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[. INTRODUCTION

'i-lll' alm fr|~ Iili - W 1|rlx was Lo ﬁliltt‘ Illi* liii]}'EW*!l! evenls ol [Ilt‘ l"'l} il'lilit‘ ]lihlill‘}
of Alpine metamorphism and tectonics in the Western Alps by means ol Rb-Sr and
K-Ar ace determinations on minerals and rocks. For this purpose more than 100 new
K-Ar and Rb-Sr analyses on 65 different samples are presented and the resulting con-
sequences TLHI' IIH' _'_-‘l'-':il-i_glh' |ii1'[lH‘1‘ dl'C lli‘*l'l]‘*"l'lL

In this paper special emphasis is laid on the Alpine history. The pre-Alpine
events are mentioned only where new evidence has been found.

In contrast to the Eastern and Central Alps where several hundreds of age
|i;5!;l }Iilxr' lirllni ]iu‘i il :Ix;&i[ilil|a', I!af' \\ estern \ linwi rtwltll Illt' g}‘lH‘EIITIIIIrIlLﬂil‘Hl iur]lll

of view. are less well known (until 1970 not more than 20 K-Ar and Rb-Sr data

WEeT Lnown ftrom the Westlern & lilﬁl.

11. GEOLOGICAL SETTING

the FEastern and Central Alps where several hundreds of age

of lllt' Western kiin- 1S

In contrasl 1O

rllq't:|!1|11;'!|! 11=111 Ii;ln- t+11*11 4'|¢11t' [nn!- - 1e [ill1|" l||t‘ f}JIWTliilicrll

;;1-r1i-r;ut |H F1Lrtll11] 1t o | ) E rllthl]t=ih1I;l-i'.

[n the Eastern Alps KoBer (1955), TorLmann (1965 and 1966), UBERHAUSER

(1964 and 1968). ULAR | 196 ). WoLeETrz (1967) and MueELLER (1975) |||i~lll|i1|tﬂ|

dll r':1|‘|1 \ |i:] e inll;tni‘ +ri' \ |;Jilli‘ 11'1'!r:Ilii‘- }Il Iilt‘ L.retaceous. [ILIHI'I} Illili!tl} (11 ~[I‘Hli-

:_-:';||rl:ii'e|| and sedimentological criteria.

This early phase has been dated geochronologically mainly in the surroundings

1ni~ I]Il‘ ;1‘£1t!t*t'rl-\x 1114 {Ib\\ |rw {(IXBURGCH el iII. | | VOGO ). f*i.li MIDT el Lli. | | 'Jilt'i. El ILLER
et al. (1967). HARRE et al. 1968), CLIFF el al. (1971) and BrRewgr (1969). \

came to the conclusion that an early phase of tectonics and metamorphism ocecurred

‘n the interval between 65 and 90 m.y.
\ second phase was dated between 40 and 10 m.y. by the same authors. The

! ) m Y. in | lit* Cenl FEII .\ I!lﬁ

-

later phase was found to have occurred between 5o and

(Jiger (1970), HuNnziker (1970)). The possibility of an earlier phase in the

Central and Western Alps is <till a matter for discussion.

Triimpry (1960 and 1973) supposes that the East Alpine palaeo- or eo-Alpine
phase pinches out towards the West but he admits that a possible Western exten-

sion cannot be excluded.




ARGAND (1916) postulated a late Mesozoic phase of early Alpine movements and
STAUB mentioned Cretaceous folding in the Valais belt. On the other hand according
to DEBELMAS and LEmoIni (1970) and LauBscHER (1970) the beginning of over-
[h111~|h1; in the LCentral and Y\rh%nﬂWl ﬁiin- 1s set into the Eocene. This movement is
dated by overthrust of lower Oligocene on to Eocene rocks. As the firs! metamorphic
Hil!ti”]iit' fil‘[lllh“- are i.!lIIII!I In i[lq' |um'r' “li'_*m'rl]:'- +'unilgiillll*'!‘;llt‘.-~ H|' ”'It" .\[H'H*ﬂli'
basin ( FUECHTBAUER (1964) and DeE GRACIANSKY et al. | Ty nn[} a few million
years are available to account for tolding. metamorphism, erosion., and redeposition of
Tllr‘ Itil*i.‘ifl]HI‘!bI!l!-1'|| l'an,-ﬁ_

\ I'r‘li+'i£1| {li=i Nt oy t't'!iltrlxt'lf ill [Tr 1S 1y Jfla'f | S f Eir' !1 b WA }r-‘iti O illl'| ii il 3 'iI. T'fj"L\“
and the ‘“”]"”“} of ;'l'i“i..till,‘; imto the rock sysiem the necessary thermal energy
acquired for a metamorphism in a rather shori period of time. In addition. radio-

metric data presented here indicate the existence of an tutrly \Iiﬂf*“ event In the

W estern ”}h.

In the Il*l””‘ﬂi!l: we shall concentrate on the Western "\Hr-. which are buili Lp
Hfl ”]r'l'l‘ HI;tEH HHiI-: le" Hr‘l‘u*Eif'_ l’rﬂlti-‘]*' ;HI:J (\.rr*|!"i.'l[1'.-iflr- | See Ij_ I]'
1The ”"IH'Ei!' zone consists of the Hr*r‘run?;m and rl[-|<'1' massifs: the Aare-Got-

thard. '”'Ll:-HIJ‘H;lHe . "t.}_:u'gilm H””eﬂ.f-h_ |}.,_~[|,..,|._.H.|,.L Pelvoux and Mercantour massifs.

and the "*1:§+;1i|=i1n ”i‘]\t“ljr units. both of whieh are only -!i;_-||1|x attected Jl} \|}nim-

metamorphism. The Helvetic units are thrust over sediments of the Molasse basin 1n

the Swiss \lps. The period of overthrustine must he younger than Focene according

LD ] Hl“!i"ﬁ | I”“”} ‘"i“['I' i iower ‘}Ii'._[llf'{']“' -.{-1““||l||_|'n !I{]"Lr' ||.|~.r'“ |1‘.1‘I']'IHI1|I"II, I'“I‘I

= ' : . ' l 1
el i!I- 'I”--!J EHHI I'HI‘! el .'11. \ 11 preparation) ||i[~.,|= _[.H'-” able to hil{r‘n 111 [llf‘

Lentral \lps that an early Olicocene metamorphic event occeurred while these lappes

wWere ;ill'i';tri} 4'[11-1‘ 0 HH'H‘ ilr‘!"'-i'fll Jnlw'llltui! .'HH] r'[e*'tl_'i"u_ Not anvimore '[Il ||“'i|' 'Iltl-'”'

sitional cnvironment., A |£ETl'i' tecltonic eveni Iff_uir!: Vliocene Lime was also detected

Illi"l't'*.

In the Pennine ZOone we rif-Imgm-h between the ;u'v-f riassic basement or core ol

[}IIE“- IIHIIJ‘H‘“: ll!'[i]lr ”El“[ll'-. ‘\;lrlllt'~Hllm;iuHq'j‘i‘!!luj‘t]_ ":r[',}if] I};”';““-”_ ;1|]|! I]lll‘il \IHiI'H

and the fossiliferous Mesozoic Schistes lustrés or Biindner Schiefer cover. In the

'reng h \IF*- the | CHinine zone s 1|Hui|-e| into the exlternal H1'IiHIl'|rII!]EII- and the internal

1- ] § - J ! = . - - § - y - 1
Piemont domaines, 'he Ht'lnnr.;nrlnalh 1S overriden by sediments of. according to ELTER
. . | . | 1 . 1

et al. (1966), presumably Cretaceous to Eocene age - the Helminthoid Flysch, so

that this movement must have taken place not before | pper Focene time.

Hlf’ dge 0l I'||1'* lililf"~| “!'i:ln{:nnnui- nt.'r-rlf;r||-{ I)} Illl" [}i{‘lnnlll 1inillili!l 18

unLnnun. but must be at It’;i‘-‘l i';n;n-r f:rr.-lzn-rnw- as will bhe ~een |ull'r.

l'he time of metamorphism of the Central Pennine. the socalled Lepontine re-

HuNzIKER (1970) at 36 and 38 =+ 2 m.y.

gion was dated by JAGER | 1970) and

I*[*ul”?l'!l‘ltll}. \"- [[I'l" i'ill”! I'H-I'}-., h..}.'_u..II'-]'II-._‘ {jil l‘illi [_.'l'[”'ll-[i'.lf_l ul‘fli""“l‘.“ rt"”;lil]thti ‘;I{}HE;‘] I""jr

metamorphism ( Jicer. 1970), and the calcite in the
intercalated metamorphosed Me

Rb and Sr during the Alpine
sozoic Bundner Schiefer hav - arv 0 /0% ic

401C bundner Schiefer have -Hlum*nhll} 0 /0" 1s0-
topic ratios (BAERTSCHI. 1957), the heat lransport by a fluid phase is assumed to

be of minor extent. Without heat transport by a fluid phase it takes considerable

time (due to the low heat i'nm]m'[hil_\' in rocks) to bring into a rock svstem the



.

F1c. 1 - Tectonic sketch map of the central and western Alps. Fixpoints: Mi Milano, lo l'orino, Ge

Geneve. Be Bern., Zi Ziirich. Tectonic units: Molasse and Po-plain. Helvetiec domawin, A \aremassiv,
& Gotthardmassiv, A-R \iguilles-Rouges, M-B Montblane, B ielledonne, P Pelvoux. Pennine Do-
maun, core, !.li I.i‘llrllillllc' area. MR Monte losa. Ber Bernhard, GF Gran Paradiso, DM “Hl'i]
Maira, cover, shaded area Piemont basin, white Brianconnais and Valais through. Austroalpine and South-
ern Alps, Dent Blanche nappe system wilth Ar Arolla- and Vp Valpelline-nappe, S.L. Sesia-Lanzo zone,

{ L.anavese. 1\ lvrea-Verbano zone, St Strona-L.enert zone.




necessary heat for metamorphism (OxBurcH and Turcorte (1970 and 1971)).
OxsBurcH and TurcorTE (1970) estimated this time difference to be as big as 30
m.y. On this basis it ean be concluded that an earlier phase of tectonies must account
for the Lepontine phase of metamorphism.

We will see later in how far this concelusion is valid also for the Western Alps.
In the Western and Central \lps VAN pER Pras (1959), Nicorr (1960) and BEARTH
(1959 + 1962) proposed an earlier phase of metamorphism on petrographic evidence.
T'his earlier phase has been dated in the eclogites by K-Ar analysis on alkali-amphi-
holes at 80-100 Im.Yy.

I[If \n!r=1.i'l1£il|liﬂ+- -ri' ”H‘ “1'-[1’1'Il ”i'" 1S H_r]|_‘~. t!r".i'[ul'u.'l| 0 4 !_Ii_illl:!' exient |i!”
1s very important in consideration of the tectonic history. There is the Dent Blanche
nappe, and the Sesia- Canavese and Ivrea-zones, which represent the root of this
.\Elh1i'li;t!|riih‘ nappe ( CARRARO et al. 1970). The Ivrea-zone is characterized Ir} several
geophysical discontinuities. Nigerr (1946) discussed a oravily anomaly associated
with the Ivrea-zone. The symposium Ivrea-Verbano in 1968 contributed a large amount
of additional data, supporting the interpretation that under the Ivrea-zone the Moho-
4]i-rn’r;l_'mni!_x nearly reaches the surface as a wedee of upper mantle material. T he
lvrea-zone is interpreted as the outerop of a transition zone between the upper mantle

and the lower crust. (BERkHEMER (1968). Giese et al. (1970)).

Trace lead analysis by GRAESER and Hunziker (1968) provide strong evidence In
favour of this interpretation.

\ccording to A. BiANCHI and Gb. Dar Piaz ¢ 1963) the Sesia-zone consists of
pre-Permian basement. The Canavese-zone is buili up partly of phyllonites of lvrea-

: | . -2 . . . . - I : -
dnd desia-zone !ul'lx‘- :!llii [Iill‘Il_‘» llt -I'rfi|“1'I]1=~ Irr'l"*-lllrl*W; 1) EH' |.! liiin*lﬂljt'l'”!léll! 1O

Lower Cretaceous age and of Permian granites and porphyries (AurenNpT 1972).

S ~ ) : . J . -
['he Dent-Blanche nappe consists of two paris ; the Arolla series ru:'ri.'n[m!‘ulill*.: to the

Sesia-zone and the Valpelline series equivalent to the Ivrea-zone

.\'l ;l'."ill!uli' 'F“'»Hi'i'lll‘l‘ !Htlii‘élﬁll:_' li!f.‘ lirll!' HIE novement .'Jmf n;wl;;nnnrphi-ﬂll H'I Il“'

3 r " : . ; . -
I}I'”.' FJ|L]III}I:‘ I}LI!.I.* I~ [1[]'#\'\“. lliitlll:lif‘ Hil-.‘“f‘ ril“] |"\“LT il:___:_l"‘ ‘-*]IP";'\. 1']1'”'-!1. }]'I‘ﬂ.l""iihra

that an | pper Uretaceous hif_{}l pressure-low lemperature Itlt‘TE!i'll“J'EJ!Ii-Hi affected these

structural elements. The age of the movement dppears to increase from Miocene to

[I'I”‘T Lretaceous,. ,L’“Il”‘-_'. *ﬁi'niu the “’c_‘i‘n’[il' to the l\iiw—-“‘nt{i'!iili‘ parils of the chain.

['his lime interval would be suthicient to allow tor the slow evolution of heat in the

nappes.

[11. GEOCHRONOLOGICAT. RESULTS

) ANALYTICAL METHODS

Irgon Measurements - Argon was analyzed on g \ aritan Mat GD

. 20 Mass spectro-
meter and o1l a ulil“ 1”"_3 ‘i*“f’l‘ilu'{f In [}l RDY [I”Tj]

r S and calibrated according to

l'he spike used was from Clusius. Zurich 99.98 0/
brated against Bern muscovite 4 m

STP.

| \l '. TIH' r-{iil\{' Wwds ll‘il“-
using a value of 6.31 X 107" em” Ar'" rad. / o




This spike yielded values of : 27.86 = 0,33 x 107" em \r'" rad./g STP for USGS

P207 Mu. 6 measurements and of 5.16 x 10~° em®’ Ar'’ rad./g STP for Bern Biotite

-

LB. The accuracy of the argon measurements determined on repeated argon analyse
of the same sample is = 1.2 %. The measured 40/36 ratios for atmospheric argon
ra e 1}1‘11&{%*]! 289.90 iHltI 298.9 Ili’||t']ll“ﬂj_' (1] ”h* EIIEIHIIH‘HI. 10T T'l'll-:"“rl‘ ‘*.Hllil}_l'l' 'dl]l]
trap current. Over a period of 6 months with the same setling the value is stable to
within = 0.6 % . For our measurements the value of 298.5 = 1.5 was found. The

backeround of the line is in the order of magnitude 1-5 107" em® Ar " STP for the

whole extraction process a maximum of 0.5 x 10" em® Ar'® rad. STP was found. The

line was usualy baked over night for 9 hours at 150 C. This procedure gives a stlart-

ing vacuum around 5 x 107 Torr.

Potassium Measurements: For potassium contents above 2 % the standard flame
photometric techniques described extensively by Purpy and JAceEr ( 1973) where used.
The attained accuracy was = 1 Y% on duplicate analyses. For potassium conlents below
2 0. |r;=r'li+-1i[;u']_‘~. for .'1.'Lnl't=:1|:!;r|r'i1u:hw ranging between 100 and 5000 ppm . po-

lassium was determined Ir} 1sotope dilution technies using a K -|-i1u*.
The measurements were made on a VARIAN MAT CH 4 solid source mass spec-

irometer on a tantalum single filament source. The Bern muscovite 4 M gave a value

L 8,7 K. The reproducibility of the method was tested on repeated analyses ot

i1
one basall ~;5III|l1=‘ _;-Hiﬂ;n'_ a value ot 0.5061] 0.0012 V% K.
The blank for the overall [l!l'ﬂ':'t]l!l'l‘ {1~|H*H|i-lr'} and mass -]u'r_'h_‘nlnufir}'j 1S 1IN

[!n‘ Hr'n!u*t' :ril Hl;i'_;lli'ﬁlllh- nf' 13:D {r,'._r "\ H||i1‘|| E'l'}'l'f'“-l'llt‘- ilul‘iiit‘ ull&li}h*t{ -;HHEII{‘ "ﬂ.l‘i;_,{ll[-

about | ppm of K.

|'1-I' Illn' AdUC t‘EIIf'iI'.‘t[.IHH I|H' !IH”H\-H!‘EL{ I‘HII'-EHHI*\"-l"r'I"II'-I'Il.

A 0.585 x 10 y
X - 4,72 x 107 3
For the atomic abundance of K" the value of 1,19 x 10 moles K''/mole K
W= IJ-HL
The 2 error on the age determination was estimated to be = 4 Y.
li-lli‘ errors |H‘illu - . Yo on IIH' I\ content
| Y/ Orl Illr' n}:iiu- t'HHI*!'TIII‘;I“HH
.6 Yo on the air Aroon ralio.
and a possible drift of around 1 % againsl international mean values of standards.

Rb-Sr Measurements: For the Rb-Sr measurements the following physical cons-

lants were u-ml:

Sr /Sr” common = 8,432 (atoms)
Sr'* /Sr® » 17.49 :
ST I-".“‘-*r | ) : 0.709] )
Rb™ /Rb™ ) : 2.59] )
llt'l':l}. constani : 1.47 - 10— Vr

2) CoMmPILATION OF THE DATA

The analytical data are listed in Tables 1, la, 2, 2a and 3. Descriptions of the
samples and localities are given in appendix 1. The age data are also presented in

Plate I, regional distribution of the Rb-Sr and K-Ar ages of biotites, Plate 1l,




recional distribution of K-Ar ages on white micas. and Fig. 2, tectonic sketch map

of the Central and Western \lps (as Fig. 1) with the distribution of the analyzed

amphiboles.

3) Discussion oF THE Ace REsuLTs
a) Rb-Sr

Rb-Sr ages on micas of the \lps have long been interpreted as giving the cool-
img time after a IH&‘[HIIHrI'[hlIi*-HL JAGER. 1962. Jicer. NiccrLi. WENK (1967). From
the coincidence of the field of \Ipine staurolite with the field of young muscovites in
the Lepontine area, JAiceEr deduced a temperature of about 500°C for the Alpine

closing of the Rb-Sr system of muscovites under regional metamorphic conditions. For

the closure of the biotite Rb-Sr system under analogous conditions E. JAcER gives a

. i . 5 - - L = . ""'-
temperature of 300°C which is In good agreement with caleulations of Dopson (1973).

TABLE 1 - Rb-Sr Data and Age Results on Minerals and Rocks of the Ivrea-Zone and Strona-
- I'IIT'I'JI-‘-’XHIH’

| Rb" St rad. | Sr common
KAW Rock Type Mineral Locality , Age m.y.
FH;ITH ;.‘F”T] F.I'i_lﬁ'l
7-54 Granulite acid Bi Anzola. Toce |82 1).50)2 1 3. 18/ 4+ 9
$47 Granulite acid B1 Anzola, Toce | 80) .49() 270.3 180 + 15
oda Peecmatite Mu Candoglia. Toce 1 15 411 9.1 245+ 10
() Biotite Gneiss 3 Carmine inf. 107 (),485 b | o 4+
a5 Pegmatite Mu SE Candoglia Toce
206 2-Mica-Gneiss 3 Candoghia, Toce 514 0,375 o 185+ 7
27 Diotite-Gneiss 13 Umegna. Germagnano 146 ().428 1R 199+ O
208 Biotite-Gneise Bi ‘Lt]in'”ilu' ()2 (). 276 O 04 1844+ |
26 Biotite-Gneiss Bi Bilonaz. Valpelline Wi ).539 3. 200+ 8
205 Lranite Bi Hmfnﬂlm del NASS0
272 2-Mica-Gneiss 3 Mergozzo. Toce | 50) ().53Y 2.3 203 + 11)
399 Granulite acid Bi I'orno. Strona 16.7 D.133 325 193 + 68
662 Biotite-( r11e185 )] ]’I‘tlrzlj.rr \ ;1|[u*|iir|r' 105 ().293 N 190+ 8
80 Lranodiorite B Camponi, Toce 132 (0,368 3.7 149 + 8
85 Biotite-Gneiss 31 Teglia, Toce 147 (.389 1,6 180+ 7
KAW Rock Tipe Mineral Localily a " rad. | Sr common Sré7/Sr% | RD7/Sr%6 | age my. |
ppm ppm ppm
183 th-u“h* total f.'il*uu;_fll;u]n Ht) 2 ) .249 23.8 () .8055 23.96
184 Rhyolite lotal Cavagnano 64.0 ().26() 18.0 0.8577 36.61
908 Hllj.'uli[-' total Bolzano 0.2 0.278 0.2 1.0185 9.05 269+13
00)9 H||}.'n|ih* lotal Romagnano 60.6  0.240) 81.5 ).7386 {1,637
910 Rhyolite/ lotal Romagnano 60).] (,254 132 0.729] 1,690 |

Tuff




Y

'l'il'.l.[ la - }\~\¥' lhlu ;uhf -\:f- H--~n|l-— On “Hn-r.ﬂ- 01 I|1rf ltrru ;mn| 5!1'“[];[4.l'ln'rt-xnﬂl'

cm”Ar'®rad/q

KAW Rock Type Mineral Localily 10—¢ STP °/, rad. % K Age m.y
S5 2-Mica-Gneiss i Carmine infi. 90).9 05.4 6H.96 302416
S04 Vu 104 94.7 il 310+ 16
26 2-Mica-Gneiss 1 'I.-'_Il'lilllj_‘li;l, 1 oce 58.9 02.0) (.38 1O() + 1)
506 Mu 16.] 9(.7 8,10 220+ 11
3 2-Mica-G neiss 131 Mercozzo. | oce 82 .4) /.9 108 203+ 13
572 Mu U6 Y Us.0 3.2 24+ 14
1 ()2 2.9 8.23 287+ 27
682 2-Mica-Gneiss i Prarayer, Valpelline 53.3 049 7.07 80+ 9
682 Viu 15.0) 88.4 8.05 135+ 8
10O OO .05 |3/ )
HYY Muscovite-Gneiss Mu Riva, Valdobbia 6H5.6 94.5 8.80 |{{+ Y
1068 Pegmatite. 131 (Juarona, Sesia 9.9 V4.5 6,70 210+ 11
1 O68 Viu od.3 V6O .0 204+ 9
K1 Peridotite [i|1|_ I'inero 6H6.5 V1.9 .65 200+ Y
| 222 Peridotite Ho Finero 1 3.0 68. 1 (0.228 1290+ 715

This interpretation found in the Lepontine area for an amphibolite facies phase
of metamorphism allows one to calculate cooling rates. The Rb-Sr systems where in
equilibrium and an initial Sr''/Sr" ratio of the minerals can be calculated. thus giv-
ili;; very accurale ages with low errors.

\ll't*il:l} at the borders of the Ll‘llllﬁlillt‘ where the I*:nt't‘llt{,{'Higur{*m' pitiht‘ ol
metamorphism was only in greenschist facies, the Rb-Sr systems are not any more 1n
equilibrium conditions. The minerals did not exchange their Rb and Sr isotopes com-
pletely, so that a calculation of an initial Sr’'/Sr™ ratio for a given mineral is not
possible. The calculated age then represents a maximum cooling age. In the Western
\lps conditions are even more complex. In the Ivrea-zone the Hercynian metamorph-
ism was in amphibolite facies and the cooling after this metamorphism very slow.

Muscovites of the Ivrea zone give ages around 210-240 m.y. and biotite ages lie
around 170 to 200 m.y., the mean age difference between muscovite and biotite being
10 m.y. A general trend of increasing ages towards the west seems possible, but
cannot be proved. A Mesozoic thermal event in the Ivrea zone must be ruled out
as we find a slow cooling during this period of around 5° / m.y. In the rest of the
Western Alps an early Alpine high pressure-low temperature phase led to disequi-
librium of the Rb-Sr system and the later phases of metamorphism only reached
oreenschist fagies, so that again isotopic equilibrium was not attained .During the
hich pressure phase of metamorphism phengite grew at the expense of K-feldspar. As
a consequence this eo-Alpine phengite shows high contents of common Sr adding ano-

ther complication to the Rb-Sr work in the area. This forced us to work [Iiil'll_"r with

the K-Ar method.
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TABLE 2a - Rb-Sr Data and Age Results on Minerals and Rocks of the Sesia and Canavese-Zone

Kb® S’ rad. | Sr common

KAW Rock lype Mineral Localily Age m.y
ppm | ppm ppm

Lo Biotite-Phengite- 1 otal \rnaz Aosla 38.0 0,107 17.] 9) <+ 125
‘\!L-’.I:“i%t'hlﬁll‘ii'-l;Hr"l--

L1 ) biot. 210 Okl 3.0 36.0+ 6.0

115 ) Phene. |29 ().(0839 1.6 16.8 4 |, |

473 Phengite-Alkalifeld- Pheng. Quassolo. Aosta 105 0.258 311 |67 -+ 288
spar-(neiss

173 'otal 24.3 0.117 | 4] 330 6200

474 Phengite-Alkalifeld- 'otal Bard, Aosta 27.9 (.22 | 72 A0 46K

spar-Gneiss

]a_l II}H‘”_L"iTI'— ‘\.IIHLIIL{I'ITI- i'l“-q-__

spar-GLneiss 05.3 0.12] 0.2 36 + 60
Lio Phengite- Alkalifeld- | otal

spar-Gneiss Barme. Aosta 27,0 0,150 203 i1 +120
}i5 - Pheng. - 104  0.0675 13.3 4.1+ 12.6
(0 Phengite- Alkalifeld- | otal (;attinarl. 180 (.059] 6.0} 215 =145

spar-Gneiss (>ressoney
176 Pheny, 62.0 00645 24.0 0.+ 38
L8 Pheneite-Eelogite | otal L.aco Mucrone.

Biella
185 | Pheng. y 04,2 0.0981 12.8 10,8+ 13,7
by K-Ar

Purpy and JAcEr (in prep.) have interpreted Alpine K-Ar ages of rock forming
minerals as cooling ages following a p!u1w' aﬂlI:uﬂanrnnqnhinnr.'rlu~:wdrhﬁqh1HW'tlf1{lh
Sr and K-Ar data of biotite led them to set the closing temperature at 300°C for
the K-Ar system of biotite under regional metamorphic conditions. The K-Ar musco-
vile ages l}}H;:fu-?ulW'n lhl'i{h-‘r muscovite and biotite u;w*.;nw'iﬂlrr[nwﬂtwl{tnrvprv-rnl
a closing temperature of 380 according to J.W. Purpy and K. JAGER (1n prep.).

T his in!¢w1trr!uliqul. valid for the IiﬂlHiHiTH‘EHWWL also holds for the Ivrea-Verbano
and the Strona-Ceneri zone. For the rest of the Western Alps difficulties resulted
from the high pressure low temperature phase ol metamorphism, because i1l was never
sure to what extent apparent ages 1't_=|1|'r-u.-illml rue ages and were not just due to in-
herited argon. To establish reliable criteria for a distinction \rgon" /Argon  ratios of
K-poor to K-free minerals such as garnets, chloritoid, chlorites and zoisites were mea-
sured. Also the data where plotted on isochron plots (K" /Ar" versus Ar " /Ar" and
Ar'’ rad. versus K.

The result of this approach was that normal initial values were found only in
the Alpine metamorphic Mesozoic schistes lustrés or in other words apparent ages
represent true ages. In the pre-Triassic basement of the Sesia-Lanzo zone and of the
Brianconnais-Bernhard nappe Ar'’ accummulated since the Hercynian event and was
not completely released during the early Alpine high pressure event. There the apparent

ages represent argon overpressure strongly depending on the degree of schistosity of

i
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IABLE 3 - K-Ar Data and Ave Results of VMlinerals of the Pennine Region
cm HJ-- m,-::
KAW Rock Type Mineral Localily Ar'®rad/q rag. "/, K Age m.y Ar®"/Ar” 107
10—" §TP
003 KFelogite Ch. toid, Plulwi 141 1.6 nd 291.0
H53 Para 13 21.9 19 4. 6.2 387.5 14,96
e 0.5 ] 27 6+11.6 332.3 18.08
Hoo KEelovite 1o Plulwe 2o 1.6 .032 19,0+ 02 06, 1) k.30
605 Eclogite Glauk Plulw . 6.3 .049 k.0 10,3 20.25
© o 20 11 v 'S () = 15 ) | LS £ Y
TRR lyar. i () I ) 205.0 2.49
H55 Umph () () (N8 Wz 0 2,92
2l i'l"ﬂ"’ (»lauk P ol wi () | 1l 298.8
657 Eclogite Jauk. Plulwe 1l 41,6 130 779+ 9.3 500,7 46,90
006G | | 6 | | . () 0.4Y
e 0 . 9 93.1 ,26
(57 H o r (Vo b ,- | 7 HOo .4 Bl
608 Ho.-Ab. vei Ho Plulw () .o .08 ol | 10,52
O | ' I Jdauk | I'll:ln.- 1 ') 1Vl 6 ') Wil e, | 1,30
vy | 11 ()21) [. 1Ny : L5 18,7 L 0
) ; ki) |9 .4 k.00
616 | (a3 () { W10 5. R
6H6 ] P ar (56 | 36 10).4+ 18 07.6 i
Hfy | ( 'hi () () 01 AV, N
iol) lauk. Sel i (ylauk. Ollomont | | y A5 18 ] 1) 40,2 L1119
AN)S L 6 20 4 19 119 .7 1.6
92 Ecelogite Glauk .. Cignana 080 174 () 7() O 1.8 4.2 - 40,65
94 Glauk. Scehis Glauk [ llel1o 132 14.6 .045 749 25 3549 | 1.09
148 12.3 81 '. 1,6 7
745 Glauk. Phene. vein Clauk M. Gele 1.37 8.3 .461 224 | 3 673 18,0
143 Pheng _»la YH .3 6.44 | 4.3 § 3308 1 )350)
| |J_ !'.Iﬂ![tl[r ‘-':HL 1:|1r1||!r~r|--
\mphibaolit horn o3 e 1 19 L/ 4 .o 064.7 140.3
1118 (;lauk \ilp Pilaz
"'-1LJIHH|'-
nanche 0166 1.3 | ] $3 310.4 2.49
1120 Ho Prasinite Ho. Wi |!iu-1=r*|i
l'aschtal 281 28.3 A 21.7 ) 133.0 102.3
1 121 ":Hliill;, i) ] ) 7 | 14 650+ 8.2 151 .10) 1) ()
1122 |'[li*!+-T-' Ho. Stock-
Amphibolite knubel 216 52.3 .331 38.7 3.0 661.2 166.5
Parag Plulwe.
Zermati 38 21.3
1 217 |'}r. ‘Hn]:rllilmi}lz' 1i||||r[|. l.oranco 207( 1 3.1 248 268 | () 2469 28.11
1218 Prasinite Amph. Loranco 620 31.4 | 79 a9 | 4 1403 27 .74
I:l” ”H--'\]l.i'lllpi!.l 4‘|= ‘Hllflli_ "‘;fiu'lx-
knubel »H 3 6.6 315 4.3+ 33 32() .4 3.38
122l Gar. Amphibolite  Amph. Loranco 1.186 63 ] 291 995+ 8. 855.8 95.76
1220 Marble Amph. Furge-Tal b3 43.8 233 50 .9 2.1 5308 81.70
1 124 Omph. () () )0 204 .3 | 03
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Fic. 2 . Tectonic sketch map of the central and western Alps (as Fig. 1) with the distribution of the analyzed

-

amphiboles.

the rm'k-. ."""-:'}Iihl- show |nu-.”r does Iil:in massive rocks. \l‘;.i'iil Ooverpressure goes qu'l‘lllt‘r

e

with hich measured contents in CO.. The problems of argon overpressure can best

be shown by means of isochron plots.

In the literature 2 kinds of argon isochron plots are found. the Ar""/Ar"" versus

K" /Ar" and the Ar' = rad. versus K plot. For a ecritical discussion see HARPER

(1970), Havarsu and CarmicHAEL (1970) and Roppick and Farrar (1971).
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1 he disady antagse ol the Ar rad. versus I\ iﬁtrl'llrrtii Ii]'l| 1S, Eflii! "III} W i!il
different minerals a cood spread on the K'" axis is altained. \rnl'm;l”} ;_{mu| Li-

weathered micas have only a very small spread in their K-content:; therefore the
phengites were plotted on an Ar""/Ar™" versus K'"'/Ar"® plot. Normal amphiboles are
often found on \r rad. versus K |r11rf=. In [1ii~ study the -jnr'1itlf In I}!f‘ l\.-1WI|1|l‘Il|

of the alka

I-.:!||j-|!i|=nl;'—~ was too narrow to allow a s-nir|F~?i;~!iui1 on a Ar rad. versus
i T S A . 1 A . : oS i : ' hr It On
A\ alagrdain, dgain rorcing us (o use the Al \1 versus I \1 ISsOcCnron. MODDICK

;Iiit! I' AHHAHR !igix e 51 lOwWIn | }-.!? d COllLdl |"='.i Lon Hii i}i I'r‘-uil IiJJI| d ' ol il' | F!{‘ ! illt‘ Cdll

change the Ar A1 ralios with changing percentage of radiogenic argon, These
authors {'I'HF”=-1':] thal =+|'f_x -~;HH!']|= with more than 95 radiogenic argon should
be plotted on a Ar \] versus I \r plot. This statement is only valid when
[1!=' Ii]'i-f[-'-!i ":.I I'-Ii-i.lL l| a1l i.--1H1.=.|'l|[| | & 18} r-ll-r.:i L () :E:r_ I.;E-!lil Illl ._[i1' AT'0]) {Iflil i r
ii. E!ll' amount ol 1! {t'='.|~rf1W'4; comes oul ol !!|.- it 1:r].! not oul Ol I:1r- ~;1llrllll'.

]!1 ?:i:' hr'-l s Bl Lie !r1:~=iél[|' contamination 1s nol seen and the sed H-‘I'I CdsC i‘* nol "-ii“'l!
for our samples with high initial A \r1 values e.g. the Alpine eclogites in the
|,,'1-‘I"l.||ir;.i;,.; |3.,;[=|-H_|1-:’i'1 I|’| Ti|| - *~llr!-!llir.- ;I {* 4*-.-ali;-‘||i lai10n '%‘.;|]I " -II]HH‘ Al III- ”I*'

: . 1 . | ¥ d I Ll i
extracltion system 1s only m the order of maegnitude of 1 to 5 and therelore

& I I .1." i i
i W :[;!Ili | he error limiis) does nol atiect the 0/ 30 ralios

F'] if‘!';rffiﬂ'ffff:llll".lllr\l rlln'l':_:f.l,-' i PNy i f AT flllr :.i_n'- il Irl'.;l;""' FVViPSs511T I.-

ome appareni Iﬁu' \1 g i his Wk'lf'i~ =|i-|1ﬁ eilher a |!i1; <caller over a hHIEI”
t]%ﬁI;L!!"t' O arlce I!||1='|L 1O }i; -I; iJL Lerims ol 1he o J' H;i- :*.iiin'f:4 B | [l can |rl‘ -Iliiﬁk il ll]{ll
these high ages are due to argon overpressure, or imherited argon. and it seems thal
lli,‘-‘_” pressire .'!-‘iHI'."dI ;l---t'[!';ir];,_-_-i-= are [|¢5|i"'-*|!1|il'|_'w ~l:h1'e'!uii!||:' O aroon overpressure,
Finero in the lvrea zone contains phlogopite and hornblende
Teemenil \xi |!| i |||‘ I+i1I[ ila' d U= -~E 1?11- l vrea zone, | 1|1' Fr!| IthLliii ni[r' ;:i% b
a hb-5r age of 180 m.v. (Table 1 and Plate 1). D). KRumMmMENACHER (1960) deter-

mined a K-Ar acse on the same mica of 246 n.y.. This age alone would not .i”‘“tl.\
speaking of argon overpressure in these rocks.

-].'Ir |I'hfllis|r[i=!:' 01 [}Ir' i'irllﬂ'l' ["'Fii|tliiti' L131~ \ ir1i;1'ij dil dPE "tl 1300 mn.y., d
value not previously found in the Alps and difficult to explain otherwise than through
argon overpressure, Plotted on a Ar'" rad./K" diagsramm (Fie. 3). both hornblende
and phlogopite give an age of 180 m.y. in good agreement with the Rb/>Sr age and
also with F.W. McDoweLL and R. Scavip (1968) givine an ace of 208 m.y. lor

cl }t' W'l |r| ol 8 il' ?1'* 11l a metaga ili TO Ol [ |1|' | vicd Zolle.

'he alkali-amphiboles of the Pennine eclogites give an Ar / Arx to K /Ar

isochron plot of 80-100 m.y. with a normal initial ratio Ar'"/Ar" of 290.5 (Fig. 12).
An examination of the A\r /Ar ratios ol !m[;iuilrm-|nmar minerals 1-m~-.i~l'|tl;1 with

these H'|x:1|j-iHII[rlli}m[i'-— (1.e. garnet. omphacite, chlorite, chloritoid and amphiboles)
ogive Ar [ Ar ratios of 290 -310 (see Table 3). lhe contribution of l*ill“ll_}_{l‘llii‘

argon being unimportant, no sign of argon overpressure is noted. The Ar'’ content

in these potassium-poor minerals is in the range of 0.5-2.0x10"° em® Ar''/e
- ) - ; . . L J i
S.P.T. and the blank for the extraction system i1s about 2x 107 em’ Ar'"/eg S.T.P.

We think that the contribution of the blank to these values is neglicible and

:II];.II we ']ll'il.‘llt-l"fi i[]i!i;_i[ \l 'IIIII.-"l ‘\I‘ 1 I'.H[i”" é]i III{. \]V“‘ilf"‘[‘i ‘1‘.Illull{.‘hm
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The Austroalpine eclogites are quite diflerent. They oceur in an \lpine meta-
morphie pre-Alpine basement, and argon released by the Alpine metamorphism. and
incorporated in the high pressure rocks as inherited argon, can be expected.

This diff erence was ;li|'1*1|4|} noticed in the measurements ol [l|tl‘llui|+'~. thelr

apparent ages varying from 62 to 95 m.y.. in two instances even up to 160 m.y.

( Table 2). As we have the two different estimates for the time ol nn-lumurphi-m

AR
3
=L b
_ — —— = —_— — S O —— = h.-
l'..-l L i'"!
I-H__ ] "i.l' !.""l. ViErsils i‘\_' 1 Sibi IH-JH Ir!|11'| 1 [klr' IH'I'II]'I[“V ol I 1NErd.

with the Pennine alkali-amphibole K/Ar apparent ages of 80-100 m.y. and a phengite
K/Ar isochron of the Sesia zone indicating an age ol around 60 m.y. (Fig. 8) close
to the Rb-Sr ages measured on the same micas (around 70 m.y.) we must find the
explanation in the different histories of Pennine and Sesia-zone.

In the Sesia-zone we had the beginning of the high pressure metamorphism
around 80-100 m.y.. The temperature increase came to a maximum of around 300°C.

20 m.y. laler. ”llrifl;_r or ilnun'rii;m'l} after this lemperature maximum the Illll‘ll;-_{ilt"-

became closed svstems.

In the Pennine region the first high pressure phase around 80-100 m.y. was
followed [:_\ a second [lll;l-ﬂ‘ of najppe movement and {'Hilllil't‘r-*-ilill at the l';m't‘n{‘_'}““-
oocene boundary. The temperature was built up steadily reaching its climax around
10 m.y. producing mica ages of 40 m.y. and younger (Fig. 18).

The ages of 95 to 160 m.y. seem rather high. One eclogite lense from Lago Mu-
crone in the Sesia-zone was examined carefully and gave a great amount of infor-
mation. The center of the eclogite lense is composed of practically untransformed
eclogites (garnet, omphacite and a little alkaliamphibole and phengite (KAW 683
— a). The rim (KAW 684 = b) of the same lense contains far more alkali-amphibole,

|rhr=n;,,{ilt* and zoisite are common. lhe proportion of nmpluu*it{' is much lower than
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Fic. 4 - Ar”/Ar* versus K“/Ar*

damounts of inherited as

i?'fll'ill'fll'l II!]-IH 1|I £ e b oy 3
I § of an eclogite lense al Hurrmm Sesla zone, .*-rl"mhinp: the great

polassium poor minerals
does not permit the

"N .tlll4|l'|llil'._i!1'l| jl! ”;I!‘

I'he strong disequilibrium 48 garnet, omphazite and glaucophane.

Inlerpretation of true ages



in the core and the parallel texture much more intense. The outermost rim 1s a mi-

garnet (KAW 685 = ¢). The apparent K-Ar

-

caschist containing alkali-amphibole and
phengite ages of a, b, ¢ are 160, 108 and 79 m.y. (Fig. 4). A few meters away, sample
KAW 485 = d vielded a phengite a

cave ages of 400 and 340 m.y.. The initial Ar""/Ar " ratios of the garnets are 925

e

se of 62 m.y.. The co-existing alkali-amphiboles
;lHri [ 10 -ll-minf_-' Illu[ lllih‘ 1S E-'lI'llI”li‘[' cdse of excess argor. "lfil“’l‘ correction u'itll
the initial Ar'"/Ar " values we obtain phengite ages of 64 respectively 98 m.y.. The
extent to which the initial argon of the garnets in the first metamorphic generation
was exchanged during the consecutive transformation from eclogite to olaucophane
schists 1s not known.,

oes -.h“u [||;1| Imn [I[i- cdse a i'n!'l'tlr‘lilrll IHI‘ il'liliiii

==

The negative alkali-amphibole a

'\!" /[ Ar 1s not |m--iln|t'*.

1he conclusion of the studvy of excess argon s that pnlil-—-illlll poor or even
!""““i””] iree minerals such as oarnets,. chloritoids., echlorites. (quaritz ete. can be

used to check initial argon ratios of a rock, but only in cases where equilibrium was

;I|[:‘Ii|il*il. i*- el t'nt't‘t‘i'iinn |.1||' i!li[i:l! nh'l*[i!‘i‘--—-ln‘l' [hu--*-ilillt

IV. CONFRONTATION OF GEOCHRONOLOGY WITH GEOLOG)

1) Tae AusTrRoALPINE DoMAIN

a) lvrea-Verbano and Strona-Ceneri-zone

A\t the beginning of this centur) [talian geologists had worked out the following
ace relations in the Southern Alps. A series of paragneisses and intercalated basic and
altrabasic rocks was metamorphosed partly in granulite- and partly in amphibolite
facies in pre-Permian time. This metamorphic complex is cul by Permian granites
and rhvolites. The contact aureole of the granites clearly demonstrates this age re-
i;t!inn-hi;: ( ARTINI and MerLzi (1900). NOVARESE (1906). FranceHI (1906) ).
( Fig. 5).

The unconformably overlying Triassic sediments give a minimum age for the vol-
canics which according to field relationships are of the same age as the granites.
This picture was confirmed by various radiometric age determinations ( Fig. 5).

The Permian age of the rhyolites, porphyries, tuffs is demonstrated by a Rb/Sr

whole rock isochron with an age of 269+13 m.y. and an initial Sr''/Sr™ ratio of

0.710=0.004 ( Fio.

|

6). Jicer and Faur (1959) have shown that the Baveno-granite

suite is also Permian. Rb/Sr and K-Ar mineral ages vary between 268 and 275 m.y..
PasTeEeLs (1964) found slightly discordant //Pb zircon ages of 253 to 273 m.y. and

il

KorrPeL (1974) found concordant U-Pb ages of monazite at 295%=5 m.y.. GRAESER
and Hunziker (1968) published a total rock isochron based on bands of a granulite
of the lvrea zone, giving an age of 31060 m.y. with an initial Sr “/Sr”" of 0,717
£0.002. The high initial ratio and the exchange of main components and trace ele-

ments between the bands lead us to the conclusion that we had dated a Ill(‘til[ll“l'[ihi{‘




evenl. The Hereynian total rock isochron was also interpreted as giving a minimum
a0 Iﬁnl‘ Illl:‘ l‘!lli*l;il'l'lllt'ﬂi ni‘ [EI'.‘ ttll}l{'t' II!;IHEI#' Hi‘ifui' :‘;lll-'ilh_' [EH‘ _'_""l'HIFII}hiI‘ill l“wt'nlt-
tinuities of the zone.

I'he decrease of metamorphism towards the South, ranging from granulite facies
O unt;nhiim[ih' tacies (ScaMID 1967). 1s similar to a cross section I|1|'n|l_'_=|| the crust,
trom the Upper Mantle / Crust transition zone upward.

THII;:} this ecross section i1s tilted into the horizontal i.e. Iill‘ O6nce lllH‘i!llHlil]

Iil‘nl.‘i'ilij_; 1s vertical. The northernmost regions could represent crustal +|l';llll-- ol around

L0 km. That the basic and ultrabasie rocks can really be derived from Mantle mate-
rial is not only evident throuch the trace lead analysis by GrRAEsEr and HuUNzZIKER
(1968). giving low [ values of around 8.9 but also by the K/Rb and Rb/Sr ratios.

orealer than 1200 for the Upper Mantle

ARMSTRONG (1968 oives a IS/ Rb ratio of
- 300 for ust. The basic : abasic rocks of the Ivre: - have K/RI
dH*I of 300 to [|H‘ cCrust. |||,- Inl-h' drlir Hl!s.i[:.l-lw rocks ol Hhi vrea zZont 1ave 1IN/ I
ratios around 5000. 1he same author quotes Rb/Sr ratios of 0.01 tor Iln- ||||u'|'
Mantle and .15 tor crustal rocks. Also here these rocks with a Rb/Sr ratio of about
0.01 lie definitely in the field of 1 pper Mantle rocks. The Sr ' /Sr" ratios measured

375) are rather ]l?-_:ll

|”1Ei! [10W IH'lH'!:_" ;ir‘:n[”].f “‘T“fl | norma i;f*[i "'-"-i[[l H TR
tor t P per ll“”ll‘-‘ F'IH‘L-, Tll"f'!'llﬂl”f‘ more work on llllrﬁ [.'r'!r|ll|{'ilt T r'n-|||:ir'n-|f.

Koppi Lo | |{”-]i' observed drastic lead losses Im zireon [Hl[liil.'t{i“”*— ol ranulite

i1
—

00 = 10 m.y. ago. whereas the monazites yielded concordant U-Pb ages

of 2751 & r.v.. The zircon age patlern of a rlt-i;fr!sfrul'}ir; miomaltite zone indicales
Il'ii_lf Ilif‘ m+-T.:arnu:'{n}|i~»n.r ol TIII' I‘m!'i‘.‘i Zone I'IH'I*..‘-L [1lel }Hi"-l‘ tH'l'H['l'f'il. Oor Hmay |1;i‘u|'
‘“Ti“'““'I 150 l.y. dago. /_H AR (1967) 1||1i~i*fr'|'- d {.alln'ulnni;m .:_'I‘Lll'llll-[|l' Tlnl*it‘- [ne-
tamorphism to be more plausible., and work on this !n'|+|r|-.-m 1s therefore still con-
inuing.

The ”l‘!‘l'_‘nrllie:itl la-lri.'mrnr'|~|li-i|| of the lvrea-zone rm'r'n-~|n--rni- with the last mela-
morphism of the Strona-Ceneri zone to the south, where K-Ar mineral ages have

been reported by McDowerr (1970) in the range of 270-320 m.y.. His hornblende

ages of up to 390 m.y. and the zircon data of Pidgeon et al. (1970). KorrPeEL and

GRUENENFELDER (1971) show that in the Strona Ceneri zone a strong 1sotopic distur-

bance must already have occurred before the Hercvnian

m.y. We

iIH‘IillIIHT‘IllIi‘-HI ;”'ulHH] o)
iind no traces 0l !III*IHIIHII'“iIi-iIk in the Strona-( enery zone vounger than

the H*'!‘!‘}IHHH evenl. Un the other hand. the Ivrea-zone. which according to

ol 079 - e : : : - ' :
fi‘l[llj { | }|J—I |ILt""' ||It "'-I.illlf hl'(fll’li“tli;lt-} !]I"‘['.I-:‘h E‘l" li}li .HIFII!I;:]," ..1lllhl.]'fiilll,;

shows younger mineral ages around 200 = 30 m.v. ( GRAESER and HunNzIKER
| L)
(1968). McDoweLL and SCHMID (1968), McDowerrL (1970) and Plate T and D).

Al the analyzed biotites of the lvrea-zone show K-Ar and Rb-Sr ages bet-

. , F '.' " i s
ween 170 and 210 m.y.. the ('IH-]'E'...IHIIIUIH]!- muscovites being about 30 m.v. older.

GRAESER and HunNziKER (1968) have discussed the two possibilities of the thermal

history of the Ivrea-zone in terms of a two pulse or a single event model (Fig. 7).

1' . = . . Q 4 " e ) 2 : - s i
Foi Lhe L1 pan between 300 and 180 m.y. we have more evidence for a slow lift-

Il”_{ {lll'] P“"“l[”f:{_’; Ili :I}“" Zone []'Hll f'”!' H | [\-"t'{h "“[”.:E_"'P ““'thl ["Illj [”‘-['Ill ll{:.rin,’lliull HI'“I

least five times bigger than in the Central Alps during the post Alpine cooling

_ll-'u



|19 —

| ""_.i
'-—.-ff' r
J K ’ 0-210 m.y fission track pleochroic halo 20my

III = r y —_ = [ :-—-'. Ly - T ¥y 1 Ei T -

I,"r 1 o - .

I %

[ '
. ;1
{ . i

[ T 4 Ll '._. I - _,;' T k "jl
A T haAl LA S
T il
{ A 2
T . Ceneralized orofile throuegh the Strona Cener: and Ivrea-Verbano zone with age determinations ol the
literatu | ] | nsu b | .ine, H'o |||I 1
.*ﬂ_. —
L F = Py
§
=¥
Fic. O Rh-Sr total rock isochron of Permian porphyries rhyolites and tuflis ol the Strona Ceneri zone,

(CLARK and JAGER ( 1969) ) suggest a ver) slow cooling of the Ivrea-zone around

200 m.y.. The 270 m.y. old intrusive granodiorites (KAW 80 granodiorite of Cam-

poni, Toce) show no contact aureole al all. so that the country rock must still have |

been quite hot, thus allowing to draw a straight line of temperature decrease (as sim-

plest model) between around 300 and 180 m.y.. |
The next lemperalture mark is found in the Jurassic to Lower Cretaceous sedi-

mentary cover of the Canavese, ulu'l‘i“ ;H*rnt'i“llj_' to HunzIKER and JINGG I',ill pre- |Ib

]p;truliun'). the index of the r*ri»—lnllinil}' of illite marks the transition between non-meta-




— 90 —

morphic and anchimetamorphic, or about 200°C. As the [ertiary sediments ol the
COVEer 1“11 not I't_*ill'll lh]‘* LE]';“]{" |||I H]['[{ll]iill‘[llli*i‘ll!. Tl!l‘ IiHII‘ Hil i]ll' event musl i”‘ [ I‘i”ir

Cretaceous. The next temperature mark is given by the fission track data of PASTEEL

i

( 1960). M LER and I AGER (1968) of WAGCNER and RAITMER { |”T_” I!_{i‘-.ill;_{ a mini-
mum temperature of about 100°C. The simplest model would be the connection of
all these points through a straight line representing a slow cooling of about 2°C/m.y..
The possibility of a cooling during the Cretaceous. a reheating during the upper Cre-
taceous phase and during the Lepontic phase cannot be ruled out (dotted lines). but
there is no evidence for this more complex model. Alpine movements were restricted
to vertical and or minor horizontal movements along fault zones. for example the

pre-Alpine \Ipine Insubric line system ( Jounson (1973)).

.[-}lu T-t‘?iliti?liilu }lf'ulnh-“; | < I!H' aoe Ot ['.'[IF1|;|[~§’J'II1'“|_ 0l li!i' LIpper HI;[IIIIE‘ Hl'lf;__"l'

under the Ivrea-zone.

-|1i|1‘ "‘IH‘H iiilii IH]!“*[[H"H'!J ul'liil”f'i}lii!i!t” |E]|'1’ll_]‘i_'!l”rf[ !JIH' _liir'Ei'«‘il‘ Ei!lli |H\H'r' Lre-
taceous in the Southern ".llh ( BERNOULLT. 1972) together with the slow cooling ol

the basement ffl.l!‘in;_i the Mesozoic excludes this time span., An 1'Ill’lf;il’l‘illt‘”| LIl pre-

H}'.”“' Limes leads to severe "“T”]PIi'r'H“HH'-. as 1t would have to be set as far back as

the Hercynian or even further. The emplacement of the upper mantle wedge could

he connected with the E;rnlm-rll li“ii’!:_’ of the whole once verlical fri'nfift' into the

present horizontal position with granulite facies in the north and amphibolite facies

in the south. This 1if!in; must have occurred at least 300 m.v. aso as the oraniles
have contact halos crossing the borders Strona-Ceneri  to [vrea-Verbano zone thus

*-IH.'HIII:_-" that the preseni Imniﬁnn of the two zones has not been F-|IEIH:t‘Ei since the

iE*HIII.H'I. Il'; ;1flifIinH IIH;[J'HI[I[{‘ cavilties 1n Tll{' orraniies 1“.*r'1|r'“r' Imore :IIrli!HL‘!IIf LO-

wards the upper parts ot the oranites.

The relict Carboniferous sediments beneath the Permian I“"'i'}'f‘ ries are subho-
rizontal and show only a slight Alpine tilting towards the Po-plain (10°-20°) show-
ing that the main Ti|ttn1: of the zone must have occurred earlier.
\ connecltion In'tum*n the “!‘I"'}Iliilll or older 1”1%!1:' of the Ivrea-Verbano zone
from vertical to horizontal with the :_-m|r|;|t-vn|4*nt of the | pper Mantle 1*-'”1;.2!‘ would
implie that the gravity anomaly of the order of magnitude of the Ivrea anomaly
would persist over 300 m.y., a rather unprobable assumption.
The plausible [H'“”ii“l} remaining is an emplacement linked with the Upper

{Jl'i‘ii’H'I"Hlli. ;IIIHHE* Hr ““‘[“”l“]‘illii."‘”l a“[i 1*‘*'*"”%!"" i“ Illf" \K-l""h'i'll “il]"“-

h'l (.-1-!‘1'.’Il'H'f*.‘ir‘ zone

I'he ;uljuwn! Lanavese zone

l“ ["HIH‘“H e Hill]f‘“éi

consists of hu-wun'*n! rocks the !F]I}”ltllili?.[‘i.i scisti
derived partly from rocks of the
-

lvrea and partly from the
Sesia-zone ( ARTINI and MELz1, 1900). A stratified sequence is found. which includes
acid volcanies and sediments ranging from Upper Permian to fossiliferous lower-Cre-
IEir'f'th. !lt{.‘ inu'trr lmun{]“r\- i*-

non-fossiliferous and therefore uncertain. Granites of

uncertain intrusive rvl:ilinn-hi[s to

these stratified rocks mentioned occur ( AHRENDT,
079} <« e | : L I =

1972). Strong vertical movements in Liassic times are manifested throughout the South
Alpine area as Triassic faults are filled with Lias (F.

WIEDENMEYER. 1963 and
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\HRENDT. 1972). In addition to the Permean or Triassic acid voleanism. voleanie roeks

mainly of andesitic composition, are widespread. The latter voleanics have already

been described as porphyrites by B. GASTALDI (1871). NovareseE (1929)., FrancHI

(1905). ArcanD (1916. 1934). Biancur and Gb. DarL Piaz (1963). These rocks are
mostly fresh and well preserved. In the vicinity ol the Insubrie line. a tectonic over-
(Gb. Dar Piaz personal

xx=-1¢ui:|;: can often be seen but In some cases 1s also absenl

communication and AHRENDT (1972).

THERMAL HISTORY OF THE IVREA ZONE
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!!4 i : +||.'!=|_lr| _||I-\.'||["-\., ||1 ||:r I.-1|.| AR =l eps L L :Il-l' « i b Vs {"EMIRL AT E .r'-lll-'w.illll !Ir'|l|,:|| .|||'1 ||..i"|'. I"-.‘.HI;[|.-
' n F1in |-:r-1l.!|.-.|= POLNLS,

Viaking an ;1r|n|..;} with the Permian voleanies of the Southern \|11~.ei||ii|r [1a-
lian authors have ;|r;;|u-d for a Permian age for the andesites in the Canavese. Bian-

(.1 ;IIHI (> D. ”‘xl P[ \ 7 | !”H.'H l]:'-i‘!']}li' Illil‘i'lx"“ Hi‘ [Fn- .""-‘l'--}:f lm-:'lnn'lll iH I!It'-l‘ ‘u'nll*illlil'

| al ]'EI"-H“J. neqar Hit'”;l. I”H*_\ Erl‘nﬂ.{‘!l !llill fin' Hli'“liil”l'lihi“lll nf ”!l‘ in:-[u«-innu

Fiyi s -
‘n the andesites is the same as that in the Sesia gneisses which contain eclogites com-
nosed of omphacite, garnet, alkali amphibole and phengite. This argument leads to

the conclusion that the metamorphism in the Sesia-zone is pre-Alpine. CARRARO

{ I'“r“l flf'“-l"F'iIl'f'lI 1 Ifl*ll'i'[;tf mt'tiliu'H:'{* = [ pper { :l!‘|mllif't'|'nll- IH‘l'illl"-l‘ il Wads ll!h]t'[‘l_‘a'-
ine the andesites. CArRrar0 and CHARRIER (1972) found fossils in this sequence which
they identified as of Carboniferous age. So far the general picture ol the Canavese
zone is quite unambiguous. The first doubts about the age of the metamorphism arose

when the micas of the Sesia zone turned out to be Alpine. AHrRENDT (1969) on
lectonic arguments, concluded that the andesites must be of Tertiary age, a 1H1~~i|ﬁ|i1y
u||1*u{!} t]iwrll-wlw] 11} I{I.I\ii A\RDT | I‘Jfrh]_ L*t.lll:ilii\i. el ul, ' 197 ili'ﬂllﬂ* O [hi*lwnn-
clusion that the andesitic volcanism must be Tertiary. Detrital micas in tuffites and

micas from the basement inclusions in the volecanites have eo-Alpine ( ) ages of 60 -

i) m.y. ( Table 2 and Plate I1).

(') Eo-Alpine as proposed by G.V., DaL Piaz et al. (1972) for the Upper Cretaceous phase of \lpine teec-

tonics and metamorphism in eclogite to blueschist facies.
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These ages were found in the two separate sedimentary sections deseribed Dby
CARRARO as Upper Carboniferous.

SCHEURING et al. (1974) showed that the tuffites still contain basic }llilgim'hht}
and K-feldspar. The plagioclase has an An content between 41 and 60 mol. % An and
the ratio K-feldspar to plagioclase is around 1. The rather high content of K-feldspar
in some samples places the rocks in the trachyandesites-andesite group, according to
STRECKEISEN ( 1967). By means of X-ray work (A 2 . 2 85 (Cuk a 1))
of I'Iil#ii"*'lii‘t‘ SCHEURING et al. could show that the E}rilluf“riit'n of the 1i|ii;{itll'liiﬁl‘
(andesine - labradorite) are still those of high to intermediate temperature. Both ob-
servations show clearly that the samples are unmetamorphosed. Temperatures of as low
as 200°C would have transformed the plagioclase into albite according to (COOMBS
( 1961).

This means that the tuffite must be younger than 60 - 90 m.y.. Total rock K-Ar
determinations on four samples of andesites vield ages of 29 - 33 m.y. ( Table 2) and
|i[‘ea‘|.'[' ”!1' ”I-[_,'_'“l’l‘lh‘ doe ”i. Ihim \ulr;gﬂiqn_ h; ;g.]niilinn I.i:w-g-- :.1' ‘L*I.lHHi. -IIHI'ill' illlll
pollen out of interlayered tuffites prove a Tertiary age. This Tertiary basic voleanie

[rrll\'iltlw‘ seems to ftollow the A:llliti side of the Insubri line ;n'rtn'11|| |} I AHRENDT.

1972 ;t!ll! P10 OLI. 1958. 1961. 1964. 1 YhHba ;ir|1i h. 1971 l ;|r|1[ ranges Im age from
Paleocene to l”i*_:*l{'#‘llf‘*. In the Hf_;h[ of the new data. the Western extension of these
I u:lxa- r!]1+|||{| 1i1‘ {':rllliielrt‘fl OINCE INNoOore w ii!l Ifli* E\ill+'~|11'v:t£i \1:!1-;1r1]4' illi‘!llﬁllrllh iir 1Ill‘
Taveyanaz sandstone of the Prealps for a possible connection in their origin.

T'he coincidence in the ages of the effusive and intrusive rocks on both sides of
the Insubric line enables us to estimate the amount of movement along the line since
the Oligocene. K-Ar and Rb-Sr ages of biotite from the Biella and Traversella Hf‘””““
lie between 28 and 31 m.y.. Lhese ages represent the time of the cooling of the in-
trusion. As we are only dealing with rather small stocks intruded at shallow depths
of about 2 km. the age of the intrusion is mosi lilu'-l} to  be uul_\. -|i}_1||I|} older
(KRUMMENACHER and EvernpeEn (1960). Hunziker and Bearte (1969). It is of
interest to note that C A\RRARO and FERRARA (1968) deseribed an A |[,i!i,- tonalite south
of the Insubrie line. giving biotite Rb-Sr and K-Ar ages of 29 to 33 m.y.. The andesites
with dEs from 29 to 33 m.y. occur as tlows between the -}f~ni{(- and tonalite men-
tioned above. The roof of the « syenite » of Biella outerops about 2000 m above sea
level (a.s.l.) today, and the overburden is estimated to have a minimum thickness of
2 km. As the andesite is found only 500 m a.s.l.. we can assume a vertical dislocation

of at least 3.5 km along the Insubric line since the Olicocene.

¢) Sesta-Lanzo-zone

The Sesia-zone consists of three main elements. The north-western part towards
the Pennine Mesozoie Biindner Schiefer basin is mainly composed of alkali feldspar
phengite-gneisses: the Gneiss Minuti of the Italian Geologists. The part adjacent to
the Insubrie line is known for the widespread occurence of eclogites in phengitic and
muscovitic micaschists ( VITERB0-BAassant and Bracksurn., 1968). The Italian geo-

logists call this zone Micascisti Eclogitici ( Biancrr and Gb. Dar Piaz, 1963). A third
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unit of the Sesia zone includes Ivrea type rocks and is mainly allochthonous; only in
the northeastern Sesia zone is this Seconda Zona Diorito-Kinzigitica also known as an

autochthonous mass (Zince. 1971, IsLEr and Zince., 1974, G.V. DaL Piaz et al..

\ccording to Frorentini - PoTENzA and MogrerLrr (1968), Frorentini - Po-
rENnzA (1969) and Frey et al. (in pre-paration). VELDE and Kienast (1973).

the white micas of the Sesia-zone are mainlsy [nlu-nu_itt*. but muscovite and even
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I 1c. -1 A1 versus K Al isochron plot of eo- \Ipine phengitic micas of the Sesila-zone. 1 he apparent ages
range between 00 and 90 m.v.., If inherited argon 1s .iw-'j-[w! .J” ages can be ir|1r'!'L:t':'1r‘1| to be around 6U m.y..
|r;|r';l:1+r]l[t' Wds EIHIIHlI. |flt' I‘I'IH_:_*ITI'- HI I]H‘ Sesia-zone are i'ullllutﬂ"t] Hi HEH'inlh
rock types including garnet- and omphacite-bearing micaschists, eclogitic glau-

cophanitic micaschists, glaucophanitic eclogites and glaucophanitic amphibolites.
In other words various combinations of the three principal componentis, garnet,
omphacite and glaucophane and all transformations toward amphibolite are present
(ViterBo-BAassant and BrackBURN (1968) ). White micas are very abundant in all
Iilf* l{'['lir.‘_lill'-. '\1-1-n|'t]}r|: LO G.V. ”\l. []I‘u‘ et al. {|"’TL.3] [IH* 1*1']!!;_';iii1' llif_*ll pressure
mineral assemblage indicates higher pressures in the south wes and lower pressure
assemblages in the north east of the Sesia-zone. In the southwestern parts lawsonite,
jadeitic pyroxene, oglaucophane and phengite are found, towards the northeast first
lawsonite then glaucophane and jadeitic pyroxene disappear and in the north eastern
part of the zone only phengite is left from this mineral assemblage. The omphacite
normally found contains around 50% - 80%0 ot jadeite component but in some rocks
of granitic composition nearly pure jadeite is found (VELDE and KienasT, 1973).
Apart from the minerals already mentioned, minerals of the epidote group (zoi-
site. clinozoisite and Fe-Epidote), chloritoid, and kyanite are quite abundant. Quartz is

always present, and in the eclogites rutile is the main titanium mineral.
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T'he polyphase character of the high pressure metamorphism is evident from dif-

terent generations ol the same minerals. Al least two garnets. two nuqﬂuuwhu ( besides

chloromelanite). and different a kaliamphiboles rangine from olaucophane-crossite to
blue green hornblende are found. \thnuﬁh-iﬂliT} abundant and two generations ol

Ii:]ilt'iiilrl*! l!d‘kl' in.-e-lr 1[!'*1'l'iilt=1[.

1 he I:Jr >r work mmvolved 1n (olal rock svyvsitems 1 the Mesija-zone 1= nol }*'!

i

finished., but we can alreadv draw some conclusions. Among the eclogitic rocks there

. . . TP | .
are alt least two different starting poinis for evolution. Une rock Llype shows  low
- i T ; " ’ 1 - -~ )
T ( below 0.710) and a second tvpe shows Sr mmitial values ot over 0,720,
I'his information indicates that at least some of the eclogites were originally conti-
tal erustal materi Y the Basie. ol ical evid DarL P L al
el d Crusia {11ed !'.".‘.';_I_ {)n !__l-l:- iasi1c oI peitrolooical evidencee 5. V., IrH 1AL ¢ (L.

(1972) came to the same conclusions. Th Sesia-zone shows all transitions from bio-
fite oranite to rocks t’l!'llFIf|~f"|; ol f':-!r-ihr pyroxene. carnet. quartz. rulile and |l}lf'”,'.,'-'!*'-

. . . : " . - 1 ' : : ar 1ha
Il i~ oL vel |x!“‘\11i 10 whatl extent this (ransiliion 1= 1=sochemai JE but 1t 1s l'lrtli Lhal

this |-r!||;i5!| rock was 1|Ji;iilnl|} a Herevnian orantte and theretore has a |||;F1i o)
fIEiiiiti 1.’|ii=' ii!::‘-' Il I'f':f.-_'_:'-’.i' LrI';f_;IF'!';;i;rli;_'_ ;='! el ia.:*i{ !'|-|'I-._ that WS |}I!En"l.|'!] F'IHHI ”!r-
i pper Viantle {e.o. Tormer lvrea basies or wlirabasies

I_ri =eCl10on fll. L.anavese-zone. we have seen lﬁ';l! i!u aove ol il'fh "I'Iflliiii' I'-H'L
sequence was long thought h:En-Eiwwqwuw~- \. braNcHI and Gb. DarL Piaz. 1963)

['if’ Lnal r":*'“-.'*!il’,_ 10O SCHEURING el al. | 1974) the f.‘i=i_ J:-r_.";-:!zi-.."[if:lulH musi Ill' Hil \l
" . ] LT 'I:l -.!. ; ¥ . = 4 . .1 ] i . -

pine age. Age determinations On L1|L.'rl-”=*llﬂli!-=ﬂl-~ and omphacites of the Sesia-zone
present special problems. and are therefore discussed in section IIT 3 e. (anomalousls

higch ages. a case of dIZ2on overpressure!). |1 he

|.4'u |1:-=4'.;; AU0es iJ' 'fil' :H'.'i"“ Illjllllli

seem 1o ['4|-!'r"-|f.‘rli|'ili [r: 1Ei|' iriicd dllpPs |L1 Ii]l' l|-|:|.~H;‘;|“- ,--['-.L.‘:IEHI,__;H[],._[]_ 1__--|'.,|.|['|: dIes ”il |H

] . T . . r . . . .
k) m.y. (Flates 1 and [ and Tables 2 and 3). |he phengites of the Micascisti Eclo-

gitic1 give ages between 60 - 9() n.y. 1iWah-Ilknu|fﬁ~.JL'fuhhw 2 and )) suggesting

;”i‘”“\[P““'Idm~rldlﬂnﬂuunnjdnmu1in ilqerawumwuuh limes., lhe 20020 m.v.

L n

1|Jl] D1Dl1les ||| [1“. "--i-.-||r]qf.'| /’_4.[3;1 Iiju]'lfiui\”'];p-_-_”}_.-_t = O 3 ‘-1'““ H‘lilil““"-}lill I” th[.

f"-. ICd=-L011e,

i . 1 ‘"h..“- ¥ - S ar TS K .. 1 -
Il'i-' { ld=L0O1E 1S <y |-.LH.L|_.-'|| !.!"5!“ [IU- { Allavese and .'!!t t"-. rea-zone I“" .[l]!, I”‘“[”.”,_

}J”“':i'”W“”'t””“ system ( AHRENDT. 1972 and in preparation) separating Alpine

“Il'!”FHH[-}h}ll!' ihilf'L&" 1 1] [}||- ”H[_Fil i'!_““l [Ir'i" \rir“ﬂ“ “”li“”“'rlil”'ﬁ]ll [” 1|]I" ""fllllll ‘Iii‘ll.\\“"
SER. 1968).

f!l ffvf:f fffuftrffr \rffrfu‘

'he Dent Blanche \“VV“‘}‘““'“J-V“”4‘“=4'“vnl|”Hnrhrurn¥1LuH Mary Nap-

pPe “}”!““””‘“"“”“”““i!‘hiW”Wl*ﬂllhr Vlesozoie ( Mont FHH|hh.lLHTu};Hh]i””munﬂL

(5 ) . : : . _ .
.1\ ; I}‘\] 1 1A7 :!”l! h".{.{.}fl \ I”fj‘.’ii l;\, [ Il'il Ijll.‘f Qlel \I”\“ { |l}. i ]‘ {.'*.HH\.H“'

et al. (1970), DaL Piaz. Gosso and MarTINOTTI (1971). DiEHL (1938), Masson

(1938), StuTtz (1938) (Figs. 1 and 16).
- g : : _} b - J : - i i
[}rq IIEIH I:fdlu hf Iidfqlr -}~Irtn | ~ r:urqrn~v¢| of two TIqul“‘Z lll“ \r'”]“ ””I”’“

and the discordantly overlaying Valpelline nappe. The Valpelline nappe forms a large

syncline *T”””“”llﬂ'“ 4FH“HHH||nhwuﬂhrnﬁl}ITunllhr \ndhllmlqu*hrhnu.WWH‘ivn-

clinal axis plunges about 5° tq the south west.
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The Arolla series contains mainly acid plutonic rocks and their metamorphic de-
rivatives : the Arolla gneisses, chlorite-albite gneisses and schists, and phengite-alkali
feldspar gneisses. Amphibolites and gabbros are more rare. The above mentioned series
1S Hlili"]x!"”} acid in composition and resembles the Sesia gneisses - the nn|} exception
being that eclogites are missing from the Arolla series. The Valpelline series on the
other hand is composed of garnet-biotite-sillimanite-alkali feldspar-gneisses and schists
containing marbles and cale-silicate inclusions. Basie plutonites and amphibolites are
widespread. This series is very similar to the Ivrea zone. Copper and Manganese ores
are found in both and graphite is very common even in pegmaltites.

\ge measurements on micas from the Valpelline Series confirm the similarity bet-
ween \nl{n-”]lu* and Ivrea rocks ( Plates 1 and 11. Table 1). Biotite and muscovite ages

range between 180 and 200 m.y.. This range of ages is typical for Ivrea zone rocks,
and it may be assumed that during the early Mesozoic. rocks of the Valpelline series,
Seconda Zona l}inr'iha--Exirifij_;ﬂirm and the lvrea zone were still I_\.]I'I,'__" ln;;:-fln'r' south of
Illl' lll*-lrlwlu' |ir4+-_ -|nn1x Il[l“i.li!l: Jl”il l'tHl[iHu. -r}'.u'-:' +1.‘Il;i 11T'l*".:l|1’r‘ d11 Upper [iu!il
for horizontal movements in this pari of the Hirirh- chain. No Are measurements
!i.'Hr' il }.:EI' Lheen H:.‘Il{*' irr 11“‘ \I'HHEI -!‘I'in*h. }Hil .'H‘E'Hl'l'““_'_‘_['.l 1!“'1!}-..!!‘@“11“!11‘!“' "‘ni|';-ﬂl'

metamorphic minerals (von Raumer, 1971, Fig. 6 and NIGGLI and Ni1ccri. 1965.

Fig. 1). the series is also thought to be affected by Alpine metamorphism,

2) -I-Hi- i'i “WININ] I]"MHH‘\.

In Tiu- ria'r;u r Pennine Hap pces {”‘ll‘ central |.l*;rr-il!llh" l'l'_:_*intl of Wenk {!'f._\*fi}}
the time ol \|;rim- ;iE!LEl!t”H*“IE' facies rtn*l:nnnmr|1}~r|| has been determined l:} the pre-
sence of the first Alpine metamorphic pebbles In the lower Olicocene conelomerates
of the Molasse basin and the Western Alps ( ELLENBERGER, 1952, FUECHTBAUER,
1964, 1) (RACIANSKY el al.. 1971). 1T his 15 1n :_i'_fHHI acreement with the I‘_'t"lH'i'll'HHII-
|nuii'ill tﬂi'ff!'l::'i' Ol [ \GCER | l'-'Tl'.l]. ;IIHI Hl NZIKER | I'JT“]. u\il'Il :i\,{w A0es |w|u|‘|'[l
36 and 40 m.y..

In the Western \[I,‘ LLEMOINE (1972) on the basis ol ~Ir‘;||iul';lll|!in-;1| criteria has
identified an | pper Uretaceous Fllmn!' of tectonics. the ”Mnin} ||i|;i-~t* with east wesl
axes and later Oligocene and Miocene phases of tectonics with fold axes parallel to the
\[Ininv arch. GRANDJACOQUET and HAccArD (1972 and GRANDJACOQUET et al. (1972
and Haccarp et al. (1972) have shown an important Albian phase, a late Kocene
phase and a Miocene phase of tectonics in the Western \Ips.

Van pErR Pras (1959). Nicertr (1960) and BearteH (19594 1967) have de-
scribed several phases of Alpine metamorphism in the Pennine region of the Central
and Western Alps. BEarTta (1967) identified four phases in the Pennine ophiolites
where age relationships are very clear as pre-Alpine metamorphism is absent. Follow-
ing the primary magmatic mineral assemblage, he finds jadeite or jadeitic pyroxene,
rutile and carnet as a first high pressure low temperature metamorphic assemblage, and
olaucophane., chloritoid, paragonite and tale as a second generation. The third and

final metamorphic assemblage contains no jadeite or jadeitic pyroxene, but albite,
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Fic. 9b - Correlation of metamorphic minerals in the Sesia zone according to DiL Piaz et al. (1972+1973):

Overprinting Herzynian and older remnants. 1) High pressure low temperature eo-Alpine nhase, 2) Transition.

3) Intermediate temperature and pressure Lepontic phase
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paragonite, phengite and chlorite are common. Instead of rutile, the titanium mineral
is sphene (Fig. 9a). The problem of determining the absolute age of these generations
remains to be solved.

oes between 100 and 140 m.y. for a syenite ol

i

PusTASzZERI (1969) gives K-Ar a
the Mont Genevre ophiolites in the Western Alps. DieTricH (1969) gives a K-Ar age
of 1134 m.y. for a magmatic hornblende from a diabase sill in the upper Pennine

Platta nappe ophiolites.
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Fic. 10 - Ar®/Ar*® versus K*/Ar" isochron plot of Lepontic paragonite, An older phase ol paragonite formation
15 ‘-]]‘-[lf'l[r'ii but was nol j'-l'! ilrllll‘.ll.

BERTRAND (1971) gives 11 ages between 140 and 180 m.y. for the Pennine

="
d i

ophiolites of the region of Gets 1n the Western Alps. Two samples with lower ages
are discarded because of alteration. These ages all lie in the range between 100 and
180 m.v. or between middle Jurassic to middle Cretaceous with a climax in the upper
Jurassic around 140 m.y. and correspond well with the fission track ages on zircons
from the ophiolites of the Apennines 165 m.y. reported by Bicazzi et al. (1972).
On geological grounds there is no argument againsi this time span for the intrusion

of the ophiolites. The geological time mark for the Lepontine metamorphic phase

i« oiven bv the lower Oligocene pebbles of metamorphic rocks in the Molasse so that
jl- - L

38 m.y. would represent the crystallisation age of the Lepontine mineral assemblages.

=
1

The paragonite K-Ar ages of 32 m.y. (Fig. 10) fall into this phase. Between intrusion

age and age of the Lepontine crystallisation there is a period of at least 100 m.y. dur-

‘no which the above mentioned high pressure metamorphism could have occurred.
o {

The same high pressure metamorphism we already found in the Sesia-zone (Fig. 9b).

That Sesia- and Pennine-zone underwent the same high pressure metamorphism can best

be seen on a map of the western Alps with the distribution of some critical minerals




and rocks according to Bearta (1962). Bocouer (1971) and personal communic-
ation, BortoLami and Dar Piaz (1970). Gay (1970 and 1972)., GuiTArp and Sa-

Lot (1971). LoreEnzont (1965). MarTint and Vuaenar (1970), Nicerr (1970).

NIGGLI and Nicerr (1965), Sawarzgir and Vouacenart (1971), Savior (1973), WEnk
(1962). The external zone is characterized by a weak metamorphism in the Laumon-
tite-Pumpellyite-Prehnite facies. In the Piemont region alkaliamphiboles ( glaucophane
to crossite) are tound. lawsonite with _i:|4|n'ili' in the SW and ul!lfillill'ih' In I}H‘ north

east. Eclogites are also very common (see Fic. 11). The hick pressure mineral fields

cross tectonic boundaries and must therefore }'_‘* Younger than the present tectonie
patiern.

{(In the other hand the hich pressure mineral held is ecul li‘\ the t‘l';_*iurl of l.e-
pontine VV}~!J|“~;Hiu|} and must therefore be older than L0 m.y.. [t seems ['hiu“ihlr
to correlate the hich pressure I!uﬁ;nluarp!nﬁiu with ihl'l!p|w'Fj relaceous |Jlu~r ol tec-
tonics deseribed by LEmoINE and by GRANDJACQUET et al.. The correlation is SUp-

1“”1!"'I !’_‘ Lthe !.H"I ill:ll 11 llu‘ ilirr!luﬂl Jr;h!ir no | *,"-*f':-1 el

| A0S '-1IF*IHH'|H='IIIIHH l!ii'-

<0 far }uw=u i=n1H1L |:1 Ihw f;rhluriuanui~ |L:Unfhr. win*rv Lhe hfﬁi!HV'”i”i'ﬂl goes as lal

P as Lhe i’uhw;gwau~ (1In some cases Eocene has been ;lehrlfl iﬂ'h'”" (Fig. 11) 1s

found.

1 his presenis Lhi IHW'IH[*'IH that either the Tertiary in L hi }';f'iuiil'."'illlul‘l‘ 1s alloch-

”‘“ll“ii‘ Oor two successive Flll;hrt 01 1||-!f_'~i.* pressure low ii'r!:iju'.r.'|1lj_*'l' IIIt'TitIE]ll[IiiliﬁrTI

o B P = B y . o 2 T , - - = |
musl !H- I”"‘I“[*“—l"F- |"t"'-1"-l"'u"l | I'“-r:"-:|| irentions r]II' ‘-L'L|;E|_- ||'-h';[|:||1||||jl .'1H+| I”tt'H'*-It"-. Hi

the prv-?ﬁurvrn-s-yn-iu:; in parts of the sub-Brianconnais zone and the internal Dauph-

imnois zone. which sugeests thatl at least --|-||'IH|c-r11.L1iru_t was not continuous at that time.

l"t“ﬁ’il' d s O] .'1H~.;1i;‘un[}r]|ii1n|f=-= ,,|' !1||- [}I'H‘!i.i'i# regrion are a x;||||.'|f||'r‘ [HH| ILHI' ““l"--'”',.'

l[!ih !rl'l'-:'rll'lll, III n||]!"~| ;l|x;thLfir||Jl|JIHr|+'~ i-__E.'{r|;=.|.~};,i_'l.-=_ Crossiles, .:Irllg ll]lr!"-_'_ll't‘f'il
-'!”fi‘}'til”'h"‘ gave ages ol oU-100 m.yv, 1i]j- |2 and lable 3) which are in 1:'HH=|

agreement with the 60-90 m.v.

K

H!t! }l}]i'llL:ilr'- |Hir'.'l-! 'r‘.i 111-.- "'“4'-Ir-'l-.-""”"~ TI“' uppet

refaceons :'!”xél'i;illl!illnlﬂll' dUEes were

restricted to the Piemont hasin | i'.'l:_'. 2). Younger

R~ . 2
*d+ﬁ”'“‘”]!d1“’”|“ ages around 40 m.y. and 20 m.v. { Fig. 13 and 14 and Table J) were

also found. ’rEh"ﬁ' younger ;qu!iﬂ|uuh' dJES have

a wide distribution also in the Brian-
connais ( BocQUET et al.. 1973).

Eﬁ‘.“““ii"‘ |Il+' diye l“”ll'l‘r’fli'r

1

H[h;ﬂiﬁlnigdtﬂrufr~ show other differences: 80-100 m.y.

”I‘I 1_‘|Ellil'“|lllilllt'-- drI'e IIIH'-TI} I'iiil!l“n‘l]l_‘u Ht'il'HTi*:I ;ll'hj occur 1+|'1_I_'~.. iIm 1|];~ |‘}i{"“|[i]|| ]‘t'uinll.

P | ) - | . |
\ccording to BocQueT (1973) the chemistry of these glaucophanes varies from glauco-

[Jhinlv-h‘rﬂn:luiuwr;H!UIH- o ecrossite. The younger ;Hlxu|hiuifﬂtﬂin|r~ ( 40-50 m.y. and
|3-3ilrlL},} occur partly in the Piemont partly in the Brianconnais domain. where.
5”“"“““'“!E”2 lo BocQUE? ( 1973). riebeckite and magnesio-riebeckite besides #I”'“""
phane-crossite are found. These younger amphiboles show mostly a strong orientation

ET . : Fiseg } . ' —_ o . .
parallel to the dominant B-axes. CHADWICK ( 1973). on structural criteria. showed in

the Monte Rosa-nappe that these amphiboles must be younger than the main nappe

cogenetic with the late Alpine Mischabel back fold. Therefore.

it can be concluded that either

formation. as thev are

glaucophane formed at different times or the early

glaucophane has been rotated into the direction of later fold axes, therebyv loosing 1ts
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Fic. 11 - Tectonic sketch map of the central and western Alps (as. Fig. 1) with the distribution of eclogites,
jadeite. glaucophane-crossite, lawsonite, laumontite-pumpellyite-prehnite, staurolite and An 85% in plagioclase +
calcite. The high pressure mineral field crosses the tectonic boundaries and must therefore be younger than
the present tectonic pattern. On the other hand the high pressure mineral field is cut by the region of Lepon

tine cristallisation and must therefore be older than the Lepontine phase.
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Fic. 12 - Ar*®/Ar* versus K¥/Ar* isochron plot of pha | green amphiboles of th
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Yic. 13 - Ar"/Ar"” versus K Al

isochron plot of glaucophanes, crossites

Piemont basin -r[lllinjih-- rFIVing an a

xlrlll !Illil' I FiE e _||||1|lnt|u|.*- ol 1||I'
age of about 40 m.y..

dI'ZolIl. T]li- IS £t|-n o i'l&tll-”lft' i"-i'lilllitliuil |'H|' ||!!‘ |L-'|l'1 !||nl .""*-l PPE uIHI _\IHI-

STRONG (1971) and CoLEMAN and LANPHERE | 1971) report lower acges for glauco-

phane than for cogenetic phengite in the Franciscan. The geological interpretation does
not change, whichever model is accepted. The oriented glaucophanes from the Zermatt-
r!'lﬂi“” “ilh W\Iilﬂ'[‘”!' dJes Imosi l]l\['l"n ill(!il'éilf' Illli‘ |i[|]l' IIII [i]l' IHH‘I\ r”lfli”r'-_';.
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F'1c. 15 - Schematic representation of the P-1T conditions during the pluarifacial metamorphism in the region

between Simplon pass and the Aosla valley.




V. GEOLOGICAL CONSEQUENCES

According to CRAWFORD and Fyre (1965)., Ernst (1963), JoHANNES et al.

JoHANNES and Puman (1971). Lion 1971). NEewTonN and KENNEDY ( 1963,

l.\‘r'.'.:._lll'- adllil}] A1 ;|{ | ;'Jl'|__|_ \ll-"'-.il-: [ i.llan:]-_ \lllli ' [E,“-.I}‘ \I]Ij[ ll.utllii

==

NOBNPROBST ( 1969) and | 1. 1o, pressures between 8 and 12 lxli ilei lt."”[”—'r*l““'*'“
I 1 - - | - i . [ 4 e i .] } rl’l o =5
v e I FUU S f - De [aKen into consideration o It:l'f‘ Cdl :'b 11211 I”*."""“HI'

ation. This would represent an overburden of 30 -45 km of which in
Km can be ';"'i'?!'ir i'"'}-'i}. J-"'. olther J!;:il'““ IFH re 1s no l'\.ill'r‘l}l't'
an overburden greater than about 5 km. l'his would mean that in order tllt"\[lléliIi
.H-'-!riil'z-_' to DE RoeveEr (1970
'?" AITNLOUTE rli ;I_l!rri's?. [ 11}1 1 Hhr-:Fl!:'--IJ!'i' unti|nf In' I'i'l|1iil'1’1i.
ie implicitly low thermal gradient of 5 - 15°/km instead of around

20" /Km postulated for the Leponting tJ;ri;;r||+br;|F.|+-|-lle1~+- of the central Alps !l} LLARK

and JACER 1 70Y) '!+1|:}.-'1-~ a mechanism other than ~i!!?['|'~ I'i|irl: nappes on Lop 0]
' I 1 geosyneline. The re sulting pile of slowly warming nappes would des-

'y the low temperature-high pressure mineral association and a }I1:_'|1'|"”'i”"i|“”

.rlﬁf‘||'llllr: irjl-.-._.‘_ll!!-r.. i]-.--l",fltl!:-ll'_l.Q' |i]‘\.r‘ FI" 1l:1 !'-l'lfrll.'J]‘.' .ll"l,lllj|'l I.ll'"l-.l ]111|.
|-I,- ‘-'r'r" T |-_ § 1 : . B | .. [
Lh ) gradient lor pressure and the low eradient for temperalture lilltll'!_‘_' the
0-Alp F"L’li"- 0] -”!='51i!lzil_’-'[llli~lil as well as the ‘,L_!:".'IHJ.'[ lrend of eo- \!I*iﬂl' ill'll] later

( Lepontine and Miocene) metamorphie belts in the western Alps show certain similar-

tes with the Sambagavya belt and the ( anto mountains ot _]H[Hill or the Franeciscan
‘erramn ol western California | Banno. 1958 ). (LoLEMAN and LaAnpHERE. 1971). Co-
LEMAN (1966, 1971). OLEMAN et al. ( 1965). ERNST | 1971). Mivasairo (19061,

|IJr- - | 3 | -.'- i = =
'{). SEKI and TAkizawaA (1965), YaAMAGUCH] and Yanaci (1970). By analogy,

! i'|1|:l* !!‘1'iill|||'.. [EI‘IHE}J| ' 1 l!*' “:"Il:]l]l».li l"l' l\i'lg{rll 1|.“.L ‘t[.lll.iu III' ll]!-‘ f‘éli-lx i..}'lil..i-n 1I|

H;n:ru- :r_n-igiizmr'[;hjuin in the \'1,..,_;,-.]-” ”E"‘ as has been H!i*_':r-tm] by [urmiml- workers.
vo models have been suggested to l'\]il.‘lln the tectonic setting of the western \_|[|-_

i {II;HI [HII s l!lnl]t'] -_]Hli flif' inore 'i'HIH|'I""-. “HI“‘, !*‘l'|1illil'“ ”“,,II.!‘

) 2l II, e —
a) Plate tectonics model (OxBUrRcH and T RCOTTE. 1968. Hunziker., 1970,

DEwEY IR 070 Fr - = .
WEY and Birp., 1970. ERNST. 1971 and 1973. Hq NZIKER, 1971, DaL Piaz et al..

1972, SAL10T. 1972).

‘U 11 { '.., . ) . : . . .
“'“{1“.—1 LO TIH H‘i:n]il Illt* llf_‘ll}nllf |m~|n ;II]il fl;[riu “f 'IIH‘ ,“""*t'u|ai~l'r}-lit“!l]!‘. ds=

ur“ dS lllt" ~n!|I|n~rn |r:il'l- Hf I]Ii' i't*tlninr II'd“-E*II]t‘H[ ndappes, t]l“-l'l']]ill'll ‘ui[li d -illll-
dueting northern lithospherie slak along one or several trenches (Fic. 16). The pres-
sure increased simultaneously with the dow nward movement. The temperature increase
was minimal because of the dow nward-moving cold. wet
in the basin and because of the low heat conductivity in rocks. This accounts for the

and unconsolidated sediments

low thermal gradient.
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T 16 wrhemats .i,.p].-. showing the tectoni evolution of the North "-"".llir"lﬂ.il .,";III.-_ oA Flake tectonics
N . - ol | i | 1 ! Il | . i 1 1 = | |

model b) Plate tectonics model.
[Legend: 1IN [vrea-Verbano-zone. 5.L. Sesia-Lanzo-zone. UA [Ipper Austroalpine comprising Il DK Se-
conda zona diorito-kinzigitica Klippen of the [vrea- Valpelline system) and VP Valpelline nappe. AR =
\Lf'fl:.i nappe, ."LH: 1"ti||'l':|' “--~.! !:.l}l[u'_ I:.-r H-:'rlil,ﬂul rl.i|r|H' J’f."‘ f’rn[:|I:||i-“‘,l.t--.-'nflr'_ L.0) L.0011-
bin-zone. UM | ppel Mantle.

Assuming rates of movementl of 2 em per year dephts of 40 km are attained

‘n 4 m.v. of subduction along the Benioll zone at an angle of 45°. 2 em per year

. a2 slow movement according to OxBUrRGH and Turcorte (1968). They calculated

their model assuming a rate of 5 em per year. This downward movement must have

_.1..1,[“111 and n[man'{i movement began at some pomt 1 ime, otherwise the tempe-

cature would have risen to the normal value at that depth, changing the mineral
assemblace. To warm these rocks up would have taken at least 20 to 30 m.y. accord-

ine to OxrurcH and TurcorTE (1971) the time span between the ]ti;_'ll pressure me-




— 34 -

tamorphism and the high temperature Lepontic phase of metamorphism. The f*;u.r-t -
;Iaa:r::pllullr at the base of the |\11?H_]{[i1,“tq] ( Seconda Zona Tlinzﬁl:n-l\irlzigjlliﬁi} on
the Sesia-zone is partially destroyed mecanically and reerystallized through overthrust-
ing, as well as the fact that the phengites yield ages of 60 - 90 m.y., leads to the
conclusion that in this part of the Alps, \ustroalpine nappes overthrust the Pennine

elements in upper Cretaceous times.

flt] f'-frr!'w ff'f'fHHE-r'."i H.Huff*."'

LAuBscHER (1971) and OxBurcH (1972) brought the flake tectonies model
iInto discussion in the Alps. The \lps are interpreted as the result of a continent/con-
tinent collision with a sheared off lop part of one continent driven over the other

i

as large basement thrust shee ( Flake). OxBurcH (197

2) comes to this Irir[lil‘t“ for
the Kastern \|1-~. where he aroues that I.]”!p thickness T "”I? hetween 4 to 12 km
while the common plate tectonies model is dealing with plates 60 - 100 km thick.
III Ii]n‘ weslern ‘\Hl* Iih_‘ I':Eli'llfﬂ'illl i:i;i[r 1’“;-;”1}”1' I-IHF‘] 'I;h el Hlni'HIHl l!lfl*l-.llf‘-w-. IIIH
the African plate (southern \Ips) shows only about 5 km thickness in the Ivrea-zone.
and is more likely a flake in Oxburgh’s terminology. Following this interpretation a
sheet can be hypothesized thaf scrapes oftocean floor sediments and ophilites along
the way, ;1+'-11r_"-‘.'£||fill_'_" the tectonie melange found in th Piemont at present 'Iljt_i]i:JIEIJ'n-.
and Bundner-schiefer). The tront-most part of the overriding basement thrust sheet is
found as llrlﬂ—lihin|11r-n;q-;n- more than 60 km from the original plate boundary. 1he
wedge of Upper mantle below the Ivrea-zone could then he interpretated as being split
oft from the i!r!HW'TrHEHFIP rhrwnagi; the northern contimental FJ:Ht= thus :fﬂ]PFIHiIHL the

well known « birds head » of the seismic profiles.
Hir E!i_;'}l Pressure irJirii-q';il ;i-mt"JHil_i;!i_i_:“ ‘n.ut]]|l:i n!'i';_'irl.j-lh_w j” 2 =.]|F;rii[rt'[]!!!'l zone al

the northern plate [u-urninr; (Pennine zone). Durine the continental ecollision some

of the *H[HiHlWrTI material is urrninn! ofl I}n*q-ninilh-ninl border by ||H‘ H\!Wﬁ@i!”]u #rﬂi‘”
and viu[1h|rvf] In 1ts present !Fﬂ‘jlhl“. \s 2 further r{HIJPEirutiHII;|¥!F front part of the

IIYEWWWr]HI: flake | Sesia-zone) must also have been subducted ( high pressure  parage-

nesis). T'his model gives us a plausible explanation for the reversal of the subduteion

movement Ihrwu:;}l continental collision. This reversal hinds no ;1hluhildr' explanation

L1l }'_H‘\HF - lr]aih' lectonies ;“..qlpL -!IIIH*- .n|1|”i|],.¢.-.f Frléli!'i'].'ll oetls flt'iii_'l._t!"! Ilni[l'l\.. O sur-

i:!{'i‘ |l"". [!If‘ rrkl‘!'l'hli“'_‘ H:!Iu' l:fl f}li* hlillf}li'i'” !'iéili’.

EH I['j-.l“:_' LO ill 1!!1‘ li::t;] i.['rbl]'] !lj}- Il;ziu'i' 1) 1I|i- “I‘-'J'.il'."l 1I||' i-{lllil\'ﬁ.iII; f}iV[“i'l’ i""

HIH:HIHWi.

1) \fter the Ih'ﬁ'}lH;HI H|r1niH*Hq+|ﬁ~IH in the Lupper { arboniferous. elevation of

the Jirona-t.eneri zone occured si'fstl_'_[ the l’“:;fHu line. a side branch ol the Insubric

line separaling Strona-Ceneri from the Ivrea-Verbano zone (Boriani, 1970). During

Mesozoic and early [“'¢}[lr} the Ivrea and Strona Blocks were both lifted to their

]ri'l*nl'li’! [u'v-illnll {Hm“rl-_{ J]HU.H HII l]il’ [‘,I'f*;l }||an 0 .'HJ'H { n:lln‘ill,f_* _lli]'il"*"-il'l ( ]

Since Oligocene this relation has N
I!]lrf‘]riiif fl]-uL TIHI‘Tll HI- '[!h' [I‘I-iJ[I!'iI'

[.lFI:_'l'Ii 4'_!“1} EJil_' I1]"|}j"||r|!r'||-.-.i “E'hl! i" Jhilifr.ll :i“ rh.: l*'._IFli”-r‘ meta-

line. The Oligocene Biella and Iraversella plutongs (KruMmMENACHER and
EVERDEN, 1960 and Hi NZIKER and

i l|| \RTH. 1960 HIJ!rh HI- ![ll' I”-.LHflI'll' I;'”". Il‘HI.’l"r ]i' on Ihr sd e I;-H,-;"_I 1.1,,'“]!
the Oligocene andesites. |

.-"ut Ei]l’l';li]f- Iment lrlllr_'-|

. . d l|i-;1];|u'-'rm-:|T ol at least 4 km must be assumed along the In-
subric Line since the Oligocene.

! | : An ii]'lit'n;_'uua ll[!““ of Lthe l:ur[]u'rll ];hn-[-'_ was r:']:-u['h'il !r} Hi NZIKER (1970)
along the Simplon Centovalli line. g northern branch of the Insubric line)
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Fic. 18 - iHurIum-wuv hwuprﬂﬂﬂﬁ"hﬂﬁﬂ“lf”flhr Pennine zone between Funphulund \dh-:linﬂuthwuq

the different phases of Alpmne metamorphism.

The 120 m.v. Rb-Sr whole rock isochrons found in the front part of the Pen-

nine nappes by Hanson et al. (1969), Hunziker (1970) and JiceEr, HUNzIKER,
GraesiEr (1969) together with the isotope data of the ophiolites (100-180 m.y.) seem

to mark the beginning of the horizontal movements. In any case, the upper Cretaceous

Avsch sedimentation must have resulted from earlier movements. These may well have

:ifill'tt‘{l ill ltrlh er i :I'{‘!ill‘L‘iillﬁ or ,l urassic time, as a consequence lbr ocean II{]:][' y]}|1~;11|11|é£

tosether with the intrusion of the ophiolite masses.
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2) Upper Cretaceous thrusting of Austroalpine elements over Pennine elements
and of Piemont basin sediments over Brianconnais and generation of a very complex
schistosity (DAL Piaz et al.. 1972 ) occurred,

3) During the Eocene the Brianconnais was thrust over Helvetic rocks and E - WX

tolds with a second schistosits according to GRANDJACQUET et al. (1972) were ge-

}) During a Miocene phase Helvetic units overthrust the Molasse basin. and the
general backfolding was developped. The EW lineament of [.AUBSCHER (1970) and the

told axes parallel to the \lpine Arch ( LABY. 1973) were ;Lt'!.'":'-i:ff‘i].

| he tciniperaiure timi pressure diagram for the Jesia-zone f'l:'. |7 shows a firsi
['l!'|"‘1-1‘-.|:|1'1l i“-_lii_‘-, I"Il'qll_'E.:" 1t|| r!!.."., _;_[| L.z;!.;:rr'_"'- |'4| E!Jr. Il:r.r |||-il.-:r. IJ}l:r‘ -If ‘I"j_;; \\ {h._‘ltnl';'l i‘ril.‘
(Fig. 18), and a second pressure peak in connection with the seneration of the subse-

=N iTTRGTYY Oy |I ry = . ] L] - . . . - FE
I:l'.|r.--||. _-,.rl‘tlll'-_j i!.'.|'_1"' | '|1'=|]|:.- iil.ll_lli"f.'ir Ii':'l:'i‘.'l-l!" I.Il!: 18 “8als *-J'l-'!":r':l"-fl"'_ I!]'.‘ Ti.rrlll_.._

1 . |
*Alure 1= 11 . Ep— | = : ; '
rature 'r'"”i" if;* “‘["'*'*’j tcacilinge a 1'-!:‘_-’r1-'_]‘x' .!|"'l'."-||_‘! D) m.v. ;:.;.-E!!gll des .rf I!H‘ esia-
IF'!..EI!":'; "‘-.i i1 !..: }_-;'. 1- 1 | % i ] | -
L)1) o1l . [ -,!!- i-lgr:_IH- Lomain IFH' ~CCOIO Es<11Tri il .'!1|~~ ..!.-'-'iiHrl' f” .y, 1s Imor

: | ||'--ri .“:.; "= L. .nl 5 ] T . T : s ”
pronounced. ]!':ﬂ |"1"‘ LO Jil reneration of the dominant Tol1ation ;'H]lf |F|t‘ i*!IH't]I -\T O

i"'‘enege sz ., ' 1 4 <4 4 . I . [ ; .
ne peak j only of minos imporiance. In the Pennine the lemperature builds up to

d ITlay ifri: M at aronnd 1 : ' . . - i [
b 18 dl dI'otdna 4u 111.V. H[I"-‘UsiH'__' :'»!’_'_.-:I:!i:‘1' '.'.il.:i i e !'!:_- :r% II_'"': ,]:':!.! A

(1971) that durine ihe - | . If .
) tial during the eo- iHL';"”" piidse of metamorphism the eneroy lransporl through

“Hillr I]‘:'-l*-“"-.. ! - " i . -' * ™ . .
! also in the western \lps is of minor Importance. A fast energy transpor!

By 1
lL.H|||Ja_1.| '!Iil:ll1 rjl"" 4-‘1\ .'r l!.ll 'I. PR . . - -
Lroyed the primary high pressure mineral assemblage completely and

[

Iflr' !.i?ii:' iii”If'J'r'Hit' ]-.-hw-r'-r' 1 Imr l I
: LW 1 _i' cssure and fl-i.f!;"' ralure 1ni case nw:.'If{ !];Hf‘ L) fll' -IH;E”t‘!.

‘h!"!“.’ii!-l’.ix IT11151 !l;:w,l' |r'“ fn**lqlt'{‘ H!.i“

i

i]'!'l'-l'- re 1 1 : | . -
!__r,\_}.i_l |_[]: fr“!,!fi ||1;-:'|' "Ii. 'i'-ltl! I'|l'|..!_I!I': ll-: |§!|

RII}EFH' mela . i .
L1 111 irl‘"'l!{'ifl"[!l I 3 ol 1+ e i i . .
, nost likely during the 120 m.y. tectonic phase, thus resetting

iy

¥

”Ir" ”i;a“"r‘ vl [ E
| i 1l - e i | A o e : : :
_ cill O] ”H 1r||[r!|l!ii-.. .1Hlf even ui <OMme ol he =-'_r;r-;--|'«-. i”"'n'llr"'.i'{l

BERN ( H VI, :
~ 1 - M neraloor e v . - :
=L ”'“-‘"“’h'f‘”f-’“.i'f'”f?f””"f:‘--h f.ff.u.f.ff-'s! der | nwersitat - Sahlistrasse. 6.
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VI. APPENDIAX

| ocaTioON AND DESCRIPTION

!;i"dll'“}-i-f'”:'. i"-. r'ed-70l1e. llI['i IJIJIIH'."'-. Al i..’”llilllni,‘ .itlt'r"1 | H||]'!J_ fl_:l'r,l_!“”'n“h{ _L'.}”“. :IHI

m a.s.l. The rock contains plagioclase, biotite. quartz, garnet. Zircon and opaque
|

minerals at the rims of biotite are minor minerals. The I'l;t;i-u'|;|~r= 1= mostly fresh.

In parts a little sericitized. '\].n-l'nwn!niu,1l|x a fine erained eranitoid rock.

E"L-.f!. .:-i!:- p_-.:-r'] f-riitr'. Ixh'.%-;'uiu‘. E l";nr*t'n_ ¢'|-r'|'_ 1'{-._“} I'i!lr':=~-1.;tlll:cnill+i1jr. l':m'rr'.i,
685.690/106.600. 830 m a.s.l. The rock consists ol olivine and Eril]tr'_-nilill'. Minor
||;i1|--|.-|= are +'“F!::!:*~.t1nx: Ine. !LI'!'Lii'*i'Illl' ]lul'llhl: TF'!I jHHf w[:iTlr'I. i llw' =11i+11;'r|._]”t_'1 HI"IP'II-
tation of the i-hlw-_-e pite gives the rock a Iml':lHr-[ texture, whereas the 1r}1fu_n[|ite-~

Lrece p ridotite has a more massive texture.

Alkalifeldspar-carnet-sillimanite eneiss. Ivrea-zone. old fortification of Techa, 1oce.
Coord. 674.500/93.000. 210 m a.s.l. The rock contains guartz, Esi;!:;im'F;mu biotite.

carnet, sillimanite, K-feldspar.

|84 Rhvolite, Permian volcanies of the southern Alps, Cava Bianchi. Cavagnano,
Coord. 712.300/84.800. 440 m a.s.l. The roeck consists ol quarltz, ]R-i'*"hf-;uu'- acid
plagioclase and biotite. The i'x—i--m-[rur 18 ;:i;_-rm-n!rr] Dy u!i=}:==!'-=- hematite. The rock

| S llJl[ Ol i=tx.|ln|ii't f'LI‘-!I]'I'H. H!u- “;}ITHI' k;ll'i**!'\ |Hl1tdill- more 1i'IlL!r'[.r".

Ilill"J_-_-lTr' ,||1\.||i|l I!f=!i.‘!l :Iu‘i--. ol ni;t-.»-'eru'. Hlii';{ﬂiﬂi |'1|1-'_,'i|i+'i ~Ir];1” L!I.In!‘r'}' ht‘fﬂ.ll'r‘

[.ilianes. road into Gressoney-Valley. Coord. 4°38" /45°37" 660 m a.s.l. The

[:‘_lr'j!i.r|'_'
rock contains quartz, partly strained (phengitic muscovite, plagioclase (albite), gar-

net. I”’,gl’. lrll]r‘ ;l!ll'jllilﬂ-]:*_ ll[lll!ll-_ll'“{'. .-f'.HFih' :HI+| leHllll!r'H s ‘Illi']ll-nltullh 111 II!I* ;:H['[]r*l

are minor Iilin*'!'.!i-. 1].|:rn=n-u;ri1';i”} | ;1‘:-}i-|r miq ;!-riml.

Phengite alkalifeldspar gneiss, Sesia-zone, oneiss minuti, Small quarry W. Case Cam-

pagnola, Arnaz, Aosta. Coord. 4°43 /45°38” 410 m a.s.l. The rock contains albite,

quartz, phengite. As minor minerals biotite, epidote, allanite, chlorite and rutile are

found and as rare relicts omphacite and glaucophane. Macroscopically a banded iso-

clinallv folded green augengneiss with darker layers richer in biotite and chlorite.
I}|1|[;||;“~i1r= !nhq-nj_;i!f' onelss, Sesia-zone. micascisti  eclogitiel, northwest L_llh‘l-.-'nlt'#.

A osta. road cut of autostrada Torino-Aosta. Coord, 4°37 /45°32" 250 m a.s.l. Major

minerals are albite, omphacite, phengite, quartz, garnel and pale blue glaucophane.
Zoisite and opaques are minor minerals. The omphacite is partially transformed into
diablastic. Macroscopically a creenish very heterogeneous micarich gneiss in contact

with more compact eclogite lenses and associated with marbles.

Banded phengite alkalifeldspar gneiss, Sesia-zone, micascisti eclogitici, S.E. Bard.

.tll-lii. '.”;“[ cul ”f ;1“1“_”-;“!;; _-iq'th';l-.I‘l‘._iril]“, {'.lilﬂ'll, ] L!qfl.-l ‘H}‘ ”i” I EL_-'-,I.. Mnjnr

minerals: albite, phengite, quartz, glaucophane (with rims of pale amphibole), om-

phacite (relicts, mostly transformed). garnet and chlorite. Epidote, zircon and opa-

(ques are minor minerals. Macroscopically a banded phengite gneiss,




Ao
e
"

: : . b rar . osta. ‘;IHll'il.
RAW 475 Phengite-albite cneiss. Piemont-zone. gneiss di Verres N.W. Barme. Ao
I Im_\\.' !._} ..';'3‘. i-||l‘ I'IH'I\ 1'1![!*i‘-[‘~ HII i | “H{' ’._'".Ii:”I'lr '_‘_['flllll'{ Ilass “I “””h.- {I]liitl’{'
- Y drevtite rarnet. nartz.
calcite, phengite, glaucophane and often zoned omphacite. Bilotlite, garnet, ¢

' ' -p . " - : <1 Ine : '--l"l"IHHI ”l"l'.li'l';ltjnlt.
epidote and allanite can be distinguished eventually constituting a s L

2

\!qu-;'unrn’lir‘bilx | “Hf'—:i'di!lr'li hlnnH-'iI ]rilr‘H;Tf" FHE]SE,

. : - . : ' . arrs near
KAW (6 l'ln*tt;_-l[:- ;iful]!tr'[ui“im! augengneiss, desia-zone, gneiss minuti. Little A t
[-LtEIrILII'i. i,:'r--nnlir'k-‘\.:J”l""u.. i:ln-i'lf_ |'||‘|:,1"“”-“-;_[“”‘, f_:liril 11l .'i,n,l, Ii!f' I'n-:'L. CONns1sis
| : . - - ‘1te Vla-
of albite. quartz, I:|n=rr;|rr. Minor minerals are 'J"‘i"“" zircon and  chlorite.

1'?|:-u'lli1i-'~|]|\ i ;;]':--"H'rﬂll lr.HIiI:‘:I dUYSENCIMelss,

: : - T Lo ' ries. L.oord.
!"t ‘&“ 184 jlf':”]-lllrl'. !‘n]'i'.‘l*.f.nilr'_ J"u.[r! irom | t|[;|ln;_'|~!, | O e. 10 EFIr' Hi._illllll quarries. 00 1
Fle’r_L".f'll ":.i'J'j. .”'if' m ¢I.=.|. Ih“ '.‘”,l.\ 1_“”11'4_‘ ”! h-f.i’r'f‘i"“-' IIJ;I_:ilnf'lii'r!‘, 4|IJ1IJ"!£..
. " ; 5 : . : - - l . J.\:'
HiUsCovile. FIH'HILI'IHI‘_ rarnet. IH‘f"h'I- aopadques, f|||- MMu=scovile ”J.j-u 5 are 1n part ¢

r['f‘ﬂll'.i"- 'ff‘!llr]'![l"i.

KAW 485 E logite, Sesia-zone. micascisti eclogitici, Valle del Cervo. Lago Mucrone. Sesia.
Loord. 4°30°/45°38°. 1900 m a.s.l. The rock contains omphacite, garnet, phengite
and im'ltili"“}rll::ua-. Iklu;ar'tf- rutile, !.-!1iuful1- and Opaques are minor Imine rals. The eu-
hedral garnet s zoned, A core rich in inclusions is surrounded by a purer rim.
Lhe inclusions are made up of quartz, omphacite, rutile and clancophane. Macro-

-1“I1I|.i[[‘n IF“- !-”.-L j_ Fil*' illti""‘éllll.t CoOre ”' AT |".-1Ir" [' Nse

KAW 4 Micase 1511,

Jtrona-zone., Carmine inferiore. LLago Maggiore, road cut of Lake road.

'!.nnl'li. frli'r'.:.]l”-l.-""”.l'l._:llf, S0 1l m!.‘.]. .!.FH' P'IH'L. COlIsSISs :lf }-f.mim-l;lu-. llliill'l.-’.. ili{l“h"n

muscovite. As minor minerals graphite, chlorite, garnet and zircon are found. The

plagioclase ijs partially sericitized and (quartz 1s strained. Mlacroscopically a two-mica

-1'i!j=% 'l.*-if]i fﬂlli-'if i]il.Hf:ﬁ U-J'H-_

KAW 505 Pegmatite [vrea-zone, S.F. Candoglia, pegmatites were quarried. Coord. 676.800/
21,750, 210 m a.s.l, The rock consists of |fl|.f'_'iill'rtd=r_, i‘x-i'!‘|l|~|r.‘|l'. quarltz, muscovite,
turmaline, garnpet. beryl and opaques. The mica flakes are in part extremely de-
tormed, u~i-¢'r-~+'n|:if-;|l|}. 4 concordant pegmatoid schlieren in the micaschists of the

I"'- red-Zone.

KAW 506 Mica schist.

Ivrea-zone. . Kinzigite » onejss of the Italian authors. Country rock of

()5 x ol - : : i o
KAW 5 1y, same lo. .HH} : 'ﬂ;t_prr minerals ia!;!;nwllja.-‘ (quarlz, biotite, muscovit
and sillimanite. Graphite is g widespread minor mineral. Quartz shows randomly

cranular texture, “-‘“'T‘Hﬂ'ii;rir:lH\ a grevish micaschis

KAW 507 Biotite omna:
10F IIEHIII! "Melss . l“-l-i'..l-..-’_u“n‘ '\.'.h |-I”“] cut of I'H.'I*I IJHII‘:

Loord, HTLIHH,'.'-:!.‘HHr_ 500 m

ma-Germagnano. Valle Strona.

a.s.l. The rock consists of plagioclase, quartz, biotite,

amphi . 1eracl: . . . : . y .
¢ L3N [?“I* and MIcro I|l1f'. s minor mimerals ;|||;i111!|-_ ;_'l'liiihlh' and Zircon are i"””‘i'

Hun-ru-.m.;nr;lfl_&. 4 migmatic strongly heterogeneous smeijss.

KAV 258

rarnetiferons biotite-alk

;iiifr‘llialrél]‘ CIe1ss,
Small quarry S.W.

"‘.*'Ii'“||ir1r-n;|]r]u=. lh*nl-Ii|;t1n-lu=-.-'j,'-alr_=uh
Uvyace, 1;1f[n-J|inr-,

along the road from Aosta into the Valley.
Loord. .-1')I,'Illlll;'""r,_“””‘ 1 150) n

1 a.s.]. Major minerals - plagioclase, quartz, biotite
Qr.'i[nhilm rutile, Z1rcon
15 broken. cracks are filled

'Hlfl r|||i‘ii‘~ . . T
: Orite, ({ and opaques are minor minerals, The garnet
with quartz, plagioclase and biotite. Plagioclase is partly
sericitized . e : . .

A #l amf uarlz -Iluh-« u';n'}-' extinction, ﬁ]ilrru.—-rull|1'u“"l.' o ?‘-II"H]{_{'T full]i'li lllll]!'l-

ed gneiss with quartz-plagioclase veins.




KAW 560

KAW 563

}'\ AW 565

KAW 572

KAW 599

i*’\ ii‘l‘s\ fl.-;_'.

KAW 654

KAW 655

KAW 656

KAW 657

= 2gil.r

Garnetilerous biotite-sillimanite oneiss, v ul]u*Hinr nappe. Dent-Blanche system. 5. W.
Bionnaz. Valpelline. Main road. Coord. 597.950/79.700. 1580 m a.s.l. The rock
consists of plagioclase, quartz, garnet, biotite and sillimanite. Minor minerals are

graphite, allanite and opaques. Macroscopically a banded isoclinaly folded gneiss.

i‘]]f"llj‘_iiil‘ .t”x.ilirt'lllmli;ll' .'.:I'll‘i‘ﬁ. f":t*-i;l-f.lnljt'_ {lhj;“'r‘\. ‘;;IIHIIH "h“}illll_ rl-ln_r_ { ;-:n||:'||,

685.800/97.550, 400 m a.s.l. The rock contains plagioclase, quartz, actinolite (sel-

.\Iilllri‘

minerals are graphite, zircon and apatite, Macroscopically a greenish fine srained

dom with cores of brown dr‘.n[lhihulu}. Elhvn:ilr. zoisite. biotite and garnet

p— *

AUTCHUIICISS,

Biotite cranile, Strona-zone., Quarry ol \lzo. Madonna del Sasso, Orta. Coord.
672,800/71.100, 460 m a.s.l. The rock consists of plagioclase, quartz, K-feldspar
{]|.||'l|_x 111|Ill|'u't]','_ biotite. ﬂw minor Hlilh'l'd’-—» zircon with ili: ||-fu~m-hrnii' halos and
sericite in some of the K-feldspar is found. Macroscopically a coarse - grained white

cranite.

\]hﬁﬂilial_ S lrona-zone, ]'u.{:l 111. j'i]l"l"_'nff_{r, -I.:H'q‘_ {-{}IIT'Ii_ l'r._.';_l'-””';'r“.l',._r””. AU} m
a.s.l. Major minerals: plagioclase, quartz, biotite, muscovite and garnet. Graphite,
zircon and apatite are minor minerals, “ﬁlrl‘w—u-|r'|1.xi||j~ a fine-crained micaschist

with (qquartz veins,

Garnetiferous biotite-gneiss 1n granulite facies (« stronalite » of the ltalian authors).
F'orno. Strona., road ecut., Coord 665.,000/87.800, 976 m a.s.l. The rock contains gar-
Nne | El1.5'_;i1tl'1.'l‘-ﬂ { 111 le: Serid i!ifw]!. 4{!1;!|'I.f.. '\-Ilr.}li-p.‘n' ( 1n Enll'l .'.'I'il] [hilh*n“.
Graphite, red brown biotite, sillimanite, zircon and opaques are minor minerals.
|'rr|~ Irflel=s 11} '__'1'.'|r=H|i|r'- I;H'it'= 1S very t1+*h'!'~h:l‘n+'ull-_ “iu!itr‘ 1S rlll"i-'}lr*-i iH !*il['Lr'-’t‘

DS,

!

Chloritoid porphvroblasts in metagabbro of Piemont ophiolites of the Zermatt Saas-
70T Path Fluhalp-Plulwe. Coord. 629,800/96.250, 2580 m a.s.l. | he rock contains
chloritoid. paragonite, glaucophane, chlorite, magnetite and rutile. In part the chlo-

ri:uu-f Eh!- lu'l'll 5i';.1|~11.~1:|u-:f { () ll.'lli!:-JTHFI' :II':-] H!Li;;Tlr‘lih'.

F.elooitie cabbro. FPiemont uplm:“lr-. Zermatt-Saas-zone. Path "|1=lllll|pvii’!'11|n|=-
Coord. 630.500/96.150, 2700 m a.s.l. The rock contains omphacite, garnet, parago-
nite anidl H”i|,- { as hirst rend 1'.‘1Iinli.’l 'rf;tlhuir!m!tr" [nH:'I] =li'|.l=1i||1[:'- H[HE'!HH'“!‘ LIIILI
srows as rim around or in ecracks of garnet), magnetite and albite are minor mi-
nerals of possibly later generation. Macroscopically a greenish, massive rock with

| nFl.-rir',|| oarnels lllr 1) J (*111. I }II r'nr'L n'u|'|-|itlil-‘- I}h' ("Ores nf I}lt* ln'hi ibrr‘*t'l'\r'li

[l-!”ll".".'- il! l"i'[”'__'lrii' |=l.1'i+'= 1-1. llli- |IiHHH |.1i..'i t'l-HI|r||"a.

Metacabbro at 10 m distance of 654. Major minerals: omphacite, glaucophane, gar-
net. Minor HI.FIIPI'H!*-: (quartz, IHH‘:{_:HHiIr‘ zoisite and rutile. {;I-'HI""iilll-'Hll' OCTOWS as

rim around carnet and as big lath in the matrix. The omphacite is partially diablastie.

Glancophane schist. Piemont ophiolites, Zermalt-Saas zone, path Fluhalp-Plulwe.
Coord 630.950/96.150, 2800 m a.s.l. Major minerals are _;_:hmrnplmua-, paragonite,
chlorite. garnet and epidote. Omphacite, rutile, albite and opaques are minor mi-

nerals. \ltl.-]-i...¢-|1;;i¢-;+||_x i -_-|;ll|1'n|1||urh- ~|]|i-| with stll 1'1*1*1:_:[5];!;111[4' _:';llllnl'ui-* lexinres.

Amphibole slaucophane prasinite, chloritoid and paragonite bearing. Metagabbro,
Piemont ..[+1|iu|ih'~. zone of Zermatt-Saas, I, path to Plulwe, Coord, 631.350/96,150,
2120 m d_‘__|L | nder ||“. I”i'-r”-..,,lj,. we see 1n a “!H'-_:I';Iilli"rl I'_'l'nIIIHIIlIIl-n ol :]:Hll'n-
lill.;llh-! t‘[l']ilnlr'. zoisite. albite. oreen ;[[]Llliliht‘llt“ [111|'|m1]}l‘”l-’:lil-—[*-’ of rarnet (the cores

rich in inclusions). chloritoid and big paragonite flakes.




()

KAW 658 Actinolite albite vein in KAW 637. 50 m W. of 637

I‘\. *&\\ OO 'ir|.|rt-4l[ri!.lttr' 'ﬂ'lli‘-i 1) m aside ol 606, {Iz]:- rock contains HII!IJI’I:H'i[I'. Farnet, i;!tt“-
1'1[i§:-lf11'. L!”'ifh-_ Ir.|:'_[_-n_!1.-_1+, L-_?gi.,ut.- .:rl.i [;!!.,_ ‘f”iqi:-_ |'ln|i|¢' .'iII:r! Hl;i;,'l!.lu'Eih- are
minor minerals. The omphacite is to the greatest pari transformed to diablastic.

11--'-3""'"'|f]='t‘.||:1 i E1I|Jr':-|r. i ?,1:-!*,1':". [ Il ==1Yi !urr'lx

!"1. 1"51':\ 'IT-J \ .:'1?-"*]':11-.IE3' =||Ii-.’- . y 111 ~[~‘!:l4- D00, L 114 el J\ ..;.[“'L!i“. [||,|;|‘E'__;:||||r¢*+ :I_llll'tlijh,lgrr-_
.,_I-:.-:'r 1 I1||"'.l i HE | i 1 } |.i II: 3 F l.! 1 -. f i : '| % |l i "= I l: | .
- L L1OTN1LE, HInphacis ANl i tord,. bpidote, rutih A1l 1![1L1+i||:u A 1111101

ninerals. \,j-iw-- -[':t.'i:.

ite schist in which g¢laucophane and garnet are

RAW 682 Biotite-sillimanite-alkalifel lspar gneiss. Valp e nappe of the Dent-Blanche system,

! J S L A0 |
] i 1 - - - - . 1
Praraver, Valpelline. Coord. 606.250/85.000. 1 m a.s.l. Major minerals: sirained
artz, red brown biotite, plagioclase (in part sericitized 1n part myrmekitic),
= 11 (111 AR EN |._||.|: i -1- 1118 T .":i:l ] i | | [ | i :::i]li "|:'-.:|*!r.1-'"‘

! 4 I . !

% A LA i | i [ 1 | - ':!- |'I { I L ]:_" !Ih'r-lil' - |
Loord, 4°50) 1900 m a.s.l. M | . 1l arnet, phengil
laucophani L uartz. rutil epl1dote 1] Oopai : minor minerals. The euhedral
irnei = L] L5 ol |r|" 1 'l.; { ] - Lirratin | | A | U el "1111. I!]" THICI =10

quartz. omphacite. ratile an icophan 'he rock 1s more or less massive
| | | B 1k | f ; ||
| j | 3 1
- . - 1] T8 [ FANSIONTIN R LLCh
F".% 1": r.||II:I|II |I'I'I | | ol ; 1 | - - 1 i . i % N |_ |
' o L = ¢l JOCAIILY = | 1 1Ne 1 [11 1111 - .1iii1-=rl|!|.llll OLELgs '
] ¥ | ‘
' - ] |‘r| | !‘ I | | | I i1 PI )i [:I:II!P'F-.I|"‘ I|r L !
i I l
! i |II'- | {1 ] i i |:"\- | | I T I ||J-l :II:JI!r|I|1
I""l ‘Il_-.llu i b } :]‘=.!'i:'.r' - i :';'..: 'p' i | i b | i | - 1 | 3 1
g -0 0| ducopnane, omphacute darnet bearmmyg)., same localilly as OoOo.
l i | a1 ! i .y | & | -
5 UL plicliriie, 1417 10Tl ANdad rarnet., 1‘; minor minerails ofli-
., | |‘
p| slaucophane, sphene an ind. Macroscopically the schistos
i ¥ . I |
111 % rlll ]IILI | :r I_It

NAW 697 ﬁ:.u||~.t_=.l.-.i.--:|. ( ()7

lizocene) alone the Insubric Line | wvaro. Sesia. Coord ;
I.- |I 7, I " . i E -
| 0 a.s.l. The rock consist of plagioclase (andesine to labradorite), clino-
I"\.rll:"lcl I l:'|. Tha iy P . | : » = ol i : + " =
! WG, DTOWD ‘E”!'!I'l""'. t1|'=|l'-.'_ JLEARLE minerals. apalite d-.t{ '.illlll‘ aAre minaol

[‘\. LW HYs 1IIb“r'.h-‘!:h!.

inclusion in trachyandesite of Favaro. same locality as 697. The rock

'."'I.l|:.i=-\- L1 =1 P 11 3 v 1 : . | i . 5 . : 1°- I.
fiall plriengiie, qguartz, plagioclase, garnet, chlorite and ecalecite. Rutile, relicti
it |I i ol o . P — . i ;
mphacite, glaucophane and opaques a minor minerals. Diameter of ineclusion
(09 E Q0]
‘I 1y HEF I' Ir'.J_l .i.!' ||1 | [II

KAW 699 Chlorite.c: e - T | .
: hlorite-sillimanite enerss, desia-zone, Il DK S.W. Riva Val Dobbia. Val Sesia. New

|ii.]il i) HL{IKIJ‘:r,;[_ I.-'Hi]|]_ _r.J'UrII;iHI T.-r,:l|“|| |.._

) W) m a.s.l. The rock contains chlorite,

aquarizr. ]. . e o] _ - . . . .
| [l SANLN] |.l s |||!I|1=|HJ“' :illl[ yrapiilie. iI,I minor IH'”I"T}II'- miscovite. ‘.r'ilj"lii

.III!F Hf!iililh'n dre iuHH-], |]|a' "[Li;-lnli'[;1~r- i |Ii:|‘li'l. “ h‘i'*'r.i LHIIJ lt}” HI -rl'il'ih‘. _\I.“.I'I'U'

1

...-rqllfi.'t[[_‘l. ] | i”#-".'.]'] "'i]j"t*il"-i" _:l:l']'w"-_

KAW [0 Fi : P
i 1'[1.":'— li-. . | - ] I . 1 ¥ o - I . ' . » - -
rained biotite Ph*H;HtJuun|n:.ﬂLuhleLpdr gneiss, Mesia-zone, gneiss minutl,

‘klil “"1.' § s = -
esla, lsolello, Coord. 641,900/74.800. 1025 m a <.l Major minerals: [:|11_'_-I-!H'|Ll‘-t.‘-

Minor minerals: biotite. |n||:-ri:ih'. chlorite, epidote, zoisite and
Hlllliij;u'll*‘. The I\al'.-lflﬂmr 15

Arained.

l]ll.‘ll'l.{. I\vh‘itlﬂp:ll',

partly perthitie, partly grid twinned. quartz 1s mostly




KAW 750 Glauncophane schist, Piemont ophiolites, Upper Zermatt-Schuppenzone. Alpe Berrio,
Ollomont, Valpelline. Coord. 591,300/78.,900, 2060 m a.s.l. The rock consists of
quartz, plagioclase, glaucophane. Minor minerals are rutile and opaques. The plagio-
clase is in part full of inclusions and quartz shows two generations, coarser grains

show wavy extinction while most of the quartz chows a fine-grained granular tex-

ture. The white schists are seen as wedges in the darker Arolla gneisses.

KAW 792 Eclogitic glaucophane schist, Piemont ophiolites, Zermatt-Saas zone, Lago Cignana
Valtournanche. W.side of hydroelectric dam. Coord. 612,200/80,650, 2100 m a.s.l.
Major minerals are glaucophane. omphacite, garnel and actinolitic hornblende. Mi-
nor minerals are rutile, epidote, calcite and opaques, The cores of the garnets are
full of inclusions mainly omphacite, rutile and glaucophane. he glaucophane is
often reduced to a rim around colourless hornblende. The omphacite is partially
diablastic. Macroscopically a bluish massiy rock.

KAW 794 1=!L|l4+'||!i!1;11t1' schist, Piemont H[lhill“ln*- 2 km S.W. Ulzio, on road Ulzio-Madonna
Catolivier. Small quarry in a pillow Breccia, Coord. 5°37.57/45°02°, 1150 m a.s.l.
Major minerals: glaucophane and epidote. The res of the minerals being so small
and the degree of transformation so severe, they were not determinable. Macro-

=-|'H|l|i.1”x a very Iil'lilultl”j_i:’l!t'qn|]- ['[n‘l\ - 'EIH' lli”nhr— Cdll =li” }H' ['I"-'HL:'EIif.t‘ll.

[ﬂ.,\'\\ YOO Hh_m:“iw dvke (Permian), Strona-zone. 11111L11‘!‘}. Hniﬁmn. Novarese., Urta. i.'mll‘ll.
677.700°69.400, 400 m a.s.]. Major minerals: in a fine-crained equigranular ground
mass of quartz and plagioclase, big euhedral crystals of quartz, K-feldspar and pla-
sioclase oceur. Some of the K-feldspar is perthitic, in parl the plagioclase 1 seri-

citized  Minor minerals are biotite, sericite, zircon, apatite and opaques. Macro-

-.-..}:H-J'le a massive reddish rock.

KAW 909 Rhyolite dyke (Permian) of tse Southern Alps (Strona-zone). Valsesia. N.W. Roma-
snano. Coord. 4°6°/45°49°, Major minerals: quartz, K-feldspar, plagioclase and bio-
tite. Plagioclase and K-feldspar pigmented with hematite. The biotite is partially
chloritized. Minor minerals: hematite, apatite and zircon. The quartz, plagioclase
and K-feldspar are big euhedral cry stals in a fine-grained groundmass of unidenti-

1':.!]FEI!' 1inll.l nol ','_|£l-=-"-. 1'1|I|li:l-~j|i:rrl. 1\]:1|'I'H-4'1l|l'll‘;l“‘l'u ol !'l'i] ]Il;l~~i‘-*' !‘tli']\.

KAW 910 Rhvolite tull ( Permian). of the Southern _\|;h- ( Strona-zone),. {1.nl|llll"'4.r rock of 909,

came locality. Major minerals: 1n an extremely fine-grained matrix quartz and pla-
:i|||'|-;|_-l' [pl].l-r|rn-|'1.~l- are seen In;_fi'lhrl' with bits ol rh}ulili-- rock {hll[ also of more
hasic volcanics). Primary glassy textures are in part still recognizable. Biotite, opa-

ques and zircon are minor minerals. The K-feldspar is mostly sericitized.

KAW 912 Tuffite (Oligocene), along the Insubric Line, Sordevolo. Biella, Elvo river. Coord.
29° /45°34°, 650 m a.s.l. In a fine-crained matrix basic p]:i:iurlu-t.‘ and gramns of
trachvandesite represent the volcanie parts, Quartz, phengite, chlorite, glancophane,

rutile, t'lli¥liitl‘. zo1s1te, j_‘l'.'-:l.[r]lilt‘ ;illt] carnet can be derived from the 11;-;”-1]}; Ses1a

basement. At Sordevolo the tuffite represents the base of the trachyandesitic se-

l!ll!‘lti't'.

KAW 943 Glaucophane boudin in KAW 942 Bernhard-nappe. 5. side of Mont Gele. Coord.
587.800/104.,950, 2050 m a.s.l. The rock consists of ;|uuruphum-. plwnpihz (quartz |

and chlorite. As minor minerals apatite, zircon, epidote, rutile and opaques are

found. The rock represents a fissure or boudin parallel to the main schistosity of |

the Onelss.




KAW

KAW

KAW

KAW

KAW

KAW
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064 ll.||l"[l'...'..[!t' .|fui]|’fr*1.[~ )ar gneiss. Arolla nappe ol the Ilrfll Blanche system, 1];1“";-!]'”'”
! . o .

) ‘jlfl', i:v.r:l!'i.;. H1O. 9O oY, . Zol), :[:‘-!‘IJ il d.58 ] lltii”r' IHiH'"r':-’I': IMLJ:i””rI]”‘-tr '“””Il:li“”:“

myrmekitic), strained quartz. phengite and hornblende (in part with brown cores).

Chlorite. caleite. epidote and zircon are minor minerals. “-‘I"i'”‘"”[-*."'“lI.": a greenish

_rlr'i-‘-_

988 Biotite granite. Sesia-zone., Monte Muacrone Coord 1°3()* /45°37°. 2000 m a.s.l. The

rock !"5'.'|:.|i!i" 9 & IMaltnnm 5EE'1|!'!..!' ..'||',l1i_'.~_- ,! |!L,""!['J',|.-'_ Fli‘ml_'_llll'r.l-l |I|tl|-“r|'l- IIII]!]"i.'-'rrI‘]'I'I III

.ixt-l.l'.i-- and (quartz). micros iii:r- 1_'1.'7|i twinned)., red brown biotite and garnet (rims

around biotite). Upaques, rutile and zircon are minor minerals.
989 Eclogiti micaschist, Sesia-zone. quarry between Lago Mucrone and ”r'u|r.|_ (.oord.
1700 m a.s.l. Major minerals are . nHJ;r!:.!ujTr. (quarltz, ;fll!'ll';”"a rutile
ind epidote. Minor minerals are: carnet. oglancophane and albite. This rocks sul-
fered transiormation Irom cranodiorite to an eclogitic rock l:_h H:-"i.||r:I:r meta-
|||':Eli'

1003 1 uflite along the Insubric Line interlayered with trachyandesite 1064 Falletti. Se-
s1ia. Coord. 4°24° /45°39°. 1100 m a s . The tuffite shows graded bedding. In the
11104 _I.-=.'|=--i lavers SCHETD RIN(C o1 r’ { 1974 tounid ~, |r[ji_|_r_"|, HHaora. 1T he rod kK con-
s1sts ol components of trachvandesites (with Iresh basic ]'|,r._i--|[:i-|- of Intermediate
optics). mack scopical plant remnants and minerals from the Sesia basement \ quartz,
5.},-;-_,-]._ ur_r!|-?..a--‘|_ =1 .;‘..;._ rutile. Farnet .sh—l __|.:;'||u|r .

1064 i"i!'”_'*-T:.;J_Hi;_i_ ( Olicocene) ol the Insubric Line. same locality as 1063 ‘t]ujut Imi-
nerals: plagioclase. -!nl!*-'["n!ux_l-rge and brown amphibole biotite, opaques, ‘"II'!:”"
and calcite are minor minerals \ll these minerals are found in an extremely fi-
ne-grammed matrix | he high |”x--=1-'-1i':!l.'! of the rock reflects the Ir-=-=ilnl[ilh of a lot

O HHcrocrvstallinig 1'x~1-'|e!~|‘:.n' 1 1 ii|r- MMairix.

i S oy % 3 Fq 4 . - I _

1068 Pegmatite. Juarona, new road cut. Val Sesia oord, 663. 800/65, 250, 400 m
a. s, I. The rock consists of !x-!=-1*|-!‘.ar'. plagioclase. (quartz, muscovite. biotite, tur-
maline, garnet. Two generations of micas can be distinguished. The big mica fia-

IU‘- dl’ e !II'_'lll‘-. I["*"!'Hif'fi ii]ll! .'.|H-I!;_; ”It' i'iIH= il -r"i'HHIr '_'_f‘Hl'I'Li[illll Ihl‘- ITrOWIL.

!HI' IE!J' Hr]'li'T i j-x-, - [r'lrr'r-ill't'-.

Coordinates according to map of F

KAW 1117 PB 032
KAW 1118 = PB 543
KAW 1121 = PB 1320
KAW 1120 = PB 1302 . BEARTH 1967
KAW 1122 — PB 153]
KAW 1123 PB 1536
KAW 1124 PB 1305

KAW 1217 l
KAW 1218 I
KAW 1219 F 74 R, WETzEL 1974
KAW 1220 F 94 \
KAW 1221 F' 111 .
KAW 1229 Hornblende Voot. Standard Basel

”[{.H."»‘I-L“ﬂ\ 1937 and the I\”nl]lf'h'r net of Landeskarte

der Schweiz.
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Uvel | L)) |"‘~ Al -'I“! “ii*"‘!' Iil'll‘!'lnilhﬂi'lit- (1 ll1irir-l';1l- ;Hh! ]H:La c-i Hj 1|'|H'rrr'r|T -;tlill']t“-

I-Ill |||1 If\i'-i-‘[ll \.]}._ < I N '1I|‘~1'I’Iir‘i|.
I}!r‘ -!I.'r*lilili | = rJi.|1f=' O sed il}l a Lime -ﬂ'qu' |n|' !l!u' \|[Jiil=* |+'1'Iullic- n|~ 1]!¢" “-i’*h‘t'll _‘L][i-

- | r
118111 1Lhess ilata

[hree succeeding metamorphic and tectonic phases can clearly be distinguished,

1) Randomly oriented glaucophanes of the Mesozoic Piemont ophiolites and phengites of the
:"“l'~i._| Z0Oo1e Jd1re H*—n'ri 1) Ii..|1f' fi’lr‘ l'.ll'l_"v. \lllilll‘ i[ll;;h !pt‘l-a-]jr.t Iq].n.-,, |.=|“I;|=|-“||”-.- |'|1L{'-l‘ i“ ""!“;.liti‘

blue schist facies at 80-1(0) m.y. [I'.w\l]rim-}.
Z) \ later 1ntei Hlf’lli-”*‘ lr!l'ullli' illil'l'll!i'iiidh- ft‘”lil-t‘f'iililll"i' |rl|;|-|* T oreen ~1'hi~i LO ;Hlllli‘l.lllulih‘

facies was dated by means of oriented glaucophanes, amphiboles and micas. (Lepontine phase

te 8= m.v. ).

) "‘*rr'nrl;_-lx Ik Hh'q] ;LHI--HFIEJ;HH'n kiu-lci t"uiih'llrt' for a ‘\!inl'n‘lll‘ }I}t.t-l‘ ol teclonics dl]l] TECL Y-

stallisation around 20 m.y..

s made to i!111ll'[rnt‘.'|t:‘ the data nto a [lLtIr tectonics model. .{‘u'u'nx';lin: {0

1“ ill[i'HIFFt
elements overthrusting Pennine

|}Ii- r!l*l'fr‘] i‘|lf‘ Irlgii!] \'Jiilll* |r'l'firllif' [Jll;twl' n{ '\n-lr:mlpine-

r'[i'IHI'J'II‘- i- ]r-r-HlLlh‘fl ;t!l‘t‘.tri}- ill ||Il‘ l]llu'l‘ [.I'f’IiU'i"lH‘- [1mes,.

ZUSAMMENFASSUNG

. o | S
\n 65 verschiedenen Gesteinsproben aus den Westalpen wurden iiber 100 KA und Rb-51

an Mineralien und (Cesteinen durcheefuihrt, Anp Hand dieser
Versuch unternommen, die alpine Tektonik der Westalpen zeitlich zu unterteilen.
Illt*t;lt!lﬂl‘[l]“* and tektonische Phasen konnten klar unterschieden

Bestimmungegen Daten wurde der

3 illl[f’ilI.HIlIt‘I'[HI;_'I‘IIlI'I'
“l‘l'llt'[] -

Glaukophane der mesozoischen Ophiolithe des Piemontesischen Troges und

1) Ungeregelte
frithalpines Alter der Hochdruck-Niedertemperatur-

Phengite aus der Sesia-Zone ergeben ein

Metamorphose in Eklogit - Glaukophanschieferfazies. ( Foalpine Phase 80-100 m.y.).
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2) e nachfoleende metamorphe Phase in Griunschiefer - \|:|!1F|ilm[ili';ls'.it"-- ist durch inter-
medidren Druck und Temperatur gekennzeichnet. Alter an orientierten Glaukophanen, Alka-
& - = 5 . . - N i .':|.

]liil[llil]ll].‘-h"ll 1II']1] l:f!ll]llh‘!'ll IH]H“:-‘H ZUur ]'!>1|]|--__=||“; Jh-;- f_‘-l“,“[““-:'lbr'ﬂ ['l}[lz-f’ mit 58+ 2 m.v..

3) Stark orientierte Glaukophane miozinen Alters machen eine tektonische Phase um 20 m.y.
h.{llr'-"};-'J!!]illl.

“._[ \t‘r'-ln!i “”.Ii unternommen. r'“r_ﬂ, “;tiri‘i iu ein I'IIH.IJ'-II"l':llrrii'h'-“'!"“i'ill r*i!].{llileiln*n. |l;!1';!u..

folgt, dass die tektonizsche Il.m;.[}.i:;]‘,- der alpinen Orogenese. die Ueberschiebung -"”““'““!l-‘i‘

fner ].”'F'-‘t' !ﬁr'!}I1iI]E~r‘]l:' I'.|{'“H'H!4'1 -1,']|n[j E!! 4F|_=:' l!illilxh*- |1:I. r.'in_u.;

Dans ce travail sOont _Il["u'-:'Hfi.'l;"' E:'[i:.r“' de 100 [Mesiures 4f-.1;' s K-Ar et Rb-Sr effectuees sur des

mineraux et des roches, en tout 65 echantillons différents. provenant des H[Jr*ﬂ occidentales,

\ partir de ces données il est tente d’établir une échelle chronologique pour la tectoni-
L] LLe .I|}'-IH!H' des ‘\|1H'~L 1~Lti-]riii;llq‘-.
['rois I‘[I.J~-~ l?|r'i;rlrla|!!‘|!ilfllf= el i.-utnnrj*]m- successives se distincuent :

. ! | y i ! ] - b ’ ks -
1) De glaucophanes non orientés provenant des ophiolites mésozoiques piemontaises et des

li!-" riles e Ur a1 9 ' ‘11 - - - - .
1 ngites de la zon vesia lournissent un age -'1l'!rI precoce pour le métamorphisme de haute

I ' 10] . tl“l ' L ”]Jrl T‘11'I*Ir-= Liﬂ“" il 1-.1I'|ft'=- eCclorite-sg ]'|'fi' ]| vl ri"ll.'-f‘ r'n'r."III”T]". ENnviroii

=100 m.a.).

.. -
-—.l I.q_i g =q"* 10 1TY 1 ' . X L . . = B _ .
pha uwivante, di Pression et temperature intermédiaires. dans un facies de schiste

Yert a .J_I'J:Illlil'a.-|1 : 14 1 | ; | '
Hi ! e, es] 'I..Ll'r' Uyrace a |fr1_-‘ =-h;1314.[.h_|”,-,_1 ,?,._ .|![=lillllrfr
J |

.

es et des micas orientes

1 | 20
(pPhase lépontine, 38+-2 m.a )

3) Des glan ) g sm e : - - - - :
- CO] hanes forts Hent orientes H]'i“[“-'ni lnne I*h.nr de tectonique et de recristallisation

miocene. vers 2() m.a

Un essale d’s 'O "ar nn - : :
{ fl]*1”liiliiir e *I'JI].J'J"T"‘- ‘!”Ii" 1un ![]l:f1rr irr' '|Il' i"r*llli‘l'!' 1 !'I;'-Z']Il‘.‘. l}:ll]lr -

1*']|Jj-1i Iil :r'im"" . . » g : '
E Ipale phase tectonique ;5I|[HHt' au cours de laquelle les unités ;{H~II'U+H!}1i”"‘ ont

!'I]r“m;!HI'Fh- [r‘- [HJiI:.‘ r 1ot ’
- rHF} i1 ¥ o " 'I- T . . I
[ iliull_ « dUTraill en [Ir” i]t'l:l .L|“~. !1- | retace uilllc'lil'lll'-

RIASSUNTO

-"“i CEPDONFOnO B . - : ’
i itre cento determinazioni K-Ar o Rb-Sr di minerali e rocce provenienti da

05 localita diverse d ] ' !
{ : <] cie 1| ) - ; all . - 111 l
P1 occidentali. Vuesti dati sono utilizzati per ricostruire la cromno-

]H“ixi J " e .
dell’evoluzion, tetionica e metamorfica delle \lpi occidental;

S l“"']l (T Py . ;
11100 EFiI.![JII]r-]‘lII- ire sUcCcessive |”Lé E"“'J!Ijl'll-I!H'I-'IITUrI'“!'lIi'

Ji ll "I'lllu'u|.! . |
o A dile non orient: x . . J : 3

o delle pietre verdi mesozoiche della Zona piemontese e la fengite

'h'”il ;/”]']‘[ - ] I T . .
o L= - tl‘ ..i]]..-"'l’j -3 L 3 .. - #
Ellrl}udlli} chi |a tase r-:ml[llliéi di :l“:l ill'rur-jnllr* e ]I.I-u-;l Ir'!HEH‘I'H[”TH 1n

i-lllll tiil"llrll i....‘lri.'ll ijl‘-"ll I. !]i TI’EI‘ Iq}' h !-'.I I
I'. . p— s L -

. : . : sl STa l‘!;.l_ i]]ufi'i _ _ I _y ) ! . o
h”h e miche, e di 3 cata da _Hl.*.IHuLiHr orientato, anf

‘I'_' 2 m.a, ‘_f.’l";[* |t‘||ul!!i[];|}_

o,

) :

3) Un terzo glaucof: “hi

i = = 2K ‘il]f.« lilll.‘,:lr- 2 . - ’ . .
AlTld [l:f III]’t'l.II_.f.L.| H]p”;. 11T ey II!!'H;’.EI ina fét"‘“' I]]ii"“‘;lli"il con I‘if‘l'i"t“]'

Ii?t"l}"ii} : I
s i ! - b b . oy F W r
e e de ]”I’”];lj‘fl‘l_lllf dllorno a 2() m.v.,.

Questi risultat; ‘ :
. - at =010 llru'.r”'..; 3 y . .
un modello nel l}t{-:f du h Ij 2 HHHI”-H”“ nel ']“”'ir" della tettonica a !liﬂ['{'lll" secondo
liet, urante | NI ¢ .
VIascorron. D1 I1: h.l 4 principale fase tettonica ;1|piuz| oli elementi 'lu~rrn'l|1rini S0~
" ) =0 d 11111' 1 I"-n”j[ ir.i (ry« " s ‘ ) :
=1d I‘H‘I ‘ rl:“lﬁlq'till 1
E . superiore.
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