JOHN W. PURDY and EMILIE JAGER

K-AR AGES ON ROCK-FORMING
MINERALS FROM THE CENTRAL ALPS

PADOVA




Wemorie degli Istituti di Geologia e Mineralogia dell’Universita di Padova

Vol. A XA




INTRODUCTION

From the Central and Western Alps there exist many Rb-Sr ages on biotites and
Illll--l'lr"»ili“ {Elht‘llg_filt'r-}. lllv lllltlllu‘r nf lllir'ﬂ ]{-\1 u:i_?{‘-; u]nlu{]} I:ulili-l]{*{l i- Illul'll
smaller. It has been previously emphasized that the Alps offer a unique region for
a detailed ‘-I’H']} of i"*“‘“‘ﬁi' Ad2ES because : the ;_r{‘nln;_[} of the .\Ip-‘ has been well stu-
died and the zones of the Lepontine metamorphism have been extensively described
(for detailed information see the special volume of SMPM, 1974, with articles by
\YRTON and RAMSAY: DietricH et al.. FrREY : FreEY et al.: E. Nicerri; TrRoMMS-
DORFF and Evans: H.R. Wenk: H.R. WENK et al.). The likelihood is that the rocks
have remained thermally undisturbed since the Lepontine phase of Alpine metamor-
phism, undisturbed also by fluid phases which played no dominant role during this meta-
morphic phase. Furthermore, young ages ean be measured with small absolute errors,
thus the resolution of dating different stages of metamorphic events is high.

t.arlier work has shown that the Rb-Sr mica ages reflect the grade of Alpine
metamorphism that the host-rock has undergone (JAceERr et al., 1967, JACER and
Hunziker, 1969). Briefly, within the staurolite isograd, with Alpine staurolite. kya-
nite and sillimanite. both muscovite and biotite give young Alpine ages: in the chlo-
ritoid zone, biotites from acidic rocks give Tertiary Alpine ages, while those from

more basic rocks may preserve their pre-Alpine age. These pre-Alpine ages are either
Hercynian or intermediate Alpine-Hercynian. In this zone. pre-Alpine muscovites retain
their pre-Alpine ages, while the newly formed phengites and muscovites always give
Tertiary ages. The erystallization of new muscovite and phengite does not influence
the Rb-Sr age of the Hercynian muscovite ;: actually, both ages are found quite frequently
on separated white mica phases from the same rock. In the inner stilpnomelane zone.
biotite may give Alpine and intermediate Alpine-Hercynian ages, the pre-Alpine
muscovite retaining its Hercynian age. In the outer stilpnomelane zone, only pre-
\lpine mica ages were found.

The Herecynian ages must give the time when these minerals were last affected
by the Hereynian orogeny. while the intermediate Alpine-Hercynian biotite ages pro-
lml:l_\ represent « over-printed » ages. that is, the temperature ol the \lpim* mela-
morphism was sufliciently high to only partially remove the pre-Alpine radiogenic
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strontium. It is also possible that biotites give mixed ages because of the incomplete
mineral separation of coexisting Alpine and pre-Alpine biotite. Alpine phengite can
easily be separated from pre-Alpine muscovite, if both micas oceur as isolated grains.

(Juite frequently, the two micas are intergrown., in this case a quantitative mineral

separation is diflicult, sometimes impossible. Thus the Rb-Sr age of the Alpine phen-

oite might be too high, the pre-Alpine muscovite age too low.

I'he young Alpine ages have been given two different interpretations, depending

—

upon the maximum temperature reached by the host-rock during the Alpine meta-
morphism. For those newly formed muscovites and phengites from rocks which did

not go much above the formation temperature of these micas, max. about 500°C, the-

e ages ]1;1'”* lu*wn intl*r‘;:r'rll'r] as I'nrmelliull ages., "P[H'”]f'i' ”1 NZIKER. 1970). and ..| AGER.

1973. have argued that these ages from the external Pennine areas date the climax

of the last phase of Alpine metamorphism at 35-40 m.y. Biotites from these same

rocks give ages younger than 38 m.y. and have been interpreted as cooling ages.

I}lill 1S, HIU} II&H*‘ ![H' Lime ‘nhi‘n the I'IH'L {'HI]II‘{] 1O a H‘Irlil{‘l’.‘tllil't‘ Hllt‘f't‘ ||!t' loss ol

I‘H!“H:-_‘l'lli'l‘ "-II'HH“EIIII 'I*t‘il"l‘f].

i' . - - i L s
Biotites and muscovites (phengites) from rocks heated above the formation tem:
less than 386+=2 m.y.

perature of muscovite or E'}Ie'llf_‘.iit‘. 1. e. above 5007C.., give ages
i

and have been interpreted as cooling ages. In the Simplon region. where 1t has

been j“l-*li*h‘ to obtain several precise coexisting biotite and muscovitle ages, Lhe

muscovite or pln-ll;_{ilr 1S I}|ri|-:1|l_\. { 1o O m.y. older than biotite. indicating a highe:
closure temperature for muscovite than for biotite. JicEr. 1973. has given arguments
for the closure lemperatures of muscovite and biotite, namely 50050 and
300-+=50°(, ]"t"-[l-l'[‘fi\"!'l.\.

[lllh i-EIi'I. l!l;ll 1“”11*!'1"HI Hiirlr't'illh 1-||--|~ 1O & ILI_iH'I'I l'il!“n;_w*lljl' 1]:|tl_uliil'l' l0ss al
different temperatures, allows us with appropriate assumptions to calculate uplift ra-
les lu*lut'i'rl ”!I'*—f' LWoO [i*':thPI'.’!!lll't'», S P. O ARK. II and i AGER. 1969, combined the
f'*‘“llll'- Htl |l=1‘;Ii ”HH measurements HI- ||t_r'l{‘{' Innnpru in 1|n= f"';'-.n.iu- \Ilr- HlT]l !“r-"‘“i' Illi-
Cda agcs from the same recion to deduce iiII[i“ values of the order of 0.4 to 1.0 mm/y
over the past 35 m.y. WAceNER and ReEimeER. 1972. have deduced an uplift rate 01
0.4 IHHI_*'{.} ﬁ"ll‘li H!i{l[ilr.' fi--inil Il';-'li'l-,_ dIeS fnr l]u- ‘\IHHU‘ Hn-;[ dared. \I-lr. I|ll'_‘~, show
frn[rl d I'l‘__',"iun:ll n]iutrilnilinn ol the fission track data. corrected for the same altitude.
that the area around the Simplon pass has undergone the latest, fastest uplift within
the last million vears, a conclusion reached earlier by JAGER et al., 1967, from the

regional distribution of Rb-Sr biotite ages. More detailed information on the young

uplift will be published by WaenNERrR et «l., also Mem. Ist. Geol. Min. Univ. Padova.

iH [H'l'--.
As mentioned previously. there are few published K-Ar mica ages from the
Central Alps. ARmMsTRrRONG et al., 1966, have shown that voung A\lpine biotites from

1

the chloritoid and higher grade metamorphic zones generally give concordant Rb-Sr

and K-Ar ages. One biotite from Zervreila. from the zone of Alpine chloritoid, gave
a mixed Alpine-Hercynian Rb-Sr age of 175+ 7 m.y. and a K-Ar age of 340+ 20 m.y.
Sample KAW 86 from the Monte Rosa cave a concordant mixed Alpine - Hercynian

age, 91 +4 m.y. by the Rb-Sr method and 105+10 m.y. by the K-Ar method.



Other K-Ar dates from this region have been published by JAGER and FauLr. 1959,
and HANSON et al.. 1966

The present work will deseribe the results of a K-Ar investigation on 35 mica
pairs including

=

5> whose coexisting plagioclase and potassium feldspar were also ana-
lysed. In addition, several single micas, mainly pegmatitic, have been analysed. The
samples were selected from the tectonic units: Aare and Gotthard massives. Penni-
nic nappes and the Bergell intrusion, from areas of different degrees of Alpine
metamorphism. The two major points to be discussed will be the comparison of the

Rb-Sr and K-Ar miea ages and the new information we deduce from the K-Ar data.

ANALYTICAL TECHNIQUES AND AGE RESULTS

The argon analyses were made by J. W.

Purpy during his stay in Bern from
1968 to 1970.

Argon was extracted in vacuo by induction heating of a molybdenum
crucible containing about 200 mg of the purified mineral concentrate. The fusion
furnace and both purification sections were constructed of quartz glass and pyrex:
all metal bakeable valves used throughout. Before fusion of the samples commenced.
iighly enriched Ar -[rilw i 99.98% ) was metered ilirm-ll}.' into the extraction

e via a double tap-reservoir system. The "“Ar spike had been calibrated against

known volumes of air argon. Initial purification of the gas sample was over hot

(~ 8507°C) titanium sponge and hot (~ 450°C) Cu-Cu0) mixture. After a second

Iltlrll‘li';tlinll over hot titanium sponge, the argon -ulll]!h‘ was admitted i“l‘l‘l'”} LO

a Varian GD 150 mass speclromeler for ;nlul}-i.-. This mass speclirometer has been

desceribed by Purpy. 1972. in connection with argon analyses. Mass diserimination

was monilored by periodically analysing atmospheriec argon purified in the argon

line. The value measured for the 40/36— ratio was 292 .4
D.4Y%0 .

with a standard error of
Flight analyses on the standard muscovite KAW 4 M vyielded a standard devia-
tion of 1.1% (see Table I). In the meantime the precision has been improved by a
factor of 2 with more reliable melting techniques and a better electronies stabilization.

Potassium coneentrations were measured at least in duplicate with a Beckman
flame photometer, using a hydrogen-oxygen flame. The sample solutions were admitted
directly to the flame without any internal standard. To avoid matrix effects, a careful
regulation of the flame temperature and dilution to less than 10 ppm potassium is
necessary. Furthermore. the concentration of the hydrochloric acid (0.1 normal) must
be kept constant. This method has been wused only for potassium concentrations hi-
cher than 1% : for smaller contents. the isotope dilution technique is applied, using
the K- spike. 29 independent potassium determinations on the standard muscovite
KAW 4M gave a mean K- content of 8.70% . with a standard deviation of 0.6%.

Of the eighteen samples analysed by ArmsTroNG et al., 1966, eight have been
I‘i'|if‘illi"ll: for six of these repeal measurements the ages agree within the error limit.
In all but one case (B 8), the atmospherie argon contaminations reported in the pre-
sent '-llltl} are ui}_-'tlifirunll_x less than those rvpurtml earlier lr} ARMSTRONG et al..

1966. The higher argon-blank of ArmsTrRONG et al. was caused by fusing the sample
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: . : L g atites
rapie 2 - Rb-Sr and K-Ar Ages of Mica Pairs and Micas from Pegmatite

K-Ar age
Rbh-Sr age Rb-Sr age’ K-Ar age difference

:‘".I“l!!‘li' 1\11 I_ih dlll:"l- "lEH'I:-T'.‘lI “11““'_{_*'!_'”'] l'!llll'T'l'l*.'I

{m.y.)" "

H 3 O (.7 .
KAW 4 B Brion * IRz o :'  + oq 213
"al i Fa i
= Q)
KAW 82 Croppo ) 19.3 = (.7 18.7 = 0.6 Ifi.t: (0.8
| M 2175 - { 26 - () 2l | .4
y i} : 5 ] : 1 ()
KAW 83 Beura : 21.1 4 | .9 20.1 - iz 1]}.._ ‘|j. | 9
Al 35 -1 i 28 ' ) LdieD
¥ L .I T | | l
KAW 93 \.ll}l-—-i lrnera B 26H6 + 11 4
[ ) ' . | i)Y &) i 1_“ :
KAW 105 'ruzzo B 25.2 = 1.0 244 = 1.0 B o : 36.6
\‘] 230 [ () OO L |
; 0 ) - 376 = 1o
"\ \“ ]:I \.i![lhi.]ﬂ'in'h! H ll ! i) e i )
. ) 13 Wi | - ',|'_r 1 I._'l
AW 29 \L1||---|.1H'|u-r4 13 22 . Z.\) )y
» 7 254 | 4
KAW 126 \;IIF}--'I urnera 1 | 64 ' . h Yy
- ¥ . = = i | i {) U
I‘\\“ 13/ Lsogna ‘ Lpgs s 2. 1 7.0 1.9 16.0) . 1 ()

1‘1 IT_H ' i)

KAW 138  Pollegio B 167 + 11 161 09 176+ 12 g,

—
=_|

|

I

KAW 140  Chiggiogna B 6.5 + 09 159 = 0.7 15.7 £ 1.2 0.4
. I | l () | X

= - -
=
=
—_—
—
-
s
—
—
=
e
J——

KRAW 146 (Calanca ) 20.5 k. Al oL ::.. () ()
\] 0. J .

-
-

I'\ \\\ l._t” ‘;{bl]il!i ; |il ' T Ill 1 I.l Ji":' 1 L), i 1'.

() O

E=_ )
ra—
-
P

(1.0

i"t "".\llk lh”‘ \1, '.H“lln

—
-
-
p—
m——
—
—
—
e
—
o—
—
I
=

V] 29 + 9 7 + 8 14.

KAW 161  Simplon B 1314 1.3  10E 10 daa s WS g

KAW 162 "i!lli'[lill 3 14.1 4 % | e B [.4 11.1 4 V.0 1.5

’h 20. ¢ 5.1 19.9 + .l o.0 - (.9

. 5 Q ) 9 7 1. |13.8 + 0.1 >

F\ 11\ ]f.li HJ'!]I}+1.II ; I__Jll; P )| Ii i ! L] {];- | 3 I_.
Pl 24 =+ 12 2] § 8.3 = 0.8

2 i n 9 6 2 2 () 13.9 + (.06 :

KAW 165 ""IHI|IEHII ) 3.0 =.0 Pasd = R 9 b2
Ph 26. 1 3.6 6.7 + 2.9 18.1 4 U

< L 9 0 A 4 £y "7 lj“'_."' i I] 1

KAW 189 SOaAzZzZa B 2L\ = ':-f’ 18.4 e 1'} N | 2.1
Ph 41 = 1o 206 = U 21.3 4 .

- : i () 5 I:_‘} '”“ ,

KAW 201 Baceno B 14.0 £ 0.6  15.4 = 2 2
M 186 + 2.3 15.0 + 1.9 j4.1 += 0.0

KAW 203 Fibbia B 16.0 = 1.9 14.6 = 1.5 16.8 = 1.0 1.9
Ph 27 = 10 2() - 8 18.7 1.0

age value of the mica - total rock isochron

"} K-Ar age diflerences: muscovite, phengite - biotite

%) mean and standard deviation ol 15 measurements
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TABLE 2a - Rb-Sr K. Ar Aves of

;‘\r‘[ir;l

and Pairs and Micas from Pegmatiles

K-Ar age
difference
| m.y.)"

HII-."‘F age

l'l!['l'f't'!t‘ll

]':!.I-:";!‘ aee
li11'.'l1l'|_l't'l1'li

No

Sample Locality Mineral K-Ar age

KAW 28] I‘l‘li]llu!ﬂrnj-_:lln B 20 6 | .4 24 () i 28.9 4 1.6 142
M 49.5 3.3 35.5 2.7 13.2 2.0 <
I\. \L\\ jHTI \ dscata I ocre *: |1‘T [ ) I’:fl L) ‘; ]1-" 1 I }“
M 25.8 5.5 19.0 + 3.0 16.6 .} '
KAW 311 {>erental 3 15.7 ) 6 |4 5 ()} 6 16.0) < ()Y o 4
Ph 10 () 1.6 360.6 | .4 20.9 =, 4
KAW 358 Serra B 2.7 0 7 11.9 (.6 | 2.4 =& OA 2
M 23 .3 3.4 19.0) 2.8 149 + 0.8 =
KAW 359 VM assa B 104 - 2.9 0.3 + 2.3 14.2 + (.7
KAW 370 Brand 3 22 2 4+~ 6.6 174 + 5.0 260.0 += 1.3 61
M 393 & 1.5 '
KAW 37] Anzasca 13 27.3 3.6 190.8 - 2.9 22.0 - ey 11.9
'h 11.7 1.8 37.4 1.5 33.9 + | .6 '
KAW 372 Torno Bognanco ; 15.4 + 0.6 14.4 + 0.6 14.2 + (.8 e
Vi A7 2.2 21.1 += 1.7 16.4 1.0 L
RAW 378 Randa B 37.4 .6 317 | 4 10.3 ] O ]
’h 15.9 2 4 5.4 2 () 39.3 1.8 '
KRAW 399 Nanztal B 1 7.2 2.9 10.3 2.3 13.8 (. 2 ¢
Ph 17.4 + 0.9 =
KAW 400 Nanztal B 22.6 6.3 0 12.8 += 1.2 6.
Ph 33.7 1.3 214 3.4 19 4 1.0 S
KAW 401 Nanztal B 23 .4 3.5 11.0 2.8 14.3 (.8 .
Illi L6 o 25 + 0 :|,l‘r | .() oe
KAW 405 VMite. Moro 3 29.9 4 1.2 28.0 =+ 1. 28.6 1.4 2 ()
M 5] 8 38 6 36.6 .7
KAW 407 Brand B 28 = 10 22 8 200.4 .2 e
Vi 28.1 = 1.3 e
KAW 410 Wera 13 20,9 + .3 19.0) 3.3 21.6 1.0 1.8
M 23.4 + 1.1 %
KAW 552 Val Piana B 22.3 - 1.8 20.3 | .4 23.3 + 1.4 08
M 26.4 + 1.2 25.4 1.0 24.1 + 1.3 >
K 1\\ -}F'l} ‘.Iljllt"l"ii I'; ..:'l”' .._}_. 1]5 _1'] :lH 1: 0
M 27 =+ 12 24 + 9 223 + 1Ll
B 3 l.avertezzo B 18.0 =+ 1.9 16.5 =+ ().9 ) 4
B 2 M 20.06 += 4.6 18.9 - 1.2 e
B 8 Gordemo B 19.8 +— 2.0 19.2 1.6 193 == 13 ().1
M 19.2 + 1.0
B 9 l.avertezzo M 21 1 O 19.4 1.4
B 11 Monte Odro M 19.7 &= 0.8 19.0 + 1.0
B 37 Auressi1o M 28 = 14 19,1 <4 1.4
'Y age value of the mica - total rock isochron

") K-Ar age differences: muscovite, phengite biotite
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1 a ;_-;laiw-: furnace : at this time. 1965. we did not have im]nu-linn ht.‘ulin;_{. Therefore
the precision of the argon determinations of this paper is much better. As sample

KAW 82. biotite from Croppo, shows, the discrepancy between the earlier published

K-Ar age (17.0 m.y. with argon rad. = 25%) and the new value (19.6 0.6 m.y.
with argon rad. = 65%) must be due to the high argon blank of the earlier analyses.

The higher biotite age of sample KAW 105, Truzzo, analysed by ARMSTRONG et al.,
was the result of incomplete mineral separation. Other minerals of the same rock.

such as muscovite, have not been completely reset by the Alpine metamorphism, gi-

I'I—l i

ving older ages. Thus the biotite K-Ar age is sensitive to contaminalion with other
minerals. In the repeat analysis the potassium concentration is higher, 7.83 %0 compa-
red to 7.17% found by ArmsTrONG et al.; this changed the biotite ages considerably.
from 29 to 22.2+1.0 m.y.

The K-Ar analytical data and age results on the analysed samples and the Brione
standards muscovite KAW 4 M and biotite KAW 4 B are summarized in Table 1.
In Table Il the K-Ar ages on mica pairs and pegmatitic micas are compared with the
Rb-Sr results of the same mineral concentrates.

The following decav constants were used :

Rb: A = 147 x10 'y
K : X = 0.585x 10"
/ .72 X 1Oy

Errors 4]llnlf*1| on the ages are caleulated with the following formula :
age X i
Korror in m.y.

]

L) I'ili].

l'his means that a minimum error of =+ 4% is given for measuremenls with small

contributions of air areon: if the arcon extracted is less radiogenic. the error 1nereases.

In Tu]:li" “ Iwo sels ot Rb-Sr ages are H't‘-l'!’ll!‘[li ( lllli'iil‘l‘l‘l‘“'*i ) 5“”1
= l

(1 I'lll'l*{‘f'h‘{] n adge rr-u]ln Thv { llllt'll[‘!‘l'l‘[l‘ll D ages hanl‘ lu'q'n 1'51]1"“'&1[:'{] hilll d HHI’IIIH'F

)

Sr/""Sr ratio for the non-radiogenic strontium component. « Corrected » ages repre-
sent the age values of the mineral-total rock isochron. For the meaning of these ages

- l]lt‘ fn”uhlll'l;_" i‘]t:i“l*'l'-n

K-Ar AND Rb-Sr MINERAL AGES IN ALPINE METAMORPHIC ZONES

Before giving an interpretation of the 1'{*;_{iunu| distribution of K-Ar ages, a

discussion will be given of the systematies of K-Ar and Rb-Sr mineral ages m Iwo
'\ll'i”“ l“*‘““““l'liilit‘ regions ;: namely. within the staurolite zone {'-lillll'nlilt‘—l-\}Llllllt‘--l”]-

manite) and in the chloritoid zone. In the lower orade regions | inner and outer stilpno-

melane zones) the data are too few for meaningful comparisons.
The regional distribution of the K-Ar ages is shown in two maps. Plate | for

the biotite and Plate 11 for the muscovite and phengite K-Ar ages. Both maps give

the main tectonic units and the boundaries of the metamorphic minerals: stilpnome-

lane. chloritoid. staurolite. as well as two houndaries of 70%0 and 85% anorthite

in plagioclase coexisting with caleite. For tectonics and Alpine metamorphie mineral
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youndaries we use the map as published by JAcER et al., 1967. The color of the sam-

le points represents the age value, numbers on both maps indicate the sample num-

ers which are also given in both tables.

Although much more information on Alpine metamorphic minerals has in the
meantime been published (see the special volume of Schweiz. Min. Petr. Mitt. 1974

« Alpidische Metamorphosen in den Alpen » with the papers:
DIETRICH et al., FrReEY : FreY et al.. E. Niccri: TromMmMsporrF and Evans: H. R.

WENK ; H. R. WENK et al.; and the Metamorphic Map of the Alps, compiled by
. NieeLi, 197:

3 " & .
[3) the general pattern ol metamorphic zones and tectonies has not chan-

ged much. The use of the map already published by JAGER et al., 1967. permils

the direct comparison with other age results

-\HI{'IH'\' umi H\\IHH :

presented on the same map: GRAUER?
et at., 1969, JAicer and Hunziker, 1969, and Purpy and StaLper. 1973. The new
hssion track data on apatite by WacnNer et al., in press. will also be published

on the sdime map.

l*i.'%" Z 18 a ‘iilll'lilit*l| tectonic map with the K-Ar age differences between

—
L

coexisting muscovite ( phengite) and biotite ;: the numbers indicate age differences in m.y.

STAUROLITE ZONE - AMPHIBOLITE FACIES

HoscaHEK (1967) studied reactions in which staurolite forms from chloritoid.

He found an equilibrium temperature of 5454+ 15°C, more or less independent of pres-

sure. Similar results were obtained by RicrnArpson, 1968. Hence rocks within the stau-
rolite isograd must have been above these temperatures during the Alpine metamor-
phism. Further, E. WEnNK, 1943, has shown that the Alpine metamorphism was suf-
ficiently intense in many parts of this region to cause recrystallization of the micas.

Within the boundary of Alpine staurolite, the relationship between Rb-Sr and
K-Ar biotite ages is quite simple: the ages agree within experimental error. The
Rb-Sr biotite ages have been calculated with the data from the total rock and the
separated biotite, they represent a biotite- total rock isochron. This procedure tacitly
assumes that the strontium was isotopically homogenized throughout the total rock
sample during the Alpine metamorphism. JAcer, 1970, has shown from a Rb-Sr
study of the total rock and separated minerals of samples KAW 286, 201. 82 and
83. all from the area of Alpine staurolite (see FrREY, 1974) that the Alpine metamor-
phism caused a homogenization of the strontium isotopes among all constituent mi-
nerals.

It has not been possible to compare every Rb-Sr and K-Ar muscovite or phengite
age within the staurolite zone. This is because the muscovite frequently contains too
much common strontium to permilt an accurate determination of the radiogenic ~Sr
component. In those cases where it has been possible to measure a Rb-Sr muscovite
age, we find that it is hi;tlwr than the K-Ar age. In fact, within the staurolite zone.

in all cases where age discordances have been precisely measured. we find :

Rb-Sr (muse., pheng.) = K-Ar (muse., pheng.) = Rb-Sr (biot.) = K-Ar (biot.).




I'he K-Ar ages of both the biotites and muscovites or phengites from within the
staurolite zone are interpreted as cooling ages. Concordance of K-Ar and Rb-Sr ages
in biotites is taken to indicate that this mineral closes to radiogenic strontium and
argon loss lhll‘illu the t‘ml“ll}_' [u'rimf at the same lemperature and the strontium iso-
topes were homogenized throughout the total rock during the Alpine metamorphism.

\ similar type of age pattern was reported earlier by Harr, 1964, and Han-
SON and GasTt, 1967, for micas involved in a contact metamorphic event. Although
the results are similar, they reflect the conditions of two different metamorphic envyi-
ronments : a major diflerence being the time that the rocks remained at high tempe-
ralures, ||i r1n~ contacl IIH'i;lHJlll'[inil' Cdse. Illih Ii[IH' 1S |11‘u[uilll_ﬁ IIII‘El-Ii!‘i‘fI ill FIIII‘HIr‘:'tL
n!' I}iflll‘-éllllf ka }+'HI‘*—-, nilr‘!‘{‘él- In I|I|' |'|'_'-Hr'|nnH£I“} ]Hi‘|;|[l|nl“|I[]'ll-l‘t' dreds 'Iig_-’_'l Il'lE][u'i‘H-
tures (above 500°C) may have been sustained for more than 10 m.y. Lhe ages them-
selves oive different mmtormation: in the case of HAr1 ( 1964) and Hanson and

GAsT (1967) the measured age is composed of two parts, the time interval from

1|HI£I} 1O EFII' EiI]H‘ H?I llrr- Hjl’i'.'EI'IIIII"II[ljf"'”l |II|]- ||||- i doe » Hhii*'l was 1ol 1‘I'i|-—1‘1; al

the time of Lhe ii'l*'l:'HrJlH'ilFli‘hfl]. In the present mllllf}. the mica a0 _*_:iH‘- LS 1}“* lime
after the climax of the metamorphism. when the rock reached the closure lempera-
Lure f'n!' !flt‘ Eiiliil'ib!lf'iiill‘ {Iaillultli‘!' HHV“IIV.

'\{l }IIIIHH'I;IHI rw-~:z|i |'--|' ffiii';l Adres Ei'n||| uilhin ||J:E_' *-I.'IlH'H]H*‘ Iﬂ':l';“JI i“ 1'“"-
iru-;|[|_‘~. the age is not a function of the orain size. This is most clearly seen In Val
Verzasca where the pegmalitic muscovite K-Ar ages acree | samples B 37,9, B 1]

and B 2). nol HHI_\ with each other. but with the finer orained rock muscovite from

the same region (sample B 8). The grain size varies from several centimeters in dia-
meter for the pegmatitic mica hooks to a size of several millimeters. JAGER et al.,
|‘HIT‘ I.liil] t'iil'iil'!‘ !'+'H1HI'LI‘!’| Iil:it [;IJ';:' Hl::t'.'i I:uu:-Lu fl‘nju \][:iil!' 1I|--|11'i‘-* .'IHI! rom Illt'
medium orained Sumplon gneisses gave identical Rb-Sr aces. a result also true for
K-Ar ages (Purpy and Starper. 1973). This independence of grain size is to be
contrasted with the « overprinting » results of Hart. 1964. and Hanson and GAsT.
1967. This fundamental difference between cooling ages and overprinted ages may
be connected with the diff erences in time that the micas were al hi_'_-ht'r' It-lllln*t‘;J!IH'f“-

Based on the experimental data of HormanNn and GirerTi. 1970, Dopson.

197 3. :If*xrlir;-l*lf a diffusion model to evaluate the |nli.;-l\i”; temperalure for Rb->Sr
on biotite. il“llilli”_l_’ young Ufrilh- aces of 10 and 20 M.y. resp., with linear cooling
rates. Although the proposed blockino temperatures of 300°C for a 10 m.y. old
biotite and 280°C for an age of 20 n.y. agree Iu‘l*fr*rll} with our interpretation, the
ulr-t‘t“-.t'lf irliit'fu‘ﬂlit'!rt'i' on the Hlilll‘!':ll oraln size raises <DIne ||““h[ \*-.hi‘l'll‘l' the 1'1*_i11=
venation during the cooling period really is due to a diffusion mechanism.

From four samples from the staurolite zone (samples KAW 82, 83, 201 and 286)
plagioclase and potasstum feldspar were iHIElI}*-[*Il as well as the micas. All these feldspar
concentrates had been studied earlier with the Rb-Sr method (Jicer. 1970), they
all show Alpine Sr-homogenization within the rock sample. The K-Ar ages of the
potassium feldspar do not indicate any systematic trend. They are in one case younger
than the Rb-Sr biotite age (KAW 201), in two cases thev cannot be u“-lin;_-'ui-hl':]

il'””] IEH' [lillii[[‘ difc, il“a.] i” olle case {["\_ t\\i H,;' !l“- l\;-_\r aoe “[ [I[{i_ I]|:|,:|-'=il||[l ill‘lll'
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spar is higher than the biotite age. even higher than the Rb-Sr age on muscovite.
Thus the potassium teldspar seems to date a rather late stage of cooling, perhaps with
a tendency to accept excess argon.

The I'Iil,ﬂ'i'”'hl‘l‘ concentrates all contain some (quarlz. T his may be the reason
for the relatively high K-Ar age on the plagioclase concentrate of sample KAW 82.
24.7+3.6 m.y., which is older than the climax of the Lepontine phase of metamor-
lilli_hlll. It 1s well lxnuu'n that quarlz t":l‘-”} dcecepls excess argon 1M Hll'[ElIIllll'[IIIil‘ rocks.
see RAMA et al., 1965. In all the four samples analysed by the K-Ar method. the
plagioclase ages are higher than the potassium feldspar and mica ages. they all may

be too high because of excess argon.

CHLORITOID ZONE - GREENSCHIST FACIES

In the chloritoid zone, micas may give Alpine, mixed Alpine-Hercynian or Her-

cynian ages.

I'he Rb-Sr and K-Ar ages of a given biotite may or may nof be con-

1‘tll‘i_lilil|.

A\lpine biotite ages (Rb-Sr and K-Ar) from the chloritoid zone show a different
eflect from those within the staurolite zone. For some of these biotites there is a
discordance between the K-Ar and the « corrected » Rb-Sr age (samples KAW 165. 281
and 311). The « corrected » Rb-Sr age 15 caleulated h} using the data of both the whole
rock and the biotite, it represents the age result of the biotite-total rock isochron. If
iH-Ii';HI, we correcl i.n:‘ l!nll-l':ll“iu_*[‘llir -1|'H|'11'illlll IJ\ llhill;_[ | IIHI'IHH' ""*l""'l l‘i!lin Or ll]t'

Sr/ " Sr initial ratio of the pre-Alpine total rock isochron, concordance of the
Rb-Sr and K-Ar biotite ages is achieved. Sample KAW 165 shows this effect most
emphatically : the age calculated from the whole rock and the biotite. the « corree-
ted » age, is 6.2 &+ 2.0 m.y.. whereas the age calculated with normal "'Sr/"'Sr of
0.709 1s 13.5£2.6 m.y.. which is in agreement with the K-Ar age of 13.94+0.8 m.y.:
tor this sample no other interpretation is possible. The higher K-Ar biotite age of

sample KAW 281 could also be explained by excess argon, as is indicated by the

hich muscovite K-Ar age of 43.24+2.0 m.y., again an age older than the c¢limax of

the |.:~|mnli|h* |:||e1-1'. Other biotites from the chloritoid zone show the same discor-
dance, 1|IHH,‘_‘,II less mil'iLiH:I}. and sometimes difficult to resolve because of the poorer

accuracy of the Rb-Sr a

oes.

In some of the samples (KAW 371, 399 and 400) the K-Ar ages lie in between
the « corrected » and the « uncorrected » Rb-Sr ages. In these cases we assume the
meaningful age again to be the K-Ar age: the Rb-Sr age should be calculated with a
Sr/"°Sr ratio in between the normal and the total rock value to achieve concor-
dance between the K-Ar and Rb-Sr biotite ages. For example. one of the most extreme
cases involves sample KAW 400, which gives a zero Rb-Sr « corrected » age, compa-
red to the K-Ar biotite age of 12.8 4+ 1.2 m.y. By using 0.709 for the "'Sr/""Sr ratio
of the non-radiogenic strontium. the biotite age would be 22.6 +-6.3 m.y., higher than
the K-Ar ace. In this case. concordance between the K-Ar and the Rb-Sr biotite age

S
&

1=

can be achieved by using an intermediate 'Sr/ "Sr ratio, a value higher than 0.709
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and lower than the total rock ratio, for the calculation of the non-radiogenic stron-

tium in biotite.

An explanation of the above deseribed behavior of biotites from the chloritoid
zone is that these biotites lost their previously acquired radiogenic "'Sr during the
\Ipine metamorphism, but did not or only partly exchange their « common stron-
tium » with the whole rock. On cooling from the temperature climax, the biotites be-
gan to retain in situ produced radiogenic strontium (and argon) at 300°C. hence the
better agreement between the K-Ar and the Rb-Sr ages if we use 0.709 to correct lor
the non-radiogenic strontium. Actually. as SaTir, 1974, proposed, we should use the
mitial "'Sr/"'Sr ratio of the pre-Alpine, in many cases Hercynian, total rock isochron.
But since this value usually is not very different from 0.709. it makes no difference
which of these ratios is used.

T his apparent lack of .""';I'-hnllln;_'l'ili?iiliill] should therefore be checked I'} cdlld-
lysing all the minerals with the Rb-Sr method and not just the micas. But even so.
the explanation of the data may not be easy. Regarding sample KAW 311, the bio-
tite does not seem to have completely exchanged its non-radiogenic strontium with
the other minerals or the total rock sample. although the minerals plagioclase.
potassium feldspar, epidote and garnet did homogenize their strontium:; only apatite
did not, see JAGER. 1970,

Sr from the biotite has been

'\1 i I'l'i!“.-"'{‘

1The same effect of preferential loss of radiogenic
demonstrated ]!_‘n SATIR. 1974, in a oranilte from the Tauern. Eastern \lf"‘-
that this interpretation has important consequences when deseribing the parent-dau-
ghter system in different minerals used for dating. SaTir had to give the same 1nter-
!H‘!‘!EHiHII for Rb-Sr ages on biotiles from a different lype of rock. different environ-
ment and based on Rb-Sr biotite age discordancies in rocks from a small area. Thus
we believe that we can present good evidence for such a preferential loss ol o
radiogenic from the hiotite crystal, without affecting., or affecting only to some exlent,
the non-radiogenic strontium.

As mentioned above. not all the l“"‘*['|'1'~“;1|‘-|['ip... between the K-Ar and Rb-Sr biotile
ages can be i‘\[b';iilll'fl IH the above gi,_r.._-\‘.r””.'l eftect. Some of the K-Ar ages ol bio-
tites (samples KAW 359. 370 and 378) are considerably higher than the Rb-Sr ages
calculated with common strontium. the « uncorrected » Rb-Sr ages. The K-Ar biolite
age of sample KAW 378 is too high. it is again higher than the age of the climax
of the Lepontine phase of metamorphism. namely 40.3 + 1.9 m.y. These high biotite
K-Ar ages seem to be caused by excess argon. Purpy and StALpERr, 1973, could

demonstrate that, even in Alpine fissures. biotite and adularia from the same zone of

metamorphism can take up excess argon in considerable amounts.
We have analysed only one plagioclase-quartz mixture and one potassium feld-

spar (KAW 311) from the chloritoid zone. The K-Ar age of the plagioclase-quariz

concentrate 1s 50.8 = 2.7 m.y., again « older » than the Lepontine metamorphism.

Uhis age has to be explained by excess '"Ar, the hich potassium feldspar age ol

21.94+ 1.5 m.y. could again be influenced by excess argon. This raises some doubl

whether for this sample the above mentioned interpretation of the biotite age discor-
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dance is correct, the higher K-Ar age of biotite could also be caused by some excess

argon in the biotite.

I'his example shows that. in the chloritoid zone, the interpretation of the biotite

K-Ar and Rb-Sr ages 1s diflicult because two effects are found here: excess '"Ar in

different minerals and incomplete Sr-homogenization. A clearer understanding of both

strontium and argon movement in the chloritoid I'ﬂE‘lHl]HI]“[I]'ii{' zone would be achie-

ved by a more detailed analysis of all the constituent minerals by both methods.

K - .
P
r _ 1 / ~
m
W — = tunnel floor E
— | biotite - sillimanite - 25K ultrabasic inclusion
Kyanite - gneiss |5
| quartz diorite === biotite rich rim

5418 Rb-Sr uncorrected '[54-“181 A-Ar biotite age
Diotite age

HIG. ] Rb-Sr and K-Ar Biotite Ages in Adjacent Rocks from the Chloritoid Zone of Alpine Metamorphism,

ARNOLD and JAGER, 1966, analysed by the Rb-Sr method four biotites of diffe-

rent rock Lypes, collected within 8 meters of

e

zone of Alpine metamorphism. Fig. 1 gives

the Rb-Sr and K-Ar biotite ages. The genetic

each other., again from the chloritoid
a sketch of the outerop. together with

relationship between the analysed rocks

1s considered to be of pre-Alpine age: sample KAW 93, an ultrabasic inclusion of
| m in diameter. surrounded by a thin layer of coarse grained biotite (KAW 126), both
within a lense of quartz diorite of several meters in diameter (KAW 125). and all
within the biotite-kyanite-sillimanite gneiss (KAW 124). The Rb-Sr biotite ages repor-
ted are quite different: 266 m.y. for the ultrabasic inclusion, 164 m.y. for the coarse
grained biotite rim around it, 22.7 m.y. for the quartz diorite and 54 m.y. for the
gneiss, ARNOLD and JAGER, 1966, give the following interpretation : in the ultrabasic
inclusion, the pre-Alpine minerals could survive the Alpine metamorphism. The sur-

rounding more acid rocks with their higher content of fluid phases show a higher
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grade of Alpine recrystallization. In all these rocks., the biotites are considered to be

pre-Alpine in age; in the more acid rocks they show exsolution of titanium. inclu-
the content of the

oes

sions of rutile and ilmenite. With the resetting of the Rb-Sr ages.

titanium minerals in these biotites increases. This seems to indicate that the loss of

rad. 'Sr from the biotite is not caused 'y volume diffusion alone. but rather by a

reconstitution of the calions of the octrahedral Iu}‘{?r in the biotite.
We analysed the same biotites by the K-Ar method and obtained ages of 347
inclusion

m.y., 302 m.y., 363 m.y. and 376 m.y. for the rocks from the ultrabasic

A small gradient in the K-Ar ages exists from the ultrabasie inclusion

to the I{_{'Ht‘i--.
\s 376 m.y. is older than the oldest phase of Herey-

to the country rock, see Fig. 1.

nian metamorphism, these biotite ages must reflect the presence of a high partial pres-

sure of radiogenic argon when the biotites cooled througch the eritical closure tem-

perature. l'his kind of effect had been reported earlier by BREwgRr., 1969, for bio-

tites collected over a much wider region In the Austrian \|!1-—. [f we assume that all
2 m.y., subtracting the amoun

of argon generated in the biotites in 22 m.y. leaves excess amounts of 112, 112. 104

the four biotites should have a K-Ar cooling age of 2

and 111 x 10"em”’ STP/gr argon. This similarity is not surprising, as the gradien
of the K-Ar ages from the ultrabasic inclusion to the oneiss 1s not large and is partly
due to the [H:r[il'-*-illlll variation. It is not unreasonable that biotites from such a re-
stricted area may take up similar amounts of excess argon. 1'his 1s not the only, bul
!':'I‘Tzli;||} the most ;r|;i||-i|ih'. 1*\i:|;illniinn for these K-Ar ages, In every case. I|rn'} are
the result of excess argon. regardless what the meaningful age really should be.

In the whole chloritoid zone. phengites give Alpine ages, whereas muscovites can
ages.

preserve at least part of their l-|'|'~\|]lint' arcon : thev seem to give intermediate

Un a pegmatitic muscovite from the Tambo nappe, HanNsonN et al., 1966, report even
es 1s diffi-

a Hercynian K-Ar age of 297+ 15 m.y. I'he comparison with the Rb-Sr ag
cult, phengites and muscovites having a lower Rb/Sr ratio than biotites. and thus
higher error limits on the age results. All the K-Ar ages on muscovites and phengites
are lower than the Rb-Sr ages calculated with normal common Sr. but in some cases
(samples KAW 165, 281 and 378) higher than the Rb-Sr white mica ages calculated
with the total rock. This age discrepancy can be explained by three different effects:
some excess argon, mcomplete Sr-homogenization with the « meaningiul » white mica
Rb-Sr age being in between « corrected » and the « uncorrected » age, and, as sample
KAW 105 indicates. a third explanation is possible. namely the interpretation ol
imtermediate ”r*rr*}'niun-\l[rinv muscovite ages. This last interpretation is possible only
for muscovites and not for phengites : so far, we only know of Alpine phengites in
the Alps. But we also could have intermediate ages between early and late Alpine
(late Cretaceous and Tertiary) K-Ar phengite ages. On sample KAW 105, a pre-Alpine.
somewhat lowered Hercynian Rb-Sr muscovite age of 238+10 m.y. has been found.
Thus, the K-Ar age of 58.8 + 2.4 m.y. on the same muscovite is also best explained by
assuming an intermediate age.

T'his shows once more how difficult it is to interpret the mica ages of the chlori-
toid zone. The muscovite of sample KAW 281 with the rather hich K-Ar age of

43.24+2.0 m.y. either has argon overpressure or il gives an inlermediate age. The
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K-Ar and Rb-Sr age discordance on the biotite from the same '-Ellll]llt‘ can be vxpliti-

ned by excess argon or by incomplete Sr-homogenization.

GENERAL INTERPRETATION OF MICA AGES

I"hnnnmri;«ring the earlier mentioned data and their explications, we can present
the following model of interpretation of mieca ages :

K-Ar mica ages from the staurolite zone (amphibolite facies) of Alpine metamor-
phism give young Tertiary ages, interpreted as cooling ages. K-Ar and Rb-Sr ages
on biotites are concordant: the Rb - Sr muscovite ( phengite) age is higher than
the K -Ar white mica age and both exceed the biotite age of the same
rock. In the outer staurolite zone a pre-metamorphic Rb-Sr white mica age might
survive in resistant rocks. In the chloritoid zone (greenschist facies), biotite and
muscovite may give Alpine, pre-Alpine or mixed Alpine-Hercynian ages. Phengite, a mi-
neral formed during the Alpine metamorphism, always gives an Alpine age. For some
of the biotites, a better degree of concordance between the Alpine K-Ar and Rb-Sr
ages is achieved if we use the « uncorrected » Rb-Sr age, rather than using the « cor-
rected » age, i.e. the age value of the biotite-total rock isochron. The implication of
this is that the pre-Alpine in situ produced radiogenic "~'Sr was expelled during the
Lepontine phase of Alpine metamorphism, but the « common » strontium of the bio-
lite and the whole rock was not homogenized. Some of the biotites from the chloritoid
zone must have incorporated an excess of radiogenic argon during the Alpine mela-
mnrphi-rn. so that their K-Ar ages are oo Ili;_rll. K-Ar ages on muscovites from the
chloritoid zone may also be influenced by excess argon. but they could also be ex-
plained as intermediate pre-Alpine - Alpine a

es, or early (Cretaceous) - late ( ler-

o
!iur}l \|[-im* ages.

I'he model of interpretation for the Rb-Sr ages on micas was developed earlier
by JAGER et al., 1967, and JAcer. 1973. In these papers, the position of the inter-
mediate pre-Alpine to Alpine Rb-Sr ages on biotites has been compared to zones of
\lpine metamorphic minerals. By assuming that the opening of the Rb-Sr system in
biotite occurs at the same temperature as the closure during the {-nuling lmriml. a
blocking tempreature can be derived. This assumption may not be quite correct, as we
find that the pattern of Rb-Sr biotite ages 1s different for the intermediate age zone
and the area of completely rejuvenated cooling ages. The temperature of the opening
of the Rb-Sr system in biotite is given by the maximum temperature of the Lepontine
metamorphism (at 35 - 40 m.y. ago) in the intermediate age zone. The best estimate
of this temperature in the zone of Alpine stilpnomelane is 300°C, therefore a blocking
temperature of 3004=50"C has been postulated for the Rb-Sr system of biotites.

Muscovite systems react less sensitively to a later phase of metamorphism. The
regional distribution of Rb-Sr ages on white micas (muscovite and phengite) indicates
thar there is no intermediate age zone. Unaffected pre-Alpine, Hercynian, muscovite
ages are measured quite frequently in rocks with Alpine phengite. By comparing the

transition from pre-Alpine to Alpine white mica ages, again with the occurrence of

i




20

Alpine metamorphic minerals, a temperature for the opening of the Rb-5r system
in white micas can be derived. The position of this transition is somewhat outside the
staurolite-chloritoid boundary. From this fact, a temperature of 50050 has been
derived for the opening of the Rb-Sr system in white micas; 1n the earlier paper ot
JAGER et al.. 1967, a temperature interval of 400 - 500°C has been estimated. If we
again assume that opening and closing of the Rb-Sr system in white micas occurs al
the same temperature, the 500+ 50°C can be interpreted as Rb-Sr bloeking tempera-
lure in white micas.

[t must be stated that the llﬂl't‘l'“lill[_‘»' of the prupr;wr] l}lm*l\inf_' lemperalures
is very difficult to evaluate. Our temperatures depend on the knowledee of the maxi-
mum temperature reached during the Lepontine metamorphism in a certain area. T hese
temperatures are derived from experimental data and the precise mapping ol mela-
morphic mineral boundaries. It might even be necessary in the future to change the
[mrnfnm-ul |l|ln'1xill_f_' temperatures if thi l‘illli]i]:rilull lemperatures of metamorphic

mineral reactions should be changed. At the moment, an uncertainty of 50°C might

be a cood estimate.

- . : - . —~ AT
l” contrast to |II|I[||l". muscovile ilf’;l] i']ll"”ﬂl“" il l.'l”"l-"'[:'l”'lfl‘ I”*IHH Illl'[f I"'"

blocking temperature. Therefore. in areas of lower grade of Alpine metamorphism. be-
low 500°C, Rb-Sr white mica ages date the time of their formation. B this method

the climax of the Lepontine phase of Alpine metamorphism has heen dated to 35 - 40

m.y.. see HunzikKER, 1970 and 1974. and JAcer, 1973. In the regions of higher grade
of metamorphism, above 500°C. Rb-Sr ages on muscovites and phengites dale the
cooling time to 500°C.

If we now compare the K-Ar to the Rb-Sr mica ages, we can derive blocking

temperatures for the K-Ar syslems in miecas. As has been mentioned earlier. the Rb-M1
cooling ages agree with the K-Ar biotite ages. Thus, we assume that the blocking ten
perature for the K-Ar system in biotite also is 300 =4 507

[t is difficult to derive a blocking temperature for the K-Ar system in muscovile
and phengite. We do not yet know the position of the K-Ar intermediate age zone ol

muscovite HIHI j'l]lt*ll_*_li[t‘. 1.e. llll' ll*lll[u*!‘illllt'l* al u!lir[l |\~\|_' [:-m-nni{h- an opern '*"a*‘.‘.'frl

in white mica. We therefore try to relate this blocking temperature to those for Rb-Sr
|

[ * K

in biotite and white mica by comparing the different mica ages of the same rocks
Thus. the uncertainty of this blocking temperature is higher, because the errors in the
K-Ar ages add to the uncertainty of the Rb-Sr blocking temperatures.

For a safe determination of the K-Ar white miea |1|m-[xinj_r temperalure, an arcd
of slow f-nnlin;_;‘ within the staurolite zone should be selected. Further, the cooling
rate between 500°C and 300°C should have been constant. By comparing the K-Ar age

difference between muscovite and biotite to the Rb-Sr age difference. the blocking tem-

perature for white mica has been ecalculated.
Fig. 2 shows the regional distribution of the K-Ar age differences between w 1le

micas and biotites. Only those ages are considered which can be interpreted as cooling

ages. The p]ntlt‘{i K-Ar age differences indicate the time span between the cooling

e
|

from the muscovite to the biotite blocking temperature. This time span is shorl and
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rather homogeneous from the Bergell to the Val Antigorio, around 1.1 m.y. To the
northwest of the Simplon area it increases to more than 7 m.y.

For the evaluation of the white mica K-Ar blocking temperature. the Simplon
area with samples no. KAW 159, 160, 161. 358 and 372 seems favorable: the K-Ar
white mica-biotite age differences are hicher than the ones to the east, and the grade

of Alpine metamorphism (staurolite zone) is high enough. so that we can interpret the
is situated 10 km to the

L —l-!‘_}

agecs ds t'tullill;_’_ dZes. l':\;l‘l'[i[ rnl' ~;imp|r l\ AW . A u'hii*}l
southeast of the other samples, all the biotite Rbh-Sr ages (calculated as biotite - total
rock ages) agree within the error limit. \gain, except for sample KAW 372, all the
K-Ar ages also agree. The mica ages for sample KAW 372 are about 2 m.y. higher,

—_—
L .I_' -

but the age differences are the same. The mean white mica - biotite K-Ar age difle-

rence ol these samples is 2.7 m.y. Because of the rather low Rb/>r- ratios Rb-Sr

‘H}II.H‘ Illil'il dJes I'HIIII{ []{* |h~1pr”|j|“-rl ””I\,' i'n”“ *-illl;l]lli,‘*- ]\.,_\Y\, Iﬁ“- 358 ;Hli! 3l s

I'he Rb-Sr age difference between the white micas and the biotites is less precise.
being around 7 m.y. lhis would indicate a K-Ar blocking temperature of 380°C for
muscovite and phengite.

This blocking temperature seems too high for the Ticino area, i.e. the area from
the Val Antigorio (sample KAW 201) in the west to the “t'l‘,'_'.i'” region in the easl
(samples KAW 552 and 203). In this region the cooling seems to be rather uniform
and fast, compared to the Simplon area. The mean K-Ar white mica - biotite age dif-
terence of 14 samples is 1.1 m.y. The K-Ar age difference of sample KAW 4, Brione, the
standard sample (see Fig. 2 and Tables T and ). is well determined, it is 1.3 m.y.

Brione is located in the center of the Ticino area. on the map of Fig. 2 it can be

easily located. being the only age difference of 1.3 m.v.

Cs 06 Illll-t'in][r- fl'nln 1|l|- area.

ir

['nl'nr!nn:rilrl}. we do not have precise Rb-Sr a
We have to compare the K-Ar age difference between muscovite and biotite to the ge-
neral cooling rate, derived from other evidence. If we assume a blocking temperature
of 380°C for the muscovite K-Ar ages, the small muscovite-biotite age difference of
1.1 or 1.3 m.y. would give a very fasi cooling rate of 60 to 70 (. /per million years.
T his :‘nnliH;'_r rale 1s too Iiij_{h when compa red to the "““lill,'_'. rate ftrom 300°C to the
present day temperature. which is only 18°C/m.y., i.e. for the time from 17 m.y.
ago to the present. Another estimate of cooling rates mav be derived from U-Pb ages
on monazites, published by KiéppeL and GRUNENFELDER, 1975.

These authors give a U-Pb age of 22.8 m.y. for a monazite from a sample jusi
north of Brione/Verzasca. near to our standard mica sample. KoprPEL and GRUNEN-
FELDER, 1975, interpret these ages as lormation ages. dating the climax of metamor-
phism. If we accept their interpretation and assume a maximum possible temperature
of 650°C for the Alpine metamorphism near Brione. Verzasca, a mean cooling rate
of 28°C/m.y. from 23 m.y. ago to the present would result. If we consider the cooling
rate between 650 and 300°C. from 23 to 17 m.y. ago, we would find a high cooling

rate of 58 C/m.y., again ['ullnuin;_{ the mterpretation of the monazite U-Pb ages by

-

KorPPEL and GRUNENFELDER. 1975, According to Hunziker and JAGER, in prepad-

ration, U-Pb ages on monazites should be interpreted as cooling ages with a maximum

blocking temperature of 530°C. If we accept this blocking temperature, the cooling
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rate from 23 m.y. to the present would be 23°C/m.y.; from 23 to 17 m.y. ago, from
530 to 30070, it would be 38°C/m.y. All these mean cooling rates are lower than the
one derived by means of a K-Ar blocking temperature of 380°C for muscovite. Thus,
this blocking temperature should be lower ; the temperature difference between the K-Ar
blocking temperatures for muscovite and biotite cannot be higher than 50°C, which
would mean a blocking temperature of 350°C for muscovite. With 1.1 to 1.3 m.y.
time for the cooling from 350 to 300°C, a reasonable cooling rate of 38 to 45°C/m.y.
would result. We consider the Ticino area more reliable than the Simplon region for the
evaluation of the blocking temperatures, as its uplift rate seems to have been constant
relative to the uplift rate of the Simplon, see WAGNER et al.. in press.

'wo points we would like to emphasize in connection with the interpretation
of mica ages: we are nolt certain whether muscovite and }lllvngilv r{‘ﬂll}' have the same
blocking temperatures for K-Ar and Rb-Sr dating. There may be small differences
between these two minerals which we have not yet been able to detect. Secondly. as
mentioned above, we found this interpretation of Rb-Sr and K-Ar mica ages 1o be
valid only for the Lepontine phase of metamorphism.

In the area of late Cretaceous metamorphism, which is adjacent to the above
discussed Lepontine region, a different pattern of mie: age discordance is found. As
compared to the Lepontine metamorphism, the Cretaceous phase is characterized by
a lower geothermal gradient. it represents a high-pressure type of metamorphism. In
contrast to the results from the I,vpnnliln‘ area, the ruginnﬂl mica age distribution is
less regular. Quite frequently, the K-Ar muscovite or phengite ages are higher than
the Rb-Sr ages. Furthermore, low temperature alterations in connection with fluid
phases again give a different mica age pattern, different from those of the Lepontine
and the high-pressure phase.

We assume that the important parameters which permit the above proposed in-
terpretation of mica ages 1n the Lepontine metamorphiec phase are: medium g[‘i'lll!t*r-
mal gradients around 30°C/km., a rather small content of fluid phases and a slow
undisturbed cooling following the climax of temperature.

The interpretation of mica ages according to the Lepontine model is valid only

for metamorphiec phases with similar physical and chemical parameters.

INTERPRETATION OF REGIONAL VARIATIONS OF K-Ar AGES

Plate I shows the regional distribution of K-Ar biotite ages. South of the Insu-
bric line we find only pre-Alpine ages, whereas north of this line we have young Ter-
tiary ages. These young biotite ages vary gradually from 23 m.y. in the Bergell re-
gion to a low of 11 m.y. in the Simplon area. Westward from the Simplon and north
of the Simplon-Centovalli fault, the biotite ages again increase to 14 m.y. This K-Ar
age pattern is identical to the Rb-Sr age pattern (JA¢Er and Hunziker. 1969). ex-
cepl for the rv;_{inn northwest of the Him;llml. where the Rb-Sr biotite ages remain at
11 m.y. and the K-Ar ages increase to 14 m.y. The possible reason for this discordance

has been discussed in the previous section. Across the Simplon-Centovalli fault we have
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a sharp discontinuity from 11 m.y. in the north to greater than 20 m.y. just south of
the fault. Hunziker, 1970, has already discussed the history of this fault from his
Rb-Sr data. It is interesting that the fission track data on apatites (WacNER and Rer-
MER, 1972) also show an age discontinuity for the same samples. The fission track
ages for samples KAW 159, 160 and 161 average 2.7 m.y. while that of KAW 370
is 6.2 m.y. This must mean that the fault was still in action at least as recently as
2.7 m.y. ago.

Plate Il gives the regional distribution of the K-Ar muscovite ( phengite) ages

acges decrease

-»hnuinj_' an age pattern similar to the K-Ar biotite age pallern. The
from 24 m.y. in the Bergell region (samples KAW 552 and 553) to a low of 13.
in the Hi”'l']“”- l‘l'Ht‘!'t‘-l“Il;: westward from the .”";iIH[lIHH and north ol the 55!”]"*’”" ell-
tovalli fault. the ages increase to greater than 18 m.y. Again there 1s a hiatus in age
from 14.8 m.y. to greater than 20 m.y. across the ."';imphm-ijrmmu”i fault.
\dditional oeological information may be obtained from the K-Ar muscovile dala.
Firstly, the pegmatites from the Val Verzasca (samples B 2, B 9 and B 11) are post mela-
morphic. They cut the well oriented Verzasca oneiss, but the large beryl and muscovite
crystals in the pegmatites show no preferred orientation. The pegmatitic and rock
muscovite K-Ar ages are the same. which means that the [H‘;_'Hliltﬂl'- must have intruded
into the gneisses in the time interval between the llll‘IillllHl‘lillit' lemperature climax
and TIH‘ i'-:ltl“ll;:‘ lime 1o J00°(.. "";I'I'H”ill}. iilf‘l‘i‘ was 4 IIHHI]II}_’ Imn [|lt" Val | evenlina
after the rocks in the oeneral recion had cooled below 350° The muscovites in Val

LLeventina ( samples KAW 137. 138 and 140) are about 2 m.y. younger than

Il“l“*'

on either side of it, which means that these rocks from the Val Leventina passed

through the 350°% oeotherm later. The doming of the Val Leventina is superimposed
on the general uplift. The updoming of the Leventina is also shown by the | -Pb
ages on monazites I:} KorPEL and GrRUNENFELDER. 1975. The monazite ages from
the lLeventina are also about 2 m.y. vounger than the ones east and west of the
Leventina. This shows tlni[t- 1h‘£|-iir.‘1||} that the U-Pb monazite age cannot dat the
climax of the metamorphism with the crystallization of the monazite. Why should
the eclimax of the metamorphic temperature be reached earlier in rocks of higher tecto-
nie [m-ilinn'_"' Hlll it 1s Casy O Illlt[t‘r-i;tlll} lll;lt l*tlt*k- :lf d |li;_f|ll‘l' lectonie im-ilinl# !‘Hlilii
cool earlier than the deeper ones.

Fig. 2 gives the regional distribution of the K-Ar ave differences between
muscovite ( phengite) and biotite. We find also a uniform and oradually changing age
I“”‘L?['{‘T]{'l‘ pill[t*r'rl, |‘1r'l1n| the Ht‘*l‘}_{f‘” to Val \!][i;jljl‘ifl. the age 1“”]‘1'1*71:1* 1s less than
2.4 m.y.: from Val Antigorio to the Simplon, just north of the Simplon-Centovalli
tault, the age difference inecreases to 4 m.y., and northwest to the Nanztal the K-Ar
age difference between coexisting white mica and biotite rises to 8 m.y. Hence, nol
only do we have rocks passing through the temperature interval of 350°C to 300°C
at different times. but also al different rates.

This shows that those rocks which have the oldest biotite cooling ages passed
quickest through the temperature interval of 350 to 300°C. This must mean that the
more recent uplift (less than 10 m.y.) is vastly different from that which occurred

when the rocks exposed today passed through the 350 to 300°C temperature interval.
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In fact, the rocks from the Simplon region and the area northwest of the Simplon

musi h;n-‘:‘: risen more 1|nin-l\l} In recenl lime lllun lllnr-t‘ .--nul|nw~l and east of the

Simplon. The implication is that uplift rates are not constant and may both decrease
and increase with time. A more detailed analysis of the uplift and cooling history

of the Central Alps will be given by WAGNER et al.. in press.

CONCLUSIONS

I'he following are the main conclusions from the present 1nvestigation :

|. '\"x iil'lill I!lt‘ -lill|1‘n|il:' L0nNne l;illlllllihuli[l' fiti'ii‘_-] nf ’\Illinp ||;t'I;|HHH'!I'H*HI. Ei”

the K-Ar ages on biotites and muscoviles are Tertiarv and less than 3

1 &)
O S

- & M.Y., the
time of the climax of the last phase of \lpine metamorphism, the so-called Lepontine
phase. These youn

Both

g ages are i|||:-|'iu|'rilm| aAS mmlillu‘ a0es.
Illt' Ili!lli[t' HII{I lIIIt*-»[‘H"v..I“‘ {[’lltt-t];_"iti‘} ]‘\.*'\I dgCs --||n‘u el I'I‘}_-iu||;1| i“*—lr"liblj—
lion of ages, similar to the Rb-Sr biotite age pattern. Ilf the cooling has been sufficien-

tly slow to allow coexisting mica pairs to fall through their critical closure lempe-

ratures at different and now measurable times. the following age sequence is observed :

Rb-Sr ( musec.. pheng.) " IN-Ar ( musec.. pheng.) = Rb-Sr (biot.) IK\-Ar ( biot.)

T'he concordance of the Rb-Sr and K-Ar biotite ages suggests that the closure

temperature for radiogenic argon and strontium is the same. A closure lemperature
tor argon loss from muscovite and phengite of 350°C is derived from Rb-Sr and K-Ar
age data, including also some U-Ph monazite data (KopreL and GRiUNENFELDER.
L975) from the Ticino area. Using the data from the Simplon region would lead
to a white mica K-Ar blocking temperature of 380°C. which we consider to be less
reliable because of drastically changing uplift rates in this area.

In resistant rocks from the lower grade region of the staurolite zone, pre-meta-
morphic Rb-Sr muscovite ages may survive.

7.

2. In the chloritoid zone (oreenschist tacies), biotites and muscovites may

give Alpine, pre-Alpine or mixed Alpine-Hercynian K-Ar ages. For some of the young

biotite cooling ages., concordance of Rb-Sr and K-Ar ages is achieved if we use a nor-
mal "'Sr/""Sr ratio, or the initial ""Sr/*°Sr ratio of the pre-Alpine total rock iso-
chron to correct for the non-radiogenic strontium. Discordant Rb-Sr and K-Ar biotite
ages result from caleulating the Rb-Sr biotite age with the total rock. the discordance
giving an older K-Ar age. This implies that, in the chloritoid zone. some of the bioti-
tes lost their radiogenic ~'Sr component during the Alpine metamorphism. but did
not exchange their « common » strontium with the total rock reservoir.

In the chloritoid zone. the correct irllt‘l‘lll‘tllilliuﬂ of K-Ar dZCS is made more
difficult by that fact that higher ages might also be caused by excess argon and by
mcomplete rejuvenation during the metamorphism.

3. K-Ar cooling ages are insensitive to grain size: both rock muscovite and
pegmatitic muscovite, as well as rock biotite and pegmatitic biotite. locally giving

concordant ages.
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4. The K-Ar ages of pegmatitic and rock muscovites from Val Verzasca are
concordant, indicating that the post-metamorphic pegmatites intruded before the

country rocks had cooled to about 350°C.

2. A doming in the Val Leventina. superimposed on the general uplift, is in-
dicated by the K-Ar muscovite and the U-Pb monazite ages. Thus, if K-Ar on musco-
vites dates a cooling stage, U-Ph ages on monazites also must represent cooling ages.

6. There is a regional variation in the age difference between coexisting
muscovite ( phengite) and biotite. This means that the rocks cooled at different rates in
the temperature interval between 350 and 300°C. this cooling rate being much smal-
ler for the Simplon than for the Ticino area.

'able 3 summarizes the interpretation of K-Ar and Rb-Sr mica ages in the
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different zones of the Lepontine Alpine metamorphism.

ABSTRACT

Ninety new K-Ar ages of minerals from the Central \lps are presented. The majority
h-'l"-t‘ lH'l'Il HI:HI!' On n'm*\.i-lin; Illil‘;l [r;iil'n ;i]l'r.‘:uh ;nlul}'-q'qf h_\. t]l:* i'”l-f"’ll‘ ]111'1]1“1]. {Hhr‘I' Alla-
lyses include single pegmatitic and rock micas, From five rocks the potassium feldspar and
plagioclase were analysed in addition to the mica pair.

Some of the micas from the chloritoid zone and all of the micas from the staurolite to
Kyanite-sillimanite zone yield young Tertiary K-Ar ages. interpreted as cooling ages, The
S-Ar cooling aces give a geographic pattern for both biotites and muscovites (phengites) si-
milar to the Rb-Sr biotite age pattern. | he potassium teldspars show no systematic pattern,
ill s0Ie Ccases I|It*j‘u are IHEH‘I' ||HIII Il'u' lliillil!* aleE., iII tll]h'!' cdses even ili:lll'l' l]l&ill !lll' [jll"”'
rite ages,

If the rate ol l'nnlitl;_- has been -Lllﬂirit*ni:j. slow to allow the micas to close to ||:1|l_:ilh"!'
nuclide loss at different. and today measurable. times the following age pattern is observed

\‘iill]i“ el '_;i‘l.*']] I'lH'j\:
Kb-Sr (musc,. pheng.) > K-Ar (musec.. pheng.) > Rb-Sr (biot.) K-Ar (biot.)

Within the zone of \lpine staurolite, where all the mica ages represent cooling ages, the
difference between the K-Ar muscovite (phengite) age and the coexisting biotite age varies
r"'.-"iilnu”}: the are difference being on the average |.] m.y. from the Hr*r;,_rr“ intrusion to
Val Antigorio: 2.4 - 4 m.y. from Val Antigorio to the Simplon; and 4 - 8 m.y. northwest of
the Simplon, north of the Simplon-Centovalli fault. This is interpreted as civing the regional
variation of uplift rates as the rocks passed through the temperature interval between the clo-
sure temperature for radiogenic argon loss from muscovite (phengite) to biotite.

The Simplon area must have been uplifted and cooled slowly to 300°C, followed by a
drastic increase of the uplift rate as indicated by the young Rb-Sr and K-Ar biotite aves. As
has been demonstrated already with Rb-Sr biotite ages by JAGER et al., 1967. and Jicer and
Hunziker, 1969, the late regional cooling pattern cuts the main tectonic lines, it is offsel only
by the Simplon-Centovalli fault. In the earlier stages of cooling, the updoming of the deep
tecionie units Verampio and Leventina is superimposed on the regional uplift. This is shown
h} younger Rb-Sr and K-Ar ages on muscovile from the lt'r'luniv;l“} 1]{'1"|w|' \t‘l‘ilnlpin j_‘l'illlih‘"
gneiss and younger K-Ar ages on the muscovites from the Leventina gneisses compared to

white mica aces of the neighbouring rocks with higher tectonic position.

—




20

LUSAMMENFASSUNG

In dieser Arbeit werden neunzig neue K-Ar Altersbestimmungen aus den Zentralalpen pu-

bliziert. s handelt sich dabei vorwiegend um Messungen an {;filnnh-l'|l;l;ll'1*ll Hellglimmern

?_ : - - . L -
und Biotiten aus (rneisen. die in verschiedenem Ausmass von der tertiaren l*“i“""”"“*"""

IIIHI[TIIH-I* cepragt wurden, Dazu kommen noch Messungen an Bioliten aus dem Bereich der

Mischalterszone und Pegmatit-Glimmern: an fiinl Proben wurden neben den Glimmerpaaren

.{III'II i\;!“fr-ld-;l.ti nnd I}|;|:i-+L|;I- ‘i;l”t‘l".
An ”;uui ilr‘l' rr-;rnngtlvn "\r-rlwihm: -lr-l' l'\- \r Hh*i'-—urrh' und aus !Ii'lll

Rb-Sr Daten konnte ein Modell der Interpretation von K-Ar und Rb-5Sr Glimmeraltern ent-

\ l'l"_Llr"ll'Il (1111 rir*ll

wickelt werden. Dieses Schema der Interpretation von Altersdaten ist nur fiir den Typus der
I1!r-r!lllll—1]*‘|.IIIIHI'|!|1H-¢' _!Illl__ 1|_|1, h“ t'ilie* 11I4-[;5”|||I'I|f|”_;- |]|j| Illiflli'l'l'lli ?I-Ilf-!'r“n-_‘|'.|rf't'l|| HIHI

1Ll '_r‘l'ill;l*!' I‘il‘Tt‘ilrI"_‘IIIJ: Vion f]lliilr'rl I’]Llnrl!.

Im Bereich der Amphibolitfazies wurden fiir die Biotite idente K-Ar und Rb-Si
Daten konnen als Abkiihlalte:

\IE;'I‘ “werle

vefunden, ident auch in der recionalen Verteitluneg, All diese
aut 500 £ 507 mterpretiert werden, e I“I'"T[”"’T-”inll der Biotit-Alterswerte in der Zone von

alpinem Chloritoid, der Zone der Griinschieferfazies. macht Schwierigkeiten., Ueberschuss-Ar-

con, nur teilweise ‘\l'i'fI-HI;.Lillj: der xurur].lirlr-'ll Biotite undl itlLlllll[!lr'lIl'l' Strontinm- \ustausch n

nerhalb eines Gesteins machen oft eine sichere fnh-r|nr--ltaliu|r unmoclich.

Das Rb-Sr System in Hellglimmern. Muskowit und Phengit. ist relativ stabil, es schhiessl
schon bei !f-lll;u'l';illll'rn von o00-4+50°C. Nur in Gesteinen. die bei der \]1'I.lll|--r|-i|-|-r' wesenlt-
lich uber 500°C aufgeheizt wurden. d.h. Gesteine aus der Amphibolitfazies mit alpinem Stau-
rolith, datieren die Hellelimmer mit der Rb-Sy Methode Abkiihlalter. In Zonen niederer Me

T.-trr‘lnf';riu-w hF‘-rHIIIHI man mil -|ir-~n-r Methode an neungebildeten Hellglimmern direkt das

\lter der Glimmerbildune. d.h. wohl den progressiven Ast des '|,-”;F”-r;“|||-,‘»i.r-.1rr1|ml~. wli

landen wir am Aussenrand der Lepontin-Metamorphose.  h eder eradigen Bereieh.
| . 1m ni r g

(‘limax der Le-

stets Rb-Sr Helleglimmeralter von 35 . 1O Millionen Jahren. Damit wurde der
F“'”"“-“1'1.Imui-'[rim-t* bestimmt. was mit den Ereebnissen aus der (;.-..I.._:;'rr- die diese Meta-
morphose an die Grenze Eozin-Oligozan leot. cul uberemstimmt,

Im Bereich der Amphibolitfazies mii lTemperaturen uber 500°C datieren alle Glimmer mait
beiden Methoden Abkiihlalter. Hier ergibt sich fur die Glimmerpaare eines Gesteins ohne
\usnahme die foleende \lters-Relation:

¥
Rb-Sr . - K-Ara —— - K-Arqg Rb-Sr,

|
i b

Die K-Ar Alter an Hellglimmern sind also stets niederer als die Rb-Sr-. aber hioher a

'!H' i;i!rIiT—".lli'l'. 1‘sl'r'j_q'lu';.l'I'll Inan iIII 'I'l*-ﬂailt, WO Imnan am r‘]h*-lr*rl inil 1'illri' ﬁr*iliiih L.Hllhl-lli"ll
\bkiihlung rechnen kann. die K-Ar Hellglimmeralter mit den anderen Alterswerten, so komm!
man fur das K-Ar System in Muskowit und Phengit zu emer Schliessungstemperatur von
30PL, mit einem Fehler von mind. 4 390 e By

Der Vergleich mit den Rb-Sr Altern an Hellglimmern ist schwierig. da vor allem der
Muskowit mit seinen im allgemeinen recht niederen Rb/Sr- Verhiltnissen mit der Rb-Sr Me-
thode nur schlecht. d.h. mit grossem lkehler, zu datieren ist, Die K-Ar Methode hat diesen
Nachteil nicht, Hellglimmer und Biotit sind im alpinen Bereich mit gleicher hoher Genauig-
keit datierbar. Die Alters-Differenzen zwischen den K-Ar Altern von Hellglimmern und bBio-
titen sind damit gut erfassbar. sie geben die Zeitdauer fiir die Abkiithlung von 350 auf 300°C.
Diese Altersdifferenz ist konstant fiir den Tessin vom Bergell bis zum Val Antigorio, sie be-
tragt hier im Durchsenitt 1.1 Millionen Jahre. Gegen den Simplon zu steigt sie auf 4 und
welter nordwestlich zum Nanztal bis auf 8 Millionen Jahre an. Die Abkiihlung auf 300°C
war also hier, im Gebiet Simplon-Nanztal, sehr langsam. Da man ausgerechnet hier die

ljﬁll;*l{*n Hinlilet[l:'r “III]I'I. IT1 LSS l“l' \hki”ll‘ Hllli dallrlil I“l‘ 'It-III_II"I_*_'*-'_’I‘*-rl'll‘“'il'll“_[_!,l\{'“ -illﬁili‘l'

sehr stark angestiegen sein.
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Die regionale \r'r'll'illlll;_'_ der |\.-\r' \lter. lr.il. xslllrll :|r-ir|’n'r \'h-:-h'f'l'[t'. schneidet alle
tektonischen Grenzen, mit der Ausnahme der insubrischen Linie, die die voralpinen von
den alpinen Altern trennt, und der Simplon-Centovalli-Storung, an der die K-Ar Abkiihlalter
sprunghalt andern. Dieselben Beobachtuneen waren friuher mit Rb-Sr Altern an Biotiten ge-
macht worden, siehe ] AGER et al.. 1967. und Hi NZIKER, 1970. Generell lasst sich zur Abkuhl-
:_‘l“'-l'hil.'llh‘ sdA P E1N, llzih- iHl i'-t"i-lhhl.'lf“tllll lll'r \hl\i'lhlllll: l“ll' -’Hlf‘nﬁ“)lll]j_’ VO '\r*j';nnlrin ullli =|t-1‘
leventina gegen die benachbarten tektonisch hoheren Einheiten hervortritt. Dies lasst sich im
Flall von Verampio mit Rb-Sr Altern an Hellglimmern und in der Leventina mit U-Pb Altern
an Monaziten., siche KOPPEL und GRUNENFELDER. 1975. und K-Ar Altern an Hellglimmern
zelgen. Alterswerte. die ein spateres Stadium der Abkiihlune datieren. wie die K-Ar und Rb-Sr
\lter an Biotiten, zeigen diese Aulwolbunge nicht mehr. Im spateren Abkiithlstadium dominiert
eine regionale Iluﬁ:llll;. die Aufwolbung zur Tessiner Kulmmation ist weilteehend abeschlossen.,
Zur Interpretation der Glimmeralter mag noch bemerkt werden. dass Abkiihlalter stets

lill;lllil.ttlj_'i'_'_ -i.:tl VOIT I\c:?'llu]ﬂ]l'|‘||l|t'~=-r‘]‘ 4]1% 1:|1HIHI|'I'-‘ 0 |It'i':*!"|| lfii* :"HIII\I”IIIIJL_'_:.I'H l'{“_lt!;ll l-

\lll-iwlhiir HHI| :il 11'-Illtxl””]l.|:‘_'f'” "\]ll-lurniln* lIt‘I' lu*r];n'hln;lr[:*“ FI-{‘!-mi[];l'l' 1,:].~1-v- i-h*i]l:* i‘\-\l'
\lterswerte. Dies bedeutet aber auch. dass die sicher ]m-l411-*!.'1H1n1'|=ln-n Pecmatite des Ver-

zasca- Lales gebildet wurden. als die -it'llll'L‘erIII' der Nebengesteine noch hoher war als 3507

RIASSUNTO

TH*"H'._'HHI- (Ju IIIlhhlit';qu' novania nuove eta |'1-\t' f“ [tlill:'!’ilii lIl'Hl‘ \l[ri C.entrali, La MMmay-
gjoranza fu stabilita su coppile di miche coesistenti, gia analizzate col metodo Rb-Sr. Altre
analisi !"I.'..'tl-tii]-llllr '-ill_:flju' miche di Hl'i_'_'llll' egmatica o ricavate da rocee. I riilulut' rocee
yelunnero ‘IHJ‘.hh".:Ili‘. Hlll‘c' ;l||:' l'trlillil‘ l|i ttlji'1lt'+ ;llit']h* || |1'Il]i~[|;lin |H}|;|--il'n el i| |r|;|;im‘1;1~in,

‘\|1ll:|1' HIELEII' lIt'H.'E S0011a a l!l!T'illlillH ¢ lutte If‘ II'I'III'EH‘ [H‘H"st‘llit"llii l];i”LI: ZOna 4 -I;IIII‘HI”*‘
ino alla zona a cianite-sillimanite danno eta K-Ar del Terziario recente. interpretate come eta
di raffreddamento. Le eta K-Ar di raffreddamento indicano. sia per le biotiti che per le mu-
scoviti (fengiti), una distribuzione geografica simile a quella ottenuta per le eta Rb-Sr della
biotite, | leldispati potassici non mostrano alcuna distribuzione sistematica: in aleuni casi essi
offirono eta piu basse di quelle della biotite, in altri casi eta persino piu alte della fengite.

Se 1l tasso di raffreddamento & stato suflicientemente lento da permeiiere alle miche di
concludere la perdita del nuclide figlio in tempi differenti ed oggi misurabili, si osserva in

tna '}.ITr-l r'ur'iiii l| seouente TIIIH|+‘“H lli ela:
Rb-Sr(musc.. feng.)>K-Ar(musec.. fene.)>Rb-Sr(biot.) K-Ar(biot.)

\i'“;l 01 a 1|l'||;| -I;Htl'n“[l' :‘l||=:'l|.l. 1!H\r' ilutte !t" eta ¢|+'H;l lllia'il I'.l]i[l['l“-i‘lll.lllﬂ l‘|i,.l fli l'iil-
Ireddamento, la differenza tra 'eta K-Ar della muscovite (fengite) e 'eta della biotite coesi-
stente varia regionalmente; tale differenza di eta si aggira in media su 1.1 m.a. dal massiccio
intrusivo di Bregaglia alla Val Antigorio: su 2.4 - 4 m.a. dalla Val Antigorio al Sempione; e st
} - 8 m.a. a nordovest del Sempione, a settentrione della faglia Centovalli-Sempione. Si ritiene
*‘!I*' '||il"~|ij fatto i'-]rl'ilr]ll l.‘! variazione rr-_;,'inrhrle* 1]1"!  AsS] l“ -1:“1~1;Itllr'llili 1Ill;1llllu I;I rocela
[rii=-~a|\.‘l Atlraver=o t-jllh'l"'.;{”i: lfl |I‘III|H']':II|II';I iHI”IH'I"HH l'l';i I{' ll‘!ll[lf‘l';illll':' l'll t‘llill.-lll';t [n‘]‘ I;i
perdita dell’argon radiogenico della muscovite (fengite) e della biotite.

l.’area del Sempione deve esser stata sollevata e raffreddata lentamente fino a 300°C: segui
Lin iil'&l-li-.'n i]li'l't'li!i'l!ln l!l'l Las==0 l]l mlIHt'\.'II'Ih'Hln_ 1'Hlllit" inlln'a.llll ll;l“t' ;-Ifu Tl‘l't"“ti I':[I-f";‘l' i l\v-\l'
della biotite. Come venne gia dimostrato con le eta Rb-Sr della biotite da JAGER et al.. 1967.
e da JAGER e Hunziker. 1969. la distribuzione del raffreddamento regcionale tardivo taclia le
principali linee tettoniche ed & rigettato soltanto dalla faglia del Sempione-Centovalli. Nei
primi stadi di raffreddamento, il sollevarsi a duomo delle unita tettoniche profonde di Veram-
plo e di Leventina si & sovrimposto all’innalzamento regionale. Cido & dimostrato dalle eta piu
recenti Rb-Sr e K-Ar della muscovite nello gneiss granitico tettonicamente piu profondo di Ve-
rampio, noncheé dalle eta piu giovani K-Ar della muscovite negli gneiss di Leventina, parago-

nate alle eta della mica bianca delle rocce vicine situate in posizione tettonica piu alta,
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