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Transition from continental to oceanic basement in the
Tasna nappe (Engadine window, Graubiinden, Switzerland):
evidence for Early Cretaceous opening of the Valais ocean

by Duri Florineth’ and Nikolaus Froitzheim’

Abstract

The Cretaceous sedimentary cover of the Middle Penninic (Briangonnais) Tasna nappe, exposed in the Engadine
window, rests on Tasna granite and associated gneisses to the South (continental basement) and on the Piz Nair
serpentinite to the North (oceanic basement). Cataclasite at the top of the Tasna granite and ophicalcite at the top of
the serpentinite were formed by brittle fracturing along a low-angle normal fault before deposition of the sedimen-
tary cover, during Late Jurassic to Earliest Cretaceous rifting. Progressive normal fault displacement completely
removed the hanging wall and exhumed the fault surface, on which then the Cretaceous postrift sediments came to
lie. These start with the Lower Cretaceous Shale Formation ("Neckom"). The Piz Nair serpentinite is interpreted to
represent subcontinental mantle peridotite, exhumed and serpentinized during rifting, and exposed at the floor of

the Valais basin.

Keywords: rifting, ophicalcite, tectonic evolution, Valais ocean, Tasna nappe, Engadine window.

Introduction

The Penninic nappes of the Central Alps com-
prise basement units of both continental and oce-
anic provenance. The palinspastic restoration of
the Penninic units for Late Jurassic and Early
Cretaceous times results in the now widely ac-
cepted picture of two basins, either one of them or
both floored by oceanic crust, divided by a conti-
nental swell. The southern basin, known as the
South Penninic or Piemont-Liguria ocean, is char-
acterized by the post-ophiolithic sedimentary se-
quence of Middle to Upper Jurassic radiolarite,
uppermost Jurassic to Lower Cretaceous Apty-
chus Limestone (also known as Calpionella Lime-
stone), Lower Cretaceous Palombini shale and
limestone, and "middle" Cretaceous Lavagna
Shale (WEisserT and BErnoULLI, 1985). These pe-
lagic sediments rest on ultrabasic and basic rocks,
mainly serpentinite, gabbro, and basalt, indicating
that oceanic crust existed in this basin from the
Middle to Late Jurassic onward. In Eastern Swit-
zerland, remnants of the Piemont-Liguria ocean

are found in the Arosa zone, the Platta nappe,
the Malenco, Forno, and Lizun units, and in the
Avers Biindnerschiefer. The continental swell
separating the two basins, known as the Middle
Penninic or Briangonnais swell, is represented, in
Eastern Switzerland, by the basement-dominat-
ed Tambo and Suretta nappes and by the de-
tached sediments of the Schams, Falknis and
Sulzfluh nappes (TrUmpy, 1980). The Tasna
nappe, exposed in the Engadine window, is usual-
ly interpreted as an equivalent of the Falknis and
Sulzfluh nappes (TrUMPY, 1972). This unit and its
relations to the northern basin, the North Pen-
ninic or Valais domain, are the subject of the
present article.

As to the nature and age of the Valais basin,
some problems are still unsolved. In eastern
Switzerland, it is characterized by large volumes
of Biindnerschiefer. These are low-grade meta-
morphic caleschists, occasionally associated with
ophiolites, including metabasalts and rare ser-
pentinites (STEINMANN, 1994). It is not clear
whether the North Penninic basin comprised
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oceanic crust (Frisch, 1979; Trumpy, 1980) or was
floored entirely by thinned continental crust
(LausscrHer and BErnouLLL, 1982). Recently sev-
eral authors have argued in favour of an oceanic
nature, based on tectonic (Scumip et al., 1990),
geochemical (DURR et al, 1993; STEINMANN,
1994), and plate kinematic arguments (STAMPELI,
1993). Accepting an oceanic nature of the Valais
rises a second problem regarding the age of this
ocean. Friscu (1979) and StamprLi (1993) pro-
posed that it opened later than the Piemont-Ligu-
ria ocean, in the Early Cretaceous, kinematically
linked with the opening of the Gulf of Biscay and
sinistral movement of Iberia relative to Europe,
whereas Scumip et al. (1990) assumed a Late
Jurassic opening, because they found ophiolites
with a — presumably — Jurassic cover in a "North
Penninic" structural position (Martegnas ophio-
lite, Oberhalbstein area).

In the following we will present some new
observations from the Tasna nappe in the Enga-
dine window. We will show that Lower Creta-
ceous sediments were deposited on granitic-
gneissic basement in the southern part of this
nappe, and on serpentinitic basement in the
northern part. We interpret the latter as a piece of
subcontinental mantle material that became ex-
humed by normal faulting and exposed at the
floor of the Valais basin. Far from completely
solving the above-mentioned problems, these ob-
servations nevertheless represent an important
piece of direct field evidence regarding the open-
ing of the Valais ocean: Oceanic basement was
formed by tectonic denudation of subcontinental
mantle material during the Early Cretaceous.
Furthermore, the Tasna nappe represents, in our
view, a unique opportunity to study a former
transition zone between oceanic and continental
crust in the field.

Regional geology

The southwest-northeast-siriking Engadine win-
dow, situated in Eastern Switzerland and Austria,
exposes a stack of Penninic nappes, overlain and
framed by Austroalpine nappes (Fig. 1). The lat-
ter comprise the Silvretta nappe to the North and
West, the S-charl-Sesvenna nappe to the South
and the Oetztal nappe to the East. The exposure
of Penninic units in the window is not only due to
erosion of the Austroalpine nappes by the river
Inn, but also to the movement along the Enga-
dine line, a fault of Tertiary age which runs along
the southeastern border of the window. The En-
gadine line acted in this area as a southeast-dip-
ping oblique normal fault, so that the Penninic
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units of the window were uplifted relative to the
Austroalpine nappes in the southeastern block
(Scamip and FrorrzHEM, 1993). Additionally, the
relative uplift of the window is accentuated by a
southwest-northeast-striking anticline, of Ter-
tiary age as well. The succession of Penninic
nappes can be studied best along the northern
and western border of the window. Along the
southeastern border, the movement along the
Engadine line has dismembered and telescoped
the nappes.

The area described here is situated in the
westernmost part of the window. The structurally
highest Penninic unit, directly underlying the
gneissic and amphibolitic basement of the Aus-
troalpine Silvretta nappe, is the Arosa zone. This
zone comprises a mélange of rock types of Pie-
mont-Ligurian affinity, including ophicalcite, ra-
diolarite and Aptychus Limestone, but also rocks
of Austroalpine affinity, such as Triassic dolo-
mites (GURLER, 1982). These rocks have been
strongly deformed during the Eocene northward
transport of the Austroalpine nappes over the
Penninic units. The next deeper unit is the "Tasna
flysch", an assemblage of flysch-type sedimentary
rocks whose tectonic position is unclear. Original-
ly, these flysches were interpreted as forming the
youngest part of the sedimentary sequence of the
underlying Tasna nappe (e.g., CapiscH et al.,
1968). GUrLER (1982) subdivided the flysches and
attributed them partly to the Tasna nappe, partly
to the Arosa zone. Whatever the exact tectonic
position of the Tasna flysch may be, RuboLPH's
(1982) finding of Paleocene to Early Eocene
foraminifera in a flysch sequence in the Fimber
valley, north of the area described here, shows
that the age of the flysch sediments reaches up
into the Lower Tertiary and that the Silvretta
nappe (probably together with its tectonic sole of
Arosa zone) was empiaced on top of the Penninic
units after the Early Eocene.

The Tasna flysch is underlain by the Mesozoic
sediments of the Tasna nappe s.str. This unit
comprises a gneissic and granitic basement and a
sedimentary sequence of Triassic to Cretaceous
age. The Tasna nappe, together with the Falknis
and Sulzfluh nappes, was long regarded as a
Lower Austroalpine unit, due to Austroaipine
affinities of the basement and of the Triassic and
Lower Jurassic sedimentary rocks (e.g., Staus
and CapiscH, 1921; GRUNER, 1981). Meanwhile
most authors follow TrUMPY (1960) in assigning
the Tasna nappe to the Brianconnais, which is
plausible in view of the facies of the Upper
Jurassic and Cretaceous rocks. As a matter of
fact, only rocks younger than Lower Jurassic
should be used to decide from which side of the
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Fig. ] Tectonic map of the southwestern part of the Engadine window. After TrUMPY (1972), slightly modified.

Jurassic Piemont-Liguria ocean a particular unit
is derived.

The Tasna nappe s.str. is underlain by ophio-
lites termed Ramosch Zone by TrRUMPY (1972).
This unit comprises serpentinite, metabasalt, and
metagabbro, as well as slivers of continental base-
ment and Mesozoic sedimentary rocks. One of
the larger serpentinite bodies directly underlies
the Tasna nappe between Piz Minschun and Piz
Tasna. In the following, it will be referred to as
the Piz Nair serpentinite (Fig. 1). As we will show
below, the contact between this serpentinite and
the overlying Cretaceous sediments of the Tasna
nappe is not an Alpine thrust fault. Instead, the
serpentinite is part of the basement on which the
sediments were deposited. Therefore, the Piz
Nair serpentinite is part of the Tasna nappe, and
the term "Ramosch zone", if it is meant to signify
an Alpine tectonic unit, has to be restricted to a
complex of mafic and ultramafic rocks, including
pillowed basalts, which underlies the Piz Nair ser-

pentinite along an Alpine thrust fault. Pillowed
basalts of this lower complex are exposed, for
example, at Mot da Ri (Fig. 2; VUAGNAT, 1965;
VUICHARD, 1984). Serpentinite bodies along the
southeastern margin of the window may be part
of the Tasna basement as well (R. Triimpy, per-
sonal communication). At present, however, the
position of these serpentinite bodies is yet
unclear and we therefore include them in the
Ramosch zone, following the traditional termi-
nology (Fig. 1). The next deeper unit is the Roz-
Champatsch zone, a mélange zone dominated by
flysch-type sedimentary rocks, but including also
some slivers of Triassic sedimentary rocks, conti-
nental basement, and serpentinite (TRUMPY,
1972). TorriceLLL (1956) identified Maastrichtian
foraminifera in a breccia layer of the Roz-Cham-
patsch zone. The Stammerspitz unit, comprising
Mesozoic sedimentary rocks of Austroalpine
facies, was tectonically emplaced in the Roz-
Champatsch zone (KiAy, 1957). Undernecath the
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Fig. 2 Geologic map of the Piz Minschun area. After FLoriNETH (1994).
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Roz-Champatsch zone, and constituting the main
part of the Engadine window, follow the several
kilometers thick Biindnerschiefer, calcschists
with some metabasalt bodies, representing the fill
of the Valais basin (TrUMPY, 1972).

Cretaceous sedimentary cover of
the Tasna nappe

The Cretaceous sequence of the study area (Figs 2,
3) begins with dark grey to olive green shale and
siltstone, often strongly bioturbated, in which
some limestone layers are intercalated. These
rocks, of Early Cretaceous age ("Neokom") ac-
cording to KAy (1957) and Cabisch et al. (1968),
have not yet been dated biostratigraphically and
will therefore be informally referred to as "Shale
Formation" in the following. We assume that the
Lower Cretaceous age inferred by the above au-
thors is correct, because we observed, particularly
clearly on the southern slope of Piz Tasna (Fig. 1),
a gradational upward transition of the Shale For-
mation into the Tristel Formation, dated as Late
Barremian to Early Aptian (ScHwizER, 1983). This
interpretation is in contrast to GURLER (1982) who
postulated a tectonic separation between the
Shale Formation and the Tristel Formation. We
found no evidence for such a tectonic contact,

------

thrus

Ramosch zone

Piz Minschun
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neither did Scuwizer (1983) who studied the Tris-
tel Formation of the Tasna nappe in great detail.
Of special interest is the occurrence of manganese
nodules in the Shale Formation in the vicinity of
the underlying Piz Nair serpentinite (KLAY, 1957).
The Barremian to Aptian Tristel Formation
(ScuwizERr, 1983) is made up by calciturbidites. A
breccia horizon with clasts of granite occurs local-
ly at the base of the formation. The Cretaceous
sequence is completed by Aptian to Cenomanian
sandstone, greywacke and black shale ("Gault",
Hessg, 1973), and Turcnian to Senonian marly
limestone (Couches Rouges). Compared to the
respective formations in the Falknis nappe, the
Tristel Formation, "Gault" and Couches Rouges
of the Tasna nappe are rich in coarse-grained
clastic, partly basement-derived material. This is
particularly true for the Couches Rouges which
locally are represented by polygenic breccias con-
taining olistoliths of Tasna granite up to several
tens of meters in diameter, with a matrix of typi-
cal Couches Rouges (Breccia Formation of
GURLER, 1982; WaIBEL and FriscH, 1989).

Basement-cover contacts in the Tasna nappe

In the following, we will describe two types of
basement-cover contacts observed in the study

S

r2500m

A
500m

1 f Il L R |

Fig. 3 Cross section of the study area. The Tasna nappe, including the Piz Nair serpentinite, overlies along an
Alpine thrust fault pillowed basalts, gabbro and serpentinite of the Ramosch zone. The contact between Cretaceous
sediments of the Tasna nappe and the Tasna flysch forming the summit of Piz Minschun is possibly a thrust as well
(GURLER, 1982). Within the Tasna nappe, Alpine deformation is restricted to south-facing D2 folds of the Creta-
ceous sedimentary cover, visible in the cross section, abundant minor shear zones within the serpentinite (not
shown), and late, steeply dipping faults. The general geometry of the Tasna nappe, characterized by a northward-
tapering wedge of granitic-gneissic basement between Cretaceous sediments above and serpentinite below, is pre-
Alpine and results from Late Jurassic to Early Cretaceous rifting.
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Fig. 4 Basement-cover contacts in the Tasna nappe. a:
southeast of Piz Cliinas, b: east of P. 2951 (see map,
Fig. 2, for locations).
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area. In the first type, the Cretaceous sedimenta-
ry sequence rests on granitic-gneissic Tasna base-
ment. In the second type, the same sedimentary
rocks rest on serpentinite.

East of Piz Cliinas: Sediments on granitic/gneissic
basement.

In this area (see Fig. 2 for location), the Creta-
ceous sediments rest on a layer of granitic and
gneissic Tasna basement which is itself underlain
by the Piz Nair serpentinite (Fig. 4a). The compo-
sition of the Tasna basement is rather heteroge-
neous; we distinguished Tasna granite (presumed
to be of Late Variscan age), aplitic dykes, layered
gneisses of acid to intermediate composition, and
amphibolites. Towards the basement-cover con-
tact, the Tasna basement is increasingly over-
printed by brittle deformation and transformed
into a tectonic breccia or cataclasite (Fig. 5) with
a greenish, chlorite-rich matrix and angular to
rounded basement fragments (chloritic breccia).
In the uppermost few decimeters below the
basement-cover contact, fine-grained cataclasite
with a maximum clast size of about 2 centimeters
develops. This is overlain by black to olive-green
shale ("Neokom") with intercalated limestone
layers. Here the shale is only several decimeters
to about one meter thick. The contact between
cataclasite and shale is clearly depositional:
The top of the cataclasite is uneven, with a cen-
timeter- to millimeter-scale relief that is filled up
by the shale. There is no indication of a displace-

ment between shale and cataclasite. Instead, cata-
clasite and sedimentary cover have been folded
together around open, south-facing folds (D,
FLORINETH, 1994). A cleavage observed in the
shale is parallel to the axial planes of these folds
and obliquely cuts the basement-cover contact.
The shale is overlain by a polygenic sedimentary
breccia representing the base of the Tristel For-
mation.

The contact between the granitic/gneissic Tas-
na basement and the underlying serpentinite is
sharp. Strongly foliated amphibolite occurs local-
ly immediately above the contact. The foliation is
roughly paraliel to the contact. Veins filled with
light grey calcite are found in the uppermost few
decimeters of the serpentinite. These are again
subparallel to the contact with the overlying gra-
nitic-gneissic basement. However, steeply orient-
ed calcite veins occur as well. We found such a
calcite vein in the serpentinite at coordinates
814 600 / 189 650 (coordinate grid Schweiz. Lan-
deskarte). It is about. 10 centimeters thick, trends
east-southeast (113°), and dips 75° toward south-
southwest. It is filled with light grey calcite with
layers of serpentinite fragments oriented parallel
to the walls of the vein. These layers probably
result from repeated sealing and re-opening of
the vein. A similar calcite-filled pocket with lay-
ers of small granite fragments was found in the
overlying Tasna granite, some tens of meters un-
derneath the basement-cover contact (coordi-
nates 814 400 / 189 500).

Formation of chloritic schist in the lowermost
part of the gneissic-granitic basement and of talc
schist, anastomosing shears, and abundant slick-
ensides in the serpentinite, suggest that the con-
tact between the serpentinite and the granitic-
gneissic basement was affected by some shearing
during the Alpine orogeny. The Alpine displace-
ment across this contact, however, cannot be very
substantial, because the contact is sealed by Cre-
taceous sediments (Fig. 2, see below).

Northeast of Piz Minschun: Sediments on serpen-
tinite:

The granitic/gneissic Tasna basement be-
comes thinner towards the North and wedges out
northeast of Piz Minschun (Fig. 2). From here on
towards north, the serpentinite is directly over-
lain by the Shale Formation (Fig. 4b). The most
beautiful outcrop of this type is found northeast
of P. 2951 (Figs 6, 7; coord. 814 500/ 191 500).
Visitors are friendly asked not to damage this
outcrop by hammering.

The upper part of the serpentinite, several
meters thick, is present in the form of an ophical-
cite (Fig. 6). The serpentinite has been fractured
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Fig. 5 Cataclastic fault breccia, derived from granitic/
gneissic Tasna basement. Clasts of granite and gneiss,
both angular and slightly rounded, "float" in a chlorite-
rich, cataclastic matrix. This outcrop is about 15 meters
below the basement-cover contact, southeast of Piz
Cliinas (coord. 814 500 / 189 200). Compare figure 4a.
Diameter of coin is 2.7 cm.

and disintegrated into rhomboid lenses or chips.
The intervening space is filled by two types of
calcite: (1) Light grey to reddish or orange calcite
with serpentinite fragments, and (2) reddish to
white, drusy calcite cement with sparry crystals
(Fig. 7). Overprinting relations between veins in-
dicate that type 2 formed later than type 1. We
did not find evidence for a sedimentary origin of
calcite type 1, like layers of graded serpentinite
sand as described by BERNOULLI and WEISSERT
(1985) from Piemont-Ligurian ophicalcites.

The carbonate/serpentinite ratio increases up-
wards; locally the carbonate makes up more than
half the volume of the rock. The uppermost ca
5 centimeters are more erosion-resistant than
the underlying material and appear as a sort
of crust (Fig. 6). Here, the carbonate is often
dolomite instead of calcite. Detrital quartz and
feldspar grains as well as small granite fragments
(< 1 centimeter) are scattered over the top of this

Fig. 6 Depositional contact of Shale Formation (S) on
ophicalcite (O). Cleavage (cl) in shale is oblique with
respect to shale/ophicalcite interface: note slight cleav-
age refraction towards interface. Uppermost part of
ophicalcite is formed by erosion-resistant crust (cr).
East of P. 2951 (coord. 814 500 / 191 500). Compare
figure 4b. Diameter of coin is 2.3 cm, south is to the left.

Fig. 7 Structure of ophicalcite about 40 centimeters
below the base of the Shale Formation. Dark chips and
lenses are serpentinite. Note regular arrangement of
these lenses suggesting fracturing in a shear zone. Spac-
es between serpentinite lenses are filled with grey to
reddish or orange calcite with serpentinite fragments
(1) and reddish to white, drusy calcite cement (2). Same
outcrop as figure 6. Diameter of coin is 2.3 cm, south is
to the left.

crust. The crust and the granitic debris are over-
lain by the Shale Formation ("Neokom") which
seals the relief of the surface. Again the D, cleav-
age of the shale is oblique to the ophicalcite/shale
interface (Fig. 6). In this area, the Shale Forma-
tion is several meters thick. It contains serpenti-
nite-derived debris in the form of single spinel
mineral grains or of up to 10 centimeters large
serpentinite clasts, some of which are rounded.
Granite and gneiss clasts also occur in the shale.
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The shale is overlain by the basal, polygenic brec-
cia horizon of the Tristel Formation.

Although the granitic/gneissic Tasna base-
ment is generally no longer present in this area,
remnants of it are locally found in the form of
granite/gneiss cataclasites, similar to the ones
from the Piz Cliinas area (see above), intercalat-
ed as thin lenses between the ophicalcite and the
overlying shale.

Interpretation of basement-cover contacts

The first type of basement-cover contact, where
the Cretaceous sedimentary rocks rest on granit-
ic/gneissic Tasna basement, is interpreted as an
onlap onto an exhumed fault surface. The Tasna
basement was transformed into a tectonic breccia
through cataclastic deformation in a major brittle
fault zone. The centre of this fault zone is pres-
ently located at the top of the basement, as indi-
cated by the increasing grain-size reduction of the
clasts in the breccia, reaching a minimum size at
the top. At the initiation of faulting the hanging
wall must have been made up of Tasna basement
as well. However, this hanging wall was removed
by progressive faulting which led to the complete
tectonic exhumation of the footwall at the sea
floor. Later, the shale formation was deposited
onto the cataclastic fault rocks. This interpreta-
tion explains why the shale, in contrast to the
underlying, intensely brecciated basement, shows
no signs of deformation except for the Alpine D,
cleavage. The fault surface on which the shale
was deposited must have been subhorizontal.
Otherwise, the sedimentary sequence would not
begin everywhere with the thin Shale Formation,
but different Cretaceous strata would onlap onto
the fault.

The serpentinite-sediment contacts northeast
of Piz Minschun are clearly depositional: the
Shale Formation was deposited on top of the
ophicalcite after the latter had formed. The disin-
tegration of the serpentinite into chips and lenses
results from brittle deformation in a fault zone.
Therefore we assume that the serpentinite was,
like the granitic/gneissic basement further south,
tectonically brecciated along a fault. Most of the
carbonate found in the ophicalcite probably
formed hydrothermally during this stage, which
implies a strong volume increase in the fault zone.
During progressive fault displacement the hang-
ing wall of this fault was finally removed and the
fault rock, ophicalcite in this case, was exposed at
the sea floor. The surface of the ophicalcite was
altered and indurated by reactions with sea water,
and the hard crust formed. Finally, the shale was

deposited on top of the ophicalcite. When the
shale was deposited, the surface of the ophicalcite
must have been subhorizontal, because again, it is
everywhere overlain by the thin Shale Formation.
The granitic/gneissic and serpentinitic detritus
found at the base of and within the Shale Forma-
tion' must have been shed from local reliefs. We
were, however, not able to identify such reliefs.

Discussion

An exhumed low-angle normal fault:

The ophicalcite forms a continuous blanket on
top of the Piz Nair serpentinite. This blanket can
be followed from the point where the granitic/
gneissic Tasna basement wedges out, northeast of
Piz Minschun, over about 3 km northward to the
area of Piz Tasna. It is everywhere overlain by the
Shale Formation, with lenses of granite/gneiss
cataclasite occasionally found between the two.
Everywhere, the ophicalcite grades down into
carbonate-free serpentinite. We can only explain
these relations by the assumption of an exhumed
low-angle normal fault along the top of the Piz
Nair serpentinite. A strike-slip fault would not
have formed a subhorizontal surface, and a thrust
fault would have progressively buried its fault
rocks instead of exhuming them. The movement
along the low-angle normal fault must have oc-
curred before the deposition of the Shale Forma-
tion, i.e., in the latest Jurassic to Early Creta-
ceous.

This normal fault surface continues southward
on top of the granitic/gneissic Tasna basement.
The lenses of granite-gneiss cataclasite found on
the ophicalcite were displaced or dragged along
the fault surface from this southern area towards
north. Therefore the displacement of the normal
fault must have had a top-north directed compo-
nent. In the absence of kinematic indicators, the
exact movement direction cannot be determined
and may have been between top-northwest and
top-northeast in present-day coordinates. The
granitic/gneissic basement has the shape of a
wedge thickening southward and reaching its
maximum thickness, several hundred meters, in
the lower Val Tasna near Ardez (Fig. 1). There,
the basement has a sedimentary cover of Triassic
and Jurassic age, formations that are missing in
our study area. This is in accordance with the
assumption of a top-north normal fauit: The Tri-
assic and Jurassic formations are omitted along
the fault, and the Lower Cretaceous, post-fault-
ing formations onlap onto the fault surface.

The contact between the granitic/gneissic Tas-
na basement and the underlying serpentinite has,
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as already mentioned, been overprinted by some
Alpine, probably Tertiary, shearing. Deforma-
tion, however, cannot have been of very large
extent, because this contact reaches the base-
ment-cover contact northeast of Piz Minschun,
where the granitic/gneissic basement wedges out,
without disrupting the sedimentary cover (Figs 2,
3). The geometry observed today, with a thin
wedge of granitic/gneissic basement overlying
serpentinite, must therefore already have formed
in the Late Jurassic to Early Cretaceous.

Nature and emplacement of the Piz Nair serpenti-
nite:

According to VuicHARD (1984), the Piz Nair
serpentinite originated from lherzolithic mantle
material. Some analyses of clinopyroxene and
spinel composition carried out by one of us
(FLORINETH, 1994) gave results typical for subcon-
tinental mantle peridotite. The serpentinization
of the mantle material occurred, at least in part,
already before or during the exhumation, be-
cause ultramafic clasts in the Shale Formation are
present as serpentinite.

VUicHARD (1984) suggested that the serpenti-
nite was emplaced by diapiric protrusions along
transform faults. This explanation has to be dis-
carded because it cannot explain the observations
along the serpentinite-sediment contact (see
above). Alternatively, we suggest that the mantle
material was exhumed from below the continen-
tal crust by tectonic denudation along low-angie
normal faults (Fig. 8). Extensional exhumation of
mantle material appears to be a common process
in rifting, provided that the asthenosphere does
not break through to the surface before the crust
has been thinned out completely. Tectonically ex-
humed peridotite and serpentinite bodies have
been detected near the continent/ocean transi-
tion of the Galicia passive margin (BoiLLor et al.,
1987) and in the Red Sea rift (BonaTTI et al.,
1981). The same phenomenon has also been dem-
onstrated for the Piemont-Liguria ocean (DECAN-
pIA and Erter, 1969; ELrer, 1972; LEMOINE et al.,
1987; TROMMSDORFF et al., 1993).

What is the significance of the contact be-
tween serpentinite and granitic/gneissic base-
ment? Clearly, this is not a paleo-Moho, because
in this case the overlying, continental basement
should be formed by lower-crustal rocks. The
Tasna granite and associated gneiss, however,
represent upper crust: Further south, near Ardez,
granitic-gneissic Tasna basement is transgressive-
ly overlain by Triassic sediments (SPAENHAUER et
al., 1940). On the other hand, the contact under
discussion is not an Alpine thrust (see above).
Therefore we assume that it represents another
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Fig. 8 'Tentative reconstruction of continent-ocean
transition between Brianconnais (right) and Valais
(left). Arrow indicates position of the study area. "N"
and "S" refer to present-day coordinates.

Late Jurassic-Early Cretaceous low-angle normal
fault, responsible for the emplacement of upper
crustal Tasna basement on mantle material, and
the omission of lower-crustal levels (Fig. 8). The
foliated amphibolite locally found along this fault
may represent mylonite that formed during the
rifting process. We have not yet studied, however,
the continental Tasna basement in enough detail
to decide whether the mylonitic amphibolites are
related to rifting or, alternatively, to Variscan de-
formation.

Is exhumed and serpentinized mantle material
oceanic crust?

There is a terminology problem regarding ul-
tramafic bodies like the Piz Nair serpentinite that
have been derived from subcontinental mantle
and exhumed at the sea floor. Do these represent
oceanic or continental lithosphere? Although the
Piz Nair serpentinite, according to our hypothe-
sis, formed from subcontinental mantle material,
we tend to regard it as part of the oceanic crust.
Considering its physical properties (density, seis-
mic velocities), serpentinite is clearly a crustal
rock. Exhumation of mantle material at the sea
floor occurs not only at the edges of continental
margins, but also along slow-spreading ridges like
the Mid Atlantic ridge (LAacaBRIELLE and CAN-
NaT, 1990). In many cases it is impossible to de-
cide whether a dislocated serpentinite body
found in an orogen was originally formed at a
slow-spreading ridge or by exhumation of sub-
continental mantle (LAGABRIELLE and CANNAT,
1990). Therefore it appears reasonable that a ser-
pentinite exhumed on the sea floor is generally
called oceanic crust, and a terminologic distinc-
tion between oceanic crust and exhumed mantle
material is of little use. Likewise, a subcontinen-
tal peridotite should be called oceanic mantle, if
exhumed at the sea floor.
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Paleogeographic implications:

We have shown above that the Piz Nair ser-
pentinite is part of the Tasna nappe. The Tasna
nappe is therefore no longer regarded as an ex-
clusively continental unit, but a composite conti-
nental-oceanic one. Within this nappe, the transi-
tion between the Briangonnais microcontinent
and oceanic crust is preserved. This oceanic crust
must have been part of the Valais ocean, because
the sedimentary cover of the serpentinite has a
different age and facies than the one of the Pie-
mont-Liguria ophiolites. Equivalents of Tristel
Formation and "Gault" sandstones are missing in
the Piemont-Ligurian ophiolites where the corre-
sponding time interval is represented by Palombi-
ni and Lavagna shales. "Gault" sandstones are
found in the Briangonnais and in the Helvetic
realm, located on the other, northern, side of the
Valais basin. The North Penninic (Valais) Biind-
nerschiefer of the Engadine window, although in-
completely dated, include arenitic schist striking-
ly similar to "Gault" sandstone (CapiscH et al.,
1968). Equivalents of the "Gault" sandstone are
also found interfingering with the Aptian to Albi-
an Nollaton Formation of the Tomiil nappe, one
of the Biindnerschiefer nappes in western
Graubiinden (STEINMANN, 1994). Tristel Forma-
tion and "Gault” occur also at the base of the
Rhenodanubic flysch (HEssg, 1973) whose paleo-
geographic derivation is not completely clear
(most authors assign it to the Valais basin). For
these reasons, we assume that the Tasna nappe
marks the transition between the Briangonnais
swell and the Valais ocean. Oceanic crust of two
oceans is thus preserved in the Engadine window:
Piemont-Ligurian in the Arosa zone and Valais
oceanic crust in the Tasna nappe and the
Ramosch zone.

During the Alpine orogeny, the Tasna nappe,
together with the Piz Nair serpentinite, was thrust
over other ophiolitic units of the Ramosch zone,
including the pillow basalts of Mot da Ri (Figs 2,
3). Stacking of tectonic units in the Engadine win-
dow presumably occurred in the Eocene and was
top-north-directed (FroirzHEM et al., 1994). The
pillow basalts of the Ramosch zone therefore rep-
resent parts of the oceanic crust originally located
to the north of the Tasna nappe, in a more central
part of the Valais basin. The ophiolites of the
Ramosch zone were in turn thrust over the Roz-
Champatsch mélange zone and the Biindner-
schiefer, derived from an even more northern
part of the Valais basin.

The oceanic basin whose border is preserved
in the Tasna nappe may have been several hun-
dreds of kilometers wide, or alternatively, just a
small pull-apart basin such as found in the Gulf of
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California (KEevLts, 1981). The disintegrated out-
crops of the Penninic zone in the Engadine win-
dow do not allow a decision of this question. The
occurrence of a low-angle normal fault does not
speak in favour of one or the other model, be-
cause such faults occur in the margins of large
oceans (¢.g., the Galicia margin of the Atlantic,
Bormior et al., 1987) as well as along the exten-
sional borders of pull-apart basins (e.g., Death
Valley in California, WrRIGHT and TroxEL, 1973).

Age of the Valais ocean:

The Shale Formation, the first sediment de-
posited on the serpentinitic basement, has not yet
been dated. We can assume, however, that this
very thin (0 to 30 m) formation, which grades
upward into Upper Barremian to Lower Aptian
(ScuwiZER, 1983) Tristel Formation, is part of the
Lower Cretaceous succession. Consequently, the
oceanic crust in the Tasna nappe must have
formed during the latest Jurassic to Early Creta-
ceous. This is in line with the models of Frisch
(1979) and StamprrLl (1993). Both authors pro-
posed that the Valais ocean opened later than the
Piemont-Liguria ocean, in relation with the open-
ing of the Gulf of Biscay and with sinistral trans-
tension in the Pyrenees.

Our observations do not imply that all oceanic
crust in the Valais basin is of Cretaceous age. The
Martegnas ophiolite (Eiermann, 1988) in the
Oberhalbstein area is probably Jurassic in age,
since its pillow basalts are overlain by the succes-
sion radiolarite — Aptychus Limestone typical for
Jurassic ophiolites in the Alps (WEISSERT and
BEerNouLLI, 1985). Still, this unit is in a " Valais"
structural position (ScaMip et al., 1990). The oc-
currence of these Jurassic ophiolites in the struc-
tural position of the Valais units may be ex-
plained in — at least — two ways: Either, parts of
the Valais ocean opened already in the Jurassic,
as postulated by Scumip et al. (1990) and StEIN-
MANN (1994), or, Jurassic ophiolites of the Pie-
mont-Liguria ocean were brought into a " Valais"
position after their formation, by some subse-
quent tectonic displacement (e.g., strike-slip
faulting). The first possibility makes the paleoge-
ography more complicated, whereas the second
necessitates additional tectonic complications.
This problem remains unsolved.

Conclusions

The Cretaceous sedimentary sequence of the Tas-
na nappe lies with a depositional contact on gra-
nitic/gneissic basement in the southern part of the
study area, and on serpentinitic basement in the
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northern part. Along both contacts, the top of the
basement suffered intense brittle deformation,
transforming it into granitic/gneissic cataclasite
and ophicalcite, respectively. Cataclasite and
ophicalcite were formed along the same low-
angle normal fault. Progressive normal-fault dis-
placement finally removed the hanging wall and
exhumed the fault rocks, on which then the Cre-
taceous sediments, starting with Lower Creta-
ceous Shale Formation ("Neokom"), were depos-
ited. The serpentinite is derived from subconti-
nental mantle material emplaced at the sea floor
by extensional faulting.

The Tasna nappe thus includes the transition
between continental basement of the Briangon-
nais microcontinent and oceanic crust of the Va-
lais ocean. Our observations confirm that oceanic
crust existed in the Valais basin and show that the
formation of oceanic crust started, at least in this
part of the Valais ocean, in the Early Cretaceous.
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