc di. (Liiisd l992.Ni.v.rg.lrcr
r l  1996)o.ni .s onsrhcbr*orrh.Pl  r i rpp.rndcu( ingd.*nst ion
fmm N ro S (fom ropAltlh6ch frysch to rop Avcd Bundncrchi.f.i Fisur.
l4 2) H..c.. dm'srioi by our ors.crion normrl faulriig k rcsponsible ror
rh. complde bcl ol Briliqonn!tr r.croiic uni6 id lh. upp.' lmb ol rh.
w'sb.Bfold!long.urN Spro6l.$hichruNapfrorimatclyplmll.lrorhc

stnk oad dip ol 
'h. 

Ni.n rg.v.ir rh6. Ioliotion.

Tulbc lomd faulr (FisuE l4-2) Bd!..n th. wissb.E fold and rhc S rcr
niniion of ric F lknis nlpp. idLnEln.id.,only r Ery rhin l.nsofBn-
snqo.nair uniB is iourd n@ Ticf.ncd€l rnd in th. han3in3w.ll of rh. Ar
blabch fry$h (sr€ifr 1962).
In th. luNundinss ot tl. fronhl Tasbo mpp.. M.y.nr ( 1939) a6butcd a
l6alE-dippinglincarioi( Ll )willrbpbth.Esh.arsnsctoanE-w.r.
t.6ior. Mequ.r ( l99l ) !!d B,ndin .r al. ( 1993) .ko d.s$ib.d rop ro rh. E
shdirgin rh.Tanbonapp€.sciarcdwnh !ssctchin8lin.atidn.Th.s.au-
6d^, ho*d.r, coftlatcd rhk E-w-cxknsion *itlt lh.t s.cond phas. (h.

NEnc!8cv.nn ph,sr Thu , it app.r( that Nrm.lB.veni fo'd'ng trcr
EI *irh E-w .iansion. Tr s E W serch. which !. .rtiburc to the Nicm.!
B.v.dn the followiq M,rqud 11991) rd Baudin.tal. (1993),lcav.s no
tnc. in rcms of IaA. salc arruduffi in a Nl pb6l. .xc.pr lor rh. abovc
mcndoncd omission at ln. Tu.ha nomal ftulr. L.rB. sal. ptsnic foldiog
in f6m of th. Tmbo naDpc could b. fi. 6hbin.d .tfer of F.clfold for
marion l.4.ly rclar.d to NniEcr.d dificEntii mav.n.nt ol rh. surcn&
Tdbo pair accompani.d and/or imm.diakly fdllaq.d by E-w ctr.nsion.
lnr.fsinglt no E-w.{.nsion r5s rdod.d in thc Schams napp.s funh.i
ro rh. N whcr such Z{hred Dansiic foldsako dclrin rhe lou.r limb or
&c Ni.n.lBcvcnn arial r8...
Srain! rsciard vith rh. Ni.fr.!B.v..in phas. vary 

'n 
spac.. ln Ih.

Moobic cov.r df rhe ttunkl S.h.ns moss (5.hr.u5 1990) th. asmiat d
folialio! i! usually only well devclop.d s a discrcG or enal cEnulation
clc.v.gc i. p.liric reks Limesoncs. .e.tr *h.n h(lilally fold.d. only
rely.rhibn a wak plane faboc. P.n.ra v. fabdcs in p.liric r(Is arc
r3tict.! ro rh. Schams dic.s i. ftonr of thc Tambo iao@ aid ro rhc sourh.
.m pd of rh. E schams nappcs. wh.rc stains e mdk dly hiShcr.ln spire
of rhc BcicBlly s.ak aiial planar fabrics. Ni.m.GBcvcdn tolds aE oncn
i.ffir4linllon rll(al.s in rh. coEL
lnthcb6.mcdnnin inrcn$ry is in s.n.ralw..t i blr may b€ high lftally
ln 6. fronral S!rcM i.pp. rhc sny F.ftn foliado! is 3.nr1y *ratp.d

arcund rh. v.ry 6road hiiSc ofrhe Niemcra.v.nn m.garold. codr.s,ie
eirhth. sml'nal 

'n.A 
oldar Piz Bcy.rii in rhc Schams mppe\ ( {'n!lhr

srmc, i i r l rEc. .Fisur l4 l0)  o iasmi l lsc l lenhinwirhLnrheRolnapor
phy.y.:s wellasih.Tambo napp. l.ccord'n8 (o Batrdlncr zl 99:rr 

'sp.rv.sivc burhcrcoscn.ols Tn. ari3lkaces oIft. Nicnc(.B.v.nn ]al8e (ale

DrdidcroldsdcvcloDcd lnrhecove'nic: in fmdtof rh.Tamboiipp.cai-
.or b. hc.d inb ftc Tambo baicn.nr (May.6i 1939). Thr drhamonLc
shduEas,in su33.!saconsidcrrbl.co(6n in mcchlnical b.haviour b.
rwdi bascm.nt and covs d!.irg th. Ni.m.t B.v.dn phas..
Arial plan.r otNi.mcrB.Enn rolds and foliationse E i..,lly E.dippiig

lFisur. l4-17). !ubpdallcl ro rhc F.n.ra folirtioo and th.y app.ar strbhon
zonril inrN ScGss.c.oi. Ford ar.sonsnkriorri( highly vanabl.(Fi!.
urt 14 13)anhoushan ENE-wSw t.ndpcdomina!.s in m.ny plrc$ An
Ero ENEsnkcchmcr.nzcs rhc hiise lii.ormcsafoldss!.h as d.lin.d by
rh. frcd ofrh. Sur.rD nlpoc ind rh. brsalDl rhrun ol$. Schans nappc{
Th.s. hi.gc lin.scan be folld*.d olcr ! considc6bk dnk'c. alon8 nnk.



Nin rB.'.rh ha d.t Gubhdiubt)

A ryi.r!!c d.pdurc h o.icnhrion is ob6.d.d in Figure 14'18 Egarding
ft. E Schams n.pp€s *h.rc fold d.s conrinuously swin8 inro i |M-SE od-
cnbrion rN.rds rh. S. Th. rcorion ot th.s fold ar.s in fic covd napp.s
a*ay f'on $. Ni.m.!a.v.rin hin8. en. s@ms to indicac thd In. fhnr of
L\. Surcrb Dapp. rad as a i.ldiwly dgid iidc.r.r prcducinB e zon. of hiSh
sh.aing ssain on rop of th. Suftth nlpp€ This sheanrg seain, incrasin8
sourhqards md .s&iarcd vith rop .o de SsE shcd s.n* indic.ro6, obrcd
rh. fold d.s inro!dircc.ion pomllcl (o rhc lcal Niem.tB.vcntr u.nspon
diEcdan. A ssE diurcd hnspon diGtion ws .lso con$ruckd by
Sch'.ur ( 1990). ba*d on d.fomd F.ftra phasc linanion patkns rornd
Ni.md B.v.nn folds, ccupyi4 a gElr circl. on a $cMgBo.
ln gcneBl. Ni.n.!B.v.nn pha. srdchi4 linarions and scns or sh.a in-
diclrod e only dcvcloFd l@lly ind ft ol wiabh ori.nr0rio! SEehing
lincations u !bs.m in t}'. fbnhl Schmr ntpp.s. In rhc E-SchaDs naPp.s
shs buds indicating , top b ln. SE mov.m.nr m wid.$rcad and db ar
fccr rhc ov.dying a.blaBcb oysch, and rtt. lnd.rlying AEE aundn6chi.r.r
{Schrcu6 1990. Pauli 1988). Appoaching fi. T!li! myloni@ in rhc hang-
ingu{lof$.a6l.6ch flysch rh. rBnspondiErion chmgcs inb $€ moE
.akny dncion chdactfiinic of rh. Tuda hylonia iomal taulr fom.d
drnrs ih.closins iu.s ofrh. Ni.m.rB.v.dn phs (Li.iss 1992).

ln su6n'ry. rh. Nicm.. Bcv.nn phas k asciarcd wirh l.Bc scal. p.s
nrpp.n.safoldinsvisibr. in aNlcoserion(Ni.n.!B.v.inandwiss
b.e fordt. V.nicrl shon.ningdudng6. fr nal nagcrorthcNi.md A*.nn
phas. subnaniauy 6i.n.d rh. pE.qisting nappc pil.. Dun4 ftc closing
ias6 fiir y.nical shon nin8 *a rak n up by E-w srcnsion, Elncr.d io
cenain eas only (Tu'ba nylonic zon., Sch!tu Mppcs in l@nr of th.
Ta0b. lappc ald Tamb. bascD.lD.

14.3.1.4 The Domleschg and Forcola phases:
oveerinl related to 6nal exhumalion

Tn..nft. rcgion isovcQn .dby...gionallyconsist.nr N!r' ro NNw told
v.r8.i.. enh ic.plt inclin.d sE-dippin8 axid plan.s and NE to ENE
plungine rold ai6 (Fisur. 14-19).This dcf.malion ds s66b thc N P.n-

'ic 
Aundn.rschi.f.r and ny$h wh.r. ir hs ben d6c.ib.d d !h. Dom-

lcsche ph.* by P6fin.. ( 197?). This phie. rhhough l@!Uy ecll d.v.lop.d
6 an inrnr. cr.nularion. dGs nor significandy alr. hc lugc scrl. 8.om.
ry Clos.ly spac.d lir8. sil. anrifom{ynfom paiB prcdre a sbtrce
g.om.ry iD th. E Schams nappcs ah.E !h. Ni.h.LB.v.ni axitl hc. (Fi3-

uc l4.l0a). afi4ring undc yilg unirs (backhfln Df!h. Schans nappct
ovq Ih. Av.u Bundn.6.hrcfc, and, in pannuld,ov.rlyitrgn'its (up ro lh.
Aurroalpn.). such ia4c scale folds aho con..nra&.c rh. fto.r otrh.
SmdG n,ppe. *h... rhcy oft ct ftc ixiolracc olrhe Nicocr B.v.nn rold
rFiglrc la.l0a). SrlirclsefoLdsarclgain*idespcadin.h.Tanbobasm.nr

Donl.rhs phtv JoA u., I s,bhonzontot)

(Baudin.rrl. 1993)wh.Eth.y incftas. in inr.nrny rowards rh. s and r.,
rtlstpdhlly,Esponsihl.forrh.rap.rnonh.mdipdf .T.mbonapp.
tovatds rh.S,obscnablc ina N-S s4rion (Fi8uc 14.2)
Thc ori.nrorion of sm.ll ealc fold arcs (Fl orSchrcud 1990, l99l aod
s.hmidcr al. 1990. F4oiMay..ar 1939) i3snazinglyconianr.plunBing NE
ro ENE (Figue 14'19). vergcne bcine invariabl. rowads $. Nw' Dom.
l.schs thise .r.nularions e.asily disrin8uhh.d fiom nd-ly1ng Ni.m.r
Bcv.n! folds. b..aue rhe lo6er E.n.rally.rhibir r mor. eccplyinclin.d
SEdipping$ial pllnc. NEro ENE Eod and plung.olsmrll.nd lu8. s$le
Donlcschg folds is subpfflu.l ro moi ot rhc oldcr lIg. *ik ntodurcs
chudd$ic far rh. cnrit fta sir!{red E of$e Ticino ctrlmindion ol rh.
t ponriic dom.. Thk id plligc k vdi$lc. as rcvcalcd by l g. sci.
conburingof P.nninic b6.m.nr napp.s(Pntrns.r 01. l9908ndchlprr9-
Scck.r al.,Chrpr.' I2)!ndkcbric unirs ii rhc h.ngingwall oId.e hr?-
mcnr napp.s, lnd leally vsi.s b.rwe.n l0o .nd 35u ro rhc ENE. On ftc
6rhd hand, (h. plun8c of thc Domleschg phas. folds is o.ly g.nrl. ro rh.
ENE d n.d-26 {P6ffn.' l977,Schrcu* 1990, Mry.{r 1939, Baudindal
1993).Thissuggcisrhlrrhc ltrg.scalc arid plung. b.rw..d l0oaid l5'r
pdly d!. ro E{id.{ow! otrs.6 oi lare. iom,l riux! rom3d dunne Ih.
Forcoli ph$.. SSE.diptine linelri.trs. (l!.d ro rhe D.n'l.kh! ph c (c

only found in rhc sourhcnTrmbo nipp. (Baudin.r al 1993)
Nomal faukinsdunngth. For.ola pha$cl.arly ov.rpdnts Doml.she phaa.
folding rd is only {.ll d.v.lop.d in rh. S ind in lowcr srucrunl lcvcls
(Tlnbo!ipp.and brs.Suc!' nrpp.,cr B,udin.ral. l99l).Th.s..utbod
d.scnbc NNW-SSE rbrirg$eply inclin.d E-dipping nomalfrulrs with l
ryn.haricddnrh@ rda.dsrh. ENE.deumcnt.dby salchinslin.arions
Thc lrl8.n of rh.s. fruhs. rhc For.ol! nomaliauh. h,s nor yer b..n invcs
isakdsyn roric lyandksiru .da!thcbeotrhcTambonapp..lrishcld
Bponsiblc lorlhcucdgirgotrt of rhc Misor zoft topads Ih.5Ein Mp vi.w
(Fi8!rc l4-l)lndc.nb.followcdrs!dqmd. grc.Nchkr faci6 nylonre
inbrh.vall.d.lh M.nn.{Chiavcni!(A. Bcrs.rp.6.comm.) schrctrA
(1990)dcnrib.sv.rylowEad.qu.nz nybnncswnhtopbrh.Eshca!{nt
ar d. b!s. ofrhcTimbo napp. 

'n 
va MesEco.olerynnriighi3h.rlddeop

rorhcNo.NNEmtlonir.s(larcdroedi.rphAe\ How.vcr.rheForcolri(t.
hal faulrdi.sour nonh*ads ard cornor bc raccd runh.rwnhiilh. Bind
n.6.hi.f.rThisdFg6d..ndorrcnbdrlc.$..plyincl'ncdnom flulrrg
rprcscnrsrlftria3cor E-w-dftn5ionin.6p.crorh.Tulbrloe.n3l.
nomal f x, as willb.disu$.d lrEn In rhc !pp.r lnd $uft.d pan ofthc
Sur.na napp.. E W.xEnsion kdcum.d.dby (bnrl.) sh.arblnds. kink

irh3loproih..anshc scns.(Hnz 19391

h su6mary. fi. Doml.schg phas modcrar.ly shon.n\ th. .mirc nappc p'lc
in. SSE-NNw dircc.ion vi6ou pDducing iigni6canr damll.m.nr o. Ia$.
scll.nappcloldii3.Th. sy$cmatcaxial pL!ngero$c ENEru33.{srharup.
lift ofrh. L.ponrii. dome irs.N.m nu!3,r po{dd.s Ih. Domlcsc[3
phd..Aritl plunEc is moi lik.iy rcl4r.d Io 6n!l trp|1ft a.d !ixinsol rh. i,pp.
unr..laredroE W.iensionninifen.dbvrheForcolaDhr.nom.rhtrls
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l4 3.2 Regional conelalion, melamoehism
and dating of deformation phases

50 f{d.fomanon phrss were pnmnly b!$d on {rudural rup.rpollons

rntrly*d on sllscal.s bur qnhii an,rea ollimrcd c{.nr The tcdon,..nd

k'nemarc $3lificanc. ofsuch phascs crn only bc runhe' awsed d,d

di.dpr is mad. (l) ro conclak th.s. pha$s qnh thok round 
'n 

ti3hbotr.

ids aars. (2) roevilud. mcEmoQhic cdndiriois dfingd.fomanon a.d.

rl) rodd. rh4c phascs wi$ S.ehmnological mc$ods. As lo.g as derdmr

rion ph,ses rc .nritly d.6i.d hy lmally obscded srucruhl sup.Aosir'ois

rhcy nnrply rcprcsnr a clasical m.rhodolo-qical rml Th.cotr!l.uoi hbr.

-qnen 
in F,gurc I4 20 slmma.iz.s rh. 

'nre'pEbron 
Sivei inihrchapr.r

1,1 3.2.1 Regional corelation of deformation phases

l i rh. uni!rrcLo*rlr.Txmbo Sorcrnprn.rdrderormaroi ph!\Ahiv. bccn

rc.ogntrd by Lds ( 1937) for lh. lro al $crot 3nd bv M.vc aid Pu\ch'i3

i1993) ror rh. middl. scdor of rhe Adlla nrppc Th.66r phrs. (Sorcdr

phas. ofLdw l98l) pr.darer c.logirc facts ov.annr and is rclaIed to ii '

r.i* nic'ig of rh. qurnzo Lldspdi. bi.cmcnrwtrh McsdDicsliv.6 Th.

zippon ph6., !sd.6n.d by Lbs (1937) rpres.nb rh. pnicipl. phase or
peicranvc ck.v.e. formdion ,i rhc adtrL: ntrppe Thn longl,sing phtsc

ah,n unde.clogir. raciei conili"ons rf d sprns I !idc inr..vrl orprcsur.r

'lui,f,-s 
nca sorhermrl dea'ntrc1ron Two nas.: of 6n ZaPPon pha$

h:v. rcc.nrly bc.i disrinluhhcd by M.y id PuthniS (1991) rnd

Pxa^.h d rl r1994) An cdli.rildtnrion nilc D2, (ld.d ro ecb8nc

frctr\.ondr$is.produ..danc r pcmtariv. tnliahon in'r subs.quem 
'so

clinal folding of rhis folirtio.. stagc D?, $rucrDrcs at tas.rycd In nahc
boudids only. Oubid. tn3* boudiis lhc dominann8 P.n.tativ. 24p.f,
phak foli ioi coftspond: ro nis. D2b Thh {,9.. prvalent ourrd.0t
n?6c boudins, isclcdy pon-.clogirn aid lsciar.d wnh m alcd[on or

rhc nmsofth. €logik tacics boudins ud4.mphiboln. rac'cscondi'ons

Thc po$.clositic D2b nag. foliarion (fomed dunng thc closi4 na8.s ol

thcZrpponphas.inrh.snscorkjw, 1987)carics!N-Soncokdtuckh
ing lin.alion a$eid.d with rop ro $c N sh.annS.cco.ding to ntrm.rcus

sens.otsh.ar.rircna(M.y.andPlshiis 1993.P.nachdal 1994).R.

ccm fi.ld woA (M. FEy,J.Prnzsh.S.Schmid. work h progft$)showsrMr

rhr main$hisrosiryrcl2t dtonag.D2bcan bcfollowcdw{hodanfldral
br.ak atro$ rhc cnin. Mibi mn. (N-P.nnini. Br.dncKhi.rcn A\ dc

snb.dbcld*. rhk Misor zod. ichmd.nz.d by,composi{. F.ft$ and

Nicn.Laev..in pha. foliltion. F.omrhcs fi.ld rlariois w. cond'dt rhi

rhe closing nrg.s orrh. Z:ppon phasc ii thc Adul. 
'app. 

({ase Dlbr are
conrmponn.ous wift rh. NimcrScvcnn rk ot rh. h'-!h.r rcrron,c

Th. subscqucnr tirphas in rhc Aduh irppc (t w 1937).howc!.r c,nnor

bc corclar.d wnh $c N'cmer B.vtnn phasc of out workin! ar.a Thls Lir
phasc corcspo.ds ro a hG. scak antiform in fonr of rh. Adula nrppc. rh.

Lun$hani! anilom (Ldw 1937. Prcbn 1980) fdnd in rhc N'Penn,.,c

alf,dn.Gchi.fd accodins b Sreinm.nn (1994) ftnrnrifom kcquivalenr
b ft. Domlcschg phas. as d.6ncd by Pnffid (1977) Tn. co@lrrion b€

rw..n t ka.d Doml.sch8 phas. (Fi8urc 14 20)conhdsrh"t ft. Ni.h.L

B.v.ni phrk hrs b b. tuu8hly conr.mpooncous with ftc closn'3{r8.s 0l

rh. Zppon phas. in thc Adula naPpc In rh. Bijndn.nchlcfetorth. Ml:oi

zone n.r th. bd. of $. Tambo ipc- NicmelB.vcnn pha$ d.romar oi

n.nen.ly i .rs! rnd compl.rely trrsposs rh. Ftfttu ph$e 6(r pci.

trarivc dc.vag. Thcr.. F.ft6 phrt I'n.dior.. nronsly dclomcd dunn!



rhe Nicm.r B.v.nn phas.. n'addt. an.nriEBEar cirl. du. ro,.in pranc,.
foldin8 1s.. Figurc l4-l5c) Th$ indicar.s vcry shng syn.Ni.mccB4.nn
{'4.n\:crosrh. Mso\ /onc, wh'!h rprcsn^d r.tc*op.d5..r on rcm*
alllhelou.6doru !otrhcN.P.nn'DcBitndncrehicf.r.wirhrcticsofrhc
Schams nappcs in ns hrngine*an
Tn.Clrasimophe (Ldw t937) is rctar.d ro(h.AtFrBsynfom nonh ot
rhe Adula trcnr, ov.rprinring rhe Lunschania m fom md. ln.rcfor. al$
por darine rh. Doml.shgphasc. No.quivol.nrof rhcCansimorh.s (add
similar larc syrtoms !o characrdrinn for rh. aomarion of hc Nonh.m
sr.p a.lr of fte P.nniiic srrucru nt zone such 6 rhc chi.n synfom. qc
M'lrds l9?4, I976) se.m ro hav. ov.rplinred ou! working aE.siru{ed fu.

Movrng flnh.rdo*n rh. napp. pit.. rh. N,p.nninic Bijnd!.Mhi.tq a€ ob
scocd ro b. rhmn onro rhc ls4ely a ahrhonous tov.r,. of dc Co$ad
''masif (Encr 1937)alo.g,har w. rcls ro 15 rhcpcnninic BetThtu!. ro
b. comlacd wirh rh. _F6dral P.nr.ic Thnsa ot rh. w4r.m alps (Bay..
.r ai. 1937). According b S(.inmann (1994). .hn d4rin3 p.{.dar.s d.
na'n pha$ of.lav,g. lomarion in ftc N-p.nnidc Bondndhi.tsaluib.
ur.d b rh. F.mm phasc. Hoq.v.i *c do.or rcga.d his r@ctoEt arguncns
rokconclusiv. inInitr.rp.( ln"atoSyro$.f ndidssin(hcsurcrbi.rE
,rd 

'h! 
scham(unr\tr.rBlrd d.rd. hm.n' andFncr.riv.cta!aS. fom;.

rion (Fcmo phe in lhc N.Pcnninic Bundn.Bchicfct 6 am inuous oro.
c.$. d.rachm. b.iig follow.d by ducrit. p.nchri€ ovcad and nor
vrc.-E6a 6 pojulu rcd by srcinhann ( t994). Th.EfoE *. DEt.r o nsourc

'r.rachmcnr ilon8 rh. Pcnninic A.sal Thrun b rh. Fcft6 pne. Scinoann
( 1994) obscfl.s Donlcscbg ph6. ovcrprinrins of lh. pcminic BGal Thrusr.
Thk ovc.prinr isie sn in ft. trg.eatcp@nt.(Lun$hania annrom in
Figurc r4.2). tnkns. Dodl6cns phe tolding (.quivar. ro rhc !.6
ph6c) aho ifraB rhc Pcnniiic Basat Thnn.
Th. nain pha. of clcrvasc d.fomarion in rh. cotdard "nssif,and iB au,
rdhrhorour !o€ Fmrrn6 rEu.' ta37, hn D?J and be Hch.n, idDE!
(Calanda ph* oa Pnnn.r t977 and 1986), howvci Dod-drc r. m!,n
crcavaS. romario. in rh. N,Pcnninic Biindn.6chicfci atrribDrcd ro rh. F.!
r.n phas. (Dftibnidcnncin phas of pnfln.r 1977).nd lh..hpt&cm.mof
ftc hn.ronb rh. H.lrric nappcs (Pilfn.r l9?7 and t9B6). A coEladon of
rh. Dool.shs phae wiln nov.ne atonsrh.ctNs rhur in rh. H.tv.ric
€alm has b... sug8.$d bt Ptitrn.r ( l9?7. t 9g6).
Comlario.s rirhd.fomarion phas6 folnd in rh.lnib ab.v. rh. Tambo-
Surtra pait ha!. b..! providcd by Linigs (t992). Du.rng hir Dt phas.
{.quM|cnr ro our Fcrera thas.) a napp. pil., fomcd dudni ce6.6us
o,o3.nv. bd p.\kD rEn\poned o!., lr(ousjJ d.tomjns FdcrtlDg
r0,b rorcg.nrc tid ir rh. s.n\. of L.ubrcn t93l, Mal. & cur kr 1989.
schmid.!al. I99O).E alpin.dcfomdionis.onsidcrcdrodprsnrrspa_
6r. or4enr. .!c (.crc6ccou5 oroccny ) b..au$ in im@ro cxrcn-
sonar phasc (Fdiancim I992, F6iuh.im .( at. t994) scpmrcs cEkcous
wNwdirccr.d convcGcnc. tmo rh. T.niary (M.sc ad N.o4e,ncr orc
S.nycheGri4d by \Nc ro N d rkd conr4.na I rhc Bt.Lu; phar of
Froirzhcimer i. 1994, s. Figurc 1,1.20).ln E8ard rolh.d.drsuo KrDc,
marcs of Cr.@cous d.Iomalion rhe rcad.r is Ef.ftd to dae ond discuy
sioDs povidcd by Linis.r{t992). Frcnzh.in (r992).Th6ni 1t9361. schmid
& Haas(r939), D.usch tt933)and Froirzhcind at. 0 994). Crcbc.ous de.
lomarion wilt stsob.bn.iyd6cus.d inchapr.r22otrhisvolumc.T.nid

rm,6. n rl9e2),ndF oir7h.'m.r rt. I teq). burrh.trrm@natr. tr m,nor
NoI$. Engadinc tin. and !h.y c.nlinly G nor rclar.d ro rh. fomdion of
$. Fiin shisrosny in rhis ooscnic lid, which i, ot CEb@us .sc.
T\ r uppn n,pp. p'l-. at@dy tom.ddjnnsihcCtbc@us, rco;qnr.d an
or8cnic lid during Oc Tcniary. rr conshb of (frcs r6p ro bo(om) h. aus
r@rpm. rappcs, rh. Abe.Phk opniolir. uni6. rhc M?rEna napp. ad !h.
Lrzun-Fomo.Mrl.nco o!,hiotiric unns. This lururiig oi.he rmoana or 6c
Pi.mo&Li8uril md.ic domarn (ophioliE uni6) wirh rha Apular prr.
launbaip'nc) dlnng Crtkc.ous oos.n), pcd 6 altdcfomarjon phascs
oovr\ed r1o!' ior n34s ThrAvfl \ BdndncB-h,.r.. Epr..n ft. onD
!.,.rp. ol rh. Pntronr L'guno c.Jn rr..h fln a jn.ruiit m,Lotr

recor*4kdty b.m pfa,tuf ) d..
tomcd by T.niary agc defomarion tJnronunar.ty, na srocrumt coft rauon
orfte Av.E phas. eirb phas.s foond & rh. omgcnic lid can b. md.. rrw.
pop.rc rhar lnh Av.B pha$ n rctard ro an @ty phas. ofT.ni4y conv.r
t.n(.. rhtr n ba\cd oa rhcr pr\.nld4 rruduft. po!,,o. in r]). i@r!r[d
rh.oros.nic lid.and addirionalty,on rh! l?rgc $al. configu,arior rn a N s
p'ohl. dn(us.d .rt.'. slss.!,ne mughtJ N.drrn.d udnDon of rhc
A!.^ Butrdn.6ch,crcro,.r rh. surni cov(
Th. ba$l rhrunof rh.o6sen'c tid hs.v.rclyov.rp.imedblnomat hultiDe
dunig rhc closing n€.\ olrh. Ni.m.r Bcvcnr pbr* in ftc Tu,ba myLonk
zone. Thk Tirb nylooir. zod. fomr.n.rkmely yaluabt. rim. malk.r:
L'nilcr(r992) was $l.broltow rhis mybinezonc inro rh..onracraurcor.
ofrhc acr8.rrir.tusion whe€ I rscur by $. !c d.r.d 8.lg.[s4iodronre
asdbscqucd.v..rof NNw-ssEcompr.sion(Dlof Linisd 1992)folds

rhc Turb! ntbnnc zon. a'd undcrtying Av.6 BundncMhi.t r Thk Dj o,
Linigcr(1992) is asrciared *nh d'trcadriatupliir of ft. B*!. rdtosjoi
and rh. sourh.fr pdolrh.Sur.unappe. hcan.asity bccoftt .d*rh Dl
(tocrurcs ofBludin d at. (r991) aid. consequenrty. wirh o!r Doht.(hg

14.3-2.2 Meramorphism

Th.di{!$ion wiltb. (!ncr.diorhc M.sozaic cov.r lnd lh. noirych.
olsmcnr r odcr ro ovoid pobte,nr wirh pr-atpinc n.ramoQhkn Ttic
aduld n!pp.. shc4 m Atp'ne r8c ur h,s1p(,{f mdrTorp} am h-\ bc.n
demol{'r.d by Lod ( t03/'. tor\ rn ((.piron TcmFidun\ (.jkd ro
mcumoahism *ill b. dtrcurs.d rii\r probt.ms aft. wnh cSrd b pres
suEs diicussd $rEafic( barus. dill.rcnr inrcrper.rions !E po$rdrc
Cllusll). h'gn p(su. Tdsrcrphrm 

^ 
dsa,d.d d arr&coui,n rSr

(Eoalpin.r follo$.d b, l.n'ar-) Bdno* a, 
' 'p. 

m.rimorphAn rMe\o. ro
Nelpinc. kp.nr 

'nc 
.ndamoryhhm" r. .n vr.v otb. pr.!io,\ oa.u\\ on

onc' .bccouiv.^ur1.ni !q o 'oc.n).h. \ !oLd,mpt)  rpot)pfd*m.r l
norphi. hisrory.I0 conras b rhis. acon!ruols p T,l@p ers tirr propo(d
by Ltiw I 1937). A T.nrary as. for such a p-T,t@p has b€cn prdpo5ed b, Ce
bau.r d al. (t992) snd c.bru.' 0996) whitc Schmid .a it. (1990) .N
douba abour r Crcra..ous ase in rhc Aduta napp. puety bascs o! m!,n
fcn d pal.ogcoenphic posnion or rhir base6.nr napp. tn rh. aD\ci.. or
undjspuEbl.ndiomcri..g.s*.*il a$.srhcscatrcnariv.sbsedondah
.onc.mng mr.nclo.s b.rw..n odadorphism anddciom. on
ln ftc Schans napp€s $c ecurelc. ofwhir. frica. nitpnon.hn.. chroi .
and cpiddc indicares lolc'!.e.'{hilr or btu.schkr f4ics condirions ldir
csiionrndFt (nccs'nSmru^, t9aor Thc$co.dr,on\poart.ddunng
D. f.rcn ptr{ bur p.^nkd dun-g rh. !,.m.r8.\cnn oiztr LSch..,R
Iaaor Miy.n I t939r ft pod. \,n. md poj.t.md phas grcwt o, -_phFbol.. follNcd by rhgndc condnions. bur niltrirhinsrc.nschisr (orbtu.
schho f&ics condiionr durins rh. Nien.r B.v.rin phrs. Thx .vid.n.e
a8rccs wllwirh rh. nyl. oldcfomdion ob*rv.ddudns borh d.fdmrarion
ph*.mdd.n@sdslJN'hb

r-.de\ Frrt .\hrmj,on \rcdrJ p..,.
dar.s rhcs.rM ph6es ofd.rbmarion
a hr8. pan of lhe surck mpp. atul rh. Av$ BundncMhi.t r, our on,y m.
NE.dgc otrhc Tambo n.pp.. arc !ruarcd N of 6. nitpoom.lan.,our sosrad
(Fr.y.r al. 1933), Ncw ccureF.s otjitpnom.h. in th. s.l,4N napp€s
ha. b..i m?pp.d bt sclruRrrgco, thn,ndcdc( kmp.h,u,r, r,o!
rbour450ucr. \p.dm.nbtdraor Nr. .h ta70.\r tdtorrpnsrcor4tor
Tcmp.bruas n b.tr.rconenincd in $. Milor zonc wiln EEad b -L.p
ontrnc rchmolphism wh.re T.ub.h (t982) indicar.a 5m-55ooc lrou.d
M.rcco lnd 60G660oC n. rhc Forcotapis.l. rhis conc(.,&ponrine
m.ramorphisF is nor us.d ii rh. s.n5eofa n.kmoDhiccvcnr. rnncrd_rhLr
r.m rcr.r ro a 6n.l .quiliblalioi undcr hod.rar. pr.sur.s (a6und 6 kb rn
rhtr.re)i.ading ro rh. aanous paden of i$gmds in !h. t ponnn. dom.
Teubch (1932) rcpotu grc*rhot$uotir.dunnsand rft..hn s.cond d.for
frdionalph!* which cor.spof,ds o.nh tb. F.rc,a orrh. Nten.LBe
Eim phs. tn lh.liehr or rh. prssurc cr,nues by Baudii md Mlqu.r
(1993) to6 rhc Tlmbo mpp. diicu$ed tdc. .qlitibnrion durine rh.
Nic6d.B.re.in pha$ is moe lrtcty.Th6.BE.s w.lt,irh d..tasicatpic.
rur ofNw-SF.dmmc bocidd. 

'n 'n. 
E pin of rF. kpontrn.dor.. lue.

3.{m3hr hnJlmuilib iunr ?trkdturrpoi,in. meiJnoThrtr'u.rrp,,,tr
an mzlor @ron'. conk6 tomed du,ing rhc F.n.n !rd Nrm.rBs.n,
phas.s. Th. sui kc of r h.s. nognd s i ndicarcs n ial qhumr on rchEd @dif.
t rcnrid uplifrand.tusion ol rb. $dh.h p.lninic rc3ion du.in8 ftc Do.r
rcrchg phas. ( N -s gradrn0. incoobindion wnh 6. axiltptu!8. ro $. E.
as(nr.d wnh E-w .n.nson dln ns $c Forcola ph$. (E w 3ndi.d)
Meramorphisn etar.d b ftc Lcponrinc NogBd! pondar.s D2 in rh.cover
ordc Cotrhaid 6asrr(E(er 193?) Srnc. w. found lhtr D2 ro E ruusnLy

I Bev..rn phr*. pclk r.np.ruur.\ dn
havc b..n Eachcd d somc trrcrjra.,ndnarcr
M.6c.crogir.s ofrh. Aduta nappr (Hctnnch l93lr jnd,cmc rnrr uR\
tuound450-550ocr rhc.IEm. ionh,incrcajnSro55ooro65oocarTE\
cormcn 

'i 
a middle sdo. E ofMcsmco rTr.sotm.n). Thcs. r.mpcnrurcs

a8k wnh $os. obr.imd ouhtd.,nrric boudins by Hcinnch ( l93l) and La$
(1937). Hcnc. ccbSnc facn rchkdrcmp€nrurcs(and prc$m{,ft oor rc
sncrcd to mahc Inhoto8i.\ add pr.sumabty prcvaitcd z|| !c6s rh. Adutr
nlppc lnr.E$i.gly.ftcsercmpcBrurc. mars ar abovc rhos. rcporcd fo.
riponun. .quil'brd oi I crsc ot rh. nodh.,n A,]utr slpp. Tnis inpti.s
barrh. Lpoiinc.quilrbturion. rs brcxmptc ind,cd.d by ftc nru,otrc
'' 's%'ad (Fr.y.r ?1. 1930), .labtrshcd pr0lrity wirhin Mesozuru cuvo
r(kq dcr c.nanry nor appty ro rhc nonhcmadula napp. riruar.d 3 ton!
wayoutsid.rhis ieEnd . indicd'ns knp.ratur.sofalolnd5oouc Lr k.
Klcin ( r976)'.pons nNDtire nonh orrha -iso8md" and wnhin rh.,onh.n
adula nrpp., qbil. Knh (1932) 

'nhred 
r.mp.nrurcs in.rcc$ ot 50o" c



ror rh. midde prn otftc Adula napp. Thtr n imponlnrsinc. n indi.arcs
rhd rh. 

'rk\ 
in ft. oodhc'i Aduirmppcmu{hrv.cml.dconsid.oblyb..

for. th.y !.rcqrillbnrd d$nc rhc Lcponrin. ir3..l-ijw 1l937) €potu

'h' 
cno.'r'u'r\ d1d p,. ur\ Lonparbk nih !.ponr.n. uonrnon $.'.

,each.d only ?fr.r his zxppoir and L.6 phres, whil. M.yrc & PuschniS
( l99l) find Ihar L.ponrinc p Tcondirion! sh.rc.n$lkh.d ar rhe.nd ollhc
Zippon pha$ (dutin8 rhcr i.ec D2b) hd b€toE lh. l.h pha$
Tn6 conhms rhar tiponrin. i$BBdr po{dar. rh. major n!pp. codacb.
{om.d dudne rh..dy Gg.s otrh. Flmnphne. How.vcr,$m.difhcut.
.s nill ais. wirh rcglil ro rh. rimin! of rhc high.ror!ioildrcmp.nruR:

@ch.d dudng rh..closiric !a3.. sricdy sp.akin3, onl, D2b of M.yr &
Pu$hni8(1991)candt cdyb..oftlar.d*ift ft.T.ni?rtag.d F.G6.id
Nicm.rB.v.nf, phaks. rh...ro3irtc.vedr D2. b.ids only d.r.crabk wnhin
olfc boudids Hop.v.i D2a and D2b prcbrbl, hav. ro bc vi.w.d tr rwo
Mg.l dung r.onrnuous rdonic clolsrion is*hrd snh i.{-norh..
oald..ompesian(Ld! 1937)rndroprorh.Nsnscxof sh.rd(ume .d
tor rhe lardna3.s(D2b) fin.vol!.ioi n vic*.d ro b. conr.mporancou!
*irh rh. F.ftra md Ni.mer B.verin phascs. Th. r*o nas6 D2r and D2bdo
in facr con spond ro rh. Z.ppon phas. of liiw (193r) *ho found lnis
Zrppon phft. ro nraddl. a.an8. ofd.caasiie prcsurcs, nadinE ar F*
pr.sur.s.lrlhn.cb8i cnaScisolTcnjarya3.ind..d,6sugg.n dbylhc
cotr lation ofD2s.nd D?b wirh rh. F.ftE rnd Ni.m.LB.v.nn ph6cs.
rosp.criv.ly. a hiSh prc$uE ov.arinr in rh. r.cronic unirs ov.rly'n3 rh.
Aduh dappc vould b. crp.cred. Th. follosinedkcusion on pr.sucs wlrl
rhow rhd lhn k rh. .!s. ind..d
Thc p.ak pr.ssurc! rcpon d for rh. Adula lappc incEa& fom l0-ll kb
lnonh.h Adula napp.) b 15 22 kb (T((olm.n) ac.ordin8 b H.innch
(1931. 1936) EcbSn ra(ako,bunddrh.b3s.of  rh.Mi$rzon..burno
Alprneag..clo3ir.saalrown I@o rhc upp.r ponions of 6. Misox zon. or
high.r r.croiic !dns. This sugg.sr ! drop in prcsuE and/or r.mp.r,rurt
aco$ rh. Mi$r bn.roladsrh. E
li b6.mcnr sli..s of rh. Mior zoi. (cldiotzue) T.urkh (t932) repons
rhlr ph.neni. whn. nicarchr.d ro rh. F.ftn ph?s. foliarion ac pes.d.d
Ld rh. N. His 51 conr.is rach vrlu.s ol arcund 3.5 (b,scdon tl oxf.ns
Fr rormula unir), rndicarin! pr.$trrer of uouid l0kb.Thh h conpdibl.
wfh. norc ftc.nr nudy by Baudin & Mrrqu.r (1993) on rh. moneyclic
Tanbo bas.mc nr. Thcsc .u rho( a dalys.d wh ir. dca i. di ficcr I 6icontu -
tual sircs cmsponding ro .n d.fomaiion phes PE$urcs in rh. o.dcr
or Io 13 kb dlring rh. F.n ra phe arc iollorcd by pE$ur.r oteund 5
l0 kb Ecord.d durine rh. Nicmer B.v.nn phe.In spie of.onsid.nbl.
dimculri.s co&cming rhe ipplicabiliry of rhc geobaod.rs pmvidcd by
Mason. and Schrcyd (1937). preslas in cxcc$ ol rhos rcpon.d for fte
L.ponlne egc ncalby (6 kb n.ar Mclaco &codiig ro T.ub.h, t932)
mu{ htrv.benrc.ch.d Th.rcsurbof Baudin&M.qu.r(t993)akostrg,
s.$. ar l.as qualihriv.ly, z rubna.rirl prc$uE drcp du nE rh. Ni.nel
B.v.nn phas.. T.np.drures drcpp.d oily insi8nincanlly. Thn is analogous
ro rh. n..rkorh.mrl dcospr.ssion Ep.n.d fa. rh. Adula rapp. by titw
(1937) and M.yrc & Puschnre (1991).
Dah on a posiblc prc$urc dohinar.d ov.rpdnr of highc. r.dotrlc unirs T.
*.rc. and no.videnc.lor such an cv.m G ftpon d yd fom rh. Schm5
napp.s. Rrng(1992.) rcpons prsurcs in cicc$ of l0kb, dso basd on rhc
s, contnrorehnc mi.r. fm ihc Surcn. n.ppc.nd rhc Av.6 Aiindn.r
\ch'.rd Ob.ft .insli 0936). who!udi.d bl!. mphibol.s in de Av.rs Biind,
icrchi.f.r coidudcs lhar glaucophan..nd crcsic indicar. "pr.sure ac,
crnrur.d Ec.nrchkr tuie\ ovc0rinr bur eivss no .iimr ol prcsua.
Ootra & Ob.rhhsli (1992) found p$udomoqhs ir lh. Ave6 Biidner
schi.td whi.h Es.mbk ca'phornc. !hi.h indicd* minimu pr.*us of

R.Erdine rhc N.P.ininic Biindi.Kchi.Lr. Coffd & Ob.d{idi (1992)
lound calphoLn prcscry.d in rh. Lugi.z vall.y, i.ar rh. Basal P.n.iric
Tnrun. They cnim.rc prsur.s ro b€ ir ercc$ of ? kb. Th.r.. chbnbid
Iom.d $ ! baak dwi prodF or cleholn. wh.^ r.mp.Erurcs rosc ro
rhour 150,C Siicc crphol'rc p\cudomorphi are aho found n..rThuris.
h*e ihorl 1u!3.i rhd h'sh p tow T r.tnr in rhc Bijndneccht.r.r arc
onlypr.( ed.r rh. p€nph{y oIrh. L.ponrinc Fognds.ln $.lishr oIlh.
rommond.tondion haro4 rhis sroigly .u$.ns rh.r lh. Scnamsnappcr
s.rc rlso ,tredcd by such r h'gh p .venr bcfoE ft. Gmpenrua os ro
somewhft abovel50'c bd b€lov abolr45ec.as indicaredb),rh.nabilny

licoiclusion ir rppca(rhr rhcenrn nudicdarcahrsbc.n rtr cr.d byhiSh-
pre$!.e m.knorphnm x\ oriSinally su3lcicd by Fr.y cr at (1933)basd
on rhc ecuRnc. orlT *hrc mica polymorph! Th. d*Rcc in pr.surc
acrcs ftc Misr zo.. r subsanrial bur cannor b. quanriraliv.ly as.ssd
yer Th. rcbrion\ bcr*ccn fr Ldcrrl srowrh rnd d.fomarion pMscscarclully
.nablish.d by a numb.r ot *o .h (c.8. Baudin & Marquc. 199t. Lar*
1937. M.yre a PNchiig l99l)ciclud.an Eoalpine ag. ror rhis highprcs
\urc ov.r|nm wh ch prcvrilcd dur'i-r rhc in{id nr!.s of rhe F.ftd pha$
Ncm-isorhcmal d.compft sion h indi.arcd dufl n3 rhc lak nrgcx of rhc zp.

pon phas. in rh.Adtrla n.pp. (D2.fM.yrc & Pushnte. t99t)and dun,g
th. Nicn.L B.v.rin ph!* in rh. Tambo nappc.ln ftc N.p.n,i.ic BtrMncr
schi.f.r znd schaos cov.r slic.r d.compEsion frcn horc mod.rarc pl.r
sur.r mun nsve bc.n asria..d wirh incrcalin8 r.mp.raruEs dunng rhc ti.
nal nasa of rhc F.ftnphas..Th.conclusion rcEaldinsarii8t. p.Tcvolu
rion of T.niary ag. will hrv. ro b. confonr.d wiln 

'dios.ric 
dri

disus.d il rhc follo*ing\ccrion

14.3.2.3 Dating of deformarioo and meramorphrsm

D.romdionphr.s phichcan b. comlar.d b.rwen ditr rcnr {eas do iol
n..d ro bcnndly synchrcious. tl,n,{.mpi k mad. ro dar. r pan,clhrd.
tomarioi ph6. ar a c.n,in taatiriy i. rh. foltdins d6.usiutr. !q,rri
riad in F,SuE l4.20.srchd.rins i5 only {dcdy valid ir rhtr p,nrcut!r to.
..hy.Tn.samc.oicouBc,:tptlcsrorhedaringotmdanorphic tv.nB..or
b.i.i c.n.in dls.s Df . s.rahoQhic.voturion. Only i' rh. aos.i.. ol
.l.arindi.dionr tor miCrarinsd.fomarion phas.s do wc asumcconr.mpo
nncny (,orqa6pl. in casc dfrh. Domtc*hg phas.. kc FiSurl-{-2o) ln
orh.rcas(tocxmpk tn. cstanda phtu.,s.. FkuE 1.4-20) rh. ivaihbl.
dakpotdb$.h.t.chrciciryof rh.sam.dcfomarionphas.(ina{nc,
s@dufl s.nrc) in dilLrcnr r.cronic posnions.
S olid lhi gdphical connninG lor $. cuti.$ onrd of d.foo'ron , u pan r
or rh. valais dondr aaonly lvaihbl. for ft. A.btash lnd pdnig,u nys.h
(Eady Ed.nc. abod 5t50 Ma) and rhc Fatknk napp€ eatcei.). S.dt.
n.driuon in d'. rcmaind.r of tn. Eianqolnaj! a.d Vataisdomdns nay lh.
or.rcally hav. $opp€d ar sm. carlis tu8. b.causc na fosik youns.r rhan
Lar. Crcbc@N ina3.h3v.b..n found H.nc. rh.t. consrdiG uo nlr EL
clud. &. on&rofcollision ar som..arlid sa8. (gddin! rh. soulh.n Bn,
nnConnar ul6 (Ar.^ ph,se) iordo rhey.rcttrd. rccroni. md nd,mor
phic .v.tu in thc bas.n.nr *hilc s.dim.nbrion .onrinu.s ir rhe cov.r
Ho{.v.r. for r}E Tomill urn of rhc N.P..ninic Biindnc6.hi.fn rh. F.rcra
phaE i! conshin.d b b. yo!na.. $an E ly E{.n..
R.ga.ding th. moE c{.nil H.lvqic unns (Ctds 6ysch). s.orm.nnmi
conthu.d *.ll i.@ rhc E rlyOligderc b.tos rh. cl@s rhDs(Hcrb 1933.
Pfi Fn.r 1986).constainingln.le.l naximun agcof rhc Pizot ard Cat,nd.
pheii ut lifianclEri. conpl.r ro subianriatly pondak $. Ec.n..Oli.
gM. bourd?ry (lbour 35 Ma).ID lnc H.tv.ric nappcs, hN.vci*dimrn-
uton sropped calis (H.rb 1988.Lihou 1995)and synchrcnously with fte
.6pla.ocnt of.xori. cov.r:h..rs ofs-Hclv.ric orisin (Pizot poas., nc,
rh. Ee.n.-Oligd.i. bouidary. Thcs. dar. connm rhe ctrsjcat vi.* o{
obS.nic foErrd pDpaSrrion fiom sroN. 806 lh. pizol ,id rh. citanda
phas.s c nor conr.mtoEneous in rhcH.tv.ric nappca and !h. unn: hetow
rh.Glds rhrusl !s d.picr.d i. FiBuE t4-20.
Ridion.ric ddi.g ot rh. inhsion of rh. B.rs.I glaiodiorirc I 3o.tl
I ol? Ma (w! Bldck.trburg t992) prcvidB an absolur.ty rctiabl. and
.rhmdt u*fulrim. mrrft A\ oscu\sd .rhn, ,hF 

'n'to{on 
.oniH'i,

ln..ndof rh.Ni.ftlBeverinphas.ropEdar.l0M..
Radiomddcdatingofm.hmoDhish is l.$ sr6i8hrfoBard and tr a mMo.
mcr in rhar h.taaolpnisn aho h.s b be vicwcd is in.voturior r umc an!
spc. whicl. etrictly, hm ro tixed ,9.. Addnionalty, n0m.rcus probtcms !rc
r!h.r ro rhe mdhod us.d, ruch as(a kioy wBrh isropic corrpa,noA
Gord Mli.g. fomarioi o. mir.d aecs.
Evid.nc., oircn quor.d in favour of Eo pin. or Crckc.ous fr.rdmorph(m
b.low rh. o.og..ic lid. n.ms fon rh. suEn, napp. {Hrnson d r 1969
Sr. in iEandJrg.r  l93l)  A Rb-Srphol . r f t l is{hrcn.s.of  sM, wls
obhtn.d fo. thc nonh.n SlEna napp.. This ag.. ho,cv.r k in conra$ ro
TBniary phc*ir. minerarr8cs,and. accordirg (o Hurford.r?t. {t9s9), rhe
po$ibiliry of an anifacr duc bpanhtrcjuv.idion ofprc-Atpt!.ag.s has ro
b. conrid.r.d. Tnc $cond pi.c. of.vid.ncc for E arprM rgcr comcs fom
cdogir.s of rh. Ad-14 napp. wh.r Hunrt.' .' ?t ,to3c'quord1r.
b€ck roI?6-I30Mabas.donrorkbyMuratr( t986) ThisconrmBsih
Tcniary U.Pb zircon agcs rcpon d fromrheCifri Lln8i unn.i wn.n con.
rinuarioi ofd. Adul! napp€ (CebaEr cr.t. r992. C.bauer t9%r Rcccnr
Sm-Nd min.nl dda by B.ck r (t992. I99l) aE conrov.Kist 

'oo. 
ri rhar

rhcy rndica!. blrh T.niary (cira lunsi) lnd crehc.our (Ad!t.J a-q.\
sirhin $.sancrccronicunir.All rhissho*slhar6d@nchccvidcnc. to, rhe
!3c of hi8h,pr.ssurc m.kmo,ph(n rn rhcAdub napp. nli|] conradicrory
Bas.d on smri8nphic ard irucrural arsum.nh w. pr.fer I Tenii.y rg. for
hish pE$ur d.ranoahn6. tn accord'f,cc wirh rh. T.dirry lss !iv.n by
B.ck.r (1993) aid C.bau.r (t996) s. pta.. ft. as. of rh( hrgh pr.surc
.vcnr in rhcaduh'apF son.wh.r. b.r*..n 42 and 36 Ma (Fi3ud r4.20).
Radiomctic.vid.Dc. fo.Tcnhry frdanorphGm in lh. Suctra. Tanb. aid
schaNnapp.shasb..nconpihdbySchr.u6(t99O, t99l).ForlheF.n a
phas clev.g. in $. Sch,ms mpp.s K Ar a8cs b.rw..n 45 af,d l0 Ma,re
obtair.d for th. <2 nm fiacrion (5iilys.s by s Huon and I Hu.zikerE.
pon.d jnschEun r990.1993) an asc bnck.rof.lt 134 M3 is ind'cal.d
Ior phcngncs in th. Sur.racovcr by K ArdarinB (9ern(. and ir8( 193t.
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e) Ol igocene 32 Ma

f )  Ear ly M ioce ne 19 Ma
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Hur,ordcr al 1939) Similai phcngns lg.s (16.6 17.6 M!)!rc rcpod.d ror
$.Rafn.pophyrybyB z.r(1939)burph.trgir.a8csmiyb.oldcrinorh{
phc.s wnhinthe Sur.ftbakm.nr(upro.49.6Ma, Huddd.i al. 1939). Am.
ph,bol. agls.r siU oldet{maxiaum rgc ol55 Ma. Hurfod.r,l 1939).
allmineokdabd d. Glarcd Ia rh. n.ii shisrosiry fomcddudng rh. F+
(o pMs.3nd do nor dalc ft. Nicdd-B.vcnoph!*,!s.tronouslyrcponcd
by Sreinirz md Jrger (1936) The dar.d amph'bok! e aligned w{h'n ih.
Liftn sRrchin8 lincarion. bd llso bok.n and $rcrched. po$ibly by la.c
N€'ne.B.v.rtr E W eiension. Giv.o $c posibilny of .ic6s o nhcnrcd
algoi.Hdrrodetd (1939)consid.rrh.!!eof 49 55Mrrsb.in!malmum

In rnw of lh. lTsc sprad of K-ai nin.nl i8cs fi.m rh. S!r.u .nd Sch.ms
uiirstl5 55 Ma, .xcludin3 Rb.Sr a3.r which n in pan youiSctin.r.cr
rs. orr!. teael phzq dlfomd,on rnd *ftrkdmdemdl'hnr (rn-or

bcd.duced. Hurrord.ral. (1939)con ludcrharrh. lEcbd.k.rof 35-4OMa.
.ncompa:singconcordrd Rb SrandK Ar ag.s, is rhe mos r.aliniccimak
for rhc agc of mdamorphisf saiarcd rirh rhe Fcftia ph$c (Figuc

ra.20) gowcv.i w. provided eid.n.. rh! rh. pr.*ur. p.!k pbbably trc-
dari.h. cmp.mur. p.ak id rhis @a. H.ncc wc.onsid6 rh.3t-.40 Ma
b6ctd ro darc rh. r.mp.mur p.ak pondding rhc onsd or.arly prc$urc
dominarcd sagcs oiftc F.mn ph6. Taking fte spaadofK Arph.nEre
as.sror.fl .d!sprcadinlhcnag.orfooalon.50Ma(EarlyEscr.)scms

'ubcJ sood.s'md. ro' rh.b.ginn'ngor'hr higt Palrmo+hn!53. e
Lar.d ro $. F.ft6 phas.. Hctrc.. rh. Fer.ra phde d.fomarion ii rhc
Iambo, SuEni and Schims ric. is infcred io ha€ $d.d b.forc 50 M..
somcwh... arouid $c Pal.G.n.-Eenc boundiry.
Hu'lord d al. ( r 9391 usc rhc 15--40 Mr bmcrd ar rh. oot likcly agc int.o,l
ror.valMtingrh.cmlins hnbry of lh. Surdi napp.. ndins b.rw..n 3500
sid45eC Fissionaackznconas.s fo.Ih.Sur.tranapp.(2G21 Ma,Hur
fold .r al. 1939). rogerhd witn a kmp.drurc .rimar. of 40fC ar 37.5 Ma,
asun in a slov avcmgc cNling Et. (mu!d l@Cf, M3) dfing In. Oli
gwn. ThG aer..s *.ll sith Ih. conclusion rhar r.mp.ftrld did nor d..
cras. sigli6c,nrly dunng th. Niem.t B.v.nn phak, .nding in Mid Oli

smn.in.s aplor.fsionrackag.rb€rrecn l0-16MaindicarcamoE
npid cmlins de dunnA E ly Mic.n. i6*. Sin.. icc.l.nrdl celin8 nb
n'ccly inrorhccod.rr offtc Forohph*., r.ld.d b frnal.rhundion, rhf
plrk.andcoisquenny ako rhc Donlcsch8 phrc. @ likcly ro9Bdd.Ihs
l0-16 Maageiicdal(FigrE l4'20) Hor.v.r,theStretracmlingdabdo
ior havc.nou8h r.solurion ro darc ih. ons.r ofmpidc@line rchrcd io fnal
.xtruna.on more prcc$ry.
Ad a(empr !o dat. the Do61.shg md Forcola phd.s morc puiscly has b
us.d.r!frco rhc moe idcralPelninic zon. @und thc BcB.U in@siotr.
The souft.m Taobo natpc c@lcd ro bclow l0@ C dud.g Elly Mi@.n.
nmd (biodrc Rb.Srand K-Atagcs b.rwcci 2l ard 25 M4 KAw 105 and
KAw 231otJrg.rer al. 1967,lnd Pudy andlagc.19?6), ftcg@nschisr
fac .s mylon ir.s Ei!r.d ro rh. Forcola lin. found ncar chiav.ni a (rcc.d neld
work byA Bc'3.r, Bis.l)c.i lh.rcfo€ nor have fomcd sub$a ially larcr
rhri rhk im. incral. Youngc. biorn. coline ig.s in fi. sourh.m Misor
varl.y(amund 13 19M!,Pu'nya'dJrg.r, 1976,wagn.r.ral. l9?7)shos
rhd ft. axialplunge ol the cat.m trponrine ea alHdy snEd ar @und
l 3- l9 Mi. An !g. rnr.dal son.wh.rc bdwcn 2l and 25 M! (OliercicM!

€.d. boundary) h rhcrctor.rcalisric for rhc Focola phas. (Fi8urc 14.20)
Tn. Dohlcsh8 phasc, rclar.d io ionhwird rilrinE ofrh. $ud.m Tanb.
rippc. G inrind.l, rclarcd ra uplifr of rh. B*3.11 rc8ion. Ac.odiig roGi3cr
(r$l).ddGigdaid Hudord(1939).coolilgandcrhuolrionof fic AcGeU
Eeion imm.di.rly po$dar.r rhe Bcrg.ll inhsion (30-12M., von Bl!nk.n.
bu'3 1992).work ii prcCrc$ (Ros.nb.e cr al 1994& 1995)cvcnslggcas
rhar backhtosin3along rhc Inrubd.linc drid, idiriar.d dud.arh. inrd-
rioi otrhc Bcr3ellronalirc (12Ma, Bllnck nb!13I992) lrippca6rharftc
Doml.{hgph!$iniri .dihfr.didclyafierlh.6nalias.soIL\.Niem.r
B.venn pha\. L'nig.r(1992) itr f,cr aGu.rrhar nomailatrking along rhe
Tud nylonre nay .v.n b. co0'.mpo.aneous wnh hk D3 Gorelalcd sih
rlr Ddi'le{h! pha\.) A sc.nMo for co emponn.ous E w exreisoi rnd
N-5comprcs,orw6reccrt lyprct .sedalongrh.S&plonl inebyMafck
L.rovl|992) Jnd. rorE,dyMim.icrin,.s,foflherSioib.,s.cn€igdi..
I'nc aidTonale line (S.hmid & Frcnzh.im 1993) Tne Cl!tos rhto$ 

'n 
rh.

drrcnr Hdvcnc zon., who$ 6nal na8cs can b. con lakd ro $. Dom
vcAe mcramorPtu zo.alon and ca' e

dared as Lar.Oli8d.n. ro E lyMic.n.(G6shonCer,l 1934) Inconclu
infcr.d ro Mv. b..n,c.ve wnho rhe

l0-15 Mr rime !d..val (Figurc 1.1-?0)
Concc6ing defomdioi phases ii lh. Hclv.ricunir\ mdiondncdflld3has

cu$d In Hun2i l . rer ! l  (1936) ind on
nrriSnphLc.{d.ncc (Piffns r936) Hunz[.rd ]r (r936).onclude rhd
C?lrfdr phre d.lomarion wrhln rh. Helvdrc nnpp.5 abov. (he Glru\
rrrtoN {cred d round 15 l0 Ma rgo. a rimc inr !lalsoS'v.ninlh.c-
mnjrucuor ofPriftncr(1936) Fsuc l4 20, hdw.vcr d.pic$ a:omcwhal
roung.r rm. 

'nt..ul 
tor cahid! phas d.lormdiod lnd lsociar.d m.h

morphsmiirh.Hclv.ncnappcsbccau*.asdiscus*d. iui$d,m.nhnon
didc.uruprorb.Pi,abonhn(i.c In rh. Blan.ngrar mir orS H.lve.c on

ain. Lihou 1995) ThcC.hndrpha$*nh'nrh. Ini.lhelv.!c!iirs b.low fte
Glarus rhds is $iU youi8.r(po! l0 Ma. $. Fi3ur 1,1.10, InrcmalAr,
6a$if ) Finalmov.m.nsalongrh. Glarusfirun r.lakdb$. Ru.hr phar

'v,rn. \&Pf i f in i j  
lc / ,s.hnnd 0 

^ 
i  .  f fv F.  Tfr-aurrntr  /nL", ,  n '

d'caEdbyillikc.ysallinnydda(Frey l933mdCro\ho^sdal. l9ll4) Plif.
fnd (1936) su8s.!s rhd mo\em.ir o. $. cllrus rhrun caus,nc rh. 

'nrc6.merafro.phic rcn4lor noDFd r rmlid l0Ma From rh((i'neoivmds lur
iherrhon.ning *Ihtrr rh. Ari nDsiril nllrd ro 

'htu{ing,i 
fte MolN{

blnn (Cnnd.lwald phas ol Fisrc !4 ?0)
Cchrcnologicaldara kom raas runherrorh. Nalong rh. NRPloMve k
ccnrly b.cn prcvid.d by Mrhalski & S@f,' {1990) Th.y Ie dk.used
Chaprs ll lorrhivolum.lnnorcdcrail Zi(oi ris,oi rack !Be\ r'odnd
20-21 Ma rrcm (h..r(cn Aar n'r$'r(vrn( w'ndo*). rhe llrnz r.er md
rh. N.P.nninic Bundi.BhEfer near Rorh.nbdnn.n do nor ien,hcaidy
difi.r from rhos. r.poncd lor lhc Surcra nrpp.. Ar liar sigh ftis implie\ l

3o in rrr , .on, .  rhe p(. . , .dJ) n. i , ,d
prionolhonzonral $orhem(dlnig Mn)

cen. tim6 is mluiili.d md N dipping $rherms arc iif.n.d for Ih. Hel
vcric napp€s{F€y.(al. l97l) d rh.linlhclv.ric compl.r. indudinS lh.
Ar mrsif(coshonS cr al. 1934 rnd rcfcr.n.cs rhcrein). A! dkused ri
chrprer lr.l,rhc Aarmasrifztrcor 6sion tlcr {ees or otrndl0MJrrt
rcrar.d brh.inniarion dluplifrorrhn.xr.m mNif asei&d !irh rh. $
i.rlsag.s ofshon dis wnhin rh.Aar masit(Cnnddw dphrs) Utlir,
d@uncm.d by apanr lisior trek ag.s. conrinu.d unri!rhe kre M'c.ne
if, rh. c..ral Aarnassif.id wls asooar.d wirh rhruiLnE wrh'n rh. sub
dpin. Mol3s. Fieurc l4'20)

Th.moe impo@n(corclusionsoi ddiigdcfomaliontha$s lndsdamor
phic ftB.s rrc slmmldz.d in Figur 14.20. roe.rh.r{nh.v.n6 *irhln ft .
Aunoalpi!. and South Alpin. rnirs which arcdiscu$cd iD Chapkr22 or
rhis volum.. Thc mon iop.danr t durcs rcgadinC rh. P.nninic lnd Hel
v.ric unirs.m.reine fiom FiSur I,1-20 aft ft. followint:
l. Youngensedim.mahon it.s\ues.irharrh..nsr otrecroni.acriqry'n'

3r!t.s ro$rds th. nonhffn ro.eland ov.r r rim. \pai orrbour l0 Mtr
2 Th. fraii phasc ofd.tom ioi rclarcd m napp. 

'mbri.arion. 
AsNiarcd

wift rh.d.v.lopmcnr of! 68r pcn.tanve d.av.8eal$ m'3nrr rowmdr
lhe forelind Th. san. applics to $. divny of rhe mrjor rhD{\ Th.
P.nninic BdalThrun is followed by rh. Clarus Thton aM rinalLt b)
rhto$irg eirhin lhe Subalpi!. Molas.

L Thtosin3 alone rhc GIarus rhrusr n pr.cedcd by.ml, dd.oll.mcnr or.r.
od. nnp shccBotS.Hclveric aid Pcniiiicongindunnt $c Pizolphass
Th\ P.Tolphi{  nnor d.cur.d 

' i rh(hraE. 
for i 'on hur.  

'n"dcof$. Hdv.ri. napp.s. conrcmponn.ous wnh fic closins ia8.s ol Fcr
rcn ph.s. d.fomdion aid rhtosin! alon-s rhe Penninic Ba\rl Thru{
Si6ilrly, rh. F.rcra phasc dcrormarion and rsmded rhru{,ng rolloq\
.an'er phass ord.rachmenl and i
(Sor.da phas. of$. Adula nlppc. Avffi ph6e)

4 MdrdoDhic Bograds dmwn ..ro$ ft. P.nninic.H.lvcnc r.croiLc
botrndary (b.Neo covdo{th.Couhrd masN and N PennLnlc Sijnd
ncGchi.fct mun b. hd.ruhronous. P.ak rempcmures w.r..erch.d 

'n!h. SuEna and Tambo napp.s ar around.10-15 Ma Thi!prcdrIe\ rh. perr
lcmp.crurcs infen d for ft. Gotrhad masifand rh. H.Lv.ric napp.\ trl

5. L.p..tin..quilihradoi ar mdd.Ek pEstras in rh. Adulr Tambo.id
SuEu nappcs immdilely follows and is inrmat.ly r.hr.d ro r lri-qh
p€$urc .ve of T.nhry ase. Thk is nor dr. case with rcsp.cr ro rhc
Gorhardrcgion-wh.ft i icdionsoranea.l'erpr.s1urcdonrrd.dMge

6 CoolinB duc toerhumlnoi n.ned rl.rivcly cany (atuund l5 Mr)'n rhc
Ea!.n L.po.rine un is.Thk.xhumrrion ir locrlly r\\ocLded w rh E w
.{cnsion (Nicmcra.vcir ,nd F(
wirhonsoin8 N-S ro NW-SEcomprc$M 

'n 
rhc Encirulrcn.\. rid d I

14.3.3 Kinematic evolur ion

The lollowins synrhcsis ofIh. kiicmlric cvolurion d\o m*c! u$ olddl
p.ovid.d io orh.rchaprc^ of rhis v
rheric vicw Thk paniculdy conc?ns rh. !.ophyricar infon!rcn on rhc
prcs.  drydrcp{rucru(of  r r rAlprconk'ncdrF,3urc ra-2r!(con,Ptt
Chrpre^ 9 and 22) lndgcolog'!rldrl on fiL rcnhcrn($e Chrp1..l:1 l)!'
wcll!\ rhe\ourhern ({.Chrprr' l5)brclrnd olrhe A p\ Oi $eorl'e' hmd
ftis following dncusnoi Ioi,n: ri i p.nrd brn\ ror Chrpkf ll. !her.
so'nc.f rh. r.xru'.s dL\cu\rd here



ri inkSnr.d p6cnr drr crorr \ecton or rh. $ncn Mnkcr. fomtig rh.

b!$ olrh. \kerch pEs.nr.d in Fi8urc I'l 2l3 Som. ov.rltp b.tw..n rh.

prc\cdr dtrcus'on and chxpr* ?2 could ior b. rvoided md w. rromfr.nd

$e rcld.r ro also consulr patu oICh?prer 22 *hil. fidin3 thr dNusion

of $e kincmrhc evolurion ('n panlc!l rh. im.g€Gd cos s..rian Flar.

any ar.npr ro sk.rch dtff.rcf,r n!3.s ot lh. kin.m.ric .vohrion. such as

rhe on. p6pos.d in FiSurc 1,1'21, n ofcousc highl, sP..ularit. Ncvc!

rh.l.s. connrucdon olrhcs. sl.rchcs rcsp.cc consninls. ircludins all the

uf c.d!iirics-!hich.volv.rrcmlheprcviousdKusions ln Lcr manv con'

iraii6 rumcd or bb. morc sv.r.than an.cipat.ddun!8pepanrionof

rhc rk.rch.r On rh. orh.r haid r.rod.folmlion n..ds ro b€ Pcdom.d
mdEriSoroudyinrhcr l ruE.Fisut  14 ?lonlvr .prcs.nts i f id8n.npr '
Ih. nod ,mpodMt Suidcl,ne5 znd .on$m'nb n..d ro b. bncfltouii!'d:

Th. nae.s i.b 3nd. ii ngui. 14 2l .Econ$rud.d on rh. basii or !h. Pal_

'4spr{r 
r.noErion a3!i!.n ii FiSuEs 14 3 and 14 9and popos. {3gcs ol

conv.4.ncc lrldi's ro hnll colli:idn ii rh. L:k Ee.n. .nivcd ar by

hdad mod.llin3. Skg.sd.c. fand s in Fi8!.. 14 21. Dn rh. otne. hand
(p'es? nic.s oblain.'l by brckwlds modclliiS bmcd on rh. pEs.nr dav

prcik rlon3rhc NRP20Eea$.mT6ve6.lFigur. l4_2lg) irterabns s.o'
logical and 8.ophy$cal.vidcnc. lurdd disctrs.d in.h.pr..22. Tn.s. lar

{13.\ fpa:.nr rhc fsulr of slcccsiv? etodefomatioi olpos-collnional

'r.romahon 
{a3.\ Al prcnk. m' c" ?d lno da balancgd in.tmiqran

rirlrive way. Th. arc! Gcupi.d by th. Av.6 Bundn.'$hi.Lr h!( h..n.n'

hB.d lor rh. ia8.s rcpr.s.iEd in Figtrrcs 14 2la.b.c.d in ords r. r,k. ic-

counrforourofp6hlc mov.n.n6 .s( 
'ai.d 

wirh E_w.xrcnroi Er2rd t.

$. Tulb! mylonir. zon.. Th. dcPrh ofs.!.mlr.doni.unns(c€.Admasit

s(.(a napp.. B.E.ll inidrion) ..\peu d.rt on th. P_Tr .volurtoi dn_

.u$cd pEviously. ind, in th. casc of rh. B.4.ll i rusion, dtu f'und 
'n

Ros.ib.B.r al. ( 1994 & 1995) Reus( (1937). von Bhnckcnburs (1992)

aid in Ci3( & Sudord (1939) Th. p.nrion ol rh. H.lvctic rnEhnd h

r.sp.{ rc rhc Instrbnc lii. in Figurcs l4_llc rk bas.d on rh. cudrnchc

rchdcfoftllon of ft. prc\.d day N-S cxr.nsion of rh. oD8..ic lid

(aunroalpin. uni6). which eas only inrilnificanrly $Ein.d durinS Tcniary

14.3.3.1 The Avers phase
(Early Paleocene, Figure l4-2la)

Thc.racr rimrng of rh. alcn phese n ill_.onsnincd. Th. E rlv Palcccnc

w6 chos.n for ddi.g rhc skcrch of Figur. l4_2la b.caus. thc Avcu phls

nur sukr.nrially predar. rhc 6nalclosurc ol$c Valais Gan during E{lv

io Middl. E&.n. rim.s. Civ.n (h. roklwidrh or th. Bninconnau domar
(rbor l15 km, FigtrE l4-3) lnd a minimun width ol d. e.adi. pin

of rhe N-Penninic domain (only 50 km ofe.anic lirhdph.rc w.r.ho*tr

'nFigurc 
14-21.) .anyt im. l  dthan65Maforth.onsdof suMr'r ion'{

rh. B.ianqoinah domin would l.rd ro unr.alkrically hiSh conv.'r.ic.

nrr wh.i compaEd ro larye s.!lc plar. Eco diru.riols (.. 3 D.w.v d.l

Tne panr or rh. Av.a auidnei\chiefcr iill pa!.ft d in a prcsnId.v cros

' . -"o r ' . ' rcrpj . . .dtor.pr(n F. I 'o1- \ !d l io\  pcn\of .nr( . i . r io1

rry wcd3. *hich nEoinsrobe und.'plarcd by rhe Bnanroniiisunn5drnnS

rhe A!.^ thr\.. The upp. Plak is rcprcs.nr.d bv rh. Aunoilpii. unns

lnd rhc pr.viously sururcd Plana and Liuun Fomo_Mll.nco othiolires

Th. I!ru€d..ollen. hoizons wirhiithc Brianqonnaisplatlam. rchrcdro

lh? innial $ag.sof rh. F.n.i!phas. ar. skerchcd accordiryto FiSurc 11 3

14.3.3.2 Subduct ion ofthe Briangonna's unit
(Early Eocene. Figure l4-2lb)

Th( {k.rch .epEr.ds .,rly nas.s or rh. F.ncn phas. dcfodrtior aricd

'de 
rlic Tambo. Sd€ila 3nd Schrms n,ppe5, as w.llas pans or'h. N_P.r

ninlc Btndn.6chicfe! Th. panolthcN-Peminic r. m shich is chancr.r

4dby m.riic lirhosph..hs dreldyb..n.los.d. How.vci mliic scdi

mnrarion conriiucs In tho\e pans of rhe N'Pcnninic Vahh domrn

rArbL*ch fld Priirigrd,lysch). whrh m. ud.tuitr by.o incn6llnho

\phcrc Alr.narively. rh. Eo.cne Ry(h.s mry b. .sum.d ro hav. bc.n dc'
posircd on pans of $. N P.dninic plm characrcdz.d by m.a't rd.'

sphcrc. ln ftk.as.. widd N-Penn'n'c ceaiic li(hosph.c (60r. rhan de

50 km rsumcd) would ior Mve cbscd yd rr rhe nal. depi.red i. FisuE

14 21b Hovey.( in rhtr ali.mar,v.c5k rh.conv.Bcicc 6r. erwanrh.

$g$ d.pi.r.d in Frg!rc 14-21 b tnd c would havc ro b. verv hish (norc

Pcll p'.surcs 
'n 

rhe surck-Tanb. Prr m r\sumcd ro h,ve brtr r.:.h.d

by Eidy Ee.n. tim6 ii o.d.r ro !lloe.noqh rin.lorrhc subs.qu.nr sub-
dudion ofrh.Adul, unir. plac.d ar rh..outh.m dtrhl conrin.nral narEn ol
€uropcsilldfin3(hc.arly {ae.soflhl F.rcE !h.k, i.c. dunn3 rh. Early
Ea.i.. Ev.n so, rhc.at of.ooverg.icc during Ecn. rimcs mur hav.

b..n alaliv.ly hishand i. rh. ords or 1.5 cmpsy.:rinord.rroarrossub.
duc(ionof som. 150 kmorlirhosphce.ecctsry roamv. rDm rhc!.gcd..
pi.rcd in Figur tt-2rb ro rhd ofFiSuE l4-2lc (comparc rh. rcla.lc pos-

r ionsofrh?2 crcFre po'ntrmal.d .  and"b 
' i th.p '06l . t

Ar poposd in Figurc l4-3. h!9. pans oft..onrin mllcdi of rh. Bn-
anqonnois eilt b. subduct ddlnne$ksug. withour 3!b*qu.nr .rhuma.
rion. Southco psof ft. N-P.ntini. BaidDcnchi.Li rhc Schans n4p.s
rnd thc T06bo'SuEna p hrE b..n a..rcrcd to rh. ons.nic lid H.nc
napp.lomariondudn8rhisaidsukcqu.nlMs.sot .F.ftrapha$6in.
r.a..r.d @ b. rclat.d ro rccdioF.y pecss at Star dcprh. Th( Pauld

.ipl,in th. mncmpoondry otdroll.m.d and i:clinal tolding so Iypicrl

14.3.3.3 Subduction oflhe Adula nappe
(Late Eocen€. Figure l4-2lc)

Coftpmd b d. Bnangonnft unib. defo'mation .nd hiSh prc$uE n.ta

holphism mun bc youns.r in.3. in rh. cak ofth.Adula nippe if rhe pal'

inrpdric $cndio dcpict.d in Fi3urc l4-2la lnd Fi8urc 14_9. ponuhtng a
N P.nnini. e..n b€rwc.r Bnailonnah a.d Adula unil n .oret Hd.ro'

choicity in Egrd to rhc onscr of F.ea Phrs and Zrppon phas. d.rod&

rion a.d high pE$ua dcranoQbisn i! Egdd ro Bd.ngonntisbd Adula

unirs (FiEuE l4-20)is priharily icomlary ot rh. Pal.o3.o8r.phi.5id 14'
ro.ic corshcrion and is {,ll il l conn'ai n.d by thc 3cchmnolosical con'

FiguE l4-2lc d.pict th.Adula napp. at {s ponlon con.spondlig ro rh.
p.at pBlras rsd.r.min.d fot irs 

'onh.mnon 
pan (l1.5 kb) and d alpl

Ami in .h. su6.mmon pln (27 tb in th. Cima Lhga !nir, concsPonding

!o di. soutn.nmot Adula mpp.) is givcn by H.innch ( 1936) The Iobl

kngln of rh. Adlla n!pp. would bc abour 35 km .r lnc pdicular ill'con

shin dlubductiord8l.chos.tinFiguc l4 2l. This63urcknorunrcal'
isrically high whc! conpaFd ro ln. pEscd day N-s.rt.nsion ofrhcAduls

mpp.:45t6 in Rap vi.q ibour 60 kn io pFflc vicv du. to ba.kfoldin8
and nepcning imo rh. suth.fr n cp b.h GE pro6l. ir Fi8!€ 14.2)
Unfonunaaly, $ere llil l k no ad.qualc model availabl. in od.r ro cxPhin
th.subs.qu.ir.arlyphas.sof .xhumarionwhich6ri4 cAd!1. ulibrck
ro moE hod.6rc pesurcs ofrypically !6u.d 6 3 kb, pd2ilin8 dudne

.quilibdtior ar rh. t np.nru rc domindcd sotdlcd llponr ine sugc Eac hed

1r.6unl35 M! {&. Fisur. 14'20 and ln. nexr na8. rpEs.nr.! in Frgur.
l4-2ld).Thk crhumarion G v.ry npid sincc it mcuBotra rim. sp.n ot

only 5 Ma. This tcsuft drop coftspoodt ro uplri Bt.s b.rt.n I and 14

nmp.'ydfd.prc$uEdrcpf6m l1.5ard27kb,rcsp4riv.ly
A sn.r fio* nod.l such as pnpos.d by Covan & Sillins ( 1973) and Cl@s
(1932) *ould b. unlikcly ro Mv. prc€fl.d lhc v.ry subilnrial md srn.fr'

dicpE$ucgddi. asprescn yobs.d.dfomN bS withhth..cloeir.s

of rh. Adula n'pp.. Thc eidcly 0cc.pr.d .n.nsio.!l modcl Popotd bv

Pl (1936)isonlyapplicabl.fo!pd!of ftchcrn.g.sof.xhlnanoi.re'
l.r.d ro thc Nicm.r Bcv.rin.nd Foaola ph6.s. whcn E-wexr.nsiondfts
c.urTh. ns.ofad.hdinarcd rc.k P'lc as a buoya sh.cr rlong rh. sh.ar

Dn fomcd by d. pd.s of subducrion. r.pr.sntin3 . aN or 3rcdcn
*eikn.s. us G.nrly poposcd by voi Blancl.nbuB & Davi.!11995) ro'

rh. cas of rhc c.nr?lalps This mod.l m..b wnh dimculrics b.caule rhc

Adulanapp.isnorsumurd.dbyhigh.d.nery manrl.dks icco.dlngroth.
Gorlhctron c^.r i- Ficul ,d /lc A m!ch"1 dorror.d.rrru'ion l$
.llel rorh. suMuction sh.ar zon. (amw in Fi8urc 14 2lc)s..hsr0 b.rhe

6os likcly m.chanish Such a 64hannn Bas rc..nrly prcpos.d ror ft.
w.n.nAlps(Micnrd.rai l99l) ThrmechankmrtmloSousrorh.sub'
scqu.nr diflcEmial movcmcnr or the Trmbo sur.ra llf as p.nd'.d dtrr

ing rhc subi.qu.N Ni.mera.vcni ptus. by Me . & Guilli.rll939) and

Unf.nunarcly.such rmod.loff.rccd.xhsion i nor suppon.d br rhe hcld
ddr Kincmarn irdicdorrr rh. basc and toporth.Adula nappc su33c! rol
(olh. N 6ov.mci.. whrlc roprolhcS mov.m.nr s.ns louldb.crp.cr.d ar

lh. rop of rh. Adula napp. a..odiig Io Ihk modcl Ho*.v.r' rh. rop ro thc

N hov.n.ns rcpon d @ hav. b.cn.div. dunng rh.lak nas6 or$. Zlp

pod phs. (D2b of M.yrt & Puschnrg 1991. Plnzsch .r al 1994) 6 rh'

nruduBlly hishd pins of!h. Adula nlpPc at lit.lv to hav. ovc.pn'r'd

.cli.t rop ro rh. S novcm.nt Tlr.s. l!r. sascs of rh. zrppon ph's' ar'

consid.rcd ro b..oricnporan.ous snh the Ni.m.LB.v.nn Dh!* (FguE

l4-2o), *h.n rop N thDninE ol th. Timbo-Sur.tra p!( ov.' rhc p€vrorrv

.xhumcdAdul.nrpp. did ccur (bct*..n th. rwd s.g.! Eprcs.nr.d ii Fi3

r.s l4 2ldind l4-21e. asdiscuss.d bclow)



14-3.3.4 The final nappe stack
(Earli€st OIigoc€ne. Figure I4-2ld)

Thc s.na'iod.picr.d inFigur 14 2rd n nive,l d by rckodcfomarion of
rh. Nnmd.Bcv.nn phn. d proposed by Schr.u6 (tgm, t993). Th.
farl.d sourh.rly dipofrh. P.nninic.zpp.sd.picr.d in 6g!e l4.2lc nun
hrv. b..n pEs.R.d udilrhc €Ecn.-Oligc.n. bolrd?ry in ord.r ro ltlow
tor b&kfordinE ofrh. uDrs ii rh. uppcr timboffte NlemerB.vcnn anal
ptarc Top ro rh. N ro NW shcritrS of rh. Taob.-surcr! pln 

'n 
r.sp.cr ro

rh. und..lyrng Aduh uin (Schmid .r .l 1990) dudne lhc subs.quenr
Ni.n.rB.v.rin phasc r.suns in a nor. souftc y p.snion ol ftc Ta6bo-
Sur.{a tronr in r.rp.ct ro rhc frcnr of rh. prviously .xhunrd Adula napp.
in Figlre l4.2ld whcn.ompard ro Figurc l4,2lc

14.3.3.5 Nappe.efolding and venical $inning
(OIisocene, Fi$re l4'22e)

Tl. kincfraric mod.tbasd on rhc workofMerl.& Cuilicr(1939)rcgadins
m.3afold fomalon asrcid.d wid rh. invcdion ofa Fen dphff. napp.
iack ov.r r N-S dishnccofsom.40 km r rhc hangi'8*lliofft. Nieme!
Scvdrin arillracc has b..tr.xr.nsiv.ty dircusscd.sti.rand in Schmid cr
al. l99Oand Schr.uB (1991).Thk mod.l impti.srctariv.tynowdiF.anrial
molcm.nrorrhos.pMsof tn.d.fomiq Pcnninicunirs*hich w.Einctose
contact ro rhc Alibalpirc o@g.ni.lid dunnsov.nll NW ro NNlw hns
pon orth. Taob.-Sur.tra pai. Hc@ b..kfoldins in rh. surcrb napp€ h
only lppart sd nor i.l!r.d b brkrha$ing of 6. o6g.nic lid itr Espc.r
ro som. fix.dpoinr ofrcf.Enc. in rh.lorcr cDe. Difr.cnrialNW ro NNw.
dier.d 8ow oi$c TambcsurcM pair in rcsper ro dr und.nying Adutr
napF ftc!.cd conr.hporancoutly. Thc iir.ne Ni.mera.v.ri. phss. orcr
pnnr in L\. Mao\ .on. rnd rop rdth. N lhcengounne rhc clo{ng {rg.)
ofrh. zrpp.d ph,s. in rh.adula nappc ae rchcd orhh difrcrcniiatmove-
m. ol ihe Tambo-surk pail
How.v.i rh. ..lariv. !.|eny prcdt. pBDoscd by Schsid.r al. (1990)has
io b. modin.d for rh. .fi6b of simulhn.ous Enicat shoncning durin8 th.
closing $agcs ol rh. Ni.merB.v6in phs.. As poined our coftcdy by
schrcuE (1993)dcpran.!!ainh.Gb3.trdussimpl.sh@6odclpbposed

byschmid cr al. ( 1990) cenor ad.quaGlt erplain5hon.ninS of rh. schams
unirs in fronr of rh. Tambo nipp.. Siouthcous vedicat shotuniry, how,
.v.i may casily Dlac. 6. originauy S-dippin8 Schams mppcs irb ln. shod-
.nine ficldof anoblac s@in cllipsoid.
Or ft.ltug. sal. dcpicrcd in Figorc 14,?lc. on.of$. mdor.fi.cb ot ftc
Nicn.laBEnrphas conccns th. Elarivc uplitr ofrh. soud.n P.nninic
uhrs lhich lclds ro rh. subhonbnul odud. of rh. Fcmn phe nappc
n!.k in Ficurc l4.2lc l. Fisurc t4.2l.rhc t mbadicsourh.mAlprofrh.
ptsdLday prcnl.lFisurc l4.2lg) arc rcpl.c.d bylhc lvr.a crs *cridn
airer zineg er il. (i990) in odc' ro accounr for r.trodcromarion or sm.
50 kmd.rtal srik.slipno.ionalonedBlnsubriclincaire.ErrlyOli8acn.
timcs(Schmid d al. 1989). Thc souft.m iccp bch (andcans.qu.'rty ? prc-
cuBtrofrh. pas.nlday lnsubric li!.) mue hry.alftady.rhrcd duniS rh.
inrosion oflhc B4Scllplubn, as indicarcd by inhsiv. rcrsrionshlps tould
inrhc lowcr var Mrsiio (Ros.ob.rs cr st. t994 & t995). H.n€ rnn dtinS
ofrh. P.nninic unns inro ! subhonzonotanituda is inrimar.ty rct!.ed ro
cely s63.r ormov.ncnr alonS aprccuMtof rh.I.subric lin.a'd 6trat cm-
placcn.nr of rhc Acrecu inhsior
Th. 6Da1lagcsof rh.Ni.mclBcvcrin pbas oEdapwiIn$c nnal.mptac.
d.nrofrh. B.4.llro.alik. blr p€dacd. inhsio.ofrhc B..sctl sranodi,
ont..Th.asc.ir of lh. BeEell pluronatongaprc.crisrins tnsubnctinc ista.
lilird(d b) . ov.m l,.arn. uphn of $c c'.n( sourn.m p.nn,n.! a-.
eln rcsp.d ro rh.5ou6.m Alps along i pr-.xnrins soutnen s..p bcLr.
Followin8 vo. Bl.nck.nburs a Dsvnr (]995) *e rctar rh..\Gn, o, ,n.
B.rgell barhol'rh ro\lab br.lkoit which esulrs.r a cons.qu.'c. or.oi(nci-
ialcollision x has ro b..mphasiz.d. how.v.r. lhar fimt.xhuolrion ofrh.
BcG.ll inhsion ion ft.co'sid.rabkd.!rh of inrrusion indicarcd inFigurc
14 -21.. 2$ciar.d w$ backrhru$ing along rh. prcetudly tnsubnc myto,
nir. bclr (Ro*nh.rs.rar r994).0.n &r.srhe Nicft.LBcvcnn phase. Onty
rh.,sc.nror m?Smrand rhc fi nil.ophccmcdof ft. B.4.lt ptu.on (.rc.pr
lor pds of rhe Smnodionk which inmd.s rh. Tu63 oybnne zon. ar d.
NE com.r or rhc acrg.tlmdnor) rr. rsEr.d wirh.hc Nicmc.B.v.nn

Thc modcrling wdrlt of M.nc & cui icr (1939) prcposds lhar upwaur oF
r(r.d vscour flow in rh. sourhch s4p b.tr rcsuhs i. N.dned.d viscous
horizo al flow ot rh. Tambo Surrl prn aid rh. Schms nppcs lndiclrd
by nrppe (foldia3.In prtnciprc wc ii rt3d rhn modd road.qudd, dc.
$rib. now during rh. Ni.mclBevcrin phase Hoscvcr pin ofrhtr hodzoi-
trl flow may also b. duc ro vcnicatshoncnitrg. CoDequ.nrty. lpwmdr di-

drcd noq in rhc sulh.n i..p b.lrn.y b. tesdmma!. rhrn su83.j.d by

tn thc ionhcn pan olrh. \ccrion. palinsprsic rc.oinrucrions (Phr't'n 1986,
1992) suEs.r lhd ftc H.lvcric napp€s mun b. connd...d as b.ingdda.hed
ftun rh.i. clysalline s$$nr!s (rh. lucom4no.L.vc'rina rnd couhad
nappct ar rhf rime.Thc lantr w,s Inrcnally shon...d. tcrd ! rd rhc da
rachm.nr orrhcalleh$ono$ Cotrhird -masif. somc 200[mof Euopean
.toi rusr hav. b..n subducrcd b.tow rhc h'!her Pcnn,n,c uilr\ lnd rh. o0
S.nrchdbyftnr inc Th' \dr$. i .c ism.n\uddb.rpe.npor i rs.b.and-.
itr Figorc t4.2t b and c. r d,sMcs wh,ch n..ds b bc subducred ri orde, ro
haverhcAdula napp. ar $ dcp$ rcqun.! lorcclqtr. fftics mekmoDhism
Togcrh.r wilh rhc p..viously strbdtrded pins oirhc AnangonnrN dom!,n rhis
rcnSrh is conparibl. wirh an absolur. ninimilknSrh of 200 kn,n,.rcd ro
haE b..n subducr.d trtr.r prcscnr inb rh. tirhorp. c m$dc b.nearh rh.
sourhcoAlps by Pfiffn.r ( t992) and Sbmpni(199t).

14.3.3.6 Final exhumation of $e Sourhem Penn,nrc
(Early Miocene, Figure I4-210

Compa'ing Figu6 14 2r. and r4-2tfllunnrcs rhc.fl.cG ol rhe l,* O!

'sm.re 
Domlcyhs ph!* brcluk rh.erTc*otrhe Furcoll ph!\.{,n$rl

m.ni ofanarialpluns.rnd E-w.rkn5ion) aE nor qsibl. ir a N.5 rcrion
Insubn. bckrhruiing 3lon8 rh.Irsubic mytonir. b.tr sets in im,nddjarety
aftq rh. Ni.nd B.vclin phas. and Esutts in anazingtt 4pid.xhumarion
and.6$0. or rhc dccp*.aGd pan( ot rh. B.rs. ji.rusion (cis.r & H!.
fod 1939).ln facL eihufr.rion orrh.solrh.fr P.nninicrcgiai mry b. se.n
6rconlinuous p.c.sbdw..n ftc nascsrcpr.$nr.d in Fisu( t4.2tdand
14 2l t ] j l . ingof ih.sourhdPhninicnappcrco inulsandEsuNrnrnc
pEs.dy obs.ftd nodnedy dip.
Obliquc blct orarion alon8 rhc E.Bdinr liE (Schmid & F6iun.im
lC9l) csuks ii diff.r.nrhl lplifr of $. BcB.tl rcgion also ii rclp..r ro
P..niDic and Aunroalpin. unirs N ol lh. En8adin. tinc. Th. mrivfy ofrhe
E gadinc lin.c.na'nly pondlr.s rh. Lar. Otigoc.i. Domt.schg phase bur
n lk.ly ro b. E:dy Mia.D. in ag. and codr.mpom'.ou5 wnh d.xrll
(nkc sl'p nov.m.nr alons rhc In{b . lin. (s. dKtrsion 1tr s.hhid &

N-S ihon.nio8 duins rh. Dooles.he phas. n nfte! moderare.cosr rh.
P.nnrn'. md Aui'oatp'n. 

'n.r 
Maro' compon.fl\or N ! +on.rr-3. c

now raLn ut by ftc Hclveric for.llnd whft rhc Ctirus rhrus rccommo
dd.t som. 25 lm dhplac.d3nr b€rw€n rhe sag.s Eprcs..r.d in Frgues
l4-21. and l4-2lf(Pnlln.r 1936). Thus. as poinr.d our by pfitrncr 0935).
a major pan of rh. d.lomarion in rh. H.lvcuc forcland h conrcnporan.ous
wnhbacknrusine dngrh.lisubnclin..ltr(h.lmNrttotlhemoeingHd-
4!c nappcs ft. upFrcrun h involv.d in shon.nmg..s.vid.nr fbm fte rn,
iriation ofbulSinS iD rhe Am nlsit Trrn dcfomsrcn cv.nrua y i.ad\ ro 3
blMdan fo6d$rucrurcd.picredbyrh.AuioatpLtr..@georctrd EtrEtr
ofL.:eOligm.lc ro Elny Mimctre {h.ncnia! 

'r 
rh. sodhenAtD.,'.oi.

bse .ccordinEbSchdnbon(199?)

14.3.3.7 Lower crusral  wedging (Middle and Lare
Miocene, Figure l4-229)

l l is irEEning ro nor rhar rhis s p.cracu 1ar cvcd. pofoundty shapi'g lh.
dc.p nDcuE ofrh. Alps as rcv$led by g.ophyricalBor[, L.fr tifit. rac.
ofiakmal defodlrion in ft. kNcr oflhc Atps ol.aftrn Swu.irano.
Rdqhly spcaking. fi. C!n@l Alpr noar as an lrdcrom.d mr !bov.
S and N dippin8 d.fornDriotr zoier conlin.d ro rh. rcnh.6 ano soum.m
Alpin. for.land, simllar ro a poP up sruc.!r.. Howcv.r. $. C.nrat atp\
w.( (ubr.*d b difteiediiruplirr 

'n 
th..rdeof to knr dunns or trnc

Shon.ningqnhin Ih.Aar nassilin rh..rneh htrs.cr anounh orbour:?
km. bur ir highd iD rhc trarscr olccnratswnzerla'd.ThK uptin and shon-
.nin8po8r.$.d fion .an b w.( I discuscd 

'nchaprcr 
|].r Dunns rh.

Mic.n. ri6. inr.ryll conndercd h.rc. shon.nrq conc.nrd.d odry s
thcs.( i . . . inrh.c.nraland*.srcmtrans.cB Mi€encshon.r tn3inrhc
Sourh.m Alps is sorc subianriar rnd amouiB ro 56 ttm if rcspcd ro rhe
pos.Adam.llo phas whichdocsnorser in b.torc M'ddl. Mlt.ne lBurdl
Sahan)rimcr ac.odinE ro schotrbon ( t992).
Cotuary ro.arly inr.rprcr ions of towcr ctunatredgi'c rcs B.rnou 

'.1ar r990) $n MiE.n. phdc ct.any pondar.s Insub c backrhrun'nE and
nr ik.dipmorio.s.asak rdypopos.dbyrr lb5chnI1990)rndconhrmed
by schdtrboh (1992) Hnc. ( h nor dnrs'bt. b []trc
ro!.!cdlarp.d8e erh ba.krhrun''3 atonS rhc iNubnc ti'. tii.ld. rh.
Irsubn.lii. iscur by rhh tow.r cru{al *cd3. b.ncarh rh.C.'htAtp\



On rh.oth.rh.id, bllmcinSoashdrnin!inth.Sou!fi.dAlDrd.ma.diq.
ccs rclun. oa.rusrrl n.r..i!l b.lN rh. C.itll AlDr (P6fln.r 1992. Sch6..
bom 1992| nir volutu..nd b. pmvidcd 6y $. cur.l d.ri.l b.lo$
rh. NdippinE l8ubi. liG ,lorc blt trls b i*ludc E .8. clpi.d by dE
lwn .rui.I *rd8c. H.rc bc. midl &d!in3 nd shotuing ir ih.
Sorh.n AIpl .E kiMh.ti.llly linkd. As a ss.qu.G lhc Isubnc hrc
h Fn ol fic hansiigerll aid alchtoms in Esp6r ro !h. n.jor rhtut'
lom.d during Mi@n.-Pli@r. shddinS in ih. Sqt\cn Alpi Gtr-
b.rdic ph.s oI kut6ch.r 1990). Tl'. .r.cr !h.p. ol $is w.ll3., 6 w.t' a
iG conposnion {dclri€lt l@r cl@l l@nd $. "|rtl.n8C ) Etuin!
!n,hosn. Fi3!rc 14-228 h.rly p'qoB . pcaibl. g@rurt (hi.h L .E
b.l.rc.d r8rinn Fi8ua ,4.221in t.ds of Sourh.m Alin. !pF. ad los.r

Thc pi.u. by ,- Pl{ dd G, Shmpni h.r b..n .drmry usfut for im.
pFviig ! 6ct dnft. B.ii Evi@.6 e rh.nt d for rh.n.lmous D.rj@
i. h.viu e.l{.d i}ouat r wry pFlihinr.y fm of E n0nlscriDr. M.
ft.r, N- FeiEhcim .nd J. Lihoo als fi.lD.d ro idpov. alid E iions of
0E Mnu$dpc crflBioG ES.rdanB $. sridrirFph, oa rt. Schlm n.pF
havily ely oi fi. rclr or dr tri.tul Fh R0cl. ll! e rko lh.rktul lo dr
@llsgu6 i. N.uchat l, D. M.rqu !d T. S!udi.. vho co.ribdcd wry
much tow.rd! . b.tr.r undtudinr oa tn. judy .g $d willl *h@ u.
hrd hdt foirful di$usio6, C. Sctr6rb.r' is rhrnt d fd inGBi.s into!
dion .d djnsioN rh.{r lh. Sdtnqn AlF. Much or tlE conctu,ior e
innuaccd bt dgoin3 e|l 1lll. UniEEiq of Bel in $. Adu,. ftpF tC.
McrE lnd ,, P!j*h) .M in d. g.E.lt .d (a. Ecrs.i c. DrvidM. R.
Cicra lnd C.R6..b.q). M. SEiin.nn. eho inilhcd his Ph. o.-roll dur
ing rh. EirinS ol rhis @rib{tid dribd.d Ery Buch ros.rds i bcrEr
und.cbding oI tlt S0ndn.*hi.L. He is drskd fd nsny ink6ri.g
di$usio6 r.{i fo. hn s.@iry in tovidins n.w d.lr etich e .s..nr
for ti. r6ic ol rhk ontribulion.


