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SCHWEIZ MINERAL. PETROGR. MITT. 79, 353-362, 1999

Eo/Oligocene (35 Ma) high-pressure metamorphism
in the Gornergrat Zone (Monte Rosa, Western Alps):
implications for paleogeography

by Daniela Rubatto!? and Dieter Gebauer !

Abstract

Zircons from a phengite-rich metaquartzite of the Gornergrat Zone (Monte Rosa nappe) have rims with irregular
shape and weak cloudy zoning. Their apparent ages scatter from Late Permian to Eo/Oligocene. These rims are
thought to have formed during a metamorphic event, which is dated by the four youngest rims that have very low
Th/U ratios and yield an age of 34.9 + 1.4 Ma. The rock paragenesis (quartz, phengite, epidote, albite and titanite) in-
dicates equilibration at HP conditions (P < 14-15 kbar and T < 500-550 °C) and is not compatible with greenschist-
facies retrogression. Based on the rock assemblage and the geological evolution of the area, this age is interpreted
as dating the high-pressure/medium-temperature metamorphism in the Gornergrat Zone. The new age confirms the
hypothesis of Tertiary subduction in the Western Alps. The metamorphic assemblage in the sample dated is very sim-
ilar to the one found in high-pressure rocks of the Monte Rosa basement, suggesting that these two units shared the
same Alpine evolution. In our view, the new data are best explained with a paleogeographic location of the Monte
Rosa nappe on the European margin of the Tethys.

Keywords: Gornergrat Zone, Monte Rosa, SHRIMP, high-pressure metamorphism, zircon geochronology.

Introduction

The age of high-pressure (HP) metamorphism in
the Western Alpine nappes has been a matter of
debate over more than 20 years. Its understanding
is crucial for geodynamic models and paleogeo-
graphic reconstructions. Several geochronological
works indicating Late Cretaceous to Early
Oligocene HP metamorphism in the Western and
Central Alps have been produced in recent years
(Fig. 1a). They comprise dating of garnet by
Sm-Nd (BECKER, 1993; BOWTELL et al., 1994) and
Lu-Hf (DUCHENE et al., 1997) as well as U-Pb
dating of titanite (RAMSBOTHAM et al., 1994,
INGER et al., 1997) and zircon {GEBAUER et al.,
1992; GEBAUER, 1996; GEBAUER et al., 1997; Ru-
BATTO et al., 1998; RuBatto et al., 1999). These
data contrast with the previous idea of a long-liv-
ing subduction from Early Cretaceous to Tertiary
(for a review see HUNZIKER et al., 1992). The new
data have shown that subduction in the Alps was

diachronous in the different part of the chain, fol-
lowing the Cretaceous paleogeographic location
of the present tectonic units (RUBATTO et al.,
1998). However, this new model still needs to be
confirmed in some portions of the Western and
Central Alps and to be followed up in the Eastern
Alps.

This work contributes to the new picture of
Alpine Tertiary subduction by presenting the first
U-Pb age determination on zircons from the
Monte Rosa (MR) nappe. The new age has impli-
cations for the Cretaceous paleogeographic re-
construction of the Alpine area. In the text Euro-
pean margin refers to both, the European conti-
nental block and the Briangonnais domain. This
latter is a continental block located on the Euro-
pean side of the ocean and detached from the Eu-
ropean plate by the Late Jurassic-Early Creta-
ceous opening of the Valais ocean (e.g. STAMPFLI
et al., 1998).

! Institut fitr Isotopengeologie und Mineralische Rohstoffe, ETH-Zentrum, CH-8092 Ziirich, Switzerland.
2 Present address: Research School of Earth Sciences, The Australian National University, Mills Road, 0200
Canberra ACT, Australia. <daniela.rubatto@anu.edu.au>
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Geological setting

The MR nappe is a slice of continental crust lo-
cated in the Penninic zone of the Western Alps
(Fig. 1a). It is tectonically emplaced between the
ophiolitic nappes of Antrona and Zermatt-Saas-
Fee, which separate the MR from the underlying
Briangonnais domain and the overlying Aus-
troalpine (Sesia-Lanzo Zone), respectively (Fig.
1b). The MR nappe is composed of a crystalline
basement overlain by a thin sedimentary cover.
The basement mainly consists of Variscan meta-
granites that intruded paragneisses. The cover in-
cludes the Furgg Zone, a sedimentary-volcanic se-
quence of presumably Permo-Carboniferous age
(BEARTH, 1952 and 1964; WETZEL, 1972), and the
Gornergrat Zone (Fig. 1¢). The Gornergrat Zone
is a thin slice occurring between the Zermatt—
Saas-Fee ophiolites, remnant of the Piemontese-
Ligurian ocean, and the MR crystalline basement.
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It consists of gneisses, micaschists and quartzites
with variable mica contents. The Gornergrat Zone
has been mainly investigated by BEARTH (1952
and 1964). Most of the sequence has been de-
scribed to be derived from sedimentary rocks, but
part of the albite-muscovite gneisses may repre-
sent volcanic (rhyolitic) intercalations (BEARTH,
1964). The age of the sequence is constrained by
conglomerates at the base, which are interpreted
to represent Permian Verrucano, and cornicule of
presumed Triassic age in the upper part (BEARTH,
1964; BEARTH and SCHWANDER, 1981). Although
a stratigraphic primary contact with the basement
of the MR is not preserved (BEARTH, 1952), the
Gornergrat Zone, because of its stratigraphy and
tectonic position, has been always regarded as the
cover on the MR basement (BEARTH, 1964;
BEARTH and SCHWANDER, 1981).

The MR nappe records Alpine eclogitic meta-
morphism and a later greenschist-facies retro-

Zermatt . Saas-Fee

Antrona

10 km
11 Southern Alps #<J Monte Rosa nappe
[ Sesia-Lanzo Zone Briangonnais domain
B Ophiolites T Helvetic (European margin)
Dent Blanche nappe b)

rk

Valais basin

-| Lepontine nappes Briangonnais domain

! i Helvetic (European margin)
- Piemontese-Ligurian ophiolites

~] Monte Rosa crystalline basemet
Il Gomergrat Zone Zermatt-Saas-Fee
Furgg Zone

Briangonnais

Lepontine nappe c)

Fig. 1 (a) Simplified tectonic sketch of the Western Alps reporting the geochronological data in support of Late
Cretaceous-Tertiary subductions. Ages are given in Ma. Units derived from Adria: Southern Alps, Sesia-Lanzo and
Dent Blanche. Units derived from Europe: Helvetic, Brianconnais, Dora Maira, Gran Paradiso, Monte Rosa (MR)
and Adula-Cima Lunga. ZO = Zermatt-Saas-Fee ophiolites. The rectangle corresponds to figure 1c. (b) Schematic
profile across the Western Alps depicting the tectonic position of the Monte Rosa with respect to the ophiolites (sim-
plified after PoLivo et al., 1990). (¢) Geological map of the Monte Rosa region and sample location. After BEARTH

(1952) and WETZEL (1972).
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gression. The metamorphic conditions have been
estimated in the basement rocks. The peak was
reached at around 500-550 °C and 10-16 kbar
(CHopPIN and MoNIE, 1984; DAL Piaz and
LOMBARDO, 1986; BORGHI et al., 1996).The green-
schist-facies overprint implied decompression to
~ 5 kbar and ~ 450 °C (FRrEeY et al., 1976: BORGHI
et al., 1996). BorGHI et al. (1996) proposed
that the low-grade event was prograde and fol-
lowed cooling to 400430 °C after HP metamor-
phism. This reconstruction would imply that the
P-T path of the MR was characterised by two
peaks at similar temperatures but very different
pressures.

In the cover unit of the Furgg Zone, garnet-
omphacite-glaucophane assemblages overprinted
by low-grade assemblages have been described by
WETZEL (1972), suggesting a similar Alpine evo-
lution of basement and cover. In the Gornergrat
Zone indication of HP metamorphism are pro-
vided by the presence of high-Si phengite in the
metaquartzites (CHOPIN and MONIE, 1984).

Petrology

Sample description: The metaquartzite sample
GOR?2 was collected near the Gorner glacier,
along the path to the Rotenboden train station
(Fig. 1c). In this locality, quartzites varying in mica
content and grain size form interbedded levels up
to 20 cm thick (Fig. 2a). The sample GOR2 is a fo-
liated rock (Fig. 2b) composed of quartz (55%)
and phengite (40%) with minor epidote, titanite
and albite, which display equilibrium textures
with the phengite. Carbonates occur occasionally
as ribbon parallel to the main foliation or associ-
ated with epidote. Accessory phases are apatite
and zircon, which was found as inclusion in phen-

Tab.1 Representative analyses and cation proportions
of phengite, titanite, epidote and albite.
Phengite  Titanite Epidote  Albite
(rim)

Sio, 49.36 30.12 37.41 68.68
TiO, 0.59 37.08 <0.08 0.00
ALO; 25.96 2.20 2427 19.57
Fe,0; 232 0.00 12.15 0.00
FeO 2.83 0.67 0.00 0.00
MgO 248 0.11 <0.08 <0.08
CaO < 0.06 27.37 22.76 < 0.06
Na,O <0.15 <0.15 <0.15 11.81
K,O 11.68 <0.05 <0.04 0.17
H,O 4.41 0.41 1.87 0.00
Total 99.65 97.96 98.46 100.23
Si 3.357 0.995 2.995 2.988
Ti 0.030 0.922 0.000 0.000
Al 2.081 0.086 2.290 1.004
Fe(I1T) 0.119 0.000 0.732 0.000
Fe(II) 0.161 0.019 0.000 0.000
Mg 0.251 0.005 0.000 0.000
Ca 0.000 0.969 1.952 0.000
Na 0.000 0.000 0.000 0.996
K 1.013 0.000 0.000 0.009
Cations 7.013 2.996 7.969 4.998

Analyses performed with a JEOL 6400 SEM fitted with
an EDS detector.

gite. Low-grade retrogression is documented by
rare Fe-biotite rims on phengite.

Mineral chemistry (Tab. 1): Phengite has a high
celadonitic content with Si = 3.35 (p.f.u.). Titanite
displays zoning in Al,O, content, which increases
from 1% in the core up to 2.2 wt% in the rim. Epi-
dote is strongly zoned in CaO content with some
allanitic cores having 11 wt% of CaO and rare

Fig.2 (a) Phengite-rich metaquartzite (sample dated) occurring as intercalations is nearly pure quartzites. (b) Pho-
tomicrograph of the sample which is composed of quartz (55%) and phengite (40%) with minor epidote, titanite and
albite. Hardly any retrograde products of phengite have been observed. Base of the picture 3.5 mm long.
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earth elements content up to 25 wt%. The epidote
rims and some unzoned crystals have nearly
23 wt% in CaO and limited trace elements con-
tent. Nearly pure albite is present in equilibrium
with the main assemblage.

Metamorphic conditions: The paragenesis in
the sample dated indicates HP conditions. Al-
though the assemblage in the metaquartzite is not
suitable for the application of any thermobarom-
eters, some indications on the metamorphic con-
ditions can be obtained. The presence of albite +
quartz demonstrates pressure conditions below
the reaction Ab — Jd + Qtz that corresponds to
14-15 kbar at 500-550 °C (HoLLAND, 1980). The
coexistence of albite and epidote indicates that
metamorphic conditions did not reach the oligo-
clase-in reaction (MARUYAMA et al., 1983),i.e. the
temperature was below 550 °C. Phengite is the
only Fe—-Mg phase in the paragenesis. Talc or chlo-
rite, which would buffer the celadonitic substitu-
tion in phengite, were probably consumed during
prograde metamorphism. Thus, Si = 3.35 is indica-
tive of minimum pressure only. The AL,O; zoning
in the titanite is incompatible with retrogression
and rather reflects prograde metamorphism.

In summary, the petrological data suggest
that the investigated paragenesis reflects pro-
grade HP metamorphism with P < 14-15 kbar and
T < 550 °C and is not compatible with greenschist-
facies overprint.

Methods

Zircons were separated from a rock powder ac-
cording to magnetic properties and density and fi-

nally selected by hand picking. They were embed-
ded in epoxy and polished down to half sections.
Cathodoluminescence analyses were carried out
at the Institut fiir Metallforschung und Metal-
lurgie at the ETH in Ziirich with a CamScan4
scanning electron microscope (SEM) supplied
with an ellipsoidal mirror for cathodolumines-
cence imaging. Operating conditions for the SEM
were 13 kV/120 pA.

Zircons selected according to cathodolumi-
nescence images were analysed for U, Th and Pb
using the sensitive high resolution ion microprobe
(SHRIMP II) at the Australian National Univer-
sity in Canberra. Reference zircon from a peg-
matite from Sri Lanka (SL13) was used. Instru-
mental conditions, data acquisition and reduction
were generally as described by COMPSTON et al.
(1992). The data were plotted on the classical
Concordia diagram and on the Tera-Wasserburg
diagram (TW; TERA and WASSERBURG, 1972).
Data plotted on the TW diagram were not cor-
rected for common lead. The common lead cor-
rection was done using Broken Hill lead, which
represents the common lead isotopic composition
in the laboratories of Canberra.

Geochronological data

The zircons recovered from this sample are
coloured from pink to yellow and, in most of the
cases, preserve an euhedral, elongated shape with
an irregular profile and uneven surface. In
cathodoluminescence (Fig. 3), the zircons show a
core with more or less regular oscillatory-zoning

Fig. 3 Cathodoluminescence image (left) and secondary electron image (right) of two zircons dated. The Late
Eocene/Early Oligocene rims are unzoned or irregularly zoned and have Th/U ratios below 0.01.
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g pattern is not well

Tab.2 U, Th and Pb SHRIMP data from the metaquartzite of the Gornergrat Zone (GOR2). When the CL domain is given in brackets the zonin

defined. Errors are at 1o level.

T which can display different patterns cross-cut-
g 88 ting each others, as usually observed in detri-
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the Early Jurassic rim. The scattering of ages
suggests a mixing between a Permian or older
g . age component and a radiogenic Pb compo-
g f’: M — s = B Zoawn ;é;o nent produced since a metamorphic event, the
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Fig.4 Geochronologicai data plotted on a Concordia diagram (a) and on a Tera-Wasserburg diagram (b). The Tera-
Wasserburg diagram depicts uncorrected data, whereas the data plotted on the Concordia diagram are corrected for

common lead via 208Pb, See text for discussion.

the ?’Pb technique for common Pb correction
(CoMPSTON et al., 1992) is preferred.

A slightly older rim does not fit the mixing line
in the TW diagram and plots discordantly in the
Concordia diagram. This rim probably retains a
minimum amount of the older Pb component.
However, if this data point is included in the group
at = 35 Ma, the age obtained would not signifi-
cantly change. The oldest rims, which yield ages
between the Eo/Oligocene and the Early Jurassic,
are thought to represent mixing ages and there-
fore are considered geologically meaningless.

Discussion
AGE OF HP METAMORPHISM

In metaquartzite GOR2, the four zircon rims
yielding the = 35 Ma age are characterised by ir-
regular/patchy zoning in cathodoluminescence
and the lowest Th/U ratios of all the analyses.
These features have been observed in rims
formed under HP, low temperature metamorphic
conditions in which the re-orientation of a pre-ex-
isting crystal structure deleted previous oscillato-
ry or regular zoning and reduced the Th/U ratio of
the zircon domains (e.g. RUBATTO and GEBAUER,
in press and reference therein). The = 35 Ma old
zircon rims are particularly similar to zircon rims
from the HP metasediment sampled in the near
Sesia-Lanzo Zone (RUBATTO et al., 1999), which
formed during eclogite facies metamorphism. It is
therefore suggested that the = 35 Ma old zircon
rims record a metamorphic event that affected the
rock during Alpine compression.

The paragenesis of the sample dated reflects
HP metamorphism rather than greenschist-facies
retrogression. The presence of albite + epidote +

quartz, the high-Si content in phengite (Si;45) and
the Al,O; zoning in titanite suggest HP metamor-
phic conditions of maximum 14-15 kbar at
500-550 °C and argue against low-pressure green-
schist facies re-equilibration in thts sample. The
relative coarse grained texture is also in line with
HP conditions. Zircon is found as inclusion in
phengite that defines the foliation. The very limit-
ed occurrence of retrogression of phengite (rare
biotite rims) suggests that no dehydration oc-
curred during decompression, which may have
opened the U-Pb system in the zircon. Therefore,
we interpret the 34.9 + 1.4 Ma age as dating the
HP metamorphism in the Gornergrat Zone.

Paragenesis and metamorphic conditions in
the Gornergrat sample are similar to the HP rocks
of the MR basement (CHOPIN and MONIE, 1984;
BORGHI et al., 1996). The phengites in the mica-
schists of the MR basement have Si contents be-
tween 3.35 and 3.44. These values are in agree-
ment with composition of the Gornergrat sample,
in which the Si; 35 of phengite is only a minimum
estimate because it is not buffered by any other
Fe-Mg phase. Similar to the Gornergrat sample,
HP micaschists of the MR basement contain al-
bite + quartz indicating HP metamorphic condi-
tions below the jadeite-in reaction (BORGHI et al.,
1996). The Gornergrat sample equilibrated below
the oligoclase-in reaction, which has been used to
mark the retrogression from HP conditions to
greenschist-low-amphibolite facies in the rocks of
the MR (BorgGH1 et al., 1996). The P-T conditions
in the Gornergrat sample are compatible with the
estimates of BORGHI et al. (1996) for the MR mi-
caschists (13 kbar and 500-550 °C). Therefore, the
petrologic data are in agreement with a common
evolution of the MR basement and the Gorner-
grat cover during Alpine compression.
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In conclusion, although a stratigraphic prima-
ry contact between the Gornergrat Zone and the
basement of the MR 1s not described, similar
metamorphic conditions and geological observa-
tions (BEARTH, 1964; BEARTH and SCHWANDER,
1981) suggest that the Gornergrat Zone is the au-
tochthonous cover of the MR basement, sharing
the same Alpine evolution. Therefore, we propose
that the 34.9 + 1.4 Ma old metamorphic rims date
the subduction to HP conditions of the Gorner-
grat Zone together with the MR basement in the
Late Eocene / Early Oligocene (geological time
scale according to HARLAND et al., 1989).

COMPARISON WITH EXISTING DATA

Previous geochronological studies in the MR
nappe proposed a Cretaceous age for the HP
metamorphism. An “Ar-*Ar age of 110 = 3 Ma
obtained by CHOPIN and MoONIE (1984) on phen-
gite from a quartz-rich metapelites of the base-
ment has been interpreted either as due to excess
argon or as dating the closure of the K—~Ar system
in HP phengite. After further “Ar-*Ar analyses,
MonIE (1985) reinterpreted the 110 Ma age as
dating the subduction of the MR nappe. Accord-
ing to this author, after the Early Cretaceous sub-
duction, the MR basement was deformed under
blueschist-facies conditions at around 65 Ma as
documented by “Ar-*Ar ages from a second gen-
eration of phengite and phlogopite. This interpre-
tation would imply that the MR nappe was ex-
humed from eclogite-facies conditions (ca. 500 °C
and 16 kbar; CHOPIN and MONIE, 1984) to
blueschist-facies conditions (ca. 500 °C and
8 kbar; MONIE, 1985) in 45 Ma. It is expected that
such a slow uplift would have allowed the relax-
ation of the isotherms and prevented the preser-
vation of eclogite-facies minerals. More likely, the
Cretaceous “Ar-*Ar ages on HP micas are
caused by excess argon, as largely demonstrated
for the Sesia-Lanzo Zone and the Dora Maira
nappe (FERAUD et al., 1994; KELLEY et al., 1994;
RUFFET et al., 1995; REDDY et al., 1996; RUFFET et
al., 1997).

A Rb-Sr whole rock age of 125 + 20 Ma was
obtained from a strongly deformed orthogneiss of
the MR basement (HUNZIKER, 1970). By the same
technique, an age of 102 + 2 Ma was obtained on
a metapelite and a Rb-Sr analysis on phengite
from the same sample produced an age of 91 + 2
Ma (PAQUETTE et al., 1989). In the light of the new
zircon data, it is more likely that the significantly
scattering Rb-Sr data reflect disequilibrium
caused mainly by inherited components from the
pre-Alpine evolution of the rocks.

The 35 Ma age for the HP metamorphism in
the Gornergrat Zone is in agreement with the
cooling ages obtained in the MR nappe. Data ob-
tained by argon techniques on HP minerals are
not considered here because these data sets ap-
pear to be affected by excess argon in many
Alpine nappes. Rb-Sr isotopic analysis of a gneiss
from the MR basement yielded a cooling age of
32.2 +0.7 Ma (FRrEy et al., 1976). Fission tracks on
zircon yielded ages in the range 33-34 Ma indi-
cating cooling below = 230 °C (HURFORD et al.,
1991). Hydrothermal veins that cut the nappe
stacking were dated with K-Ar at around 33-
31 Ma (DiaMoND and WIEDENBECK, 1986). The
Oligocene formation of the veins indicates that
the MR nappe was already emplaced in the upper
crust at that time. The late stage of cooling is de-
scribed by apatite fission tracks at around 10-14
Ma (HuUrrORD et al., 1991). These geochronologi-
cal data suggest rapid cooling of the MR nappe
during a first stage of fast uplift followed by a rel-
atively slower decrease in temperature when the
nappe was already emplaced at upper crustal lev-
el.

COMPARISON WITH OTHER ALPINE NAPPES

The age obtained from the zircon rims of the
metaquartzite of the Gornergrat Zone is in agree-
ment with the subduction ages obtained for other
two Alpine units. In the Dora Maira nappe (Fig.
1a) SHRIMP zircon dating indicated an age of
354 = 1.0 Ma for the UHP metamorphism
(GEBAUER et al., 1997). Similar ages were ob-
tained with Lu-Hf on garnet (DUCHENE et al.,
1997), U-Pb on monazite and rutile (SCHARER et
al., 1999) and by U-Pb dating of titanite (Rubatto
and Hermann, in prep.) The Dora Maira occupies
a tectonic position in the Alpine edifice similar to
the MR.

In the Adula-Cima Lunga nappe (Fig. la),
ages around 40 Ma have been obtained by Sm-Nd
age determinations on mafic and ultramafic rocks
(BECKER, 1993). On the basis of U-Pb dating of
zircons from Alpe Arami, GEBAUER (1996) pro-
posed an age of = 35 Ma for the partial melting of
mafic/ultramafic rocks, which has been mterpret-
ed to have occurred at HP conditions.

THE MONTE ROSA AS PART OF THE
EUROPEAN MARGIN?

Reconstructions of the paleogeography of the
Alpine area before the onset of compression is ex-
tremely difficult because of the complexity of the
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Alpine edifice and the numerous tectonic events
that occurred during the Alpine orogeny. The sev-
eral attempts of paleogeographic reconstruction
reported in the literature are constructed around
few arguments such as: (a) The tectonic position
of the different nappes with respect to the ophio-
lites of the Piemontese-Ligurian ocean (ESCHER
et al.,, 1988; EsCHER et al., 1997; FROITZHEIM,
1997). As the nappe stacking proceeded from the
Adriatic to the European margin, assuming a sim-
ple geometry, the nappe tectonically overlying the
Piemontese-Ligurian ophiolites are regarded as
Adriatic margin and those underlying the ophio-
lites are considered of European affinity. (b) The
opening of the Atlantic and the plate tectonic con-
straints coming from magnetic anomalies which
are good indicators of time, amount and rate of
compression in the Alpine area (e.g. STAMPFLI and
MARCHANT, 1997; STAMPFLI et al., 1998). (c¢) The
age of subduction. The age of HP metamorphism
in the Western and Central Alps is diachronous in
the different tectonic units (Fig. la). The
geochronological data suggest progressive south-
wards subduction from the SE to the NW between
the Late Cretaceous and the Eo/Oligocene. In
fact, this subduction process was recorded at ca.
65 Ma to the south of the Piemontese-Ligurian
ocean (the Sesia-Lanzo Zone: RAMSBOTHAM et
al., 1994; INGER et al., 1996; DUCHENE et al., 1997;
RuBATTO et al., 1999), around 44 Ma in the ocean-
ic units (the Zermatt-Saas-Fee ophiolites: RUBAT-
TO et al., 1998) and in the Late Eocene / Early
Oligocene in the European continental units
of the Adula-Cima Lunga (BECKER, 1993;
GEBAUER, 1996) and Dora Maira (GEBAUER et
al., 1997; DUCHENE et al., 1997; SCHARER et al.,
1999).

The authors which based their reconstruction
on the tectonic position located the MR nappe on
the NW margin of the Piemontese-Ligurian
ocean, as either part of the Briangonnais domain
(EScCHER et al., 1988; ESCHER et al., 1997) or of the
European continental block (FROITZHEIM, 1997).
On the other hand, according to the preliminary =
100 Ma age for the HP metamorphism in the MR
nappe (HUNZIKER, 1970; MONIE, 1985; PAQUETTE
et al., 1989), this nappe was tentatively regarded
as part of the Adriatic plate (LAUBSCHER and
BERNOULLI, 1982; PoLINO et al., 1990; STAMPFLI
and MARCHANT, 1997; STAMPELI et al., 1998).

The new zircon data, far from resolving the
complex problem of Cretaceous paleogeography
in the Alpine area, suggest that the age of HP
metamorphism in the Gornergrat Zone and pos-
sibly in the MR is younger than in the ophiolites.
Assuming that (a) the present nappe stacking re-
flects, to a certain extent, the paleogeographic po-

sition before Alpine compression and that (b) a
simple subduction process with progressive in-
volvement of units from SE to NW occurred, the
new age suggests that the MR nappe was sub-
ducted after the Piemontese-Ligurian ocean. This
interpretation would bring the tectonic and
geochronological data in agreement and supports
a paleogeographic location of the MR nappe on
the European margin, as part of the Briangonnais
domain or, more likely, of the European conti-
nental block.

Conclusions

Metamorphic zircon rims from a metaquartzite of
the Gornergrat Zone yielded an age of 34.9 + 1.4
Ma. The zircon rims have low Th/U and are un-
zoned in cathodoluminescence, which are typical
features of zircon domains recrystallised under
HP conditions (RUBATTO and GEBAUER, in press).
Similar to HP rocks of the underlying MR base-
ment, the sample dated contains high-Si phengite
(8i535) and albite + quartz, which indicate equili-
bration at HP conditions below 14-15 kbar at
500-550 °C. The presence of albite + epidote and
not oligoclase together with the absence of perva-
sive retrogression on phengite argue against low-
grade overprint in the sample dated. Therefore,
the age of 34.9 + 1.4 Ma is interpreted as dating
the HP metamorphism in the Gornergrat Zone.
Geological observations (BEARTH, 1964; BEARTH
and SCHWANDER, 1981) and the similar metamor-
phic conditions recorded in the Gornergrat sam-
ple and the MR crystalline basement would sug-
gest a common Alpine evolution for these two
units. This would imply that both the MR base-
ment and its cover (the Gornergrat Zone) were
subducted beneath the Adriatic plate around the
Eocene-Oligocene boundary. This conclusion, in
agreement with the tectonic position of the MR
below the Zermatt—Saas-Fee ophiolites, suggests
that the Monte Rosa nappe is of European affini-

ty.
Acknowledgements

We are grateful to the Ion Microprobe Group in Can-
berra for access to the SHRIMP and their assistance in
the data reduction. The ANU Electron Microscope Unit
is thanked for access to the SEM facility. Roberte Com-
pagnoni, Urs Schaltegger and Daniel Bernoulli are
thanked for constructive discussion. Comments {rom
Jorg Hermann and the review of Robert Cliff and
Gérard M. Stampfli are acknowledged. Neil Gabbitas is
tanked for the revision of the English spelling. This re-
search was supported by the Swiss National Science
Foundation (grant 20-32525.91).



EO/OLIGOCENE HIGH-PRESSURE METAMORPHISM IN THE GORNERGRAT ZONE 361

References

BEARTH, P. (1952): Geologie und Petrographie des
Monte Rosa. Beitr. Geol. Karte Schweiz NF96,94 pp.

BEARTH, P. (1964): Bericht iiber die Exkursion der
Schweiz. Mineralogischen und Petrographischen
Gesellschaft nach Zermatt. Schweiz. Mineral. Petro-
gr. Mitt., 44, 15-26.

BEARTH, P. and SCHWANDER, H. (1981): The post-Trias-
sic sediments of the ophiolite zone Zermatt-Saas
Fee and the associated manganese mineralizations.
Eclogae geol. Helv.,, 74/1, 189-205.

BECKER, H. (1993): Garnet peridotite and eclogite
Sm-Nd mineral ages from the Lepontine dome
(Swiss Alps): New evidence for Eocene high-pres-
sure metamorphism in the central Alps. Geology, 21,
599-602.

BoraHI, A, COMPAGNONL, R. and SANDRONE, R. (1996):
Composite P-T paths in the Internal Penninic Units
Massifs of the Western Alps: Petrological constrains
on their thermo-mechanical evolution. Eclogae geol.
Helv.,, 8971, 345-367.

BowrtEeir, S.A., CurF, R.A. and BarnicoaT, A.C.
(1994): Sm-Nd isotopic evidence on the age of
eclogitisation in the Zermatt-Saas ophiolite. J. Met.
Geol., 12,187-196.

ChorN, C. and MoNIE, P. (1984): A unique magne-
siochloritoid-bearing  high-pressure  assemblage
from the Monte Rosa, Western Alps: petrological
and “Ar-*Ar radiometric study. Contrib. Mineral.
Petrol., 87,388-398.

CoMPSTON, W., WILL1AMS, [.S., KIRSCHVINK, J.L., ZHANG,
Z.and MA, G. (1992): Zircon U-Pb ages for the Ear-
ly Cambrian time-scale. J. Geol. Soc., London, 149,
171-184.

DAL P1az, G. V. and LoMBARDO, B. (1986): Early Alpine
eclogite metamorphism in the Penninic Monte
Rosa—Gran Paradiso basement nappes of the north-
western Alps. Geol. Soc. Am., Memoir 164, 249265,

DiaMonp, L.W. and WIEDENBECK, M. (1986): K-Ar ra-
diometric ages of the gold-quartz veins at Brusson,
Val d’Ayas, NW Italy: Evidence of mid-Oligocene
hydrothermal activity in the Northwestern Alps.
Schweiz. Mineral. Petrogr. Mitt., 66,385-393.

DucHENE, S., BLICHERT-TOFT, J., Luals, B., TELOUK, B,
LARDEAUX, J.-M. and ALBAREDE, F (1997): The
Lu-Hf dating of garnets and the ages of the Alpine
high-pressure metamorphism. Nature, 387, 586-589.

ESCHER, A., HUNZIKER, J.C., MARTHALER, M., MASSON,
H., SARTORI, M. and STECK, A. (1997): Geologic
framework and structural evolution of the western
Swiss-Italian Alps. In: PFIFFNER, O.A., LEHNER, P,
HerrzMmANN, P., MULLER, S. and STECK, A. (eds):
Deep structure of the Swiss Alps. Results of NRP 20
Birkhiuser Verlag, 205-221.

EscHER, A., MAssoN, H. and STECK, A. (1988): Coupes
géologiques des Alpes occidentales suisses. Mé-
moires de Géologie, Lausanne, 2, 1-11.

FerAUD, G., RUFFET, G.,DE JONG, K., BALLEVRE, M.and
AMOURIC, M. (1994): “Ar/°Ar plateau ages on
phengite affected by excess argon. ICOG 8, Berke-
ley, 97.

FreY, M., HUNZIKER, J.C,, O'NEIL, JR. and SCHWANDER,
H.W. (1976): Equilibrium, disequilibrium relations
in the Monte Rosa granite, Western Alps: petrologi-
cal, Rb-Sr and stable isotope data. Contrib. Mineral.
Petrol., 55,147-179.

FrolrzHEmM, N. (1997): Mesozoic paleogeography and
Alpine tectonics along transects in Eastern and
Western Switzerland — consequences for the origin
of the Monte Rosa nappe. Abstracts of the 3rd

Workshop on Alpine Geological Studies, Quaderni
di Geodinamica Alpina e Quaternaria, 4, 53-54.

(GEBAUER, D. (1996): A P-T-t-Path for an (ultra?-) high-
pressure ultramafic/mafic rock-association and its
felsic country-rocks based on SHRIMP-dating of
magmatic and metamorphic zircon domains. Exam-
ple: Alpe Arami (Central Swiss Alps). In: Earth
Processes: Reading the Isotopic Code, American
Geophysical Union, 309-328.

GEBAUER, D., GRUNENFELDER, M., TILTON, G., TROMMS-
DORFE, V. and ScHMID, S. (1992): The geodynamic
evolution of garnet-peridotites, garnet-pyroxenites
and eclogites of Alpe Arami and Cima di Gagnone
(Central Alps) from Early Proterozoic to Oligocene.
Schweiz. Mineral. Petrogr. Mitt., 72, 107-111.

GEBAUER, D., SCHERTL, H.-P, BRix, M. and SCHREYER,
W. (1997): 35 Ma old ultrahigh-pressure metamor-
phism and evidence for very rapid exhumation in the
Dora Maira Massif, Western Alps. Lithos (HP-meta-
morphism in nature and experiment), 41, 5-24.

HArLAND, W.B., ARMSTRONG, R.L., Cox, A.V,, CRAIG,
L.E., SMrTH, A.G. and SMITH, D.G. (1989): A geolog-
ical time scale. Cambridge University Press.

HoLrLanp, T.J.B. (1980): The reaction aibite = jadeite +
quartz determined experimentally in the range
600-1200 °C. Am. Mineral., 65, 129-134.

HUNZIKER, J.C. (1970): Polymetamorphism in the Monte
Rosa, Western Alps. Eclogae geol. Helv.,63,151-161.

HUNZIKER, J.C., DESMONS, J. and HURFORD, A.J. (1992):
Thirty-two years of geochronological work in the
Central and Western Alps: an review on seven maps.
Mémoires de Géologie, Lausanne, 13, 59 pp.

Hurrorp, A.J., HunziKeER, J.C. and STOCKHERT, B.
(1991): Constraints on the late thermotectonic evo-
lution of the Western Alps: Evidence for episodic
rapid uplift. Tectonics, 10, 758-769.

INGER, S., RaMSBOTHAM, W., CLIFF, R.A, and Rex, D.C.
{1996): Metamorphic evolution of the Sesia-Lanzo
Zone, Western Alps: time constraints from multi-sys-
tem geochronology. Contrib. Mineral. Petrol., 126,
152-168.

KEeLLEY, S.P,, ARNAUD, N.O. and Oxay, A.L (1994):
Anomalously old Ar—Ar ages in high pressure meta-
morphic terrains. Mineral. Mag., 58A, 468—469.

LAUBSCHER, H. and BERNOULLI, D. (1982): History and
deformation of the Alps. In: Hst, K.J. (ed.): Moun-
tains building processes. ETH, Ziirich,

MARUYAMA, S., SUzUKI, K. and Liou, J.G. (1983): Green-
schist-amphibolite transition equilibria at low pres-
sures. J. Petrol., 24, 583-604.

MonNIg, P. (1985): La méthode “Ar/*Ar appliquée au
métamorphisme alpin dans le massif du Mont-Rose
(Alpes Occidentales). Chronologie détaillée depuis
110 Ma. Eclogae geol. Helv., 78, 487-516.

PaQUETTE, J.L., CHOPIN, C. and PEcauT, JJ. (1989):
U-Pb zircon, Rb-8r and Sm-Nd geochronology of
high- to very-high-pressure meta-acidic rocks from
the Western Alps. Contrib. Mineral. Petrol., 101,
280-289.

PoLINO, R., DAL P1az, G.V. and Gosso, G. {1990): Tec-
tonic erosion at the Adria margin and accretionary
processes for the Cretaceous orogeny of the Alps.
Mém. Soc. Géol. France, 156 (Nouve Serie), 345-367.

RamssBorHAM, W., INGER, S., CLIFF, B., REX, D. and BAR-
NICOAT, A. (1994): Time constrains on the metamor-
phic and structural evolution of the southern Sesia-
Lanzo Zone, Western Italian Alps. Mineral. Mag,,
58A,758-759.

ReDDY, S.M., KELLEY, S.P. and WHEELER, J. (1996): A
WArPAr laser probe study of micas from the Sesia
Zone, Italian Alps: Implications for metamorphic



362 D.RUBATTO AND D. GEBAUER

and deformation histories. J. Metam. Geol., 14,
493-508.

RUFFET, G., FERAUD, G., BALLEVRE, M. and KIENAST,
IR. (1995): Plateau ages and excess argon in phen-
gites: a “Ar—*Ar laser probe study of Alpine micas
(Sesia Zone, Western Alps, northern Italy). Chem.
Geol., 121,327-343.

RUFFET, G., GRUAU, G., BALLEVRE, M., FERAUD, G. and
PuiLreror, P (1997): Rb-Sr and *Ar—°Ar laser
probe dating of high-pressure phengites from the
Sesia zone (Western Alps): underscoring of excess
argon and new constraints on the high-pressure
metamorphism. Chem. Geol., 141, 1-18.

RuBarro, D. and GEBAUER, D. (in press): Use of
cathodoluminescence for U-Pb zircon dating by ion
microprobe: some examples from the Western Alps.
In: PAGEL, M., BARBIN, V., BLANC, P. and OHNEN-
STETTER, D. (eds): Cathodoluminescence in Geo-
sciences. Springer Verlag.

RuBaTTO, D., GEBAUER, D. and FANNING, M. (1998):
Jurassic formation and Eocene subduction of the
Zermatt-Saas-Fee ophiolites: Implications for the
geodynamic evolution of the Central and Western
Alps. Contrib. Mineral. Petrol., 132, 269-287.

RuBatTO, D., GEBAUER, D. and CoMPAGNONI, R. (1999):
Dating of low-temperature and high-pressure meta-
morphic zircons: the age of Alpine metamorphism in
the Sesia-Lanzo Zone (Western Alps). Earth Planet.
Sci. Lett., 167,141-158.

SCHARER, U., BALLEVRE, M., CasteLLL D., FERAUD, G.
and RUFFET, G. (1999): Evidence for a single short-
lived phase of deep subduction in the Western Alps:
New U-Pb and Rb-Sr data. EUG 10, Terra Ab-
stracts, 11, 64-65.

STAMPFLL, G.M. and MARCHANT, R.H. (1997): Geody-
namic evolution of the Tethyan margins of the West-
ern Alps. In: PFIFFNER, O.A., LEnNER, P., HEITZ-
MANN, P, MULLER, S. and STECK, A. (eds): Deep
structure of the Swiss Alps. Results of NRP 20
Birkhiuser Verlag, 223-239.

STAMPFLI, G.M., MOSAR, J.,, MARQUER, D., MARCHANT,
R.,Baupin, T. and BoOrEL, G. (1998): Subduction and
obduction processes in the Swiss Alps. Tectono-
physics, 296, 159-204.

TERA, F. and WASSERBURG, G. (1972): U-Th-Pb system-
atics in three Apollo 14 basalts and the problem of
initial Pb in lunar rocks. Earth Planet. Sci. Lett., 14,
281-304.

WETZEL, R. (1972): Zur Petrographie und Mineralogie
der Furgg-Zone (Monte-Rosa-Decke). Schweiz.
Mineral. Petrogr. Mitt., 52, 161-236.

Manuscript received November 18, 1998; revision
accepted August 15, 1999.



	Eo/Oligocene (35 Ma) high-pressure metamorphism in the Gornergrat Zone (Monte Rosa, Western Alps) : implications for paleogeography

