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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"?, Willem B. Stern' and Martin Frey'

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 ele-
ment 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 grey-
wacke, a sandstone of lowermost Oligocene age
from the Helvetic part of the Alps (LATELTIN and
MULLER, 1988; RUFFINI et al., 1993). NIGGLI
(1922) and DE QUERVAIN (1928) published de-
tailed microscopic descriptions of the Taveyan-
naz 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 vol-
canic material and the presence of alteration
minerals (Tab. 1). A modified classification that
distinguishes between primary sedimentary and
secondary metamorphic features has been pro-
posed by Rann 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 Wageten slice at the Northern Alpine
border, and within the North Helvetic flysch be-
low the Glarus thrust plane (Fig. 1). The exten-
sive 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 in-
dicator of metamorphism in the external parts of
the Alps (MARTINI and VUAGNAT, 1965; MARTINT
and VUAGNAT, 1970; SAWATZKI and VUAGNAT,
1971; CoomMBs et al., 1976; FREY, 1986; RAHN et
al., 1994, 1995). Within the Glarus Alps, four dif-
ferent metamorphic assemblage types 1-4 can be
defined (Fig. 1, Tab. 1), corresponding to the ze-
olite (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 frag-
ments, 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

! Mineralogisch-Petrographisches Institut der Universitdt Basel, Bernoullistrasse 30, CH-4056 Basel,
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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 IIb and II1.

type description

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

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

50-90 % of andesitic }
material, metastable mafic
minerals still present, partial
alteration of volcanogenic
material

50-90 % of andesitic
material, mafic minerals
absent, strong alteration of
the volcanogenic material

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

Ila

IIb

HI

B

metamorphic

r assemblage
facies

type

1 zeolite (laumontite)
prehnite-pumpellyite
3 prehnite-pumpellyite,

absence of K-feldspar and
magmatic clinopyroxene

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 Apen-
nines down to Sicily (STALDER, 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
(TrOMPY, 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; CoNDIE, 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 mate-
rial and by the metamorphic overprint. Thus, any
interpretations depend on assumptions that are
made concerning the changes in chemical ele-
ment concentrations during mixing with detrital
material and the mobility of elements during low-
grade metamorphism.

The aim of this contribution is (1) the presen-
tation of 40 new whole-rock analyses of the Ta-
veyannaz 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 esti-
mation 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 con-
text of the volcanoes.

Methods

40 samples of Taveyannaz and flysch sandstones
(including one Verrucano sample and one sand-
stone from the Subalpine Molasse, Tab. 2) were
analysed by wavelength-dispersive X-ray fluores-
cence {(WD-XFA) at the Geochemical Labora-
tory, Mineralogisch-Petrographisches Institut of
the University of Basel. The material was
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Fig. 1 Tectonic sketch of
the Glarus Alps with out-
crops of Taveyannaz sand-
stones and metamorphic
assemblage types after
RanN 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), 1-4: metamorphic assemblage types after RAHN et al. (1994). *: sample from the summit of the Clariden,
given by M. BURKHARD (Neuchitel).

Sample nr. | Swiss coordinates altitude (m) lithology tectonic unit I-1v 1-4
MRTS35 709.800 191.500 1740 TS NHF Ib 2
MRT?9 722.460 191.650 3100 Verrucano Permian,

Glarus nappe
MR T 12 722.190 191.920 2940 TS NHF v
MR T 14 721.660 192.190 2670 TS NHF v
MR T 17 720.900 191.820 2455 TS NHF 111 3
MR T 24 721.140 197.360 2245 TS NHF 111 3
MR T 27 720.900 195.100 2030 TS NHF v
MR T 29 720.100 195.250 1750 sandstone NHF
MR T 32 719.910 196.620 1560 TS NHF v
MR T 34 719.850 198.360 725 sandstone NHF
MR T 37 720.330 198.380 1020 sandstone NHF
MR T 39 721.740 197.000 1380 sandstone NHF
MR T 41 721.140 197.360 1190 sandstone NHF
MR T 47 717.810 219.400 1435 TS Wageten slice 1Ib 1
MR T 49 718.870 219.770 1610 T8 Wageten slice IIb 1
MR T 52 718.950 223.000 740 sandstone Chattian,

Subalpine Molasse
MR T 69 716.660 192.940 1570 T8 NHF 111 3
MR T 82 722.670 193.370 1905 TS NHF 1Ib 2
MR T 84 722.530 194.570 1495 TS NHF 11 3
MR T 96 726.950 190.810 2410 TS NHF IIb 2
MR T 114*% | ca. 709 ca. 189 ca. 3200 TS NHF Ifb 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 Wageten slice ITb 1

crushed in an iron mortar and a sub-sample
milled in a boron-carbide pistill-mill. The Loss on
Ignition (Lol) 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 op-
timized 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 re-
ported 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 I1I
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). Detri-
tal components thus imply a distinct increase of
SiO, (quartz, K-feldspar), K,O (K-feldspar, mus-
covite, biotite), ALO, (K-feldspar, muscovite,
epidote), CaO (calcite, epidote), moderate in-
crease of Na,O, FeO, MgO (detrital plagioclase,
biotite), and small increases of TiO, (rutile),
Fe,O, (epidote), ZrO, (zircon). There is no phase
adding MnO during sedimentation. Also P,O;
(apatite) is assumed to have remained constant,
as separated apatites generally are euhedral
(RAHN, 1994).

During metamoerphism main processes are: (i)
a total replacement of the volcanogenic plagio-
clase (of unknown composition for the Glarus
Alps) by albite, (ii) replacement of the volcano-
genic 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 replace-
ment of the clinopyroxenes by mainly chlorite
and quartz, the formation of prehnite and pum-
pellyite within albite, pumpellyite within the ma-
trix, 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 composi-
tion seems to depend on the surrounding miner-
als 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 SiO,, ALO,,
Fe,O; (for the Glarus Alps = Fe,), MgO, CaO,
Na,O, K,O, TiO,, P,O;, and Lol. 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 anal-
ysis 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 sand-
stones comprise four analyses of type IV sand-
stones (MR T 12, 14, 27, 32), and 29 analyses
from type II and I1I sandstones from 18 localities.
For two localitiecs (MR T 47 and 121), several
analyses were executed in order to test the homo-
geneity 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 SiO, 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 SiO,
(STALDER, 1979). " Andesitic" fragments were an-
alysed by DE QUERVAIN {(in NIGGLI et al., 1930)
and indicate values between 42 and 55 wt%. As a
result, an increase around 10 wt% SiO, 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 andesite to andesite to
latite composition, but with the suggested correc-
tion for the original SiO, 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 pla-
gioclase were not found in the Glarus Alps, the
total albitization of the former plagioclase might
have caused an additicnal increase of the SiO,
content during metamorphism.

The AlLO, 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 re-
placement of a former basic plagioclase by albite.
Also Ca0O and Na,O should be influenced by this
replacement, but released Ca probably has been
incorporated into newly-formed calcite and lau-
montite, while Na either has been derived from



M. RAHN, W.B. STERN AND M. FREY

218

S666 €TS  TOIO0  PO000 9TTO0  LTEODD LPOOO 6bCO0 STO 180 6TT 16T WOS  LLT  LITO  LITL €9%T 99651 068 AX | vEIL AN
L6'66 P0'E  LTTO0 90000 LLIO0 86100 TPOOO €000 910 2L0 <T0T T0v 1T6v ZI€ €010 960, <TLST 0009 88T8 AX 908 AN
966 1rE STIO0 L0000 06100 98200 (09000 £CS00 STO 690 16T €6€ 619 LST PETO €OSL 6591 §8°9S | 9ST8AX | 8L AW
666 0T¢ E€TT00 L0000 €9TI0°0  OEbO0 TSOOO LSKOO STO 190 +€1T #T6 10¢  OFC 6Z10 0199 €0LT 08LS | #8IRAX 9LL  dJN
L6'66 SPe 66000 600000 STI00  6TSO0 L8000 €v00°0 SI'0 LSO 0T€  €FC  TLTT 98T  SLI'0 #CES TFIL  £5€S | T8I AX ST |4
8666 05T TEI00  S0000 TIZ00  LVC00 ISO00 06600 <C0 SLO LUl €6 ¥9F  SSE  LSTO VIT8 WTLL LYSS| PEISAX | I¥1 LMW
666 ¥6F PIIO0  SO000 T6I00  SPEOO OPO00 OIEO0 €00 SO0 650 08P 8S T PII0 8689 9LST 7895 | SKISAX | LTl 1AW
P6'66 OF'€  S900°0 90000 €L200  THIOO LPOO'O o6bPPO0 120 SL0 €T 8k  LEO €8T SIT0  9¢L9 +0Cl . 96765 | CCC8 AX | dICT L AN
666 8E'C  0L000  SO00'0 6LT0°0  8PTO0 LPOOO €9v00 6T0 LLO  SET 99 119  $6°CT LITO LL89 STST Q€68 | 0CC8 AX | DITT LUNW
Y666 LEE  LLOO0  €0000 L6T0C 65100 1S000 ¥OSO0 €20 080 €ET  LSE  ¥09  STE  STT0  LOSL €6F1  TLSS | 8IT8 AX | dITl LdNW
666 9L€  T8000 90000 19200  89T00 TSO00 OSHO0 bTO 8LO €T TLE  T6S ITE  PEI0 60EL LD 65°8S | 9IZ8AX | VITI LUW
S666 TSE  ITI00  S0000 LOZOD  SSIO0 $SO00 POEOD LI'0 940 €ET  6€ 9T9  IST 6IT0 9669 60SI ST6S | 9LT8AX | 1T 1AW
S6'66 LFE TZIO0  S0000 8TTO0  TTZ00 LYVOO0 €8€0'0 STO L90 #I'T OFE O0OL9 98T +H#ZI'0 8989 SV9T  66'LS | 0ST8 AX P11 L AN
S666 01€ €100 80000 /200  ILIOO ¥E000 +2200 1C0 €890 $90 Ty LTF €€ SCU0 68FL €9ST 009 | SET8AX | 96 LW
6’66 S9C €TI0 S0000 90200  SLI00 9€000 €££00 S0 TL0 ¥1 ¥eT 6I6 TLT O0£T0 S8ISL T8BT  697T7C | TSTR AX 78 LN
666 SE TZIO0  €0000 €8100  €8E00 09000 T600 €20 90 L6T LLE II9  OFT €CI0 89K9 9991 S6LS | YSTSAX | T8 LAW
666 SY'S 0TIO0 10000 9SI00 LSOO 68000 1900 IT0 90 €41 pSP 89S 86T 1010 9TT9 6F91 €8S | 9SCBAX | 69 LAW
9666 9891 LLO00 60000 PEO0D 65200 9000 6100 800 STO 09T ILO  TSST 90E 9900 SSLT S6b  T0SS | OMSAX | 76 LW
P6'66 vC'E 86000 PO000 €€200 9200 TLODO 8ESO0 ST0 TLO  €6'T  16€ L9t ILT  TITO  TO99 66 vl 6LT9 | 0978 AX 6v LA
S666 FPE  S9000 L0000 SECO'D  9ST0'0 L9000 64800 910 LLO L6T  £¥P  €TT  vTE  SCT0  WeSL 6991 €165 | TE8AX | DLy LU
G666 €¥'€  £9000 01000 LETOO  $9T00 €9000 $9800 610 SLO 0T 9Iv I€T 667 PLI0 9069 T09T 1609 | 0STRAX | dALb LAW
S666 Ly'E 69000 11000 LEZ0O  6LZOO TLOOO S€800 SI'0 L0 L0T 6P SYT  S6T 9T €969 SIOT  6v'09 | 8T8 AX | dALr LAN
€666 LV TLODO 10000 €FTO0  €L20°0 S900°0 Y800 0OCO0 +L0 S0T 9¢t 8€T  00€ 6TI0 STOL Y91 0009 | 9CTBAX | ALy LA
P6'66 PEE  0L000  S000F0 0STO'0  TSTO'0  L900°0 +0600 610 L0 90T ¢€PF €CT  POE  LTIO 0S69 T€9T 609 | ¥TT8 AX JLy LANW
#6'66 SS€  TOTOQ 80000 91700  €8T0'0 0OLOO'0 0S800 8T0 SL0 80T 1T¥ ST 98T €TI0 LyO°L TI9T  SE09 | P6Z8 AX dly LYdN
Po'66 SSC  PITO0 L0000 ST200  LST0'0 €L00'0 68L000 LI'0 SLO0 OTCT 0Ty LET ¥8T 9CI'0 6L1L v09T LTO9| TOZ8AX | Vir LY
96’66 SS¢  TITO0  ST000 ¢CCZ00  S62000 990000 +ES00 910 vLO0 LOCT 0€y 0ST 06T STI'0  L0OL TT9L  STO9 | OVI8 AX Ly LU
96'66 69 97100 L0000 PCIO0  8ZSOO 08000 OpE00 120 190 IST LIy vES  8S¢  LITO SE€09 SLPL  €8LS| T9RAX Iy LY
P6'66 6.9  TOIO0 600000 LOTOO  €SE0F0 16000 £T200 ST0 PO €81  LLT  €L01 €T¢  LLOO €ECS O80T TL8S| P98 AX 6t LN
$6'66 TL0T 96000 07000 SPTIOO  T19E0°0 +L0000 86£00 610 950 8ST SE€E  +vE9 6Tt TOTO0 €97°C 8LCI  9L6C | 9928 AX LE LY
S666 SSET 00100 60000 T800D0  8L800 #8000 9L800 €TI0 6€0 LTZ 28T S8FST SLT  S9T'0  E€8T'C #L6 SH0S | 8978 AX ¢ LAN
S666 Tt OLIO0  S0000 [PIO0  ZSECO #9000 99500 LI LSO SPT €6 9TY L6€ ELI0  €9LS 66%T  ST09 | OLZ8AX | 7€ LMW
o660 86°S  S600°0  6T000  SPTO0  9TE0'0 18000 H#OPO0 LIO IS0 OFT ST 65S  +vEC 800 S89Yv 6Stl  ¥EI9| TLIB AX 67 LN
S666 LES  TIIDD  $0000 LSTO0  T0E00 L#000 60200 120 §90 $90 OLY eIy 89¢ 1010 €609 TEHT €009 | PLZSAX | LT LMW
S666 SUF  STIN0  $0000 62100  €OMOO  SLOOD €650 120 190 <91 LOb  O0S 68T STI0 THSS 69ST 1065 | THISAX | ¥T LAW
Pe66 SOP 62100 10000 98100  P9TO0 7SO0 00S00 ZZ0 990 80T OIE STL STE PIV0 €L 6TLI  €6%S | WE8AX | LI LYW
666 €6% OTIOD 60000 2200 9TKO0 €II00 8LE0O TTO PLO 69T ISE WS 9T €4T0  LT08 SOLL  OS'WS | 9LCSAX | ¥T LYW
666 ¥y OII00 00000 SSIO0  9THO0 TE000 €SOO 810 850 80 SL9 €% IS8T LITO 0619 7691 694 | SLL8AX | 7T LYW
P6'66 9CC 86000  TI00°0 LPIOO #9100 $OTO0 SPSO0 €TI0 8€0 1T OL'C 997 TET 7800 018 08CL 6669 | 088 AX 6 LYW
S666 LEC  6ZI00 90000 9700 Ccgh0  LEO00 0TE00 €20 0L0  BLO 95T (I9 9SE  SETO SO8L T691 €456 | 8ST8AX | S LW
& 10T Uz A A 18 q4q eqd ‘0'd 'Ol O O®BN 08D OFW OUA  ‘O%ds ‘OIV ‘OIS |Iussieuy 10 o[dures

Z919¥)

22¢ ‘soneoo] ojdwes pue A8oj0d&) 10,1 "9 = *Q% 4 'SIUSUWIDINSEAW 0M] JO dFrIsar oy sjuasardar sisA[eur yoeq 'sd[y STUB[D) oY1 WOIJ BIRP YI0I-2[0UM £ "q8f



THE ORIGIN OF THE TAYEYANNAZ SANDSTONE 219

Na, 0 + K, O %
10 1 X\
-
> N
1 - N/
- d /\
8 7 latites 7\
°
-0 = '[/ * A ' s
61 ** Y ’*,ldacites o/
EEREE shy (T g *
P { * 1 Vs
| | . ! //
* *
47 basalts ' 'V, v
! I andesites
I % s
basaltic andesites
0 v T . : r .
40 50 60 Si0, 70

Fig. 2 Si0,-(Na,0+K,O)-plot of the Glarus Alps
whole-rock analyses with classification fields according
to Cox et al. (1979). Filled diamonds represent type 11
to [V 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 andesite or andesite composi-
tion assuming that the latite composition of some
analyses 1s due to the slight enrichment of the al-
kaline elements (Figs 2, 3). STALDER (1979) as-
sumed a slight loss of K,O due to albitization,
thus, the enrichment of the alkaline elements
might have been restricted to Na. The enrich-
ment of the Na is also shown in a Na,O versus
CaO diagram (VALLANCE, 1974), where some of
the "true" Taveyannaz sandstone samples plot in
the spilitic part (Fig. 4). Data from STALDER
(1979), NigGL1 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" Ta-
veyannaz sandstones and typical flysch sand-
stones (VUAGNAT, 1952), the latter normally be-
ing depleted in Al, Fe, Mn, P, and V, and enriched
in Ca and Sr (Figs 2-4). These trends can be ex-
plained 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

0
40 50 60 70 80
Si0»

/A TS, Nicou et al. (1933)
@® TS, STaLDER (1979)

B TS, Glarus Alps

[] FS,MS, Glarus Alps

A TS, NIGGLI et al. (1930)
WINTERHALTER (1993)

Fig. 3 Si0,-K,O-plot with classification ficlds after LE
MAITRE (1989) with all existing TS analyses. Note, that
data from "andesitic" fragments within the Taveyannaz
sandstones (in NIGGLI et al., 1930) plot within the field
of basaltic to basalt andesitic composition. The dotted
area is the compositional field for andesites. FS: flysch
sandstones, MS: Molasse sandstone.

Na,O
8
spilitic g non spilitic
€/ da
sl @ o= |
*.
[ L - o
"
B o
1 1 ) 1 1 1 i |
4 8 12 16
CaO
B TSII+III [1 FS,MS
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Fig. 4 Na,O versus CaOQ diagram with boundary
between typical values of spilitized and non-spilitized
basaltic rocks after VALLANCE (1974). Samples are di-
vided into Taveyannaz sandstones showing critical min-
erals (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 statisti-
cally higher within the Taveyannaz sandstones.
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Fig. 5 SvAl versus Fe’+/Mg diagram of the Glarus
Alps Taveyannaz and flysch sandstones. The assem-
blage types 14 and type IV of the Taveyannaz sand-
stone (TS) are defined in table 1, all Flysch sandstones
contain less than 50 vol.% of volcanic material.

Vanadium generally is a strongly compatible ele-

ment within mafic minerals (SHERVAIS, 1982).
Similarity is even more evident for the differ-

ent metamorphic assemblage types of Taveyan-

TiO,

MnO*10 MORB = mid ocean ridge basalt P»05*10
IAT = island arc tholeiites
CAB = calcalkaline basalts
OoIT = ocean island tholeiites
OIA = ocean island alkalic basalts

Fig. 6 Ti-Mn*10-P*10-ternary diagram with discrimi-
nant 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 interpreta-
tion see text.

0.04 —

0.02 —

a TSIH+II
a TSIV
a FS, MS

0.5 ; 1.0 1.5
Ti

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

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.

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 sand-
stones of type IV (VUAGNAT 1952, cf. Tab. 1) and
flysch sandstones in figure 5. The strong composi-
tional 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 composi-
tion. Thus, the crystallization of the critical meta-
morphic minerals has to be considered as the re-
sult 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 mech-
anism can be documented by the formation of
actinolite on former clinopyroxene grain bound-
aries (RAHN et al., 1994, Fig. 2d). However, the
compositional conditions necessary for the for-
mation 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 con-
texts (Figs 6 and 7). However, in the Taveyannaz
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Fig. 8 Comparison of clinopyroxene compositions from the Glarus Alps and Loé&che (CoomMss 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 estab-
lished with the help of more than 500 analyses
(MULLEN, 1983) as a discriminant diagram for ba-
salts and basaltic andesites, i.e. for rocks between

45 and 54 wt% SiO,, a range that is suggested to
represent the original SiO, content of the vol-
canic 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 TiO, content

Tab. 4 Representative clinopyroxene analyses from the Taveyannaz greywackes of the Glarus Alps. For measure-
ment conditions, see RANN et al. {1994), same abbreviations as in table 2.

Sample nr. MR T 47 MF 1134 MR T 96 MF 776 MR T 121
Analysis 3544 6.12 26.14 22.12 27.33
Tectonic unit Wageten Wageten NHF NHF NHF
Si0, 51.61 51.84 52.50 52.51 52.84
TiO, 0.61 0.59 0.56 0.27 0.53
AlLO, 2.03 251 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
Na,O 0.23 0.29 0.39 0.33 0.29
K.O 0.00 0.00 0.00 0.00 0.00
> (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
¥ (cations) 4.017 4.005 3.995 4.009 3.985
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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) af-
ter 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). Typi-
cal 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 ad-
dition, newly grown leucoxene grains can be
found within the matrix. Thus, a slight increase of
the whole-rock TiO, content can be assumed dur-
ing sedimentation. Data therefore indicate a typ-
ical pattern for calc-alkaline basalts and can be
compared with chemical compositions of very
young material from the Marianas, Aleutians, or

Antilles that all represent volcanic island arc ba-
salts (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 basaits and
show a rather constant Ti/V ratio (Fig. 7). Both
elements are thought to behave similarly during
alteration or low-grade metamorphism (SHER-
vAlS, 1982). If, in addition, a slight enrichment in
Ti during sedimentation is considered (small
amounts of detrital rutile), i.e. data from the orig-
inal volcanic material plotting at slightly lower Ti
values, they shift into the range of typical calc-
alkaline suites with SiO, < 58 wt% from recent is-
land arc ridges (IAT, SHERvALIS, 1982, Fig. 2). The
increasing amount of detrital material coincides
with the depletion of Ti and V.

Clinopyroxene as source indicator

Clinopyroxene is the only primary volcanic phase
that is still present and was not altered during Al-
pine metamorphism (RAHN et al., 1994). In figure
8 the compositions of clinopyroxenes from the
Glarus Alps and Loeche (Coomss et al., 1976)
are compared and are identical within the analyt-
ical scattering (Fig. 8). Thus, clinopyroxenes dis-
play a close relationship between different Ta-
veyannaz greywacke occurrences today sepa-
rated 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
(KusHIrRO, 1960; LE Bas, 1962; Coomss, 1963).
NisBeT and PEARCE (1977) used clinopyroxene
microprobe analyses from different basalts in or-
der to define several areas within a Ti-Mn-Na
ternary system and to distinguish between con-
trasting tectonic settings. For volcanic arc basalts
(VAB), they showed that clinopyroxenes com-
monly have TiO, values below 1.5 and SiO, val-
ues above 47 wt%.

Clinopyroxenes from the Taveyannaz sand-
stones of the Glarus Alps are plotted in the dia-
grams 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 overlap-
ping fields between different tectonic settings,
but the scatter is very similar to the range of VAB
data in NISBET and PEARCE (1977). In the
Si0,~AlO, 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 vol-
canic 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 sand-
stones of the Glarus Alps indicate a basaltic to
basalt-andesitic composition for the volcanogenic
precursor of the Taveyannaz sandstone. Compo-
sitional changes due to detrital input during sedi-
mentation and mineral reactions during Alpine
metamorphism are characterized by a 10 wt%
enrichment of SiO,, a slight depletion of ALOQO,,
FeO, and a slight enrichment of Na,O, K,O, and
TiO,.

Minor- and trace-element distributions sug-
gest a calcalkaline magmatism, which is typical
for island arc volcanic systems found above a sub-
duction zone (CONDIE, 1989). The same origin is
suggested by clinopyroxene analyses. The com-
positional pattern is similar to those of clinopy-
roxenes from recent volcanic arc basalts, and
points to an cvolved magma that was not influ-
enced by the presence of a thick continental
crust.

A comparison with former whole-rock analy-
ses (STALDER, 1979; NIGGLI et al., 1930; WINTER-
HALTER, 1933) indicates a very constant composi-
tion for all Taveyannaz greywackes and related
sandstones within the Alpine arc and the Apen-
nines. Data show no clear chemical boundary
between "true" Taveyannaz sandstones (type 11
and III) and type IV. Thus, the formation of crit-
ical metamorphic minerals was not mainly influ-
enced by whole-rock composition, but most
probably determined on a very small scale by the
presence of volcanic material (vitreous frag-
ments) and minerals such as primary clinopyrox-
ene, that became metastable during low-grade
metamorphic conditions.
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