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However. these features were not integrated

Generoso thrust (FRAUENFELDER., 1916
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Alps west of the Giudicarie line
[C NOW ZCII( !L:Jéﬁ .U_LL-]1TE=! to be a mai

erging fold- and thrust-belt (DOGLIONI and B
1987). If this 1s the general. large-scale

pattern, structures 1n detail show 1mp.
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ience of mainly N-S trending structural line

inherited from the Mesozolc extension

i
= ] [ i |
i

LldI 1\ EL|£'E.H]f 1) this Iijwiﬁrtf 1S LI

of the Mesozoic N-S striking normal faults
Ich - acted '%41111}I COMpression ds [FdNSIEl
nes separating domains with ditferent geome
f shortening (LAUBSCHER, 1985 o
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ntluence ot the Mesozolc configuratiol

\Ipine tectonics is of central relevance

I | i 4 1 e - :
ZCALIES and will be seen again and again Iirn tilld
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| he only positive observations we have are:

folds and thrusts are found in the Adamello re
oion which are cut by the 40-30 Ma old Adamello
pluton (DEL MORO et 4l.. |

1983: BrRACK, 1981) and
must theretore be older:
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!ﬁr‘hL['Ttrillt south, the ( hid%HH-Hleﬂlfl“JLk'
thrust bringing the Chiasso Formation on top 0l
the Moltrasio Limestone is likely to be of Burdi

F

galtan or Tortonian age (BERNOULLI et al., 1957

F|; 14):

thrusts presently buried beneath the Po Plain
sediments are of Tortonian age (PIERI and GROP
PI, 1U8]).
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kil ying structures to by the basement. T he ftoliation and the ductile
| ! Jaibln - rndeed DSET ' 1L IS rrer |'L-|-i*~ alCc ( |L"l"- ”I. \':‘.’“‘-“"L'-”] il;ﬂi—‘-

late the sinele structures given the The basement underwent brittle deformation
reactivated during Alpine shortening. Alpme structures in

usts etc. A y-strike structural variations are the basement of the study area are poorly known

pread The Variscan foliation i1s sub-horizontal in the
the Alpine struc- region S of Tesserete (Lugano) (Fig. 2). North of
Tesserete, the toliation abruptly becomes steep
and dips to the S to SE describing a synform
Since the sediments of the adjacent Valsolda are
e runs 1 rhilv parallel to 1lso folded with a simuilar gecometry, 1 INterpret
Sfilee wl ch this change as due to Alpine folding (Fig |
Outcrop-scale structures like brittle folds and
1t see faults 1ndica

SW. NNE-SSW oriented, subhorizontal COMmMpre
.'.':i .!hfw *.H['E]'J d “.\"\"-.—[H[ h[rikj[]lg_{ j[}.’;_ ' I1]

f

te for the region N of Lugano a NI

r ljate axis. I he Variscan foliation east of th
BN Swiss-Italian border still dips on the whole to
51 Brittle. f.:[':{_'-HLi:IL‘ tl'Jln.i[[]LiL 1S however ¢
[Mon F[.i'.r; I[‘h'.*«t'r]]L'IH 1_111-?-1‘![“‘}‘*1.‘;1!1"-1 Iin the subsurfac
i wards the south beneath the roughly S-dippir
sediments
[ he sediments north of Val Menaggio are sul
livided by two WINW-ESE striking, SSW-dippin
. . chrust surfaces into two major thrust sheets (]
A 1 he thrust surfaces are IE_'L‘HL'!'JH'I'. marked
. o : £, Geolaoi tnin remnants of H|th'[|.til HI'\.;': ki[ Solto Shal

Figs. 6 and 16).

Although most of the Riva di Solto Shale outcro
[€ _5:..‘:..-n, have been known ;:lI'L.':u.fj.' since BISTRAM | O() A
ELS | juxtaposition with the overlying Dolomia Principale
Fr1ZOns ldS €ILNEr Not ':‘H;LH !IlEL'r';'*!'L'{L'Lf Or Li]ln!:'.t:."tw.i L{) 'i'lr.
no and to normal taulting (LEHNER, 1952). This is kinemari
Lal ' ped | he basement [ ly impossible since the Dolomia !HIHLE}I:]L' overlies the
e Riva di Solto Shale with a bedding-parallel contact
US| l he thrusts were flﬂ|}' l[T]r'll.lIEIl’l-.,' recognized as such b
Orobi BISTRAM (1903) and, partially, by LEHNER (1952). This
t. Th L] 111 yCIIIC] th ' Nneet tormes 1S qQUITK sUrprising since the thickness ot the Dolon

beneath the rincipale, with no thrusts, would be of several ki

o) INCLIO] ast Of J L | lometers!

I'ransport seems to have been roughly
| upwards-directed in present day coordinates
rea. Further to the s 2 af N TN N Once the Alpine steepening is removed, transport

_ the two sides | el was towards the north. This vergence is deduced
mo is precluded by the Lecco line which acted trom ramp-tolds found at the base of the south

1S @ rransrer zone separating the south-vergent ern tectonic unit. A N-vergent anticline is found

[_'r Bha [ro rgent thrusts of

N€ northe Jenert n. 1he Lecco line is. — S

e S ll HeiaLs 2l det eactivated Mesozoi I'he vertical displacement across the Mesozoi

Laul LLecco normal fault is much lower than that across the
Lugano normal fault Actually, the two sides of the
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.2 ALPINE TECTONICS IN THE AREA OF STUDY T'he striking difference between the geology of the two
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.2.1 1he general setting served already at the end of the 19t century (PHILIPPI,
1895 ), 15 mainly a consequence of different geometries
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reover, given the present day BE-W
| ly visible shape of the thrust

not only a result ot shortening but 1s

controlled by the inher fu"

mainly N-S trending structural grain
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of Val Rezzo (Figs. 6 and 15) 1s made up of Late

Permian to Triassic sediments and crystalline

rocks. The upper detachment horizon is bedding-
[_'1"”_-’“1"] with [ESPpCCt 1O the foorwall. West of Val

Rezzo. the sediments ‘a.‘.'(_‘xiti_.l{,_' out so that the

northern thrust sheet comes to lie directly on the
basement. The upper detachment of the footwall
coincides here with the Monte Grona line (Fig.
19). The tformations of IhL' toorwall are i..L'.l[lIiHLI-

ous with the similar rocks east of Lake Como,

north of the Grigna Group (Figs. 6 and 14).
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[ S| - hrusted on a composite footwall made up
\ ¢ . 1 he Monte Grona line east of Val

Vecchia; B = Breglia; P1 = 1 Pizzon:
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et 1s made up of Do-
Z0rzino

thin but relatively continuous remains of Riva di
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AL E AN £ L

lomia Principale and Formation with

o) SNale 1 he somuthern ."f"l idsil f el shows d
plete succession through the Rhaetian and
Early Liassic overlying the Norian carbonates

N he lower part of the Moltrasio Lime-

| cropping in the Monte Generoso area.
| ) 1 1111 f‘rL'Lu[llL- [T1OTC IL—.{L'[',IIILL‘ w:}LHtl 8]
Menageio (Fig. 16) and the Late Triassic sed-
ol near beneath the Moltrasio Lime-

(Galbiga-Monte Generoso
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The roof thrusts ot the c{li}"'iL'TaL"w have. 1n the

F"-I'L'“-.L'[]fi'-. £~ W L]H]:_'_Lth:Li sections, a tlat £2COITIC-
trv and run more or less along the base of the
Riva di Solto Shale and are therefore subparallel
to bedding in the underlying sediments (Fig. 19).

The sole thrusts have a more complex geometry:
in the eastern part of the thrust sheets they run
either along the Dolomia Principale-Raibl Beds
contact or between Dolomua l'll'[[iL'EEm]L" and Zor-
zino Formation. Along these segments the bot-
tom thrusts are bedding-parallel. In the western
part of the tectonic units the sole thrusts climb

upsection towards the west. This explains why

the base of the thrust-sheets becomes younger
towards the west (Figs. 6 and 19). This geometry
is not a consequence of an Alpine lateral ramp as

demonstrated by the absence of corresponding
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i MESOZOIC EXTENSION: THE MONTE
GENEROSO BASIN AND THE MONTE
GRONA/VAL GRANDE FAULT ZONI
CRUSTAL EXTENSION IN THE WEST
ERN LOMBARDIAN BASIN

1.1 INTRODUCTION
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a stretching factor ftor the western Lombardian
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In this chapter 1 shall describe the extension

related rectonic structures as visible 1n the sedi-
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Ntretching lmeations. Mylonites of the Camagpio;
section commonly show stretching lineations. They

rticularly well developed 1n foliation-parall quart;

TI'he general trend is quite regular with WNW

ESE directions and gentle E-ward dips clearly prevail

Fig. 35 A). Similarly trending stretching line

are also tound on ultramvlonites

{ )i \ 1[Il OQIIC Cd5€ i Fi[ig d [LZ:! Stretcning j [1EATIDI]
WIith the &..L[[Him.!['.' h[“i‘t‘:' e LCCIISCI | -':.}iu
11tes be observed I'-[_,I_'_ 5 A lT'he linear
rmediate dip to the west and thus strongly deviai

the general trend ot lower greenschist mvlon

Other lineations tfound on the foliation P
1 TO)] [he 1ntersection ol ?:f'IL rlilj.1[j|1ll ]-i.!rlf

nds. 1 hese intersection lineations stet 1)

marcator) ahear sense |
ASISTENI i--"[l I.!'I |-.."Ja{_'] :1L'L[|.~~c§:l‘ﬂ' [1

ILITES. 11 I-r'c'u-[:[ a!.l}. COOrdinarc
vement of the southern block to:

gently ESE-dipping stretching | On

pper greenschist mylonites are partly

BRALICITNA L I !TL!;k alsS WdS TNO1 ]1|vww!§1ir

0L l;'i_-._'!.ln [-.iaia dIC COIMIMON nortn ol

urande line I hey can be syn-myloniti

Y1 mylonitic folds AT€ |;“=1l.1“:'.' well ex
| quartz veins (Plate [X, |
Hinges are commonly preserved while che
(ten sheared out. Fold axes lie on the foliation
have variable dips both to the SE and. mor: ely
he W-SW I.!_; 9 B) 'l'iu-fwmra'l:-uui taold
the toliation plane is roughly controlled by
ince from the Val Grande line syn-mylonitic folds

.

€ line tend to show parallelism between
1d axes and stretching lineation. The folds

cally asymmetrical and have a VErgence consistent

rhe general sinistral sense of shear across the fa
FABIRI {‘J'-i.'.i":" _a."r']!I.I]ﬁ 111 T1rlll.{‘|f VEINS Are :_'t.i,'s];:rai;._
crystallized (Plate IX. Fip. 2). Since axial planes ar
parallel to the mylonitic foliation and quartz grains e
ngated F".J_i_l.]EL-f to the ila]]dTJ‘l:H_ the tolds must b
mylonitic. However. crystallographic preferred orie:
[(At1oNs Of the two ii[\‘!h"& O1 F}’H_' fi|||i ui]u‘-ﬂ-. OppPOSItt
senses of shear. This implies a preservation of

tive stage of folding

[}!."LflllL'_ i“*l‘ﬁf-]'llf-,'tlll"]ll[l{_ tolds are dm to m-sized
tolds rnldm;{; the [[]'_-.'!HH[IJL I1||Ltfiun (Plate |X, f'é_;_'
and must therefore be younger. Folds have generally
long planar limbs and tend to be symmetrical. No a
ial plane foliation is developed. Fold axes have variable
orientations but seem to lie on a sub-verrtical E-W
striking plane. The folds are generally associated with
semi-brittle shear zones (Fig. 34) to which they are
genetically related (see below)

Some ductile folds are observed south of the Val
Grande line: since no retrograde mylonitization affect
ed these rocks, the folds must be Variscan. Brittle folds
dre quite common: they are cm-to m-sized. VEry Irregu

lar and sometime ui-:;rr_-h};'] an axial plane fracture
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Since thermal relaxation i1s At this time substan-
tially accomplished, the depth at 72 Ma is, at first ap-
proximanon, ndependent Irom the geometry of

stretching.
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and BOsgeLLINI (1981). My reconstructed depth s
more realistic since the Maiolica of this part of
the Lombardian basin has been deposited on a ca

0 km thick continental crust (as required by the

stretching factor 1 have derived). The 3000 m

postulated by WINTERER and BOSELLINI 081
would be LT&FLL?LL{+!H1} On an oceanic crust
nossiblv. on a continental crust thinned to a m
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below the Lombardian b
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the stretching factor, the initial subsidence
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s obvious that the estimates | have been Pre

ine onlv have a semi L*JAIHi[J[IRL value. How

n the basis ot these ywx-HIHilLir; results 1t 1s

cluded that the vertical evolution of the L
lan basin seems to be best described by a unif
tching geometry with a stretching fact
This implies that the stretching tactor ds
rived for the upper/middle crust is a stretching
and therefore thinning ftactor also ot the litl

sphere underlying the basin.

2 EXTENSION IN THE LOWER CRUST AND

s PHERE OF THE LOMBARDIAN BASIN: A DISCUSSION
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The mode of continental extension leading
the formation of a passive continental margin i
presently highly debated. Two end-member mod
els face each other: the pure shear (homogeneous
stretching) and the simple shear model (non
homogeneous stretching) (Fig. 49)

In the pure shear model (McKENZzIE, 1978
ROYDEN, 1986 and others) the extension observed
at the surface is equal to that of the underlying
crust and lithospheric mantle; the thinning
caused i"?f- extension 1s therefore constant on
vertical section throughout the lithosphere. 1he
whole lithosphere is thinned with a pure sheas
geometry. Deformation in the upper crust 1s dis

crete . while lower crust and Hr!umw]1hn1wL mantle

“ The detailed geometry of faulting in the upper
crust 1s not relevant in McKENZIE's model. As long as
the extension at a crustal scale has a pure shea:
geometry, every geometry is possible. This means that
asymmetric fault patterns (like domino) by no means
imply an asymmetric extension at depth.
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