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22lnteerated cross section and tectonic evolution of theAlps along
the Eastern TFaverse
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22.2 Mdhods and dda us.d for (h. compil.rion ofrh. inr.gnkd tros

22.2.r ceophysicaldab uscd ro conpilc f*rurcs offt. de.psocrurc

22.2 2 H.lv.ri. napp.s and nonhcm ror.laid

22 2.1 Th. oorhard m,$if and rh. tranlrion irro rhc l@cr Penni.ic

22 2 4 Th. nonhemaidc.nt.l pansolrh.P.ininn zoi.

22:5 Sourh.h Pcnnituczon.. a.eellpluron rnd Insublic lin.

2Z.l Summary ofrh. r.crod'c cvoltrron
22.1I Pa leorecro iic rcconsruction
22.1.2 cdac.ous (Eoalpin.) orcs.nv
?2.:l.l ld. CErac.ous .xr.nsion
22.14 Etrly T.niary conv.qlnc. and subducrion (65-50M4)

22.1.5 Tcdiary collision (50 35 Ma)
22.1.6 Pot{ollirional shoncning (15 Ma ro pr.s.m)

22.3.? Pl.rc rccronic connminb on T.niary conwrg.nc.

?2.4 Dkcu$ion and concl(sons

22.1 lntroduct ion

Th. Eas.6 Tnv.6. follNs clos.ly rh. Eurcpdn caoT6v.tic EGT (Fi8

ur22. l . inserof  Pl i r .22. l )andiPinl tb!*dorS.ophv3ic. ld.r .acquiad
in rhe ftrBdork of lh. ECT rnd c ier rcfiacrion sci5mic poiab Th.e

dak ste cofrbid.d qnh dahobt.in.ddurin[ lh. NRP20 Poj4t (Fi8ut 22'

1): lii. El. almon parlll.l to fie ECT lin. G.. Pfrffn.r & Hila ChaFd 9)

.nd lin.s Sl, Sl aid 55 G.? Schumlchel ChapE 10. prcjccrcd into rh.

E.$.m Tnvcu.. $c also Hollisrr 1991) whecas lh. c.nr.lrnd w.s.m

Tdv.a.s only ofie. r.lariv.ly rncodplcrc infondion acos th..nliEAIts.

bolh in rcsp.crro th. s.ophysical m.rhodsusd (only a fsEfticrionlincs

m avaihbl.) ind in asp.cr ro rh.ir letrsrh (rh.w.ncm Tmv.ne dop3 w.u

nodh olft.ldsubd.line). rh. E iem Tcv.re ni.i ycomplcte. Henc., ro

!on..xr.nr snd torc.nain audo6 G..Ch.prcA 2l a.d 24) lnh s..ron hs

mod.lcharacr.i Fom ! nricrly s.olosicilpoinr.fvi* rh. posirion of th.

Ej. rm TT\.rr !d.rt S rend,ns r.{.m F'Bin

ofrh.Aunrcalplne dapp.r. whichar llllcly m$inE funh.r ro th. w.s and

shich almosconpl.r.lycover lNd nrudunl uniG tunh.rrolhe.6r(Fi8

ur 22. | . insd of PhE 22. | ) Prc:imirt ro rht malgin allNr inlom.rion on

rh.A!$oalpin. unns, prcjccr.d into rhc pohl. Thn .nhlB6 conside*blv

thccrcss.dioni iawnicaldneron Forerampl. , in.as.oirhesouthcm
P.nninic unns- dNiwird *traPolaiidn urng g.ophvsicaldda ro d.phs of

abour 60 km can b. conpl.mcnt.d by rn lpqd prcj-tion ors.olqrcal

Nlnn, ol \(\w t,rt\ Nt t't"hrunn'!th. !,n,tttqpttr? 22 t sotid

hn\: atrut'm t,brt!t: hntut'tu\ dlt( u ra,fh\

unib @chjng 20k6 abovc sil.v.l. Funhcmoft, o.going an'l Ery rccent
as.fth olBid. thc tmndor* of NRP 20 ofrcn funhc..ons.aiits on rh.
g.ology rlon3rhh hnsr..g. pojeb in rh. Bundn*schi.r.!(sr.inmain
199.t), ln.Adul. nappc (F,anxch d . 1994). rh.Aunrcalpin. napp.s and
lhc E.3ddin. lin. (FrciklEim .r al. 1994, schmid Foirzhcim l99l). rh.
a.B.llrrca(Ro!.nb.4cral. l9r4& 1995)andft.Sourh.mAlp:(Schdn.

Phr.22'l arcmpb to int€mr. gcophysical and s.olo8icaldab ido r:inElc
cross s.ction.co$ fie Atpin. chain. Th. srion rur! N-S alongglid lin.
T55ofrh.Swir3 ropqnphic mrp (s.rpr forrh.sourh.mmon p.n nc( Mi.
la!o. scc Figur.22-l and iis.r oiPlat 22 l).Asdrawi.fi.Eiranarkcd
iliF.r.nc. b.rec.n rh. rc.ronr nyl. ol ft. shall@d cruiall.!ek aid rhlr
ol thc lwq crushl l.v.h ThisdiffcEnc. ir syl. is.nly pmly Eal.Th. ud-
d. ying r.dging ald asaiat d d.fomorio. of rhc lwct crui Fd.cd
srongly condts wiln rhc piling !p.nd €folding ofrhin flakcs of upp€!
crusEl naknd (h.Alpi.. napp.s). pdiculffly in the c.ntalDonion ol th.
ponlc. Trris conhn h pobably th. no* spc.ra.ultu and unfor.en r.suh

Pdly. howcv.i rhis difr.rc.c. in srylc rcdccb ftc difrcrcnr ryp€s of data 5.G
usd tor conDjling riis inqrar.d cos srion. Uppcr cd$al r4h hav.
b..i d'rvD on th. b.sir of proj.ccd slifr. infomation, la.lly connmr.d
by ih. Esrlb of gcophysi$l mod.lli.3 (pfir otrhc nonhcm for.rand and
6. P.nnini. nipFs). Thc gomcty of rh. l@.r cru$d l.Ek. oi ln. o$er
hand. Elia.nriEly on th. Esulls of dap 3.kmic soundin8s which pdide

a difr.Enr scolc ot tsolu tion comp0Ed b diEc( s r6c. obs.oerion l t tar
f.h {hat $.rc w6nopoinr in ddwing 6..d.Eils into the dcp€r pds ol rh.
c@s setion, as is rh. cae for th. shillwcrDfis, whete such dchils arc

dmwn ecording ro poj@Ei surfac. infomttion. As a Esulr.lN.rand uP'
p.. .osbl lcv.! day 16l mor. dificrcnr in syl. and rh.dore l.$ r.l.r.d

A qord of courion conc.ft rh. usc ol $N crc$ s.ctio. D.fomanoi c.r
hinly*$norpla!.srainwithinrhkN.S{crioi Shonc Dg.dt.nsio'and
dhpla..m.nts rct at.dly Nuftd in ind our ofthc srio.. 6r erampl..

laulb sirh. irik {lipcomporcnl such as th.lnsubric lin., cuftnrlyjuis
pos. cdsbl s.gn.ms whosc inrcnal s@cturcs may he d.v.loP.d.kc'
wh.rc. Baaos.thirch'pt.risconc.mdprindilywirh.discu$ion of Plare
22 l. it eill fdls srcnsly on ft. cms*@rion.l vid. Howcver (h. 3D
pobl.m will ale b. addE$.d. An .ptsiatio! oi lD Prcblcms 1n lh.Alps
nayb.foundidkubsch4(c.3.  1933,1991) Forudiscu$'o.or lDprob
lcm fom. g.opbysical poinrofvidrhc rcadcris.ctc@dro Phrner& Hn,
(Chrprs 9) .nd V'l$.k & Mucll.r(Chapr.r2l).An lncmprrocorclar.d'r
f.r.m NR?20 hiss lnmu3h lh.Alpr frch a Scolqicllp.rnr of vis tr

iou.d in MNhanr & srampfli (chads 24 ) Cen,in dcraik offic E scm
Trav.M inr.rpckrion in Chapcr 24 ditr r ftom rhosc 31v.n 1n rhil chaprel

22.2 Methods and dala used for the compilation of the
integrated cross section

Tn. difiercnr pds oi rhc cro$ urioi have b..n obh'ncd bt ! ydi.ty ol
cof,shction aid prcjccrion me'hod
and qualiry of 6c g.ological rnd s.ophysical data, nc.d ro bc ourllncd bn.lly
fora b.(.r appcc$rion oI ft. asunprions b.hindrhc mdhodr ard rh. nr
ru€ of rh. d!r, sotrrces Afkr lh.di*usion orlhc panr oflhd pdik erh,b
iri.s th. d..p {acrurc (compir. ako Valr$k & Mu.ll.r, Chaptr 2l) rhe
difi.r.nt pfis ofrhc high {ructuBlld.ls willbc dkcus.d. prcc..'l,ig

22.2.1 Geophysicaldala used to compile featu.es of the
deep structure

Thc blid l in.slabcllcd "ctu{al nod

Wp.r and lovcrboun'lary or ihc I

iz.d by 3 signi6cd ioc(r{ 
'n 
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ThesehnesaEsimnalburnor idsndcalrorhecl /czoopof rhctN.rcton)
and Ml/M? (Moho) inr.dac.s as d.6ncd in Ch!pr.^ 9 lnd 2l and Valasc!
( 1992 ). In Plarc 22. I rhc posnions of rhcac i.r.rftc.r m. drawn ati.' rh. rc-
sulrs of rcfia.rion *ork (Y.. 1992r Bunc$, 1992) md r inr.grard inlclPrc.
rarion of both refra.rion atrd rcf.crion s.ismi. dru (Holli8d & Khsling
r992).Th6al lows.h.rad.rrods.ssocdcgrceof.ompdibi l i rywirhrhc
r.sulrs obrain.d by rh. Ei.diotr ncrhod, iho displaycd in Ptar.22.t.Th.
ponrionr ofrh.s. inkrfac.s d.pid.d ii Plarc 22.t donordifc.sig.ificinrty
rio6 rhosc 8iv.n byvsln.k 11992) Posiriois wh.r. {he inlcrts..s ir. nor
w.llco.snlicd iBindicircd bybnk n lidcs
Only wellco.$nin.d s.hnic Elcni.s tom Yc (t992) e idicared in
Plar.22 | wbeerh.ydonorstlriil lyov..lapvirh$cdftwinsotg@logicll
ri urcs Forchli.tsom.of rhcin.d.uikp.csmr.dbyY.(1992)haveb..n
d.r.r.d v.|en,cs of {ound 6.5 to 6.6 knvs rypicol tor rh. l*cr crud (wnh
a norable.x.prjon tor ft.l*..crui rD lnc nonn.n foclsnd !€oding ro
Yc. 1992). conran *irh Elues b.rwr.n 6.0 lnd 6.2 kJ./s in ln. td.r pds
ofrhc upp.r crun. Lay.B chamcrcriz.d bt lner vct@iri.s rhan rhos. indi,
car.d in Plar.22 L includug rclmiry invcGions, e obs.Md rr Elarivcty
shallow dcprh (Yc 1992). Low v.ldiry laycs (abour5.3 k /O e found b.-
reath rhe.rr.mqlMola$c basin d a dcprh ot lbour lokn and lho wirhin
Ih. low.rP.nninic nappes and und.fr .dh rh.Sourh.mAIps($.Y. 1992 tor

The solid lir.s dcoo!ry rhe inrcrficc5 dflhe lwcrcfts !r. cons@ined by
migBr.d wid+an8le rcnerions (modiri.d !irc. Hottin8.r& Kksti.8 t992
aDd Y. 199?) Thc Dosn ion or rhcs. rcn.ctidns i v..y sron! Ir c6n rrct tcd by
rhc availabiliry of svcn rciieion p@6lcs o.icird paiall.l ro rie ssik of
th.chain (Figurc 22-1. s...hoBolligc.& Kissling 199t, t992. a0umann
1994).All6.se ponics inr.rsr rh. pmnreofPlsrc 22-t md rhc EOT E-
iiacrioi pofil. (Y. 1992). hcnc. fierc G conrid.rabl.lD conbt on rh. po-
sirion of rhc$ rnrcions. Thc dcprh oigorion pre.due wirhin rh. EGT
prcfi|. (alfro! idcnical !i6 rh. co$ s.ctiqn ol Plore 22-t) imerars ncw
drra by Ye (1992)and isourlin.d ii Holligct(199t).nd HolliAq & Khstin!

we chose rosut..imp.sc rh. rsul6ofr.nedion s.isnic wolkdn6dy onro
rh.Ilaruresurv.d 4 by rr'tudoo s.ismics tnode.oghphicaly visuatiz.
rh. d.grce orcomparibiliry b.rw4n rh.s. rN dlra ets. Major dap rcf€-
kns fnn ft. El,sl. sl inds5liD.s(69urc2?.t) he b..n convcM rnro
digiried l$. dnwin3s by a pm.duE ourlincd in Hollingc.(t991).The
d'gntred lin. dnwin$ s.G prdj.cr.d odo rhc ECT lin. bcfor. mErdion in
the N-S s..rion. Th. .aswud p6j*ioi of dara too ft. Sou6.m
T.avcrss *as n.c.ssary in ordcr ro co6plcr. $e p@lilc llong rh. E6cn
Tnv.is., b-rus. El Eminares wcll nonhof fi. lnlub.ic Un..TlEchosc.
pra.nuft for .arsrd pmj.cdon n.eds ro b. bri.fry di&u$.d.
Any pbjeton m.rhod a$uncs lar.ml coitinuny of rhc shct!ftr poj*red.
Ho*.v.r, if shcrur.s tmo ditreenr reronic l.v.ls do d.pd fom ach
orher 

'n 
km5 ot dtcrion and plun8c of th. pajcc.ion rroi rh. qu.sio.

will rhci 6ie. whi.h stucruE on. a$rncs ro b. hGratl, @nrinuous.
Marchanr(1991).nd Marchr & 9ampflt (Ch.pb 2.1) pur $. ta4. dimcn-

I w.d8c b€td rhe P.nninic napp.s (ar a
dcprh of 20 bl0km Ln rh.ccnrcrolPlrE 22 t) inroqE$ion by slauing rh{
rhe N wards Jlaflen'ag lnrubnc lin.. ,ctl 

'm4.d 
along St, hd b bc po.

j.cr.d ro the .d b, urinB ih. axial dipolfteAdul! napp., Ay cyljnd.icatly
p@lec(ing rh. Adula and und.nying Pcnnini. napp.s, iDcluding ih. tnsubnc
I'ne above (ne Adriari. l@cr ctushl w.dgc, ro rh. E, rhcre is ofcouBc no
r6m for such ! la'A. *.dg..This is beausc rh.Snipping tw*cnn oI rhc
nonh.h lor.lmd do.s rcrerhibir suchan iatdipra rhc E. Corvc6.ty, if
oi. prol.c6 rhose pans ofrh.l@crcrunalwede.cov.Ed by sl, inctudinS
rhe lnsubnc 1,n.. subhonzonklly ro rh. .an (Holling.. l99t) rhcrc k rc
roofr for P.nnif,ic unn5 belry rhe L.vcnrini Lucomagio nrpp. alo.g rhr
Ii,ecm Tiav.6.. rs d.pid.d in Phr.22-l

Horliser { r99l ) and HolliScr & Kisnins ( t99L 1992) hd. a€ucd ln!(hc
g.omd.y of middle ro lower cdirl mar.ri is appopriar.ty consraincd b,
ao!3ucr savny drb GodecEd tor rhc.ntc6 otrh.lyrca b.dy, Ki$tii3
1930. 1932r This gmrry nap Efle6 rh. inr.gruied.r't cG of such d*p
ctonar lcarur.s This rhei urrimarcl, (i .. aft.r miSarion) l.ads ro rhc con.
hsurlron d.picr.,l ir Plarc 22,1 Tnc rolbwing major irgumenb addirjor-
aly \uppon rhc prd.durc chos.n 1t)Thcc h irdep.d.nr cvjdcnc. for rh.
gnEnc. ofslch d ldry. low.r cruid *cdge loh ft. rcfnc.ion trrk cr
rcdoorr longrh.EGTl inc(Y. 1992)mdrh.comparibi tnyor.n.Efte on-
h.scd mod.lorY. ( 1992) slh rh. pBjccEd and 6ignr.d tin. drawing! of

'he 
dajor rci.crions s good rs can b. ss.n in Ptft 22-t. (2) Th. axiatdip

or 
'hr 

Arp'i. iappe\ roihc.a( f dis.ordrnr ro rh. Eumpcrn l@ncruna,d
rh. Moho.lod.pcnd.nrty ind'cdii3 nrong d4oupLinS b€iwc.n t@.r and
upper.run In rhc rishr or rhtr dccouptins rhe !s. of,.ytirdncatpoj.dion
olopp.rcru{!l nrbs f, m our {.w. norjuii6cd rorp.qcctrns lowercrund
Itd!rt1ru.h rr rheAdnr.c w.d3c

In a second nep. rh. prcjccred digi!zed tincdreings rcrc mig6red lcco.d.
ingrorv. l r i rymod. lwh'chnccdsnoprcj .d ion$nc. i r isb6doonnne.
pimll.lp66l.! (Hollig.r l99l) This veldiry sod.t(6gurc 4 in Holtig*
.nd Kissling 1992) is rhc sah. is rh uscd for rhc nigrariorofrh. widc-an.
glc Eflarions dkcussd eanicr Th. picrlr em.€iog frcn rhh p.c.dure
showsdc.llcn( consisr.i.y bdw4n refradion and rciecrioi dah.nd one
g.ological tcarur which.rn b. h..d rosrcddepih rhc Insubric tin.

hc.pr lor. Enertny sap b.nearh rhe inkmatAa' mhrifand rh.co$ird
''ma55ia rh.E is er.elled asr.emenr bd*..n $d posirion of rhe te.r cru(
ofdr nonhcn ior.land ddrivdd trom rcfncdon wo* (so|d tiies in phre
22-r)and rhcaneof high r.llcdivny Thc rco$n forrhis gspin n.aFvcnicat
ftn.crions h norcompl.rcly unde^rmd burirn unlik.ly rorp,sNr dlrp nl
ihaEurop.an Moho$posularedbykubsherir994) Onrh.cofua'y wid..
rgledak foft th. ECT pmlilc and iom scv.Blo.og.n.pantL.l po6t.s (Fig.
ue 22.l) sh* suorg$irmic ph$.r frdm rhc Moho ii rhn rcgioi (Kkstjig
l99l:Y..r al. 1995), whos. posirion is indicded by a sotid lin. in Figue
22-2a (tlolliccrand Kisrlinc t99t). ay lpptying a NMo (iomat,m@.-ou0
co@rion,v.las.k d al (1991) dhplly.d rh.s widc.anst. Moho rcncdions
along thc ECTpronlcina mannncdmmonty usd for n.arveni.d r.uccio,
d{a(Figurc2?.2b) Hci.., Fisurc 22.2 ct.lny dsum.nN ftccon(inuny ot
rh. Moho b€ncdh rhc nonhcrn tuetrod rnd rhs.nrne p.niinic,cdr.
Th. gap in rhc tow.r ctunat rcflecrioN in rh. n.arv.nicatri.crion prcht.
nai tca$ padt, du. brheprcF.rionudd misnlo' p@cduEsrThe ionhc,i
GminarioD ot rh. sourhen potuon oa hiSh ren.diviry .oincides w(h rhc
nodcncmindionolpo6l.Sl ind ir rhusaprcjccrionrn.h.r.The sourh
*ard rcmimriotr of 6. nonh.n pan dlrn.div. tow.rcrun n mon tik.ty
caus.d by imagin3 pohl.ms (Holligd t99t,vatlsck 1992)
Thc Ena on! fiom lhe lowcr ctunil Adnadc w.de. nds eacn orh.r ,D
mmy plac.s. irdicaring dis.onriduirics wlhin rh. wcdg. oi llrcm.iv.ty.
pbblcms wirhrhe pojccion ard/or mi8nrion prft.durcs.As p.inrcd ourby
Hol l igc.&Kisdi ig(r992)f tctow.rcruratwcdg.fr iyh . rcompt i .akd
Inbmsr sdcruE rcprcsnrin8 I fri{urc ot prcdofriranrty Adrhrjc td*er
crunud(anrccrur.hlv ingadensirrs l iShrtyhiSh.r f tan$arof  .nonnd..

low.rcru{. h ir.L.ar how.!er rh rhis zone ofhi8h rnedivtry N Ine. ),
conhined wirhiirh. lN.rc.u{!l *ed3.ot rhe rclircnod-brrd EGTctujil
mod.lGolidlincs in Plft 22,r)*c.pr forsom. Bcnrty N-dippin! rcflccrioi\
ar a deprh of 20-25km, !lighrly abov! rh. upp.rboundlrr of ft e's*.ns!l
we'rg. a..ordins ro r.riadion ror[ Gotid tinc b.tN gnd 140 ir plar.:].t]
Promincnr i..ply itrclin.d dnedions raoded atons tine St commonty rc
lorcdrorh. lnsubncr inc(Acmdu idat .  1990,Ho igq t99t,Ho|] iserand
Khsl inB 1991, 199?)pojccr inroasu.f ic. teadon5 lOkmnonhor(h.  t r ,
subric linc in Plo(e 22-l (widitr $e nonh.m pn ofrhc elrh.n nep b.tr.
n@ $. ariar h..ofln.CEs'm m.'tom,. HN.\.r. duc o in,L!u,acr.
in rh. prcj4rion ind nj8fttion @hniqu.s, rh. dad tcarion of som. of
$.$ rcn.caons i.Elarion ro rhe lnsubdc ftytonir. b.trrmains sp€cutarle
In vi.wof ft e pa6ll.llrn bdwe.i.h. Insubric 6ybnn. beh and rie souri.rn
scepzone(schmiderar.  1939)rhe*r.Rslorsc{nb.hk.nrodcufr .nra
na!.nin8 offtc lnsub.ic hylonne b€trtom fte 7Oo inctindion m.durcd ar
rh. surfacc (5.hmid cr lt t987. t9lt9)bfto !tod !rm:0koideprh

22.2.2 Helvetic nappes and nonhem ioretand

Th. rop ofb*.m.nr ( only acccsribk.o $rtace obr arioi td rh. Vdrr
*indo! (Ar ma$iO &long rh. proJile o{ Pl,re 2? t. Th. g.om.rry cho*n
fo. rhe sddurc orrh. bpofbakmcnr i\ rhar or,nond t. djscus.d in sllu
blc & Pflli.r(r991 b) and Plllns er rt. (choptrr B t) Th.\. aurho^ conr
plred rh. s.rmic crpoiss of lour akehart. s.omd.ier {modcts | 4)g.i
.r!r.d by 2D nolmal.idcidcnce nnd otts.r ray rr(ing *irh ft. En.crion $r!
micdaa Th.y prcduc.d th. b€s-march'n3 *cn$ wnh rhn panicuta. model
I Thru{s.nd folds in rheSubllpin
surfac. dda and proj.dcd inturhdion obkLned fmm I ..8cc.ion $nmr
pmfil.. re.ord.d for hydrccrbon crptonron. siruard nrm.dlaLc,y w.! or
rh. EoT rivc^c (p'o6hM in Flurc 2?.ti sl.lbte & pJiflner 99trrDJ

The Hclveric napp.s m orly panly con{rucrcd rcco.d,ng ro arrlp.tlroi
orsudace infdmario! abraincd atong rh. p.otite uac. Ccnti deraits r.
ddwn accoding ro rh. res!rrs or tD moddting or rflccrion scr\nrc ddl
(s.dubl..r . r99l) The hisher P.nn'nic mdAu{rorlpirc unit ov*tyin!
rhc Hclvdic napp.s @ only.rpos.d car ofrh. kans.d and ha!. b.er po.
jecicd onrorh. pro6r. plrathtror N 7{F E azimurh by dsing pro6t.s pub.
lnhedbyAl l .mmn&Schsizcr( t979).nd Nrnry ( t9, t3t  Updo,ntngof rhe
ba\e or $c Auirorlpiic dlppc\ rbove rhc Aar mr$,r cod.rp.nds ro rh.
Pr{rl3iu harfwiidos in hap fe! (c.dnch t950:\e.! \o ptiflncr & Hir7.
chrpra9) lh geomcry w*obrrined bynac[Ln3i *n.\ orpnrrt.s rcro\
de PrddS.u hrrlvLtrdow (Ninny t943) shckinS did ior u$ a lix.d ai,a
plunsc,bur iineld rdsulled lro ldcatco(ehrioi brr!.cn induduitp,o
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s"hdtr- oJ s.nnircllt d.t.nir.d .rurol eru.turt and Maho d.zth otoq th. Eoj.m tav.t. k.. ptat? 22_ I ).
a: M4.at.d n?atQflitot Ef.dio's atons tlt Eoa.th rnv^? and e.ntotiz?d s.ini. .ruiot ituctu? d.tiv.d Jnn ans,n potuu.t rtJndion pnlttl
tHatlnts.. & Kh'tin31992). salidlin: poetianolMoho,dtir.dl@dobs.n poratkl E a.timpnjt.t;eael,tin:toplo||.tcr&:donedtin:baiolp.a
mnrc and Hdreticnaw.t: thi^ ettd lin.: rnt,hticLin.(tL): RRL: Rhih..Rhm. un..
b: Nomat in.id.n . Epd'.ntation ofth? wilLahst. Moho rtl..tiont ih th. Ecr alac'ion pnjt. pztp.ndillar b th. obs.n .nd ..ns th. ?a,ti s\ i:: Atpj

rfrdioos mry b. caus.d by . synfom !ir!ar.d ar rh. ba$ of $c Aduh
nepp. lcu rh. nonn.m rminarion of rhc simho napp. G4 plarc 22. | ).
aeo'din3 ro rh. S.olqicol ini.rprblion SiED in ptar. 22 r, 0. basal
infln of .h. co{hrJd ,mssiv,. ln. um.En-G'em anq is \ccp,y ,i
clin.d rnd isrh.'.fe noi imi3rd exmi.iDy R.8ardt.$ ofrh. Jr..darn
ri.s ir inrcaEtin8 rh. d0cr shap.s of rh. souriomon Ar masifand fic
Codard muif . ard bascd o! rh. g.om.rry con$laincd b, tD seisnjc
mod.lliq (Fi8urc la in Liek.r al. t99l), rh. p.nnjnic barat hto! r nor
shown ro b. $ronsly backfold.d bd mcrcty n.pcncd up in pla,.22.t Tha
is impodamsince ir mtrts. subsranriatcha4. in nruduratnyrc kom rh.
Luk6siicfarea(E(e' t937. Prcbi t930). ti rh. L!kfrani.ra,e,., tarede.
fomalor phas. (FiguE 22.3) link.d b!h. fomarion offi. chj.ru sydform
(Dl or E{n 1937) and ro rhc caBsino ph.$ ii lhc trcnktauur nappc
(t-6w 1937) l..ds rosubsanrhlbackfotdinB. Such backrotdins Eacn no.e
pronourccd rn rh. sourhcm pln of lhc .!.mat frrsifs of $c w.jen
Tmv.6. G..Alpinc crcs sdo! by &cb.r cr at. prs.,r.d In Chapd l6)
Tht s.v.E ov.lPnd by b*kfoldi.g rypaanrty di.s our .a{qd.
Th. Cothard masif issnsid.r.d 6 a lw.dos p.nninic. u norc s
adry r"strbp.nninic napp.(Miln.s r974), ina srudunl sens..Th.sc sub
p€n.lnic unjts ako includc rh. LucomaSlo-tffmina ind s,mano nappes
*hos.B.on.rry will b. drcls.d tar.rTh.r n a seriaus p,obtem wft rh.
us. ofr.mi lik "H.tv.ric and.p.nninic.in rhd. for hNoncatrcdsoni.
rhey nay rcfs ro pal.ogeognphic domliis andlor nruduru ud{s wh.,ea\
rht Luconagno rlvcnrin. and Slnmno napp.r..nd zccordin! ro our Inkr
p(r.rionako rheCnllhtrd "md{t, may b. dcscr bcd s pcnitntr,i J lrur
ru6lscise. ir is vny likcly lhar $mc offtn.ryjath,. bAcmcnL Epr$.ntr
bascn.it to fic Hclvdlc and Utr.ahcledc cov.r napp.\.This n 5trpponed
d,ccrly by rhc faci.s of6. ovcnum.d a chrhonous cov.r ofrrK soum.m
corhad_maslf (BGr t937.jui3 t961, F€y t967)*hichh?jcto* rfiin
(ies with rhe Hclv.ric s.din.ib U$ofhcr.m.Subp.ndtnic h.tprror.
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6i.s Thc gsm.ry dusobrainedlPlor 2?,1)rcsuhs in an de.agc ptongc ol
15" fo!rh.culminarionof ln.bo$of rb.Ausrbilpinc unib.ar.in Ed.r.F
mi'cd fmm rh. v.nicalind io.ianral disran..s b.rwcn, poimshacdin
$e vrnk lindo* and rh..as.m r.mindion ofrh. PriftiSau hi|f window
i.ar Kloi.u. Thk !n8l. agE.s clos.ly virh rh. pluns. offt. arjd culni.
nrhooofrb.Anhasif, bed on rhc ndKrk ofrh.seisnicprcRtA Et. E7.
E3. E9 and El0 (Hirz& Pfff..r I994 ind ChaF.r9).

22.2.3 The Gouha.d massif 'and rhe lransi l ion
inro the lower Penninic nappes

v$y i.ont rcfl.clons 
'llppii3 

sourh%rd fron :5 ro 4.0r TwT aton! tiie
El bcrwc.nCrnovaaDdThush(rei.crorDinptare4of pliffnererat., t990b)
hrve h..' ro(clpd.d in Plar. 22-t (b.rr.ci 3 d tin* t75 and tgo) ro b.
du. ro rh. illfthrhonous cov.r ol ftc \o!rh.h conhad .oasia,(Encr

l9B7) Thc crnh.c of rhc smallTarcr$h m.sifas tar.an as ou trcls.cr
n consid.rcd unlikdy. as dh.usd in mdr. dcra'r ldChiprer9 Hs.v.i an
ilr.manv. inr..p(rarion. $ch as mod.lA ofPfi,In.rcr at. ( 1990 b). *hich
r(nbures rhis baf d of s.dipping nrctr8 renecrions rorhc ropof rh.ar. 6!sit
.!nnor bc rukd our Accordins blhis akcm N. modcl rhe codhrid -n.sif 

.

wor d wedg. our*$r otft. h's.cr dncu$cd hcd (lrr \.c Chiprcr9)
fhc Prnf d,c blsa rhrun k pLrc.d innrd',tr. r .boe rhe inrircd i trh_
rhoiou\ nNroirhe corhrrd_m!sif ttihcrhd Trii\rc. Lovtrmd Mid-

2.r)  rccordinA ro f t .  r inal lD mod.tof
rh. P.'niiic udih giv.n by Lnakcr!l (t99t) Eani 

'nreDrakrions 
b2sed

oi N d'ppin8 r.fl.d ors vniblc und.r rhc Conhrd orsif(nonncm Gmr
ixron ofE,l.crio. sroup E in phr.4 ol P6fln' er rt t']90b),advedi|s
br.k'hrusin3 ind/or backfoldirg of rh.corhad masrf (nDd.t c,n pfitrn.r
drl r990b)arc.brndon.d s.ismic noddliis)hd.d rhd rh.se N dippins



To rhe !.n.Trump' (r969).onside^ rheTrvetch masrIo roprcs.nr.h.
subsriruo of $. H.lvdic n.ppes in ge..ral. whcEas Pitrn.r(1935) ard
wy$ 11936) only altiboG rhc Ai.n iappe to thk masif d ihc shtis'
Drusbte nappc ro ft. cotlhdd _6!sif. wlrhin ft. rans.ct df Plar.22.l,

rhe nrudural s.pamtio! anonSn individutl H.lv.!ic napp.s abov. 6. Gh'

rus rhrun diminkh.s rn inponanc..lirh. pofilc consid.cd hcE, thcS|nis

rhru{ separares fte rurasic sqab offt. ttrt clarus napp.comPl.x rmm

lhe C(bc.ous rsda orlhc llpp.r Clms napp..ompla (Pdffncr r98r).
thc Saln\ han hd i(Fd pnnMD ba.hcru'ildkconinuity scpmting
differnr syl.s ofshoncning eirbh $. JuBsic ard G.ttc.ols 3166. Dh'
pllc.m.nr acbs rh. Slnth $run ddrcascs {.adily solr}Md dd c6rea.d
duc (o imbicarions in rh. Jurssic srao (Stiiubl. d al. 1991). B.d l.ngrh
hclrured in Ih. Uppcr Junsic lim.{onc (l8km) is v.ry simil& ro rhlr
m.$urd ii $e C'.hceols Schrii.nkdk (l3km, se Plarc ?2.1). H.nc.,
borh srdiSdphlc level5 mu! b. ts'3n.d Io rh. srm. bi$m.nr, contrry rd
rind'ng\ fudhcr w.i. where rheArcn aapp. inco'ldBr.r borh Jur.$ic !!d
Crerac.ous i.ah *hilc rhe srnls Drusb.E napp. .onrn6 of CEhc.ou!
*drmenr only, lurrsic imra havilg b.cn l.ar b.hind
Thtr l.ld\ ro rhe qudiion 0! ro w.rhd rh. cnbrc clns nryp. conpld u
rmred ,n lh. Tav.bch 6a$if (Trunpy 1969), or al!.mmiv.ly, rirhin rh.
Subp.nnrtuc nappcs. w. prcfci rh. second option in vidorln.conrd.rabl.
ditnculrles or 6ndins appropri{c volumes oluppscrusral bascn.nr har.-
nal vnhin rh.Trv.eh da$it In maD vid.tn.Tav.bch masjtpinchcsoui
.a$wad a.d h unlik ly ro b..ncounr.ad b.!.!th thc @scct of linc El.
Th..rcc$ volum. ofupp.rcru$ prcvid.d by thc updomtngot$.Aem6'
lif isruledolr iiom rhesemh torapptupdar.biem.nrmatqial.Thiscr6s
voume is cius.d by so6c 27tn ofcnsbl shon nin8 po$no ng (hc dc'
rachm.d oIln. H.lEIi. nappcs and rcld.d ro inbricarions in rh. Subalpinc
Molasc ( Burkhard 1990, Pnfrn.r | 936. P66'.r .t al. 1990b). ln ord.r ro 5c'
commodare rhe l8k6 b.d-l.n8rh ofH.lv.ric napP.s (a$uming planc ata,n
condniotu lnd !n upFr conal $ickn.s of l5km)on arca ol abou.5?O*mt
oiupp.rcruial m crialhas ro bc rd.nrilicd som.eh.t in Plar.22.l.Thit
ruggeis rhar borh rh. corthard masif lnd ln. Lu6m4no.Ld.nt.r
n+p. (dcupyins lbour 540km: in our r4rion) may rcpEs. tnis upP.r
crueal bas.rcnr df ih. H.lEtic napp€s, tici oriSinal cdq havinS b..n
subnnurcd by s.dirunbof anotsourh.dy pd.ianccduirg@ly phEr

22.2.4 The no(hern and c€ntral pans
oi the Penninic zone

Mon olrhc surfac. daR us.d iorcon{rucriq lnis pd of th. profil. (Plar.

22.1) have b.cn pr.sn€d in choprq l4.This infomation h6 b..n suppl.-
m.nr.d by ddo rom Scinminn ( 1994) ca.drg rh. @oirhc Nonlr'P.n
ndic Bundne6chrf.i Dcraihconc.ming de orcgcnic lid (rhcAushalpin.

unns ) havc b..n i6prov.d in rcsp..r ro ai .arlis ENion of patu of lhG prc
rile (lisur 2 in Schmd er . 1990) usin3 nd d.ra fiom FrcirlhciF.r al.
( 1994), Handy drl. (1991)..nd Linigc!(199?).
In r fiBr sr.p lllnajor redonic boundan.s h.v. b.cn prcj€r.dsricrly ps.
allcl rc. N 7@ Edn chon up and dNn plung..Thitdisrionappoxioar.s
b.i rhc.zimud of mos la|8..srl. foldsrrudurct in $i!rc8ion. A s..id of
sccriois prall.l b N 7e E. cons.tud.d on (hc bash of shdurc contour
m,ps. allow.d forprqetion! with E.abL. Pluns.(10 35q). Unns wcr. prc-
jcd.d ,nro rh. prolil. alo4 rhcsc (nkc'paEll.l sec.ions by 3$um'ng $at
rhcn rhickrcs.sdo nor chan8. along nik Ceological d.raib wnhio prc-
j.crcd u^ns ar. dnwn a(dding ro rhc g.omcti.s found wb.rc rh.s. un{s

In a iecond icp rhlr l,rn ol fte p.olil. was adjui.d to confom to th. 3D
mode bas.d oi s.nmic infodsrion (Lur.r al l99l ard P66ncr & HiE
Chaprcr9) ]-ncs adtlimcns qcrc iel!(iv.ly ninoratshallw.rdcpths and
!bov. rhe Aduk nup. Thc moi imponanr modifcalion conccos $. Mi
$r zon.. which has a connd.irblc $ickn.$ and which is shwn ro b. cor
riiuou\ soulhwad.loining up *irh $. Chi!v.nnt ophioln s.rposcd,r rh.
\ud;cd Thtr n if conr!( ro surr,ce S.ology.rpos.d wen oI ft. profile.
lherc rh. ML\ox zdn. is cur our nea!rhc Forcoh pa$ du. ro top to O..an
novem.iG ons lh. Fo(.lr iomrlrrulr Th.chiav.nna ophiollr. r p..

rayed as a lois coniiuoui dab. abod rkm rhick. which cauedh'gh ampll
rude Ellcdions coifnenr wirh a sn.rvoph,olirc inrarfac. (Lnak d !1

nd S malonrpF\ follN! rhr sn.n r
rilurc ]l oI Lmk.r aL (1991). Omamcnbion in rh.Adula napp. G bn.d
on $c d!' of Ldq (r93r) A consld.abk !6oudr of sp..ularion l.d r. fi.
d.picodB.omd.yol$ebpof theCorhad'na$i f  and$.Lucodagno
L.venrin? unir whik rh.troverallp.\irion b€low thc Pcnninic basallnrun
6 conin'fd by rhe odd or Lilk d | 1199r). rhc ponnyed {ructurul
de'r l\ m brrcd on \urrrce infor'na,,on a lor8 *ry wen ot rhe t,n$.i

Thk infomaron, which was raken kon prohk\ by Ener {lgR?). Laq
(r937). aid Probs (1930), had o b€ modirjed \i3n'hcanrly ii oder ro con
fom ro consraints impo*d by rhe geomerry or rh. Pennntr b!\al .hrus
Majd. synfomalzon$ \uch as ths Scopi, Piora, and Molarc nocrurcs.p
p.r mo'. na!|r. 3 ri Plak l) | rhdn the) .ft lun\. to t5. 

-.r. 
.ir..

ihcy ft ini.rpr.r.d rob. unaf*Gd by th.Chi.h synfom d! dh.tr*..i.,r

As s.an lon Plare 22 l, rh.ft is no mm ror.ddirional Subpcnnrnrc than
shc.ts b.twr.n rh. Lucomagrc'kvcnrinadpp.and ft.Adn.ric low crus
kl w.d8. Thh is ! conlla'y of combinins rcfraction dda (op adrilri.
w.d8.) and rcfl4rion d!!a (position of$c top ot rh. Lv.mii!-LucomsSno
nsppc). Such lwd unirs docrfr b.neath ft. Sl lin. (B.moulli.r J 1990).
bur rh.y a.e incrprdcd ro wedgcourcasqd

22.2.5 Sorthem Penninic zone. Bergell plulon
and Insubric line

ln lh. ea of rh. Be'Bcll (Brcg!8l'!) pluron (T.ommldorfi & NilvffE.lr
l93l) d. g.ologi. prcnle is based oi rcccnr rcrk by Roscobcrg.r al
(1994 & 1995) and Doidson .r al. (in prc$), Some id 6ndingr. pln1cu
ldly rcl*am ro th. mcrhodsolpofil. con$ruction and rhc dhcusion ofrhe
r€ronic.volurion along rhis r.nsccr, n..d ro b.ourlin.d blic15y
In i$ nonh.h pln, rhc BcEcllpluron r*ronically ov.rlia rh. trpperrmphi
bolir. @ ennuliE grad. hign.tiri. eks of rhe so.called Crul complq
(auchc.N!.miicn & Dr@p I933, Dmp& Buch.rNumin.d 1934). Shc
tlalm* in poglc$ unanbiguously d.mon{ru.s rhat rh. CdfcofrpLd
conin0.s inro th. migmaiircs fo.minC rhc southcmmoi pan ofrh.Adulr
napp. (Hafn.r 1994). Th.s. miSmdir.s h!v. b€.n backlolded .@und rhe
Cr.sim antifom (Plac 22'1. H.iQmann 1975).Thcrcfoi. rh. Ctuf.om-
pl.r,including th.*indow b.low rh. BcEcll pluron d argnidiMasino, ha\
ro b. consid.rcd pan of d. Aduh nappc.
Wh.rc6 qua@ fcldspatic en.ks.s prcdominlr. wirhin rhc Cruf compls.
a vaicry of orh.r lidologics consisring of ulhoafcs. amphibolitcs. calc sil
icd.s md lluno{ilicat.r n conc.nmt d inan llmosconrinuousband con'
cordady following rh. ronalnic 6r. dt rh. Bdt.llplubn. Th. ba$ of rhis
inrrusio! h exposcd along ib *.srcn ma4in ind in $. Bagni di M.sino
windo* (w.nk & Conclrus 1977. Di.rhelm 1939). N.iiVicoiop'lnor nar
ow tifom wnhin rh. Gofcompld immcd,aiely sou$ ofrhe EtrSadinc
lin.(indicaEd li Plare 22.1 accoding ro Nrk 1nprcgrcs) ( inErpftr.d ro
conn.d rhc* InholoSics !r rh. bas. ofrh. piuron *irh rhc chiavc00i ophio
lir.! Th. Chiav.nni ophioln.s ov.rli. rh. Cruf cooplex !lo.3 a {e.ply
noft'dipping faulrcd conkcr (Schmur 1976). which is posibly rclared ro
mov.mcnb alo.g ftc Engadin. lin . Hcnc., thk band of uhiamllics and
m.r.s.di6cnb tound on ropofftccrufcomplq i! r.ibtiv.ly im.rpr.rcd ro
b. rhc sourhcm co inuarion or th. Chi .nna ophiolir.s and $. Mtux

Bas.d on rhh inreQddian, and ind.pended ofrhe corelarion b€rlcen rhe
Adulanapp.mdGruf .ompls.deBe'g. l lpu'on.pp.^ 'orcLp) ? i r
ilar itucrlralposnion ro rhor ol th. Tlmbo and Surcd. nappcs nonh of the
Eqadinc lind Rc.cnr mupping Nd!vicoropruno h1r rcvdled rhe rollo*$g

!.om.rry shosn ii PhG 2?-1. *hich supponslhiscondusion:Thc 3.a!odr
o.nc.uB dhcodanrly rbmush th
n.ppca thd se pas.ry.d souft of$e Engdin.lin. Ov.rtheshondinrncc
b€ru.cn vicosopnno and th. Malojr pas rhe nonh.mcomrcrofrh. a.'tcll
plu6n rclches highn rccronic ldekcxposcd along (seas.h osrgin (' .
Av.B BihdncMhi.fer .nd Fomo-Llzui ophiol[ct.
M8gma.c, submasmaric lnd $lid iarc dcfonnarion.l tubncs li roMlnr
granodiotue. and county rsks shN rhar ft. B.'Iellpluron ei\.mp!c.d
add solidineddunng a rcgio.aLrecronic.vcnr Tlrtr \ynm,gmdic d.fomu
rion 6Er produccd i y.ry $rong {mrloniric) fab.ic found d rhe ba* or lhr
pluron and, subscqucnrly, lcd ro llBc{.i1. foLds rhd shon.ncd Ihil blsaL
co'racr lPlrrc 22-l). Od. of rh.sc folds.in bt m..d dirccdy inro Ih.
Crc$im afufom (Hafn.r 1994. Plakl)
Innial$agcs ofv.nicalmovemcnr dong rhe ln\ubnc mylotr(. b.]1rfllctd
lhc roialn'. ra,loffic sourh.6 Bergellpluroi,trd !erc coeval*irh ddnr
mdion in lhc pro$d.cof ftl$ {Rosedb.d d al 19951 Thlr coidusioi d
cormry rc.lnier inc.ljrehrio0\ *hlch le8aded all mov.m.i$ alan8 t
ln\obnc lii. ropordar.$e a.j!.ll Lntrtr\ion (Schmid drl 1937) Irr\D
showx rh! hral inrruqon. backrblding aod inirLal {agcs or backlhru(ifg
alang rh. Insubi.lin. wcrc cont.mponncous and Gldcd ro ongoin8 N s
shoncniig The nonh.dipping Inslbnc mylonn. bcl( Ms.ircpolat.d ro
dcp.h by dstr'ning rhar ir pamllcls rh. nigmcd aflccro.s duibu.d ro rhc
sourh.m 5r..p B.lr (Plar. 22.1). Th. v.dical. brirlc Tomle fruk (n cr
pos.d in r rp.cricular 3oec n.ar Gmy.dona, Fun*oLi l97a) 6 tlatd ro

Con\ide.ab. vcn'crl enrapolr!oi
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cotrctatian bbk, showiB on ar.flpt b dot. d.Jorution phz!.t oad 64dhoryhnn olory th. E i.m tav.B. Tn. 
'cate 

occodins to Ha aad d ot. I 1989)
5 a t.rt Jo. .luah.. .rpla^otionr For d.taik con . dihs th. P.aaiiic tnns conpo p wnh Ch.rk r t 4

ill plun8. df lh. Ber8clL pluron irdicar.d by ntocrral (RoscnbcB .r at.
l99a & 1995)and Frological(R.us.1937)darr.lna 6^t $.p. rh. Tambo
dndSurena nep.\ were pol.cred soshunl.id upwrd by urin8nructur.
.onbur mrp5 (Pritfnerdal 1990a. panly modifr.d by new 6.tddda).Ara
pd'd \irudcd nea! vrcosoprli o. cls or rh. kns.ci {prcj.crire wlll5be.
(a l.velin Pht 22.1) rhc 8com.rn.i ofTambo, SurcM andoveltying nap.
p€5 wer. disp.c.d Enically ac.os rhe Engadii.lin. by4 km. in.ccord
ancc *lrh lh. kin.nrari. mod.l lor lhn linc popos.d by S.hnid a.d
Frcizhcih (r991). using ftn kln.maric mod.l, rh. po$rion of rh.Tambo
aid itocru.arry hiShd recroirc unirs qs anchord o lncn posirion immcdi.

ely rotr$ old. En8rd'n.lin. *h.rc ft.i. napp€s w.rc cur by ftc B.edl

Th. ponron of6. ba\e olrhe BerEell 
'nrNai 

w* evatuarcd b, proj.d

' iBiur ' l iarypror ics 
mar.d.a{of  Prde22. l .Thkprcl6r ionused jnc

rurc co our naps lDtrqdson.r al.,i prc$) offte has. olrh. plub'. de
rom.d by NE sw {nk,nc folds Thc rofofrh. inrrusion Ms placed.r
rh. nncrunl level pGendy crpos.d d rh! .ai.6 oal8in ot rh. pturon.
Tha r a mLnlnrun alrirud.. sincc rhc .anen conrocr r.pfts.ns rhc lidc
nrh.rrhrnrhcrmf or.hnpruron(Ros. ib.eelat .  t995.Spi  man'  t99l)
The Seomety orrlr _Ulnp.nninic (ii rh.sens.ofn0frpy I992)orAus-
roirpine Mr8m rnd S.Lr, nnpp.s. inctudins rhc conrin!dion oI $. sou!h.
\r,r odrr.dsing P"'a ot, . ir. rnd rh. (oJqhLh.B.nind tupp.). I
d.rwn inc' L msft ( 9s2) Jnd Spillfrinn (t99r) H@cv.( rhis Seomcry
r.rpo5cd rpprori'nde ! 25r els ot rh. ransecr and may b. sub.an.
rr ly d ff..eir,i om rrikd rhn scomdry vas prejccrd n.(nn.Le$ i

onnd.riod offte oro8.ni. iid ro rheAu\
roalp'n.1oiil. rrcs apoed 

'n 
rhe sourhco SGcp B.tr nonh ot$e rtr.

22.2.6 Soulhem Alps

Th. Sourh.mArps pan of$. secrion sis rak.tr e(hour modlh!,r,on rrcn
Schdnhom (t992..r6s s.crion B ofhk cnctosur.) d..pr ior rh. nonhcn_
mos egon wh.re.omFribitny wirh lh. ehap. oflhe t.subric Eulr nec.$r
brcdvcrymrnoradjunmcnr.Thks oninS.hdnbom(t992)ruNy.orn
cd.s wirh N S grid li.c?55. depMing fofr I N S o.icmi ononty $!rhof
E-w grid linc 60 in ord.r b imo.pohr. pe|l d4. p0btnh.d by pilr &

Th.pro6l. i! balanced and eko.d.fomablti(y qs.n,btish.d ar atr sages
by roda.d mod.lline Tte dep€r pansoirh. p66t. v.r. k.pr a5 limplc as
posibl.anddBenaccordin8bs.on.qi.d rut.sor.amp d nd g.omcry
obsctud for has.n.nrmd cov.rrhc rurfac. Morc i .isve dtr{diod by
rhtoniuand/o.ductih lob.s. conplrabt. ro rhos. proposed fo.h.Am has
sil k b b. qpccrcd. bur has nor b.cndnwn b€c!u$ ot rh.laci o, suDsuF
fac. dda. Hwcvci rh! masbalanc. pirhrnrhc baj.med. rh. bpotwhjch
B w.llcoa$lain.d by w.llda(a in ia und.lomcd pon,on ii fionr offtc Mi_
lan lhrun brlr (Plare 22-t) h unrtr ckd by g.onerici d.hik Th. roral
amounr orihon.nins (abour 30kn) yirhr rhc $dimcns n.ccsanly kads ro
rhe pontrkr. rhd pansof(hc upp€rcrunatrid aI ofrh. t@erctu{a].rc.s
vorume mrn ia ecu. wnhin rh.Adnaric w.dse sirud.d b.td rhc pei
ninic napps ond rh. d.prh cikapolarion olrh. N.dippinc Insub.i.lrnc.Th.
volun. of ctusal maErul availlbl. $dh orrh. t'subic tii. \ ins!m.ted
(Schdnboo t992. Phffn.r t992) Subsbnri!trh nifig ofrh.AdndLc owff
crundu ig Juirsic ftingindpr*iv.conriicnra naf3,nr(nrroi.!ind
bc hdd iesponibt.IorrhK 61um. dericn b.caur $c sourh.nA A *qc n
i owd prare d gLn snudioi,r rhd rime (r.noinc er at js37 Frotrzh.fr



In ord.r ro allow to. a cha4e in shcruralnyl. snhin d. deep.r bism.nr.
dudilc ahc zoncs hrv. b.sn s
zones arc .rp.cr.d b nriB. wlh a mjor d.hchm.n. zone sirlakd at thc an'
rcrf.c. b.rw..n lnc upp.r and lwd Adriaric cD( This mrjor d.khn ni
allows for fi. noihwdd i.d.ne on o, lhc Adtutic lowcr cds| or sn
vcEcly, for sourhsrd karspon of thc Insubdc lin.,rqcrh..qi6lncC.nrol
AlF, ovcr(heAdriaN low.rcrun

22.3 Summary oifte tectonic evolution

The recronic evolu(ioD of rn. abs rlong d. Edr.m Tav.*. (th. P.minic
unirs arc dkcus$d norc.xr.nsiv.ly by schmid.( al. h chrprs 14 ) willb.
summaiz.d vifi rh. h.lp of rh. pmfilcs prcscnr.d in Fi3urc 22-7 {id.n cal
to Figurc 14.?l). Th. tim.hbl. of FiguE 22 I (id.ntical to FiguE 14 20)
povides th. lvailablc rinc coarainb

22.3.1 Paleotectonic reconstruction

Thr.. fom.rGcanic basin\ coDrollcd rh. paleog.og.aphy oflne Alpsr thc
Halkhii.M.lirh, rh. PicmontsLigunr and rh.v.hh ecans (FiguE 22-4).
Whilc rcmnanb offt. Pi.noilliguda lnd valih e.a.s drc found in rh.
lorm ofoph'oliic niv.c.ion8 rhc crc$ s..rion discussd hcrc (compaE

discu$ion in Chaptet ta), rhnrntsofln. Hrlkhr-M.liam c.an donlt
found fudhq ro rh..as (E $cm Alp! oiAusria. Ca.pdhiant, Howcrci bc'
causc fiis c.an phy.d an inpona ol. dudn3 Cr.rlcou3 oogery, ir
n4ds ro b. dhcusd bri.iy h.r..
Th. Hnlln.(-M.liara @.!n op.i.d during lnc Middl.Td6sic in i pdirio.
sourhcri ofrhc prcs.n r Au ircllpin. rcalm (K.zur 1992) dd ii nay h.!.
b.cn conn.ccd to d. Vlrdd d.in of rh. Dinlrjd.s and Hcll..id.s. 16 pal.-
qcogmphic Aosi.ion is indiqrd in rh. lr.ich of FiguE 22-a, Tnssic scdi'
m.nb of rh. Au$rslpinc lnns @ord rh. history of rhc sh.lf ed psst.
niein of Apulia rhd fa€d $is s.ar (Irin 1937). Th. Mid-Tn6.ic rining
rharl.drolheop.nin!of thisdinirspaiallyunr.lat.do$et aTissic

'o 
Early l-ra;'. nflng iedd'$ ro rh. oFn'ns oIth. P'.mont I 

'gunr 
M?n

*hich willfom ar rhc nonhwcs.n ma8in orth.Apulirn nicrnoitincnr
(w.sem pan of ft. Aunoalpinc nappc!, SouthcmAlpt.Th. rcmnanb of
rhha..n did nor rca.h rhcegionofrtu ponlc olPlar.22'1. Ho*.!.r, Cr.-
rac.ousor"Eoalpin. orog.iy rcs!hiig fomconrin.nral.olli!ion foll@ing
rhe closurc offic HallsE{ Mtliari &.an du.ing th. Eady Crctacmus al5o
afi.cr.d dE Ausoalpin. ond South'Pcininic unirs in our tanst. Thk .ol-
lnion was fdllow.d bt w.$ward prcpagarion of ! rhrur *.d9. rNardr our
arca ofilcEn in.an.d Swirzrllnd (Thdniand J4out 1991, N.ubau..

Thc pa$ivc codincnbl maein along th. nodhlen.m edsc orft.Apuhri
micr*ont i rcnrn|s l l lyw. l rpres. .Edrnspikorctuial \honcn'ns,nrhe
ausrbipin. n.pp.s of.6r.m sunalrnd (Froirzham & Eb€ i 1990.
Conti .r .1. 199"1) sd in rh. Sourhcm AIps (Bcno(i 199r, A.no( d al
193, Schumfh.r.r il.,chlpr.r l5). During rl. rimlniing ph!$ (Toa.
ciutoMiddlcruE$ic)asytcmof wc$-dippingder..hm.n( fom.d. prdb
6bly p.ncsaung rhc wholc lirhosph.rc ind accom'nodlrin8 simpl.trh.ars
r.nsion(Frcirzhcim & MinaBchal in pr.s) Thc passivc mrsin prcs.acd m
6.Arnrelpin. napp.s ofCnubilnd.n (Figurc 215) ir dnrrngly imiLar
ro da( pren.d i. thc Souln.oAlps (Bcmoullid !l 1991)i b.rhear.r
hibir f.aruEs rypical fo! a ld..plar. na4in.
Tnc p'.r.nr Mr4na Sdl. n"pp. .tncm (\un,.d c :piial poilon n.d'
6c pNsivc conrilcntal oaBrn ar rh. nodhw.$.m.dE. of rhe Apullan ml
cdontin nr. Follo*in8Tdimpy (1992) s. hav. s.parar.d rhqs _Ulr6p€n.

ninic units fbn rhc IN.r Aus@alpin. mppcs wnh fic CoMhch-
Bcoina unirs 4 lh.n basc in rh. prcflc or Pl{e 22.1 Accordins ro
Frcir/h.im & Mrnaccha rir p($r r\( MrrEn4 sd d ndpp-\ 

'nCdubundm md th. Dc Alanch..Scrir urks of ft. wc(em Alps rcple.
€m.xr.nsioiil allchrhons ft b.c1d. s.!anr.d nom rheApulian 

'nm.gin by i nmw increnin8zon. ord.nudar.d mlfrl. rmk! (Pla(r unn,d
Phr.22.l) b.foE th. fomdion of a mid.fcrnic ndsc **r or rhc$ dren.
sionalsllchrhons (Fi8urcs 22.4 ind 22-5) Th. pr.s.nr {rucrr.Blpor!do
of rh. M!l3n.-scll! nrypcs 6clow de Pl a ophioL'rr lnd abov. rh.
FomcMal.nco ophiolncs (Fi8urc 22 6b) Erlcch rh. inrldence or.omp rr
lioru ir dt pal.ogeogBphy according ro Linigcr (199?) lnd Spilmadn
(1993).Accordin8 6 rhr consnction d.picred in Figur.l2,5 fterc n no
r€d for thc fomcr.ri!r.nc. ofrn lddirio.al lprcading ccnrc so{h or ftc
Ma4n.-S.lli.i.nsionil allmhrhon
An upp.r phr. pdirion of th. B.ianqonnlis unn ii rcsp.cr ro rhe Picmoo!
LiSrdr tre k inf.flEd by n6i a!rho6. H@ev.r rhe Ceom.rry ol ft. mor
gin facing in. Vrlah G.a!, *hich pobably did nor op€n befor rhc L.rc
Juroic io Esly CEhc@us (Fnsch 1979. Flodi.rh & Froid.ih 1994.
S(mpni 1993. Sr.i.main 1994). is ill-sn$rain.d. Th. rcconsnciion de.
pidcd in Figua 22-7! showr ar upp.Fplare posnroi of rhc Brianqonmis
piln rcp€cr ro thcvalris@can ii ordq roninimizc rh. slum. ofconrinei
ril crutt underlying th. ada!9on!!is fa.ics domdin (comparc FiEUE l4 3 in
chapcr l4). Norc. hrycvei rharFlorlndh& Foirrhcin ( r99a) p'.i.m rfil
fi.ld cvid.nce ii favourofr low.r.pl c miein d lhc NW dd8. ol rh. Bn
anconn.ir. Evidcn.. tor sinntulsrdk nip moron b€rweetr Eu.op€ and rhe
Bn"nlonnabr.nJn.rShmpn' c91'rndlor l ( ,1 !na' ! r r rn.p. . ion n
rhc Schams nipp€s (discusion in Chrprcr l{, Rijcl 1990. 1995. Schmid {
al l99O) poin6 ro Ert oblique opening. nor necesarily kading ro ! sln8k
prdominriing asynhdry.
Thc proposodpalcogcqraphicsituauo! of rh.Adula nep.ar lh.d's m.F
girof dabl. Etrnpc(Fieur. ?l-7si s.. 0ho Schhid.r al. 1990, and Chaprer
14) ha td-crchins conkqucnce\ Egardin8 rhc rlnin! ol.c osire ho.\
m.bmorphm in |n.Aduld ndpp€ iaTcnmry 

'dhc 
r\d ('dd..ou. dt. 

'.(hr corcllory), rhe widrh ofrh. Euop€.i disral mrBLtr rhr h$ beetr \trb
duct d (morc rhan usually lsum.d ind in accordance wih rhe.simrclol
Mr.hanr & Shnpfri,Ch?prer2t). aid ihc v.ry high rlrsotsuMucrion md
subscqu.nr *humlnon or rh. Adtrrn ecrogi.( r' ordq b m n 

'2. 
rhc

rmount nnd ar. ofT.niiry subdudion. a widrh ofonly 50km was$r!m.d
for rha( pan oflhc valaix or Nodh.P.nninic aiindn.6ch erer b$'i 3r M\
origin ly und.rldn by m.rnic ctun (Figurc ?2.7a).

22.3.2 Cretaceous (Eoalpine) orogeny

Figurcs 2?.5 and ?2.6 illusarc ftd lh.Ausmalp ne irpp. pilc,n eNm
Swir& and was 6s.nbl.d byobliqu..a(.overwen inbrica|oi ofrhe Nw
p.$iv.maEinolrh.Apui ia ih icrsoi i in.nr(Frorzhendr l  1994 H dy
.r.1. 1993. Schmid & Haas r939) Th.3$cDr.d d.fom roi (Ttop.hun
phas. in Fi8!rc 22-3i$. Froirzhcim er al 1991) !so lf.cbd nrudurorly
lo*.runirs,:uchasrh.Arosa Pla(aophioln.s.rh. uxripcnn'ni.-MaEnr
s.[1nrpp.s and rh. Liztrn.Fono.Mitcnco oph'otrre\ uid.f]],tr3 rh. M}
gnanapp.(Rin3.rar. l933.L0r8er t99:.Sp tmaia t99:r) D!.n3Tentrry
orcs.ny a basal rhrus disph.ed rtr rh.sc rrucrunt y h'shen trn{s rhd w.r.
pEvioully aF4rcd by crchc.ous ordS.ny ro rh. ionh by d lehr 75kn
(Frcnlhcim cr il. 1994).This o'os.nic rid rn 6c s.'( of Laubsch.r ( t93l)
ovcdod.Inc prcs.nr diy Ensdin. wltrdow and rhe Pd(iglu hdr w'ndo!
(b.rw..nc@rdinar.s r90and2r0'nf tcponl .of  Pr.r :2. t )ontyaftcrcrc
hc.ous om3.ny sedimenbrion in rh. ar nffnnrn rnd vrtrr doru ir
rhrcugh ro dc E lly T.niiry prcdudcs C'.hceols oro3my wnhLtr rhrk

wc oopos. s.pdrai. omr.n'.\ dlnng rhc crdJ..our rdd T.!ry. rdrh.r
*ldurnE pm!R\w. flrvngedcc LY 

'h.

;

Pol.a|.oEraphn .e.otirucroa ol h. Piemn uEutio lso'th P.^aini.l
.rd tlk Ha star M.ltata.e&r and thtn mEint tt 

'h. 
Ju.6ric.CEto

@!s borndarj, olit D,rt.ua a ot. I J936) t^a stu.vlli ( t99J ) sE: *sio
Dentbta"ch? ?ltensionot otL.hthon: M6: Maryna.!.4ronal.lloththoa:
s^: pas[. .tnhl ol fuEi| oI

o{o|hr d t?l.rr, ?drr u? s I s4.tinot. c I co\i.nl M I M.rt?i t) 6
t Ttnrnn) artl B t8.1.!tu)



upper Au.t .o. lptn. ,

l:l-:-l nd'n.n'!ry ced
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Low..  Au.tro. lprn. :

fffi ec,nrn" ryrro.
(A!; Albuh ro..i
|,': H.rz.Un)

(cv:  co.v. l .ch.
Mur r,ru k6D

lrtOnr.S.ll. .y.t.m:
filullufl
Prohont.Ll ! ! r t .h ophro tar :

[ l  M. ' . rco-Fon..

! rtrrl nrppe

fr-?
TF: Turb. norh.t tuutr

R.l onitu. t?d E-tr t?.t i.n
ttr,lth rh. Pasr ? nnQrt rlrc-
a^r.t h tlr a6nnoin. unt.I
c'nrhtntdrl I h.nu lsua lnd
Fnn:h.int ( dt 19911oml na? ol

,rtdt) dnk\ at?d dqnen6 ot
nB Po{rr I ontinentat noain
Sr'.t t trc nsl ?r a I od s 1.. t.r i.
b.un.tdt i.s pDiat tn th? direttion
t)l tht nt4rr. r hith?t nn
tk'ra t^2 oI tlP ndu? ol th.
houdt^ |rr14t or hotuatlonh,
ti,t A.btlt t.. Fa\t:tr?td at

( )The(rncnirics(loprorhcw wNw inbricarion a$chred vnh o63en
panllelrnk srip mov.nenB) of rh. C€hc@us oo8cny aE rohly dil
f.rcnr lrom rhc rop ro rhc N-NNW mw.m.na chancrerisric of $. Ter

(r)A Lar. Crckccous p€riod ofqrc.$on.tco ap!., ro b. discu$cd b.td,
proqdcl ! d.rr r.mporal hlarus b.rwen rh. rm oog.nid.

(r)srbdtrclon 6reirkd wirh .cto8irc f.ci.s m.holphirm r@k phca
rwLc. in rlrAlps:66i durins dcCrchccousaid rh.n durin! rhcT.di&r.
Crcrrccout a!.d subJu..n,i rrutr d b.torc rh. closins ofrhc pi.moir
L,eu.r o.eid, .nconpas'ng {bducrionofconrii.nri stlc.s !irhin rh.
A!{ ,o, ,0n.domln(corr6ioid0ehrhcct .5 ingotrheHalt{  -Met ida
ocM ecrot rr\ vrIin rhc u$ro:'tpinc utrirs ofAusritr) a.d !qw!q oD
olc{.inon,l rllchrhonr snuahd nea. rhe acriv. nonhw.{.m malg,d or
Ap! r 1eclogr.1 ,d rh. S.ri zon.) T.niiry.ued subduc on or Etr.o.
Frn and Bn.nqoina's conricnralctus (. s in rhc Aduh iapp.) Ls rc_
rarcd ro 

'hc 
dor ns otrhc vatatr,nd picnonr Liguda c.ans as a.odr.

qd.i.. or.olL'rons durinS T.a,rry.ru8.ny

NipF nb..a,ron durios fte Trupchun ph!*. rh. p n.ipt. defomd,dn
phise .el,rd ro crchceols .ru{al ihonciins. cannor hd. nan.d b.forc

.bod 90 Mi !r rh. yes.m haltin of rhc UpperAunoatpin. napp. lync,h
(On|d !nir, FiEr.22-t bc.lur of on8oins p.tagic $dim.nrdion (FiBuE
22 3) trp.orh.Ccnomanianor Eany Turcnia. (C.mn d al. 1932).Tnrueiis
funhd b rh. dd and atong rh. Schtint rhrun (6asct lhonof rh. rxrzral
unir, FisuE 22.5) kconsoain d ro he. i.niard.arti.i sr arcund tmM,.
by rid'om.oic aE.s oI sy.ki..fraric r.mp.nrurc dominarcd hcrmorpnun
(Th6ni 1936. Evic* of 13. dacs in schmjd & Hars 1939).Thh e.rNard
mreiilon or crcrac.ous orq.ny is rko k.n on a much ta,rs scat. ac,os
Asria...g fom $e dcposnion ofrhe synoroS.ni.chrom(c.b.aring Ro$
f.rdschichr.n ih rh..ety c€hceous (huptand Tolmann t9?9) and fiom
rhe pre-9o.Mr ase ofAlpinc cclqnc faci.s nrkmophirfr in rh.s&rt,r
(Thon! & lasour t993). ThK \uppons rh. porula,e rhd conrnc .rcor .
loi !lons rhe ronncr Hatkrar Mcthkoc.an iniriarn3durinS rh. Earty cre.
rac.ous 

'n 
he.a{.m pans or rhc Aurr@lpin. trnns ofAurru *as ridccd

follo*cd by ecrsrid pmpagarion ofa fttor w.dg. inbouara or rftrj
by ccnomani'i ro EarlyTuonian rim.s (Tn6n, & JrEourz t993, N.urra!.,
r994. Frctrzh.im.r al. t99!)
ln Fisur. 22-l C(hc.ous orq.ny k ako showi ro hay. afi.(cd lh. sourh_
cnAlps (pE.Adan.llo ph6. of B.act I93 | and S.h6nbo6 1992).Ttr..r.
acr riming olrhnddom3rion phas. n i .connnincd ccnainly pre.daA
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.11 Ma (oldcn pds of thc Addncllo in[usion)- A$uming lnlr flysch scdi
m.nrsrion in th. Lombndia. buin is.onEmpotr.oui with .hi! ddom.-
r io tr phas.. a nd bas.n on Gdiomdn c drii nE of prc-Ad.6.llo d y*.s .os*u !
ring ccein rhruns (Zlnchi d al. 1990), I l-ar. Cft@.ous a3. is infctrcd,
How.!.( a P!lc6en. d Eldy Ee.n. dclt snnot b. .omplar.ry tokd o!t.
Arrrh. rop{orhe{ourh displac.m.nts along rh. oobic rhru$ ald pft or
rhc displac.m..r alone rh.Colti8norcfi ru$ 3hdi in Pld. 22-l rEof DE.
Adroello !!c (Schdnborn 1992lThis pt-Ad.m.llo N-S oonpE$ion lcd
ro ooE rhan 25km ofshod.ning and to l*.r3E nlchisr facia ntomo.
phkm in rhe nodh.mmon pd oi rhe Soulhcnalps (ombic thnnrh..o.
Acriviry !lo.g a pacuGorolthc Insubric lin duri's or imm.diat ly lfte.
crer.ccou!orq.ny k indicqr.d ircn fid lin*6f.vid.nc.:

{ l)Th. kin.maric and irucrural $yl.s ol Crcbc.ous d.fom.lion e roully
difrcr.nr wifiii rh.Au{@!lpin. napp.s norlJl ofrhc Insubdc lin. (bp'

roih.-w.n inbricarion, collisio! lld p.rctlariv. d.fomation a$4itr.d
wnh m.r!no!ph6m) and in rh. SourhenAlps (roptrh.iouln (hfl$

lng. for.laid dcfoma!o.).
(?)Th. I'subic lin. meks $. limir b.rw..n Cr.hc$ura8.d m.ramolphic

r.aucsrorhc nonhandlhcSou$.nAlpslackinssuch anovcarinr.C€.
ra.6us.clognc faci.s mdaooDhfn qcus in ft. Stsia'D.d Bluchc
unirs(Hunzik.'.r al. 1939)andrh.Aunoalpin.unirr(Thdni & Jagourz
r99lJ, .nd rcnp.raru.e dohinar.d mcramorphnn in rh. o.rzral nappe
{e s Thijni 1936) Thcs t.mnes hus havc b.en d kin panhlry.r.
hum.d by or dunng rhe Lat. Cr.k.ous andjun.pos.d *irh rh. Sourh.
cn Alps along rhis p@u6or oi thc Inslbdc linc

(lJThe prohl. or Plak 22.1 dnarly shNs 3 fudamental di6.rcnc. b.
rw..n 6.Au(@alpin. nrpp.sand rhc Sourh.mAlps:Thc lomd w.rc
.mpla..d as !hin tllchrhonousnak.sotr(o Pdninic ophioh.s in crcra_
ccousr imes.whi leIh. la(crEn, in.d achcdroth. lN.rcruimdup.
p.r mlidc of rh.Apulird nicreon!n.nr. in !pit of $. 25kn shod.ninS
of probably Crckcaous lgc rcprcsnred by rh. upp.r cru$llObhic and

22.3.1 Lare Cretaceo'rs extension

O'og.n' . .ohp..  b.h 'nd 
'F.  

s?iq 'd niSnnng Cdreou\ oDgcni .
w.dgedunng rhc Ducm.61a ph.rc (Fi8urc 22-lisec Foitn.im cr.l.1994)
r.d ro i scri.( ornomallaul6 d hi3h.ri.donic l.vcls (i.. th. nomal f h
d rh. br$.ffte Juhei napp. d.pid.d i. Pldc 22-1. d.scnbed by Handy cr
!l r99land *v.id nomalhuxsd.plct.d in Fisu..22 6.such as th. Ducrn,
Tflpchui aid Cofrdsch nom,l lltrlrt 3nd rolding *ith honzonbl axial
paierar r lo!.rrecronic l.v.l Ln rhcAuno pinc unirs of canem Swnz.r

ls (F6iEh.im199?,Frcnzhcimdal. I994).Thiscollapskakoob*Nd
tunn.r b rhc.a{ inA$ba, wh.c n is rclar.d ro d. fomlrion ofrh.90 ro
60 Ma old Gosau b6ins (Rabchhch.r d al. 1939. Ncubrucr 199a). In our
ftr of inr.€d rhisqrc.siolal pias. is nor *ell d.kn. w. plac.this D!c!n.
Elaph6.sohdh.rcb€tw*n 30Ma(cndof rheTrupchun phas.)and 6r Mr
(lowc.agebGck rof 

'rdiomidca8.d.r.minarionby 
licrz.ral. 1993).

This Ducan-Eh phas. of err.nsion appcs! ro hav. mis.ar.d *eiqrd, ma
lo8our b rhe pcviouily d.sdnbc
phd.. Conk4u.nrly, rht e.eoeioi ir viocd as b.ing causd by ERlnr.
uondl colhp* of an o\.nhntcr.d oEgcnic lcdge IPldtr. la36r
Erhumarior.nd .oling of rhc Au{6!lPin. unirs duing rhn Dlcm Er
ph@ had imp.dmr imDlications ior rhc Tcniary orcScnic.volurion of $e
Alps. Th. Ausoilpi!. urirs Emaincd lary.ly und.fom.d in $. T.didry
and acr.d $ 0n oogenic lid in rh. s.ns. of L:ub(hcr (1931): ftq rcpt.
s.nrcd a rcla v.ly dgid blsk chlracr.riz.d by fiicrion.controlledCoulomb
bch0viou. noaingon vncouny d.formin8 Pcnninic unns(Mcnc & Cu li(

22.1.4 Early Teniary conve€ence and subducrion
(65 -50Ma)

Thc r.croni..volurion dunigTcnirry ologeny F sumnariu.d'i rh. \kerchc!
of Figirc 22 7 G.. al$ ft. pione.rin8 sd ilon3 rh. same tlnrc' h)

Th. c..lje$ posibk onser of ftru$ins ,n rhe unns b€lo rh. otus.nLc rrd
romcd by rh. AusmalpLn..ryp.s and ft. Plarh-Aro$ ophiolnd (F,su.e
22 7{ h) n leally.onsraincd by ongoing scdincnkrion in.he Bi qor
nas domain (Palc€.n. in rh. nonh.mmoi unir of rh. Baai9otr^r{ rl'e
Falknis nappci s.e All.maM 1957) ind in ft. Nonh.Penrnic Bu.dn+
schi.f..(Erly €d.n. in rhcArblasch md Pd(igru ny*h: {e Ednurr
r933, Nrnny r943rndZi.!rcr r956)
lhe skdch of Fiaur. 22 7a rcprc\en[ Ilr onrer of $bducroi of rh{ An.
.r(onM^ domrn du- 

'o.ompkF 
. lo u ' .  of  rh.  P' .monr I 'punr G.rn

Th. fomdion of an accrcaondy wcdgc within the Avcu SiiidEschLer.'
(Pi.noiLLiSuria eean).nd nonh*ard rhD$ing ofrhis *edg. onro rh. ru
rur. SuEk dpp. Gourh.d6on BrianConn!iidomain) is tnhrrely pliced
in $. €any Prl.d.n. (Avcrs phrk. FiEurc 12-l) This dLovs for.oir iued
sedlm. aror wi$itr mon olrhe Bna'Connisdomainduriig lhc P!Leocetrt
Onsct ol sotrth.nmos Bnrnqonmn doma'r subduclion lars thln 65 vl
,ouldrcqun.convcGcncenrcshighcrthin l.tcm/yr(se.Tlbk ll.r) g!.i
rhe wid$ of rhc palcoS.osnphicnl domains adoprcd ror c.N.ucrn! rhc



.n @i'6 | rd c h Fi3!G ?2.7 (hddh3
5rn odofr bbr o! tLkn ion!tr4 h tr^{ n*' ir)

dro lse don.d4 in rrE sou6.n 
^h5

N-S cont.E i.. alory th. E i?rn Trav.re d?nrd lnm th. pDlks o.l Fiqrt.s 22.7 dd plak tubtior Ftunet.6 oJ D.w.! 4 al. l l9A9).

sk.rch.s G..dirusio( abov. md lunh.rdiscu$ion in chaprer l4). such
high convcB.!.. nt.s aE unrcalkric in .ompati$n wirh plac ow.mcnr
rcconnrudions blsd on rh. adalysk ofnaSn.ri. anofrlli.s in rh.Atlantic
(D.*.y.r al 1939). ourinGlprcrarioi lc?v.s v.ry litl. dm. foraqui.rc.it
phas. b.rw..i rh. Cdr..our and T.diary oog.nies (rh. oft.n quot d
_Prled.n. r.ior! on ). somewh.a n.T fte CrchceousT.niaiy boundary

ay rh. .nd oI rh. Ea y Ec.f,. (Fi8uE 22-7b) ft. .nrir widrh of rh.
AirnCo^iah dodlin h.d b.c0 suMud.d. ros.rhs wi$ rhos. p* ot$.
Nonh-P.nniiic Bsndn.nchictc. or Valai! basin thd ar. asum.d to hav.
b.cn undcrlain by ceank lirhospncrc. Scdmcnrarion i. pans of rhc Nonh'
P.nninic Bilndn.Gchi.fs basi! cominued up @ lhG im. (A.blabch ud
Ruchbee ny\ch).Th.Trmbo and Sledi n.pp.s. r.prc!.nring rh. sourhcm
pansofrhc Bna!9lnnan dom.in conrinenklb.s.m.nr, mu$ hd. rach.d
.hetmarimumd.prh(coftrpondingropclk prcsurcsof l0-l3kb. re B!u.
dinandMarqucr l99l)nolar.r lhadrhist im.(obour50Ma). inod.rro. l lo
tor \ubqqde h.ar'ns 

'o 
p.J r.np.'J.r\ r 40-:\t Mr idiqu*io. in

Chrprcr r1. H3.ro,n er I l93s) Bc.rtr{ th. on(r orp.ncrlrivc cl.avag.
lomariof, (F.mra phas. or Fi8u.c ?2-l) n a$Giared !i$ rh6 n.ramor
phism { s rsomcd b hav.5od.d i..irhc Pil.cei.-Eeen. b.undary ii
rhc Trmbn rtrd Surorr nrpp.s Tnir \iBiili.airry pr!dir.s ft . oiscr ofu h. F.r
kra phas d.lomatron 

'i 
rh. Nonh PcnnLn'c AundncMhi.ts(Fi3!..22-l)

This hnding h ii lccodarc. wnh rh.!.ner!lr.nd of nonh%rd yaun3ing
for lb. on*r ofpei.6riv. cl.avase formarion shND ii Fisuc 22.3.
Th. nodhfti p!ff ofrhc Snrnco
p€rmai.nr y \ubducrcd (\ubducred B anqonnan i' Fieur. 22 )b). Ar
abour 50 Mr. rh. \ou$.m rip or srrbh Errop.. r.pEsnr.d by rh. Adula
nipF. r about roenrerrh. \ubducion zone FiSule 22.7b rcpr.snba snap
shor of rhc oBcr or 6nrl collk'oi crused by rhe conpl.tc closut or thc
Nodh.PcnnidLc Auidn.i!.h,er.r calm
lhe convcr!.nce rir. rcs!lrng rio'n rh. rclir v. dnplac.m.d (2cnkm) or
poinls-a lnodhem edg. orrh. oro-s.iic ld rep.e\.ded by ft.Aunroalpine
iapp.s)md_b 1\ . ! rhsn rpolnrbre Europc. ie rh.  Adula nrppc) i i  F ig
urs 21.7r ind ?]-7h a I I cm p.r y.rr(Trbk 22.1) x n norryodhr rhar th.
r.coiNruflLoi orF'grn ll 7 npl,.\6d rhe ionh{n ripofrheAunrdalpine

napp.smelcdby a inFkuE22-?r(andcon sp.ndingrorh.frcdof the
Nodncn Crl@rcous AIpl ir 3 pcscntday tonl.. s.e FiguF 22.7s) has
mov.dnonhwadbyaiodor0bour4S0k6rchriv.roapoi aiach.dronl
bl. E!mp. prc!.ndy situ.t d b.ld ln. nonh.m.dge ot rh. Nonhcm Cal.
cftousAlps.This 450kn ofconv.4.ncc (our of , bhl5l4lm orT.nhry
N.S conE4.ncc.crc$ rhc Alpr, Tabl.22-l). was accommorllr.d by $b.
du.rion and shod.ninS *ithin rh. nonh.n for.l,nd Rclarr. ro $abl.
Eu6p., poinr'a in rh.5k rch ofFi3ur.22.73 wourd hrv. (o have bccn la-
cat.d n.d Pisi in Nodh.d lhly th. onierofTcniary conv.Bence Th:
illusdr.s *ell rh. impona p.inr $ar cr.rrc.ou. orq.ny r6k plac? far
fom rh. plent4ay posnion ofrhcAusrcilpin. napp.s arrhe fro offt.
Alps, oEridinS rh. $udr.m Mola$. basin.

22.3.5 Tertiary collision (50-35 Ma)

Collkion ofs$1. Euop. *itn th. oogciic lid led ro fi. trrudioi ii La{e
Ea.nc rim.s d.picrcd n Figtrrc 22,7c. Ripid cxhumirioi ofrhc Ad!tr r.
logires inmedjzrely rolbw.d and rh. enablhhfrcnrol$. nack olrhe hr!h.r
Pcnni.ic nspp.r ccuF.d byrh. Edly Oli3c.ne (Fisurc 22 7d)
Th..mounr ofconvc€cncc b.r*..n rh. saE.s olFlsuEs 22.7h aid::.?l
(Tablc 22'l) n d.remin.d by rhc p.ak d.pft of lheAdula nappr l.ore
spo.dinS ro 2?kbm rcponcd ror rh. ciha Lutr8a uni by Heinnch l936rand
rh..ho!.nsubducrioi angl.. O er imponamcons.srna on rhc cof,e4cnce
d. aF otr rd by ftc iicrpdarion ofrh.Adul! napp..s rcpr.s.ir'ns de
south.n rip ofthc Euroocan for.land ad rh. Tcniary agc or.clog{. ficiei
meramorphism (Fisurc 22l) inLftd fom g.ehrcnological (B.cr.r t991.
ccb,uercral .  1992. 1996)3'dstocrunl(Prnzsch.ral  r99.rdab Br\ .d
on rh.s.con$minB rhc convcB.nce adounb ro l50km. or | 5 cn/yr Thc
addirionrl45km of shod.iine iifmed b hav. beetr p'!d!ccd bcrw.ci rh.
nases illunnr.d in Fisurcs 22 7c and 22 7. (indrcarcd by rhc iskr vc anM
m.nr of poinb hb.llcd _t add 'c , s.. Tabh 22.1 aid Figur 2:.?I \ I
minidud.nimr. iicc ir des do nor ?ccou ror !i uilien rmounr or
rdrcsh.f in8a$etrrdpnhrh. in i ( i r lphak!orbaclrhtunr iBl id rd(n
.itosion in rhe vi.id(y ofrh.ldsubri.lin.
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Th. hm. spai cotr sp.ndi4 ro rh! collhion.ld.nr(50ro 15 Ma) eschd'
ad.nz.d by p.nctrativ. defomdion in lhc Timbo, Su€ti aid Schans.ap.
p.r (F.do phas oiFigurc 221) The Fctr.6 phas. d.fomiion sithin rhe
Nonh P..^inic B0idnc6chi.f.r 6lk.'rn ly wnhin rhh tim! int.Ml In-
r.!s.'mbncationof M.sozorc !edim.n6, cdnrin.nralbasment, dd mr6c!
r{ks of posibly G.anic ongin wnhi! th. fuorc aduh mpp. (Sorcd!
phds.. Law 1937) acuftd undr prc8r.d. conditions. This phe ws lol.
lo*ed by rh. Zlppon pha$ (l-dw 193?). ,hich as chaFcr.dad by .k-
Rncly pcncraivc d.fomarion, innially urdcr cclogir. facias condition!.
rolos.d bt o"* prsurc m.Gmorph'c.ondrion, M\rg fDm nu M

DunrgT.niarycollisio.th. P.nninic napp.s rhfl* nonhurd onto th. torc-
rind, forcinS rh. dcbchm.nrofs.dim.ns rhd larer looed rhc HclEric nap
p.s f6m rh.n on8inll slbsuartrm, 

'.., 
6. pr.s.nt Oo$ed m$sif (Dl in

Figui.22-l) d ln. .nd ofln..ollrsional$agc.Thc ag. of the Tcniary cov.r
basal unconfomiry (H.rn l933,Lihou 1995)in rh. H.l€tic n.pp.s lnd ln.

'nrcmalAff 
nd5ifonftlh.lv.ric unirt dccrcAcs rNed rh. foEhnd (Eg-

urc ?2.1). This dccra. may b. inr.rprcr.d in Ems of nonn*cnMd ni

Bnrion or5 p.dph.nlbulsc wnhin rh.subucdnt Europ.an pld. ac6$ rh.
Hclvcric rcalm dunn3 lh. Eecn . During larr $rycs af otu8.ry rhis bulgc
613'arcd Inro irs pr.s.n!d!y lairion nonh ot rhc Mola$. basir iBlact For
. n ) Th. n onhword lhDring of rb. P.nninic untu ako l.d b i su bditrtion
of ft. sourhcm Ootlnard masif cov.L Th. onsinal cov.i which wds
rhearcd .onnward ro b.com. rhc in.ipi. H.|tric nryp.s. *rs €pl...d
bj subp.ntuntr cov.i slrcc, c"Tnr,!ic. !o*.'. ,nd Mtdl. ,umric cov.'
srE.J in d. l.g.nd on Plar. z2- l ). Tnh nonhwud pop03..ion of rhc b6al
P.nninic rhrui k h.ld rcsponribl. for lnc dctchtunr ol Nodh-Pcnninic or
Uhran.lydic (.. s. SaJdoni nys.h) ond Sourh-Hclvcric (c.e. Blin.nerar unir)
div.6 in irs fotwall Thcsc div.s wcr. dragg.d ovcr scv.mltns ofkilon-
er.tr ard a'c nN fouid abor rh. Hclwiic nlppcr end, addiri.nally. rbovc
$c nonhcm Ac na$ifcovcr immcdid.ly w.n of $. prcfr|. ofPlat.22-l
in rh. ClnsAlps. Emplrccm.nr of thcsc.roric ltrip sh.eu cuE€d during
rh. Pizolph!s. (FiguE 22'3i sce Mili.s & P66nct 1977). Thh phe pos'
darcs rhc youngc$ *dim.nu in rb. €speit forsdk (t!r. Ee.n.,n rx.
Helv.!i. napp.s, E tly Oliga.n. in ficcoveroltheA 6asi0
Th. .dly ph.s.s of.rhumation ol 6. Aduh napp. brcughr lhc 1rc.81 ps
of rhis unir ro mdd.rat prcsur.s of mund t3kb by sbour l5 Mr (Fj3!rc

l?-?d). coincidcnr *irh rhc on*r .f r.mp.nruE-domimr.d n.radorphish
lso-call.d t ponrinc mdamorphirm, FGy .t al. 1930) in rhis ea {Figurc
22l, ic. diic!$ion in Ch3prer l4).This rcmp.mlurc-doBinlr.d nchor
phsm rcsulted frcm d.compr.sion alon8 a conrinuous pT I6p (Ldw

1937) Becausc rh. B.I!.ll intrurion is le .d in dnecr.ontacr !bd. ih.
Adula 0sppc (Plarc 22 l) lhis .!rly *hun4ion of ft. Aduh napp. mui
have prcdred th. inhsioo.TlE B.l3.lltonalirc war.mple.d a dcpth of
merely lomc 2okn ar i6 b!$ durin8 rhc E&ly Oliga.n. (Drc$uE.si.
n',.\ orR.uss 1937. D id$i cr d. ii pA.). E.rly.xhun.rion of rh.
adula.app. appcn D hav. b€.i.r@mely tapid, havin8 @c!ftd d.r r
rin. ipsi ofonly 5 Ma (bcrw.n rh. $r8cs cprcs.nr.d in Fi8urcs22-7cand

Such rapid .rhudlrioo by comcr floq cxtenso! o! broya.cy lorccs (e
di5cussion in Chapkr l,1and @iew by Plo( 1993) h unlikcly for rhis.dly
phd. ol.rhumarion. Forccd cr!rurion (rcccndy poposcd.s ! vilbl. alr.F
ndlve nodelfor lh..rhumrrion of rh. Dod Maira alognes by Michard.t
al ,1991) prau.lro rh. subdudion sh.n zonc (atuin 6gur.22-7c)s..m
ro br rhe 6os lik.ly m.channm for dif.rcntial cxhumarion oi rhc Adula
irpp.ld rcsp.cr ro borh highd and lN.rrccronic unns which did nor suf.r
.dogib faci.s m.kmoQhism (s.e dncusioi ii Chaprd l4).

22.-1.6 Posr-collisionalshodening (35 Ma to preseno

\ o h 
'.dl 

pJn\ or ,\. To'. 
'nkmrl 

P.nn'n'c .ru{J ,n15 R?n'- rruq.
Europ.ln cton) rcE subducr.d durins .dly ias.s

or coi!€ryencc and collnion. Thc.ntn. voluh. ofupp..crui ir rhc Snb
pcniln c napp.s,tegca.nlng rh. mor. prcnmal pds or rhe Eumpcan crus.
hoe.v... wis a.*.rdd ro rh. o.ogenic s.dg.. Erc.$iv. $ickcning ofth.
oros.ric wdds. afrd rh. Ecene efccriv.ly cLomcd rh. subdlcrion sy}
kn \dch rhar only rhc dekchcd lN.r crun ofrh. Europcan loELand con
r ou.d ro b. \ubduckd.Tnis Ed rc bickfoldins nonh or, md backnru ng
rlon! rhe ln\ubric rnc in frcnrofft.Adidic wcdse rcpr.sn:.dby rh. bas.
menr or $. sourhrm Alts (schnid.r !l 1939) Tnis _rurh sh.r'm..a
llrr N drrccr.d deochnrnr { prc{heal in lh. sedrd ol Bcaumom.r
rl 199!rd rhe baseof$. S!bptiniiic dapp.s n.rrh. irGdac. beiwan rhc
!ppcr )nd owcrctor (Fi3urc\ 22-7e.f.g)

Ihe nBi n.p (15 b l2 Ma) oflhh p.n-collnlonal +od.nins n cpfts.nrcd
r F,lurc:l r. In rhn igm rhe prcscnlday p.dior olrh. sourhcmAlps
i oig rhe hnsecr (P aie 22 L Fisur.s 22 Tland 2: 7g) is €plic.d by ! pro.

61. acros rhc lvr.! zon. (afir Zigg d al. 1990) 
'n 

ordrr ro accoud ror
abo(50kmofd.xtilftik.{lip ootioi alotrg rh.lnsubrl( hic aft.. Eany
Olig*cn. rimcs (Fumrioli 197a. S.hmidd!l 1937. r939)
Aho depictd i! Figurc 22-7c k 6. btak-otrotlhc subducrin8 LNc. panr
o{ lnr Eurcpdn lirhorphcrc p@poied by En Blmckcnburg& Davics{1995).
Tn. subdlcrion oflighr codine al lirhosph..c du ig collkion.rcd.d d.
ensiolalloccssithinih.slab.duebopposinS hroy.ncy fot.sb.rwe.. rhr
d..p€tsubducted, rclativcly dcnse l,rhosphcrc and th. shallN.' conrinenral
lirhorph.rc (Davics & von Bbnck.rb{ry 1995) As a r.strlr. ftc sl3b bok
otf. Thk m.chanism lcd ro h.alng and ndrin8 oftheovcridirulirhosphcnc
na l. by rh. upwrlliigashcnosphcr M.hin8 rcsulr.d in mixlig otbasal.
tic mi3m6 with 63imil0r.d crunal md.ial. s!.hmiiing hindicar.dby.hc
gleh.ftic.l lnd isoropic siSnarurcs of rhc Pcliadiaric inrtosions (von
Blmck nhul8&Divi.s 1995),inpaniculirrh.B.tdlinmsion Asc.nraid
6nal cnpldc.m.nr of rh. B.{.llintru!ion ar dcpicrcd in Figur.s 22 7d md
2?.'7c, b.&d o. fi.ld dara by Roknbcc.r al. (1994 & 1995)
Th. l0 and 32 Ma ndiomdnc as.5 orrh. BrBellro.d,r. and gtaiod'ornc
(rcn Blmck.nbuB 1992) pBvid..rcellenr.imc con$61n$ for d.ring dcfor
ndion olong thc Iisubriclinc,nd the adjaccnr Peniinic unirr. FlSure 22-7c
dcpicB rhc siruariotr imnediarely afis hnalcnrplac.n.nrofrhis inrrusiod ir
ad.plnconshincdbyhomblcnde bsrooerry (Reu$er 1937. Dd'dson.r.l..
in pr.s). Th. Sou6.m Src.p Belrind rhc Inrublic lin. dui hav..xGr.d
p.ior to rhc a$cnr ind 6nalcmplac.acnr orft. ScI!.lLinhrion (Rosenb.r!
.r al. 1995). Thcrcfor. rhh sr..p zone is inf.n.d ro hlvc formcd ar rh.
Ee.n.-Oli8e.n. bound.ry (Fi3urs 22-l ind 22.?d) As suggsrcd by
T.ilopt ( 1992) end Ros.nb.q er al. ( i 995) rh. asced of rh. BeAcll pluron
is facilnaGd by movcmcns along thc hsubric iauh which led rouplift ofrhe
.ntia southcm P.nnidc zon. r.lariv. ro ln. sotrrhcn alp\ bcrwc.n Ihe
skg$ in FieuEs 22 ?d and 22 7..
Tht diffcrcnrial uplifi ofrhc sourheo Pcnniiic zonc uspob.blycausd by
upward-disr.d flN in rhc Sourh.m Sr..p B.lr rh.i wm d.il.d.d irb
nonh didtcd horizonral ndcn.nr ofrh.Tambo Surcna pan(N'cmcrB.v-
cdnphascof FiBUE22 l , ! .ediscussionsinMe .&Cui l l i r r  1939-Schord
d rl l9m, schEuu 1990. 1991. 1995, schmid.ral.. chapr.r r4).Thk ii
Nm rcsulkd inthe spfcrdul rcfolding ol lh. Schamsrep.sald pads ot
(n. Nonn-&nninic BlindncEchEfe, aound thc biDg. of rh. Nicm.rBd.ni
fold (uid racc indicatd in Frgur.s 22-id lnd 22-7el
Mo!.m.n6 during rhh Nicm.rBftdn phas. wcrt.onr.mpomn.ous wiih
d. closiq iag.s of th. Zappon phas. in rhe Adula napp.. rhc Calanda phas.
in the Hclvcric nrppcs(Pfitrne! 1936)and rh. inniadon olrhtuningalonS ft.
Clms ftrun (Fi8uE 22-l). Movcm.nr ofthe railing.ds. oI fte Hd{tic nap
p.s ar lhis rim., dcpicrctrl in Figur. z2 Te,ensured rhd rhes. napp.\ w{. nor
!ficcr.dbyany signincanr luanorthism(h.s mks trN.xhibirmchtro.al
condi.iont. H.ncc, rhc iniii!lse8.s ol mdem.nB in rh. vicinny of(h.ln
subric linc acrc conr.mpomneous wnh nonh-dn.d.d h'sp.n 

'n 
ftc nonh-

.m forcl.nd Figur. ?2.1 dcumcib ft ftii conr.mpormetry ol p'o rnd
'kro{hcat in6.seN.ota.aumonr.ral (r991)isfr iuin.ddunnElh.
ld.rnag.sof tos.collisional dctomrioi rhmughour rhe N.ogen.
Inhsion ofth. B.l3.llSnnodionk ar l0 Ma aho prdidcs ! usfulrim.
mark fot rhc .nd of rhis .arlics phsc of pon.collkionaL shon. 0g, $.
Ni.d.LB.v.rin phr* (Figurc 22-3) Thk phrs*as rsmiar.d wnh E W
.icnsion (Baldin & Mlrqulr I993), a0irlng rhc Av.u BuMnc6chcte.

no-nDliJuh d r\. bd.c orrh. o o8cnic
rid (rhe Turba mylonir. nomarfoux d.picr.d ln Plare 2?.t; see Nidcedr.r
al. itrprc$). Orcgcn puall.l .rr.nsion rcsuLrcd in sub$inrialar.a rcducrion
ol the Ave6 Bundne6ch'cfcrberweei rhe s!g.sofFiBurcs 2l-7d.id 22.7e

Th.*cond nep(12 b Lq Marofpor collis'otrrl\honei ng wr dom'nled
bybackrhruninsof rhccentrrlalpsoverrheSourhemALp\,lotrSimylonne

ii. TnN brck.htuniig. r co'nbrnarion
wtrh.ioson.l.d ro amazinglt np'd.rhumlrioi orfi. Seecllmr fl rhe
nr. or 5mdyr (cig.r & Htrrtod 1939) Deposrioi ofboulders ofA.'A.L|
rtrks i. rh. conrolir. t mbrdr (maint rn rl'e Con'o fomarioi of Flgua
2z l )ccuftdonlyaf .wn, i l l io iy.a4ah{,nru\ ion Based. i rh. .ml ing
agesconlng fiom rh.so!rh.n 0!nofrh.Tambo nappe 

'n 
rh. !icinryorrhn

inrtosion (c@ling bcl@ 100,C b.rwe.n :l rnd l5 Ma s sunnrriz.d L0
Fisur.12I f rom dda in l igcr.r  r r  r96?.P!rdy &l !g* 1976.wl8nerdat.
r9?7). .xhumalonofrhc enrr t  ae' !er l f t r  h rhiro{ crunnrdcprhs mun
have b€eo coopldcd by lhour l0 M! '
Eff.ckorft. Domre{h3 phJ\d (r.e cruFrcf 1) vh'!h w.rccoi(.irponne

.tubfl. mylor{c b.tr (Fi3ur.:? lrwe.e
rclalvely weat wnhLn rhe cetrrd Pein'n'c ru! on Tlr lrrrs\.rr nrud!R
orftisagion*arnorsubiinh! ryrxsredd!nn!rhtrDonrrcschBphrrqhi.h
n ch acreizcd by a {..ply S d |)piiscrcnururon w{hconnmr arlencc kr
rhe noin. Howcvc.. rmp.nanr cod.mpdraieou\ mov.m.rB aff.ckd rh.
nonh.m forcl.nd (Figuru l) Ther
lLorg Ih. Clarus ftnn lSchnd 1975) rnd rhc lnnmtoi or r 0efdfurr.

{ (Crlrndr plrrs. Prifln{ rs&oi
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Maportlrrn!rh4.orrau.lth.toroltheAd.iati.low.t.ttsblw?4.ondnsEhtiortoth.topoIth.Enp.anlow,tcru!.ndth.tntubri.lir.andodlli.
tn'nal\ th. Adnati. .nd Etqr.oh Moho (.ai.d ard south?m p.n oJ drt. .or.fta hr Fiqtn 22-e ). Anbrr t ih. s aE sir.n in 2 kn int.ndtt. Th. cant.u B of
tlt. hEbn. line oft .anntdi^rd t'! fEA data tschnid a o1. 1937 ), ni| t.d Ef.ction lin t Sl onn C2 trbl^.* 1992) and 3D eIeirralktCt,A2 ond 6J
abtain.dJan3Dnod.irs6KisslinrIl9a0).fh?dietat.ds.itni.linw4kakoiddicat.dbutvosnotledJot.oniruininsth.dipolth,tnsubrlin.Cot.
totti oI th. t.p oJ th. Er4p.on low.t ctue ond Moho oE tak.n la^ ldloek ( 1992). Th. Adrioti. Moho k cortoudd olter data .onpil.d by Ki'slins | | 99t ) and
aJkr a k6nre ahodDa pnfk b! D.ichhdnn.t at. t t9a6). o.a: pnft nae o!Fburt 22-9.

The .adins.de.of rh.S.lwricnap!€s.m.E ddrh..bsionalf@nrolrhc
.any Alps ii Mid'Mic.nc rin.s (Pfifind 1936). as wnn.$.d by Hclrri.
p.bblcs (L.upold cr 0l 1942) in rh. Upp.r Frcshwrs Molssc (osM). Th.
brsal rhton oI rh. H.l€ric.ipp.s (Glirus lhrun in Pl.r.22-l) niSrarcd ro.
qadr rh. for.land. Dirplac.n.nr 6nsid.ration! sueg.i $ar dis huh brkc
surfac. in Erly Mi6cn. tim.s (Fistrr 22-7f, Pifin.r I98J). ODrward mi.

-snrion 
was nlso rru. for fie .appc-inr.m d.lomarion (folds. thrus..

cr.trvag.). *hich is atrrib!r.d ro rh. calmda phas. (Fi8urc 22-l).Thi! ph,sc
rof  E nyOl ism.neu. inrh.H. l€r icnapp.!(Hunzik.reial .  1936)and
of Mid ro Lae Olig$cne agc in rhc iit.mal Ar ma$ii
Movcments d. rlmc n.airhcOligc.nc.Mifteoe bound!ry lcd ro rh. sirua-
ton d.pickd ii Fi3ur. 22-7r.Th.s mov.m.nb iidud.: {i) d.rtal stike dip
trndc. bnnk condiriois along rh. lnsubric ll!.. *itho!r isei.Gd Sack
rhruiing (schmid.ral 1939). {ii) ditr Edialuplin ot rh. Belgell inhsion
wrh rcspccr b lh. P.nninic unns.c.usd by blek datiodalonsth. sinnral
Ergadincl 'ne(Schdid&Fbitzh. im 1993).( i i i )E womg.n.pral le lqrcn,
\ion ar rh..anen fra'lin ofrh. Loonrin. dome (Forcola pMs. orFigur
22 L rc. Chapr.r r4). aid (iv) funhcr mov.me'r aronS rh. Glarur rhtos.
lc.diig ro. sccond crcnularion clcav.gc (Ruchiphls in Fi8ur 22-l) in rh.
a.er ol$. idkhalAar m6sif(Pfifin.r 1977, Miln* & Pfitrn.r 1977). Ei.
fects or conremporar.ous backfolding 5outh ol rh. aiemal ma$1fs and in
rhe nodhnn pan of rh. rBrsecr (cr*:ino phas. and lomerion ofrhc chi-
em \ynlom in Fisur.22-li s..1-6w 1937)rcre Eladvely m,mralongour
fa^\cd, b( rh.tr 

'mp.nanc. 
incd5es rapidly tunher ro rhc wc$.Th.rc.

!.ry f r.n\. bm||ording (howe!er or subnrnrialy youncer 39. lc.ordii3 io
Sccr & Hunrk( 1994)hobsetud!r rh.sourh.m nll3 iol$cArr masif
(sce Fl8urc 22.9 Md p6lil. llon3 Ih.w.i.hTide^. prcscnkd in Ch,prc.
6) The dos ngm3e\ dnprac.mcnr aronS rh. or,.tr\ rhrus and rh. iniri

ror.r'htu{Lngri rh. Mola$.baM AldBrcd wih \hon.n,n8 wirhi. ft.
arr mJiil!ho Gcuft ed'lunng rhN *cond n.p or po{.collisional d.roma
rLod(Crindclvaldpha$inFi3urc2Z-3ise.Pf i f fdqd,Chapkr l l . l )

A rhou*h llkn our ofa roralofS3km shoncnin8 b.rwccn rh. iascs rcpre
rnrcd by F Bur.s ?2J. add ?2-?rrok plac. in rhc nodhern forelrnd (Trbl.
12 r). d.fomd'oi ii rh. sourhem pan oIrh. pmfik odw.iShrcd rh. on.1n
rhc nonhcm pin durinsa rhlrds..p fid b.gan in rh. Early MiG.nc (46 kfr
od or I krrr of 61 kn \hodcnint, s€ Trble 22 L) h is rhn hml n!3. ol
poi..ol 

^,oial 
shod.ning (har profoundly idnucnc.d rhe d..p {tucru.. of

rheAlpl i \ .eveakdbyseophy$cal inrolmarioi .b!rphihonlytcdrouphfr
rfd soson 

'i 
rh. cenrarpan ofrh.arps aro.3 our r${cr krosorat{as.

^ccord'ns 
r)Tiblc l2.r $. lrarei pm ol por adxmcllo shoncrrns in rhr

Sourh.m Alpsdcumddunns rhis tiidrGp.lr l.d ro rh. inrp.es've forc.
land w.4. ot th. Sourh.n Alps. salcd by rh. M.sinian u.confomiry rhar
todedal@ond 7 Ma.ThisDo(.Adi6.lloshon..ing w mainly.chi.ved
byrhru$ingalo4tn.Milanthrunind$.larcro!r{f.sequ.nc. L.ccorhrus
(Pl!r. 22-l). Accodina to schdnbom (1992), N-.s{hotuning esconlcm-
poran.ous dd Eld.! ro rh. displaccmcnr oI rh. P.riad.iaric tile by you4.r
mov.m.nts rlonS rh. ciudi.4i. rinc. Rcro{efomarion of $e pon-Ad
am.llo rhotuninS l.idr ro a p.d.cr lli3nm.nr b.r*..r r]l. lnsubnc aid
Pun.dl li n.! (Scbdn bod 1992). Toedhc wnh lh. facr $ar$e towe!crunal
lolum. reld.d ro thi! shon.ncd upp.r cni k pr.kndy fou.d,rBr.ard.prh
nonh ollhe surfscc cxpesion ofrh.lnsubric linc, ihk h coMru's.q-
dcnce for a dirccr rcl.rionship b€rw..n shoncning in rh. SourhcmAtt]l.dd
irdcnrolon ot thc Adriaric IN.r cdskl wedg. as prcpos.d by Pntrncr
(1992) Bas.d on maps of rh. Moho, rb. Connd d;condnuiry (iop of rh.
lowc!.rud)0nd rh. rop b.s.m.nr ru{ac., Hirz & Pillier (1994),4u.d in
favour of such i mjd-ctunal d(oupling. lnd.nrarion ol rh.Adnaric tow.r
ctu$ iitoth. intcrfac. bcrwe.n 6c solrh.dippins Eurcp.,n tdcr.tus and
th. Europ€an upFr.ru{ (Subp.lninic napp.t r@k plac. during rhk hEn
scg. G@ Fi8ur$ ?le and 3) and postda&d tualmovlmcnb along rhc ln.
subdc lin., as alrcady sugg!!.d by Laubsh.r(l9m)
Shon.ni4vnhin rhe.xtnalAdm.sif (Gnnd.tsatd phas.otFisuE 22 l)
.nd a lar8. pd ofrhe $runine in thc Mol6s. bsin w.rt conr.npoEn.ou!
*nh ind.ncrionof rh.Addancwcdg.(Pfittn.r.rat..Chaprd |].t).Ourwad
and downwrd ('n sequ.nc.) prcpagarion ofrhru{rdg aho afcccd rh. Mo.
las. 6asin. The d.pcrc.nretof rhh forcd€plircludiig rh. oti8c.n. Nonh.
H.lvclc Flysch dcposir.doi rh. inrcmalA!.ma$if) misraEd ourward d a
nr. of 0 I .nva in rh. Oli8m.n.. sl@in3 do*i ro 0 2 cnva in M'c.n. rm.\
(P6ftner r936) Thrunirg ii rh. Mol.ss basin rnd p.s\ibty fotdtn3 ofrhc

I po$dabs. and 
'n 

C.nraLSlrKrlnu rc.
tually d.fods rh.blelrhton offte ttclwric n.pp.s (P6trne..r at. chlpkr
l3 l).wirhi.rhctatrs.d.rhudarionofuhcAarhasif lmmapalco.d.prh
otrpprcximd.ly 716 ro.hour4kn b..carh rh. patco tand\trdrcc Fcutr.d
in rhc Mic.nc. as indicared by 6$ion rack d.k Gee Chapr( t3.t). Th.
rhru{ iidi.d.d in Fisurc 22 7s ar rh. bas. ofrheA{ nrsrifdchmtrs rh.
b. rdd) b.rq.end.fom.d"rd und.iom.d Eurcpca-.o(ta o
ljpdomin! of fte Aar na$il m.y b. vi.w.d as a crusatscit. ramp rold rc.
hr.d rodetchm.trrar $c,nr.rh.. b.rr.en tN.rrnd uppd EuroFrr !ru!
Thh d.nchm. n kin.marically link d ro rh.Adnsric twercrunrlw.dgr
Thc inrc(erion poinr bdween'prc'r and 'r.rm shcaB in rhc s.is or
Bc, loo . . . l . (1994)nn@siruar.drdherbf t .nonht i .  r rhcnonh
.mripofthc lNcrctunalw.dge) and a. rhc idrc.facc berw..n Lo*rand !o



22.3.7 Plar€ (eclonic constrain6 onTeniary convergence

AFounBand nr.s of T.diary co nv. E.ncc dcduccd fom lhe kin.maric r..
co.$odion! ot Figur 22.7 5id sudmeizcd in Tabl. 2? l nay b. com.
parcd ro cnin'rcs d.remincd fom pl.r. Econstructiots. Ir is.mphdisd

fiar rhc r.consrucrions in Figuc 2? 7 wer. d.tcmin.d indcP.ndcnrly of
pld. r.cronic coniiains siih only on. {Fption, rh. illdakd nt3. €pr..
!.ir.d ii FiSuE 22-?a w6 placcd
conv.4.nc. nr.s in .xc.s of | 5 c'nla
Tcn&y conv.rgcnc. is lhimarcly lrlk d to Elaiv. mo on! b.rw..n rhc
Eunsiatr and Aftca. phts. Al.hough ovcnll cotrvcr8.K. rat6 b.r*..n
rhese rwo plar.s can b..nin.r.d G.c b.lw), many dctaih of th. small.r
(ac k'n.m!rc,orc Infru.nc.d b) rh. mdion of.malkr blels or micrc'
plar.s iuch r Ib.ri.,Apuli., Co6ic,-Srrdinia, Mrlloea and M.norca Gc.
Dew.y d al. 1939).lnaddirion. rhc decl I conv.tg.nce isdivid.d inro shon-
ciirg accommodar.d in rh. M.dir.nlnc.n rcaandrho&ning hrh.Alpin.
ransccr iudi.d h.r.. as a funh.r posibiliry. N-s direclcd qcnsion b rh.
M.dir.ronca.slm may hav. rcsulied in conv.4.nc. nr$ for rhc Alps rhar
.rc..d rh. €uopc'Africa conv.rs.nc. Ek. codparisonr madc bcl@ thus
conc.n orded of nagnnude and nor ddail.
Eubp.-afdca convcrg.ncc rarcs hav. ben dalyz.d on ftc bash ol ot on
plmF.rcE giv.n by D.w.t.r al. (1939).Thc plde convcryerc. ratcs w.!.
calcularcd bcr!.cn a poid nr.d on ftc noiheo end ofrhe Ea$cnTov.6.
(Roijch..h.r +9.5o longitud. atrd 47.5o bdudc) ind a movine Poin( on
Afri.i(prcs.nrly lcarcd in.6nh.d Libya) ar ft.3!m. dislince fiom rh. rc-
rarion pol. as Ro6.hach). Angular v.lanica for th. vanous rinc rntdvah
w.rc dd.mii.d uling a. lvcngc rotatiotr pol. ( lsoR I o) d.tcmin.d frcm
rh.ddkinLr.w.y.ial.(1939).Th.svehni.sw.E .nconv.ncdroldd
v.ldii.s {cm/a).nd arc liscd inTabl.22-l Th. drcragc v.lciry ovc. rh.
.ntirc im. span (65 Ma ro pEeno is 0.?2 cnvr, and €ry clos. b rhc.si-
m.r. of 0.?9 cm/a d.r.mincd f@n our @nrhcrions. Th. rorll cod.F

c.n.. bcrw..n Euop. (Rocchich) lnd Afiico (nollnco Libya) b t80 ln 6
cnimsrcd trch rhc orarion p&.n.t n.
L@al idcr vcltriti.s of plarc morio. suggcn much sl@d coN.4.ne
nrs (0.22-0,4cr../a) in Pil.ecnc rimcs than rhc drinaGs bascd o! ou. E
connodion ( Ll] cm/a) . Tlr rci$is for rhir disr.pancy e nor cl.s. but
mighr b. du. ro indcp€nd.nt mot'otrs of micrsontin.nG such ar rh. Bn.
anqonnan-lb.ria r.mnc (Sr.mpni l99l) Rapid conv.4.nce (0.94 ro 1.2
cnva), howcv.i k indic.Gd for Enci.'OligscDc rimcs bt Ddcy .i al.
(1939) da!a. itr exccll.m agr.m.nr wnh our kincma.ic Eco!$odion.This
hi3hcrconv.rgcDcc rat. k link d ro subducrioi ond high.pe$urc mcumor
phkn itr lnc southcm tip of Europ. (adula n.pt ).Thcrc h suDrisingly

sood sgr..m.nr of cotrrcEcle m.s in Mie.n. ro..ce tincs and aho in
csper ro th. 106l rmounr of coN.4.nc..

22.4 Discussion and conclusions

The Alprtrc 5.cridn d.kibcd itr rhis coitnUlioi is!miL!!i0 nsny way! to
$mc of rhc 0umerical mod.k ol .ru$l $alc d.forn.tion poided by
a.aumonr.ral . (1994) Th.dnvinsibrc. in lhB*nod. lskpdid.dbtui-
dcnhruningofrh.6andc hrhosphff. (i. ourcas. ft. Eudp.as liftosph.t),
coupkd wih !symmdnc d.rochmcnr emeBing fiom r vclaity discon.i!uiry
3r a polnr (p.inr "s ) qh.rc rwo inclincd icp.trp sh*. zon.s ( po{h@'
ard r.rc*h..i ) m.c( Tnc gcntl
rh. sourh-dipping rhrus fauhs in rh. rlclv.ric lnd nonh.h Pcinini. zonc.
Morc s@ply in.lined rc@{h.6, such as ft.lnsubdc lin.. dd.lop abov.
u. \uMuf l 'on.on..arnngEl in ' .upl ' f iof  rh. ,o. th.nP.nn'n?zon.
Th. analqy b.rwen model 5 of B.aumo cr i (1994). characr.iitd by
subdu.rion of l/] ofthrcrusal column, and lh. poi-collkional etS.s d..
picr.d in Fieu6 22'7.* is pdiculdy snking.lntn conrld.rachm.nral
lows for simuhan.dus lorcland dignrion ro rhc nonh and$u!h. ModclM4
(B.aumonr.r al. 1994) illu$nres rh. impotunr.ole ord.ntrdation in ampli
tying rh. novcm.nr rlons Ih. Gko+hcar Erosioi or r thi.knc$ or scv.nl
k'lonercr olmakrial Ls 

'n 
hcr kiowd o harc ccuned ii Larc Oli8a.a.

rnB nonh of ft. Insubnc lin. wirhin a Ery shon ri6c spai (Ci8er& Hur
brd r939J Thtr rcsulr.d 

'n 
rapid.dumlriod of hiSh gndc o.rlmorphic

reks ionh of rhc Insubnc li.. (F gua 22 7..f) Not. rhar FiguE 22 7rd*5
nor,.di.d.rh. l.Il.anounrof .o!on *hichundoubr.dly@un.d,6d@'
um.nr.d by rh. d.posirion olAog.llbotrld.d in th. Go.roln. Llmblrds or

In dc cou6c ofMiaenc and Plic.n. rim.srh. sngula.ry poim "S"(acau
modcral 1994)bcMcenrh.pF and rcro sh.ar niSBred lonh$d (Bg
(.s 2?'?fand 22-g) Tnn corerpond\.o rh. rip ofrheAd.idic w.dg. cn
oor.h'ng xlong rhe Dp or the Europ.a. L@.r ctu!. uplining rhe Alpinc
iapE srack Adwccn r9 Ma (Er ] M o.cne. Figua 22.71)lid 3 Ma (Mid
v o.tn.:.id or !edin.fuotr 

'D 
L[. {ro]!rsu rrrsin} rhe rip ofrhcAdriaric

wedee migrabd over a didsnce ol abour lSkm Gelar.d ro shonen'ig tr' rhc
S!balpirc molasc rnd An msiiD
fsrr ih.n rhc migmrion orrhe depot €nI.r (o.2 cflV!) in th. rorcLand b$in

Mig'arion or thc singuldiry pornr (rip oftheAdnalic s.dge) dtrring rhe M!
c.i. corcsponds ro lplifr of thar pd dfft. ob8.ni. wedSe vh'ch,r ro.
car.d b.rr..n rh. pD' a.d EtB$*^ Theeep-lpoIrh.pm sh.alnc !d*
$. ba$lrhrut ofthcAar mdlir Thr Ero{h. compn\es rh. ihrui tuux
d $c rop of rh. N-moving w.dge. whnh links to rhc $run la! s 

'n 
rhd

Souft.m Alpr (bur nor rh. l.subic lrne. which niiac!v. by rhtr im.)
Dcn.diotroIftc Eurcp..f con by rhto{ loadingc.u$d sofled@iwrr0
ing offt. pcrhrusr !hcar zon.,.r !!llar a misrdion oI rhc hL!. ro!.rds
ftc forcland(hingc er.!o.Thrusr loadin8 thu!crcd.d some acconmMa
rio! sprc.(Sincbn&All..l99?)r!rh. fo..dccp. which Flrhen hlcd *rh
Mola$c s.dimcnh (upp.r!SM. OMM mdOSM) The frcr rhu rhe Nsir.
rion mr ofuh. d.por c.rr.i or accommoddion rpac., wls now{ rhrn rh.
idvanc. nk oflhc siqulury pdim. o.ripolrh.Adn ic w.dg. (0 2 v.bur
0.4 0.5 .nft). suggcds rhd rhe orcg.nic wcdgc qp..icnced a ner ctoul
uplifr in rhis rim. inr.ml. Thc !lrcmdiv. .rpL5.arion. ehercby rhe accotrr
modation sp!.. is cr.ared by an de! iicrcsing downwaryirg of(lt rorc'
d.ep, muld rcguir a chlng. of m.chlnic.l popcnies of rhe l'fio:phe'(
*irh rimc (fr.uml rigidny). for which rher tr no.vid.nc. li \umnary rhe
closing $ogcs ofcollisio! *cE mark d by an orog.n'c w.4e rhar !nd..
w.nt rhi.k.ningand sboneninC, ard n.t upllfr and erhumarion The dyirm
i.r ofrh. w.dgr wcrc d.ivcn by asyna.r.ic subduclon or lNer crun rnd

Tnc nod.lol r.cronic 4oluriondcpicrd ii Fisuft 22-7 has inpli.lrionr lor
d. l|lological p6p.ni.s olrhc lirhosph.rc. Shrll@.dipprng dppq crunal
dtrachmcnG, typically d.prhs of trolnd 4-3kn b.los rh. ropofrhe b6.-
ncnr. e chs4r.riiic of napp. fomariod in th. P.nniiic zonc dunns.ol
lkion.Th. dsknce ofruch \\allN derrhmert l.\el! n,Bh' b. \urp'\.ng
*&n 6mpmd b modcls of L.ological $atificarion (c g O.d & Hobbi
1939).It Gonlyfcasibl..o aseiat. shallN dccchm.ft wnh lhednser of
gysal pla$icity in qudz, oncc addn'onalov.durd.n hr b€.ncrcd.d by
pinial subducrion ro considcmblc dcprh. such as d.picred tor rhe Pentr'nr
lappcsinFigur22 7a-d Irisnor*onhyrhdrhirdcrrhn.nrlcyclco'nc'd.r
{irh rhl shallw.n zon. ofrcduc.d P wav. lelmiry typLcalf.r$. Eurcpcm
ctonof lhcnonhcoAlpinclbrclardlM!. l ler  l9?T.Muel lerdal  1980r
Subs.nrhlp.ns of.hc Eurcp€an ald Blianqonnai! codinctrhlci!( w{e
suMdcr.d durinC rhc collisional$age ot oogcny. in coimn ro rhe hnd,ig\
otMantud.i al. ( l99l). DurinS rh. po$.collhioillnu.. h@cvcr. fte fi'cl-
trcs of$. Eubp.m crun incrascd siSniliclnrly. ar moe prorimllplns of
rhc Eunp.an mrBin (und.rlyinE rh. Hdv.ric 

'.alm).nkr.d 
rh. \!ftuci,on

zonc This l.d b th. d.hchm.nr ofrh.. id upp.r lnd middlc nui.r rhr
int decb.rwanlw..andmiddl.crui.acharad.rnhcolpoicollnionrl
oro8eny(Figurcs227c g).Th.Euop€ailowercrNrcprc{aredalayerol
@livelyhighn.eigrh. thurpo' t rongroa2 l ryerrheoo3yolrhcur{  \ rh
rhe high nr.ngrh ol rhe lowcrcrusr b.inE conroll.d by fte AenoAy ol ierd-
\pa. and/o' mdic din.nls.ln Iacr modd M9 ol scrumonr d,'l r e9r,nni
duccd ! lowcr ctuftl*.d8. v.ry sLmil ro rhd shNn in Figurc ll rl Il
r.rcsingly, rhis 6odcl a$un.s r 2l0yer.h.olqy for rh. (u{ (wer quanT
and w.r f.ldspar lh4lo3i.s acco,tinS ro Jaoul cr al.. l93a ,id Shclron &
Tul l is .  l93l) . lno'dcrro! f t ivrarrhcscomcryolrhdAdri ! !c lowcrc.unnl

'cdg. 
dcpiccd i! Figle ??.79, r

!bov.rh.Adna cMoho, i... thcb$eolth.low.rctun

Figurcx 22'3rnd 22 9addrcsssom.orrh. rD pobl.ms in rh.Alps Ho\ ri.
frry rhc larion d.picrcd in Plak 22-l b. rak n ss reprcsdddivc ofAlpine
seriols fldn.r b rhc cas ald rh. *.n (\&!e6 swirze'land. dncus\.d 

''
Chapr.6l2and 16, ECORS-CROP prcfilc ofrhc wcnemAlps. Nicolrs.r
al. 1990)-,Th.conrourfrapof Figurc223indicar.srhfl thcAdriariclowcr
cru$al *.dscd.piccd in Pldrc 22.1 und.nhru$ ftc lnrubri!,nc by somc
45km h fte.an (mcrurcd b.rwa
ping Irsubnc linc and fts rip ollhc !cd-rcr IhLr dL\plmcmcnr drop\ ro z.ro
d aPoinr nonhw.n oflh. rv'.r zoi

he moJe'dely Nwdipp'ns In\!br. rme
rpresenrs a sepa.are and shall@* *.dge rhd aJchelrli. rud,'( Ld rrr r\'
rca zdn. Th. conbu( of ft. lnsubnc lin. 

'n 
FiBUrc :l 3 hiv. bren dd{

miicd fom rh. proflcofPlai.2z I ard liom mLE ricd rdLois ols.,'m'r
lin.s Sl lnd C2 (afiqvolasel 1991).
Only nonh of rh. sc$.m edee of rhc lvda 2onc n r iecp dip of ?5,'nr.r
urcd 

'n 
$. 6.ld (schmid d al. r93r). wh.rer! Ktrnins 1r930)has modcred

rh.lw., gnqrarionalanomaly wirh z diporSo'aLone prorile Cr i F,!urc
?U 3, whcrc rh.cotrtour 5pacing ynldsadipofTt The d'p beconer nok
g.nd. funh* ro rhc eu!h!e( wh(. 15o m m.^ur.d lcnndrg 

'o 
h.Ld

dda..dNed d bt.onrouiiS rhc 
'nreNdoi 

or rhe lf\ubn. r'n. ! rh lrtr'
oa ropognphy (SchRrid d ! . 1937) S.dM C l or Kn ns L rtBr)r \'.rdrr



Ptulk ||Et al th. non..t ol rkh
22-11t.. FiSuE 22 Alorto.d-
,a ),. oni tud.d utinr th?..h _
touB 3i,m in FilrE 22.3. Th.
potition .l th. Erbp.on Moho r
bLn lmt thtarel\ l1992 ) fh.
t vao I tu! | nd4.ot n t r.ndt k,
th. nade I ol K id i n s I I 930. pnfl.
lll).fh. tap olthe AaAori. b\.1
ctul it bt n Jnn tbla,?k I1992 )
Th..md ror nion oJ dl.. to' M
n unkv*n. th. s;L,.n Lppa,'inlt(
pornion k taL.nJnn An:o1.

60, a vlLuc 015U was r$lmed fo. connrucdns ft. conro!6 in Figre
:2.3. Thn angk da\ oily \lrghrly 

'ncfeare 
dsain io rh. $urhrdr whcrc

prorik 6 (osssthc lnsubnc lin..
wcnwlrd dctr.asiig irdenurion of (he Adriari. lo*er crusbt e.d8. irdi,
c!r.s rhar ft. amounr or po* E:.ly Mie.n. N,S shon.nin8 wirhi' rhc
Sourh.6 Aips (46km according roTabt.22-t).ko d4rcoFs l(Mrcs in.
wc$. This p.inb ro ln..risr.nc. ofa hn brealrcnspssiE rnnsfd zonc
runnrn3 on8rh.w.$.dma€inorrhcSourh.mAlpr(bubsh.rl99l)md
po$ibly b so6. counr.rclek,k. rohio! of rh. Souilj.m Alps, Anorh.i
l.rtlatc.al rlnspa$ive zon. 0h. Ciudicaric b.h, labs.hc. t99t),ar.nd
rn3 alon3 rhe ciudi. i. li.. (Fi3ur 22,3). dctimtu rn. tk ty 6r.m rcmi
ndion orrhc Adriiic w.dre. On geom.riclt gou.dr rhis w.dA. which un
dcnhruns th. Crnml Alps h rcplac.d by rh. w.d8. ot th. Eiir.m Southcm
Alps *hich.icomprs.s d..nrift co$!l serion siruar.d$uln of6.T!u-
.n windw (Raschbfthe' er ar r99r) Norcrh.lh.oiudimdctin.dftsnor
appe,rroofl*r rhc.onrourlinesof rh. E!rcpc.n mdAdriaric Moho{Fisuc
22 3) ThA h.rplaii.d by rh. facr rh,r rhe Adridic Moho und.rtyiig ih.
rowercto{arwed3. in rhe pohre ol Prare 22.1 i5 conrinuous wirh rh. Moho
uidnry'ngrhr wedg.orrhccdcrnSourhemAlps Onborh5id.sof rhcCiu.
d'cari.lLne rh. Adriihc Moho.y.nid* rhe unitomty S-dippirg Eurcp.ai
Moho Thn d.modshres fie [inemaric ]inl b.rw.en pon-E ty Mie.rc
shonenin8 in the SouftemAlps. mov.o.ib dong rhcCiudimrie tii.. and
nonh-dtr cr.d''den('rioDolrheAd.jdlc lo*.rctoeat wedSeunden.arhrh.
P.nninic zon. (Laub$het l99O. Schdnbom 1992).
Th.lD poblcms Nei.rcd 

'nh 
ft. w.iM.d r.midarion oa rh. Adridic

ro*e' ,  tu iJ ! .d3.  r .  f r '  fam ,urEddu.ro ' 'compdeletrr 'ccscr.3.

'n 
rhn m.r The prcrilc alFiBurc 22-9 r.presenh rn ancmpr bdiscus somc

of rh.\cp6br.niGcc!t$Fisrr! i t.7).lnpdjcuteiaposibt.rcllriodship
b.rsccn rhe lvd hniy ridAdritrric lower crusatw.dge is sh@n. Knw.
r.d3. oi the p'. .'o3enLc evoruhon ot rhe lvre, zon. {schnid I99t)ttays a

nptuved undcrsundin! ofrhN lD pmbl.m. Eihumihon
orrhe lvrei zoi. *rs rc|lkd b Mcvro'c pAli4 cDnrincnralnl4in formr,

\ni.n (imncdiftty adj(.m ro ln. S.sia
.rknsoia alltrhrhon 

'idi.dcd 
Li Figure 22 4) Alpin. orcs.ny $ep.n.d

rh. en&e cruMls.cloi inro irsprc$iLday subv.dicatoneneriod (FiguE
?2 9i se. ako Zingg er l99O). lh.Eby pobabty dposinS rh. lnci.nr
(Merczoic) Moho olrh.Adriaric crui ar rhe !uf!cc. Thir lcd soft rurho(
(. g Crcr. & B!i.s 1992) ropo{ular.adrefrlricchanec in rh. p€€mday
.oposraphy olrh?Adi ic Moho icn rh. w.s.m rcmtnarioi ot rtrc rvrci

h. rl.ng rhc prorite orphr.22 | is po{u.
rdcd ro chrnt. Lmo a \ourh.iskry d1p. a*ry ftum lh. rvca zoi. md ro.

Thisdt.cr.oftcl.(on offte Fr co Moho.rpord ii rhe lvfa zonc *irh rh.
pm.ir.dry Moho of $. AdndLc wcdlc tr 3r odd. wirh seirmi. rcfradion

ruJitc piiittctro rh. rv.ca zon.lAnsoqe
r96s) Tn.s {am. drr. ro8.rhcr w rh lD sraviry mod.|ing by Khstiig
11930, l93l) p. trt orhc.rnricc ofa v. mny anddeisiry inv.sion und..
n.arh rhc rv'.r botiy liJ I *!ond Adnatic Moho 0ab.lt.d "M.. in Fisuft
:l 9r Thir {..nd (pasedr da}) Moho may bc r.nrinuou! *nh $. nodh
dippLtrSAd.nrLc Moho .an of FLsur. 22 9md b.iearh rhc rmnser oI phrc
l2 l. The cru*.1rh! d.nnry 

'nv.r\ 
oi b.to* rhe lvr.a zonc h conuovc.

riqNT) hiye rp.c(tdcd rh! n miy b.du. rocftrac.our
r8c rubdldLoi ofprn\ or$. scnr zorc bele rh. hrcl body

Th. co0rou. lin.s ol Figurc 22.3 suSsen rhd ftc tvr.azonc rly f4r ocln
undcdhrun byAdnaric loecrcto:r in po$.E rty Mi@cnc rim.s Th.erad
8.om.dt ol rh. undedntoi mar.nrl.nd.$*iaredoenhrun blaks wnh,n
the *.rcm6on sourhemAlps h unknown,nd dmwn sch.nari. ty,nFi3-
urc22 9. Tnn fiSurd.picr ln. imou ofshoeninSdu.blhruninEinrhh
panof tn.sourh.malpsrob€subsran dly l .s(otrh.orderor to 2okmi
!a lho Pnffn.r & Hcirzmann. Chapr.r |l) lhan rh.r tunher ro $e ca{ G.e
Schum4h.r.ral.,Chaprr 15. fo.rn !tr.oart im.lprcrarion). Ttr. gcoft
crry of rhc ad.jaric lws ctu3rll wd3. h bound ro b. .onsid.mbty norc
.ompl.r rh3. \howi in Fisua ?2,9.

Reonciliarion of our.nimar. ofsom.50okn or N-S shonen,n! arng rne
p66lcof Plar.22-l sinc.rh.Pald.n.wirhrh.snalt.ramoudrof E-w
shon.nilg rccordcd in rh. wcd.m Atps Emlinsa nijor pnbt.m. p.ovidine
! chrrre.Sc for furur. ifreiiSdiois. as poinr.d our by L b\cher(|99t).
lde.amoun6 of sdke*tipfautrinB lnd iidep.rdenr horionsof tirE brck\
soch ar rhe Adfidic blcr w.e iidirabt..Thc ta,xe amounrofN s coivc.
8.nce poeukrcd dons $c casem swis! rnns..r {Pt,k 22.t) indicd.s rhar
nucholrh. E-w shoncninS in rhew.nemAlps mu{b.du. ba, rnd.pcnd.
.n( leivard morior ofrh. Adiaric btmk dud.g rhc N.os.nc lnd d.cotr.
pl.d frc6 rh.C.nratAtps by d.xlml mDv.fr.nh itonE rh.lnsubn. Im rnd
ft precu6o6. Thc,e is cvid.nc. for an otdc.lnd nonh.rly direc(ed monon
inrh. i.rcnalzones of rhc w.n.m AIps (dlo3iric.pisod. ofChoukoun.cr
al. 1936 which hay hav. b€.tr mo.coustydarcd 4 Crcrac.dur, jusscrrng
rhar ft. wesrcm Alps acrcd as a sinGrmtlt hnsprcsiv. b.k ouflng rnc
Pal.q.n. (Ricou & Siddans t936). Onty afc'40Mrdid $. dkptaccn.nl

rion (choukmun. .r at. t936). D.n crtoi
ol a unique w.s,oonh*.n di.(r.d pt!r. m@cmcnt v.do, af Adru inro
nonh an,l wc(.dned.d conrpon.nh of kbnic rmsp.n iin rhe wcjern
andC.ntalAlps. rcsp.criv.lr)do. io Cavirarionatfor.s (plaI cr a] tgBsj
6ar odd5 wirh rhe vry subnan!3tafiounr ot N-S.oFer8ei.. dedlced In

Fom r& prohle ofPlar ?2.t rhe loltowtns mato. conctusionr cmLrs.

L Shonen,ng wtrhin rh.Auimatpin. nappes s rcllimonj ro a s.panr. Cd.
hc.o!s5g.oo3.n'ccv.nr. unrhGd ro rhc.o nion bc.*ccn Europ. ard
Apulh rhdc.usd$.clos!reof P..ii.icft.anic domain\ Wcn.dn.cbd
rhrusins io rheAu$odpin. uons us Elar.d ro w.nw dprcpagiloior
, rbtu{w.dE.resukingf6mconrin.nr. tco is ionrtonsrhcH!| l {a(  M.
liara ftcan fdnh.. ro ih. ca(

2. Coasld.rabl. amoui6 ol mcan'c and conriicnrat .,!nrr 6dunr were
subdud.d durid8Tcniary orog.ny. which tnvotvcd ome sookn of N S
coir.Bei.c b.rweei Eurcpc rndAptrti!. onty a wcry rmr p.(.nra3. of
rhr ctoral marerDl s pc\e.rd wlhin d. mppcr dcprcr.d in he traf$d

1. Po! .orr . io r  o 'oc.n,  |  !  d"c 'e1/cd br. , ,n ut ,"1ou. . . ,nr)  on t -n
rly dipping nonh dnecr.d drkchncnts (pb shca0 aid ne.p)',nctii.d
sourhdirccrcdd.rachn.n( (rdm shca6). borh ddrchn.n6 nrcLe.riis ar
rh. inretue bcrrc.n rh.lNcrmd uppcrcrun Tha indrcd.sr rq.i!y{
rheology of rhc.odine aL ctui du'ing po(-co isLoid oros.n



4. Scilini. Endion .nd cfmrid inf@ation ir d@ruly impond fd
@nshi.itrg rhc pwnrn y SMcry of 0EAlpirc oogcn, dl4in8 fo hc
EoBhctia of thc lct ibgd oa dgcry HMi in vi.w of th. long-
l6nng hi*ory ofoo&ny {$w lm MO. $ismic d& lsudl, oiry Fwj.l
. si.prhoi of rh. l.6i !68a of rhis d!8dy. Th€ l.i6t.d86 of 68.ry ii
rh. Alps dhibit Edmdi6 thd difrq qbdrrdirlly fD( fi@ of anis
sb3.i, .wn 3ir. rh. u@di i6 in th. ki*dic Eonshdios

W. wld likc ro rhDk all rh. nlm.rcu. colla8!.s rd sudcnb who h.lp.d
an @tin8 iuch r conpil.tion pGsiblc. both by ficir Eh.bl. rctuh ald
tl|ou8n nu@oc di$u$i@s. Albcn ljhr is rhr.k d aor dtui4 lhc 6n.l
EuidofPht 22.| witn csr still. RldolfTr{mpy nd Alan OE.naE
rhot ! ld wry @rully Evicving .n .alic. {6ion of ihhchaprc.
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