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[. INTRODUCTION

[t is the intention of this paper to analyze the uplift history of the Central
\lps by using radiometric age data. This approach is based on the fact that different
radiometric clocks are turned on at different temperatures ( « blocking temperatures »)
during cooling or in other words — that the ages are « cooling ages ». When cooling
1S t"""P”[i“”} "“'”l'““t'ii ll} il|i“]'l :HHI erosion. [IH' l'HHlil];_' dZES H‘Tt‘t' o llllii]llt* oppor-
tunity to study the temporal and regional uplift behavior. Uplift rates are therefore
|lI't1|it=[‘lili!lL!l LO 1*1}11““_1:; rales i!l'i'nl‘i“!‘l;l to the i‘*illlé!linll
. r'nuling rales

uplift rates ' _
geothermal ;_*r;uiu*nt

The Central Alps are especially suited for such a study because of the intensive
geochronological investigations that have been conducted and the fast and differentia-
ted uplift of the region. Most previous papers have discussed only single blocking
(emperatures for lerrains ol ri'_;_{inn.;ll i||t*lu|nnr[thi-~|n. I’I'IHH EHH' ‘ AGER [in [ll'{‘“'l ]lii‘s't"
compiled Rb-Sr and K-Ar white mica and biotite data: ArmsTrONG et al. (1966) had
previously compared the biotite K-Ar and Rb-Sr results. This paper combines pre-
viously reported mica Rb-Sr, mica K-Ar, monazite U-Pb and apatite fission-track ages.
The cooling temperatures dated with these different radiometric clocks in the Centra!
\lps are: 530°C for monazite U-Pb: 500°C for muscovite and phengite Rb-Sr:
350°C for muscovite and phengite K-Ar: 300°C for biotite Rb-Sr and biotite K-Ar:
and 120°C for apatite fission-track ages. The different blocking temperatures have
been derived by different methods: for apatite fission-track ages by annealing expe-
riments and. more recently, by dating samples from bore-holes: for Rb-Sr systems by
comparing mica ages to metamorphic isograds: for K-Ar systems in micas by relating
to Rb-Sr data: for U-Pb monazite ages by comparing the Rb-Sr and K-Ar systems.
supported by independent "0/°0 evidence. The derivations of these temperatures are
discussed in more detail in section II. The synthesis presented in this paper should nol
only give detailed information on the cooling history for the different regions of
the Central Alps but it should also provide a check of the different blocking tempe-

ratures in relation to each other.
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In addition to the approach outlined above. uplift rates can be directly calcu-

lated from the apatite fission-track ages. The observed age increases with topogra-

;r]liq- elevation and reflects the time samples at different altitudes succesively passed

the temperatures critical for track stability. This approach does not require know-

ledge of the blocking temperature and the geothermal gradient. It gives an indepen-
res.

dent check on the uplift rates derived from different radiometric ag

-

[I. ANALYTICAL METHODS AND RESULTS

1) FISSION-TRACK MEASUREMENTS ON APATITES

a) ZL‘_l'fH‘I‘;"HH’H.!'”i

The fission-track dating was carried out on concentrates of apatite crystals se-
l““'i!”‘ll from the crushed and ;;rnum! rock -'.um|:h*- h_\ u-in; i1 -hul\in_:_- table. |H':H_‘~
liquids, and a magnetic separator. The size of the apatite crystals ranged between
20 and 150 pm. About 10 - 100 mg of apatite (which corresponds to several thou-
sand grains) is sufficient for fission-track e!;llin;_!;. For rock samples with low apatite

content, the age measurement was carried out on only several hundred single grains

“'lll‘il];_t Illt.* -'E‘Irill'iilinl*- |I]'Hl't‘iil|{‘t‘, dIly hi‘é_llillj_[' was avoided which l'nllfii H'-il[l 11 Tl'iit"x
fading. A split of each sample was irradiated with thermal neutrons. The thermal
fluences fl'iili;_'"fnf_' from 3.84 to 6.27 10" H[*IHI'nll*-_f';r*lll ) were calibrated with COp-

per monitors and standard glasses. The unirradiated and irradiated apatites were

mounted in cold-setting epoxy, polished. etched. and counted under the same condi-
500 nitric acid at 20°C

tions in order to reduce systematic errors. Etching was with 5

tor 45 seconds: counting was with oil immersion at 2500 ¥ magnification. The enti-

re procedure is described in more detail by WacnNER (1969). The ages were calculated

with the l't*t';l}' constant A 8.46 10 'y (GALLIKER et al.. 1970 : WAGNER el

al.. 1975).

b ) Results

The apatite fission-track ages [ilh'illl“!l_}_i those 1'v;mrlm] pn_-xinu_-']} Ir} WAGNER
and REimMEr (1972)) of the Central Alps range from 2.2 to 17.4 m.y. (Table 1)
From these ages several regularities are noticeable. There is a clear correlation bet-
ween the apatite fission-track ages and the topographic altitude of the sampling lo-
cation. The ages increase with the altitude. This correlation can be observed for all
regions ( Figure 1) in which samples with sufficiently large altitude differences exisl

The apatite fission-track ages show a distinet regional distribution (Map 1). Be-
cause of the change of the apatite fission-track ages with topographic altitude. the
ages were reduced to the same altitude level (1000 m) for the presentation in Map 1.
For the reduction. the age vs. altitude curves of the corresponding regions were used

(Figure 1). The sample locations which changed their color by this reduction process
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are indicated by a double circle on Map 1. The youngest ages (< 5 m.y.) are found
in the Simplon area and in southwestern parts of the Gotthard and Aar massifs.
'rom there. the ages increase gradually outward.

The distribution of the apatite fission-track ages does not conform to the gene-
ral tectonic structures and the metamorphic isograds of the Alps. The fission-track

1sochrons cross the Gotthard and Aar massifs and the Pennine region producing an

asymmetric picture ( Map 1).

) frf.:’n*.*'fl.!‘f*fm".;f.ar.‘

'he apatite fission-track ages appear to be unrelated to any known geological
event such as an igneous or a metamorphic phase. However, their systematic regio-
nal distribution suggests a relevant geological meaning. From laboratory experiments

of the track *I&i]!ilif} and from the u]:[:lirulinn ol l|n_= fi“inﬂ-[!‘:n'l\ method to various

seological problems. it is now well established that apatite fission-track ages of plu-

™

tonic and metamorphiec rocks are cooling ages ( WAGNER (1968)). In the case of the
Central Alps, the apatite fission-track ages date the time when the rock temperature
was 1204+ 20°C !]l!l‘in;_{' the Elll'-lIIIl'lHII]H!‘“iIiV t'nulinf_'_' process (WAeNER and REIMER
(1972)).

In annealing studies. a relatively low fission-track stability in apatite was ob-
served at elevated temperatures (Freiscaer et al. (1965)., Naesgr and Faulr
(1969), WacnNeEr (1968), WacneEr (1972). MARrK et al. (1973)). Most experiments,
however, were conducted under « dry-air » conditions which limit their geological
application. According to BurcHArRT and ReEimER (1972). liquid fluids might also
have some influence on the track stability. Therefore, additional annealing experi-
ments more 1']n~1-|} simulating natural conditions are needed for a better understan-
ding of the apatite fission-track « clock ». The most important parameter which in-
fluences the track stability is temperature. Chemical variations in the composition
of the apalites seem to have little influence. The thermal track-fading data of the
various experiments agree very well, with the exception of the data by MARK et al.
(1973); those authors worked partly with fission-tracks which had been already af-
fected by natural annealing. From the annealing experiments (of up to one year in
duration) the ecritical temperatures at which tracks fade are extrapolated to geologic
time. Irack accumulation does not follow a simple « off-on » mechanism related to
a specific temperature. A cooling apatite would succesively pass through three different

temperature zones related to track stability: a zone in which no tracks are recorded

TABLE 2 Upper and lower temperature thresholds, for various cooling rates, between which

fission-tracks in apatite are only partially stable.

\ :Hli]i”_*_' rates | ll‘."_'__i rees per }!‘HI'I 12/ ]”.'_"r 1°/ IHH} I l”:.j"' I ]“;:"- I ’ l“:f"' | _. |“1:" 1°/ ]“}
lemperatures upper threshold (¥) 150 160 170 185 200 215 230
(1n “(.) lower threshold (#%) 40 Lo D0 0 30 105 125

(*) Above which no tracks are stable.

(**) Below which all tracks are stable,

—




t]llt‘ 1O II‘HHIII]I_-‘H' [r;trl-;_ i.;“ii]:g; a4 Zone ill Hhil‘l] I[‘ill']x'— dare [lil!‘[.[il“_‘h I't’t'l!]'lli‘lli 111 |I
lemperalures bel-

nally a zone in which tracks are completely recorded. The threshol
ween these zones depend on the cooling rate. They are higher with a faster cooling

rate. The values for these temperatures are given in Table 2 and are extrapolated
from experimental data. The general xulielil} of the extrapolation was I'l‘l't‘]ll.l_\ con-

firmed by Naeser and ForBes (1976). For cooling rates typical of the postmeta-

morphic history of the Central Alps. the upper and lower threshold temperatures can

be assumed to be about 180°C and 60°C. respectively. As a consequence, instead ol
a singularly defined blocking temperature below which the fission-tracks are sud-
denly aceumulated. there is a rather broad transitional zone of partial track recor-
ding. Hence, the fission-track age represents some time during the cooling process
when the temperature was within the zone of partial track stability. An interpolation
to a fixed temperature can be made and would be about the temperature at which

half of the tracks become stable. In the case of the cooling rates typical for the Cen-
tral Alps, this corresponds, for apatite, to a temperature of 1204+20°C. It should

be noted that the lemperature values given ftor the various da-j_rr:-w of track -l;nl:ilil}
( Table 2) depend to some extent on the etching and counting conditions Theretore.
!i!t'“!it';il t_"-.!u*rjnn-ni;]l 1-”]n“|i””- must he l-nn-.i-.[g-nil_\ ;1]||||it,'|l nol uill_\. iiIH'E!IJ_! the

-l;ilm; but also for the annealine studies.

'’he observed regularities of the apatite fission-track ages are readily explaines
by developing a model in which the post-metamorphic cooling of the Alps is essen-
1 I!-['Illflil"'-t'li

tially controlled by uplift and erosion (Crark and JAcer (1969)). In |
uplift-cooling model. the higher part of a vertical rock column passes the isotherm

critical for track stability before the lower part. Hence, if the age measurements ar
‘*H”il‘il'rli[_\ precise, increasing ages would be expected with hicher location. This ex-
plains the observed trend that. for topographically higher sampling locations in the
same area, older apatite fission-track ages are found than for lower locations From
the slopes of the age vs. altitude curves (Fig. 1), paleo-uplift rates can be calculated
provided no vertical tectonic displacement exists between the sampling locations
T'he areal variations in fission-track ages reveal the regional uplift pattern. Any
one age, therefore, directly gives the time which elapsed between passing the 120°C
isotherm and reaching the surface. Thus. an average cooling rate (and an average
uplift rate, if the geothermal oradient is known) can be caleulated individually for
each sample. In order to caleulate the cooling rates below 120°C, the question arises
which temperature should be used for « today ». One obvious possibility 1s to use the
mean annual surface temperature T, (Eidg. Landestopogr. (1965)). However, the coo-
ling rates hetween 120°C and the mean annual surface temperature are only of li-
mited geological interest. They are not simply related to the uplift rate and the
thermal gradient of the area because they are strongly influenced by the present
morphology. Consequently, they cannot bé used for tectonic interpretations. A second
possibility can be considered in which the present morphology of the Alps is replaced
by a plain surface at an altitude of 2200 meters and a mean annual surface lempera-

ture of 1.5°C. The rock lemperalures Tp of the -;::mllllin;_’ locations are calculated aec-

cording to their depth below this surface by using the mean geothermal gradient of



Y

the area (30°C/km). The altitude of 2200 meters is chosen because the resulling tem-
peratures for the various depths agree reasonably well with those actually measured
in tunnels, {:“l'lili'll}i this model is very erude for the \|[l-. However. !'nn-iih'rill;_" Lthe

youth of the Alpine morphology in comparison to the fission-track ages. the model is

nolt too unrealistic.

i

AR

T'here is another theoretical possibility to explain the regionally changing ages.
namely. bulged isotherms. \Ithough this explanation cannot be completely ruled out.
it is believed to be inconsequential because the observed large age changes over small dis-
stances (e.g., by an age factor of seven over only 30 km horizontal distance) would
t‘e"l]Hir'i'- -_:r"--|u:'it';1|]} unrealistic heat domes.

1T'he geological events dated h} the apalite fission-track ages are of postmetamor-
phic age. This is compatible with the interpretation of the apatite fhission-track ages
as 120°C q-nnlin_u ages 1|Ill‘i|l_1_1 the }lfl‘*“llt'lilllllll‘iIllii' ||]n|if!. The apatite hssion-track
ages are also always younger than the corresponding mica Rb-Sr and K-Ar ages,

which are for their parl controlled ||_\ lhlm-]-.inf_f [1‘H]!H‘I'illlll'1‘-~ of 5300° to 300°C.

2) Rb-Sr. K-Ar. and U-Pb ACE DETERMINATIONS

(1 ) Uethods and results '

Many of the Rb-Sr and K-Ar ages have already been published (GrRAUERT et
al. (1969)., JAceEr and Hunziker (1969). ARNOLD (1972), HunziKER (1974). FrEY
et al. (1976). and Purpy and JAcER (in press)). KorPPeEL and GRUNENFELDER (1975)

have analyzed several monazites from the eastern Lepontine area. the Bergell and

e
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the western Alps using the U-Pb technique. From the Bergell area Rb-Sr and U-Pb

data have also been published by GurLson (1973), GurLson and KROGH (| 1973)

and HAnny et al. (1975). The Rb-Sr and K-Ar techniques have heen described by
WiTHRICH (1965), PUrpY (1972). and Purpy and JAGER (in press).

For mica dating, special care was taken in rock sampling and mineral separa-

tion. The samples were usually collected as single blocks from homogeneous rocks.

the -;f!rll'|'-' S1Ze In'illu at least 30 L:. Ul[i[t' i't't‘uflu‘rtih. two white mica ,‘.Ef'TII‘I'EIIIHH-
are present in the same rock. and the ]rlntttlsgt‘lit-ilx of the white mica concentrales had

to be checked ]r_'». \-I‘E!} If‘i’]ll’lil[lll“ li:li‘rt[\"\l et al. (1968)). To -1_=[:;11'1||l' the two

white mica generations, muscovile and |i]Ii‘|li_'i|f'. the concentrates were !"‘I“'“"““}

ground in alecohol. dryed. and sieved. Very thin mica flakes can be obtained by

this lr.-r|lrli»:lm-,
['he COMpPAarison between zilnu!ih- Gssion-track and biotite Rb-Sr ages is meaning-
Biotite Rb-Sr ages from

En‘

ful only for biotites which give young, Alpine cooling ages.

lower :'—f“”i*‘“ of 1bk|[rim= |1|t-I;m|nr;-|1i~|1| with ;:rnl:]{-n:uliv in!wrpn-t;ninn had to

omitted. All the biotite Rb-Sr ATes have been calculated as hiotite-total rock isochrons
(corrected ages) with the exception of —-;ilil|']1* KAW 370. The biotite Rb-Sr age ol
sample KAW 370 has been calculated with a normal “Sr/”Sr ratio for the non-
|'£“““L’i'11ii' strontium component ( uncorrected ;|_~_Lt*}. The biotite-total rock isochron 1s

based on the assumption that during the Alpine metamorphism the difterent mi-

nerals did exchange their strontium the radiocenic and the non-radiogenic com-
ponen| within a total rock sample. JAcer (1970) showed that, 1n the zone ol

\!]]IIIE. "ti’lt!r"lilf". “l]‘[i']tlllfll FI”III‘IEI"']ifiiii{'II Ili{] OCCLr. III r‘l'lll"\"‘ ".'ﬁfill Ilillii“.‘-[_ ||}1'1'4|-

Rb/Sr ratios. corrected and uncorrected biotite Rb-Sr ages agree within the error
limit. Concordance of K-Ar and Rb-Sr biotite ages can be used to decide which of
the biotite Rb-Sr ages has ceological meaning (Purpy and JAGER (1In press)).
Muscovites have lower Rb/Sr ratios than biotites, phengites being intermediate.
Low Rb/Sr ratios make the yvoung Rb-Sr age determinations difficult : quite often.
igh error limits make a precise determination and comparison with other data 1m-

ossible, ”[iilll‘ white mica Rb-Sr ages can be measured with ili*_’;ll |iI'I‘*'i‘i"’] “”I}

rom rocks with exceptionally high Rb/Sr ratios. very acidic granites, gneisses, and
pegmaltites.
For the age calculation. the I'nllnuin;_- decav constants have been used :

£

Rb-Sr - A 1.47 x 10 ':}
':lefl_-Hh — 2.9591

K-Ar - A: = 0.585 x 107"
A = 4.72 x 10

1.19% 10 l llluhm ’ [\Jfrnln]{’ [\

l‘-,l.-

b ) Interpretation
For a detailed discussion on the interpretation of Rb-Sr and K-Ar mineral ages,
s ] ) ’ . ' - - - - - . < -
see PURDY and JAcER (in press). In the amphibolite facies - staurolite zone of Alpi-

ne metamorphism, it is evident that biotite Rb-Sr and K-Ar ages date a late, post-

metamorphic cooling state. In the Simplon region, biotites from open fissures, which
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must be younger than the compressive phase of metamorphism, give the same K-Ar

and Rb-Sr ages as the biotites from

-

the foliated gneisses in the same vieinity (JAGER
et al. (1967), and Purpy and StarLpeEr (1973)). In the Val Verzasca - Ticino area.
post-metamorphie pegmatites which cut the well oriented onelsses give the same mica

Rb-Sr and K-Ar ages as the gneissic country rocks.

By comparing the transition from pre-Alpine to Alpine mica Rb-Sr ages to

:—.

metamorphic isograds, blocking temperatures for the Rb-Sr systems in micas have been
derived. The zone of intermediate ¢ \Ipine - pre-Alpine) biotite Rb-Sr ages 1s silualed
in the zone of Alpine stilpnomelane. indicating a temperature of 300+50°C for the
opening and the blocking of the Rb-Sr system in biotite. The boundary between
\lpine and pre-Alpine white mica Rb-Sr ages is situated somewhat outside the stauro-
lite - chloritoid transition. Thus, an opening and blocking temperature of 500 +=50°C
had been |m-ll|lutml. Because white micas ( muscovites and 1:||vn}_-;ilv-l can form below
this temperature, their Rb-Sr system in this case will be closed immediately after their
crystallization. In the lower grade of metamorphism, therefore, white mica Rb-Sr ages
date the time of mica formation. Using this approach, 1

e climax of the Lepontine

phase of Alpine metamorphism, the only phase considered in this paper. had been da-

ted ]lj. HUNZIKER (1970, 1974). and JAGER (1973).

n the zones of low ;r;u]v

metamorphism surrounding the high grade Lepontine area. these authors find Rb-S;

white mica ages of 35

- 40 m.y. which are interpreted as formation ages.

ARMSTRONG et al. (1966) demonstrated that hiotites ogive identical Rb-Sr and

IK-Ar ages in the area of the LLepontine phase of Alpine metamorphism. Not only are
the cooling ages the same., but in several cases identical intermediate \lpine - pre-
Alpine ages have been found. Therefore, the blocking temperature for the biotite K-Ar

ages must be the same as the Rb-Sr blocking temperature which is 300+ 50°C. By

comparing the white mica K-Ar ages 1o the Rb-Sr data. Purpy and JiceEr (in press)

. . . = . 1 . . 1
determine a ]t|:rt*|ﬂll_t_1 lemperature of 350°C for the K-Ar system 1 muscovile ana

phengite. This blocking temperature has a higher uncertainty than the Rb-Sr blocking

!I']IIFI!‘I‘JII LliHres,

KOPPEL and GRUNENFELDER (1975) interpret the U-Pb ages on monazites as
crystallization ages. HunNzikKer and JAGER (in preparation) interpret these ages as

cooling ages. T'wo facts supporting this second interpretation will be mentioned here :

other arguments will be presented in section 1V, 4. In the Leventina - Ticino area. the
monazite ages increase with tectonie height within the pile of nappes. samples from
higher nappe units giving older monazite U-Pb ages than samples from deeper units.

In this area. the same effect has been observed with the much younger muscovite

K-Ar ages which cannot be interpreted as formation ages: the age difference is aboul

the same as the monazite U-Pb age difference. This demonstrates that the monazite

U-Pb ages cannot date the climax of the Lepontine phase of metamorphism. Why

should the temperature maximum be reached in the hi;_{]lvr situated rocks before the

lower ones? But it is obvious that the higher rocks cool earlier than the deeper ones.

Furthermore, in the Monte Rose region, U-Pb monazite ages date the time of a later

metamorphism. The maximum temperature reached during this metamorphic phase
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has been determined by "0/°0 measurements to 530°C (Frey et al. (1970)). 1he

Rb-Sr total rock system is older than this phase, the U-Pb age did not survive. 1 he-

refore. in this paper we tollow the illIt‘r!lF1‘IEI!illll of HunziKER and JAGER (1n pre-

ilﬂ!‘ﬂ!ii'll}+ which dssumes a !:||.r|xi1ag I-*rr||u-|1|[||g~ of 530°C for | -Pb in monazites.

[1I. COMPARISON OF DIFFERENT AGES

L.

In principle. the Jdifferent cooling ages measured on coexisting minerals should

allow the -~Iti1|_‘u of the t'uulill; historv of a roek trom o300 to the !ll'i'-={‘11| lemperad-

tlure. However. in [u!‘;aa*lin*=~. there are often limitations |u'i*-rnhw| ||_\ the rock minera-

logy, low maximum temperatures, ete. The biotite Rb-Sr and apalile fission-track

dC> dl'C ““-'H *!Jfft'lf IIIII' +'HHI|I;II'i-HI' |H’1':-|H-t' Imlli’ were rll'tt'l'lllil\{‘tf Ol 1HHOc |'1[:;|I. Fnt'f_\..

\ I;ru \ 'illltll' | ). 1 he diffterence between the Aores of Fil*‘=V LWO

rocks from the Central
1 20°C. and irl*]!i'i'l']!"x

minerals gives the time span during the cooling from 300C to
1s a measure for the uplift rate within this temperature interval. The differences bets

ween the biotite Rb-Sr and the élletT]fI‘ fission-lrack ages range from 5 m.v. Lo 2] . Yy.
‘rf*"} are shown for the various localities on .\liill 2. Their distinet regional distribution
Proves thal Elii*- de l!f”-n_‘t'-:_lnm' !I;1- a :t-n|nu§|-g|; -ilr_rnihrgun-v. -litlt‘ -|||;1”:'-I d 2 C ditle-

rences (5 to 7 m.y.) are found for the Gotthard and the Bergell massits: the Walli-

—

ser Alps southwest of the Simplon-Centovalli fault give the largest age differences | L O

to 2] m.y.).

| ililljtiiri“*lfl of \|;||r 2 with \];||+ | shows that the areas with the fastest cooling

and uplift are not identical for the two temperature intervals 300 - 120 and 120°C-

present surface temperature. This indicates I:-nii“lrai| and t't';:iaullall changes of cooling

and uplift in the Central \lps. Cooling curves for samples from the same region are
similar, but they differ significantly from one region to another (Figures Z2a - 2f).
T'he regions with similar cooling and uplift history are mapped in Figure 3. The Ti-
2d). and the

The uplift

cino ( Fig. 2b). the Gotthard (Fig. 2¢). the Simplon - Antigorio fl"i.‘—'ﬂ

Monte Ifunnal | I‘W;;, jfi'J [1‘;Litl!]~ are well defined fr} their 1||||i?1 [1;1[Ii'l‘|!~.
pattern of the Bergell massif ( Fig. 2a). and the Oberwallis (Fig. 2e) regions are less
uniform and may be further divided with an increased sampling density.

'or the rmnllt-%xiil;[ 1gtwr|lr;:i111| discussion, one to three representative willri[r|1'- were

selected from each region ; their locations are shown 1n [”i;:. 3 rl*llt‘} are selected on

the basis of their different cooling ages., age accuracy. clear age interpretation and

-

1'|£ul*ut*[|‘ri~!it* Ilt"lilkiili'.

All available age data have been u-ruil|]|i|4=1] in Table 3 for these “Ellltlllt'- repre-

sentative of the various regions. The mean ages of the biotite Rb-Sr and biotite K-Ar

-
v

ages have been used. All ages are cooling ages with the exception of the phengite

Rb-Sr age from the Monte Rosa region ( 34.5 m.y., FrReY et al. (1976)). Assuming the

blocking temperatures as discussed in section 11, cooling rates have been calculated for

the corresponding temperature intervals. These cooling rates are the average values

for the threshold intervals and do not reflect variations within the intervals. The
cooling rate for the 350 - 300°C interval has a high uncertainty because the age diffe-

rence between these two rnn!]n;_{ stages is rather small and. in the case of the H:*l'gt'“
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Cooling History of Different Samples from a Particular Region
W

Derived by Biotite Rb-Sr and Apatite Fission Track Ages
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MR ; ; Regions of Similar
i — Uplift History
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- = " il B = | . '.l'l
® oamples selecied 8 = Bergell T = Ticin Gotthard DA = Simpilon=A '
r Fig. 4
W berwallis MR = Monte Rosa

massif, it is even smaller than the error limits on the two age values. The cooling

present rock temperatures have been calculated according to

rates between 120°C and
ill'niii 1““

[i!l‘ LlWO HI!HL.'I- [_‘\i!l:'[il]l'l i[‘.l :"‘;l'i'i;l.lli l! ;fr rl-ili' r*nu!i;]u rale tl*. j“ ":_IHI._\.

5 1 . & - & - .
to 300°C in the Monte Rosa recion can be considered as a minimum value becausi

J

the temperature reached a maximum there of 460°C, 34.5 m.y. ago. 'his temperatu-

re could have Fll'l‘\,u”l*t' for some time.
From the data in Table 3. the main trends of the cooling history ol the Cen-
tral Alps emerge (Fig. 4): The cooling in the Bergell and Ticino regions has generally

slowed ; the Gotthard region seems to have cooled rather constantly at 18C/m.y.

'he Simplon-Antigorio and Monte Rosa regions have experienced a more
i}t‘]‘iull H[ *-lllul‘;'

I’II]HIII"""’I.

history, their cooling was quite rapid in the early stages, and after a
cooling, the cooling rate has again increased considerably. However, cooling to the

same lemperalures took [:lan-v much earlier in the Monte Rosa 1':*;;inn than in the Sim-
plon-Antigorio region. Below 300°C. the cooling pattern of Fig. 4 looks strikingly
‘}'H”H‘Ir'h- around the stable Gotthard region: towards the east. 1'nu|ill_'_‘; has slowed

and towards the west., cooling has accelerated during the past.

The rnulirt;_r rates not only vary with time. they also rll;m;_{f_- within small distances

Such variations of the cooling rates over short distances cannotl be explained by

variations of the geothermal gradient. These regional changes in the cooling rates are
better explained by assuming a differential uplift. This is supported by the fact thatl

the area with the youngest cooling ages is also the area of actual maximum uplift
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[f uplift and erosion govern the cooling history, the high temperature conditions du-

ring the metamorphism must have been caused. to a great extent. by deep lectonic

burial. This supports the ihlmr} of E. Nicerr (1961) and E. Niccri and C. R. NigeL)

(1965). who consider the tectonic burial to be responsible for the increase 11 pressure
(1969)

and temperature during the \Ipine orogeny. In addition. CLARK and JAGER

were able to show that durine the . epontine metamorphism, the geothermal gradients
must have had normal values around 30°( | km. pr.a””_g-_ VM. FREY [Iaf_'t‘hrlilikl COImImmu-
nication) reached similar conclusions based on mineral equilibrium studies. This means
ol -"*"ri”i‘**'l_‘* constant geothermal oradient from the time of the !IH'|-‘.IIIIH!‘{I'1i-IH through
the cooling period. Therefore. cooling rates can be transferred into u]:lii! rates withoul
introducing a laree error. Using a ceothermal gradient of 30°C/km. uplift rates have
been caleulated for the 300°-120°C and the 120°C - present rock lemperature inter-

vals (Table 3). These |r|n|i!"l rates are average values for each lemperalture interval.

ds dare !l!rl f'f”',i“: !'{Ilf'h.
ililll'{ll'llih'lll'_\

' | !
']

irom the altitude effect of apatite fission-track ages. The slopes of the curves 1n Fig

L hese uplift rates can be cross-checked with those determined

dre Ilu-ir'diff rates al the time indicated by the fission track age. |he 1Hri”W rates d
rived by this method for a s<ample should be between those for the 300°-120°C and

& - ) = 1 g ’ . . " : b
the 120°C - present rock temperature intervals. The weakness of this aproas L

in the f“"‘”'inl} that tectonic {Hmid;u1=ntwlu~ may have occurred between the -n!”l'r“'J
locations ; nevertheless, the uplift rates derived from the two different approaches
(Table 2) for the representative samples are In agreement.

The uplift rates from Fig. 1 also reveal temporal changes of uplift for the various
regions of the Central Alps: The slowing of the uplift in the Bergell about 11 m.y.
ago : the acceleration 4d'4r|dif[ in the Monte Rosa and 5i|u|:hnn- \lHi:JlTh' regrons aboul
6 and 3 1.y. ago, i‘l'nfu*rii\vl_x : the rather constant |I|||H'I rate of the Gotthard region.
['he Ticino region would require more sampling from different elevations. These tem-
!nrl'iii r!lunum agree very well with those lll'I'i‘-.l‘fi from the combination of biotite Rb-
Sr and apatite fission-track ages.

';inu||}. we would like 1o [ulhll out that the pattern 5t tha different cooling ages

and their distinet regional distribution gives us confidence about the values used as

blocking lemperatures which have been derived independently and by diflerent methods.

[V. DISCUSSION OF THE INDIVIDUAL REGIONS

[ ) Ticino: In this region, especially the root-zone near the Bergell granite. the Le-
pontine rn{'lartmrpllintlt was most ntense., with a lemperature maximum above 600°(C.,
In this zone of high-grade metamorphism, it is impossible to date the mineral for-
mation. Following the interpretation of Hunziker and JAceEr (in preparation), even
L-Ph ages of monazites date a cooling stage. We can only conclude from the forma-

lton ages of 35 to 40 m.y. around the high-grade region that the main metamorphism

happened at the same time. There is no geo ogical argument for a later metamorphism

[—

In the l'li;_{'ll-;.[l‘aull‘ zone. but there is ;_rnutl oe0 n;_:ir;tl evidence for the l,vpnnlim- meta-

morphism being older than 30 m.y. The Bergell granite is post- metamorphic, younger
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than the Lepontine metamorphism. Zircons from the three main types of granitic rocks
from the Bergell intrusion give U-Pb ages of 30.3 m.y. (GurLson and KrocHu (1973)).
Thus, the Lepontine metamorphism must be older than 30 m.y. According to KorPEL
and GRUNENFELDER (1975) and HANNY ef al. | 1975). the elimax of the Lepontine
phase should be younger. KirreErL and GRUNENFELDER (1975) argue that the monazite

U-Pb ages date the erystallization and not a cooling stage, as previously discussed in

section 1. 2. b.. but this assumplion cannot be -u]qmrlt'w]. In addition to the mentioned

age increase with tectonic height. the monazite U-Pb ages increase oradually from

i]'li'ri.l] LO “'11111l]. LOW El[‘ll“* !]“' ool I'l"‘;_ﬂilil'l_ yilll.[“‘ I"l‘;_"ilI“IEI [I'[‘“[] i"‘ Ell“-li lll'li‘-l[‘["l.f‘ll iIH[' [}Ii"
younger mica ages.

i
&

By explaining the monazite ages as formation ages. one is forced

to assume a movement of the hotest region from south to north - a movement which

1s parallel to the differential uplift. HANNY et al. (1975) determined Rb-Sr and

ll |} dEs 1n lllt‘ lll‘lnn drea. wesl H[ IIH‘ H{‘r‘}_ﬁl'” _ururnh-. ]lli'} ]'1‘|lur'l dil dge

pattern similar to our Ticino data: Rb-Sy biotite ages of 18.4 - 194 m.y.; a
Rb-Sr muscovite ace of 209 == 0.6

L

m.y.: and U-Pb monazite ages between 23

and 24 m.y. On three small adjacent whole rock samples, these authors report

an 1sochron age of 22 + 6

m.y. QLoncordance of these data is used as an argu-

ment that the climax of 3 second metamorphic phase has been dated. The mi-

neral data of HAnNNY er al. ( 1975) can fit our proposed cooling pattern for the Ticino

dl'€e. |..;H' |HIEI|F!”IH'L i'--IH‘II]‘iH]. II'-]II:‘-_ﬂ l‘{'lilillll‘[t'l' '-i?'l‘ “il!HIIIt"*. Ccall ]H‘ 1'Illl‘~ifll_'l't‘l.l d> d

mineral isochron. By using smaller and smaller sample sizes, there would be a transi-

lion from el tnI:||-rnrk lo 2 mi;u-r;a[ i-urh]-un_

'he question now arises. when did the nu-lumurphir lemperature reach its ma-

Xximum ? Our mineral formation ages of 35 to 40 m.v. date the time of mica forma-

tion. |h|:‘i:1;_1 this time interval. there would still be progressive melamorphism with

the production of some fluids for mica crystallization. Fluids micht be produced not

only by rising temperature but also by local movements. Other local parameters such

d = u']li.-hv-ii} nr «l THE'IM illH] |lu'i|l FlH“HIiH[]‘} llli}_{l][ .‘-,l]-én itl”llt‘llt*l‘ [hl‘ hll‘ll]i]!i“ﬂ Hf New

minerals. Thus, we do not think that it will ever he possible to give a smaller range

tor the time of mica formation. If we accept 35 to 40 m.v. to be the progressive side

of the temperature maximum. we have a short time span for the high temperature

interval. In the root-zone of the Lepontine region. KéprPEL and GRUNENFELDER

(1975) report monazite U-Pb ages between 27 and 28 m.y. Thus, the time interval

tor the change from illl‘t't‘i!-éill;_:_ LO 1h*rrvu-i|l;_-' temperature is only in the range of 7 to

L3 m.y. This is regarded as too short for two thermic phases.

I'he Ticino area represents the center of the Lepontine metamorphism ; the dee-

pest tectonic units of the whole Alpine chain are found there. If we assume that. in
the high-grade root-zone. cooling to 600°C happened about 30 m.y. ago, we find
an overall mean cooling rate of 20°C/m.y.. a rather slow cooling. As shown in Table
3 . the cooling rates are faster in the high temperature region, the cooling slows to
the average value in the range of 300° to 120°C. and is follow ed lj}' still slower {_*mx,r|illi_1,_,1r

to the present surface rock temperatures.
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The uplift rate of the Ticino area. determined from the cooling rates and the
age data, has consistently decreased from 1.3 mm/y about 20 m.y. ago to 0.4 mm/y

(average over the last 7 m.v.).

2 ) Gotthard : This region is less well studied than the Ticino area. The eastern part.

—

the Gotthard-Lukmanier area. shows a rather uniform uplift of 0.6 mm/y over the

—

7 mm/v o U.o

last 19 m.y. However, the uplifi may have slowed slightly from 0
f the

massift north

Rl

| - . . .
mm/y about 8 m.y. ago. Apatite fission-track ages in the Aaar

Gotthard pass reveal somewhat smaller uplift rates of 0.4 mm /y during the las

e

)
) I11.V.

(SCHAER el al. (1975)). The uplift history of the Gotthard region (below 350°C)

resembles that of the Ticino region: there are insufficient data in the high tempera-

ture range tor the Gotthard region, In support of the lower grade of Alpine metamor-
!'}”“Hi im the Gotthard area. |||n*|l_;_rilr hb-Sr formation aces of 30 m.y. have been
tfound in the viceinity of the white mica cooline ages ( JAcer. 1970). The uplit history

the Gotthard massif is different from the Gotthard-Lukmanier

ul' i'u' western {*Ill] Hf
3 ).

area and 1s more r]nm-i} associated with the transitional Oberwallis region (Fig.

’ | K ] . a . . s .
> ) Monte Rosa and Scmplon-Antigorio regions: Both these regions are separated Dby

the Simplon-Centovalli fault which offsets all the \lpine mineral age zones. The Monte
» " . - - ¥ - = - - et : . | .
ll”*.i resirorni 1'<nrlr‘!f !H‘]HI'I' llh' .""IHlf*iHH=\IIII:HE‘IH rcgl1011., [l}t' comparisoil ol ”“ i”H“E!-

: e § ol . - : I : . : . : v
Rb-Sr and apatite fission-track ages gives some information on the age of the Simplon-

' |

Centovalli fault. On Map 2, showing the regional distribution of the difference bel-

ween the biotite Rb-Sr and apalite fission-track ages, the Simplon-Centovalli faull

"f““'I'i.‘ divides age differences of |5 m.y. in the southwest and age diflerences

F” !H.j‘u. 1 1] Iil‘t' TI“I'”I%‘:’I*—-!_ |j|| \[“I' r “.j”: ll“l‘n f]“- ;|I|;||ili' !i-*-il”l-“'i!u"L aA0es. !llr' !Ii=

'IHf'[!HH ]H'f‘nl'!'ii |IH‘ L WO mi,-f:_-_ H!‘ ”“l ;1;“]![ i-- u[i“ i‘\.i(h'lll_ |l||m j]““r”[g*m !|]=-1; [i-.-|,,“'“-
and that the

ago)

iil'IHII} ;ilnw_l_ this j'””][ started 1|ui!|- early | more than 10 m.v.

tault was still active in the last 3 m.y.

Below 300°C. the uplift rates in both regions increase with time from U LO

0.7 mm/y about 6 m.y. ago in the Monte Rosa region, and from 0.7 to 1.1 mm/y
in the .b;"illl]bl’nll- \Illi;ﬁlnrin recion about 3 m.v. ago, 1This 1s 1n acreement with the actual
present ']H} li;l“i'f rates. measured IJ_\ the l‘:iil;_{t‘l‘lﬁh'-i‘l'lit' l.iirilhwlu[m}_*l‘:l['lli" (In prepa-
ration). Uplift measurements along the Rhone valley show a distinet maximum near

Brig. just north of the .‘"*Huplnn area where the youngest apalile fission-track ages are

f'HIHHJ.
['he l|i__~_a|r heat flow difference of 0.92 heat flow units between the .“;im;nhl!l and

the Gotthard tunnel has been explained by CLARK and JAcEr (1969) as due mainly

to differentia] uplift. These authors assumed a constant cooling rate from 300°C to
the present temperatures. The new fission-track data give even stronger support to the

differential uplift theory ; the fission-track ages are much younger in the Simplon

-} . . % |
(2.0 m.y.) than in the Gotthard region (7.7 m.v.).

J . 1 o , e dh . - . . - -
l) Bergell region: The Bergell intrusion is a rather complex intrusive sequence in
the eastern part of the Pennine root zone. We have selected the Novate oranite from

the western part of the Bergell complex as a representative granite. From geological




.)]

evidence, the Novate granite seems to be the youngest granite of the whole intrusive
series. l'his granite has been selected because many age data exist on different rock
samples from this intrusion. Although the Bergel] series is situated in the area of the
highest grade ol Alpine metamorphism, it cooled earlier to the 350°, 300° and 120°C
temperatures than regions with lower grades of Alpine metamorphism. This means
that the uplift through the 350°C temperature gradient has started soon after the cli-
max of the metamorphism in accordance with the information reported by GuLson
and KrocH (1973), who found zircon ages of 30.3 m.y. from three different types
of granitic rocks, including the Novate granite. This age has also been measured on
zircons from Bergell granite boulders embedded in molasse sediments in the Po plain
and is interpreted as the crystallization age for all three granite types. Biotites from

'} 5+1.4. 27.8+1.3. and 28.3+2.6

-

the same boulders oive K-Ar ages of 27.7%+1.3. 2

m.y. We intlerpret these K-Ar ages as cooling ages to a temperature somewhat higher
than 300°C because the faster cooling rate establishes a higher blocking temperature.
I'his means that from 30.3 to 28 m.y., the temperature must have dropped from mo-
re than 670°C to a temperature slightly above 300°C. a cooling rate of aboul
150°C./m.y. This cooling rate is much faster than any other cooling rate found so far in
the Lepontine metamorphic terrane. This rapid cooling means cooling from a magmatic
state. not controlled by uplift and erosion, and that the Bergell granite, at least its
Lpper ]n‘H'l H!Iii']l [H'Hllil[‘l'tl llll‘ 1ll|t||l|t‘|'-. ]lil- i!lil‘lll]t‘ll I]H' {'nn“]]u lHln-i-i]]q*IuHHr”lllii'

country rock. Well developed zones of contact metamorphism in the northeastern part

H|- |F‘H' :_:T‘illlih‘ nll[rlnl[‘l !l'li- l'nﬂl'lll-ilhll.

Recently we measured more ages of 38 m.y. to the east of the Bergell intrusion.,
the same age as in the other regions of the Lepontine metamorphism. This indicates
acain that the ;l‘éllliin' miruded into a rnn]in;; country rock. A t|tit*-linrl NOW arises
concerning the formation of the Bergell granite in the time and the region ol a rapid.
early uplift. We think that the Bergell magma formation has been caused by the fast
uplift, when the metamorphie temperature was still high. There are indications for
additional magmatie activity in the area. To the west along the steeply dipping root
zone, many pegmatites have been found. Towards the root-zone. from north to south,
we find an increasing grade of metamorphism and higher cooling ages as compared
to the Ticino area north of the root-zone. Again, we observe a causal connection bet-
ween the magmatie activity and the high grade metamorphism with the early uplift.
T'hus, we feel that the Bergell granite is not a product of the Lepontine metamorphism.
it is rather a product of the early and rapid uplift following the metamorphism.

The mica cooling ages in the Bergell area show a strong regional variation.
Biotite Rb-Sr ages decrease from 29 m.y. just north of the Bergell granite to 18 m.y.
i the Novate granite, which is situated 25 km to the southwest. Here the east-west
age trend is superimposed on the variation with regional height, the samples from
the east having higher tectonic positions. The enormous regional age variation is clearly
seell i!l IEH' Nn\.'ith‘ ;_,"l‘illlilt‘. T]lt‘ N{n:llt‘ ;_ll*illlih‘ Ill‘nni i:lltlt‘l‘;_l_ nl;h-h i_-. _-.iluulml _fl L‘.IH

to the northeast and 500 m higher than the western Novate oranile, has a biotite

Rb-Sr age of 21.3 m.y., 3.6 m.y. higher than the age from the southwestern Novate
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granite which is 17.7 m.y. The two granite samples show two distinet parallel cooling

-

lines.
T'he interpretation of the monazite U-Pb data from the Novate oranite seems dif-

\s had

r

dJC

ficult, and at first glance, incompatible with the interpretation as cooling ag
Jn_=ml lrlmliinnt*f] in section 1I. 2 b I"U-f'l’i‘!-lld ilIl:] “IHH\lu.‘\!-'f-il,lllnli ( IUT-'” report a mo-
nazite age of 26.0 m.y. for the granite and 30.5 m.y. for a monazite from an inclu-
sion in the granite, which the authors use as an argument for the interpretation of mo-
nazite ages as crystallization ages. In this respect, two additional facts should be dis-
cussed: 1) Under the slowly changing conditions of regional metamorphism, mineral
In resistant rocks can survive temperatures which are much higher than their
1965). Those authors were

Aoes

%

opening or closing temperatures (ArNorLp and JAGER.
able to show that in an ultrabasic inclusion. the pre-Alpine Rb-Sr age of biotite did
survive a Illt'[iHIIHI'flhil' lemperature of at least 400°C. with intermediate and wr!llllff'-
tely rejuvenated cooling ages around the inclusion. The resistivity of the rock againsi
metamorphism seems to be caused by the lack of fluid phases. preventing the minerals
from recrystallizing, The monazite age paltern is similar to this Rb-Sr example, whe-
reby the inclusion has an older age than the granite; 2) Data should not be compa-
red from faster magmatic cooling to slower cooling after a metamorphic phase. As
had been shown in section II. the blocking temperature is dependent on the cooling
rate. In the Bergell, we do know that the hirst cooling must have been very rapid, cer-
i;lirll_x much faster than the regional cooling in the other areas. Thus. the U-Pb mo-

nazite ages trom the Novate granite do not assist the irtlm'pn-lal[iurl of U-Pb monazite

ages from metamorphic terranes.

In summary, the initial fast uplift rate of | mm/y in the Bergell region has

"””“I*H'HH_‘» slowed :f!lrill;: the past, from 0.7 mm/y 20-15 m.y. ago. 0.4 mm g aboul

| 3 Im.y. ago. and an daverage of 0.2 ”””_J-'} over the last 13 m.v.

2 ) General remarks : The eflects of two 1“”{‘[1‘11[ lypes ol ll[i“f‘[ mechanisms have

been found in the Central \lps. In the early stages of cooling. we find the mineral

vosition. 1his

ages 1o be 'h'l”'*h'fli on the tectonic l]:fif_rhl. older ages 1n hij_{lllf‘l' leclonic
f‘-l'.}‘l't'! }Iii: nol 'H"l*ll l'numl In IIII_' younger Hlillf‘l';ll ages lu‘q-u“-{- I,]f' in*t‘-i’]l[ elevation 1n-
fluences the age result. For example, the muscovite Rb-Sr age of the granite-gneiss from
the deep Verampio window is younger than all the muscovite ages with higher tectonic
position around the window. But the Rb-Sr age of the biotite is the same as the biotite
ages from higher tectonic rocks. This shows that in the early stages of cooling, the
updoming of the deep Pennine units to the Ticino culmination is superimposed on
the regional uplift pattern.

In the later uplift and {'nuling stages, the connection to the tectonic position 1s
lost and the uplift proceeds in an unpredictable manner. Also, the association with
metamorphic isograds is lost with continuing uplift. Although the youngest Rb-Sr
cooling ages are situated in an eccentric area, as compared to the mineral isograds,
the older zones of biotite ages around 30 m.y. still show a symmetric arrangement 1o

the metamorphic isograds. This symmetry is completely lost when considering the youn-
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ger apatite fission-track ages. The more recent uplift is less dependent on the condi-
tions during the metamorphism. As an example, the older fission-track ages (= 10 m.y.)
in the Bergell area have no western counterpart. The regional uplift bends and
breaks the ecrust. During the regional uplift period. the great important break in the
crusi accurs as the Simplon-Centovalli fault. So far we have notl been able to detect a

diffevential uplift across the Engadine fault but the fission-track data from this area
are few.
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ABSTRAGCT

l'he post-Lepontine cooling and uplift history of the Central \Ips was determined by two

different methods: a) various radiometric ages date the cooling at distinet temperatures - mo-

nazite U-Pb at 530°C. muscovite and phengite Rb-Sr at 500°C. muscovite and phengite K-Ar

at 500°L, biotite Rb-Sr and biotite K-Ar at 300°C. and apatite fission-track at 120°C; uplift

rates can be calculated using those temperatures and assuming the geothermal gradient, b) apa-

tite fission-track ages can be used to determine the uplift rate independent from the veother-

mal gradient ;l«ull]il[:linl‘l: the obzerved Jllli'l't'iiul* of dges with [n]hn_'_'r;ll;]liu' altitude deflects the

uplift of a vertical rock column. As applied to the Central \lps, both methods agree on the
Hp““ ||i-turj..
In the Central Alps, the following regions had recognizable characteristic uplift histories:

the Gotthard region had uniform uplift for the past 19 m.y. at about 0.6 mm /v: the Ticino

area had a continuous decrease in the uplift rate from 1.3 mm/y about 20 m.y. ago to 0.4

mm/y for the last 7 m.y.; the Bergell region had even a more pronounced decrease in the

uplift rate. from 1 mm/y 25 m.y. ago to (.2 mm/y for the last 13 m.y. The Bergell intrusion

was probably a result of the fast and early uplift, In contrast. the uplift in the western part

of the Central -'&[In.. has accelerated from 0.0 mm/y to 0.7 mm:f":,- about 6 m.y. ago in the Monte

Rosa region, and from 0.7 mm/y to 1.1 mm/y about 3 m.y. ago in the Simplon-Antigorio

region. A present day maximum uplift is observed in the upper Rhone Valley just north

of the Simplon area.
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ZUSAMMENFASSUNG

Hebungsgeschichte der Zentralalpen wurde auf zwei

Die postlepontinische Abkuhl- und
\lter datieren die \}ll\lril

{al \rr'-['llir'rif'lit* I';H]inllll'll'inl'}ll‘
Monazit U-Pb auf 530°C. Muskovit und Phengil
Rb-Sr und Biotit K-Ar aut

verschiedene Weisen untersucht.
lung aul unterschiedliche Temperaturen:
Rb-Sr aul 500°C, Muskovit und Phengit K-Ar auf 350°C. Biotit
300°C. und Apatitspaltspuren auf 120°C. Aus den Abkiihlraten lassen sich unter Annahme eines

'.;*‘”lFlr‘f'rII'F-i'll-'t] '[-'r‘miir-ufrn I]I"Ilii'i];_"'fllfl'rl |n-r‘1'~'|111+'rl_ flrll ! H;ihlliiﬂ;i: nilnnll LilIIH-'H Ili’:-ura:h

raten auch direkt aus \;ﬁJ[iinp;ﬂl-]ulr-4|Jfrwr;t abreleitet werden. Die beobachtete Zunahme die-

sCL HI!"!’ lll-il T"[!lr:r'd[rlli-1'ilz'l' ”n]n- -Jlir':t‘Fl rfir' “t'l';lli~|1f'ilul|: r-inn']" tt-IEi|x.l|-'rI ';H""?l'llhnll!!i'

wider. Ancewandt auf die /\*nlr.d;ﬂi-rrp erceben sich nach beiden Methoden tubereinstimmende

“-‘}rilll'_--hlir'ﬂ_
lrr I!*‘H /r'r:lr',ﬂ.ljlr:'tl urir'fif-n t'u[;c-miu {.n*lrir'lu' 11l r|15H'.1LII*ri-I|-—;|n'r'
19 Ma ziemlich gleichiormie mal

| 3 mm/a vor 20 Ma

lil'irrll-*l-_'-«_'r-- hiu'!ﬂr-

erkannt. the Gotthard Gegend wurde in den vergangenen
herausgehoben., Im Ticino hat die Hebung stetiz von
Ma abrenommen. Noch stirker war die Verlanesamung der He-

IHIH__' iHI !tl*-ff.'__“f'!'ru"l, ViOIl 1u+‘j| ii]lt’!' I Immnm,;a vor _'1.. l"'tll' -lIII ). 2 IT1In / A 1.|l'i" fl'i.r".ll'lf ‘Ir "rIat. I“r‘

der schnellen und frithen Hebung., Im Westen der

rund (0.6 1am/a
aut 0.4 mm/a der letzten
Bervellintrusion ist wahrscheimnlich eine Folee
H{VIIIFindlvwll hat sich die Hebung dageven beschleuniet. von

ungefahr 6 Ma in der Monte Rosa Gegend und von 0.7 mm/a auf 1,1 mm

"si..’l i]] rir']" "'-F.Hil,ru’lnﬂ- .'HH'_'_fu;,fn !.r-._:*“;l_ !!“'I' '“” Hl..-['n'” “IHIIH'L'II 'l..ﬁ.fl'lf ;1”1'“ F]l'tl!r- IIrH'i'E t'ill

0.3 mm/a aut (.7 mm/a vor

a vor uncelahr

VMaximum der rezenten Hebune beobachtet.

RESUME

|-*-"I-H]HIIHH I”lhi-l.l'[lilllfilll* 1l]l ‘*“HII"'-l'TH*‘”T | Erl‘l.fll.llli‘-'-{‘IIIT'IIE l|1‘= "1.““'* ( I‘i'l“'.'i[i'- el 'J'i

téerminée par deux methodes differentes:

a): Iivers aces rdrihmrrh*lriqllu- datent Jiif.ﬁw-lnl-mIn*Hi]aﬂrwtlulw-u de refroidissement: monazite U-Pb
muscovite et phengite Rb-Sr sur 500°C, muscovite et phengite K-Ar sur 5507

S111 5300°( .
1 1'HHII If"- iraces tir Ti~=iur1 ril‘ Ii.l|l;llll|=* 178 I._'"‘

biotite Rb-Sr et biotite K-Ar sur 300°(..

.""ll]*[rlr-LHII Il' j_'!';iu“rni j_--'-quFli‘l'llliqllt'* on peul l-;1|q-u|u1- de ces dates e n-t;-“idiu.-“n-,ul et la

% -[Ir'--l' l]r' -1r”'!t.'1kl‘]]|1"||£,
b): La méthode traces de fission appliquee a |apatite donne diréctement la vitesse du soule-

vemenl: l.;tll;lllt'lil;liilrll :]:-- i‘i:!‘h rnI'I‘u'-ft' avee ]-;|IIE|‘|[:L~ anlnqn_:r'.[[|||i1||[|- rf-“q-c-i‘p l]i['r.'l lement

[a vitesse du soulevement d une colonne rocheuse verticale,
[.es deux méthodes donnent les mémes resultats concernant la vitesse de souléevement dans

I!"- \I[”"- t:l’llfl'.llt'- nlfl ol }H'II! l“=|i!l;tlr'[ lIi”.r-']"I'”il"- ZOIeés [llli <0nl f'll;ll';ll'l|-'I'i-t.'l"-n [i;!l' | |IJ-Ii,|]|'+'
vitesse du soulevement tres constante.

i{l‘

1fu ~ru||Lxr-u1¢er, 1.4 iW::iirﬂ -fu !;uﬂt;trwl monitre une

vitesse de soulevement a diminuee

0.6 mm/a, depuis les derniers 19 m.a.. Au Tessin. la

7 m.a. Cette diminuation de vilesse

1.3 mm/a avant 20 m.a. au 0,4 mm/a pour les derniers

de soulévement est plus prononcée au Bergell, de 1 mm/a avant 25 m.a. sur 0.2 mm/a pour
- " 5 g X = . . N = ) . .ln.'. .
les derniérs 13 m.a. Probablement, la formation du magma granitique de 1’intrusion du Bergell

esl une i'flti-¢"+|th*nr'i* d un sounlevement tres vite au I'i']]IIH-‘i"IIi|IlI't'- hautes. Au contraire, a I"Ouest
IIF"- \l'[w-u [..t’llfr;lll"-, |';1 1i|1'r-~r' lfn- -[;lulih*w'nu'nl "‘;H‘i‘t'“ll‘l'.'llll. lll' {).o iIlII]_";l .-l A Imimn,/ avanil

6 m.a. dans la réeion de Monte Rosa et de 0.7 mm/a a 1.1 mm/a avant 3 m.a. dans la region
du f"‘iﬂj[:!‘ﬂll an Antigorio, [ci, a la vallée du Rhone -.uln'trjrnn- on peul observer un maximum

de vitesse du soulévement recent.
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RIASSUNTO

La storia |"'“|'|"]"’1‘|i'|il del csollevamento montuoso e del raffreddamento delle rocece nelle

\i]" Lentrali e stata 'it‘lt'l'llliilgil;i con due metodi diversi. \) varie eta radiometriche datano
tl rafireddamento a temperature ben distinte - monazite U-Pb a 530°C. muscovite e fencite

Rb-Sr a 500°C, muscovite e fengite K-Ar a 350°C., biotite Rb-Sr e biotite K-Ar a 300°C. ed infi-

ne le tracce ‘-Il fissione 11*'”‘;1;1‘”1“!' a 120°(.: 1 tassi i --nl|t"-..l[!‘5|l‘lltn <1 POsS=0110 l'ilh'niill'!' .,1lillill‘—

l';ill*]H queste

[='I'FI|'I'I'I'.'.I'EIH'1‘ e 'll'l"-llllll‘lhru || :l'.'ill“i‘lllr ;_lr'nll't'l‘ll-ll'u_ HI -i [nr--llllu l1=area ||“ 2la

delle tracce d lissione *I'“”-“!"”“" PEL determinare 1l tasso di sollevamento anche 'IIh}l[:-rI]i'l‘[I'[r-

mente dall assunzione i un _'-_-t'.'nli--nhr ceotermico: 1l constatato meremento i (queste eta con
l"altitudine topograhica rispecchia il sollevamento di una colonna verticale di roccia. Entrambi

i le'fln-!i rulluulli.‘”lu |H"r' 'i”;"”"

ricuarda la storia del sollevamento delle \.[|:i (.entrali.
Nelle stesse

‘*Il"' 'I."““'#ll.[ Vennero riconos illll' It* seouent !'l"_'.sllll'li con storie caratteristiche

di sollevamento: la regione del Gottardo subi durante oli ultimi 19 m.a. un sollevamento uni-

lnr'nn- .ii IIEI'=.1 .0 IMmmm /a: Hr”J !'l':;itilll‘ lfr‘| T."f !-HH i| fassn 1|i wr”r"h;ilfh'rlln 1“!!1'”\!1] i.‘l COontl-

nuazione da 1.3 mm/a in

atto ecirca 20 m.a. fa sino a 0.4 mm/a durante oli ultimi 7 m.a.:

AllCor:g F'ill [l"1ll'lli”.1'j.{|-'.| 1.” 'il I.Ilil.l,-"ilrll:‘ 1|t"! | ASS0) rf| ‘1|||l"'l.£””|'“1“ ”1“.-[ T'ti_l-_r'i|]|’:|-" fft f;r; :,;:f.ll,l-11

da oltre 1 mm/a m atto 25 m.a. fa sino a 0.2 mm/a durante ¢li ultimm 13

m.a. L. intrusione
di Bregaglia fu probabilmente il risultato di

un antico e rapido sollevamento. Al contrario.

1l sollevamento nella parte occidentale delle Alpi Centrali subi un’accelerazione da (0.3 mm/a

a U,/ mm/a circa 6 m.a. fa nella recione del Monte Rosa.

3 IM.a.

e da 0.7 mm/a a 1.1 mm/a cirea

la nella regione del Semprone-Antigorto. Anche ogei un valore massimo del solleva-

Imento =i s=e1rvia II1'||¢I \;hH.'H.'I -llln'l'inrt' 1||‘| Hfuf;uln, i”"'f'ri“ a |||.|'.] ilf'”i.ll':*;! 'i*.] _--..¢~”1I.'r”““_
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