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Ivrea Zone and Adjacenl Southern Alpine Basement

S.M.ScHMTD

Abstracl

The available literature is critically assessed and ex,
istiDg contfoversies are emphasized. Based on a syn-
thesis ofpublished ideas the extended discussion pro
poscs the following evolutionary scheme (compare
sketches in Fig.3): (1) an impressive volume of Pro-
terozoic metasediments in the Ivrea zone and Serie
dei Laghi has first been juxtaposed dudng accre-
tionary wedge formation and underylating above a
subducted lvrea oceaniccrust during aLate Proiero,
zoic 1() Early Palaeozoic event (" CadomiaD " or Cale-
donian). (2) A high seotherm was esrablished by
Ordovician times (460-480 Ma) as evidenced by ana,
texis in paragneisses ofthe Ivrea zone and graniticin-
trusion associated with granitization of adjacenr
metasedimenls in the Serie dei Laghi. This time
marks the onset ofa long-lasting hisiory of deep bui-
al under elevated temperatures for both Ivrea zone
and Scie dei Laghi. (3) Variscan orogeny at around
320 Ma led to crusral thickening and decoupling be'
tween lower crtlst (Ivrea zone) and intermediate
crustal levels (Serie deiLaghi). Large parts of ihe Se-
rie dei Laghiwere exhumed during Variscan orogeny,
rhereby preserving p'crsu'c dominared Varncan
mineral assernblages while tbe Ivrea zone remained
in a lo$er crurtal  enr ironmenr resulr ing in
widespread re-equilibration of mineral assembleges
to moderate pressures. (a) An important Late
Palaeozoic magmatic event of Permian age is unrelat
ed 10 Variscan orogeny since it posldates re,estab-
lishnent of nomal crustal thickress. Synchronous
magmatic activity is documented at all crustal levels
from the still granulile facies metamorphic crusl-
mantletransition tothe sedimentary coverand isbest
explained in the context of inlracontinental wrench
lectonics. (5) Crustal thinning associated with passlve
conlrnenlalmargin lormation In rhe Ldrly Meso/oic
leads to considerable uplift of the Ivrea zone and
cooling to temperatures below 300'C. (6) Late
Oligocene to Larly Mrocene detormarion i \  rcrpon\ j
ble tor ihe final exposure of a vertical section
through atten uated continental crust.

1 Introduclion

Recently a number ofreview-type arlicles have been
published about the area concerned. For details and
extensive references thereaderisreferred to these ar-
ticles (i.e. Zingg 1983, 1990; Boriani el al. 1990a,b:
Zingg et al. 1990). This conlribuiion merely offers a
brief overview introducing the reader who is unfanil-
iarwith the area.The discussionwill focus on selected
points of interest with special emphash on controver
sies andstill open questions.

2 Geological Setting

Itis besi to starl with the presenr serting ofthe Ivrea
zone and adjacent basement units (Seriedei Laghi i.
the sense of Boriani et al. 1990a) within the frame,
work ofthe Alpine orogeny since earliertectonic set-
tingsare largely overprinted and, consequenlly, Inuch
more difficult to reconstruct.

The area concerned (Fig.1) is located ar rhe wend
ofabasement highwithin the Southern Alps (i.e. that
part oftheAlpine chain locatedto the SE and S of the
Alpine Insubric line). This basement high closely fol-
lows thetrend ofthe Insubric line: further to the E it
runs parallel to tbe trend ofthe E W strikingTonale
line, a segment of the Insubric line, E of Locamo
(Orobic basement), in order to swing into a NNE-
Ssw-strike tufiherlo theW (Ivreazone and Serie dei
Laghi), again roughly parallel to the Canavese line
(western segment of the lnsubric line). Thus. there
seems to be an intimale relalionship between the In-
subric line and this Southern Alpine basernent high.
both interms of its location and slructural trerd. It is
widely accepted that the section through the Ivrea
zone (lower crust) and Serie dei Laghi (upper crust)
oflers a unique cross section through the Southern
Alpine crust (Fig.z). This implies that later tectonic
movements are responsible for exposing such a
crustal section at the earth! surface. But age, kine
matics and geometry oftbeseiectonic movements are
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terScbnid 1967;Bro<lieandRuter1987:Schmidctal. 1987)

still a matter of debate: sinple Alpine lilting as de
picted in Fig.2 (Handy 1987;Zings et al. 1990). rocar
tilting associated with ramp anticlines of Alpine age
(Schumacher 1990) or preseryation of Variscan aDd
Lale Palaeozoic struciures with Alpine movements
ofonly minorimportance (Vai and Cocozza 1986;Bo-
rianiet aI.1990a,b) have been proposed.

Towards the Poplain the Serie dei Laghi(andthe
rest of the Soulhern Alpinc basement funher 1() the
E) are unconformably overlain by Upper Carbonifer-
ous ro Lowr r  Pcrmian !olcanocldnic and rolcanic
series. Perno Carboniferous te.rigenous sedimeDts,
and, eventually tbe Mesozoic series. The latterchar
aclerizc the present-day area otthe Soulhern Alps as
a passive continental margin selling at the WNW
edge oflhe Apulia (orAdria) microcontinent (Weis-
sert and Bernoulli 1985) which formcd during Latc

Triassic to Early Jurassic. Needless to say that streich-
ing causedbypassive continental margin formahon rs
expected to leave a thermal and deformational im-
print on the basement underlying lhe sediments and
recently this has been directly docunented in an area
furrher ro thc E (Berrolli 1990, 1991). where base-
ment cover relationships are better preserved than n
our area of interest. Another area of Permo-Meso,
zoic coverrocks (Canavese sediments) belongsto the
verydistal partofthis passive continental rnargin and
tollows the Insubric line. Since these sediments are
iDtensely mylonitized, forming part of the Insubric
m)loni le belr  (Schmid et al .  la87).  rhcir  eydcr posi
lion wilh respect 10 the adjecent Ivrea zone is ob-
scured.In the area ofthe Canaveser.rr, i.e- near the
town of Ivrea where stratigraphic basement,cover
conlacts arc better preserved. Biino and Com-
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pagnioni (1989) report evidence ihat the Canavese

"edimenr,$eredepor;redonroa lo* grrdeVari .c.n
basemcnt, the "Canavese basemeDt",which is in rec-
tonic contact with the lvreazone.

Geophysicaily, the lv.ea zone is considered to rep-
resent the surface expression of a much larger high
density body (lhe lvreabody) leading roa huge NNE-
SSW-siriking anonaly al the iDner arc olthe Western
Alps.Thrur ig in. l .ugge5l  onora.rnglelSl-drpping
slice ot mantle material (Berckhemcr 1968), under
plated by cruslal rnalerial of lower densiry has recent-
ly been modiliedin the sense ihat this nande slice as
sociated wiih the lvrcazone is only the most intefnal
ofseveralwedges ofnantle and lower crustal naleri-
al (Rey et al. 1990). However, manllc malerial direcl
ly underlying the Ivrca zonc, togctherwith the ESE,
dippnrg subsuriace continuation of the Ivrea lower
crJ. ta l  marer ia l  is  q i l l  considc'c, l  r .  t {  the mJrn
cause oflhc obscned gravity anomaly Gee Figs.8,9,

11 in Reyetal .  1990).  I f  lhesemodelsect ions,sat isfy
ing the gravity and nagnetic anomalies in an admjl
tedly non rnique way, are laken at face value they
would argue lbr simple largc scale tilting ofa crustal
section into a near vertical attirude.

Because the Ivrea zone and the Serie dei Laghi
have been affeclcd by tectonism. both rclated to
Alpine orogcny and passive continental rnargin for
malroni a reconstruction ot lhc pre Alpine geological
setting (Variscan and/or Caledonian) is very ditlicull.
This ditiiculty is agravated by the tacl lhat rhe lvrea
zone represenls a lowcr cruslal level during Palaeo
zoic orogeny. In analogy to the findings ofEisbacher
ct al. (1989) in rhe Schwarzwald-Vosges area.lower
cruslal levels are expectcd 10 ignore basically the
marn convergenl leclonic boundaries duc ro detach-
ment of the uppercrust during converyence and due
tolale Hercynian overprint associared wilh the rise of
granitic plutons and the formalion ol a Lare Palaeo-
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zoic Neo-Moho. Yet another difficulty lies in the, stili
largely debatcd, metarnorphic evolulion during the
Palaeozoic leading to difficulties in the timing oftbe
major deformational events associated with this
metamorphic evohtion.

ln spite of these difficulties, the general observa-
lion ota decrease in melamorphicgrade from W io E
within the basement directly below the Permo-Car-
boniferous transgression was used by Vai and Cocoz-
za (1986) to arguethatthe wcslern part oflheSouth
ern Alpine basement (our area of inlerest with rts
granutite to amphibolite grade netarnorphisrn) rep
resents the nore iDternal pans of the Variscan orogen,
with the externides being situated in theeastcrnmost
Sou,hL,n Alpinc bd,cmen, (Comclco and carr ian
Alps wilh a weak sub greenscbist facies metamorphic
overprint onto ordovician to carboniferous foreland
sedirnents). 11 has to bc ernphasized. however, thar the
I\  rer rone. Jnd conrquenrl)  rhe granulIe lacies paf l
ofthe Southern Alpinebascmenl is nowhere in clrrect
ronract $iLh lhe Per mo-a rrbon i ferou\ l rdn,gre,sion
(as is the case for parls of the amphibolile grade Serie
deiLaghi). Thus, this nelamorphiczonalion does not
simply reflecl a gradientat the Earlb's surface before
deposition of the Permo-Carboniferous sediments.
Consequenlly. a Iarge porlion ofthe exhumation pro,
cess, particularly in our area of inierest, may wellpost'
datetheVadscanorogeny andhaslobe the productof
passive continental margin formation and,/or Alpine
tectonics. Furthermore. the observarion of low-grade
metamorphism within the Canavese basement in the
westernmost parts of the Southem Alpine basement
mentioned already (Biino and Compagnoni 1989) ar
gues againsl a simple melamorphic gradient belowthe
Permo-Carboniferous transgression from W io E.
Additional difficulties arise from the obse arion of
prePerno-Carboniferous greenschist retrograda
tion of higher grade metanorphism in ibe basement
ofthe Orobic Alps (Milano et al. 1988) and the Serie
dei Lashi (Borghi 1987). Evidence for an even
younger (Permo-Mesozoic) metamorphic overprint
aftccling parts of 1be Orobic basemeDl is given by
Si ler loetal .  ( thisVol) .

3 Lithological Units
and Contacts BetweenThese Units

Itis customary to subdivide the bascmcntrocksoflhe
weslern parl of the Soutbern Alpine basement into
major lithological units, often refered to as "zones".
Contacts belween these zones may be gradual or
marked by majorfaulis.

3.1 The lvrea Zone

The lvrea-Verbano zone (Schmid 1967) was origi-
nally referred to as formazione diorito kinzigitica
(Novarese 1929). The ierm is still used for the same
Iithological unil now situated N of the Insubric line
("seconda zona diodto-kinzigitica"). The Ivrea zone
is separatcd by the gree.schist facies Insubric rny
lonile belt from the Central Alps.

This mylonite zone nol only consists of retro-
gressed prololiths of the Ivrea zone and rhe Central
Alps (Sesia zone) but also comprises an inlcrmediale
zone, the Canavese zone. Since the contact between
the Canavese and Ivrea zones is heavily teclonized
within the Insubric mylonite bel1, the original rela-
tionship between ihc lvrea and Canavese zones re-
nains unclea. Generally pre'Alpine metamorphic
grade increaseswithin thc ll,rea zone towards the ln-
subric line tron1 amphibolite to grarulite grade. How
ever heavily tectonized slivers of arnphiboljte grade
basemenl rocks (insetin Fig.1). reminiscent ofthe SE
rim ofrhe Ivreazone (Schmid er al.1987) ordisrincrly
different liom the lvrea zone (granite and diorrre.
intrusive into low grade rnelanorpbics mapped as
Crndvc.e bz,(menr in FiC. l .  Birno and Compagnoni
1989) locally reappear wilhin or,djacent to the lnsub-
dc n) loni te /o1e. ThF Cana!ese ba,emcnt is as.oci
atedwith the Canavese Permo-Mesozoic coverThese
Canavese cover rocks only underwent low grade
melamorphisrn of Alpine age (Zingg and Hunziker
1990)- Thus, highly attenuated remnants ofthe South
Alpine upper crustal levels reappear in tbe immediaie
vicinily of the lnsubric line. lt is difficult to decide as to
how much of ihis attenuation had already occurred
duringcrustal thinningduring the Early Mesozoic and
how nuch is dueto Alpine movements along the In

'ubf lc hne fradr lrondl ly.  rhc (  ana!ere /one wa, in-
terpreied as representing an independent palaeogeo-
graphicaDd tectonic unit (Argand 1910) forming lbe
root of Austro-Alpine nappes. However, the close
affinities of the Permo-Mesozoic Canavese coverwilh
lbe distal part of rhe passive conlinental margin u the
Southern Alps argucs for the hypothesis that the
Canavese zone sinply represents a remnant ofupper
crustal levels originally overlying tbe Ivrea zone.
Zinggelal. (1990) suggestedthattheoverall strucrure
of the Ivrea zone may be viewed as that of a huge
asymmetric antiform ofLalc AlpiDe age (whose core
isonly locally presewed. Proman antiform in the Val
d'Ossola, Fig.2) with a highly attenuared NW limb
lCdnarese /one) and a much u ide'  SF l imb(rhemarn
part oflhe Ivrea zone) with its well,known rransilion
from granulite facies mclamorphism near the core to
amphibolite facies conditions lurtherio the SE.
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The lvrea zone is predominantly made up of
paragneisscs (refer.ed to as kinzigites in the amphi
bolile grade partandstronalitesin the granuUte lacres
part) and mafic rocks.Thin marble honzons and peg-
matitic dykes concentrate along the SE margin otlhe
Ivrea zone and, more sporadically, near the lnsubric
line. Peridotitcs occur as isolated lenses prcdomi
nantly within the NW part of the Ivrea zone, in the
vicin ity of the lnsubic line, wilh the exception of one
peridotiie body a1 the southern border of the lvrea
zone (Borianiand Peyronel Pagliani 1968). associal
ed wiih eclogitic amphiboUtes.

The ullranafic rocks include peridoliles r.I and
pyroxenites. Spinel peridotiles and lherzolites are
predominanl in the Baldissero and B alnuccia bodies
(Lensch 1971; Sheryais 197q Rivalenti c1 al. 1981)_
The Finero body contains phlogopite and hornblende
peridotite rcsulling from crustal conlaminalion
(Hunziker and Zings 1982). The layered sroup adja-
cent to the Balmucciabody is made up ofspinel-bear-
ing dunite and hanburgite interlayered with gabbro
and nor i re iRi \  a lenr ier  a l .  l08l) . In r le Bi lmuccia re-
gion Sm-Nd data suggesl an event ofcrust formation
dbour 600 \4a Jgo ( \orhage er dl  la87).  Hose\cr.
younger ages (Ordovician and/or Late Palaeozoic)
for deep-scated inlrusions and partial melting within
rhclJ leredcomplexdrercryl ik ' l )  ( reFdi \u\ ionrn
Vo.hdgeer i l .  la87).EviJcnce lor  a Lare PalaeoToic
evcnr (abou1270 Ma) isparticularly compelling (mat
ic and ultramafic dykes in the Balmuccia peridolite
and phlogopire metasonatism associated with crustal
contaminalion in the Finero complex, Voshagc e1 al-
1987, 1988). ln a later publication Voshage et al.
(1990) no longerbelieve that there is anybasis for the
above rnentioned 600 Ma event published in effUer
publications (Voshage et al. 1987,1988).Insread lhey
propose magmatic underylating at 270 Ma to be re-
sponsible for the formation ofthe entire Malic com
plex in ValSesia.

Three types of rnafic rocks experienced regional
melamorphism and deformation of Palaeozoic age
(predatingthe2T0 Mamagmaticevent, but morepre-
cise dating is still a matterfor debate): (l) mafic rocks
of oceanic origin, alternating with paragneiss (Sills
and Tarney 1984), (2) large bodies of the "Anzola
gabbro" lype, and (3) parts of the banded nafic rocks
withiD the granulite facics parl otthe Ivrea zone such
as lhose wilhin tbc layered complex mentioned af
rcady.It has to be emphasized, however, (ha1a fourth
type preserved magmatic fealures: the diorite rim of
the Mafic formalion in ValSesia with orthopyroxene
ofnagmatico gin (Zingg 1980). Thisrim yieldsages
of286 Ma (Pin 1986) and Bursi andKlotzli (1990) ob-
rd in s imi l  dge\ ( '74 Maj for  andlecr.c pdragnci . ,c.

rn the contact aureolc oflhe Mafic formation. These
particular anatcclic melts related lo the contacr aure-
ole ofthe Maficformation define an imporrant lime
markerin tharthey (and consequently aho 1be inlru-
sion of thc Mafic formarion) posldate deformarion
associated with regional melamolph ism.

Amongsl  rhc prragneis\e\ . , i l l ima1ire beaf ing
metapcliles (kinzigites and stronalites) are predoni
nant. Wilhin the easiern part of the lvrea zone. the
mineral isograd zonation runs parallel 1o the predom-
inani sirike (NW SE to NNW-SSE) ir order to run
discordanily across compositional banding in the
vicinity ofthe Mafic formation (particularly welldoc-
umented bythe muscovitc K feldspa r isograd. Zingg
1980). Widesprcad occurrences ofcordicrite and an-
dalusite within the metapelites adjacenl to rhe Mafic
formation suggest final equilibration at lower pres
sures as compared wilh the NE parr oflbe Ivrca zone
(Zingg 1980). This suggests that a former zonation
into granulite and amphibolite regional rnetamor-
phism running parallel to the major slructures in rhe
Ivrea zonewas later overprinled in rhe SWparr oflhe
Iwea zone. This ovcrprint is most probably associar
ed with the thernal evenl due ro thc inlrusion of at
least partsofthe Mafic formation at around 270 Ma.

The marble horizoDs concentrating along the SE
rim of the Ivrea zone are in irnrnediate neighbour
hood to amphibolite hoizons. in.erbedded wtl!
p0rdgneiser who\e cheni . r ry Indicarec mid ocednic
basalt origin (Silh and Tarney 1984). The accre-
lionary wedge scenario proposed by Sills andTarney
(1984) is very allractive also for explaining: (1) rhe
lack ot a granitic basement underlying metapeltes
and marbles, and (2) the occurrence of high P relics
such as eclogitic amphibolites (Boriani and Peyronel
Pagliani 1968i Buletti 1983;Borghi 1987. 1988: Bori
ani et al. 1990b) and kciyphitic peridodres (Lensch
and Rost 1972) found both within lvreazone and Se-
rie dei Laghi- Conceming the age of accretionary
wedge formarion, it can on ly be said thar it post dares
the Early Prote.ozoic age of the upper intercepr of
the zircon discordia (Kdppel 1974) obtained tor the
paragreisses and pre dates Ordovician granites
found in the Serie dei Lashi(Borianicl al.1990a).

Structurally, the lvreazone ischaracterized by the
steep attitude of conpositional banding and main foli-
alion. E plunging stretching lineations are of rem ark
ably constani orienlalion. The structural scclion pub
lished by Schmid (1967) is siill thc only compleie
seclion available through the Ivrea zone (his profile
has been incorporaled inlo rhe profile depicrcd in
Fig. 2). A1 lcasl two phases of f olding arc contempora-
neous witb Palaeozoic amphibolite to granulilc grade
metamorphism (Kruhl and Voll 1976i Steck and
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l iach. 1976).  A promincnl  ant i lorm ncxl  to lhc In
subr ic Inrc (Pr)maD rnLi lorm) l i )nncd undcr gfeeD
schist  laciescondxions and isofAlpine age (Schmidet
r l .  191i7).  Hrndv and Zin.s.s (1991) subdir idc lhc
tectonometamorphic evolut ion into thfee episodes:
Episodc 1 includcs largc-scalc nrrgn1rtisnr rncl rc
gionNi m.tanrorfhisnr.  restonsiblc ior  the general
conrposi l ional  und mclarnorphic zonal ion prcscnt l f
obse cd and ch.u,rcterizcd bl rnncalccl microslruc
lucs in . l l  l i thok)gics.  Crustr l  at t .nurt ion dur ing Lhc
I"r . l ' . , ( , ' / . .  /U:" . r .  r . i , ' . r )  . rL l  f r  \  \4(o/oic
riirnig lca.l lo cpisodc 2 dctormrtior. rcsuhing in lo
. . r ' , ,e l . le. , rLrrJpr \1111\e re mo-f l  ( .or l . r  o.
indicalcd bt ,  lhc s lnkinenar ic ovcrpr in l  o iprc! iously
annealod microslruct t r res.  Lf isode 3 struclures afe
r( l  t (  J roto \ , , l . r . .  Al t  inp' .  r , t  c. . io r1l  tcctur ' iL.

Prcssurc rncl tcInpcralurc cslimrlcs scallcr enor-
r i . 'd. \ .  | , I  l r  Jr  '1 

|  i r r  I  f i -  t , ,  I  t i ,  \ \Lr .  \ l

mr lcs vrr)  betwccn 6.5 and 9 kb (Si l ls  198.r)  whi le
lcnrpcralr.c cslinralcs arc bcrwccn 750 and 950 "al
(see also reterences and discussions in Zingg i9E3 and
Z nq! . r  r l  Lr) ' )0)  f " r  rh-  rnph.bol i .c la. i . .  p. ,  I
prcssLrrcs aroLrnd 5 6 kb rDd lcmpcralucs bctBccn
550 rnd 750'C are repor led.  Si l ls  (198.r)  feports a
sulx laol ia l  prcssulc gradicnl  across nr ikc wi lbrn Lhc
!r . , r  L l  r .  l r  i . ,  t , ,  I  f , ,  L|Jnr l l ' l r1 l  .L! !  -  l  r ' .
tcc(Jnic th inning al lercqui l ibral ion.

T\ .  l . r . . .hrr .  in t  T. , r im,,  { ,  i .  rur  .urpr . rJ
giveD thc lorg last iDg tectdr)  metamorphic elolu
t ion oi  lhe Ivfea 7one. 

_l_hese 
est i 'nr tes are ol ten tak-

cn toindicalc thc P l  condi l ionsol lhc nain c lcnl  of
regional  metamorphism durnrg episode I  of  Handy
and Zlrgg (1991).  Howe'er as ahcady cmphaszcd
byHandyandZiDgg(1991) lh iscpisodc I  isccr l r in ly
nol  a s jnglc c!cnL. givcr lhc oneoin! !conlrovcfsv ovcl
i ts agc. discussed latcr .  Rcequi l ibrar ions arc also cx '

lccrcd dur ing thc Latc Palacoroic nragnral ic cvcnr
r . , r .  r lJ  t  n \ .1. ,1 . ,  . ' {  r 'J  $ lLr ' r ' r r  |  \ fLr  , r r r 'n
in a l ranstensionalenvironment (episodc 2 olHandl
aDd ZiDgg 1991).

3.2 Tllc Stti? dei Laghi

Tcmrnlologl conccrn glhc bascnrcnl bctwccn Ivrcr
zonc rnd the mrin part  of  1he Per mo' f r iassic colcr  o i '
lhc Soulhcro Alps is confusing. I l rUan workcrs col
lccLivcl} rcfcr to this hascnrcDr rs Scric dci Laghi
(Bor i rn i  e1 al .  lee0b) whi le Swiss authors (Schmid
1967t ZiDgg 1983) usc rhc tcrm Strona Cene zone
(here relerred to as Strona-Ceneri zonc s.1). Accord-
inglo Bor ianic l  a l .  (1990b).1he Scr ic dciLaghican bc
lur(hcf  subdiv idcd into the Schist i  dei  Lagbi  and the

SrroDa CcDcrironc in his sense (here referred to as
Slrcna-( lener i  zone r  srr ,  ident ical  ro thc oldcr lenn
'gneissdeiLaghi ' ) .

Thc Scric dci Laghi predom in antlv con sisis ol am
phibol i te grade metascdimcnls.  intrudcd by mcta
graniLc boct ics oiOrdovic ian age (466 Ma. Boianic l
a l .  1982/83).  a l ld plulonic rocksbclon-sing to thc Lato
Palacozoic (2f35 275 Ma) nragnratic cyclc (a suiie of
smal l  srocks and dykc swrnns ol  prcdoninant l !
basNlt iccomposiLi()n. the appir i tes of  Bor ianic la l .
lor)0r.  . .nC cpip , I -n i  P'  I . i  |  !  " r  i r r  i  I  L.  or .
knowD rs ajr aniti dei LaShi or *uaveno-lvl. Orlano
sui te ' ) .Thesubdiy is ionoiprc Ofdovic ian metasedi
nrcnls into Schis l i  dei  Laghi  and Strona Ccncr i  zonc
.1.rr :  is  based on sclcral  argumcnrs (Bor i rn i  ct  r1.
r990b):

l .  Thc Drctrscdim.nls wi lh i r  lhc Schist i  dei  Laghr arc
prcdominant ly pel i t ic .  Thcl ,  corrcspoDd to the
-schic i r igc Bnrt i t  Pl .Lgioklasgneise and Giumel,
Io Gneise'  ofReinhard ( l9ar,1).  McLa sccl imcnLsol
l l rc Sl f t )na Ccncr i  predonr inant l f
arcnaccous. somet inres wi th abundnol  c l : ry r)ratr i i .
According ro Bor iani  cr  a l .  (1990b),  ordcr

clasandstorcs (alcncdgnciss of Rcinhrrrd I96:1.
conraining smal l  boudins or hornrcls and calc s i l i
calcs).  arc f tn lowed by -gnciss minni  ( -1 lorDlels
gncis oi Ronrhard 196.1). interpreted as clay-riclr

'neLasilliles 
and flner-grained n1ctasandstoncs.

The netasedimcnts wi t l r in l l rc Stronr Cener izone
r.rr: slill prcscrve sedimentarv structur€s in spite
of later granitizarion inte|prercd lo bc cocv.il rvilh
thc Ordovic ian in l rusi(nis.

' .h1Jr,  t "c.-  J.n, ' i l r . r . , r r t t r  ! , l . r r  r . , f i / . i l
dcl incs an importanl  markcr hor izon bctwccn Lhc
two subuni ls (Fig. l ) .  Bor iani  ct  a l .  ( l { )90b) intef-

trct lhis hor izon ir terms ofa stratigraphic interca
lalion of metasedimentary origin (coirsc gr.tmcd
bisaltic tuflitcs). Howcver. rmphibolites are not
rc(icted Lo this nrain horizon but arc also lounct
wilhin thc Sclridi dci La.qhi of th. ajanrborogno
.trcr  wbcre they conlain eclogi lc facies re|cs
/Bo cL,r  l )drr .  lLr  l rc,m^r. .  rhrL m. rkLr l ,  / ,  1
co r . '  n.  p.r iL l"r i r (  {n i . \  nrbr rh i  i r i  |  |  r . In, i
nat ion ot  the Scr ic dci  Laghi  adjaccnl  to lhe Vr l
Clol la l ine (Reinhard 1961).

3. Thc Schisli dci Laghi ar. iDtertreted to be pol)-
meLanrorphic.  st i l l  fecording a pre-Orclo! ic ian
phase ol  h igh gradc met mo|phisnr.  whereas thc
Shona Ceneri  zone 

' r r :  
is  supposcdly sr i l l  un

metamorphic a1 lhc timc ol inlrusion of the Or,
dovician graniles.

The subdivision based on citeia 1 and 2 is prcbabl!
justified. The evidence ot a single (Variscan)
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melamorphic evenl in the Strona Ceneri zone s.srr,
however, is not very convincing and based on:(1) thc
interpretation of Al'silicale noduleswilhin lnclasedj-
ments lo have formed duringcontact metamorpbism
(Bigioggeroand Boriani1975): (2)ihe view that gran
itization of the Slrona Ccnen country rocks, due to
thc Ordovician intrusion, apparently argues for the
absence of metamorphism within these country rocks
(Boriani et al. 1990b); (3) the assunption that the am-
phiboliles nentioned form a stratigraphic marker
horizon. and (4) structural arguments indicaling thal
the dominant D1 schislosity oi post Ordovician age
lransposes an earlierschistosity in the Scrie dei Laghi
whereas ir ransposes sedirnentary bedding in the
Strona Ceneri zone r. rrr Should this interprclation
becorrect, irwould have severe consequcnces for un
ravellingVariscan iectonics since the Schisti dei Laghi
would represent an olderbasement complexwith rc-
speci to the cover of the Strona-Ccneri zone r.rtr
(Borghi 1987).

Struclurally, compositional layering and main fo
liation ofihe Serie dei Laghi rernain in a subvertrcal
orientaiion, W of Lago Maggiore. l'he generalstnke
(WSW ENE). however. is distinctly discordant to
that of the lvrea zone over a considerable disLa,,lc
alongthe Pogallo fault discussed later. Along the Val
d'Ossola section, depicted in Fig.2. the Strona
Ceneri zone r. rr. is dircctly juxtaposed with the
Ivrea zone, followed by the Schisti dei Laghi further
10 the S. Hence, the "younging" direciion would be
lowards the N. if ihe Schisti dei Laghi are. indeed,
olderThiswould imply that the lowercrustal section
across the Ivrea zone was overlain by an inverted
mid- and upper crustal section represented by rhe
Seric dei Laghi after removing later tilring ofthe cn-
lire section. Further complications with the concept
of the Serie dei Laghi rcpreseflting an older base-
menr, arise from the facr rhat the serie dei Laghi
reippear in direct  contdcr wirh rhe Tvrea /onc. in ,n
areafurthertotheNE(Val Cannobina)accordingto
Boriani el al. (1990b). Tbis area is characrerized by
later folding of the main foliation around subvertical
E plunging axes ( 'Schlingen") continuing into .he
Gamborogno area east ofLago Maggiore (Reinhard
1964i Borghi 1989). This folding around subvertical
axes is interpreicd to be the result of Late Palaeozorc
strike slip tectonics by Boriani at al. (1990a). How
ever.  i l  vert ical iTar.on ot  lhe mJin {chi{osiry i ,  ar-
iribured to Alpine lilling (Schmid et al. 1987) the
altitde oi the fold axes would have been subhori
zontal at the time oflheir formation. The stretching
lineations within thc Serie dei Laghi exhibit consid-
erable scatter (Borghi 1989) probably due to this
same large-scale rctolding event.

The Ordovician graniles provide a iime marker
not available in the Ivrcazone- l'he age ofsedimenla
tjon ofthe Schisti dei Laghiis mostprobably Protero
zoic or carly Palaeozoic. given high P relics pre-dai-
ing the Ordovician graniles. The age of regional
merdmo'phi \m coeral  $ i th the formJr ion ot  lhe marn
foliation is constrained to be postordovician in ihe
Serie dei Laghi according to Boriani et al. (1990b).
Relics of a pre Ordovician phase ol high pressure
melamorphismarefoundwi lh intheSchist ideiLaghi
in the Gamborogno area where Borghi (1988) esti
mates pressures between 15 and 20 kb and tempera-
tures > 700'C. Widespread occurrences ot kyanite
documcnt relatively high pressures tor the main posr-
Ordovician metamorphism as well. During this
VrrFcan evenr rhcrc appcu r \  lo be l  l le.parral  rar ia
tion in metamorphic grade except near the contact
with the Ivrea zone where sillimanite appears. Silli-
manite grows posl kinematically indicating that the
thernal peak (600 650'C) followed the baric peak
(G8 kb: P-T esrirnales according to Borghi 1988 and
Boriani et al. 1990b). Borshi (1987. 1988) reporrs a
second greenscbist metamorphic and delormational
overprint related to exhunalion bur predaring Late
Palaeozoic magnatism (Boriani ei al. 1990b). This
observation supports interprelalions based on rhe
cooling age concept indicating that rhe Seric dei
Laghi represent a bigher structural level, that cooled
earlicr than the Ivrea zone, which still occupies a deep
c'  u, ta l  le\  e l  dur ing rhe Lare Palaeo/orc (dndrc\ i ,  rc
Iated to the Lale Palaeozoic inrrusion ofparts of the
rnain Mafic formation). This is importantsince Bori-
ani ei al. (1990a) cast serious doubts on rhe cooUng
age concepl and its lectonic consequences, discussed

The subvertically orienled contact beiween Scrie
dei Laghi and Ivrea zone h of tectonic nalure along
the Pogauo line which compriscs the Pogallo ducirle
liult zone and a narrow fault zone associatcd w,trr
greenschisl frcies mylonires and calaclasites (Handy
1987). The kiDematics ol movement are those of
oblique sinislral strike-slip in present day coordi,
nates. The synkinematic metamorpbic gradient (in,
creasing netamorphic grade across strike towards
the lvrea zone and along strike towards the NE) led
Handy (1987) toconfirm a hypoihcsis first publisbed
by Hodges and Fountain (1984). namelyihat ota titt
ed normal faull of Mesozoic age. Thc asynrmetry of
synkinematic meiamoryhic coflditions precludes a
strike'slip scenario and ;s typical for normal taults
Gee Mancklelow 1990. for a particularly well docu-
menled Alpine example). The age is inferred from
applying thc cooUng age concept and will be dis
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Boriani ei al. (1990a) do not share thisvicw and in
lerprel lhc Pogallo faull as a slrike sUp zone fo.med
during the late Variscan but before intrusion of the
appinites. Thisdating is at odds with rhe observation
oftectonic overprint otPermian inlrusions by lecton
ic activity alongihe Pogallofault (Handy 1987). This
alternative view results in an earlicr age tor vertical
izalion ol the Ivrea zone and Serie dei Laghi
(Variscan as opposed to Alpine) and is incompatible
wiih evidence from ihe cooling ages (Handy 1987),
Alpine deformation in the lvrea zone (Schnid et al.
1987) and palaeomagnetic evidence for post-
Oligocene 60'rolation of the Ivrea zoDe (Schmid et
ar. r989).

According to Boriani et al. (1990a) anolher fault
zone is belicved to be closely associated with tbe
Pogallo fault, in terms ofkinematics and time of for-
mation: the "Cossato-Mergozzo-Brhago line" (CMB
line). According to Boriani et al. (1990a), this "line"
narks the transition between the Ivrea zone and Se-
rie dei Laghi where the Pogallo fault breaks away
f.on this litbological contact (SW of Val d'Ossola)
and where the Pogallo fault no longer appears as a
struciural discontinuiry (Val Cannobina) due 10 high
cr melamorphic cond;tions during fault movement
(Handy 1987). The principal argument for the inter
pretalion ofboth CMB line and Pogallo linein terms
of a Late Variscan stdke-slip zone is that the appinire
suite is spalially and temporally associated with the
CMB line, the appinites having intruded into
transtensional segments of this vertically oriented
fault zone. In view of the undisputable fact that thl3
Pogallo faull defoms Pemian intrusives (Handy
1987).the timiDgofthe CMB andPogallolines as part
of a late Variscan fault zone becones very unU kely.

In (he absence ofmodern structural studies along
the CMB line itcannot yet be decided wiih ceriainry,
when, and if at all, such a high-grade faull zone was
active. The occurreDce of (Early Palaeozoic?) bigh
pressure relics at and to both sides of this 'line", to-
getherwith difticultiesin delineating a clear Iithologi
cal and/orstructural boundary away from the Pogallo
line (ValCannobina, Sw partofVal d'ossola) argues
for a conmon geological history of both the lvrea
zonc and Serie dei Laghi forthe final stages ofcrustal
evolution. betbre the onset offault movemcnt along
the Pogallo line. However, considerable detachment
must have occurred between Ivrea zone and Serie dei
Laghi duringVariscan orogeny asdiscussedin the fol
lowing discussion seclion.

Towards the E. tbe Serie dei Laghi are delimrted
by anotherfault zone, the Val Colla line, frorn the Val
Colla zone. This fault zone is characterized by green-
schist lacies overprint of presumably Variscan age

(Reinhard 1964) and its southern parlwasreactivated
during Alpine orogeny according 10 Schumacher
(1990). No major jump in Varhcan metamorphic
grade isobserved across the Val Coila line. The kine
matics of movement along the Cremosina line are srill
unknown. The map pattern (Fig.l) suggcsls dextral
transtensive movements during AIpine orogeny.

4 Discussion

4.1 Age andGeotectonic Setting of Pre-Late
Pal,.t eo zoi t De[o rma t io n a n d +4 cr a mo r ph itm

A pre-Variscan cvenl related to higb-pressure rneta-
.norphism (only sporadically docunented in Ivrea
zone and Serie deiLaghi) andassociateddeformarion
(documented only in parts of the Serie dei Laghi) is
interpreted to be responsible forp;le up andjuxiapo-
sition of the various metasedimentary units which
now occupy an inpressive volume of rocks within
Ivrea zone and Serie dei Laghi. Al least pans ofthe
mafic lithologies were incorporated duringahis event
as well (mafics of oceanic odgin, arnphibolites with
high-P relict. The agc of intrusion of the Anzola-
type gabbro and the mafics within the laycred com
plex remains urknown. The pre-Ordovician age of
this event is documented in the Serie dei Laghi. Ac-
crelionary wedge formation and underplating of a hy
pothetical continent above a subducted Ivrea ocea-
niccrustis the nost likely scenario for explaining the
lack ofan older granitic basement for the Ivrea zoDe
and Serie dei Laghi metasedirnents (Fig-3A). Sup-
posingsuch a scenario to be correct anyattempi ar re-
construciing a simple stratigraphic sequence for these
rnetasedimentswould be bound to fail. Tbe age of ac-
cretionarywedge formation can only be furthercon-
strained if the Sm-Nd data of around 600 Ma
(voshage el  al .  Iq87. |488. ho\ evcr.cr.dnorhef\re$
in Voshage ei al. 1990) a.e taken ro date the earliesr
event ofcrusl (more precisely oceaniccrust accepting
an accretionary wedge scenario) fornation Dear the
crust-mantle boundary in the Ivrea zone. ln such a
case Late Proterozoic to Early Palaeozoic ("Cadomi-
an" or Caledonian) age is most likely. Radiometric
dating of an Ordovician tectono-metamorphic event
iD anatectic paragneisses (478 Ma Rb Sr whole rock
rsochron ol  HunTrker dnd Zingg Io80 however cf
Pin 1990 tor a reinterpretation) and contemporane
ous intrusjon of granites in the Serie dei Laghi indi-
cate restauralion of a high geotherm by Ordovrcran
times (Fig.3B). The age of inrrusion of the Anzola-
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type gabbros is unknown but tentatively assumed to
be conlcmporaneous wilh this first cvcnt ofanatexis
in the paragneisses (Fig.38).

Muchot lheconlro\er,)  dboul  the"ageol  region-
al melamorphisrn" in the Ivrea zone is redundant in
the sense that a longlasting history ofpolyphase de-
tormation, dehydration, anatcxis and mcll mobiliza
tion prod uced dinerenl effects on the various isolopic
syslems used tbrdatinsGee discussion in Zinggeial.
1990). For exarnple. ihe youngest ages of around
270 Marelaled to ,natexis found withi. and adjaceDt
to tbe Matic formation (Pin 1986; Biirgi and Kliitzli
1990) do not date the "age of metamorphism" but
most probably a magmatic event at the end of a long-
laslinghislory ot dccp burial (cpisodc I otHandy and
Zingg 1991) of 1bc Ivrca zone. This was imrnedialely
tbllowed by or perhaps contempo.aneous with initial
srages of uplifr indicaied by ihe cooling ages (for a
compilation of cooling age data. see Zingg et al- I S90
and Handyand Zingg 1991). The metamoryhiczona-
t ioD probablydoes not havean "age" ei thersince i t  is
expected to be ihe final p.oduci of this longlasting
history. Individual deformational episode 1 events
(Handy rnd Zingg l99l) associatcd wilh lbis high-
grade metamorphism cannol be lied to individual
metamorphic events,since the microstructures are all
strongly annealed.

ln caseofthe lvrea zone. a Variscan tectonomeia-
norphic event can only be indireclly inferred frorn
the pervasive polyphase deformational overprint of
the various lithological units previously juxtaposed in
thc Early Palaeozoic accretionary wedge selting. Its
age is poorlyconstrained from radiometric age dating

Gee discussion in Zingg et aI.1990). But the deforma-
tion relatcd to this evenl cenainly pre dales the
270 Ma thermal overprint in the contact zone ofthe
Maficformation.

Given the Ordovician granites as a iime markcr
(a66\a0) Ihe J isr i rcr ion her$een fre Ordovcrar
(pre-intrusion) and varhcan (post-inrrusion) struc-
tures is easier for the Serie dei Llghi. The inferred
Variscan age lbrthe main metamorphic anddeforma-
tional overprini, as seen loday, is primarily based on
slructural observations indicating thal nineral
gfowth i \  re la led to lhe main ,chi . losi t )  porFdar ing
rhe Ordo\ ic idn grdni te.nrusion {Borghi  lo87. lo88)
lnrerpretJr iun ul  rJdiomern Jgc Jelerni Idt ion, .
however, is more problematic. Zircon U-Pb and Rb-
Sr lotal rock ages scatler between 550 and 450 Ma,
while mineral ages, including hornblende K Ar and
muscovite Rb'Sr data (scattering between 390 and
260 Ma) indicalc thal tcmpcralurcs ot alleas1500'C
persisted duringthe Variscan event (see compilation
of age data in zingg er al. 1990). Boriani er al.

(1982/83) suggest that the muscovire Rb-Sr ages
1' , ,und l )5 Vr dare lhrr  vdnscan e!cnr more prrc ise
ly. Some of the monazite U-Pb ages (Kilppel 1974t
Kijppel and Griinenfelder 1978/79) also indicale a
Variscan event between320 and 285 Ma. On the olh-
er hand, Zinge (1983) casts doubts on the inrerpreta-
lion ot these ages as formation ages. Thc cooling
curve for the sourhern part of the serie dei Laghi is
rea\ondbl)  wel le ' rdbl i 'hcd ro '  

' l ,e 'eSron 
S ol  Bf l \sd-

go Gcc Fig.4b in Handy and Zings 1991) and suggests
rapid cooling imrnediaiely posi-dating the 325 Ma
nuscovitc Rb-Sr age. Since mpid exhumation be-
tween 325 and about 310 Ma (bio1i1c ages closing at
around300'C) isprobably related to Va.iscan oroge-
n\  ( :*  Hrndy and / ,ngg lw{ l  dnd lhe rol losing
discussion) the 325 310Ma cooling period for tne
soulhern part of the Serie dei Laghi probably dates
the final slagcs olVariscan orogeny.

In spite of these difficulties in inlerpreting radio
metric data we regard lbe structural observations ot
Bo.ghi (1987. 1988) as convincing evidcnce ror a
Variscan age oI the main leclono metamorphic evenl
in the Scric dci Laghi. The relalively higb pressures
(6 4 kb) indicated for this Variscan event character
ized b) rhe wrdespread occurrence ot  kydni le d,e in
conlrast 1() those of tbe amphibolite facies part ofthe
lvrea zoDe (5 6 kb) where sillimanite is the predomi
nani phase. Two inlerpretations are possiblei (1) the
Ivrea zone and Serie dei Laghi do not represent a
crustal section during Variscan orogeny a1 all and are
juxtaposed in lalc Variscan times by movements
along the CMB l ine (Bor iani  er  a l .  1990a);or (2) an
earlier baric peak was completely ove+rinled by sub
sequent temperature clominated metamorphism
and/or Late Palaeozoic magmaiism in the Ivreazone
where high temperature conditions persisled nuch
longer. In fact, kyanile has also been reported from
thc Ivreazone in the ValSesia. BieLla and Val crande
region (Bertolani 1959; Capedri 1971: Boriani aDd
Sacchi 1973:Handy 1986).

Arguments agains! late Variscan activity along the
CMB linehavealreadybecndiscussed. Additionally,
ihe following argunent favours the second interpre-
ulion: bolh sillimanite and kyanite are found within
the Serie dei Laghi adjacent to the lvrea zone in Val
Cannobina (Boriani et al. 1977). siUimaniie growing
later and post-kinematically. Borghi (1988) reports a
substantial decrease in pressure at constant tempera,
ture associated with this post-kinemaric melamor
phicstage,also found in the Gamborogno area. Thus.
it seems ihal a laler thermal overprint, albeit weaker.
is also presen! in the Serie dei Laghi. However tbis
thermal overyrint was closely folbwed by uplift
(margarilc coronas around kyanire repo ed by
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Borghi (1988) and did not reach completion within
thc Serie dei Laghi.

T$o ddd.Lron" l  learure!  u l  Ihc Var i \dn
iectorometamorplric event in the Serie dei Laghi
contrasl wiih lindings in the Ivrea zone: (1) the ab-
sence of a metamorphic zonation except near the
conlact with lhe lvrea zonei and (2) thc presence of
greenschist tacies deformalional overprint prc-dal-
ing Late Palaeozoic magmatism. This suggests .ie_
coupling between the lowcr ctusl (Ivrea zone) and
'nlermediarr  cru\ral  leveh (Scr ie dei  I  rghi)  dur ing
lhe Variscan orogcny (Fig.3C) rather tbar late
Variscan juxlaposition along the CMB linc. This de-
coupling could be hcld responsible for majot direr
ences in structural style between the lvrea zore and
Serie dci Laghi (see also Handy and Zingg 1991):
large-scale Pre Alpine tolding leading to variablc
oricntations of strelching linealions ("Scblingen"
folds) is restricted to the Serie dei Laghi. Srch large-
scale folding and/or faulling, associated with cruslal
thickening and subsequent exbumalion during the
pre'Late Palaeozoic greenschist facies event of
Borghi (1988). could be held responsible for the dis
mplion of metamorphic gradienls and early ex-
humation of large parts of the Serie dei Laghi. Due
10 the considerable lack of detailed slructural inves'
tigations in the Scrie dei Laghi, no more can be said
with respect to the Variscan orogeny and its geotec

It has 1() be emphasized, bowever, that the ex-
humation history oflhe SE partofthe Serie deiLaghi
definitely pre-dates that of the lvrea zone and thus
cannol  be relaled lo Lare Palaeo/orc o '  \4eso/oic
eventsdiscussed in the Dexlsecl ion. In theSEpart  of
tbe Seric dci Laghi, exhumatioD occurred during the
closins stages ofVariscan orogeny (325 310Ma)and
was accompanied by verysubstantial amounts of ero
sion (indicated in Fig.3C) as docurnented by the Per-
mo-Carboniferous iransgression onto amphibolilc
gradc basement. No direct signs oI exhumation and
cooling pre-daling Late Palaeozoic and Mesozorc
events have been found in lhc Ivrea zone so tar. The
Ivrea lowercrus! is completely detached from higher
c.ustal levels and remains in a regime of elevated
remperatures. Howevcr, since the considerable
anounts oferosion in the Seric dci Laghi suggest iso-
sratic uplift ofoverlhickened iniermediaie and upper
crustal levels, isothermal uplitt ofthe lower crust is to
be expectcd. The pressure estimates olSills (1984) for
the lowermost granuLite facies part (< 9 kb) indeed
suggest tha! normal cruslal thickness of around 30 km
was reinstalled before final equilibration ofthe geo-
baromelers. lt is tbis isoslatic and isothermal uphft
which could lead to temperalure dominatcd over-

prinl in the lvrea zone, related io the re-installation of
normal crustal thickncss and strong annealing of mi'

1.2 Age and Ceotectonic Setting
of Magmatism and Uplifi Duling
the Late PalLreozoicand Earl! Mesozoic

Diametrically opposed views have been proposed
with regard to the Late Palaeozoic and Early Meso-
zoicevolulion. Onc is that expressed by Boriani et al.
( 1990a,b) who emphasize the imporlance of transcur-
rcnr movemcnr '  dur ing the T are Pr laeo/oi .  (P( 'mi-

an) period. They invoke a subduction zone w(h
oblique incidence along the CMB line connected with
uplift of the Ivrea zone and emplacemenl of diorilic
srocks and dykcs in transtensional sectors, immedi-
ately followed byan Early Permian magmaticarcrep-
resented by the Graniti dei Laghi and related vof
canics. Stille and Buleiti (1987) even propose
SF-direcled.ubducr ion ol  Iv ' ra o.cdnn crusr dur ing
Permian 1;mc, a scenario similar to that proposed in
the previous Section forEarly Palaeozoictimes. They
suggest that final closure ofthe Proto-Tethys did nol
occur betbre Permian times. Theseviews are nol only
incompatible witb the regional rnelarnorphic evolu-
t;on duringthe closingstages ofvariscan orogeny dis
cussed so far, but also with ihe large-scale scenano
proposed by Ziegler (1986) indicating Westphalian-
Early Stephanian (about 300 Ma) consolidation ot
lhe Variscan foldbell in Europc.

Anorher ues a*ume. lhar no. 'L{r l  rh ickening
occurredsinceEarlyPermiant imesandthattbepre
sentday th;ckness of lvrea zone and Serie dei Laghi
in the val d'Ossola profile allows for an cstimale of
the lolal crustal tbickness of about 30km for the
Southern Alpine basernent Gketched in Fig.3D) be'
fore the onset of Late Palaeozoic events (Handy
1987). Thereby, the etfecls of Variscan orogeny and
cruslal thickening are not taken into consideration,
i. c. i1 is tacitly inferred thata normal crustal thickness
(30 krn) was re-inslalled afler the Variscan orogeny
and before deposition of the Permo Carbonifcrous
covcr aboui 300 Ma ago. These assumptions are rea
.onab,e in rhe l 'ghr ol  I \c discu's ions ot  rhe pre!  iou'
chaprer and the findings of Eisbacher et al. ( 1989) for
the Schwarzwald-Vosges area. lt is importanttorecaU
that estimates on the amounl of cruslalthinning dur-
ing Lale Palaeozoic and Early Mesozoic crustal atten
ualion (Handy 1987) rely on these assumptions,
which are not una n imously accepted-

De formations related to episode 2 defofm ation. rn
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thc sense of Handy and Zingg (1991), ctearly post
date annealed microslrucrurcs for lhe high tempera-
ture shearzones obscrved in mrny parts olthe Ivrea
zonc, some of them forming under similar or even
higher meramorphic conditions than those prevailing
during episode l. Brodie and Ruuer (19s7) infcrrcd
some 2 km of crustal rhinning produced by an anasro-
mosing nclwork of mylonite zones and small-scaic
shcar zones within the lowermost 5 km of the Ivre,
zone adjacenr to and within ultrarnafic bodies. They
infer E-W-dirccled extension by restoringihe sirelch-
ing lineations into their pre-Alpinc orientation.
Handy (1987) estimated a total amount of crustal
thinning of around 8 10km produced by normal
laulting alongthe conlacl belween lvreazone and Se-
rie dei Laghi a1 and in the vicinity of the Pogallo fault,
again indicating E w extension when resroring the
lvrea zone into a subhorizonlal atlitnde. There. al
though exlcnsion initiated under peak meiamorphic
conditions. mosi of the movemenl occurred under
retrogradc conditioDs. Assuming an original custal
thickness of30 km, the total amount oi strerching re
sults ir a strerching factor ofp=1.5 1.1.

Difficulties arise dlrringattemptsto da!e these ex-
lensional features more exacdy within the large
270-180 Ma lime interval indicated by the cooling
ages in the Ivreazone. Direct observational links be
Lween stretching and Laie Palaeozoic nagmatrc ac,
tiviry have not been established yet- Brodie et al.
(1989) dale initiation ofcrustal thinning in the lower-
moJ I \_ea crusr at around 280 Vd. inrerfrelrng Ar.
Ar data obtained lrom extensional shearzones to be
cooling ages. This age closely corresponds to the age
of intrusion of parts oi the Mafic fomation in Val
Sesia. Thus Ihe rnrni fendl ionr ol  Lare Paldeoroic
magmaljc activjty are contemporaneous with the ini
tial stages of E-W-directed extension according to

It follows from this discussion thal the initial phas
es ol  cru,ral  a|enuarion ma) be Lore Paldeozoic.
Handy and Zingg (1991) proposed thai these inilial
stretchingstages reflect a teclonicregimewhich is dis-
tinclly differenl trorn passive continental margin for-
mation in the Mesozoic- Based on the geometry oI
presently ENE-WSW-rrending CollioVerrucano
basins they propose sinistral transtension of the
Southern Alpine crusi,coeval with Perrnian magma
tism in atl crusral lcvcls, and compatible with the ob-
servcd E-W stretching lineations in the high-rempcr
ature mylonites ofBrodie and Rutler (1987). Handy
and Zingg (1991) suggest thal sucb local sinistral
translcnsion would have to be conjugate with large
scale dextral shear between Africa and Europe
(Arthaud and Ma(e 1977i Ziegler 1986).

Concerning rhe Pogallo fault, Handy (1987) esti
mates that about 3 km of crusl was thiDned at rhe
Ivrea zoDe Serie dei Laghi conlact sometime be-
r$een fdr ly Pcnnian rnd Mrddle Tr ias. i (  r imes,
bascd on an interpretation ofcooling ages adjacenr ro
the Pogallo line. However, an additional5-7 km have
ro be kincmfl ic0l l )  l inked ro n nc$ reclonrc scenaf lo:
the opening of rhe NNE SSW trending asymrnelri
cal rifts forned during the Late Triassic 1I) Early
Jurassic (Bernoulli 1964: Bertotri 1990. 1991). The
idea, that eariier crustal altenuation relateo .o
wrench leclonics was actually related to rnovements
alongthe Pogallo faultzone, asseen today,is noi com-
pelling. The structural discordance across the green
schist facies mylonites and cataclasites at the sourh-
ern nargin ofthe Pogallo faull zone certainly formed
during the Early Jurassic when temperalure in the
lvrea zone feu to beiow300'C.

Late Palaeozoic nagmatism is coeval ai all crusral
levels (Fig.3D). The new data and observations of
Biirgi and Klaitzli (1990) lend additional support to
the suggestion first proposed by Fountain (1986) that
intrusion of the Mafic lbrnation caused partial melt
ingin deepcrustal metasediments which in turn led to
Permian plutonic and volcanic acriviry in higher
c slal levels. Additionally, crustal contaminarion
within phlogopite petidotites and intrusion of rnafic
and ulrramafic dykes into the Balmuccia peridotite
(Voshage et al. 1987, 1988) are contemporaneous
with this event. This points to a deepseated origin of
magmatic activily. whole crusral failure due to Late
Palaeozoic wrench tectonics (Ziegler 1986) could
haveal lowedrapidnagrnarscent(HandyandZingg
1991). Polentially. the lvrea zone offers an unique op-
portunity to study thc deep crustallnanifestations of
tbis, often undereslimated, major tectonic and mag
matic event. Since this event post-dalcs exhumation
of the Serie dei Laghi and reslauration of a normal
crustal thickness afler the Variscan orogeny. the term
"Late Variscan" is misleading. ln facr, Arrhaud and
Matte (1977) suggest that this wrench faulring cvent is
independent of the previous evolulion and forms a
peculiar class of tectonic movcment affectingrhe en-
t i rer igidcrust.

Details on contemporaneous strain partition'ng
between lower cruslal extension by anasromosing
conjugate shear zones, localized shear along the
Pogallo fault and faulting directly associated wirh
basin formation (Fig.3E) remaiD problematic, duc to
dating problens wilh regard to the high-lemperature
shearzones in the lowercrusi. However,we do not re-
gard the argumenis for Late Palaeozoic inirialion of
shear zone formation proposed by Brodie et al.
(1989) as conclnsive. According to Brodie and Rutter
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(1987), the geometric characteristics of these conju-
gate shear zones suggest substanlial shortening per
pendicularto layering (i. e. in a vertical direction after
relro-dcformation of Alpine tilting). This type of
s l ra in r .  h l rd l )  cornpr l ib le s i r t  $rench recro| i \ \
Consequenlly, we favour an Early Mesozoic age for
theirformation (Fig.3E). From large scale consider
ar ions and from a iedimenrological  po.nr ot  \ ies
(Bcrloti 1990, 1991) ir is more appropriare ro sepa-
rate clearly Late Palaeozoic wrench ieclonics iiom
the onsei of crusial attenuatiuon during the Middle
Triassic. In tac1, a Middlc Triassic magmatic cvcnt re-
laled to lhe initiation ofrifting has recently been re'
porrcd h) SIahl '  ar  d l .  a l r )q0) | rom Ihc lvrcd, /on.

4.3 Emplacement Tectonics Duting AIpine
Otugeny

The cooling agcs indicaie thai temperatures fell be-
low 300'C before the Middle Jurassic for the enlire
Southern Alpine basement seclion exposed today.
Therefore, emplacement tectonics during the Alpine
orogeny was only associaledwith nodcrate uplift and
the temperatures prevailing during Alp;ne detbrna-
tion did no1 allow for a penetrative struclural over
print. Consequently. the Ivrea zone acted as a re
latively rigid indenier during post-collisional
lranspressive movcments, al a relrainingbend ofthe
Insubric line (Merle et al. 1989; Schmid et al. 1989).

Nevenheless.  lhe pre-Alp.ne marn lo l |auon. In-
cludinghigh grade nylonire horizons relaled 1() Lale
Palaeozoic and Early Mesozoic exhumation were af'
fected by tlexural slip folding producing major an-
tiforms imnediately S ofthe lnsubricline. Schmid et
al. (1987) resardthese antiforms as synchronous with
backlhrusling along lhe lnsubdcline during ihe Lale
Oligocene. The tilted cross section throqh the
Southern Alpine crust in the Val d'Ossola geomerri
cally corresponds to the SE lirnb ot the Prornan an
tiform with granulite facies Ivrea zone in its core
(Figs.2 and 3F).Iis NW limb is constituted by strong-
ly rnylonilized remnants of higher crustal levels
(Canavese and anphibolite facies lvrea zone). Ex'
lreme artenuarion of the Nw limb and lack oflareral
continuitybetween individual antiformsalongstrike
is due to later overprint by strike+lip movements
along the Insubric line. Contlicling views exisl on thc
meramolphic condirions associaled with another an
tiform at Finero (greenschist facies conditions. ac-
cording to Kruhland Voll 19T6versus amphibolite fa
cies conditions. reported by Steck and Tiache 1976).
The easlern plunge oI ye1 another antiforrn (un

doubtedly forrned under greenschist facies condi
tions) of inferred Alpine age near Ascona (Schnid
unpLbl .  re\Ll ts)  is  reponsrble lor  rhe cd,rcrn rcrmina
tion ot thc Ivrea zone which is interpreted to be at
much grearerdepth (around20 km) along theNFP20
soulhern traverse (Bernoulli et al. 1990). On the otb-
er hand. tilting due to large-scale folding seems to
persist towards the SW and into the ECORS profile
(Rey er al. 1990). Thc basemenl covercontact, under
the cover ofthe Po plair. is gently SE dipping along
the ECORS profiie (Roure el al. 1990). indicating a
hinge zone betweeD the verticalized Ivrea cross-sec-
tion and this gently dipping bascmcnt-cover contact.
During the Lale Oligocene to Early Miocene. r.e.
contemporaneous with verticalization due ro folding,
lh i ,  br ,emenFco!er conracl  sd,  chorrencd b) minol
rh sr ing (Roureet al .1990).

East oILago Maggiore, theAlpine defornation is
nore conplex and appears 10 be characterized by a
network of thrusts (e.g. the Ganborogno thrusl
mapped in Fig. l )  and rdnsfer zores f . 'ming in -e
sponse 1() an inlerference between E w and N-S com-
pressioD during several pbases of Alpine overprint
(Schumacher 1990). Thus, ihe basemcni high. E of
Lago Maggiore. cannot be uniquely related to tilting
of a cross section through the Southcn Alpine base
ment. Even further 1() the E (GrigDia section. Laub-
scher 1985) it nay be entirely related to ramp an-
tiforms forming during S-vergenl thrusling.

Only a limited anounl of fission track data are
presently available for radiometrically dating Alpine
emplacement tectonics (Hurford 1986jHurford et al.
1989;Btirgi and Kldlzli 1990). According to the ap-
atite fission track data tilting of the lvrea zonc and
vertical componenls ofrclalive movement aloDg the
Insubric line are older than 12 Ma. The zircon data
exhibit a large scatter, possibly due ro rejuvenation
near lhe Insubricline. Howeve! the age of64 Ma re
ported by Biirgi and Klotzli points !o a pre-Oligocene
phase of uplifl, predating verticalization during the
Late OUgoccnc. Earlier evenls are also indicated by
K'Ar mineral ages found within the Canavese sedi
menrs along ihe SW part of the Insubric linc (Zingg
and Hunziker 1990), a segncnl of the Insubric line
where pre-Oligocene mylonites are preserved
(Schmid er al. 1989).

Late Cretaceeous and/or Palaeocene orogeny af-
fected a large partofthe Soulhern Alpine basemenl.
presenlly exposedin the CenlralAlps (Sesia zone, rn-
cluding tbe "seconda zona diorito kinzigitica", Dal
PiazthisVol). Schmid et al. (1987) speculated thal the
density invcrsion a11he base of the lvrea geophysical
body is due to underplaiing by a SE-dipping continu
alion ofthe Sesiazone duringthis early Alpine event.
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Brack (1981) documentcd pre Late Eocene defbrma-
tion near the Adamello intrusion. a compressional
phase held responsible for much of the thrusling E of
Lago Maggiorc by Scbumacher (1990). Zings and
Hunziker (1990) repor! Cretaceous mica ages in the
Canavese sedimenls at thc SW end of the lnsubric
line. No structures felated to this early phase of
Alpine tectonics have been documented so far in the

Olher phases of Alpine overprint are postulated
tbr the cover of the Southern AIps (La1e Eocene to
Early Mioccne and Late Miocene thrusring.Bernoul-
li eral.1989). However theireftecl is not docunenled
wesl ol Lago Maggiore where large scale liiting of lbe
SE lirnb or tbe Proman antiform during the Late
Oligocene and Early Miocene is held responsible tor
exposure of this unique cross scclion thro gh the en-
rire crust (Fig.3F).

1.4 Do lvreaZone awl Serie dei Laghi
Ex p o s e a Ty p i a I Crc ss - S e ct io n Thro ug h
Continental Crust?

Il was argued that the major eflect ofAlpine orogeny
was large-scale tiliingin the absence ofa penetralive
overprint and/ormajor lbrusting along the Vald'Os,
sola seclion. Supposing this interyretation to be cor-
recl (ioropposing views see Boriani ei al. l990a,b) a
cross-section through pre-Alpinc crusl is indeed ex
po\ed. Hoqever.  Joe'  rhncros+\eclron e\pose a tvp.-
cal section through continental crust in general, a
Pi l rco: /on orogen.orr l  e ' rar i re l )  th innedconunen-
tal crust in a passive continental margin environmenl?

It is hoped that the previous discussions made il
clear that this section is the resull ot a long lasting
cornplex evolution. It began with accretion of thick
packages of meiasediments and mafic intrusrons
above a subducting oceanic lithosphere and below an
old continental basement, not preserved within the
area ofinleresl, followed by a long lasting period of
consolidation in a lowercrustal environmenl and par-
tial exhunation due to Late Palaeozoic and Early
Mesozoic extension lectonics. In this sense. the
prcscnlly exposed section is acomposite of an evolu-
tionwhich isparticularforthis zone. Thercfore,il can
certainly no1 provide a univenrally valid "type sec-
tion" of continental crust. Very likely the search atter
a " t lpe secr ion is a kuir lcs.  cnre p ' .e.  rnysr) .  in
the scnsc thasl il would reflect a highly inmobilistic
view of crusral evolution.

In rcgard to the Variscan orogeny, the polential
rdrrntuge oi  luvrng Jn e\po.ed crunal  secr ion i '

counteracled by the disadvantage that highercruslal
levels are not presewed, due io subslanlial amounts
of erosion. before deposilion of the Perrno Ca rbonif-
erous onto amphibolilc grade rocks. Consequently.
only deeper crustal levels ofthis orogen are exposed.
A comparison of P-T conditions between the lvrea
zone and Serie dei Laghi suggeslsthal P T conditions
did not equilibrate atthe saIr)e time within these units
which were decouplcd drring orogeny. Hence, thc
prescnt netam orphic zonation does nol reflcct tbe P-
T condi t ion.  at  n oarr icular insrunr or l rme dur ing
Palaeozoic orogcny. This js most dramatically exem
p ir ied b) rhe conrempordneiry her$.cn gmnul le f i -
cies conditions in the lvreazone and transgression of
thc Permo Carboniferous cover onlo amphibolite
grade Se e dei Laghi. The most important conse-
quences of the inlerprertions regarding Variscan
orogeny are: (1) decouplingbelween lower und inrer-
mediate crust during Variscan orogeny: and (2) re-
cquilibralion 10 normal crustal thickness during the
late stages ofVariscan orogeny.

The most direct insight offered in thiscrossscclion
relates to the Late Palaeozoic nagmalic activiry
rFig. lD) dnd ro e) ' lensional  rLcror ics dur ing rhe Ldr-
ly Mesozoic (Fig.3E) which affected a piece ofconti
nental crust which re-equilibraled to normal rhick-
ness beforc the onsel ()f both rhese evenrs. Thc
scclion offers a un;que opportunity to studyconrem
poraneous magmatic aciiviiy associated with Lare
Palaeozoic wrench tectonics ,1 all crustal levels, an
opportunily which largely remains unexploited by
nagmaticpetrologists so far. Due to datingproblems,
it cannot be excludcd that this Late Palaeozoic nag
maric !L I iv i ry i \  conremporineous s i rh rhe in i l iat ion
ofcrustal thinning in rhe Ivreazone andalonglhe NE
part ofthe conlacl between Ivrea zone and Serie dci
Laghi.

Arremprr to reconslrucr rhL gcomelr)  rnd k ine-
matics of crustal alleDuation duringthe Early Meso
zoichavebeen made (Brodie and Ruller 1987t Handy
1987: Schnid et al. 1987; Bertotti 1990. 1991; see
Fig.3E) and suggestthateachcrustallevel had itsown
particular style for acommodating extension: listnc or
donino-type fautts in upper crustal leveis, localized
taul l ing (Pogi l lo rauh) ar mrd-crundl  levcls.  i ,nd e\-
tension of the lower crust by a nelwork ofconjugate
shear zones. However, these reconstructions assutr,c
contemporaneous stretching duringlhe Early Meso-
zoic at all crustal levels.

Seismologisls early recognized the polential of
tered by this SouthernAlpine cross section for inter-
preting seismic properlies of the crust, in particular oi
the highly reflective lower crusl (e.g. Fountain 1976).
Recently. this cross seclioD has been sampled for lab



llea zoneand Adjacenr sourhcrnAlpine Basenenr 581

oratorystudies on seismicwavevelocities (e. g. Burke
dnd Founrain lqoO). These.rudics conf irm r lc view
that Ivrea zone and Serie dei Laghi represent an ex
cellent example of attenuated contiren!al crust.

The reconstruction oflhe evolutionary scheme as
depicled in Fig.3 is admittedlyspeculative. in particu'
lar regarding the siages pre-dating Mesozoic exten-
sion. Neve heless, such a reconstruction was at
temptedwith the main purpose ofstimulating furthef
research directed towards solving fascinating prob-
lem oriented queslions. The finalstages ofthe evolu
tion (Fis.3E,F) and, in particular, the Alpine ase of
lilting ola crustal seclion are much bellerconslrained
by the available data. Concluding, we firmly believe
that lvreazone and Serie dei Laghi offer a unique op-
portuniryto study a section through altcnualcd conti
nental crust and to further investigate deep crustal
manifestations of pre-Alpine orogeny.
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