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INTRODUCTION

This guide book is organized into three sections. The first two

chapters set the general scene and the third describes the itinerary.

l.le would like to mention that we only recently started work on the

Insubr ic l ine in a jo int  project  wi th H.Laubscher (Basel) ,  supported

by the Schwei zeri scher Nationalfonds,

l,le would like to acknowiedge the contributions by N. Mancktelow

and B. l , l intsch. l , {e had many interest ing discussions with J.Hunziker,

H.Laubscher,  A.c.Mi lnes and J,G.Ramsay, and with two students work. ing

on this project ,  H.R.Aebl i  and lv l .Handy. Df.R.Liu heiped napping the

Arceqno area.
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B. Val  d '0ssola sect ion

The Val  d 'ossola cuts across the root zone of  the pennine and Austro_
alpine nappes and across the basement uni ts of  the Sou rern A. lps represented
by the Ivrea zone and the Strona-Ceneri zone.
.  - .  

The sect ion of fers a comparison between alpine defonnat ion in the amphi-
bol  i te facies rocks of  the root zone and the later nyloni t izat ion under retro_
grade condi t ions | l l i th in the myloni tes of  the Insubr i ;  l ine.  A stop near rne
Insubr ic l ine (Loro) wi l l  i l lustrate how the di f ferent l i thologies of  Ivrea
rocks,  Canavese sediments and southern Sesia zone acconmodate the d. isplacements
at the Insubr ic l ine.  The last  stop (Anzola) w. i l l  be devoted to prealp. ine h. igh
temperature shear zones w.ithin the lvrea zone

l!i!t!g!{,
Leave Donodossola in an eastern

towards l lasera. About 1 km after the
old road towards Trontano.

The Centoval l  i  l ine branches of f  the
di f fuse zone of  cataclasis,  def . jnes
and 1, / igs22p val leys ( f ig.  Z ' j  ) .  This
format ion.  Faul t  gouges dnd oreccjas
val ley.

direct ion,  cross the Toce r jver and dr ive
Toce br idge, take a r ight  turn inro cne

the l lonte Rosa zone and the l4rers-gPlrglilce

Centoval i i  L ine between Domodossola and lvasera
ffi

Insubr ic l ine near Locarno and, as a
the morphology of  the E- running Centoval t i
l ine is characler ized by near surface de-
can be studied in a snal  I  ,  deeply erooed

Go back to Donodossola and dr ive south into Vi l ladossola across a pennine
un i t  

- ( lv loncucco-Camughera 
complex) of  uncerta. jn tectonic posi t ion (see e.9.

Stop 2:  Vi l ladossola,  contact  berween
coordi nales: 663. 30/ 102 .T'5_

The outcrops are s i tuated. in the r iver bed above the old br. idge ln lne centre
of Vi l ladossola.  The fol lowing l i thologies are exposed:

Epidote amphibol ' i tes of  the Antrona ophiol j tes,  banded whjte nlca -  b jot i tegneisses which might represent the defomed pregrani t ic  basement of  the l1onte Rosa
zone. (see f ig.  9 )  and grani t . ic  gneisses which ;epresent the Varrscan granrres
of the l lonte Rosa zone.
.  -  

Large feldspar auoen within the grani t ic  aneiss exhibi t  asymmetr jc ta j ls
t f iS.3{) ,  macroscopical ly i l lustrat ing one of  the cr i ter ia usei  to deduce the
sense of  shear v/ i th in the much f jnergrained jnsubr ic myloni tes where s imi lar
structures can only be found under the microscope. The'stretchjng l jneat jon
gent ly p ' lunges NE and the augen and associated shear bands suggest a dextral
snear sense.

Boudins of  maf ic layers in the banded gneisses suggest a late stretch obl ique
to the overal l  t rend of  the fo l iat ion consistent wi th dextral  shear inq.  Note the
asynnetr ic fo lds in the boudin necks.
_ -  

The granj t ic  aneisses exhibi t  local  shear zones associated with quartzo-
feldspathic veins,  Some di latant and also dominant ly dextral  shear zones with
en.echelon tensjon gushes post-date the veins and mrrk the t ransi t ion into a more
br l  t t  le mode of  deformat ion_

Cross the Toce r iver ei ther near Domodossla or south of  Vi l ladossola and
stop in a large quarry s i tuated south of  the Beura v i l laqe,



Stop 3: Quarry of Beura, Core of the l4onte Rosa zone antiform
Coordi  nates:  + 665,10/ 102.20

In the Val  d 'ossola the l ' lonte Rosa zone forms a large ant i form gent ly plunging
NE (see f ig.  3.1).

Two rock types are quarr ied at  Beura,  a f ine grained muscovi te biot i te
gneiss occasional ly wi th turmal ine and a grani t ic  augengneiss.  The augen con-
sist  of  s ingle fe ldspars and, ' in strongly defonned parts,  of  fe ldspar aggregates.

This quarry is located in the core of  the ant i form and suggests a con-
str ict ional  state of  f in i te strain which is possibly the resui t  of  the super-
posi t ion of  axial  p ianar f lat tening on an ear l ier  p lanar anisotropy. Note the
large boud' inaged turmal ine crystals jndicat ing a considerable stretch paral le l
to the Sl,, l-NE-trending fold axis of this antiform.

This constr ict ional  fabr ic gradua' l ly  merges into the f lat tening fabr ics
observed at  the t l r lo stops in Vi l ladossola and Creste at  the northern and southern
I  imbs of  th is ant ' i form.

According to lv l i lnes et  a l  .  (1980) th is large ant i form predates the Vanzone
ant i fonn found west of  the Val  d '0sso1a, the ant. i form causing the transi t jon f rom
a region of  predominant ly f lat- ly in9 nappe boundar jes in the north into a southern
steep zone, i .e.  the so-cal led root zone ( f ig.  Z9, f ron Mi lnes et  a l  . ,  198i) ,

Drive southwards in about 2 kn to the next stop on the eastern side of the
ossola val ley and walk towards an outcrop underneath an electr ic i ty supply pylon.

Stop 4: Creste, Southern narqin of the l lonte Rosa zone- f f i
Th' is outcrop at  the southern margin of  the i lonte Rosa grani te gneiss exhibj ts
very strongly f lat tened xenol i ths,  mylonj t ic  bands and late shear bands ana-
storl] izing around asymrrtetrjc feldspar augen. Again, a dextral sense of shear
can be inferred. The myloni t ic  bands have a microstructure undist inguishable
from ordinary f inegrained gneisses and the outcrop examDl. j f ies the dj f f icul ty
in drawing a boundary between finegrained gneisses and myionit. ic rocks formed
under high grade netamorphic condi t jons.  These myloni tes also di f fer  considerably
in microscopic and nacroscopic character f rom the jnsubr ic myloni tes.  Their
mineralogy is unchanged in respect to the source rock and biot i te renains stable.

The Mesozoic of  the Southpennine realn is reduced to lenses of  anphibol j tes,
serpent in i tes and schist6 lustr6s or,  as in the case of  th is sect ion,  they are
completely mjssing. Thus, we direct ly enter the Austroalpine Sesra zone souu
of the Central Pennine l lonte Rosa zone. The Nl,l and central part of th.js zone is
made up of  banded biot i te gneisses and grani t ic  gneisses showing smal l  scale iso-
cl inal  fo lds associated with the main schistosi t t .  The SE part  of  the zone con-
sists of  medium to f ine grained banded gneisses with large folds (stop 5).  The
myloni te zone of  the Insubr ic l ine is s i tuated south of  ih is next stop (5),

or ive south for  about 4 km to stop 5 where the main road from Vi l ladossola
crosses the Toce r iver.

Stoo 5: I9999lg:?9lle_lug!gle: _ fglded gneisses of rhe Sesia zone
Looro: nales:  665.4Q/9/, l0 t4asone br idqe

665.55/97,10 abandoned quarry
A senies of l '1-shaped chevron folds is best overlooked from the western side of
the br idge. This zone of  very jntense foiding very abrupt ly ends within steeply
northwest dipping gneisses north and l / l i i th in Nl ' /  d ipping myloni tes south of  th is
local i ty,  where no S- or Z-shaped parasi t ic  fo lds wheie found yet.  I t  is  st i l l
uncjear i f  we are jn the core of  a large-scale synform or ant i iof f l .
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The a' ip ine fo l iat ion in uni t  (3)  js  d iscofdant to the prealpine fabr ic at
( l )  and (2).  see f iq.
The developnent of  the Alpine fabr ic in (3) is react. ion control led (break
down of  p lagioclase and garnet in the pei i t jc  rocks),
The northplunging stretching l ineat ion js paral le l  io the axes of  jsocl inal
fo lds.  See structure diagrarns of  f ig.
A weak crenulat ion is found especial ly jn myloni tes c lose to the contact  bet-
ween the di fferent units.

met. :  Granul  i te facies:  Nl l  part

L

Amphi bol i te " {2) and
- Porphyroclast ic minerals of  (7)  and may be

presunably of Vari scan age.
-  Alpine met. ;  Greenschist  facies condi t ions

of (1)
rel  ics in (3)
also (5) der ive f rom grani tes

in (3)-(7) prevai led dur jng mytonj t -
izat ion.

A conti nuous profi I e
di  rect i  on.  For a shorter
scri bed bel ow:

Stop 5A: Fabr ic boundary ar the chapel  of  Loro
Ihe chapel  is  s i tuated on an outcrop at  the eastern end of  the v i l laqe of  Loro.
Along the footpath to the chapel  inpure marbles,  an ui t ranaf ic lense and njaf jc
rocks of the altered Ivrea zone are exposed. The mafic rocks show narrow snear
zones with greenschist  minerals.  0n the other s ide of  the chapel  nyloni tes are
exposed, | } ]a lk ing towards the Rio di  Loro maf ic lenses with preserv;d prealpine
highgrade ninerals and structures are found within myloni tes der ived fron
pel i t ic  rocks.  The impure marbles c lose to the fabr i ;  boundary were regarqeo
as Canavese l ' lesozoic in older studies,  a ' l though the mineralogy of  these rocks
is character ist ic for  tef lperatures never reached dur jng alpine metamorphism,
These myloni t ized marbles contain large boudins of  cal i -s i l icate and maf ic rocks.

This stop provides a good vjew across the Val  d '0ssola.  The Nl, l
d ipping gneisses and myloni tes of  the Ses. ia-  and Canavese-zones contrast  wi th
the massi f  rocks of  the Ivrea zone. An ant i fonn within the Ivrea rocKs ts
vis ib le near Vogogna.

Both th is ant i form and another larger ant j form mapped by R. Schmid ( i914
north of  the lower ossola val ley are cut  of f  by the Insubr ic l ine fur ther to
the east and are presunably represent ing prealpine structures.

can be traced from the chapel in Loro in a northwestern
visit two particu'lar outcrops are reconmended and de-

Stop 6B: Lirhological  boundar ies between Ivrea- Candvese- and Sesia zones
The northwestern end of  the Ivrea der ived myloni tes (uni t  3)  . js  represenrec Dy
marbles wi th act inol i te and diopside rel ics and by pel j t ic  myioni tes.  They ar-e
fol lowed by l /2m of dark calcschist  (Canavese l , lesozojc)  and by 50 n of  gr in i t ic
myloni tes wi th muscovi te c lasts (unj t  5) .  Thjs unj t  js 'best  s iudied in ihe r iver
bed. For v is i t ing the Permotr iassic sediments (uni t  6)  fo l low the path which
starts immediat€ly north of  the r iver.  Af ter  one hundred neters uDhi l l  walk vou
wi l l  reach the strongly weathered qudrtz. i t . ic  myloni tes of  the Canavese-pemo_
tr iassjc.  Further Nl ,J the Sesia zone starts wi th grant i t ic  myloni tes.

Cont inue along the road south of  the Toce r iver in an;astward direct ion
towdrds Anzo'ia and across the large ant.iform nent.ioned above, sjtuated wjthingranul i te facies Ivrea rocks ( I4eta-basi tes,  smal i  u l t ranaf ic bodies and meta_
Del i tes).

Turn into the Anzola quarry on a serv. ice road 500 m east of  the v i l laqe.

MetamorDhi sm
- Preal  p ine
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Stop 7:  Quarry of  Anzola:  granul i te facies naf ic and pel i t ic  rocks of  the Ivrea
zone wt ln

670.60/93.10 siop B
East of  the quarry pel i t ic  and maf ic rocks al ternate.  l ' ] i th in the quarry,  a
large,body of-naf ic rocks is exposed with a weak conposi t ional  lar id ing, iocal ly
fo ' lded ( f ig.33).  To the west the quarry exposes the contact  wi th pet i t ic
rocks and a lens of  marbles.  Both,  pel i t ic  and maf ic rocks have a grano-
blast ic fabr ic and mineral  assenblages of  the gt .anul i te facies.  Acaording to
Rb-Sr total  rock determinat ion th is metamorphism is of  Caledonian age.

Mylonites are developed in shear zones at both ends of the quarry. At
the eastern end (stop A) the shear zones are nearby vertical and cut the
granul i te facjes fo l iat ion at  a smal l  angie(f ig.J9).  The shear zone at  the
l iestern end of  the quarry (stop B) is concordant to the old fo l iat ion and to
the contact betkeen mafic and Deiit ic rocks.

.  The matr ix of  the myloni t ' ized maf ic rocks shows a f jnegrained granoblast ic
nicrostructure and contains c l inopyroxene, hornblende and piagioclaie.  These
matr ix minerais have a chemjcal  composi t ion which indbtes hiqher temperatures
conpared t0 the chemistry of the porphyroclasts and the minerals of the un_
sheared maf ics (Brodie 1978, f ig.ql) .

The pel i t ic  myloni tes show garnet and deforned feldspar and si l l iman. i te
as-porphyroclasts,  wi th long tai ls of  very f jne grained minerals,  presumably
feidspar and white mica, enbedded in a quartz mair ix ( f ig.qo) .
Mineral  assembl aqes:
Cffi fiEi;;TT;-io;ts- ( ca 1edon i an granu I i te f ac i es metamorDh.i sn )

I ' taf ics:  Plagioclase, hornblende, + ortnopyroxene
+ c l inopyroxene, + garne!

Pel i tes:  Quartz,  K.  fe ldspar,  palgioclase, s i l l iman. i te,  garnet and traces
and traces of  o ior i te.

Impure marbles:  calc i te,  c l inopyroxen, scapol i te,  sphene, + quartz,  + plagioclase.
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C, The Val  Loana sect ion

This sect ion of fers the opportuni ty of  a pleasant one day hike,  through
a large var iety of  myloni t ic  rocks.  I t  d isplays good exposures of  the meso-
zoic rocks (Lanavese s. l . )  and insubr ic myloni tes in the uppernost Va' l  Loana,
si tuated between Finero and the ossola sect ion.

I  )  General  descr ipt ion (compare the pjef ls,  r ig. t l l  )
The meta-dior i tes and -gabbros of  uni t  I  ( f ig. ' {2.)  are part  of  the Ivrea
zone. A1p' jne shear ing along discrete shear planes, preserving the pre-
alpine penetrat ive fabr ic becomes more intense in a northward direct ion
(2),  where high grade marbles (3) are found, Uni t  4 contains meta-
dior i tes (dykes?) inter layered 1, / i th biot i te schists of  uni t  5,  | l . th ich
we wi l l  refer to as the Scaredi  format ion.  Thus, uni ts 4 and 5 indicate
the existence of a northern netasedimentary enveiope of the Ivrea meta-
dior i tes and -gabbros (conpare the prof i le in Loro,  Val  d '0ssola sect ion).

This Scaredi  fornat ion (5) is mult ' ip ly fo lded pr ior  to mylonj t izat ion
along the Insubr ic l ine.  Progressive myloni t izat ion towards the north goes
hand inhandwith the breakdown of  b iot i te.  A ser ies of  epi-metamorphic Peff lo-
Tr iassic sediments (b) is boudinaged due to the f low resistant Tr iassic
dolomites in the coi"e of  th is syncl ine.  A th jn lens of  Ivrea marbles and
meta-dior i tes (7) occurs north of  th is syncl ine,  and another t ra in of
Canavese sediments (8,  predominant ly nyloni t ized cherty l inestones, pre-
sumbably of  post-Tr iassic age) wi th tectonic contacts to the Scaredi
myloni tes marks the boundary wi th myloni t ized porphyr i t ic  dykes of  the
southernnost Sesia zone (9).  Both the cherty l imestones and the porphyr j t ic
dykes containing large microcl  ine porphyroclasts have a considerable lateral
cont inui ty and can be fol lowed along the Insubr ic l ine al l  the way from the
Val d '0ssola to Fincro,  Further north,  wi th in the predominant ly f inegrained
biot i te gneisses of  the Sesia zone (10),  the same dykes occur again ( l l  ) ,
but  undeformed and discordant to the older fabr ic in the Sesia gneisses.
Dior i tes,  granodio[ i tes and grani tes are typical  of  the northern Sesia
zone (12).  The porphyr i t ic  dykes seem to postdate the penetrat ive fabr ic
within the Ses' ja zone, but predate myioni t izat ion along the Insubr ic l ine.

lhe uni ts l -3 are part  of  the lvrea zone; the uni ts 9-12 belong to
the Sesia zone. l , /e suggest that  the Scared' j  format ion (5) is part  of  the
Ivrea structural  uni t  as wel l .  The paleotectonjc and present structural
posi t ion of  the Canavese s.1.  (uni ts 6 and 8) is yet  uncertain.  The degree
of netamorphism in these sediments is iow (e.9.  fur ther west the j l l i te
crystal l in i t ies document epinetamorphic condi t ions,  Zingg et  a l .  

, ]976).

Thus, the Canavese s. l .  cannot be considered to be the cover of  the Sesia
zone, which underwent a Lepont ine metanorphism under amphibol i te facies
condi  t i  ons in th is area.

Two opt ions are possible (a) the Canavesa s.1,  is  the strat igraphic
cover of  the Scaredi  format ion and hence in Dr incjDle the cover of  the
Ivrea zone. (b) The Canavese sediments and part  of  the Scaredi-nyloni tes
are tectonic s l  ices of  an independent structural  uni t  between the Ivrea-
and Sesia-zones.

In terms of  a working hypothesis we favour the f i rst  opt ion.  This
interpretat ion,  howev€r,  has ser ious inpl  icat ions on the emplacenent history
of the lvrea body. I t  would suggest that  the northern margin of  the Ivrea
zone had i ts own Permo-Tr iassic cover and that the Ivrea body was essent ia l ly
brought to the surface of the crust before these sedinents were deDosited.
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FiS. q3 :  Struiur" i t  odla,  lower hemishere.  ecual  area.

Figure tl3 surunarizes some structural data cgilected with.in the my]onites.
0n average, the myloni t . ic  fo l iat . ion dips 4Ou to the N .  The l ineurrons
scatter considerably wi th in the fo l  iat . ion plane. I t  is  interest ing to note,
however,  that  the l ineat ions wi th in the Scaredi  mylon. j tes i re- i re iominantty
subhor izontai ,  l l /hereas the l jneat ions wi th in the iesia_der ived'myloni tes -
are or iented down-dip.  Var. ious micro_structural  data ( f i9s.q?,yi , l /  ) ,supported by tne interprelat ion of  quartz fabr ics ( f io. , :  ) ,  were used tooeouce !ne shear sense for or ienled specjmens. The Scareoi  mylontres con_sistent ly indicate a dextral  shear sense, whereas the Sesia i rv ioni tes
suggest southward thrust ing of  the Sesia zone . into the Ivrea unir  anothe Canavese s-I-

. This suggests that the mylonites of the Scared.i formation may not
have been formed at the sane time the Ses.ia nylonites formed. Thrusr]ng
of the Sesia zone pre- or postdates the str ike s l ip movements.

Thrust ing of  the Sesja zone onto the Ivrea zone . js consistent wi th
the juxtaposi t ion of  the anphibol i te facies rocks of  the Sesia zone
(Lepontrne metamorphism) ! , / j  th the relat ively, ,cool , '  Ivrea zone (prealpine
metamorphism) and the ep. i  -me tanorph i  c sediments of  the Canavese ; .1. .  bextral
stnike s l ip along the Insubr jc l ine is consistent wi th large scale k inemat ic
model s (Laubscher 1970).



2) I t inerary (conpare sketch map of  f . iq.  t l ' )

Leave the road to Finero wi th in the v j l lage of  [ , la]esco near the cnurcn,
and fol low the paved road enter ing Val  Loana up to a parking tot  at  the
end of this road. l,Jalk south for about 1.5 km across the meadows to stop
l ,  where the path leading to Alp Scaredi  starts to c l . jnb.

stop ' l :  Boud' ins of  neta-dior i te wi th ' jn marbles are found just  by the path.
This zone forms an isolated sl ice of  lvrea-der ived matei ia l
tectonical ly emplaced lv i th in an i rnbr icate zone, which cons.tsEs
nainly of Scaredi mylonites and perno-t4esozoic sediments of the
Canavese s. l .  The quartz- fe l  ds path i  c myloni tes of  the Scaredl
fornat ion can be studied on outcrops below the path at  stop l .
Black cherty l inestone myloni tes occur fur ther east of  th is stop,
towards the creek in the val ley f loor.

stop 2:  At  an al t j tude of  1520 m, the path c l i rnbs through Scaredi  mylon. i tes
containing myloni t ized quartz veins.  These quartz veins y ie lded the
quartz texture analysis presented in f ig.  f3 .  Note the subhor izontal
stretchi  ng I  jneat ion.

stop 3:  Leave the path_in an eastern djrect ion just  before reachjng Alp
Cortenuovo, u, ,a lk ing tov, /ards the i ight  grey dolomite c l i f fs  v is ib le
fron the path. Near a snali creek, the contact between the Scaredi
rnyloni tes and a strat igraphical  sequence of  permian clast ics
(Verrucano), sandstones interbedded w.ith dolon.ites, and cryptal gal
Tr iassic dolomites can be studied. The Verrucano is found again-on
the eastern l . inb of  th is synci ine.  The synci jne is boudinagid and
stretched in a Sl , l -NE direct . ion,  consistent wi th the stretching
l ineat ion in the nyionj tes.  The contact  between the Scaredi  mt loni tes
and the Verrucano is highly sheared, and no sedimentary unconiormi ty
between the Scared.i mylonites and the penro-Triassic cbver cf the
syncl ine is preserved. Such an unconformity would support  the
hypothesis that  these sediments were or ig inai ly deposj ted on the
Scaredi  fornat ion,

stop 4:  Here,  the Scaredi  format ion is sonewhat less myloni t ic ,  and rel ict
biot i te is found. Note the pegmati t ic  dykes, wh. ich have rema]ned
relat ively undeforoed. Along the path to the chapel  (stop 5),  pro-
gressive myloni t izat ion can be studied. Eventual  ly  the pegmati t ic
velns acouire a mylonj t ic  fo l iat ion as wel l ,

Alp Scaredi  of fers a splendid v iew of  the
subr ic i ine in a westward direct ion.  The
Val Grande and over A. ' la Colma into the
is v is ' ib le in a far  d. istance (see f ig.q{)

cont i  nuat i  on of  the In-
I ine runs through the
Val d '0ssola.  The l4t ,  Rosa



Fig. t l {  :  View from Alp Scaredi  in the direct ion towards Val
d 'ossola.  The lhsubr ic l ine ( I .L,)  cuts a larqe ant i -forn within the northern Ivrea zone (n.Scnrnia-iseij
di scordan y.

stop 5: i\orth of the chapel grey cherty ' l imestones are in tectonic contact
wi th the Scaredi  myloni tes to the south and the Sesia myloni tes to
the north.

stop 6: The crest towards Pizzo Stagno exposes a series of mylonit. ized
porphyr i t ic  dykes with microcl ine porphyroclasts.  Note tne oown
dip or ientat ion of  the stretching l ineat ion.

stop 7: South of Alp Scaredi, the meta-dior.jtes of the Ivrea zone are found
inter layered with the Scaredi  fonnat ion.
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Quartz microstructure of  specimen 8198 (see f ig.53 for quartz preferred
or ientat ion) found within the Scaredi  myloni tes in Val  Loana, stop 2.  The
elongat ion direct ion of  the recrystal l ized grains is obl ique to the El , ] -
or iented fol iat ion.  This,  together wi th the quartz pole f igures,  indicates
dextrai  shear ( in reference both to th js micrograph and the geographical
framework,

Fi s.  { (
Myloni t ized Pernian ciast ics f rom Val
quartz c lasts f loat ing in a ser ic i t ic

Loana, near
matr t  x.

stop L Note the
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Fis.95
l i lyl onite of the Scaredi
Loana secti on. Note the
dextral  shear sense ( in
ca1 framework).

formation col I ected between stop
dextral  shear bands indicat iong
reference to th is micrograph and

3 and 4,  Val
an overal  I
the geographi -

Fi  g.  5O

Unmy' loni  t ized rel ict  of  the
Val Loana (bi  ot i  te-muscovi  te

Scared i formati on near
schist) .

Alp Scaredi ,  stop 4,
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l ' l icrocl ine porphyroclast  wi th asymnetr ic ta i1s,  suggest ing
sense of  shear ( thrust ing of  the Sesia zone onio the lvrea
the geographical  f ranework). f rom the grani t ic  myloni tes at
Val  Loana.

a si  n i  stral
zone in
stop 6,

Fi s.  5] .

Fractured microcl ine porphyroclast  wi th in the qrani t ic  myloni tes,  de-
r ived fron porphyr i t ic  dykes of  the souther n Sesia zone, stop 6,  Val
Loana. Note the dextral  f racture plane within the c last ,  opposi te jn
shear sense to the overal l  sense of  shear wi th in th is myloni te.
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C BEOENERNTEO 8198 3P I '10 F I{EFSUSED 8J38 ROTFTED 90 ]80 OO

CONTOUN VFLUES 0.5

3.0 3"5 9,0

rllNI Lll, = -0.2 |1FxItlUrl

CoNT9UF VFLUES 0,5 t ,0 1,5 2,0 2.5

|1INIhUI4 = 0.q IFXI Ut l  .  2.9 UNtFoBrl  -  1.0

Z ONLY REGENEFFTED 8198 9P I '10

1,0

lrNlFoFt.l = 1.0

R ONLY FECENEFBIED 8]38 9P I ' ID

coNlouF vsLUEs 0,5 I .o l '5 2.0 2,5 C0NT0U8 VALuE5 0.5 1.0 l '5 2.0

t l lNt luH = 0.2 Axl  Ul  = 2.8 UNIFoF = 1.0 JNlf iUir  = 0.1 t lFXl [U '2,0 UNIFoFTI = 1.0

Fi6. a5-B
Quartz X-ray pole figure data for quartz in quartz-mylonite-layer of
the Scaredi  format ion,  stop 2,  Val  Loana. Fol  iat ion hor izontal ,  l jneat ion
El,{.

C-axis crossed girdle wi th tendency towards an obl ique single girdle.  Strong
a-axis r iaximum. Dextral  shear is inferrred. Gl ide on the basal  p lanes
and the negat ive rhombs in the (a)-direct ion is suggested. For micro-
structure see f ig.9?.
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D. Fi  nero

A' long the road from Malesco to Cannobjo a sect ion across the Sesia zone
and the ul t ramaf ic Finero conplex of  the Ivrea zone js exposed.

The Finero complex consists of  phlogopj te per idot j te,  hornblende per idot i te
and associated gabbros.  Hunziker et  a l .  ( , ]982) showed that the phlogopi te and
hornblende is due to crustal  contaninat jon of  a man e per idot i te.  These rocks
have a complex hjstory wi th granui ' i te,  anphjbol i te and greenschist  facjes de-
format ion stages ( f ig.  f6 and s?).  lhe complex shows a large ant i form struct l re
which is at t r ibuted to the amphibol i te facies stage by Steck and TiEche ( , l976)
and to the greenschist  facies stage by Kruhl  and Vol l  ( i976) respect jvely.

Excurs i  on route ( f ig.  tS)
The excursion starts i runediately north of  p iano dj  Sale ( l )  near Fjnero,

where var ious prealpjne gneisses transformed to chlor i te-ser ic i ie mvloni tes
and phyl loni tes dur ing Alpine deformat ion can be observed. porphyr j t ic  dykes
of-grani t ic  composi t ion can be recognized within these myloni tes,  The myioni t ic
fo l iat ion and stretching l ineat ion are deformed by plunglng folds.

The road crosses the " Insubr ic Line" (2) and enters the metagabbros of  the
Fjnero complex.  Ihese maf ic rocks wi th orthopyroxene, c i inopyroxene, hornblende,
plagioclase, l  garnet show a strong greenschist  a l terat jon to chlor i te,  epidote
and act inol i te.  Zones of  amphibol i te facies defonmtion with the recrvstal l isat ion
of c l inopyroxene, hornblende and plagjoclase are also found within th;se maf ics.

Cont inue to point  (3)  across the hornblende per idot i te (ol iv ine,  or thopyro_
xene, c l inopyroxene, hornb' lende and spine' l )  wi th granul i te f ;c jes deformat ion.
The var iat ions of  these rocks can best be studjed in the blocks lJ of  the chapel  .
A path leads to the v i l lage of  Finero and down to the Rjo Cannobino (4) jnto
the phlogopi te per idot i te.  This rock is made of  o l iv ine,  or thopyroxene, c l  ino_
pyroxene, hornblende, phlogopi te and spinel  and shows concentr ic fo lds formed
under greenschi  st  facies condi t ions.
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E. The Arcegno sect ion (wi th contr ibut jon by B. l ' . / jntsch)

The regjon of  Arcegno, west of  Locarno, of fers a cross-sect ion through the
northern Ivrea zone, the Insubr ic myloni tes,  the Sesia zone and the l '1onte Rosa
gran' i te gneisses over a very short  d istance. Al  l  these structural  uni ts are
telescoped into d steeply north-dipping root zone by post-nappe N-S compression.
They asyrnptot ical  ly  approach the Insubr ic l ine in an eastward direct ion.  The
Insubr ic l ine steepens and at  the same t ime bends into an E-| / , j  or ientat ion and
runs through the lYagadino plain east of Locarno. The area marks the eastern
end of  the Ivrea zone to the south of  the Insubr ic l ine,  as wel l  as the eastern
end of  both the Sesia and Monte Rosa uni ts north of  the i ine.  The segments of
the Insubr jc l ine east of  Locarno, referred to as the Tonale l jne,  is  character ized
by a ' late br i t t le fau' l t  p lane, which is wel l  expressed morphological  ly .  This late,
br i t t le defonnat ion along the Tonale l ine is acconmodated by movenents along the
Centoval l i  l ine,  located imnediate ' ly  north of  the Arcegno region and jo jn ing the
lnsubr ic l ine somewhere under the cover of  the l4agadino piain east of  Locarno.

' l )  General  descr ipt ion (compare prof j le,  f ig.58)
The northern margin of the Ivrea meta-diorites and meta-gabbros is extremely
sharp;  th is is in contrast  to the Val  d 'ossola and Val  Loana sect ions.  Banded
meta-dior i tes and -gabbros ( l ) ,  contain th in bands of  h igh-grade metapel j tes
(2) and preserved their  pre-alpine fabr ic alnost perfect ly up to their  northern
contact  wi th the pnedominant ly quartzo-feldspathic t rnsubr icmyloni tes.  The only
evidence for alpjne deformat ion is found in conjugate faul t  p lanes covered by
a f i lm of  epidote and chlor i te,  of ten in the form of s l ickensides. Pseudo-
tachyl i tes (3) are found along the northern margin of  uni ts preserving the pre-
alpine fabr ic.  | .Je refer to th is northern margin as the " fabr ic boundaiy ' , .  Tie
ps eudotachyl  i  tes only occur wi th in meta-dior i tes and -gabbros,  but not r^, i th in
the quartzo-feldspathic myloni tes north of  the fabr ic boundary.

In some, but not al ' l  local i t ies,  mylonj t ized amphibole-r ich Ivrea rocks
are found north of  the fabr ic boundary.  These nyloni tes acquire an alpine pene-
trative fabric, and under the microscope it becones obvious that the breakdown
of the prealpine mineral  conposi t ion (notably hornbiende changing to act jnol i te)
is a necessary prerequis i te for  the format ion of  these mylonj tes.

Two dist jnct  types of  quartzo-feldspathic myloni tes can be mapped further
north:  extrenely f inegrained ser ic i t ic  nyloni tes and ul t ramyloni tes (4),  fo l lowed
by "granj t ic"  myloni tes (5).  The grani t ic  myloni tes are r ich in microcl jne
and white mica porphyroclasts,  and resemble many of  the myloni tes found ! , l i th in
the southern Sesia zone in the Val  d 'ossola and Val  Loana prof i les,  They con-
tain snal l  lenses of  cherty l imestone nyloni tes.  The source rock of  the f ine-
grained ser ic i t ic  myloni ies js probably found in the high grade meta-pel i tes
of the Ivrea zone. Both mylonj te types are local ly strongly crenulated.

The bulk of  the Canavese sediments (7) is found north of  a l ' j thological ly
heterogeneous sui te of  myloni tes (5),  containing amphibol i te myloni tes and
quartzo-feldspathic mater ia l .  This Canavese s. l .  is  predominant ly cherty l ime-
stone; no Permian clast ics or Tr iassic dolomites were found.

The "negraiaed biot i :e gneisses of  tne Sesia zone (9) are strongly
myloni t ic  and chlor i t ized at  their  southern margin,  and grade into phyl loni tes
(B).

Porphyr i t ic  dykes with microcl ine porphyroclasts ( , ]0) ,  grani t ic  ( l l )  and
djor ' j t ic  (12) bodies,  are found further north wi th in the Ses. ja biot i te gneisses.
A zone (13) of  staUrol i te-garnet schists,  associated with amphibol i tes and ul t ra-
maf ic rel icts,  is  l ikely to represent the southern envelope of  the Monte Rosa
grani  te gnei  sses (  l4)  .
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Fig.  53 :  Structural  data,  lower hemishere,  equai  area.

Fig.53 sunmarizes some structural  data f rorn th is area, The nylon. i t . jc
fo l iat ion,  subparal le l  to the prealpine fol iat ion in the Ivrea meta-bas. i tes,
rs much steeper than ' in the previous sect ions further west,  The str ike starts
to become paral le i  to the E- l , i  or iented cont. inuat ion of  the Insubr ic l . ine
east 0f Locarno.

.  .  Local ly the myloni tes are af fected by a strong large scale crenulat ion,
wj th E-d' jpping axes. The or ientat ion of  the crenul ; t ion axes may be pre_
dctermined by the l inear anisotropy caused by the ear. l ier  e_alpi ing i t retching
l  ineat ion found within the grani t ic  myloni te i .  the ser i i i t ic  ml ioni tes,  now_ '
ever have a predominant ly l . / -d ipping srretchjng l ineat ion.
.  In both the ser ic i t ic  and grani t ic  myloni tes nicrostructural  cr i ter ia
( f ig:"  7t  . )_and texture goniometry data ( f ig.  ]3 )  indicate a dextral  shear
sense. Ine 0tr ferent or jentat ion of  the l ineat. jon wi th in the two myloni te
format ions agajn suggests di f ferent djsplacements along the fnsunr ic t . ineat di  f ferent t imes.

.  As in Val  Loana, nyloni t izat ion is associated with a retrograde meta_
morphic overpr int  of  both the Ivrea- and Sesia rocks.
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2) I t inerary (compare sketch nap, f i9.  60 )
Take the road from l , la lesco across the Swiss border ' into the Centoval t iwhere plenty of  evidence for late cataclast ic movemeni i  on t t t i  centoval l ll ine can be found al l  a lonq the road. Turn ot f  t f re main iouj  in fnt"ugnuand follow the road south ot the n.iver_ueteir. inio 

-Loron"l-"here 
you turnoff  to Arcegno. Al t  the stops can easi ly O" u. , , r t l " j ; ; ; ; ; i . " '

: j !g!_I :  A-smal l . road cl imbjng into the nountains above Ronco leaves lne matnroao Detu/een Arceqno and Ronco aI  coordinates 700 600 /  I I I  950,Inrs roaq wtnds throuoh banded reta_dior i tes and -gabbros of  theIvrea zone, Sl ickensi ies on conJugate alpjne faul ts dre best ex-posecl  near a lef t  turn at  an ai t i tude of  500 m.

stop 2:  Beh' ind a new vi l la at  the next. ief i  turn of  the road (550 m),  s i l l i_manite-qarnet paraqneisses of  the Ivrea.on" ' l in uJ-fJrno in fa i r lydense forest .  These oaragneisses aemonst" i te i lut- in i i , ,  regron aswet ' l  ,  the northern bbundiry_"f  th;- i ; ; ; ;  ; ; ; " ; ! "not  iaent icar wturthe n0rthern f largin of  the Ivrea meta_dior i tes and _gubbros.

stop 3/4:  At .stop 3 the unmyloni t ized lvrea meta_basi tes are in o.rrecr contactw1!h t fe v!ry f . inegrained ser ic. j t ic  mytoni te i .  ihJ roaa sect ion bet_ween stop 3 and 4 exposes the ser ic i t t - .c nyloni tes which are iso_cl inal ty fo lded-paral let  to the stretchini  t ineai i ln,  uno suo_sequent iy crenuiated. Above the lef t  turn- jn tn"-"oui  ut  , top +,the grani t ic  myloni tes can be studied.

stop 5:  (Descr ipt ion by B. Wintsch, see f ig.  1L )
This is an excel lent  Dlace to exanine the relat ionsl l ip beiween anph. j -bot i tes of  the rvrea zone and the r"ar; ; i . ;y i ; ; ; l ; ; .nunmytoni t ized
amphibol i te is exposed along an unpaved servlce road Sl . / ,or  tne parkingarea._Here a porphyrob. last ic texture def jned by chemii i r ry zoneohornbtende crystats set  in a ptaqioctaie_rt ; - ; " ; ; i l  ; ;  oom.rnanr.This rock is cut  bv aules ot  i :seiaoiai tvt  i  i "  . l ,a 'uv"u" i tue fauttsf i l ted wi th ct inoz; is i te.
_ The over ly ing mylonj tes are pr imari ly hornblende_r. tch,  and areoften assocjated with tess deformed tectonic tensef-Jt porpty"o_

blast ic amph. ibol i te.  These mylon. i tes u""  in i"r iuv""" j  * i th blasto_my' ionj tes.  The plagioclase p;rphyroblasts u""  
"oi lp i"" fy,on"o,: l ]999rt ins severat  growth cyctes.  Both myloni t ic  lo i t  iyp",  .onru,nveins of  quartz and plagioc. lase, which aie somet. imei mi loni t izedalong cneia edges (see quarxz lexture.  t io- .1? l

- . -"  ]0.*9 N, these myloni tes,  graae rapiaty-  jnto the muscovtre_r ' tcn mv lon i  tes -
ine tower contact  ! . / i th ihe amphibol j tes is a br i t  e faui t ,which marks the southern i in. i t  of  the atplne faOrlc.  i t r ts taut t  cutsboth the myloni t jc  fo l jat ion and the prealpine fabr ic ot  the Ivreaamphibol i tes and nust be iater than t ie aeiefopment ot  the mytoni te.

stop 6:  Here the.road sect. ion of fers a good opportuni ty to study the var iousl i thologies and prealpine s!ructures wrthjn the Ivrea meta_basi tes.
stop 7:  Isolated.pseudotachyl i te veins occur wi th in sheared but unfol iatedcatactasi tes of  the Ivrea_bas. i tes.  some of  t ; ; - ; ; ; ; r ' ; ; "  a few cent i_meters wide! and exhjbj t  chi l  led marg. ins wi t t r  hornl iende pnenocrysts
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in the center,  which grew dur ing devi t r i f icat ion ( f ig.69 ) .
The northernmost l0 neters of  th is outcrop largely consist
of  pseudotachyl i te mater ia l  .  Large anphibol i te "xenoi i ths, ' ,
preserving their  prealpine fol iat ion,  are surrounded by glassy
mater ia ' l  wi th the fo l iat ion rotated fron one rrxenol i tht ,  to the
next.

The contact  to the myloni tes would fo l low immediately to the
north of this outcrop but unfortunately does not outcrop.

stop 8:  Grani t ic  myloni tes wi th isolated I in€stone myloni te lenses occur
north of a small path leaving the road near stop 7 to the NE. The
stretchjng l jneat jon plunges east,  paral le l  to younger crenuiat ion
fold axes. Quartz i t ic  veins f rom an uncrenulated area exhibi t  the
quartz textures shown in f ig.-} t l  ,  indicat ing a dextral  shear sense.

stop 9:  Retrograde chlor i te-muscovi te phyl loni tes can be studied along
the road to Losone.

stop l0:The smal l  road north of  the v i l lage crosses f inegrained bjot i te
gneisses of  the Sesia zone, inter layered w. i th amphibol i tes,  Further
north along the road the contact  wi th f inegrained grani te gneisses
1S eXpOSed-

stop l l :High grade s taurc 1 i  te-garnet schists and amphibol i tes contain isolated
boudins of  u l t ramaf ics ( the lat ter  only as loose boulders at  th. is
I  ocal  i  ty)  .

stop l2: l {onte Rosa grani te gneisses with a steeply incl ined stretching l ine-
at ion can be examined on giacial ly pol ished surfaces perpendicular
to the' l ineat ion,  Several  generat ions of  quartzo-feldspath' ic veins
are fo lded, sheared and boudinaged. Late discrete shear zones of f -
set  the veins and indicate a late E-f l  d i rected extensior. .
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LEGEND TO THE SKETCH I4AP OF THE ARCEGNO-REGION NEAR LOCARNO

(nodjfied after l lal ter, 
,]950)

:  gran' i t ic  aneisses (Mt.  Rosa zone)

:  garnet-staurot i te schists,  associated w' i th arnphibol i tes and
ul t ramaf ic bodies (schistes lustr6s and ophiol i tes ?)

:  most ly f inegrained biot i te gneisses, grani te gneisses and
meta-dior i tes (5esi  a zone)

:  chlor i t ized biot i te gneisses, part ly phyl  loni t ic  (Sesia-zone)

complex zone of  mylon' i t ized amphibol i tes and fels ic gneisses

inpure mesozoic I  inestones (Canavese s. i . )

"grani t ic"  myioni te wi th c lasts of  microcl ine and white mica
(sesi  a-zone ?)

very f inegrained muscovj te-r ich nyloni tes and ul t ramyloni tes
(derived from Ivrea paragneisses ?)

myloni t ized amphibol i tes ( Ivrea netadior i tes and -gabbros)

" fabr jc boundary":  northern i imi t  of  the prealpine fabr ic,  asso-
ciated with pseudotachyl i tes

banded metadior i tes and -gabbros,  smal l  intercalat ions of  para-
^nai  

c.ac /  Tw'or ?^na\

finegrained fleta-di ori tes (Ivrea zone)

Interlayered paragneisses and netadiorites, paragneisses pre-
dominant ( Ivrea zone)
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r rg.  b,

Fels ic blastomyloni te found at  stop 5,  Arcegno-region. This myioni te
is found inter layered wjth amphibol i te der ived myloni tes.  B. l , , / intsch
found evidence for syntectonic growth of  the larger,  complexly zoned
plagioclase augen. Note the strong plast ic deformat ion , , . ] i th in the quartz
' layers curving around the feldspar crystals.

lv l icrostructure of  the extremely f inegrained ser ic j t ic  myloni tes berween
stop 3 and 4,  Arcegno region. Thin layers of  isocl inal ly fo lded quaruz
are dynamical ly recrystal l ized to a grain s ize of  around l0 xm (not
vis ib le in micrograph).  The f inegrained, mica-r ich matr ix has not oeen
analysed-yet,  but  chlor i t ized garnets and plagioclase are found as porpnyro_
crasrs.  rnese mytoni tes were probably der ived from lvrea_metapel i tes.
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Quartz microstructure f rom a quartzo-feldspathic vein wi th in
l i te,mylonj tes,  stop 5,  Arcegno region ( for  quartz preferred
see f ig,  -+3 ) .  Part ja l  recrystal l izat ion (grain s ize around
extrenely el ongated quartz crystals.

amphi bo-

l0 /um ) around

Fig.  LL
Itlyl onitized anphi bo l
crystal I ine shears,
Fron stop 5,  Arcegno

i te wi  th f ibrous
cracKs ano near

regi  on.

growth of  act ino' l i te along intra-
[he rai ls of  hornblende crysrals.



-13

. ,1
: l

,. 1
',l

Fi9.  6?

Di or i  te catacl  asi  te,
the fabrjc boundary,

frequently associated |/Vjth pseudotachyl ites near
south of  stop 2,  Arcegno region.

..t
:l

r ' rq.  6{

Contact  between pseudotachyl i te and country rock ( lef t )  and contact
between the.chi l led margin and the central  port ion of  a pseudotachyl i te
dyke, conta' in ing hornbiende phenocrysts in the devi t r i f ied centfal
port ion of  the dyke. The larger whi te crystals represent nineral  f raq-
ments,  mechanical ly incorporated fron the lval l  rock.
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Fis.69

Detai l  f rom the boundary between the chi l  l
center of  the pseudotachyl  i te vein (r iqht)
crysts,  intermixed ! . / i th mineral  f ragments.

ed margin ( lef t )  and ihe
.  Note the hornblende pheno-

r tg.  ru

Detai l  of  a zoned hornblende phenocryst  (compare f ig.  69 )
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Quartz nicrostructure of specimen 8227 (conpare quartz preferred or]enta-
t ion in f i9.  ?q ) ,  col lected in a myloni t ic  quartz vein wi th in the grani-
t ic  nry loni tes near stop 8,  Arcegno region. Note the obl iqui ty of  lne
long axes of  quartz grains and subgrains in respect to the El l -or iented
fol iat ion,  indicat ing a s in istral  shear sense in respect to the or ienta-
t jon of  the micrograph (dextral  in geographical  or ientat ion),  consistent
with the quartz preferred orientation data.

subgrai  ns and
+l ,  showing sutured grain boundar ies.  The

recrystal l  ized grains in the grain boundary
envi  ronment dur i  ng myloni t izat ion.

very fi negrai ned
regi  on suggest
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Quartz X-ray pole figure data for quartz fron quartz mylonite in vejn
within amphiboi i te myloni tes,  stop 5,  Argegno region, Fol iat ion hor i -
zontal  ,  l ineat ion El ,J.

Crossed girdle c-axis pattern wi th strong tendency towards a s ingle
crystal  or ientat ion,  complete separat ion of  posi t ive and negat ive rhombs.
The strong asymmetry in the a-axis pole f igure suggests dextral  shear.
Gl ide on the negat ive rhombs and basal  p ' lanes in an (a>-direct ion 1s
suggested. For nicrostructure,  see f ig.  65- .
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Fr6. tt,t)
Quartz X-ray pole f igure data for  quartz-myloni te wi th in the qrantt . rc
myloni tes,  near stop 8,  Arcegno-region. Foi iat ion hor izontai , ' l ineatton E .
Single obl ique c-axis girdle.  0bl ique a-axis raxinum. Dexlral  shear ts' rnrerrec.  Gl tde on the posi t ive rhombs and the basal  p lanes . jn an(a)-direct ion is suggested. For microstructure see f iq.  +l
l '4easurenent by Dr. Li u.
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