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SCHWEIZ. MINERAL. PETROGR. MITT. 75, 213-224,1995

The origin of the Taveyannaz sandstone:
arguments from whole-rock and clinopyroxene composition

by Meinert Rahn' 2, Willem B. Stern1 and Martin Frey1

Abstract

For the Taveyannaz sandstone of the Glarus Alps, whole-rock analyses are presented and compared with data from
the literature. Compositional changes due to detrital input and Alpine metamorphism can be estimated by optical
and microprobe investigations. Major-element distributions support a basaltic to basalt-andesitic composition for
the volcanogenic part of the sandstone. Magmatic clinopyroxene composition and whole-rock minor and trace
element contents for which no increase nor decrease by detrital input and metamorphism can be assumed, indicate a
calc-alkaline character and a subduction-related volcanic arc as the source of the volcanics.

Keywords: Taveyannaz sandstone, greywacke, Glarus Alps, calc-alkaline basalt, volcanic arc, geochemistry.

Introduction

In 1853, Studer first suggested a volcanic origin
for part of the material in the Taveyannaz
greywacke, a sandstone of lowermost Oligocene age
from the Helvetic part of the Alps (Lateltin and
Müller, 1988; Ruffini et al., 1993). Niggli
(1922) and De Quervain (1928) published
detailed microscopic descriptions of the Taveyannaz

greywackes. Vuagnat (1952) provided an
excellent overview for all the outcrops along the
Swiss Alpine arc and divided the sandstones into
four types I-IV according to their content of
volcanic material and the presence of alteration
minerals (Tab. 1). A modified classification that
distinguishes between primary sedimentary and
secondary metamorphic features has been
proposed by Rahn et al. (1995).

Taveyannaz-type sandstones are found within
the Helvetic nappes and the North Helvetic
flysch units. In the Glarus Alps, they are found
within the Wägeten slice at the Northern Alpine
border, and within the North Helvetic flysch
below the Glarus thrust plane (Fig. 1). The extensive

amount of basic volcanic material within the

Taveyannaz sandstone favoured the growth of
critical minerals under low-grade metamorphic
conditions and made these rocks an important
indicator of metamorphism in the external parts of
the Alps (Martini and Vuagnat, 1965; Martini
and Vuagnat, 1970; Sawatzki and Vuagnat,
1971; Coombs et al., 1976; Frey, 1986; Rahn et
al., 1994,1995). Within the Glarus Alps, four
different metamorphic assemblage types 1^1 can be
defined (Fig. 1, Tab. 1), corresponding to the
zeolite (type 1), prehnite-pumpellyite (types 2, 3),
and pumpellyite-actinolite facies (type 4). Types
2 and 3 are distinguished by a strong replacement
of detrital K-feldspar and volcanic clinopyroxene
by white mica and calcite found only in type 3

(Tab. 1, Rahn et al., 1994).
One of the remaining problems concerning

the Taveyannaz sandstone is the unknown origin
of the volcanogenic part of these rocks (Niggli,
1922; De Quervain, 1928; Waibel, 1993). Apart
from a majority of basaltic or andesitic
fragments, De Quervain (1928) and Vuagnat
(1952) also described other rock fragments such
as dacitic and rhyolitic material. However, the
lack of any closely related source rocks within the

1 Mineralogisch-Petrographisches Institut der Universität Basel, Bernoullistrasse 30, CH-4056 Basel,
Switzerland.

2 Mineralogisch-Petrographisches Institut der Universität Freiburg i. Br., Albertstrasse 23b, D-79104 Freiburg,
Germany.
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Tab. 1 Taveyannaz sandstone classification after Vuagnat (1952) and metamorphic assemblage typology after
Rahn et al. (1994). Critical metamorphic minerals are only found within Taveyannaz sandstone types lib and III.

type description

I true andésites, basalts, type
does not exist in
Switzerland

IIa 50-90 % of andesitic
material, mafic minerals
(augite, amphibole) present,
no alteration of volcanogenic
material. Type not found in
the Glarus Alps f assemblage metamorphic

Hb 50-90 % of andesitic A [ type facies

material, metastable mafic I
minerals still present, partial 1

1 zeolite (laumontite)
alteration of volcanogenic 1 1

material y J 2 prehnite-pumpellyite

III 50-90 % of andesitic f
material, mafic minerals 1

absent, strong alteration of 1

the volcanogenic material J

3 prehnite-pumpellyite,
absence of K-feldspar and
magmatic clinopyroxene

rv > 50 % of andesitic
material, no primary mafic
minerals, alteration into
albite, chlorite, calcite, no
Ca-silicates

4 pumpellyite-actinolite

Alpine arc does not allow to define a clear origin.
The presence of Taveyannaz and equivalent
sandstones along the Alpine arc from the Swiss

Alps to the French Alps and within the Apennines

down to Sicily (Stai.dfr, 1979) can hardly
be explained by a large central source volcano. A
more reasonable model is an extended volcanic
island arc system along the Alpine front
(Trümpy, 1960; Dickinson, 1970) that could be
related to an underlying subduction zone.

In modern geochemistry a wide variety of
chemical fingerprints of basaltic rocks are used to
distinguish the geotectonic settings (Pearce,
1984; Cond IE, 1989). The usefulness of geochem-
ical interpretation of whole-rock analyses from
the Taveyannaz sandstone, however, is limited by
the presence of detrital, non-volcanogenic material

and by the metamorphic overprint. Thus, any
interpretations depend on assumptions that are
made concerning the changes in chemical
element concentrations during mixing with detrital
material and the mobility of elements during low-
grade metamorphism.

The aim of this contribution is (1) the presentation

of 40 new whole-rock analyses of the
Taveyannaz sandstone and related sandstones from
the Glarus Alps, together with a review of earlier
published analyses from Taveyannaz sandstone
and related rocks from the literature, (2) an
estimation of enrichment/depletion of all major and
a group of minor elements during sedimentation
and metamorphism and (3) an attempt to recover
informations about the original composition of
the volcanic source rock and the geotectonic context

of the volcanoes.

Methods

40 samples of Taveyannaz and flysch sandstones
(including one Verrucano sample and one
sandstone from the Subalpine Molasse, Tab. 2) were
analysed by wavelength-dispersive X-ray fluorescence

(WD-XFA) at the Geochemical Laboratory,

Mineralogisch-Petrographisches Institut of
the University of Basel. The material was
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Fig. 7 Tectonic sketch of
the Glarus Alps with
outcrops of Taveyannaz
sandstones and metamorphic
assemblage types after
Rahn et al. (1994). Sample
localities of whole-rock
analyses are indicated with
small dots.
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Table 2 Sample description of the whole-rock specimen from the Glarus Alps, Switzerland. Abbreviations:
TS Taveyannaz sandstone, NHF North Helvetic flysch. I-IV: Taveyannaz sandstone types after Vuagnat
(1952), 1^1: metamorphic assemblage types after Rahn et al. (1994). *: sample from the summit of the Clariden,
given by M. Burkhard (Neuchâtel).

Sample nr. Swiss coordinates altitude (m) lithology tectonic unit I-IV 1-4

MRT 5 709.800 191.500 1740 TS NHF IIb 2

MRT 9 722.460 191.650 3100 Verrucano Permian,
Glarus nappe

MRT 12 722.190 191.920 2940 TS NHF IV
MRT 14 721.660 192.190 2670 TS NHF IV
MRT 17 720.900 191.820 2455 TS NHF III 3

MRT 24 721.140 197.360 2245 TS NHF III 3

MRT 27 720.900 195.100 2030 TS NHF IV
MRT 29 720.100 195.250 1750 sandstone NHF
MRT 32 719.910 196.620 1560 TS NHF IV
MRT 34 719.850 198.360 725 sandstone NHF
MRT 37 720.330 198.380 1020 sandstone NHF
MRT 39 721.740 197.000 1380 sandstone NHF
MRT 41 721.140 197.360 1190 sandstone NHF
MRT 47 717.810 219.400 1435 TS Wägeten slice IIb 1

MRT 49 718.870 219.770 1610 TS Wägeten slice IIb 1

MRT 52 718.950 223.000 740 sandstone Chattian,
Subalpine Molasse

MRT 69 716.660 192.940 1570 TS NHF III 3

MRT 82 722.670 193.370 1905 TS NHF IIb 2

MRT 84 722.530 194.570 1495 TS NHF III 3

MRT 96 726.950 190.810 2410 TS NHF IIb 2

MR T 114* ca. 709 ca. 189 ca. 3200 TS NHF IIb 2

MR T 121 723.350 188.930 2800 TS NHF IIb 4

MR T 127 719.460 192.380 2190 TS NHF IIb 2

MR T 141 714.260 191.150 2260 TS NHF IIb 2

MF 755 719.460 195.360 1420 TS NHF IIb 2

MF 776 722.400 194.500 1490 TS NHF IIb 2

MF 778 722.400 194.500 1490 TS NHF IIb 2

MF 806 725.900 189.600 2390 TS NHF IIb 2

MF 1134 718.870 219.770 1610 TS Wägeten slice IIb 1

crushed in an iron mortar and a sub-sample
milled in a boron-carbide pistill-mill. The Loss on
Ignition (Loi) was determined with 1 g of dry
powder (dried at 105 °C) ignited for one hour at
1000 °C. The ignited material was then fused to
glass beads according to Stern (1972).

The analyses were performed with a Siemens
SRS-303 spectrometer using a Rh end-window
tube. The analytical routine was calibrated with
international rock and mineral standards, and
optimized for major elements. Some trace element
data (measured by XFA) are also reported; they
are considered to be tentative values.

The measuring conditions used for the clino-
pyroxene microprobe analyses were those
reported in Rahn et al. (1994).

Chemical changes during sedimentation
and metamorphism

"True" Taveyannaz sandstones are characterized
by the presence of more than 50 vol.% of ande-
sitic material (Vuagnat, 1952); within types II
and III this amount can reach values around
90 vol.% (Tab. 1). Thus, non-volcanogenic detri-
tal material in most cases comprises about 10, but
rarely more than 20 vol.%. The predominant
amount of this detrital material is quartz, K-feld-
spar and calcite. Additional detrital phases (less
than 1 vol.% of the rock) are detrital plagioclase
(partially or completely rounded grains), white
mica, chlorite, and in very small quantities also
detrital biotite, rutile, epidote, garnet and tour-
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maline. From fission track analysis it is evident
that zircons are also of detrital origin, since they
show no young source ages (Rahn, 1994). Detrital

components thus imply a distinct increase of
Si02 (quartz, K-feldspar), K20 (K-feldspar, mus-
covite, biotite), A1203 (K-feldspar, muscovite,
epidote), CaO (calcite, epidote), moderate
increase of Na20, FeO, MgO (detrital plagioclase,
biotite), and small increases of Ti02 (rutile),
Fe203 (epidote), Zr02 (zircon). There is no phase
adding MnO during sedimentation. Also P205
(apatite) is assumed to have remained constant,
as separated apatites generally are euhedral
(Rahn, 1994).

During metamorphism main processes are: (i)
a total replacement of the volcanogenic plagioclase

(of unknown composition for the Glarus
Alps) by albite, (ii) replacement of the volcanogenic

matrix by chlorite, the formation of lau-
montite and a strong replacement of K-feldspar
by white mica and calcite in assemblage type 3

(Tab. 1). Of minor volume is the partial replacement

of the clinopyroxenes by mainly chlorite
and quartz, the formation of prehnite and pum-
pellyite within albite, pumpellyite within the
matrix, and formation of titanite replacing former
rutile. Newly grown minerals such as laumontite,
pumpellyite, and titanite vary in composition
within a few mm; this indicates, that chemical
equilibrium was only reached in a very small
area. For these minerals the chemical composition

seems to depend on the surrounding minerals

or the composition of the replaced phases. A
total mobility during metamorphism can only be
assumed for Si and Na due to the complete albi-
tization (Rahn et al., 1994).

Comparison of previous and new analyses

Apart from the 40 whole-rock analyses of Ta-
veyannaz and flysch sandstones from the Glarus
Alps (Fig. 1, Tab. 2), there are 43 analyses given
in Stalder (1979), 16 analyses in Niggli et al.
(1930) and one analysis from Winterhalter
(1933). All analyses include data for Si02, A1203,
Fe203 (for the Glarus Alps Fetot), MgO, CaO,
Na20, K20, Ti02, P205, and Loi. Analyses from
Stalder (1979) and Niggli et al. (1930) and
Winterhalter (1933) also include FeO and the
latter two (with one exception) also MnO; the
new data from the Glarus Alps also include
MnO, Ba, Rb, Sr, V, Y, and Zn.

While analyses from Stalder (1979) include
only Taveyannaz sandstones and similar meta-
greywackes from the Swiss/French Alps and
Apennines, the data set from Niggli et al. (1930)

and Winterhalter (1933) also includes two
analyses from flysch sandstones (Attinghausen
UR, Matt GL). Within the new data pattern
there are five analyses of flysch sandstones " Alt-
dorfer Sandstein", MR T 29, 34, 37, 39, 41) with
less than 50 vol.% of volcanic material, one analysis

of a Verrucano sandstone from the Ruchi
summit (MR T 9), and one analysis of a Chattian
sandstone from the Subalpine Molasse (MR T
52). Analyses from "true" Taveyannaz
sandstones comprise four analyses of type IV
sandstones (MR T 12, 14, 27, 32), and 29 analyses
from type II and III sandstones from 18 localities.
For two localities (MR T 47 and 121), several
analyses were executed in order to test the
homogeneity of the sandstone and the influence of
grain size on the whole-rock analysis. Data are
presented in table 3.

The possible precursor

Data show a Si02 range between 52 and 62 wt%
for the "true" Taveyannaz sandstones from the
Glarus Alps; data from Clumanc sandstones and
from Passo del Cerreto are slightly lower in Si02
(Stalder, 1979). "Andesitic" fragments were
analysed by De Quervain (in Niggli et al., 1930)
and indicate values between 42 and 55 wt%. As a
result, an increase around 10 wt% Si02 may be
suggested for the Taveyannaz sandstones during
sedimentation and mixing with detrital input.
This is consistent with a mean detrital part of
10%, mainly represented by quartz and K-feld-
spar. Plotted data in classification diagrams (Figs
2 and 3) show a basaltic andésite to andésite to
latite composition, but with the suggested correction

for the original Si02 content, results rather
indicate a basaltic to basalt-andesitic composition
for the igneous precursor. This estimation is in
agreement with anorthite contents of 60% for the
initial plagioclase, found in the Western Alps
(Martini, 1968). Although relics of primary
plagioclase were not found in the Glarus Alps, the
total albitization of the former plagioclase might
have caused an additional increase of the Si02
content during metamorphism.

The A1203 content of the "true" Taveyannaz
sandstones generally scatter between 14 and
17 wt%, which is rather low for subduction-re-
lated arc basalts (Condie, 1989). A decrease of
Al, however, may be assumed due to the total
replacement of a former basic plagioclase by albite.
Also CaO and Na20 should be influenced by this
replacement, but released Ca probably has been
incorporated into newly-formed calcite and
laumontite, while Na either has been derived from
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Fig. 2 Si02-(Na20+K20)-plot of the Glarus Alps
whole-rock analyses with classification fields according
to Cox et al. (1979). Filled diamonds represent type II
to IV Taveyannaz sandstones (TS), open diamonds are
flysch sandstones ("grés de Val d'llliez" after Vua-
gnat, 1952). For interpretation see text.

parts of volcanogenic glass (now replaced by
chlorite), or has been transported into the rock
by a salt-rich fluid (Stalder, 1979). These data
indicate a basaltic andésite or andésite composition

assuming that the latite composition of some
analyses is due to the slight enrichment of the
alkaline elements (Figs 2, 3). Stalder (1979)
assumed a slight loss of K20 due to albitization,
thus, the enrichment of the alkaline elements
might have been restricted to Na. The enrichment

of the Na is also shown in a Na20 versus
CaO diagram (Vallance, 1974), where some of
the "true" Taveyannaz sandstone samples plot in
the spilitic part (Fig. 4). Data from Stalder
(1979), Niggli et al. (1930) and Winterhalter
(1933) also plot on both sides of the spilitic/non-
spilitic boundary.

Whole-rock composition and content
of volcanic material

Several trends can be seen between "true"
Taveyannaz sandstones and typical flysch
sandstones (Vuagnat, 1952), the latter normally being

depleted in AI, Fe, Mn, P, and V, and enriched
in Ca and Sr (Figs 2-4). These trends can be
explained by the increase of the calcite content, and
the impoverishment of mafic phases. However,
with the exception of the Verrucano and the
sandstone from the Subalpine Molasse, chemical
differences are very slight and mean values are

TS, Glarus Alps
FS, MS, Glarus Alps

^ TS, Niggli et al. (1930)

Winterhalter (1993)

/X FS, Niggli et al. (1933)

• TS, Stalder (1979)

Fig. 3 Si02-K20-plot with classification fields after Le
Maître (1989) with all existing TS analyses. Note, that
data from "andesitic" fragments within the Taveyannaz
sandstones (in Niggli et at., 1930) plot within the field
of basaltic to basalt andesitic composition. The dotted
area is the compositional field for andésites. FS: flysch
sandstones, MS: Molasse sandstone.

Fig. 4 Na20 versus CaO diagram with boundary
between typical values of spilitized and non-spilitized
basaltic rocks after Vallance (1974). Samples are
divided into Taveyannaz sandstones showing critical
minerals (TS II + III), bearing no critical minerals (TS IV)
and flysch sandstones. For abbreviations see figure 3.

commonly identical within the variation ranges
(Figs 2, 3). Only vanadium contents are statistically

higher within the Taveyannaz sandstones.
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Fe2Q3 tot
MgO

S1O2/AI2O3

TS, assemblage type 4

TS, assemblage type 3

TS, assemblage type 2

TS, assemblage type 1

O TS, type IV (Vuagnat, 1952)

# Flysch sandstone

0.04 -

0.02 -

Fig. 5 Si/Al versus Fe3+/Mg diagram of the Glarus
Alps Taveyannaz and flysch sandstones. The assemblage

types 1^1 and type IV of the Taveyannaz
sandstone (TS) are defined in table 1, all Flysch sandstones
contain less than 50 vol.% of volcanic material.

MORB mid ocean ridge basalt
WPB within plate basalts
IAT island arc tholentes

Fig. 7 Ti versus V diagram with discrimination areas
for basalts of different tectonic settings. The shown
area of MORB basalts represents 131 analyses from the
Pacific and Atlantic Ocean and the Red Sea (Shervais,
1982). Abbreviations as before.

Vanadium generally is a strongly compatible
element within mafic minerals (Shervais, 1982).

Similarity is even more evident for the different

metamorphic assemblage types of Taveyan-

Ti02

MnO*10 MORB mid ocean ridge basalt P2O5MO
IAT island arc tholeutes
CAB calcalkaline basalts
OIT ocean island tholeutes
OIA ocean island alkalic basalts

Fig. 6 Ti-Mn*10-P*10-ternary diagram with discriminant

fields for basalts from different tectonic settings.
Taveyannaz sandstones from the Glarus Alps are given
as filled diamonds, analyses from Niggli et al. (1930)
and Winterhalter (1933) as crosses. For interpretation

see text.

naz sandstones (Tab. 1). Chemical results of the
different metamorphic assemblage types of the
Taveyannaz sandstone according to Rahn et al.
(1994) are compared with Taveyannaz
sandstones of type IV (Vuagnat 1952, cf. Tab. 1) and
flysch sandstones in figure 5. The strong compositional

similarities of the assemblage types and of
types II/III (bearing critical minerals) and IV
(without critical minerals, Tab. 1) contradicts the
assumption that the formation of critical minerals
is mainly dependent on the whole-rock composition.

Thus, the crystallization of the critical
metamorphic minerals has to be considered as the
result of locally limited chemical conditions (within
the vicinity of one or a few grains), rather than of
a large scale bulk rock composition favourable
for the formation of these minerals. Such a mechanism

can be documented by the formation of
actinolite on former clinopyroxene grain boundaries

(Rahn et al., 1994, Fig. 2d). However, the
compositional conditions necessary for the
formation of critical minerals such as laumontite,
pumpellyite or prehnite remain unclear.

The geotectonic context

Several minor and trace elements can be used for
the discrimination of different geological
contexts (Figs 6 and 7). However, in the Taveyannaz
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Hed

Fs

Wägeten slice

North Helvetic flysch
Loèche (Coombs et al. 1976)

Fig. 8 Comparison of clinopyroxene compositions from the Glarus Alps and Loèche (Coombs et al., 1976) in the
clinopyroxene quadrilateral. Representative data are given in table 4.

sandstones the use of Zr must be avoided (see
above), and Nb, which is commonly used for this
purpose, has not been measured.

The Ti-Mn-P ternary system has been
established with the help of more than 500 analyses
(Mullen, 1983) as a discriminant diagram for
basalts and basaltic andésites, i.e. for rocks between

45 and 54 wt% Si02, a range that is suggested to
represent the original Si02 content of the
volcanic precursor of the Taveyannaz sandstone (see
above). In this diagram analyses from the Glarus
Alps have a very restricted range, while data
from Niggli et al. (1930) and Winterhalter
(1933) scatter with a constant TiOz content

Tab. 4 Representative clinopyroxene analyses from the Taveyannaz greywackes of the Glarus Alps. For measurement

conditions, see Rahn et al. (1994), same abbreviations as in table 2.

Sample nr. MRT 47 MF 1134 MRT 96 MF 776 MR T 121

Analysis 35.44 6.12 26.14 22.12 27.33
Tectonic unit Wägeten Wägeten NHF NHF NHF
Si02 51.61 51.84 52.50 52.51 52.84
Ti02 0.61 0.59 0.56 0.27 0.53
ai2o3 2.03 2.51 2.24 1.52 2.17
FeO 9.99 10.50 8.34 8.26 9.99
MnO 0.53 0.47 0.36 0.84 0.41
MgO 14.95 14.99 14.56 14.73 14.35
CaO 19.94 18.75 20.53 21.05 19.39
Na20 0.23 0.29 0.39 0.33 0.29
k2o 0.00 0.00 0.00 0.00 0.00

2 (oxides) 99.89 99.94 99.48 99.51 99.77

Si 1.931 1.933 1.955 1.962 1.964
Ti 0.017 0.017 0.016 0.008 0.015
Al 0.090 0.110 0.098 0.067 0.095
Fe 0.312 0.327 0.260 0.258 0.310
Mn 0.017 0.015 0.011 0.027 0.013
Mg 0.834 0.833 0.808 0.820 0.795
Ca 0.799 0.749 0.819 0.843 0.772
Na 0.017 0.021 0.028 0.024 0.021
K 0.000 0.000 0.000 0.000 0.000

2 (cations) 4.017 4.005 3.995 4.009 3.985
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TiO

MnO Na20

Antilles that all represent volcanic island arc
basalts (Mullen, 1983).

In a Ti-V-diagram data of types II and III Ta-

veyannaz sandstones plot partly within the area
of typical recent atlantic MORB basalts and
show a rather constant Ti/V ratio (Fig. 7). Both
elements are thought to behave similarly during
alteration or low-grade metamorphism (Sher-
vais, 1982). If, in addition, a slight enrichment in
Ti during sedimentation is considered (small
amounts of detrital rutile), i.e. data from the original

volcanic material plotting at slightly lower Ti
values, they shift into the range of typical calc-
alkaline suites with Si02 < 58 wt% from recent
island arc ridges (IAT, Shervais, 1982, Fig. 2). The
increasing amount of detrital material coincides
with the depletion of Ti and V.

55-

Si02
(wt-%)

50-

45 -

0 5

A1203 (wt-%)

Fig. 9 Discrimination diagrams for igneous clinopy-
roxenes with analyses from the Glarus Alps Taveyan-
naz sandstones, (a) Ti-Mn-Na ternary plot with
hatched area for typical volcanic arc basalts (VAB)
after Nisbet and Pearce (1977). (b) Si versus Al diagram
with boundaries between sub-alkaline (S), alcaline (A)
and per-alcaline (P) magmatism (Le Bas, 1962). Typical

volcanic arc basalts have been shown to mainly plot
within the sub-alkaline field.

(Fig. 6). One of the most important Ti-phases is

rutile (during metamorphism replaced by tita-
nite), which has epitactically grown on flakes of
former detrital biotite (Rahn et al., 1994). In
addition, newly grown leucoxene grains can be
found within the matrix. Thus, a slight increase of
the whole-rock Ti02 content can be assumed during

sedimentation. Data therefore indicate a typical

pattern for calc-alkaline basalts and can be
compared with chemical compositions of very
young material from the Marianas, Aleutians, or

Clinopyroxene as source indicator

Clinopyroxene is the only primary volcanic phase
that is still present and was not altered during
Alpine metamorphism (Rahn et al., 1994). In figure
8 the compositions of clinopyroxenes from the
Glarus Alps and Loèche (Coombs et al., 1976)
are compared and are identical within the analytical

scattering (Fig. 8). Thus, clinopyroxenes
display a close relationship between different Ta-

veyannaz greywacke occurrences today
separated by some 120 km. Representative analyses
of clinopyroxenes from the Glarus Alps are given
in table 4.

There have been several successful attempts
to relate the chemical composition of igneous
clinopyroxenes to the nature of their host rocks
(Kushiro, 1960; Le Bas, 1962; Coombs, 1963).
Nisbet and Pearce (1977) used clinopyroxene
microprobe analyses from different basalts in
order to define several areas within a Ti-Mn-Na
ternary system and to distinguish between
contrasting tectonic settings. For volcanic arc basalts
(VAB), they showed that clinopyroxenes
commonly have Ti02 values below 1.5 and Si02 values

above 47 wt%.
Clinopyroxenes from the Taveyannaz

sandstones of the Glarus Alps are plotted in the
diagrams of Nisbet and Pearce (1977) and Le Bas
(1962) (Fig. 8). The data correlate best with
chemical pattern of VAB. In the ternary system,
clinopyroxenes mainly plot within the overlapping

fields between different tectonic settings,
but the scatter is very similar to the range of VAB
data in Nisbet and Pearce (1977). In the
Si02-Al302 diagram, most analyses plot above
the sub-alkaline/alkaline boundary (Le Bas,
1962), which points to an evolved basalt compo-
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sition, as is typical for fractionation within
volcanic arcs. The low Ti values are typical for the
absence of a thick continental crust, clinopyrox-
enes from within plate basalts are generally Ti-
rich (Pearce, 1976).

Conclusions

Whole-rock analyses from the Taveyannaz
sandstones of the Glarus Alps indicate a basaltic to
basalt-andesitic composition for the volcanogenic
precursor of the Taveyannaz sandstone. Compositional

changes due to detrital input during
sedimentation and mineral reactions during Alpine
metamorphism are characterized by a 10 wt%
enrichment of Si02, a slight depletion of A1203,
FeO, and a slight enrichment of Na20, K20, and
Ti02.

Minor- and trace-element distributions suggest

a calcalkaline magmatism, which is typical
for island arc volcanic systems found above a
subduction zone (CondIE, 1989). The same origin is
suggested by clinopyroxene analyses. The
compositional pattern is similar to those of clinopy-
roxenes from recent volcanic arc basalts, and
points to an evolved magma that was not
influenced by the presence of a thick continental
crust.

A comparison with former whole-rock analyses

(Stalder, 1979; Niggli et al., 1930; Winterhalter,

1933) indicates a very constant composition

for all Taveyannaz greywackes and related
sandstones within the Alpine arc and the Apennines.

Data show no clear chemical boundary
between "true" Taveyannaz sandstones (type II
and III) and type IV. Thus, the formation of critical

metamorphic minerals was not mainly
influenced by whole-rock composition, but most
probably determined on a very small scale by the
presence of volcanic material (vitreous
fragments) and minerals such as primary clinopyroxene,

that became metastable during low-grade
metamorphic conditions.
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