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SCHWEIZ. MINERAL. PETROGR. MITT. 74, 29-40, 1994

The lithostratigraphy of the pre-Mesozoic basement
of the Gotthard massif: a review

by Ivan Mercolli', Giuseppe G. Biino’* and Jiirgen Abrecht’’

Abstract

The Gotthard massif shows a coherent lithostratigraphy and can be subdivided into units, which can be traced
across the entire massif. Indications of possible protholiths, relics of metamorphic parageneses, and magmatic
events permit to classify the units chronologically and to distinguish major orogenic cycles. We propose the

following revised lithostratigraphic subdivision of the Gotthard massif:
— Uppermost Carboniferous, Permian and Mesozoic sedimentary covers (with some outcrops of

Permo-Carboniferous volcanic rocks)

- Late Variscan granitoids (divided into two cycles by a deformation phase)

— Middle Paleozoic metasedimentary rocks
- Late Ordovician metagranitoids
— Proto Gotthard (pre-Late Ordovician):

— Migmatitic gneisses

- Metagabbros, with island arc affinity

— Metabasalts, metagabbros and meta-ultramafics, with ophiolitic affinity

— Metasedimentary gneisses

Keywords: basement, granitoid, orogenic cycle, pre-Mesozoic, Gotthard massif, Central Alps.

Introduction

The Gotthard pass, one of the privileged North-
South connections across the Alps, has been
crossed by many famous naturalists during the
past centuries. Many of them report geological
descriptions of the area (CotTI et al., 1991). The
gigantic venture of the railroad tunnel at the end
of the 19th century led to the remarkable geolog-
ical description by STAPFF (1880) along the railway
cross section.

At the beginning of the 20th century, the pe-
trography school of Ziirich guided by Paul Niggli,
started a long tradition of detailed geological in-
vestigations in the Gotthard massif which ended
in the sixties. An exhaustive bibliography was
presented by Lauart (1977) and Cott et al.
(1991). These works were mainly done in times
when fossils were the only chronological support

to geologists, and geophysics was an unknown
discipline. Nevertheless, earlier authors clearly
recognized in the Gotthard massif (Fig. 1 and
Tab. 1), despite its Alpine deformation and meta-
morphism (greenschist to lower amphibolite
facies), some records of at least two major pre-
Alpine tectonometamorphic (orogenic) events.
The purpose of this paper is to review the
literature on the Gotthard massif. The review is
not based on a rigorous literature survey but on
the authors' subjective selection of papers that, in
the their opinion, are of broad interest, that were
particularly novel, or that represented substantial
advances in the knowledge of the lithostratigra-
phy and tectonometamorphic relationships be-
tween the different rocks making up the Gotthard
massif. In this sense, the so called geological field
evidences provided by the old authors (but not
only...) are useful and important. Nevertheless
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Fig. 1 Tectonic subdivision of the south-castern Gotthard massif. 1. Mesozoic schists; 2. Late Paleozoic granite
bodies: 3. peridotite bodies: 4. younger trough zones (Tremola-Tenelin-Borel): 5. "Streifengneise"; 6. "Mischgneise":
7. older trough zones with basic layers. Reproduction of the original figure of HUBER 1943, figure 6, page 93.

some caution must always be applied since the
dominant theory at that time could considerably
have conditioned the field observations: many of
the earlier authors described thermal effects pro-
duced by the serpentinite magma (considered a
Late Paleozoic intrusive), and the contact be-
tween Streifengneis and migmatitic gneiss is al-
ways quite controversially described (the domi-
nant theory at the beginning of the century sug-
gested migmatitization by lit-par-lit intrusion).

In this contribution we summarize in a coher-
ent model (at a regional scale) the observations of
previous authors. This model may represent a
simplification in many respects, and misinterpre-
tation of former authors' interpretations cannot
be excluded. However, despite or because of such
shortcomings we hope to stimulate a discussion of

this important chapter of the geology of the Cen-
tral Alps.

Rock types and lithostratigraphy

The pre-Mesozoic basement of the Gotthard mas-
sif is made up by paragneiss and micaschist with
embedded mafic, ultramafic and calc-silicate
rocks. This sequence was intruded during Late
Ordovician and Late Carboniferous by granitoids.

A characterization of the rock types and the
used formational names are presented in tables 1
and 2.

HuBer (1943) and Nicgrr (1944) have pro-
posed to use two major magmatic events as
lithostratigraphic markers for the evolution of the
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Tab. 1 Rock series belonging to the sedimentary portion of the crystalline basement of the Gotthard massif.
Translated from NigGL1 (1944), table V, page 128.

Series [ Series 1T Series [11 Series IV Series V Series VI
Typical localities | Garvesda Nual |Eastern Motta Naira zone | Tremola series Piz Tenelin Northern and ?
in the central Piz Cavradi Val Nalps (H.M. Husgr) southern border |Piz Borel eastern border of
Gotthard massif | Six Madun Piz Paradis central Val of the massif Val Rondadura the massif
Piz Tegliola Guspistal Curnera and
Unteralptal Val Nalps
(Spannmatt,
Glockenspitz)
Main rock type Andesine/labrado-|Mica albite/oligo- [ Amphibolite: Grt-mica schist; |Mica gneiss; Sericite-Bt gneiss;

rite gneisses (Bt, |clase gneiss (Bt, | minor mica-albite/| Hbl-garben schist; | Hbl-Grt-mica phyllite;
Hbl, Grt), with in- [Ms, Grt), oligoclase gneiss | Cal-mica schist; schist; quartzite;
clusion of calc- hornfelsitic or and andesine/ amphibolite; Hbl-Cal-mica graphitic schist
si-licate and Bt- fine banded or labradorite Zo amphibolite; |schist;
Act-fels; Sil gneiss;|fine "augig”; gneisses quartzitic gneis; |quartzite;
associated with associated with quartzite; amphibolite
albite/oligoclase  {minor coal bearing schist;)
gneiss and rare amphibolite Bt quartzite;
amphibolite cross-Bt gneiss
Guide rock Calc-silicate Quartzite Quartzite Quartzite

Pre-Alpine meta-
morphic grade

Meso to catazone

Meso to epizone

Age refered to the
Streifengneis and
Hercynian granite

Pre Streifengneis

Post Streifengneis but pre-Hercynian granite (? + coeval)

Likely primary
sedimentary
facies

Shale to carbona-
ceous marl, partly
sandy; layers of
calcareous sand-
stone in the shale

Sandy shale;
minor dolomitic
marl; relatively
monotonous
sedimentation

Dolomitic marl,
sandy shale; with
intercalatons of ?

"ophiolite”
basin?

Shale to dolomitic
marl with thick
quartz sandstone
layers

Shale to dolomitic
marl with singie
quartz sandstone
layers

Shale ? and sandy
shale

quartz sandstone
; deep

massif. The first marker of the basement evolu-
tion is the intrusion of the Streifengneis (Late
Ordovician granitoids), the second is represented
by the Late Variscan intrusives (Tab. 1 and 2).

In the central part of the massif (Fig. 2) HUBER
(1943) and Niceu1 (1944) proposed the following
subdivision of the crystalline basement:

— Pre Streifengneis gneisses and amphibolites

Streifengneis
Middle Paleozoic metasedimentary rocks,

mainly mica schists and quartzites (post-
Streifengneis sedimentation age, first meta-
morphism and deformation pre-Upper Pa-
leozoic granitoids ?)

erous-Permian)

ments,

Late Variscan granitoids (Upper Carbonif-

Permo-Carboniferous and Mesozoic sedi-

In this review we used the remarkable litho-
stratigraphic synthesis of NicGL: (1944, Tab. V,
page 128, here reported as Tab. 1) as starting
point for our reconstruction. We reorganized
them (Tab. 2) according to the evolution model
proposed by ABRECHT et al. (1991a) and summa-
rized in table 3. Table 2 reports further a synopsis
of the geological terms occurring in the past liter-

ature.

Pre-Streifengneis gneisses and amphibolites
are in the following considered as being a member
of a unit called Proto Gotthard (Tab. 2).

In order to simplify matters for the readers, we
have subdived the Gotthard massif in three geo-
graphical areas. This subdivision has no geologic
ground.

The central part of the Gotthard massif
THE MAFIC AND ULTRAMAFIC ROCKS

The mafic and ultramafic rocks are embedded in
metasedimentary rocks. As already suggested by
Nicari (1944), some of the amphibolites in series
L II, and III (Tab. 1) show an ophiolitic affinity
and belong to the oldest part of the basement
(Proto Gotthard). Isotopic and chemical investi-
gations show that part of the mafics derived
from former MOR basalts (ABRECHT et al., 1991a;
Bnno and MEisel (1993) have suggested that the
meta-ultramafics are mainly abyssal peridotites.
The mafics and ultramafics are clearly associated
in the field. Therefore, mafics and ultramafics can
be related to an ophiolitic sequence. The Sm-Nd
isotope systematics suggest a formation age of
approximately 950 Ma (Buno et al., 1994). The



32

I. MERCOLLI, G.G. BIINO AND J. ABRECHT

Tab. 2 Characterization of the lithostratigraphic units of the pre-Mesozoic basement of the Gotthard massif.

Series §, and 11 of
NigeLl

"Paradisgneis’, "Sorescia
gneis’, wester part of
the “Giubine Serie’
Series I of Nigawl

Series 1V, Vand VI of
NigeLl

Proto Gotthard
Late Ordovician | Palaezoic Late

Metasedimentary { Metagabbro unit | Migmatic gneiss granitoids metasedimentary | Carboniferous

meta-ophiolitic unit unit granitoids

unit
Correlation with | 'Nérdliche Paragneise’, ‘Mischgneise’, *Streifengneis’, “Tremola Serie", "Zone | Medelser granite,
unit names “Gurschengneise”, Homogene *Orthogneis" des Piz Borel", "Zone | Cristallina granodiorite,

. L. Guspisgneisa”, M|§chgne|se", des Piz Tenelin", Uffien diorite,

falread){ existing | *prato Serie”, “Injektionsgneise’, eastern part of the *Gamsboden-Granit-
in the literature "Distelgrat Zone" *Schmitzengneise", “Giubine Serie" gneis', "Fibbia-Granit-

gneis”, "Winterhorn-
Granitaplit', Cacciola
granite, Rotondo granite,
Prosa granite, Sedelhorn
diorite

Guide rocks Bio-andesine/ Metagabbro migmatite, Two mica gneiss | Quartzite, Hbl- | Undeformed to
labradorite gneiss, banded gneiss, Grt-mica schist, {weak foliated
Grt-amphibolite, chorismatic and Hbl garben schist, | granitoid
serpentinite and stromatic gneisses Sericite-phyllite
calc silicate

Protholith Clastic sediment | Gabbros with Clastic sediments | Granite Clastic sediments | Calc-alkaline
and dismembered | island arc affinity granitoid
ophiolitic rocks

Age of the Proterozoic to Proterozoic to Proterozoic to Late Ordovician | Silurian to Late

protholith Cambrian Lower Ordovician | Cambrian (440 Ma) Devonian Carboniferous

Pre Late Eclogite facies Eclogite facies Eclogite facies

Ordovician Granulite facies | Granulite facies Granulite facies

metamorphisms anatexis

Variscan Amphibolite Amphibolite Amphibolite Amphibolite Greenschist

metamorphism facies facies facies facies facies ?

metasedimentary and meta-ophiolitic rocks are
interpreted by ABrRECHT et al. (1991a) as an ac-
cretionary prism.

Until recent (ABRECHT et al., 1991a,b; ABb-
RECHT and BiNo, 1994), metagabbros were not
recognized in the Gotthard massif. The Kastel-
horn metagabbro was only dubiously considered
a former orthogenic rock of upper Carboniferous
age (AMBUHL, 1929). Two generations of gabbros
can be defined. Some metagabbros (e.g. Fuorcla
Paradis) clearly belong to the ophiolite sequence,
but other metagabbros (e.g. Kastelhorn, Unter-
alptal) are intrusive into the metasedimentary
and meta-ophiolitic series. These younger meta-
gabbros, possibly of Lower Ordovician age
(OBERLI et al., 1993), show island arc affinities.

All these rocks have suffered at least two ma-
jor metamorphic overprints prior to the intrusion
of the Streifengneis (Late Ordovician granitoids);
the first one at eclogite facies conditions and the
second one at granulite facies conditions (AR-
NOLD, 1970).

THE PRE-STREIFENGNEIS BASEMENT AND
THE MIGMATITE PROBLEM

The wedge sequence is made up by a variety of
gneisses. Some of these gneisses show, to different

degrees, migmatitic-looking textures ("Misch-
gneise", "chorismatische Gneise", "Injektions-
gneise", "feldspatreiche Gneise", "Migmatit-
gneise" and "Paradisgneis" according to AMBUHL,
1929; HUBER, 1943; N1GG11, 1944; ArRNOLD, 1970).
The interpretation of the relationship between
these gneisses, the Streifengneis, and the evolu-
tion of the older basement is quite controversial.
AMBUHL (1929), HUBER (1943) and NiGGLI (1944)
used different names for these gneisses, such
as "Mischgneise", "Homogene Mischgneise",
"chorismatische Gneise", "Injektionsgneise”,
"feldspatreiche Gneise", but never explicitly
called them migmatites. Nevertheless, they al-
ways used the classical migmatite terminology
(chorismatic, micro chorismatic, stromatic, nebu-
litic, phlebitic) in their descriptions. It is impor-
tant to keep in mind that ptygmatic folds or melt
migration in axial planes are seldom described (in
contrast to the migmatitic terrains outcropping in
the Aar massif). All these authors describe the
rocks as neither clearly paragenetic nor orthoge-
netic. They stressed the non homogeneous char-
acter at microscopic and hand specimen scale, but
the relative homogeneity at megascopic scale.
HuBer (1943) observed that the "Mischgnei-
se" were always cropping out along the contact of
Late Ordovician granitoids to the basement. He
pointed out the close spatial relationships, and
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Tab. 3 Schematic summary of the geological history of the Gotthard massif, afier ABrecHT et al. (1991a).

Time Tectonic event Process of crustal growth Metamorphism
~ 1000 Ma — Opening of an oceanic basin
— Formation of oceanic crust
— Sea water-rock reaction
~ 900?Ma - Subduction of the oceanic crust
— Formation of an accretionary prism
— Juxtaposition of oceanic and continental series
— Intrusion of gabbros in the accretionary prism
~ 470Ma - Subduction of the accretionary prism due to collision
~ Eclogite facies (Ky)
— Granulite facies (Ky)
— Anatexis {Sil)
- Grt-amphibolite facies
~ 440 Ma — Uplift - Intrusion of granitoid (Streifengneis)
- Erosion — Sedimentation of clastic series
~ 350Ma - Compression - Amphibolite facies
315-300 Ma — Intrusion of the first generation
of granitoids
~ 300 Ma — Deformation phase
300-250Ma - Uplift — Intrusion of the second generation of granitoids
— Formation of volcanic and volcanoclastic series

interpreted the "Mischgneise" as the product of
the impregnation of the metasedimentary gneiss-
es by melt or fluids during the intrusion of the
Late Ordovician granitoids. NiGGL1 (1944) partly
agreed with Huber’s interpretation. However, he

Geological setting of the areq between Gotthard pass and
Lucemagno pass. compiled affer Ambahl (1929, Huber(1943).
Niggli (1944) and Steiger (1962)

S ey
Gottardo
v e

- e o AN
[ Early Mesozoic metasediment

Late Carboniferous granitcid 3 Migmatitic gneiss unit
Middle Palasozoic metasediment [[T]]]] Metasedimentary and

meta-ophiolitic gneiss unit

Fig. 2 Geological setting of the area between Gotthard
pass and Lucomagno pass, compiled after AMBUHL
(1929), Huser (1943), Nicorr (1944) and STEIGER
(1962).

observed "Mischgneise" with no obvious spatial
relationship with the Late Ordovician granitoids.
AMBUHL (1929) described sharp contacts between
ortho- and paragneisses, and he observed discor-
dant dikes cutting the country rocks. ARNOLD
(1970) described true migmatites occurring main-
ly as border facies of the "Mischgneise" along the
contact either with the Late Ordovician granit-
oids or the metasedimentary gneisses. He could
not establish a precise age relationship between
migmatites, "Mischgneise" and Late Ordovician
granitoids, but he supported the conclusion of
HuBER (1943) that the anatectic phase was related
to the intrusion of the granitoids at least in time.

In the following, we propose to consider the
"Mischgneise", "chorismatische Gneise", "Injek-
tionsgneise", "feldspatreiche Gneise" and "Mig-
matitgneise" of AMBUHL (1929), HuBer (1943),
NiGeLr (1944) and ArNoLD (1970) as a single
complex of rocks of sedimentary origin having
been transformed to different degrees by
migmatitic processes. We will refer to these rock
types as migmatitic gneisses (Tab. 2, Fig. 2).

A particular type of gneiss, associated with the
migmatitic gneisses has been reported by HUBER
(1943) as "Paradisgneis". It 1s a rather massive
mica-plagioclase gneiss, showing only a weak foli-
ation and containing centimetric to decimetric in-
clusions of gneisses, amphibolites, quartz nodules
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and calc-silicate rocks. Similar rock types are de-
scribed by AMBUHL (1929) and NiceLr (1944,
1948) in Val Maighels. In contrast to the syn-
Streifengneis impregnation hypothesis proposed
by HusgR (1943), ArNoLD (1970) has suggested a
pre-Streifengneis anatectic origin of this rock
(pp. 41, 44). The mica-plagioclase gneiss repre-
sents the anatectic melt and the inclusions are
considered to be restites. The presence of granu-
lite-facies assemblages in the "Schollen" clearly
indicates an anatectic event between the high
temperature metamorphic event and the intru-
ston of the Streifengneis (Late Ordovician in age).
Whether the "Mischgneise" were formed during
this anatectic event is still a matter of debate. A
continuous transition from the non migmatitic
paragneiss to "Paradisgneis" is shown in HuBer
(1943), NicGu1 (1944), and Arnorp (1970), and
the transitional contact is discordant to older
structures (e.g. lineaments of mafic lenses). A
similar observation is also true for the transition
between the non migmatitic paragneiss and the
migmatitic gneiss. The contact between Paradis-
gneis and migmatitic gneiss is described by HUBER
(1943) as transitional and by ArnoLDp (1970) as
tectonic. All these authors point out the difficulty
of establishing clear field relationships between
migmatitic gneiss and Paradisgneis.

Thus, two different scenarios may be pro-
posed:

1. The "Mischgneise”, "chorismatische Gnei-
se", "Injektionsgneise”, "feldspatreiche Gneise",
"Migmatitgneise” and the Paradisgneis were
formed by the same anatectic event. In this case
the anatexis must be pre-Streifengneis but
younger than granulite facies metamorphism.

2. Two separate anatectic events have oc-
curred. As a consequence, a first migmatization
phase of unknown age has to be assumed for the
migmatitic gneisses, while a second one of pre-
sumably Lower Ordovician age is responsible for
the Paradisgneis. In this case the migmatitic
gneisses represent the oldest rocks of the base-
ment and are relics of a continental crust on which
the protolith of the Paradisgneis has been depos-
ited or overthrusted. The second event (Paradis-
gneis) is considered to be only a minor one with
local geological importance.

The first scenario would indicate a widespread
migmatitic event of at least Late Ordovician age,
which affected large masses of the older metased-
imentary to meta-ophiolitic series. The field rela-
tionships between paragneiss-migmatitic gneisses
and between paragneiss-Paradisgneis strongly
support this interpretation, and the tectonic con-
tact between Paradisgneis and migmatitic gneiss-
es may be due to a local and minor event. On the

other hand, several arguments are not fitting the
second scenario. Paradisgneis and Migmatitgneis
show the same type of inclusions (mafics, ultra-
mafics, calc-silicate fels), and it was not possible
to demonstrate any difference in the metamor-
phic evolution. At present, this second scenario
must be only considered as a working hypothesis.
Hence we propose to consider the Paradisgneis as
part of the migmatitic gneiss. New field observa-
tions led us to conclude that the contact between
Streifengneis and metasediments (already mig-
matitized) is discordant and intrusive. Dikes and
apophyses emanating from the Late Ordovician
metagranitoids discordantly cut the metamorphic
structures of the Upper Proterozoic metasedi-
mentary and metaophiolite rocks, indicating an
Ordovician to Upper Proterozoic tectonometa-
morphic event (or events) recorded only in the
oldest part of the basement. A post migmatite
deformation in garnet amphibolite facies oc-
curred before the Streifengneis intrusion (Bino,
unpubl. data), while Streifengneis and migmatitic
gneisses were deformed together during the Var-
iscan (Schlingen phase).

The term Streifengneis is well established in
the Alpine literature. Nevertheless, it contains
ambiguities since it is constrained by a peculiar
texture more than by genetic or chronological
criteria. The Streifengneises are locally less de-
formed and, therefore, are not banded ortho-
gneisses but augengneisses, or even at outcrop
scale they have preserved igneous textures. An-
other quite common feature is the presence of a
finer grained marginal facies that is transitional to
the augengneisses. These clearly plutonic textural
and structural variations are not easily integrated
in a classification based on a later tectonic fabric.
In the present review as in the older literature the
chronological criteria seem to be the overwhelm-
ing characteristic. These rocks yield an absolute
chronological age of ca. 440 Ma (ArNoLD, 1970;
BossARrT et al., 1986; SERGEEV and STEIGER, 1993),
and we therefore suggest to replace the term
Streifengneis by Late Ordovician metagranitoids,
although they consist of granites, granodiorites,
quartz monzodiorites and quartz monzonites.

MIDDLE PALEOZOIC METASEDIMENTS

An interesting rock unit, including sericite-bi-
otite-gneisses, phyllites, quartzites and graphitic
schists, borders the northern margin of the crys-
talline basement in the central and eastern part of
the massif. N1GGLI (1944) considers these rocks to
be Middle Paleozoic metasediments (series VI in
Tab. 1). According to AMBUHL (1929) the sericite-
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Geological
sefting of the area

between Gofthard pass and
Nufenen pass, after S. Hafner (1973)

Migmatitic gnetss unit

S .
m Ecrly Mesczoic metasediment (Sorescia gneis, Hafner 1958
Migmatitic gneiss unit

Late Carboniferous granitoids (Giubine serigs, Steiges 1962)

Middle Pdeczoic metasediment “““ Metasedimentary and
‘ (Tremolc series. Hafner 1958) meta-cphiclitic gneiss unit

l Late Ordovicicn granitoid (Prato series, Haofner 1958)

Fig. 3 Geological setting of the area between Gotthard
pass and Nufenen pass, modified after Harngr (1975,
1:25 000 Swiss Geological map, Val Bedretto, Blatt 68,
LK1251).

biotite-gneisses and phyilites are formed due to
retrograde alteration of the paragneisses along
the contact with the Permo-Carboniferous sedi-
ments.

Although admitting a strong Alpine (or Late
Variscan) deformation and recrystallization, in
accordance with ArnorLp (1970), we prefer
Niggli’s interpretation of a Middle Paleozoic sedi-
mentary sequence and consider it to be a separate
lithological unit (Fig. 2). Similar rocks outcrop
in the Piz Tenelin and Piz Borel slices (Fig. 4).
AMBUHL (1929) clearly described "Garbenschie-
fer" identical with those from the Tremola zone
(see below) in the Piz Borel zone (Pizzo Centrale,
Fig. 4). In the western termination of the massif,
OBERHOLZER (1955) reports an alignment of
quartzitic rocks of several kilometers in length
interlayered with the "Zweiglimmer-Na-K-Feld-
spatgneise” (Fig. 5). We tentatively assign these
rocks to the same Middle Paleozoic metasedi-
ments.

The southern and western parts of
the Gotthard massif

HAENER (1958) and STEIGER (1962) have investi-
gated the southern margin of the massif (Figs 2
and 3). From the descriptions of the units mapped
by these authors we can derive the following re-
lationships with the previously defined units.

The "Prato Serie" (HAFNER, 1958, p. 277) is an
unequivocal equivalent of the metasedimentary

gneisses (accretionary wedge sequence) with em-
bedded ophiolitic metabasalt and meta-ultramafic
rocks. In this series Harner (1958) observed
migmatitic structures.

The "Soresciagneis” (HAFNER, 1958, p. 274) is
described as biotite-plagioclase gneiss. The con-
tact with the "Streifengneis" is a pre-Late Varis-
can thrust plane (HAFNER, 1958, p. 273). The
gneiss is very homogeneous and with seldom
stromatic, ophthalmitic and microchorismatic
structures. STEIGER (1962, p. 482) considered the
"Soresciagneis” as a sedimentary cover of the
Prato series. HAFNER (1958, p. 315) pointed out a
possible correlation between "Soresciagneis” and
"Mischgneis". In our reconstruction, the "So-
resciagneis” is considered as migmatitic gneiss
and, therefore, belongs to the Proto Gotthard.

The "Giubine Serie" (STEIGER, 1962, p. 506
and so forth) contains three lithotypes:

— The "Schmitzengneis". From Steiger’s de-
scriptions and from a comment by ArRNoLD (1970,
p. 38) the "Schmitzengneis" appears to be identi-
cal with the Paradisgneis.

~ The stromatic gneiss seems to correspond to
the "Mischgneise".

— The garnet micaschist, as already stated by
STEIGER (1962, p. 515), shows a clear affinity to
the micaschists of series IV, V, VI of NicsoL
(1944; Tab. 1).

STEIGER (1962) pointed out the possible age
differences of the rocks of the "Giubine Serie"
and the difficulties to map the contact between
"Schmitzengneis", stromatic gneiss and "So-
resciagneis”. Steiger's observations suggest that
only one migmatitic event occurred (but at dif-
ferent degrees of partial melting).

The garnet micaschists are intruded by the
Late Variscan granitoids (e.g.: north of the Passo
dell'Uomo after STEIGER, 1962).

The "Giubine Serie" is composed of poly- and
mono(Variscan)-metamorphic rocks, but it is not
an independent nappe. Hence we propose to dis-
card the unit name "Giubine serie” (Tab. 2 and
Fig. 2) and to assign the "Schmitzengneis" and
stromatic gneiss to the migmatitic gneisses and
the garnet micaschist to the Middle Paleozoic
metasediments.

The "Tremola Serie" is formed by marine
metasediments (shales, carbonates with minor
sandstone), and in only one locality metacon-
glomerate layers crop out (HEzNER, 1909, pp. 164,
186). HAFNER (1958) described discordant con-
tacts between Prato and Tremola series (p. 321).
The "Tremola Serie" and its subunits have been
studied in detail by HEzneR (1909) and STEIGER
(1962). This unit shows neither the high-grade
pre-Alpine metamorphism nor any intrusive con-
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tact with the Late Ordovician granitoids. Appar-
entely, it is not refolded by the Variscan Schlingen
tectonic. A separate slice of "Tremola Serie"
(map by HAFNER, 1:25 000 Swiss Geological map,
Val Bedretto, Blatt 68, LK1251) is possibly in-
truded by the Gamsboden granite (Fig. 3). There-
fore, the "Tremola Serie" has been deposited or
tectonically juxtapposed on the Goithard base-
ment during the Middle Palaeozoic. In accord-
ance with the subdivision by NiGoL1 (1944) and
with the field observations of AMBUHL (1929), we
assign the "Tremola Serie" to the Middle Paleo-
zoic metasediments.

The western Gotthard massif has been inves-
tigated by OBerHOLZER (1955). His lithological
classification permits a correlation with our pro-
posed lithostratigraphic subdivision. Mica-plagio-
clase gneisses, amphibolites, garnet amphibo-
lites and serpentinites represent the metasedi-
mentary gneisses, ophiolitic metabasalt and meta-
ultramafics unit (Series I, 11, 111, NicoL1 1944; re-
ported in Tab. 1). The "Mischgneise” belong to
the migmatitic gneisses and the "Zweiglimmer-
Na-K-Feldspatgneise” to the Late Ordovician
metagranitoids. OBERBOLZER discussed the possi-
ble correlations of these rocks with the central
part of the massif and arrived, despite of some
local lithological differences, at similar conclu-
sions.

The eastern part of the Gotthard massif

Somewhat more problematic is the extrapolation
of our lithostratigraphic subdivision to the eastern
end of the massif. WEBER (1924) distinguishes on
his map two main units, the “"Paragesteine” and
the "Altere kristalline Schiefer (teils Ortho-, teils
Paragesteine)". The main part of the "Para-
gesteine" clearly belongs to the Proto Gotthard,
while some lithotypes such as "Konglomerat-
gneiss, Serizitgneisse, -schiefer -phyllite und
-quarzite" could be assigned to the Middle Pale-
zoic metasediments. The "Altere kristalline
Schiefer (teils Ortho-, teils Paragesteine)" include
migmatitic gneisses and Late Ordovician granit-
oids.

WINTERHALTER (1930) did not map the "Or-
thogneiss" {(Late Ordovician granitoids) and the
"Injektionsgneis" (migmatitic gneisses) separate-
ly. It was, therefore, impossible to define on fig-
ure 5 the limits of these two units in the area north
of the Medelser-Cristallina granitoid complex. In
WINTERHALTER'S map (1930) a phyllite zone
marks the Late Ordovician granitoids-paragneiss
contact. He interprets these phyllites as strongly
deformed paragneisses and discusses a possible

link with the wedging of Permo-Carboniferous
sediments within the paragneisses. On the other
hand, the mineralogy of these phyllites is the same
as the sericite-phyllite that NigoL1 (1944) assigned
to series VI (Tab. 1). Lacking new facts on this
subject, it is impossible to decide if these phyllites
belong to the Middle Palezoic metasediments or
to the Proto Gotthard.

FeHR (1956) has tried to distinguish different
gneiss domains at the eastern end of the massif.
Unfortunately, it is difficult to relate his gneiss
nomenclature to our subdivision, this concerns
particularly the distinction between Late Ordovi-
cian granitoids and migmatitic gneisses. Further,
the map by FeHr (1956) differs in some points
from the one by WEBER (1924) preventing clear
correlations.

It is, nevertheless, evident that the eastern end
of the massif does not show any important litho-
logical changes. Rocks only present in this area,
are meta-rhyolitic volcanics and rhyolitic dikes
("Quarzporphyre") of Late Paleozoic age (fre-
quentely associated with black schists and tour-
maline fels) which crop out within the crystalline
basement. Together with the abundant Permo-
Carboniferous sediments on top of the crystalline
basement (Verrucano of Ilanz), the presence of
the these volcanics indicates that at least this part
of the massif was denuded in Late Paleozoic
times.

Structural evolution

The polyorogenic tectonic reworking of the
Gotthard massif and the lack of systematic mod-
ern structural studies, presently prevent a clear
assignment of structures to single deformation
events. As the emphasis of our study was clearly
on the petrographic characterization of the rock
units, it was beyond its purpose to summarize in a
modern and coherent frame the structural obser-
vations dispersed in the literature. Nevertheless,
some general remarks can be made. The best way
to investigate the main structures is by establish-
ing the structural evolution within the three major
intrusive bodies: the Late Ordovician granitoids,
the first and the second suites of Late Variscan
granitoids, and to compare them with the struc-
tures in the old basement. This same strategy has
been followed by earlier geologists but the theo-
retical progress in structural geology will lead to
new results. The help of isotope geology is also
decisive in order to geometrically distinguish sim-
ilar but diachronous phases of deformation, and
to better constrain the age of the structural mark-
ers, A good example of such strategy is found in
the central Gotthard massif. The Rotondo granite
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Fig. 5 Distribution of the lithostratigraphic units over the whole Gotthard massif. Drawn afier the Geological Map

of Switzerland 1:500 000, 1980.

shows significant differences in deformation pat-
terns when compared to the Fibbia-Gamsboden
orthogneisses (HAFNER, 1958; STEIGER, 1962;
GRUNENFELDER and HAPNER 1962; KvaLg, 1966;
MARQUER, 1990). New chronological data suggest
that a phase of deformation occurred within a
relatively limited time span at the end of the Var-
iscan cycle ( GUERROT and STEIGER, 1991; SERGEEV
and StTEIGER, 1993). This phase is probably re-
sponsible for the differences in deformation of the
Variscan plutons. A Late Variscan tectonic phase
was also suggested for the Aar massif by OBER-
HANSLI et al. (1988).

Conclusions and open problems on
the Gotthard massif structuration

The proposed lithostratigraphy helps us to under-
stand the structuration of the Gotthard massif,
but poses new questions too. In the following,
some of these problems are briefly outlined.

THE VARISCAN PALEOGEOGRAPHY

The pre-Triassic evolution is a good criteria in
order to understand the old structuration of the
Alpine basement. The Gotthard massif shows a

pre-Alpine metamorphic evolution similar to that
of the Tavetsch (BiNo, 1994), Silvretta (MAGGET-
1 and FLiscH, 1993) and Strona Ceneri (as already
suggested by N1GGL1, 1944). They possibly formed
a coherent basement, later on disrupted by Al-
pine tectonics.

More problematic is the correlation with the
Aar massif (ABREcHT, 1994). Some differences
(lack of extensive Ordovician intrusion, presence
of "Schollenamphibolite”, widespread occurrence
of low pressure migmatites, and strong retrogres-
sion of the high temperature assemblages) sug-
gest a different Paleozoic evolution. The presence
in both terranes of slightly diachronous and, in a
wider sense, cogenetic intrusives (Late Carbonif-
erous granitoids) may help to constrain the timing
of the Late Variscan rearrangement of the differ-
ent blocks.

THE NATURE OF THE CONTACT BETWEEN
THE BASEMENT AND THE MIDDLE
PALEOZOIC METASEDIMENTS

The Late Ordovician granitoids were themselves
folded together with the older basement, as indi-
cated by their pervasive foliation and the large
scale open fold ("Schlingen" tectonic, Fig. 2). The
time of this deformation is loosely constrained by
the Upper Devonian — Lower Carboniferous
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(Variscan) tectonics. If the Middle Paleozoic
metasediments represent the cover of the base-
ment, then they should be folded with the base-
ment during this tectonic stage. From the litera-
ture it is hard to prove such a conclusion. The
other possibility is that the Middle Paleozoic
metasediments may represent a Variscan nappe
from a higher structural level, tectonically juxta-
posed with the basement after the Schlingen tec-
tonic phase. In any case the Middle Paleozoic
metasediment-basement contact must be of Car-
boniferous age. In fact, the Upper Carboniferous
intrusives clearly crosscut these structures and lo-
cally produced a contact metamorphism in the
Middle Paleozoic metasediments (e.g. Medel in-
trusive in the Rondadura Valley, Fig. 4).

In the Tremola series, STEIGER (1962) de-
scribed two metamorphic events. The first pro-
grade event is characterized by a metamorphic
grade increasing towards the north. The later
metamorphic phase is responsible for the forma-
tion of the garben texture, and the metamorphic
grade increases towards the south. The thermal
gradient of the first event is quite problematic and
difficult to explain in terms of the Alpine meta-
morphic evolution only. The correlation of the
first metamorphism with a Late Variscan event,
presumably the phase of deformation observed in
the older Late Variscan plutons (Fibbia, Gams-
boden and Medelser), would coherently explain
STEIGER'S observations.

THE COVER SYNCLINES

The Piz Borel zone (HUBER, 1943) is a small east-
west trending complex slice between two bodies
of Late Ordovician metagranitoids, and is well
developed between the Pizzo Centrale and the
Lucomagno pass (Fig. 4). From west to east it
contains: Upper Proterozoic metasedimentary
and meta-ophiolitic rocks, Middle Paleozoic
metasediments (truncated and metamorphosed
by the intrusion of a Late Variscan granitoid
which was itself deformed by Alpine tectonics)
and finally Mesozoic metasediments. According-
ly, three orogenic events are superimposed in this
small zone. In pre-Late Ordovician times the
ophiolitic material (metabasalt and meta-ultra-
mafic) was folded and metamorphosed together
with metasedimentary gneisses. After the intru-
sion of the Late Ordovician granitoids the active
folding during the Variscan orogeny was super-
imposed on the pre-existing structures. The jux-
taposition of the Middle Paleozoic metasediments
predates the intrusion of the Upper Carbonifer-
ous granitoids. Finally, in Alpine times, the Meso-

zoic sedimentary cover was itself folded into the
same previously folded structures (LAMBERT et al.,
1992). It can, therefore, be expected that also oth-
er ancient structures have consecutively been re-
used during different tectonic phases from the
Proterozoic until the present.

A logic continuation of the Piz Borel zone can
be traced eastwards between the Fibbia and
Gamsboden bodies and, after the break of the
Rotondo granite, until the Rappental (Fig. 5).

Similar zones represent intrabasement (both
Alpine and older) thrust planes. Without sedi-
mentary markers, the importance of these thrust
planes may be underestimated. Metamorphic pe-
trology points out a complex tectonic setting with
imbrication of basement slices in the Gotthard
massif as suggested by anomalous Alpine pres-
sure gradients (Lucomagno pass after RIDLEY,
1989) and Alpine temperature gradient (Nufenen
pass after KAMBER, 1993).

Summary

The Gotthard massif shows a coherent litho-
stratigraphy and can be subdivided into units (Tab.
2), which can be traced across the entire massif
(Fig. 5). We propose the following revised litho-
stratigraphic subdivision of the Gotthard massif:

- Uppermost Carboniferous, Permian and
Mesozoic sedimentary covers (with some
outcrops of Permo-Carboniferous volca-
nics)

— Late Variscan granitoids (divided into two
cycles by a deformation phase)

— Middle Palaeozoic metasediments

— Late Ordovician metagranitoids

- Proto Gotthard (pre Late Ordovician):

-- Migmatitic gneisses

-- Metagabbros, with island arc affinity

-- Metabasalts, metagabbros and meta-
ultramafics, with ophiolitic affinity

-- Metasedimentary gneisses.

Within the pre-Mesozoic basement of the
Gotthard massif, indications on possible protho-
liths, relics of metamorphic parageneses and mag-
matic events, permit to classify the units chrono-
logically and to distinguish major orogenic cycles.
The geological history proposed by ABRECHT et
al. (1991a) is summarized in table 3.
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