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1. INTRODUCTION

The « Serie dei Laghi » is a medium-grade
(from staurolite-kyanite to sillimanite-muscovite
grade) pre-Alpine metamorphic unit belonging to
the « Massiccio dei Laghi », the Southern-Alpine
complex comprising also the well known « Ivrea-
Verbano Zone ».

During the last ten years a considerable amount
of new geological and petrological data have accu-
mulated and we are now able to trace a first general
picture of its geological and metamorphic history.

The « Serie dei Laghi » consists of two subunits
that were recognized long ago ((GERLACH, 1869;
ARTINI and MEeLzI, 1900): the southern part con-
sists mainly of two-micas schists (« Scisti dei La-
ghi »), while the northern part, consisting mostly
of gneisses of different types, has been given the
name of « Strona-Ceneri » (Scumip, 1967) and
coincides, in part, with the « Guneiss della Serie
dei Laghi » of NOVARESE (1929).

The boundaries of the « Serze dei Laghi » are
tectonic, since they are represented by faults of
different AL CS and with difterent characteristics
that were described in detail by many authors,
among whom: REINHARD (1964), BORIANI
(1970a) and BoriaNt and SaccHr (1973, 1974).

E of Lake Maggiore, where the « Ivrea-Verba-
yVio » l.]HL'."- NOt oOCcur,. I[M' i‘t:.‘tI‘IE]L'i'H }‘u‘iIITHi;lI‘}' 18
represented by the « Jorio-Tonale Line » (« Insu-
/].?'J'.r‘[' [.ine » auct.): the southern ["!If.ﬂ_lI]L]-H':h" S []“lt;‘
« Val Colla Line », an Upper Carboniferous dis-
continuity that separates the « Serie dei Laghi »
trom a locally retrometamorphic complex ot schists
with rare amphibolite and gneiss intercalations
| « 1'."=:':'F ;",,j_fﬂ; )"Uf.-'..r_' > ).

W of Lake Maggiore, the northern boundary
of the formation is more fulﬂp]u.‘{: It consists uf
a system of intersecting faults, the oldest of which
dppears 1o be the « f'.'f'i%'.\::'ff'f-J‘-'Jc'ﬁ';,’,u:.:'u-Bf'fﬁ.mﬂiir;
Line » which represents the original separation
of « Ivrea-Verbano » and « Serie dei Laghi ».
This discontinuity is marked by a strong litholo-
gical contrast and by the presence of blastomylo-
nites and/or migmatites, the development of
which in Late-Variscan times has partly masked
the tectonic line. Basic to intermediate intrusives
also appear along this old tectonic scar. The pecu-
liar features of the contact and the characteristics
of the intrusives (« appinites ») were described by
Boriant and SaccHr (1973), BORIANI ef alu
(1975), CAMERINI ef aliz (1975).

The « Cossato-Mergozzo-Brissago Line » 1s 1n-
tersected by the « Pogallo - Lake Orta Line » of
slightly younger age, characterized by blastomylo-
nites but not by « appinites »; both faults appear
of Carboniferous age.

The southern boundary is represented by the
« Cremosina Line » a late-Alpine fault that seems
to reactivate, at least in part, an older disconti-
nuity of Upper Carboniferous age that was pro-
bably connected to the « Val Colla Line ». The
general picture seems to indicate a strong up-
lifting of the « Serie dei Laghi » with respect to
the southern block from the Upper Carboniferous.

Large masses of granite invaded the « Serie dei
Laghi » and part of the magma was also erupted
mostly as thick ignimbritic flows. The emplace-
ment of the granitic magma coincided with the
final tectonic phase of the Variscan orogeny cha-
racterized by the formation of extension faults.
The ignimbrites were erupted through ENE tren-
ding fractures corresponding to the paleo- « Cre-
mosina Line », along which some volcanic appa-
ratuses are preserved (Colazza, near Arona and
Castagnole, near Borgosesia) and along which
thick dykes of subvolcanic granite (granofiro) oc-
cur (Corconio, Lake Orta and Cuasso al Monte,
Varese).
The age of granites and porphyries is the same
and was measured as about 270 m.y. by JAGER
and Faur (1960) and HuNziker (1974) respec-

tively. The granite of Montortano, that occurs at
the southern margin of the mapped area, has
been studied by GALLITELLI (1938) and, more
recently, by GANDOLF1 and PAGANELLI (1974).

2. PRECEDING CARTOGRAPHY OF THE
MAPPED AREA

Despite the relatively easy accessibility of the
area and the abundance of geologically interesting
motives, the crystalline rocks of the Lake Como -
[Lake Maggiore zone have received little attention
in comparison to other Alpine areas. Only the
« Tvrea-Verbano », on account of its inexhaustible
geophysical, petrological and structural interest,
has been the object of a large number of studies.
The « Serie dei Laghi » was comparatively little
known and, above all, a strong disparity of geo-
logical information existed between the Swiss part
of the unit and the Italian part, W of Lake
h'];lgéjil]l‘L‘,

Until the late sixties the geological knowledge
about the Italian sector was limited to the works
of Traverso (1895), TARAMELLI (1903), and
basically of NovArese (1906, 1907, 1925, 1927,
1929) which were published during and after his
mapping of F° 30, Varallo F° 31, Varese and F°
16, Cannobio of the Italian 1:100.000 Geological
Map. In these maps only the following few litho-
logical distinctions appear:
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5. GEOLOGICAL MAPPING

Qur mapping covers an area of about 500 km?:
it 1s limited to the S by the lower Toce Valley
and Lake Mergozzo, to the E by Lake ."‘»I;Ilﬂuii_ll"t_‘
and to the N and NW by the geological contact
with the « Ivrea-Verbano ». |

[he adopted lithological distinctions coincide
in large part with those of the Swiss authors:
in the southern part we adopted only lithological

criteria whilst, for the northernmost part, (« Unita

1

> | I['!_L' L““l]i]]‘.:li“]]:’; are |3;Ir-1;a;1 a41SO On
~1'::'=.‘LE::!'.|-r L'k'rlhhlﬂ.‘i'.llit}]]h.
[he field work was essentially carried out by

BoriANT from 1966, by BoriANI, G1oBBI MANCI-
N T ‘| BIGIOGGERO from ]"}{'HHL il wdas IL_"l‘I.’]L'Ei_'a];L't{
|973. Partial results are published in the works

of Boriant and co-workers trom 1968 to 1975

and in the Tes: di Laurea ot MANINCHEDDA (1967).
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VIORPHOLOGY AND QUATERNAI
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the early Cannobina Valley that did not lead into
the Ticino Valley at Cannobio but at Cannero
|“':I‘~“*E‘=E_!'_ LATroOugn ]1:H,‘ saddle of Piazza I;Ei‘u-'ii‘.t!
above s.l.). Its upper course was then

2|

captured bv the strong erosional climbing ol
wesiern 1['§E*IIE;H"~{ {"1- l}"li;' \rill {Ij.l‘;:];‘llin Sireatltil, l-~i'
voured by both structure and lithology. This
CAPTUre was !“1'“]1[]“‘!1}.' ;1ggur]1p-¢;|}jt-g! fﬁj; 1 :1:11'T3“|.-
ward displacement of the stream. There were
1"’]"‘F“'~“|"[_‘~' two main tributaries of this former R.
{.j:_m.r'm!'ﬁi.r‘!ﬁ: ’.!'H' R. :.]i f_-}r;lwn ;1m! a stream pas-
sing through Camberto (Falmenta) and La Piazza
di Gurro.

3) From Lunecco to Orasso: this is the for-
mer R. di Orasso which was deeply incised during
the second THUI‘PIlf‘f;IL‘[‘fL"{iL‘ﬂ] t;f}.‘rihiult:.

4) From Ovrasso to Daitla (Finero): this was
a northern tributary of R. Orasso. This stream




captured the one passing through Camberto-La
Piazza di Gurro.

5) The valley of Finero (il Fiume): this
stretch clearly belongs to the Centovally system
and was captured by the R. Cannobino during
the second erosional episode.

Both episodes are pre-glacial since, at least in
two places (uphill from Cavaglio, 100 m below
M.ti Olzeno, and in the area comprised between
Cappella di Lego and Spoccia) which on account
of their position were little affected by glacial
erosion, the slopes are covered by an arenitic
deep weathering profile.

J'\IlhililL’l' -‘..'?*;;HHPIL* U’E. hHE‘IL'I'}’?HhL'tf H'!l.‘lI'i"r[‘tHIt‘!g;-lL'H
is the zone ot the confluence of R. San Giovanni
and R. San Bernardino near Verbania. The upper
course of R. dSan Giovanni runs in N-S direction
and is aligned with the saddle of Pian Nava and
the underlying S-trending stream: this may well
be the earlier course of the R. San Giovanni be-
tore it was captured by the SW trending stretch.
The latter is parallel to the Lake and its tribu-
E;H'lL'H run JIHI];L ihL' .\.‘““ II:H][[H Ol I}h: Z0ne. l"!:_'}.':.?tltl
the S. Bernardino valley the continuation of the
old trough of R. S. Giovanni in the well incised
saddle of Bieno can be seen.

T'he Val Grande - San Bernardino system is
clearly parallel to the Ossola Valley and perhaps,
during the first phase, it flowed into the River
Toce leading out through Ompio. Then it was
captured by a western tributary of the R. San
Gilovanni. |

TI'hese observations lead to an important con-
clusion: the essentially pre-Quaternary morpho-
logy appears to be dominated (at least below the
altitude of 1000 m) by a drastic lowering of
the base level of erosion. In this one could re-
cognize the late-Miocene (Messinian) phase of
dessication of the Mediterranean Sea (Bini, CiTA
and GAETANI, 1976) which determined the ero-
sion of deep canyons that are now occupied by
the south-Alpine lakes.

TI'he pre-glacial deep weathering profiles are
diffused all over the investigated area in places
that were spared by the glacial erosion, i.e. ge-
nerally on southward exposed slopes from 700 to
1300 m above s.l.. They are particularly deve-
lopped on gneisses, like the orthogneisses of Pre-
meno, M. Morissolo and Piancompra and on the
Cenerigneisses. Superficial landslides are often
present in these arenites (Scareno, Onunchio, A.
Bavarione and in Val Cannobina near Spoccia).

These deep weathering profiles show the same
characteristics as those of the southern slope of
M. Mottarone and, in general, of the Biellese, and
it is very likely that they are coeval with them
(Late-Miocene or Pliocene).

The glacial deposits of the zone belong to two
distinct main glaciers: that of the Toce and that
of the Ticino valleys. The deposits of the Ticino
glacier are more widespread and are found up to
the maximum altitude of about 1000 m; those of
the Toce glacier occur in the San Bernardino and
San Giovanni valleys and reach a slightly lower
altitude. The distribution of the glacial deposits in
the investigated area were described in detail by
NOVARESE (1925, 1927).

Fic. 1 - Road-cut at «il Ponte », near Cavaglio, Cannobina
Valley. Rhytmic, bedded silty sand and coarse material in a

section of a fluvio-glacial deposit

The alluvial terraces of the two main valleys
Cannobi-

(San Giovanni-San Bernardino and Va
na) are particularly interesting for the reconstruc-
tion of the variations of the ice level of the two
glaciers during their retreat. At that time the two
valleys very soon became deglacialized whilst the
ice level of the two main glaciers (Ticino and
Toce) was still high; as a consequence they were
filled up with alluvial deposits. Later on these
deposits were incised as the ice level began to
decrease; the retreat of the glaciers was not a
continuous process but there were pulsations; to
each pulsation corresponds a terrace left behind
where the slopes are not too steep. The altitude
of the most important terraces are about 685, 420
and 370 m in Val Cannobina, and 400, 370 and
280 m in the San Bernardino and San Giovanni
valleys.

Peat deposits are found at Bieno and near
Pollino( Premeno), where small ponds of morainic
origin still survive.

There are no important active landslides in the
investigated area. Among the small landslides, be-
sides the above mentioned ones in the arenites we
may cite those of the lower Val Cavaglio (one
just opposite Cavaglio and the other at La Gana)
and that of Gurrone. All three are typical collapse
landslides since they occur on steep slopes with
a nearly vertical attitude of the schistosity plane
which is practically parallel to the slope.




PETROGRAPHIC SECTION
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1. THE « SERIE DEI LAGHI »

The two sub-units of the « Serie dei Laghi »
were distinguished on account of their different
lithological association: « Strona-Ceneri » mostly
gneisses, « Scisti dei Laghi » mostly micaschists.
In 1970 Boriani (1970a) noticed that between

- II.
1€ IMICASCNISIS a continuous

the gneisses and t
horizon ot amphibolites was present. These am-
phibolites were studied in detail by BoriANI and
GioBB1 MANCINI (1972) with special regard to
their feldspathized southern margin.
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the metabasites were present all along the boun

L]Li]'_‘a' }"H;i"-.'.'a;L'Tl (s _1"!'.’.='-'.J5.x.'-'l_' ;1['!;] & NCi15T1 ,;Il':.-'
Laghit » and that thev were connected with the
small bodies ot ultramafites of Oira (Lake Orta)
and of Camoghé (Sottoceneri), (SPicHER, 1940).

The presence of the amphibolites along the
[“HH:;'H!;:}"-. IS Very L“-.HLfI]'l \-\:- H.'. |,t]-;=.' .\ki-.t;_";'it‘.'k'
In the mapped area, and along the « Val Colla
Fault » in the Sottoceneri; the same cannot be
said of the area between Lake Maggiore and Lu-
gano. T'he reason for this is that the attitude of
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the S-plane 1n that area 1s very variable: neverthe
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individuated there.

The rocks occurring W of Lake Maggiore bet-
ween the thin amphibolite horizon of Falmenta
'.HHE ["‘L' , es » U.]]id'! were .‘i][}"iz‘i![m'a! ]‘l'ﬁ.'
I}'::; PT'L"-.'L'L!EH_?_‘ authors to the « Jl'."-'-"L'..-'Il'-.r_ x;
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SCNIStS sometimes staurolite and/or Fvanite bhea

ring; amphibolites and amphibole-schists are rare.

1rhlec ara . T ' :
marbles are absent. The only Important intercala-

tions are the thick lenses of hornblende-bearing

or granitic orthogneisses occurring N of Verbania
:!Fh{ i‘t-‘i'ﬂ.‘(t’L‘H ].I_lj[lﬂ ;1!14.] [.HL:;'!!H'!.

- .
flh,' i?l'[]']iﬁgf'}L’Ihwi;'h .Hi'li_u‘a.' I'HH';;[T]H' [}]L.' >dITI€ Mme-

tamorphic and deformational history except for

the first phase which is characterized. in the

.‘-JL']H?-«[“-J\ h_&' jl']II‘LlfUliLI' flultfﬁ.
'he age of intrusion seems to be around 450
. T/ ; : roa

m.y. (U/Pb in zircons, K6PPEL and GRiUNENFET.-

DER, 1971) pointing to an important Ordovician-

Silurian event in the « Serie dei Laghi ».
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The « Val Colla Schists » [Hl-.l.“il{.ll{l}_ 1964 )
IFLIE occur S Uf [!TL‘ « Val Colla Line » .'1[]:._! Pro-
[1;1[“} k\ Hll IIIL‘ <« (-,ka"r.’“;’H.‘s’:’.ﬁ;’{.f !{,.“'-":TL' »  ds ‘U.'L?“. ;[]_
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metamorphism of Carboniferous age do not seem
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M usSt }'JL' HUH;'LI. }]t'ﬂ'-.'LTR’L'I‘, I}‘lali th‘i]' “[hu!uﬂfﬂl

association is somewhat different in that they

contain rather frequent intercalations of amphi-
bolites and granite gneisses (« gneiss chiari »). The
l't.‘[;liéﬂ!'!?wi!iﬂ E‘m'i‘x\'ﬂ'[‘h ThL‘ < ﬁ»r-:r'.-“r (.}—':'I."r.s' fr‘”:‘; ¥ .-Hhi
the « Serie dei f_,-,'h-fr“-.r‘ » 1S an L!'i]}“lﬂ}'[;]i‘i? nt,:lﬁjr;:,_'l
for future research for the understanding of the
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tral Alps.
On: the ‘sohole the. & Scisti dei Laghiy 4b
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irea the unit of the Ycistt det fr » includes:
1) micaschists ,-”]t{ Paragricisscs
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i']li'I'I'T]!"'!L'E!'L]L pearinge
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D) OI'tnogrnecisscs and M. Morissolo
ogranitic gneisses
(Piancompra)
'.j! III |[..| L._, | I* I, '._'rl. -J._:-”. J'r'_[l_lll.:E J‘-{ ." { 'l.nf‘"'.

| hese occur in the southern part of the zone
iIn a large triangular area comprised between the
a[u!lul-\-- li:i!"] I‘[:‘i-

and Carmine inf. (Cannobio) thev contain the

amphibolite horizon; between Intra

above mentioned important intercalations of or-
[|':~I_:_'-'H .["-.‘x[:-,

The regional strike of the S-plane is around
N70°E in the southern part; N of Verbania the
strike turns to about N45°E: the schists are ge
nerally subvertical or dip steeply SE.

I'he rocks are extremely schistose and rather
Lm"L”“""“".'-"-i'-“i'k'k]. In exposure [f!tﬁ_‘a' show a yellow

or red weathering whilst on fresh cuts the colou

‘(.‘Z!I'iu;w !-."Hi‘éi L!:l]'[-; ;_f!'u_‘-,,' 1O g}'gg]]iih-;j]'a'}' =.1II!L' [O
the presence of abundant chlorite. (Juartz lenses,
rods and veins are frequent, as is usual in meta-
pelites, and sometimes reach a noteworthy thick:
[1CSS.

In hand specimens, the granoblastic compo-
nents are barely visible to the naked eye, whilst
muscovite. I’JiﬂliIL' and sometimes garnct arc vCely
evident: the amphibole-bearing varieties are rare.
More quartz-rich types (quartzites and micaceous
L]!L‘!I'[:”ituhl are fI‘L'LiHL'Ht intercalations 1n the me-
tapelitic series.

]I] I}1ir] section one U[. [hL‘ Mmaost 5[1'”&!‘@1 ]--r.."ﬂ-
tures is the presence of poikiloblastic plagioclase
(20-27% An) with straight internal foliation
which is not parallel to the external foliation;




also the garnet is often present as poikiloblasts
but with S-shaped internal schistosity (BORIANI,
1970a). Micas are generally present as aggregates
or polygonal arches of individually undeformed
lamellae. Kyanite and/or stawurolite are not very
frequent; they do not appear as poikiloblasts but
rather as inclusion-free small individuals of pre-
flattening crystallization.

[n the southern part of the zone, and parti-
cularly in the M. Faie - Pallanza ridge, the schists
were partially reequilibrated to the green schists
facies conditions by a widespread retrogressive
metamorphism; albite and chlorite are abundant
here as secondary minerals (PEYRONEL PAGLIANI
and BOrIANI, 1967; PEYRONEL PAGLIANI, 1973).

K-feldspar is only present in some quartz-and
feldspar-bearing intercalations occurring in limited
outcrops on the Comero - Miazzina and on the
Cambiasca - P.te Nivia roads.

r 9 . . :
[‘H' J[Jfl'r.r:.'”:l"".r.lt 24Ty l’-".':..'l'r'\'rf.:‘l."['.""'"-L"."-

These rocks occur as nearly parallel intercala-
flons on Iiu' H]ui}"'t' 1[‘*“[11&'!"1[1;_' iilL' 1,.‘1{:.':. J[-I'HH'E PIL""
meno and M. Cargiago (N of Verbania) up to
the Valle di Cannero. In the southeastern part
{IIL'['L' dArc IFH'L'L' }]I11i.:"n1!Ea H.L["Il-i.'l]]}hf \-.I ‘ﬂ.‘!‘nli';lh‘tl 1""}'
paragneisses and micaschists intercalations; ano
ther horizon extends from Aurano, through M.
Morissolo and M. Morissolino and is cut by the
R. di Cannero fault.

HJL ].“rL'FI CXPOSUIC Ol [EM‘HL_' O 1- 1S N l}]u; ['H;IJ
CULS lilntlj_t the Lake shore, 11111!1;_3_ the road bet-
ween Pian Nava and Premeno and between Pian
di Sole and Manegra. Excellent exposures of the
.'\1. .\1l.r]'i“éht1]~* ;‘HL'HM Al'C ‘\'iHH"’I]L' .EI|HHI'__‘ I]‘JL* LWoO

lo.

They are medium- to fine-grained massive rocks

iy | : | .
old military roads starting from Pian Cava

of grey or greenish-grey color with rare reddish
coatings due to weathering. The schistosity 1s
particularly evident in the southern horizons; in
that of M. Morissolo the rock is very well lineated.

The constant mineral composition is: plagio-
clase (25-32% An), quartz, biotite, hornblende,
K-feldspar, epidote group minerals. Secondary
chlorite is particularly abundant in the M. Moris-
solo gneiss. Some plagioclase poikiloblasts with
S; not parallel to S. have been found (BORIANI,
1970a) in the marginal portions of the southern
horizons whilst in the northern ones igneous re-
lics such as nuclei filled up with white mica and
clinozoisite. normal zoning and albite-Carlsbad
twinning are frequent. Biotife 1s present as aggre-
gates of lamellae that show postcristalline defor-
mation particularly in the southern part. Horn-
blende is often poikiloblastic and generally inter-
orown with biotite. K-feldspar varies in quantity
from place to place and is characteristically more

abundant in the more massive types. Clinozoisite
and Fe-epidote, often with allanite nuclei in zoned
individuals or fragments are typical accessories of

these gneisses.

b,) Granite-gneisses

A continuous horizon of granite-gneiss occurs
from the neighbourhood of Esio and Aurano as
far as the lake shore near Sasso di Carmine (Can-
nobio). In the southwestern part of their area
of occurrence fine grained and coarse grained va-
rieties are irregularly intercalated with metasedi-
ments; more basic types are present in the zone
of Cresta della Ceresa. The paragneiss intercala-
tions decrease towards NE and the rock becomes
more homogeneous.

The most representative exposures are those
visible in the road cuts along the lake shore from
Cannero northward. The rock is rather coarse
orained, the colour is light grey and the texture
is mostly flaser whilst E of Lake Maggiore, in the
dottocenerl, the augen (exXture scCins Mmolc H‘-{idt.‘-
spread. The schistosity planes are always well
marked since they are coated by coarse biotite
flakes.

Under the H"liL‘I‘HHL'U}“IL‘ the :_1I"lL'i?~f-. shows a prc-
vailing heteroblastic fabric (sometimes of « mor-
tar » type). The mineralogical composition is:
plagioclase, quartz, K-feldspar, biotite, muscovite
|' .'I.‘Hf‘*':‘f"-‘.-’r{ .f.-';.’rn:' 1S very rare); comimon ACCESSOries are:

-. * o # -r. n -i--'|r-| e = { ' i .-.'r & 4 — .|'l.
rircon, apatite, sphene and opaqucs Clinozoistie

is rare whilst Fe-rich epidotes with allanite nuclei
ATC IITL'L]HL']'H In the :-JHL'i.HH‘ of the area N of Can-
Ncro.

Plagioclase (25% An) 1s present as aggregates
of heteroblastic grains with irregular boundaries;
poikiloblasts are absent.

K-feldspar is present as large individuals of
microcline in the more granitic types and as small
interstitial grains in the more granodioritic va-
rieties.

Among micas, biotite is by far more abundant
than muscovite; they often show traces of post-
crystalline detormation.

Hornblende and clinopyroxene are present in
a specimen from Cresta della Ceresa, described
by Boriant (1970a).

5.1.2. METABASITES

The occurrence of discontinuous amphibolite
lenses W of Lake Maggiore has been quoted by
many authors: ARTINI and MELz1 (1900), Nova-
RESE (1929), Boriant (1968). E of the Lake in
the Ceneri and Malcantone regions, the metaba-
sites were mapped and described by BACHLIN
(1937), KnoBLAaucH and REIiNHARD (1939), Spi-
CHER (1940), GrAETER (1951) and later by
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REINHARD (1964) who summarized the works of
the other authors.

BORIANI (1970a) recognized for the first time
the continuity of the amphibolite horizon occur-
ring between Mergozzo and Carmine di Canno-
bio. BoriaNT and GioBBr Mancint (1972) gave
a detailed description of these amphibolites, the
peculiar characteristic of which is their transition,
at their southern margin, to a type of biotite-
hornblende augen gneiss with K-feldspar mega-
crysts up to 10 cm in length (the best outcrop is
upstream of P.te Nivia near Intragna).

Besides the main horizon. showing that charac

teristic feldspathization, thinner lenses of dark-co-
loured, fine-grained, sometimes garnet-bearing am-
phibolites occur within the « Scisti dei Laghi »
near Aurano. In Val Cannobina another important
and continuous horizon of amphibolite is present
between Falmenta and Val Cavaglio.

TI'he mineralogical composition of normal am-
;‘!hii‘ﬂ_?“[rh IS "i“r.:i'f.?f‘-.-’rcil.h,-'J{ IE\-T.L = 78°%85°) and
plagioclase (35% An) with minor biotite and rare
garnet; 1n the feldspathized amphibolites the mi-

i I ] §

T-lL"l"Lll ASS0Clation 1s: mcrocline, pitdgiociase, porn
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'.lr--_.,. Jr., -r ; - il ; e
oienae, biotite, quartz. Electron probe analyses of

hornblende and biotite in amphibolites with dif-
terent degrees of feldspathization are given by

1 - - T -
BORIANI and G1oBBI MANCINI (ob. cit.).

The feldspathized amphibolites generally show
transition to the schists of the southern .Tlhlf'}_’iz]
through a muscovite-biotite-garnet augen gneiss
in which garnet clearly grows at the expense of
1ornblende. The whole process has been inter-

reted as metasomatic transformation of the am-

hibolites operated by teldspathizing fluids libe-
rated during the anatexis of the «Cenerioneissess.

]

0.1.3. « STrONA - CENER]

T

[n contrast with the « Scisti dei Laghi » this
s an essentially gneissic unit: some of the gneisses
are probably ortho-derivates or migmatites. The
d8€ of the i;_'nt;*ﬂi_:ﬁ Or anatectic event SCCINS 1O
be around 450 m.y. (U/Pb ages on zircons. Kop-
PEL, 1974). Near the boundary with the « [vreq
Verbano » the gneisses were reequilibrated, mo-
bilized or remobilized during the last thermal
phase of the Variscan cycle as demonstrated by
their relationship with the post-orogenic granites
and by the geochronological data of K6PPEL (op.
cit.) and HUNZIKER (1974).

['he « Strona-Ceneri » appears to be the pro-
duct of the amphibolite facies metamorphism
ff?;,';_ffh!!r—.a'f'fz’ﬁfﬁmm‘c' grade) of an essentially psam-
mitic series which had different Iﬂut;nﬁnrpl1i{:,
anatectic and deformational histories in its diffe.
F€Nt parts, in obvious contrast with the more

pelitic character of the metasediments of the
« Scisti dei Laghi ».
[n the I]'I;I[‘i}‘IL‘L] area the “[h[’.l]ﬁgi{;” assoclation

of the unit is:

a) biotite-plagioclase gneisses (sometimes K-

feldspar bearing or ."_lr'J?'Ha*r?:’r.h’c;rr:‘-l"n:;u'i:m;
b) augen and flaser gneisses
c) «/( mc".-"n:'.fr',-"cgih'{‘;'_ﬁ SES »

d) fine-grained gneisses.

) IH-'r"rJ’.'J:r."IV' DEAOLIO .'Jrar."-i :‘l-i";";'t ISSEDS

T'he framework of the « Strona-Ceneri » con-
SI1SLS of }_’_.’H._"il“'vHL'.'."; k‘.'}‘:UHL' [L‘.\:[Lil‘dl ;II]Ll HﬂHL‘I';l]H;;iL‘;II
characteristics are so highly variable from place
to place such as to make it diflicult to represent
them accurately on a geological map. This obstacle
compelled us to group under the comprehensive
term of biotite plagtoclase gneisses all of the more
or less schistose gneisses with variable content of

{

biotite and feldspars. The same difficulty was met

J

with in the Sottoceneri bv BAcHLIN (1937) who

- 1 . r I'
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I'he more schistose varieties are found essen-
tially as intercalations within the augen gneisses
of M. Vada and M. Zeda: they are medium-

grained gneisses that do not differ substantially

trom those of the southern part of the mapped

zone. Their mineral assemblage is: plagioclase,

F

quartz, biotite, muscovite, garnet; sillimanite is
only seldom present (la Pascola).

TI'he more massive types show a characteristic
gneissic texture and consist of: plagioclase, quartz,
biotite = muscovite = ;I\'--."'r.:“:"f.:f_*.‘f-‘“'?' = hornblende
The typical locality of these gneisses is 1'Ospeda-
letto on the « Cadorna road ».

Plagioclase generally forms aggregates of xeno-
morphic subgrains with poor puh'aynthvliu twin-
ning. Its An-content is normally higher than in the

r . [ 3 —y— I . n — I,-'
<« .Hi' Istt der f.:fl;".".].f 3 .'H"lLI ralgcs from .? Yo to
2 -":' r ‘J‘.': r£Il 'f‘ ‘j a ¥ i n : W i e . : = - & -III.| -
270 T L u.*n_,"’.-:f i -'f::’f!r,fcf';},-'tf] 1S I';.]L{-..,U”[ 185 I'ellc

individuals surrounded by mirmekitic plagioclase
or, more rarely, as aggregates of slightly disorien-
tated subgrains. Biotite and muscovite are often
present in two generations: the first generation
consists of strongly deformed flakes replaced by
aggregates of second generation undeformed tiny
]ilIHL“

lae. Pleochroism of biotite is strong (X =
pale yellow, Y,Z = reddish brown).

b) Augen and flaser gneisses

Massive granite-gneisses with K-feldspar mega-
crysts up to 10 cm of length form intercalations
of various thickness in the zone of M. Zeda. The
most important and continuous one occurs from
Val Pogallo through M. Vadi as far as Socragglo



in Val Cannobina. The best exposures can be seen
on the Cicogna - Pogallo footpath, at M. Vada
and at the base of the M. Zeda pyramid; the
contacts with the biotite-plagioclase gneisses are
either sharp or transitional. The aspect is often
migmatitic with pegmatite-like concordant and di-
scordant veins that disturb the continuity of the

schistosity planes.

b

that coat extremely flattened facoids of leuco-
cratic minerals.

The texture of these rocks is a good example
of static recrystallization of a strongly deformed
fabric: the mica films consist of very tiny unde-
formed lamellae, guartz forms undulated mono-
crystalline layers, plagioclase forms extremely thin
layers of very small polygonal grains and K-feld-

e fﬂ?
..-—-"'FFF-F o A PR 5 .-"'*
d_.___._--“"'_"_'- I - ;:r f.—-"'f
T T Ll e - g
- - AN g
7 o
P o f * - _.-""!
//-{’- t\ g A -
B e P
'_._.__,_..—r-—"-'_'_"
/ W
] f’. .--”,"
r
{ \
k‘m -
N\ )}
; i I-'|_
g .

d

ol

Fic. 2 - Different types of xenoliths of the « Cenerigneiss
!

and of the fine-grained shell

Under the microscope one can see that the tex-
ture 1s often glomero-augen since wmzicrocline do
not form single individuals but aggregates of sub-
grains with a central relic of first generation.
Plagioclase (around 25% An) is present as xeno-
blasts of medium size; mzicas (biotite prevails over
muscovite) do not generally show postcrystalline
deformations. They form discontinuous arrange-
ments that curve around the feldspar augen.
Quartz forms aggregates of lobate grains.

Flaser gneisses represent the more flattened va-
rieties of augen gneisses. They have been mapped
separately only in one case: that of the thin
h(JI’iZDI‘] ITL‘CL”']'i I_'Ig._{ t”I'(_‘rl‘l'"l ( :EL‘{‘J;:I'I;I f KTHI P{.]F‘ﬂ]](_}] :
through Passo Folungo down to Socraggio (Val
Cannobina). In the field their aspect is very cha-
racteristic on account of the continuous mica films

; - : "'_ HIiI‘[\]If"_! [!Tl‘..i':‘.r,Tl-.lj!]L‘i.l rL',_ll.;_-:l_';:l_'l['] HE]L".[:' 1'_1 [Il|l].!"‘l]|.:]:"'jﬁ._'l._1
flattened xenolith; b) Undisrupted, rounded xenolith; c) Fragmented xenolith; d) Angular fragment of a xenolith

spar appears either as small subgrains or as relics
surrounded by mirmekitic plagioclase in the flat-
tened facoids.

C) « (.Ln‘}.-‘x-‘!'f';;,iffc.‘.f'j'_\'{’_\ »»

This is by far the most interesting rock type
of the « Strona-Ceneri » and consequently that
which has been studied most. Detailed accounts of
texture, fabric, mineral assemblage and chemical
composition are given by BAcHLIN (1937). REIN-
HARD (1964), Boriant (1968, 1970). BorIANT and
CLERICI RisArr (1970), GioBsr MANCINI and
POTENZA BI1ancHI (1971), BORIANI et alii (1973).

Within the mapped area these gneisses form
several horizons, the southernmost and most im.
portant of which occurs from Bracchio to M. Ba-
varione reaching its greatest thickness (around




10)

2200 m) at M. Todano where one can find the

best exposure of this rock type. Another impor
tant horizon (800 m thick) can be tfollowed from
Val Pogallo through Pian Vada to Val Cannobina.

1 - 'I-'l.'llll.: 5 4 1
es » occur also In the « schlingen »

i

« Cenert PHCL

structure of M. Giove and in the « M. Riga Unit ».

« Cenerigneisses » are light grey rocks with very
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T'he tabric analysis (BorIani et aliz, 1973) of
the main horizon indicates the homogeneity ol
I'}lL_‘ SLICSS 1n]i‘| i'.!‘-,ll i.’“";%".L_L_'Li L a!u_'|=‘-§'-'i';1lit1”.. [
strain distribution was not uniform: in fact there
Al'c ‘“L'[!é‘-'.l"‘-L' 8 |;‘|‘-L‘.iiu'ui ;’_J.'L'i.“ﬂn._'h JHI %?i'“!’li‘_]"-.
flattened or elonegated xenoliths in the southern
part and gneissic or granitoid gneisses with weak
lineation and subspherical xenoliths in the central
;!;".d E’rt*;'l]h.‘i"i‘z PArts,

[n the « Cenerigneisses » of the zone south of
Val Cannobina folds seem absent: this characte
ristic 1s one of the elements in favour of the
« anatectic » ]"l ["E‘IIIL'*‘]I.“*, since 1t means that the
other rock types of the « Strona-Ceneri» were
;!]‘!'L:;h!f‘r “‘-L'i!ihll?*%t‘ when the « CHETIYZRCISSES » Were
deformed.

The microstructure of these rocks (BORIANI.
1971) 1s characterized by the presence of two ge-
nerations of all the minerals (except quartz): a
relic first generation with strong  postcrystalline
deformation and a second generation crystallized
under static conditions. |

The mineral assemblage is; plagioclase, quartz,
biotite, muscovite, K-feldspar; kyanite or sillima-
nite and garnet are sometimes present in Very
small individuals.

Plagioclase (around 22% An) 1s mostly present
as characteristic polygonal aggregates which so-
metimes contain a deformed relic of first gene-
ration which is slightly richer in An. The grain
size of the polygonal aggregates increases and the
relics disappear in the northern horizons on ac-
count, probably, of the growing grade of the static
T_m_-':,1ji‘|u1-§nf;i~ﬁ[n_ ,H.«'}'!'m"f.’?;‘{' 1S Hﬂl_\.' seldom present
as such but its former presence is testified by the
agoregates of mirmekitic plagioclase or oligoclase-
muscovite quartz intergrowths which certainly de-
rive from it since they often contain K-teldspar

i- r,' Fl - ] N '-l" i a - i T L T J .
'ELICS DIOLLL and muscovite are Prescit  as

ClO) ;k_ix. O] 1;'1|_x HHL]L'EH:'H‘IL‘({ I.H.I'-L_“;Ia' 'ﬂ.']]irh
sometimes _-I|]"['U|I!Hl | h[I‘U[I}.':]_‘»' L1L‘f.i‘[fi1:'1.1 ]k‘i?t.' 1.'1f.
1rsi '__‘a'!'-l_'!;ll.élr.’l, [ﬂﬂliit' l'L‘liL'H arc¢ morc W :'N[L'Hsﬁ'l'ui!d
in the less deformed parts of the main horizon
while those of muscovite are frequent also in the
more ﬁi;mii;.;-;! parts 1_(__)_';”'?',.-'“" 1S [E’!L' I"':.'. ['Z.ZlL'T'._I]
vhich i1s present only In one generation; It forms
1 drgC IMONoCH! H[;]l“['lt_' ;_‘!'.Ii]]h- i.ti'ﬂi'.]ﬁ OF LIl |.|'-.-;H

the different textural types.

F1n¢ :’f.:i'.:!l.'il FNECISSESs arc vcry 'Ju'il!i'“".["ft'.i.i. N

Ylrona-Cenert »: [Fn_'x dppcdr Il SEVH r',al |'in'-5'|,':!~!1w
the southernmost of which occurs from M. laie,
through Cicogna, La Forcola and Passo Folungo
immediatly NW of the main « Cenerigneiss »
body. The most important is that of Val Canno-
bina cropping out from A. Pian di Boit (upper
Val !}HI'_QI|:H' []?!'F‘i_i1f|] Ifn' ‘~,1..1[L‘['.“~]|:_1| M. Zeda -

M. la Piota as far as the Val Cavaglio fault. Fine-
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erained gneisses are present also in the
» structure of M. Giove and in the « M. Kiga
Unit ». Descriptions and interpretations ol the
fine _1?!.&.;mw11 _:_[T'IL‘H.HUH were ;;im:n bv BACHLIN
(1937) and REINHARD (1964) for the Swiss part
of the « Strona-Ceneri » and by BORIANI éf alit
(1972) and BiciocGERO and Boriant (1975).
They are light to dark grey rocks with oreenish
Ei}ln'['a';t:.liins}ﬂ th!u [O u‘]‘th}f‘ili;—{;lliﬂﬂ :.!i. |1j1ﬂ,f[:_* 11]15;1
1-.‘:”]1 d !'R'L]L]if‘\h !ﬂ'nu'n u*u;lthrl'i]];f H||g‘1-;1L"L". PL.]‘JC
grain size is generally very fine but some quartzitic
or more mica-rich intercalations are somewhat mo-
e COarse ;,T_I';IiI‘JL.‘L!, Tl']L' I't'H;]{ L‘]L‘L]l';lgl.' 1S E_\!.[L’H PEI-
fect and purmitﬁ the -;p1i[tin;h1 ot 1;11';1.' and sound
plates that are locally used for roofing.
Sedimentary foliation is clearly recognizable
articularly in the frequent similar folds that can
e observed for example at Passo Folungo, 1n the
Agata

. Cannobino or along the Cannobio - S

road; fold axes are generally parallel to the linea-
tion defined by the crenulation of the S plane;
mineral lineation is rare.



Fold axes trend NE and plunge gently to SW
in the M. Fai¢é - Passo Folungo horizon whilst in
Val Cannobina the trend is nearly E-W with steep
plunge towards E.

The main horizon of fine-grained gneiss, that
of Val Cannobina, shows a strong angular discor-
dance with the « Cenerigneisses ». l‘riuliir-pl;agin-
clase gneisses and augen gneisses of the southern
zone. The contact is rather sharp and marked only
locally by cataclastic phenomena; in the fine-grai-
ned gneisses near the contact similar folds with
vertical axes are particularly frequent.

Under the microscope they show an equigrano-
blastic texture which justifies the term of « Horn
felsgneisse » used by the Swiss authors to indicate

these rocks. The mineral association is: guartz,

[}ft;;‘ff*’m‘!ﬂ;xr_' (around 20% An). biotite. muscovite

b .o ' i ol 1 aade Adssdn . A ls SN ¢ | .
+ garnel £ Ssilimanite or kyanite; K-feldspar 1s

extremely rare.

Quartz and plagioclase are associated in a quasi-
[,‘:ru]}‘;:ml;ll AgPTCEALC with interstitial micas. Biotite
and muscovite are also present as thin beds:
« Cross » :i]]d 1'5"{':"?'“.*':' » Imicas are fl‘L’LlllL'I][ In
the more lineated types in which they mark an
incipient schistosity parallel to the axial plane

of the previously described similar folds. In any

casc I”i[;i‘.“- tii! Nno! ;:L*]h':.IH}. ?-I'm&\.' pnﬂfﬂ'}.‘%i:l”il]r

rll i l' "I'Fﬂ

deformation. Garnet, sillirmanite (or kyanite) are
not very frequent; when present they form tiny
iH(}I;l[L*LI .;',T'tiff*,-w t!iw;m'rwwl in the mass.

In I}lt_‘ fii_]i.',"_TT';tiHL'l.] I*_'-'h'faau'.‘n involved 1n the
« schlingen » structure of M. Giove, In a narrow
zone N of Cannobio between S. Agata, Ronco and
M. Marcalone, Al-silicate bearing nodules are pre-

sent. The nodules are flattened in the S-plane of

the rock; their presence is related to the occur-

Irence {rfl several schistose '[mg*_lﬂ;':lilﬂ' dykes 'l't.‘rl'll_\.'

& -
5
.

the most important of these is represented on the
geological map). Such nodules were described by
BACHLIN (1937) in the Sottoceneri In the same
assoclation; 1In Agrecment with BACHLIN'S ]1_';]11'1
thesis Bic1oGGERO and Boriant (1975) irnrrprrtwd
the nodules as the product of metamorphism of
old chiastolite poikiloblasts which in turn were
formed by contact metamorphism induced by the
pegmatitic dykes when the present gneisses were
sediments or very low grade metamorphic rocks.

The ]"!'l'l.‘rl‘J]L‘H'} of the iinu—;zl';iinu] }lﬂL’iHHL‘H is both
stratigraphic and tectonic since it involves the
evolution of the whole « Serie dei Laghi »; it will
be discussed in the section on tectonics and in the
conclusions.

).14. « MonTE Rica Unit »

The roughly wedge-shaped area comprised bet-
ween the fine-grained gneisses of Val Cannobina
to the S and the « kinzigites » to the N, has been

11

called the « M. Riga Unit » (BORIANI and SAccHI,
1973). from the name of the mountain that di-
vides Falmenta from Gurro.

TI'he « M. Riga Unit » consists in large part of
rocks clearly belonging to the « Strona-Ceneri »
but their mode of association and, characteristic-
ally, their texture indicate a high degree of com-
plexity in their metamorphic and tectonic evolu-
tion. For mapping purposes the « M. Riga Unit »
has been here divided into the following three
sub-units:

a) southern
b) central
¢) northern.

a) The southern subunit

The southern part of the unit consists of
strongly detormed « Strona-Ceneri » rocks, mostly
fine-grained gneisses and « Cenerigneisses ». The
tectonic overprinting makes it very difficult to
recognize the original identity of the rock types;
UH}}; Oon vVery clean and 1:1!';:1;.‘ OutCrops 1S It POS-
sible, for example, to see the typical Ca-silicate
bearing xenoliths of the « Cenerigneisses » which
appear to have been bent and rotated in an anti-
clockwise direction after their disruption (Fig. 3)
see section on «Cenerigneisses»). Good exposures
of such rocks can be found NW of Falmenta, abo-
ve Camberto, on the clifts below Bronte di Cava-
olio and at S. Bartolomeo Valmara below Prati
d’Agro.

Small tolds axes are vertical or plunge steeply
WSW or SW, whilst the spectacular folds in the
amphibolites, bordering the southern margin of
the « M. Riga Unit » at P.te Falmenta, show
steep NE plunging axes.

The microscopic characteristics are similar to
the usual ones of the « Strona-Ceneri » rocks. but
with the addition of strong postcristalline defor-
mation and sometimes notable retrogressive meta-
morphism.

The northern boundary of this sub-unit has
been traced at the first appearance of augen gneiss

intercalations.

b) The central subunit

The central part of the « M. Riga Unit » is
characterized by the presence of several thin in-
tercalations of these augen gneisses and of a
relatively thick lens of hornblende-bearing ortho-
gneiss within the paragneisses. These generally
show a banded structure with frequent discon-
tinuous and concordant leucocratic veins: the mi-
neral assemb age 1S quartz, ‘,r.'-'f{'ﬂi[{g"’{}{'{ﬂ’j(‘ (18-25%
An), biotite, muscovite * garnet. A strong post-
cristalline deformation is always present. Near




the northern margin of the sub-unit more pelitic
[?Lll'ddfl‘ihl[t‘h rich in Al-silicates dppcar.
TI'he hornblende bearing orthogneiss is very si

milar to those of Premeno and M. Morissolo (see

section on the orthogneiss intercalations of « d¢z
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Interesting intercalation of « spotted » amphibo

]!t-;‘ﬂ Ol ffilll]::‘hi;!.:lt‘.["rh‘ L‘L’]i*:.".iiiu.' Lil.‘]'i\.';!liﬁ*[1 WS
tound. It occurs 250 m south of Ponte di Gurro

along the Cannobina road.
T'he appinitic dvkes are abundant also in this
sub-unit, especially at the southern margin; they
seem to cluster along the boundary between the
central and the northern subunit.

.l.ht' ITlf;‘[';!iﬂa"l]'p]'m' t;'i:'r]tt“[it"r“lh carn [‘ﬁL‘ }‘JL‘.H! cvd
luated considering the metapelites of both sub-
units. Most of the thin sections made from the
samples collected near the boundary contain stau-
' can be traced about
300 m SW of the border towards the Ivrea-Ver-
bano rocks. All of the three ALSiO; polimorphs

J"-"-Jf;r's"L’. a staurolite-ott 1Soorad

are present (in one case in a single thin section +
corundum - Sample LPVC69) the more common
are andalusite and kyanite often with sillimanite
(Fig. 3). With growing metamorphic grade, i.e.
towards the Ivrea-Verbano, andalusite or kyanite

are replaced by sillimanite; sometimes the texture

Garnet is always present often as poikiloblasts
with small inclusions sometimes 1n L'h'.ll".fﬁ'.'[L‘l'i'.‘a"[iC
« snowball » arrangement, which recall the garnet
of the micaschists from Pallanza (« Scisti dei

]
|
F %y |

The p,n':t:g]méamﬁ of the northern sub-unit of
M. Riga » cannot be attributed to the « Strona-
Ceneri »: relationships may be found either with

| Seée lll‘le SECL10n on 'IR‘L'E“]E]IL'!H]
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Un the W 15'!'.'1|L' iilL" « M. .I'[‘i.-"___"_L-’ Unit » can 1!1[; COn-

dered as stronely compressed part of the
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loov allows the observation of tight folds with

vertical axis (for example at the W extremity of

the hornblende-bearing gneiss horizon NW ot Fal

. L1C0) ) LINNC « |'II F €U H-I-:f { L) :LI

j | D ]Ik Steep mectamit | ! |11

| ' I VEEeIl LI i.'x'?‘[l.l.r ] L=

he b S O . Kz , together with the

- I ) 11 -'II.H HIIT.I'_'L"H[i.L! LO BORIANI .':H.;]

SA¢ ) the existence in this zone of an
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Line) now completely rehealed by metamorphism.
[VREA - VERBANO »

['he « [vrea-Verbano » occurs al western

:i | boundaries of the mapped area;

Ithouol has onlv a 1['|L1;'_;._11'|1L|1 interest 1n our

lnvestigations we shall I:-.lll".'r;_‘ below a short account

of its main structural and petrographic features
because of the importance of this unit iIn the
COITICXLT f. 1.!*4._' ,1||_f.rl"."-_'r|.|'1‘-.i'} “’r[*; j[J”rl-Ll',.'f?_-' >

[Il‘f < e'l [T .-:-'-1'1T{ }';f‘__-'i,-'u ¥ |--. L‘u}]j‘-;idt.;l'u,‘d cl 1-[';1;_'_1“!‘.1‘111
of crust-mantel transition because of its litholo-
oical association and of its uncommon utﬂph}'ﬁiﬁll
characteristics (see Volume of S.M.P.M. on the
I}‘IL' lxrl'u;l-\"t.rl'iﬁ;nm }/_H['IL' »

1968). Its western (outer) part, near the « Cana-

« dymposium on

vese Line » consists of metamorphosed mafic 1n-

trusives and ultramafics (RIVALENTI ef aluz, 1717);
the eastern (inner) part consists nm};_llju' of biotite-
sillimanite-garnet metapelites with frequent inter-

calations of amphibolites, marbles and pegmatite

veins (« Kinzigitic » zone). The main mafic and ul-
[I‘;ltﬂ;l[if E"HH.I},' extends f-l'['}m [vrea to \-‘TLII ?\'lz.ttﬁ[ﬂlv
lone (an eastern tributary of Valsesia); E of Val
Mastallone its thickness is strongly reduced and
metapelitic rocks prevail. Only a thin strip of
mafic rocks with some ultramafic bodies (Cam-



pello, Megolo, Premosello, Finero) continues along brown weathered crust. Their mineral assemblage
the « Canavese Line » as far as Lake Maggiore. 1s: biotite, plagioclase, quartz, sillimanite, ff?r’r‘*fjf«!-

The general structural setting of the « Ivrea vite = ;fu’?'r‘lj.:"f Ifu:.-ar the boundary with « Serie de:
Verbano » is that of vertical subparallel horizons Laghi » where they appear extremely rich in peg-
striking NE; this regularity is disturbed by large matite dykes and lenses. Some hundred meters
folds such as .[h“‘q” revealed by Scumip (1967) NW of the boundary the pegmatites decrease and
in the Val d’Ossola section, by BERTOLANT and the muscovite L”Hltp}-“'uirh from the mineral assem-
GAruTI (1970) 1n Iih: lvrea }‘H.uh' or bv | _.ESCH h];m{; :'._'|'|."-._'i]"!:_f wav to the K- f';gft-,“rt.';:“-';'-~.;f;*';r':,:,-.-‘:,-';3*.;} ASS0O-
(1968) in the Finero peridotite. ciation. | j
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In the metapelites of the lower Valsesia CAPE- The general characteristics of the junction bet-

DRI and RIVALENTT (197 3) rec 'IL’[IFl.r“:L_'t] at least tour ween « lvrea-Verbano » and « Serie dei Laghi »
phases of plastic deformation and an equivalent are discussed at length by Boriani and Saccmi
num}_‘m- “II ”-“_-[‘”m}]';'-]!51.' CL') mi,IHf,f;ui“n_u.. | itfj'?%]' ;111{1 AI'C [ﬂL'THf!'H]L"ti d1S0 iI‘t H[]‘!CI' PAarts UI-

The metamorphic grade increases towards NW; this paper. The transition is well exposed in Val

the « inner » part of the « Ivrea-Verbano » is in Cannobina in the road cuts between P.te Spoccia
amphibolite facies, whilst the « outer » part is in and Orasso and between P.te Gurro and Gurro:

granulite facies (PEYRONEL PAGLIANI and BoORIA- the transition seems gradual and the boundar

NI, 1967: ScuMip. 1967: BERTOLANI. 1968). Re- between the northern « M. Riga Unit » and the

s : - i ) r r #
cent thermobarometric estimations (SCHMID and « Tvrea-Verbano » has been conventionally traced

Woop, 1976) for the main metamorphism in the at the first appearance of pegmatites.

Ossola zone give P and T conditions ranging from [t seems worthwhile to mention here the oc-

9-11 Kb and 700-800°C. Our research, now in currence, not far north of the mapped area, of a

progress, in the lower Valsesia and Biellese reveals continuous horizon of « spotted » amphibolites

L‘liHL‘I’L‘ﬂE H“l:;‘l:il"t"mrpf'}if {.'a:‘rl'nli!iu‘rnhé 1N Iih.‘ wWesLern
part of the « Ivrea-Verbarno »: the abundance of
cordierite in the metapelites of this region indi-

which crop out just at the contact between meta-
pelites and metabasites on the road Orasso-Cur-
solo and which have been followed as far as

cates lower pressure. Testa Fontai and M. Limidario.

Within the boundaries of the mapped area only i
metapelites occur: they consist of micaschists and southern part of the « Ivrea-Verbano » has been
cited by WALTER (1950), ScHILLING (1957).
ScHMID (1967), BoriANI (1965) and by Boriani

1e presence of « spotted » amphibolites in the

paragneisses showing a strongly foliated fabric,
greyish colour on fresh cuts and a dark reddish
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and PeEYRONEL PacLiani (1968). These latter
authors recognized all the transitions between
eclogitic amphibolites and « spotted » amphibo-
lites in the occurrence of M. Cerano (lower Val
d’Ossola). Studies on this interesting subject are

at present In progress.

DYKE ROCKS
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stons of Valmara (Brissago).

In the mapped area the lamprophyres are par-
[fL‘I!];t:']'-. |-1'|._‘a_i'-.i.'5|[ 1.1L'-!".'~.‘L'1'i.! [}EE:[;H‘!HJ. .\Ik'}':fl'.-’.-'t" ;!IL_E
I]'IL' h‘v ]';L:I'T]H'LHHH ‘x';l”u".. 111' T:m‘ Al'C I'CPIC
“lt::"!h‘d r'J1=1*~E]_\.' f'ﬂ.' f"f'F':.'-r’.-"rc'F.'-{'l' .-.Ha! pyroxene [“t':]l'f[‘l;‘
spessartites (LuccHEst, 1968). Here, as in the
k"lﬂ*EIHE_c,'HL'I'f, []u"ll.;‘ji‘ ZOIE Ui. []I;i"-:iIHEE]]T f]'L‘LlIII';"-lL':.'
seems to be S of the main amphibolite horizon,
within the « Scisti dei Laghi ». Other lamprophy-
res are related to the tectonic :.“H[‘-ET'!‘I;H'|L'L‘~4 {'JI.
the upper S. Giovanni valley, where they occur
also in the « Strona-Ceneri » rocks, in which ge-
nerally they are absent.

A 5 m thick granite porphyry crops out on the
Comero-Miazzina road, near the Eremo. It is a
”.ﬁhf coloured rock with an evident [‘rm'phy'ric;‘
texture. Phoenocrysts are essentially formed by:
K-feldspar, minor plagioclase and very rare quartz,

|

uscovite and biotite; the quartz-teldspathic
oroundmass is micropegmatitic.

[he most typical « appinitic » dykes are wide-
spread in the zone between Valmara, M. Limi-
dario and Vantarone, within the staurolite. anda-
lusite, sillimanite, garnet gneisses ot the M. Riga
[-"'?.'.Z. \ '.._"LH.'Jt] L"-{!"H'HIII“L‘ Hll- I[‘!L'ﬂ‘ ]'HL'!{H ‘a present
on the Valmara-Brissago road, at the Swiss-Italian
E‘H*."I_EL'!' |.!!--[ u['r[‘n_ﬁih' I[‘.L‘ .k“';‘u‘u'i“«'-a [I’.]HIHIHH ht”i*ﬂ;,

[n Val Cannobina the « appinites » are less fre-
quent: the bes OUtCrops d4drc ncdar .k“'*jﬂ'-;t;]'ﬁ: and
on the top of M. Zuccaro. The dykes occurring
between P.te Spoccia and P.te Gurro are thin and
Ihe « appinites » are extremely heterogeneous
a5 ITd\ |u SCCI .l:-l‘*!’"f:-__‘ Ei]L' many 1ootpatns ‘.!i. 1[3&'
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rn slope of M. Limidario. Composite dvkes
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riable texture: the ag[ny‘.[umh- varieties are Colnl

i*in;:-x_-].‘».' recrystallized and show a grano-nemato-

lastic tabric, whilst the non-schistose types show
arious types of igneous textures from hypidio-
i?:nl!"l'a]:ii' Lo H]“i‘liifl{

Hornblende is present as elongated individuals,
which are generally zoned, with weak greenish

pleochroism and ilmenitic exsolutions. In the
schistose « L:"rr"'*_.”."*':'.-"'-."{’.f » second I:,‘,u'l'la']'.‘l[i{‘lﬂ [“T'if*mﬁ
dl'C }..’;HFH‘E'L‘L! EH iu]]'HIHPiL‘ ageregates.

Jus’r.s’.-.j.-'r’n'.-’rl.f'n'i.' 1S Present as two L-:;g-[}g;‘;néu[]m: jalitI-
morphic zoned individuals showing various twin-
ning laws, and polygonal grains forming aggrega-
LCS, the ]LEEIL‘I' [\]'L'i';liJ in the schistose L{f‘-'!‘lt’?*- Its
strongly variable composition from the melano-

(*) « Appinites » (from the localitv of AppIn In fi?ﬁllr“F”'

re - dcotland) consist of essentially. « basic intrusions genet-

1

i”» associated with ;[1‘;1!']1'1.;- » (PrrcHEr and BERGER, &

79
I.n'._.

They are generally coarse-grained rocks, but also lamprophyre-

like dykes are frequent. Their common mineral association
.__ '-.- = l. rl'- .Ir_”_'- 1.- : = 5 .-..r rirF-
is: bornblende, piagiociase, sometimes guartz, and with brotife

and pyroxene as alternative mafic minerals (see also FRENCH,

1966: Harr, 1967).

s e



cratic to the leucocratic « appinites » is evident:
in the outer parts or in the schistose dvkes the
An content 65% at the
25-35% at the periphery, while in the inner parts
the core has 359% An and the outer shell 5-7% An.

ranges from core to

Biotite 1s very rare in the schistose dvkes:
flattened aggregates appear in the breccias. This
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The chemical fteatures of the Brissago area
« appinites » have been discussed at length by
BoriaNt et alii (1975). The difterentiation trend

is essentially that of a calc-alkaline series, although

most of the gabbrodiorites plot in the alkaline-
basalt field (see SiO,-alkali diagram, Fig. 4). Their
abnormal alkali content could be attributed either

mineral becomes abundant towards the contact to an enrichment through the abundant volatile
0
]
& ®
) .
> 5
T T T 5 T = ! " =1
[ i ) 55 18 5 Il_.l __:, :'_'. .___'I
F1G. 4 - S5i0,/alkalies diagram. Asterisks: lamprophyres of the Verbania area. Dots: « appinitic » dykes ». For
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with the aplitic dykes. In the medium-grai-

]

prolite 1S 1n L‘IH.*-;L_‘ 1ss0C1ation

ned « appinites »
with amphibole, sometimes it is found in the cen-

] f I-' I|r
[2OYNHPLETIHE

tral part of the « hollow crystals »,

HJIEC[I'IL‘_'I' ‘»‘.'Eih ‘,r"e'i.flglff»'r lase ;IHLI *-:."f.e'{"t'.a’.’{'.
Jlljll'{1-il.r‘l{--lfllr.'r.':rrt“ 1 .?K?--_

!

sameE amount as ‘,u'r:';".-.f'_'_i-”-'-l."."-..".‘\'IL"

80°-84°) is present in the
in the aplitic veins,
where it is often surrounded and partially replaced
by myrmekitic plagioclase

Very characteristic is the abundance of spherne and
iimenite in all the different LypeEs of af.c‘,.“_f'f'h-‘if‘f 5 »,

PrrcHER and BERGER (op. cit.) suggest that the
coarse-grained structure and the abundance of hy-
drous minerals (i.e. hornblende) could be due to
a high volatile content of the « appinitic » magma;
das p[_}il'llf.:d Out l‘ﬂ, [}]L- g};lm-ri[nu}]lﬁ UI- H'.lll}[-lltl ;IH-;I
TiLLEY (1962) the amphibole stability field is
progressively widened at the expense of olivine
and pyroxene under high vapour pressure.

These basic intrusions are always associated in
space and time to granodiorite-granite plutons.
This fact supports the hypothesis that the « appi-
nitic » basic magma may have been enriched by
volatiles passing through the granite magmas mo-
bilized in the crust at the same time.

phase, or to metasomathism. The basically orogenic
character of the magma appears trom the relatively
high Al,O; (14.5-20% ) and the low TiO, (< 2%)
content.,

The scarce chemical data available on the lam-
prophyres do not allow a satistying hypothesis
to be put forward about their origin. BORIANI
et alit (1975) tentatively related their intrusion to
that of the « appinites »; REINHARD (1964) attri-
buted their emplacement to the Permian in con-

nection with the porphyries of the Luganese.

6. METAMORPHISM

[t is clear from the preceding descriptions that
the distribution of the metamorphic parageneses
in the area under consideration is not compatible
with a single metamorphic event.

The significant paragenesis of the schists of the
southeastern part (« Scisti dei Laghi ») is: quartz,
oligoclase, muscovite, biotite, kyanite Although
this paragenesis is only seldom found, since the
chemical composition of the original sediments is
generally not appropriate, the presence of stauroli-
te + quartz and of kyanite is cited from different
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localities within the investigated area and also out-
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Apart from the local anomalies of the metamor-
phic pattern (retrogressive metamorphism and con-
tact aureoles near the granites) it does not seem

possible to identity with certainity a major meta-
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Lradictory position this context: thelr texture,
their mesoscopic characteristics and the presence
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of Al-silicates nodules indicate a peculiar type of

—

evolution (B1GI0GGERO and Bor1ANI, 1975) which
difters largely from that of the other rocks. Never-
I]]C]L"ﬁ?‘t [.|“JL‘I‘C are intercalated between the other
« Strona-Ceneri » rock types, moreover they seem
to be in particularly close relationship with the
« Cenerigneisses ». Their evolution suggests that
the « main metamorphism » must be split into
two phases: a prefolding (M;) and a postfolding
(M) episode and that the maximum temperature
was reached in M,. This evolution will be further
illustrated in the chapter on tectonics.

The distribution of the typomorphic minerals in
the rocks of Val Cannobina and of the « M. Riga
Unit » does not add any other useful information

1

about the main n‘m;tmml‘;‘*hi-“~”1 of the « Serie dei
,|F¢ 'H]Lf t}ﬂl_"u' L‘..'HL'L‘[_""Iit.‘rl] 1S I't‘}‘f!L.‘HL'!'HH{ ]Vj.' '[hl':

garnet poikiloblasts of the northern part of the

« M. H[;H Unit ». which could be attributed to
the main phase on the grounds of a particular
Lectonic é!'!Ik']'}ﬁ'!'t’ldli{_?l‘l (see section on tectonics).

As ftar as i]]:; dgcC 0) the main []1L‘!.H]IU!'}“]1E5111
is concerned it is difficult to give reliable figures.
«'1:![_1 M'ti,j];llj‘rlu radiometric dgCs  dIc those
concerning the zircons and the monazites ot some
ortho- and I["-‘.illl-;lﬂt']l-““--'f“ u_'hi:_'i] WCIC LlL[L‘[']'HiHL’EI

hv Korrrr and (GRUNENFELDER (1973): KOp-
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necessariy indicate the existence or 4 { -llL
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Nevertheless, since the age of 450 m.y. is ob-
tained also from *'1'21}1‘;.';[}L'i‘:~“*-~'."~ [rom oOther parts
of the Alps (Oetztal Krystallin - SATIR, 197)),
this must indicate a [IAZTIALIC activity ai lEJ_x:i. t1-
I1|'L LETICOLLS ]-I’ll,‘_']w“-. werc J”L'LiL'Ll i.‘"» [.]IL‘
main !"u.l.'i'!iusi*-"h]ﬂ:l and theretore we maintain

[

Il'|=,‘ill[lel=I'}'#Ir“.-:-H| IMLUSt nave th;u:l'!'t'd

LIl LN IMalll
around 450 1.y. O ];1-’.L'!'.
RELATIONSHIP TO THI [VREA-VER-
BANO » METAMORPHISM
Within the central subunit of the « M. fr'f..',;;u‘
Unit » one can see from S to N an abrupt change
Ol I_:u.':harmnp]ﬂu ;:111&:: from rather low ;__'r';n{:; [e-
trometamorphic gneisses to the Ryanite staurolite

. g gy el i oy e ' - ",, - Sl B }
O diGAlNTL¢ "'.'I:.::’.!'.-”r‘:':'.:"l'-'. | "..|n-'.ilf.|':".'"l[. - "'5-"":-"5"‘"'"’”"'."{:'-}

schists of the zone of Pian Nasca - Spoccia - Pio-
dina. The andalusite bearing parageneses are spa-
H;i”_&' t'U!'.'[]L'k’lL'Ll LO lIlL‘ Zone ["_lll OCCUrréncc Hi- ilht.‘
< appinitic » dykes and could be attributed to a
late, contact metamorphism due to the intrusions
since their attribution to a supposed more recent
« lvrea-Verbano » metamorphism would imply In-
acceptably low pressures (around 5 Kb) which
cannot be conciliated with the absence of cordie-
rite 1n [}IL‘ 5L‘|‘1i5t~.~a Hf hijﬂ,hﬂ'l' gr;ui;‘: "n.\.'l"liu;l"l OCCUr
immediately N of the considered area.

SCHMID and Woobp (op. cit.) suggest a range
of 9-11 Kb and 700°-820° for the P and T con-
ditions of the metamorphism of the « [vrea-Ver-
bano » zone in the neighbouring Val d’Ossola.
Although the sporadic occurrence of cordierite



(PEYRONEL PAGLIANI and Boriani. 1967) would

suggest a somewhat lower pressure (CURRIE,

1971). there is no doubt that the pressure value

during the « lvrea-Verbano » metamorphism ex-

ceeded at least 8 Kb with a polymorphic transition
kyanite-sillimanite around 700°: the transition can

be clearly seen in the samples collected along the
Pian Nasca .'U}‘IHHL.' 1-UUIPLH|] WY of Gurro in Val
Cannobina.

As tar as the area under consideration is con-
cerned, there is no reason, at present, to attribute
the metamorphism of the « Ivrea-Verbano » to
an event with P-T conditions different from those
of the « Serze dei Laghi ». The metamorphism of
the two major units ot the South Alpine domain
of the Western Alps could have been related
to the same geological event. Scumip (1972)
considers the metasedimentary part of the two units
b }‘IL‘IHHL&;:'H;_' LO E}H_‘ SAITC hL'a].‘Hh‘]H.H'_‘{ 1[1L’ PIcC-
SCI a!if?L'E'a-']H'L' E‘L_'Eﬂ;_‘_ Lii:'i_' LO L!L'}L?.]]“IiLi.";t[iﬂ[] N [}]Lﬁ

. 1 - : 1 ’ o . ; :
higher grade part of the same metamorphic series.

-

Nevertheless, while for the « Serie dei Laghi »

I}':L‘ IijL‘k‘k'.F'l}'l‘Tfuﬁlu‘__':I..1] l.'h'm]|L'!'Iu.L' }'H‘i'].'l[“t (O dn 4agcCc

; : : F e e e — _ 1 ]
0) I!|L'[.l!‘.1nr‘.}“1.rw_-1! around 450 m.v.. tor the « lf{“l‘]ll_tn'l'

F r "
-1Lt”"‘--'-"."“ » d IINOre recent origin Seems 10 ]"IL'

Y 1

indicated since the onlv Rb/Sr total rock isochron

published till now (GRAESER and HUNZIKER,
i%}f‘nﬂﬁ'ﬁ! Ol i['n; {4 ﬁ' Fed 1‘; -"-J';-'-.'w e _!.'_T‘;lfl!_llilt_'“: Ih!l-"s'L'h
An age of 310 =+ 60 m.v. with an initial Sr iso-
topic ratio of 0.717. U/Pb ages of #zonazites trom
« lvrea-Verbano » paraderivates of 275 + 2 m.y.
were obtained by KorPeL (1974); the minimum
age of inherited rircons 1s 1900 m.v. with a

drastic lead loss at about 285-300 m.v.

H[“- Sr ;H"h;i K/Ar mica ACS Hf. []H; < i'rr"}'a_-;.-'-lL'-c'f‘—
bano » range from about 240 to 180 m.y. while
those of the « Serie dei Laghi » are generally older
(Mc DoweLr and Scamip, 1968; Mc DowELL,
1970; HUNZIKER, 1974).

In conclusion the data available so tar indicate
an essentially younger thermal history of the
« Ivrea-Verbano » (i.e. a slower cooling) but not
necessarily a different metamorphism; also a two

J{:rg;f_a‘r;’ (450 and 300 2. v ) bistory twith the second

i W

pulse more important in the « Ivrea-Verbano »
may be envisaged.

Another important conclusion that may be
drawn from the geochronological data is that the
contact metamorphism and, locally, the anatexis
induced by the « appinitic » intrusions at the junc-
tion between the two units (BorTANI and SACCHI,
1973, 1974: BoRIANTI et alii, 1975) is late Va-
riscan (295 m.y. of the monazite from the migma-
tites of the lower Strona Valley, KOpPPEL, 1974).

The pressure characteristics of the contact meta-
morphism in Val Cannobina indicate that the in-
trusion of the « appinites » occurred at a pressu-
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re at least 3 Kb lower in comparison with the P
conditions of the main metamorphism. This means
that uplifting and erosion of at least 10 km of

COVETI ]lald J]I‘L‘le} HL“ELII’I'L‘J.

/7. TECTONICS

If we look at the tectonic sketch-map of the
« Serie dei Laghi » a major structural feature
stands out clearly: in the Verbano-Sottoceneri zo-
ne the « Serie dei Laghi » seems to torm a large
told with subvertical axis, with the metapsam-
mitic gneisses of the « Strona-Cener: » at the core

and the metapelitic « Scisti dei Laghi » as mantle.

TI'he northern limb appears complicated by minor

« schlingen » folds that involve mostly the « Stro
na-Ceneri » rocks.

The hinge of the major told 1s well exposed in
the northeastern part of the Sottoceneri in the
(_IiI_liﬂiilf‘hLi.}-ﬂ.\nlt'L[L'&;li;l-H. L]L‘.ri'ilu Pass ‘LI‘LIH;_'[L?. [n that
area the northern limb of the fold is largely
sheared-oft by the Jorio-Tonale Fault.

[n the west, this major structure is clearly cut
by another important fault, the « Pogallo-Lake
Orta » line. In the northern part of the « Serie dei
Laghi » the attitude of the S-planes is nearly ver-
tical whilst in its southern part the schistosity
planes dip more gently to the S or the SE and,
locally, are even horizontal: this explains the
difterent aspect of the geological maps, tor exam:
ple in our area and in the zone N ot Ponte Tresa.

[n this chapter we will give details of the struc-
tural characteristics of the difterent parts of the
mapped area starting from the description of
the non-penetrative discontinuities; an interpre-
tation of the structural evolution of the zone
will be proposed in the final chapter.

7.1. EAULIS

The two main tectonic lines are related to, and
largely represent, the contact between the « Serze
dei Laghi » and the « Ivrea-Verbano »: they are
IEIL‘ <« (-H_*;_'a':;‘:'u-HHP‘_QU_EL'_i".-"u‘—iut'i'\;_ir,ﬂ:::r;--!::F";",';_H';EL;;{J » ;1}'};,_]
the « Pogallo-Lake Orta » lines. The first of these
two lines represents (Bor1ANI and SAccH1, 1973)
the oldest tectonic contact between the two units:
it is characterized by lithological contrast, presen-
ce of blastomylonites, anatectic phenomena and
intrusion of high water pressure gabbrodioritic
magma (« appinites »).

All these characteristics are present between
Candoglia and M. Faié, in the extreme south-
western part of the area; between M. La Piota
and Brissago the contact loses its tectonic charac-
teristic and is marked mostly by the presence of
« appinitic » dykes which induced a contact me-
tamorphism on the country rocks.
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TI'he other important fault that cuts the con-
tact described here is the « Pogallo-Lake Orta »
Line; it was recognized by Boriani (1970a) in
the mapped area and then was considered by

=1
|

BORIANI and SAccHI (1973) to be ['t_‘ﬁ["'t_\v]h];ﬁ]r LOT

the « Lake Orta misfit ». The « Pogallo-Lake Or-
ta » Line runs SSW-NNE trom Mergozzo to M.
LLa Piota and then turns towards NE reaching
the Lake not tar north of Brissago. The strong
f‘;uI‘i..'UJ‘JIdI :J,ip dPPCArLS |.,||,ng]']} from the tectonic
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sketch, judging from the displacement of the am-
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phibolite horizon, and is of about 11 km.
HLL*-'UI]l?-j{fuélila'h of different rock Lypes Ol both

tormations are constantly present along the fauli
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plane, whilst migmatites and dyke-rocks are absent.
) P 1 - 7

Between M. Faié and M. La Piota. the « Po
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gallo-Lake Orta » Line marks the separation with
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M. La Piota the fault continues in a belt of blas

tomylonitic rocks within the metapelites of the

1

[vrea-Verbano ». The belt has an arcuate trend
. 1
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vise horizontal slip of these faults is shown

1

" - ™ ¥ -. L ol | .I 1 |
Ispiaccment or the amphibolite ||._._-;,--.,1;;_
L

T N ¥ a i 1
| - o S } ' l
[.-"_!L_ wd¥y 111 Whnich these Ll‘:lh CILISTEI At the eastern
I]:-..l_;l}:? Of the thick « (. cCTEERELYS » INASsSs O .H
Todano seems to indicate that tl
Al SCCIS 1O 1nailcarte Lildl LINCIT OT11eIn Wds
e * 1] . . l ' | 1
ULIC 1O theE L]]HL‘1L'|ET_ [11eChnanicail i'lt_'[l_l‘-.!tli:f' 01 E|'|L'
LOCKS 1N the LfH“.!E‘!'L‘w:t'ﬁf'!.!] S LI'CSS -'Ia'iruf «
more 107 | chists m v diict .
Wil LA A1, “"L.r-!"ﬂ!“" (11OTC LI LRI ).
4 E- : Rt = H ¥ % : . - 1 . ”
.\ '-._I.[]E'-'IL:I‘ '."u'rh"l,_‘ '.'Ll :L'Ll"l"}.:ik. li“"‘_-'i._i_"|!i_|."i'l|1"~ ALV ]
acly present also in the Sottoceneri, is represented

]‘“ LICVCISE 1:1E|‘]E.‘~ ..il'rtl =.T‘-'L'T'I]JI'I'_J'.*-1.*- LEI-[‘P!“*j_i'Z':', \\‘\.‘\
The Cannero fault is probably the most important
reverse fault of the zone, since it can be followed
from Cannero up to Crealla in Val Cannobina.
In spite of intense morainic cover. The small
overthrust of M. Morissolo (W of (Cannero) oc-
curs on a subhorizontal plane and leads to the
tormation of a limited amount of cataclastic rocks.

A practically unresolved tectonic problem is
the doubling of the amphibolite horizon of Ca
prezzo; the repeated segment of amphibolites is
limited on both extremities by N-S faults, but
their significance remains obscure.

_II would seem relevant to note the connection
of the occurrences of lamprophyres with different

tectonic disturbances. Lamprophyres are very fre-

quent along the N-S faults and the subhorizontal
nrur[[n*u:-;[ Ui'- .\1. :\It.‘rl'iHHLl]U. ]H I}'IL‘ LZOIE ul- (_:;1-
prezzo, besides subvertical N-S ones we find also
subhorizontal dykes; dykes of this latter type are
present also in the zone of Piaggia and M. Bava-
rione suggesting that the role of subhorizontal
overthrusts in these zones is probably more im-

portant than that which results from our mapping.

T

7.2. STRUCTURAL DOMAINS
[t 1S pu%!hhr tO L“HI]-HELI]E!"J four main zones

with difterent structural characteristics (See also
the structural sketch-map, Fig. 5).
1) S of the Val Cannobina and of the ali-

onement M. La Plota-Socraggio (1.e. S. of the
1

fine-grained gneisses-gneiss minuti- ot Val Canno-

bina) the ;:H'L'L:ilély;-_'; attitude of the rocks is that
ng NE,
|

mostly subvertical or steeply dipping SE. Only

'.!.'i. l 1|i"l1"|t“,_.IE.|iLi] series "F‘FH"”ILH:II" S{LLkd

YCCIN ODSCIVEd,

-i " & I
~-::|ﬂ||1 Mest F."*L'HE‘IH' H.'I.‘H?;H' Il"lki“w ‘l.'lu"

: ) : : . .
mainly in the fine-grained gneisses (for example
Y { M I : = l 3 Lo ankhiadc
LIIOSE O] AVATIONC ) dalld 111 LI CINISTES Neal

. - 1 | |
I.i.'!,."" and P.te del Dragone (dcareno): tolds axes
[ . B 1 1 L N s e .
lunge steeply NE and the axial plane is parallel
(O [Ne '-.','_;";]..*] “‘Lllli:""“"“"rillu..

) ) |.,I-:_ ares ;"c"‘:"{g:_'k';’l \1 [_t J"'H',,!, I.llllh_'l]f.!

. , ' ! .
and Val ANNODINAa 1S HU,H]*!“{ by 4 II1!'-~|'. SLID
vertical horizon of hne-grained gneisses striking
B-W. AL thelr southern }'nn:_:'l;.].l'."-. [NEV arc disCor
| ~FiE e .
dant with respect to the southern zone: this Is an

L:-._‘-!["‘!L.I[ LUILILACLE S1Nce there 1S ]r[m- O NO OCCUr-

[CNCEe O cataclastic !“L].H !H!'a d SLrong CcConceitra-
¥ [ ] L] % l .I .- =
L1O] Ol '-|-|.|| |:-"|t!“'~ WI1LN "\L']'Lh.l] dACS

3) I'he zone lying between the Lake shore,

. _ | g
VI. Giove and M. Faierone shows very peculia:
truuctuiral ol L. | r .
structural characteristics: here we have recognized

: .I 4.. & i .'||' / - ;
[Or the nrst time ]Ih_' « Scplineenbats » structure

| SO ‘~.'~.i_u!=;-‘-"!'L'.fLE | H|. f_]'lu {l'a ‘C\ (1 [ru .h:.l__-_[-
;'fj'-”'k‘- The most evident of these folds is that of
M. Giove with a mantle of fine-grained gneisses
and a core of « Cenerigneisses »; the axial plane
s BE-W

JEHI LI
W of the M. Glove i-"itl the structural ;tﬂﬂ litho-

logical L'UI'HI"IL'E[[_‘»' IS extreme; this 1s P-“'*f”]‘].’*

1€ T{"]t{ ;1"-._iw }'1Ei1]];_'v*-é f“*iL"-.'}-1|'x CaASLWi [‘nf-

L1'.|L' LO 1]"IL.' ]i[llk' |'Li'ln.|-:.‘r'.‘wiqnui {:lw;[ug‘gi;; L_!E-«['-i.!']"'ul["lL't'

of Val Cavaglio. On the basis of both microscopic

and mesoscopic affinity, this zone has been mapped

as « M ||I"’ Unit ».

F16. 5 - Structural sketch-map of the northern part of the
« derie dei Laghi ». The lithology is greatly simplified; black
main metabasites E:n;i,--:m_ ]u'||i'_::nr1=.;11. lines: ur';'.t'n'"_:'_iif-'h‘-*t'“‘ Ol
the « Scisti dei Laghi »; horizontal lines and poInts:

augen

gneiss or the « Mrona-Ceneri »: stippled: « Iy rea-Verbano »

Letters refer to the structural domains (see text): A: « Scist

det La
Cen i », J‘.[]L'-,—.-’.’Jil!t"..! I.‘_'I"lL'i“z"‘w. 20Nne o0l {.1[11_31_.'-}1j|:d ;!i]L! I'Lil|1|'li.'.'=!T.'l
Valleys; D: « Schlingen» zone of M. Giove. E: M. Riga
unit, E1 southern part, E2 central part, E3 northern part.

3 ' ’ ¥ 5 9
gt »; B: « Strona-Ceneri » southern part; C: «Jdirona
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the « M. Riga Unit » is marked by the presence
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mostly pelites and semipelites in the former.
mostly metapsammites in the latter. In both units
L‘;t]'j“*:ﬂ]:]ir rocks are extremely scarce; this could
indicate deep sea sedimentation in a trench and
the amphibolites, now present at the boundar
between the two units, could represent the meta-
volcanites of that early orogenic environment.
SCHMID (1972) maintains that the « Ivrea-Ver-
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have been part of the same basin: it only means
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'*]']“1’?.'4-1- I]'lL_' « Cossato
and Saccur, 1973). This movement is probably
responsible for the formation of the folds with
vertical axes (« jL'x’i‘-;";":,fl;-‘.:*;,-‘ ») that we suggest here
should be interpreted as large scale drag folds
related to a transcurrent fault. We do not know

at the moment if the model could be ;11‘1!‘*“‘&1 to



the other, probably coeval, occurrences of « schlin-
gen » folds in the Alps.

Two facts only intervened to modity this picture:
a) uplifting and erosion of about 10 km of cover;
b) clockwise bending of the fault plane of the

« Cossato... Brissago Line » in correspondence
to Val Cannobina.

The change of P conditions and the consequent
lowering of T caused a retrogressive metamor-
phism in the zones where the transcurrent move-
ment was still going on (« M. Riga Unit »). The

bending of the « Cossato... Brissago Line » and the

continuation of the movement determined the
creation of a new fault plane (« Pogallo Line »).

[t is very difficult to attribute the formation of
the various N-S vertical faults, of the R. Can-
nero fault and of most of the overthrusts to a
precise moment, since they appear coherent with
th‘ ;;L'HL'I'J] SLICSS “L"IL! EI"I;II t!}‘iL‘I';HL‘Ll L{Lll'iﬂ;: 4|
large part of this evolution; we may suggest that

their locating coincided with the lowering of

temperature below a certain value which determi-
ned the change in behaviour of the rocks from
ductile to transitional.

The age of the Pogallo tault (BORIANI and SAc-
cH1, 1973) is Variscan; the extension that follo-
‘».\.'L‘Lf [f‘l:: ]HI'I;.‘:-]JHE]'I];_E LHIH}‘rI'L‘HhiUH t-Ll"n.'{'l'HI'L'l{ LNc
intrusion of the « appinites » and, later, of the
granites. We now think that the opinion that the
are a pre-« Pogallo Line » (BORIANI
and SaccHi, 1973, 1974; BORIANI e/ aliz, 1974,
BORIANI ef aliz, 1975) must be abandoned; this

il]{L‘I']‘lI‘L'l.iIiHH arose irom I}H_' observation that no
K appiniric » Ll‘ kes occur ;1[&”1;4 ll‘u_‘ lrjfi_uu":":’lr'r Li-
ne » while they are almost constantly present
along the older « Cossato... Brissago Line ». On
the other hand it must be noted that a pre-« Po-
gallo » origin could hardly be reconciled with
much other evidence. The tapering of the « appr-
pinitic » swarm towards the « Pogallo Line » 1n
Val Cannobina and the lack of deformation ot
[MOSLT « .;EII.JJ;’*L-".HHIF.:’_H » dI'cC L*_‘*;LII'T]E"IL'H of ."\lIL'}'t evidence.
The thinning of the « appinitic » swarms 1s not
due to lamination since most of these dyke rocks
do not show any trace of postcristalline defor-
mation; the dykes simply become less abundant
and thinner as one proceeds from the zone of
Brissago to M. Riga. One possible explanation is
the following: as the compression died down the
Subsuqlt{:nl extension could create room for the
intrusion of the dykes only where there was
little stored elastic strain. The greater the elastic
strain to be recovered, the thinner the spaces
available for intrusion; in this way we may ex-
plain the lack of dykes along the Pogallo Line
where the strain was maximum, and the increa-
sed thickness and frequency of the «appinitic »

21

dykes towards Brissago in the direction of de-
creasing stored elastic strain.

T'he intrusion of the « appinites » determined
a rise of temperature at the junction between
« Serie dei Laghi » and « Ivrea-Verbano »; these
bigh water pressure intrusives caused the andalu-
site. metamorphism of the Spoccia-Brissago zone
and anatexis in the gneisses of the M.te Faie-Mer-
gozzo area (see also Boriani and PEYRONEL Pa-
GLIANI, 1968) and further SW. The andalusite
metamorphism of Val Cannobina-Brissago was in-
terpreted (BORIANI ez alii, 1974; BoRIANI et aln,
1975) as a regional low pressure late Variscan pha-
se of the « Ivrea-Verbano » H]L‘léil'ﬂi_il'phirziﬂ_' d
closer examination of the distribution of the ty-
pomorphic minerals now suggests that it should

ye considered. (at least in this area). a more loca-

1zed episode related to the « appinitic » intrusion.

[n this attempt to rationalize and simplify an
extremely complicated evolution we have not yet
mentioned the widespread static metamorphism
which left its mark mainly on the « Cenerigneiss »

1

and [JL‘I']];lph on the r,f.::.:'.-"r‘—‘_;-;?'u'.ff.'t‘u" BHEISS 1:-i3j|‘1ifi-
cantly called « horntfelsgneise » by the Swiss au-
thors). The point is in fact that the identification
of its age is quite difficult; the relationship bet-
ween intrusion of the lamprophyres (which we
consider coeval to or later than the «appinites») and
the static recrystallization of the « Cenerigneiss »
suggests (Boriani, 1971) a late Variscan age.

Contradictory to this conclusion is the presence

-

of widespread post-crystalline deformation in the
southern and central part of the M. Riga Unit,
the survival of which is difficult to reconcile with
a general thermal late Variscan episode.

This is not the only contradictory indication
ensuing from the study of this part of the « Serie
dei Laghi »; but this work, like any other human
activity, cannot be considered exaustive. In fu-
ture, more detailed mapping, new petrological
data and a better knowledge of the neighbouring
« Ivrea-Verbano » will surely help to shed new

light on the history of the « Serie dei Laghi ».
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