
Zeitschrift: Schweizerische mineralogische und petrographische Mitteilungen =
Bulletin suisse de minéralogie et pétrographie

Band: 76 (1996)

Heft: 2

Artikel: The zeolite, fluorite, quartz assemblage of the fissures at Gibelsbach,
Fiesch (Valais, Switzerland) : crystal chemistry, REE patterns, and
genetic speculations

Autor: Armbruster, Th. / Kohler, Th. / Meisel, Th.

DOI: https://doi.org/10.5169/seals-57692

Nutzungsbedingungen
Die ETH-Bibliothek ist die Anbieterin der digitalisierten Zeitschriften auf E-Periodica. Sie besitzt keine
Urheberrechte an den Zeitschriften und ist nicht verantwortlich für deren Inhalte. Die Rechte liegen in
der Regel bei den Herausgebern beziehungsweise den externen Rechteinhabern. Das Veröffentlichen
von Bildern in Print- und Online-Publikationen sowie auf Social Media-Kanälen oder Webseiten ist nur
mit vorheriger Genehmigung der Rechteinhaber erlaubt. Mehr erfahren

Conditions d'utilisation
L'ETH Library est le fournisseur des revues numérisées. Elle ne détient aucun droit d'auteur sur les
revues et n'est pas responsable de leur contenu. En règle générale, les droits sont détenus par les
éditeurs ou les détenteurs de droits externes. La reproduction d'images dans des publications
imprimées ou en ligne ainsi que sur des canaux de médias sociaux ou des sites web n'est autorisée
qu'avec l'accord préalable des détenteurs des droits. En savoir plus

Terms of use
The ETH Library is the provider of the digitised journals. It does not own any copyrights to the journals
and is not responsible for their content. The rights usually lie with the publishers or the external rights
holders. Publishing images in print and online publications, as well as on social media channels or
websites, is only permitted with the prior consent of the rights holders. Find out more

Download PDF: 05.01.2026

ETH-Bibliothek Zürich, E-Periodica, https://www.e-periodica.ch

https://doi.org/10.5169/seals-57692
https://www.e-periodica.ch/digbib/terms?lang=de
https://www.e-periodica.ch/digbib/terms?lang=fr
https://www.e-periodica.ch/digbib/terms?lang=en


SCHWEIZ. MINERAL. PETROGR. MITT. 76,131-146,1996

The zeolite, fluorite, quartz assemblage of the fissures at
Gibeisbach, Fiesch (Valais, Switzerland): crystal chemistry,

REE patterns, and genetic speculations

by Th. Armbruster', Th. Köhler', Th. Meisel2, Th.F. Nagler3, M. A. Götzinger4 and H. A. Stalder5

Abstract

The mineral assemblage quartz, green octahedral fluorite, heulandite, stellerite, epistilbite, laumontite, chabazite, and

scolecite occurs in steeply dipping narrow fissures within a M-type granite host rock at Gibeisbach near Fiesch,Valais

(Switzerland), located in the southern part of the Aar massif All fissure minerals were identified by single-crystal
X-ray methods and their morphologies were studied by SEM. Electron microprobe analyses indicate that all zeolites

represent near Ca end-members. Only heulandite displays a highly significant Sr concentration. Trace elements,
including REE, were measured (INAA and IDMS methods) for Gibeisbach fluorite, stellerite and heulandite, rose
octahedral fluorite from classic Alpine fissures of the Aar massif, green fluorite from the Santis area, green fluorite from
Hammer (Nufenenpass, Gotthard massif), and from Kleines Furkahorn (Aar massif). REE patterns of whole rock
samples surrounding the Gibeisbach occurrence are characteristic of post Archean upper crustal rocks and are
significantly different from the flat REE distributions obtained for Gibeisbach fluorite. stellerite, and heulandite. Nd
isotopic compositions measured for fluorite and country rock suggest a dominantly crustal origin of the fluid which
was subsequently fractionated. The different trace element concentrations in Gibeisbach heulandite and stellerite
can be explained by two modeis: (a) heulandite crystallized from a less fractionated fluid than stellerite and fluorite;
(b) the different REE distribution patterns and Sr concentrations are controlled by crystal chemical effects.

Interpretation of experimental zeolite stability relations indicates that the Gibeisbach zeolite association formed at peak

pressure conditions above 600 bar and temperatures below 230 °C. Laumontite represents the zeolite formed at the

highest temperature while chabazite formed at the lowest temperature, probably below 100 °C. Primary fluid inclusions

in massive fluorite from Gibeisbach revealed a homogenization temperature of ca. 160 °C and are filled with
water low in both salt and C02.Thus, the inclusions formed above 200 °C assuming a pressure of ca. 1 kbar based on
the geothermal gradient. Steeply dipping fissures in the Aar and Gotthard massif (e.g., at Gibeisbach) are considerably

younger (ca. 10 million years old) than the classical Alpine fissures with quartz and rose fluorite (ca. 20 million
years old). The youngest relics of hydrothermal activity in the Aar massif are documented by breccia containing opal
and chalcedony.

Keywords: fissure minerals, zeolite, fluid inclusion, crystal chemistry, REE,Aar massif, Gibeisbach (Switzerland).

Introduction to contain green octahedral fluorite, stilbite (syn¬

onymous for heulandite at that time), desmine

A striking zeolite paragenesis occurs at Gibeis- (synonymous for stilbite), small weathered lau-
bach (altitude 1380 m), north west ofthe village of montite, and small not well developed adularia
Fiesen in Valais, Switzerland. The mineral assem- (probably confused with epistilbite). The small

blage was already described by Kenngott (1866) zeolite outcrop is situated in a strongly foliated
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M-type granite (Kohler. 1993). To the north the
locality is bordered by a coarse grained granite
representing the southern part of the Aar massif
(Zbinden, 1949). The south border is formed by
Permian sedimentary rocks embedded between
the Aar- and the Gotthard massif (Zbinden,
1949). A detailed description of the Gibeisbach
locality is given by Koenigsberger (1940). Many
small fissures occur in the strongly foliated
M-type granite at a steep wall east of Gibeisbach.
The compression or dislocation planes of the host
rock dip 50° N. However. most of the small
fissures have an inclination of 80° SW. The various
fissures and fractures show different mineralizations.

Some are completely filled with green fluorite

locally covered with zeolites. According to
Koenigsberger (1940), the best quality of hand
specimens originates from a larger fissure, difficult
to access in the steep wall. These samples contain
fluorite, heulandite, stellerite (originally described
as "Desmin" or stilbite), epistilbite, laumontite,
and chabazite.

After more than 150 years of active mineral
collecting at Gibeisbach, the outcrop has probably
changed its appearance. The steep wall has been
extensively exploited and a large scree slope has
formed below the original outcrop. Until recently
samples from this locality have been sold and
exchanged at Swiss mineral fairs. For this reason
we mainly rely on the classical description by
Koenigsberger (1940). More abundant than
fluorite fissures are those only filled with zeolites,
either heulandite or stellerite. Such fissures are
less than 1 mm wide, but rather laterally extended.

In the lower part of the wall typical fissures are
2-10 mm wide and contain short prismatic white
quartz often covered with stellerite; in others
quartz is covered with fluorite. Fissures containing
only quartz are by far most abundant. Further up
Gibeisbach, on the west bank of the creek, fissures
contain quartz bands with significant amounts of
stellerite and occasionally heulandite. Still further
up, but within the same host rock, the fissures are
covered with thick crusts of stellerite.

The entire occurrence is not consistent with
normal Alpine fissures as described by Mullis
(1993) and Stalder (1986). Koenigsberger
(1940) concluded that at Gibeisbach fluids invad-
ed from below. This assumption is supported by
evidence found at the neighboring Altenbach ca.
250 m above Lax, where a comparable occurrence
of fluorite with stilbite (stellerite?) and heulandite
was found in a basic rock, differing in composition
from the Gibeisbach host rock. Parker (1973)
described a similar zeolite occurrence on the south
slope of the Rhone valley 20 km west of Gibels-
bach. The Gibeisbach occurrence was classified

(Parker, 1973) as mmeral association
("Mineralgesellschaft ") A11 which is very heterogeneous
but characterized by the predominance of zeolites
with additional fluorite. A new locality type
(Fundortgruppe 5a) was created for this unique
Alpine occurrence (Parker, 1973). Related to the
Gibeisbach mineralization are some quartz
occurrences with subordinate fluorite and stilbite
(Fundortgruppe 5g) described in the eastern
Valleys of Valais south of the Rhone river (e.g.,
Nufenenpass). Quartz in these occurrences is formed in
discordant veins (Parker, 1973).

The goals of this study were to determine
the crystal-chemistry of the zeolites frorr^Bibels-
bach and to provide a hypothesis of its genesis
based on rare earth-element (REE) distributions,
fluid inclusions, and zeolite stability. In addition
to the Gibeisbach samples, fluorites from other
Alpine fissure types were analyzed for comparison.

Mineral identification and analyses

Symmetry and cell dimensions of zeolites were
determined from X-ray single-crystal data collected

with an Enraf Nonius CAD4 diffractometer
using MoKa X-radiation. In addition, single crystals

were checked with the polarizing microscope
using the oil immersion method.

Carbon-coated polished samples were
prepared and analyzed with a CAMECA-S3®-elec-
tron microprobe. The electron beam (15 kV,
10 nA) was defocussed to 30 ixm in order to min-
imize sample damage.The following mineral
Standards were used: orthoclase (Si, AI, K), bytownite
(Ca, Na), strontianite (Sr). Results of average
analyses are given in table 1. In the observed zeolite

association the Si/Al ratio varies between 3.4
(stellerite) to 1.5 (scolecite) but the zeolites with
a high Si/Al ratio (stellerite and heulandite) are
much more frequent than those with a low Si/Al
ratio (chabazite: 2.35, laumontite: 2.0, scolecf|||i
1.5). The dominant Channel cation in all zeolites
at Gibeisbach is Ca. Scolecite and laumontite
represent nearly Ca end-member composition.
Heulandite is the only zeolite which contains major

Sr, 11% of the Channel cations. In heulan<ä||§y
stellerite, epistilbite, and chabazite K dominates
over Na. The water content was determined by
difference. However, due to H20 loss in the vacuum

Chamber of the electron microprobe, these
H20 concentrations are considerably lower than
the H20 concentrations of the corresponding
zeolites in nature.

To display the morphology of the zeolite
minerals, scanning electron micrographs were pro-
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Tab. 1 Average electron microprobe analyses for zeolites from the Gibeisbach occurrence at Fiesch. H,0 calculated

by difference and formula normalized on O.

wt% laumontite heulandite stellerite epistilbite scolecite chabazite

Si02 54.35 60.56 63.57 59.35 46.14 48.03

A1203 21.48 15.74 15.99 16.59 24.48 17.43

CaO 11.04 6.92 8.53 8.28 13.75 7.09
SrO n.d. 2.10 0.06 0.14 0.04 0.81

Na20 0.02 0.08 0.19 0.35 0.06 0.01

K.Ö 1.09 1.53 0.74 1.36 0.01 1.74

HX> 12.12 13.07 10.92 13.94 15.52 24.89

Si 4.096 24.489 27.700 18.009 24.547 S.473

AI 1.908 8.421 8.211 5.932 15.349 3.623

Ca 0.892 3.365 3.980 2.693 7.835 1.340

Sr n.d. 0.550 0.015 0.024 0.013 0.082

Na 0.004 0.067 0.164 0.205 0.064 0.005

K 0.105 0.883 0.413 0.527 0.006 0.390
O 12. 72. 72. 48. 80. 24.

duced on samples first impregnated with Os04
and then Au-coated.

Solid and fluid inclusions in massive fluorite

Petrographie microscope analyses yielded three
types of quartz inclusions in Gibeisbach fluorite
(all of similar size 0.05-0.1 mm): (1) idiomorphic
short prismatic quartz, (2) idiomorphic c-axis
elongated quartz, (3) broken quartz crystals
(mostly of the second type). In addition, flakes
of non-speeified Ca-rich zeolites were detected
with the scanning electron microscope (SEM-
EDA).

Four types of fluid inclusions were
distinguished in Gibeisbach fluorite: (1) Primary fluid
inclusions occurring in the form of small (ca. 5—

20 (im) negative tetrahedra containing one liquid
(water) and a gas bubble. The ice melting point is

near 0 °C (between -1.7 and -0.5 °C) corresponding
to a salinity between 1.9 and 0.85 wt%

NaCl(equiV). Homogenization temperatures ränge
from 155 °C to 165 °C (n 12, x 158.6 ± 4.0 °C).
(2) A few piain inclusions (ca. 25-30 |xm in diameter)

also contain a single liquid (water) and a gas
bubble. The melting point is the same as for type
(1): -0.7 °C, and homogenization occurs at 155 °C.

(3) Many trails of secondary fluid inclusions cut
through some parts of the fluorite. They are
generally very small (below 5 p.m) and contain mostly

one liquid (probably water) and a tiny gas bubble.

The ice melting temperature is near 0 °C but
the homogenization temperature of one specific
population is in the ränge of 130 °C. (4) Some

parts of the fluorites contain completely irregulär

fluid inclusions forming extended (myrmekitic)
water plains. Gas bubbles could not be observed,
the melting temperature is at 0 °C.

Trace element determinations

Trace elements including REE and the major
elements Na, K, and Ca were detenmned by
instrumental neutron activation analysis (INAA) at the
University of Bern for the fluorites Fl to F7,
stellerite (Sl), heulandite (Hl) and whole rock samples

TK1 toTK3.Fine powders (20 to 40 mg) were
irradiated 1.85 h at a thermal neutron flux of
2 • 101-1 n cm-2 s-'ln the SAPHIR research reactor
of the Paul Scherrer Institute, Würenlingen,
Switzerland. Subsequently, 7-spectra were
acquired 12 hours, 2-3 days, 1 week, and 3-4 weeks
after irradiation. USGS Standards BHVO-1 and
RGM-1 were used as secondary Standards. Fluorite

samples NMBE-B8707 and NMB@|B5415
were activated and measured at the Max-dsäknck-
Institut für Chemie at Mainz, Germany.To obtain
more precise REE concentrations replicate samples

Fl and TK1 were determined by isotope
dilution mass spectrometry (IDMS) at the University

of Maryland. Precision and reproducibility of
these analyses are generally better, 0.5%,
corresponding to 2 o\ The analytical technique is
described by Meisel et al. (in review). The analyzed
samples are summarized in tables 2 and 3.

Nd isotope ratios were measured at the
Isotope Geology Laboratory, Bern, using an AVCO
thermal ionization mass spectrometer. Nd ratios
were normalized to usNd/144Nd 0.7219. The
mean value for the La Jolla Standard during the
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Tab. 2 Description of samples used for trace and REE analyses.

No. mineral samples

Fl fluorite Gibeisbach: light green, xenomorphic
F2 fluorite Gibeisbach: colorless oetahedra on quartz
F3 fluorite Gibeisbach: dark green, xenomorphic on quartz
F4 fluorite Gibeisbach: colorless oetahedra on quartz
Hl heulandite Gibeisbach: grown on quartz
Sl stellerite Gibeisbach: grown on quartz

F5 fluorite Goschenen: rose oetahedra '

F6 fluorite Santis: green cubes (Kürsteiner and Soom, 1986)
F7 fluorite Grimsel: rose oetahedra
NMBE-B8707 fluorirapSammer, Nufenenpass: green oetahedra (Rykart et al., 1983)
NMBE-B5415 fluorite, Kleines Furkahorn: light green spheruhtes grown on quartz

rock samples

TK1 Permian sedimentary rocks embedded between the Aar and Gotthard massif forming
the south border of the Gibeisbach locality.

TK2 coarse grained granite characteristic of the southern part of the Aarmassif (Zbinden,
1949), northern border of Gibeisbach.

TK3 strongly foliated M-type granite, host rock for the fiuorite-zeolite-quartz bearing fissures
at the Gibeisbach locality.

period of measurement was 0.51187 143Nd/144Nd

with an 2 ct external reproducibility of ± 0.00002.

Mineralogy and crystal chemistry

Fluorite
The well established structure of fluorite may

be described by a simple cubic packing of F where
Ca ions occupy the interstices at the center of
every other cube leading to eight-fold F coordination

of Ca with Ca-F 2.36 A. In this structure F
is four-fold coordinated by Ca, thus the ionic
radius ofF becomes 1.31 Ä (Shannon, 1976) and Ca
has a radius of 1.05 Ä. The origin of color in fluorites

has recently been reviewed by Lieber
(1995), who suggests the interaction between 7-
radiation and the incorporated foreign elements
(e.g., REE) as the major cause of color. The -y-ra-
diation must be produced by the U andTh content
of the fluorite itself to cause a homogeneous color

distribution in larger crystals (Lieber, 1995).
Colorless and green fluorites from Gibeisbach
which occur either as small oetahedra or as

xenomorphic masses, have approximately 0.5

ppm U and 0.5 ppmlh (Tab.3).The U andTh
concentrations ofthe host rock are considerably higher,

10 ppm and 13 ppm, respectively.The green
fluorite from the Santis area (F5) has 3.0 ppm U and
2.7 ppm Th, whereas the rose fluorites from the
Aar massif have similar U and Th concentrations
as the Gibeisbach fluorites. Considering the ionic

radii for three-valent REE in eight-fold coordination

(1.16 Ä for La to 0.977 Ä for Lu [Shannon,
1976]), the observed Ca radius in fluorite falls in
the middle of this ränge. Burt (1989) discusses
the substitutional mechanism in fluorite. The sim-
plest way to incorporate REE3* in a Ca-phase is a

coupled Substitution involving Na: Na+ + REE3+
-» 2 Ca2+. Gibeisbach fluorite has 65 to 240 ppm
Na, 186 to 765 ppm K, and 60 to 85 ppm REE.
However, due to the presence of tiny solid inclusions

(mainly quartz and zeolites) it is not clear
whether these Na and K concentrations can be
assigned to the fluorite itself (Goetzinger and
Koss, 1995). Another possibility are cation vacancies,

thus 2 REE3+ + Vac. —? 3 Ca2+. In addition,
anion defects must be considered, in particular
interstitial F. Bill and Calas (1978) also discuss
substiÄ[onal O2- and charged O molecular
complexes.

The term fluorescence is derived from fluorite,
where REE characteristic emissions within the
optical spectrum are excited by ultraviolet radiation.

The fluorescence color is characteristic of the
interaction of various REE emission lines (Bur-
rus et al., 1992). Fluorite from Gibeisbach
exhibits intense blue fluorescence under long wave
UV radiation.

Stellerite
Stellerite (Ca^AlgSiaA^ • 28 H20), stübite

(NaCa4[Al9Si27072] • 30 H20, and barrerite (Na8
[AlgSi^OyJ • 26 H20) possess the same tetrahe-
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Tab. 3 Trace element analyses of selected rock (TK1-TK3) and mineral samples. Underlined concentrations are in
wt% all others are in ppm. Sample descriptions are given in table 2.

countrv rock fluorites Gibeisbach lluorik s other localities zeolites

ppm TK1 TK2 TK3 Fl F2 F3 F4 F5 F6 F7 B8707 B5415 Hl Sl error

Na 2.20 ^ÜÜt^ 2.64 65 82 70 242 17 32 75 36.9 103 849 1 676 5%

K 0.72 2.81 2.47 186 203 765 571 45 37 89 29 601 1.74 0.92 3%

Ca 5_3_ 1.9 53.7 44.6 42.7 52.7 57.8 56.1 52Ji 513 38.0 12 9J5 9%

Sc 7.1 10.4 8.1 0.2 0.03 0.1 0.2 0.01 0.1 0.1 0.052 0.087 02 0.1 8%

Cr 46 2.6 3.0 1.7 13.1 0.7 1.9 03 0.6 <0.1 3.1 23 12.6 23 10%

Mn 1407 894 4 3 3 8 0.4 03 4 13 5.8 172 29 3%

Fe 793 2.65 2.05 0.02 0.02 0.03 0.01 0.02 0.003 0.047 0.10 0.04 6%

Co 44 34 30 0.1 0.1 0.1 0.1 0.05 20.9 0.13 0.4 3.4 02 10%

Zn Blßi 38 32 0.4 3 3 1 0.2 3 18 3.1 17 8 10%

Ga 10 17 03 0.4 0.1 <0.04 03 3 2 10%

Rb 45 171 169 6 <0.5 5.4 3? 9 9%

Sr 196 149 96 164 69 173 222 72 124 18300 280 12%

Zr 141 346 56 31 54 20 <5 ¦clO 4 16%

Cs 43 6.1 3.0 0.2 03 03 0.02 0.16 9.0 0.9 25%

Ba 494 575 591 19 <5 7.6 143 22 20%

La 22.0 35.1 13.1 7.2 6.4 63 93 0.05 33 03 5.2 133 1.9 0.6 9%

Ce 443 74 27 13.1 12 12 17 0.17 9 1 123 25.1 6 1 9%

Pr 1.7 2.7 15%

Nd 20.5 34 15 13 10 11 17 9 7.7 9.9 2 ^H 11%

Sm 4.25 6.0 ¦a 9 6.08 5.1 4.2 5.6 0.06 3.8 0.6 4.61 1.96 0.20 0.36 7%

Eu 0.85 0.78 0.76 2.69 3.22 1.67 2.16 0.04 0.72 031 1.07 0.86 0.06 0.17 7%

Gd 4.04 6.5 10.8 4.1 4.6 5.1 °-4 5.8 4.0 8.3 33 0.20 0.40 39%

Tb 0.41 0.80 0.66 ¦ 137 1.0 0.84 1.01 (1.21 1.04 0.7 1.62 037 0.03 0.07 15%

Dy 3.52 9.29 6.9 7.7 5.1 7.4 8.86 2.07 3%

Ho 1.17 2.6 0.74 1.4 '•9 2.4 1.7 2.0 1.7 0.4 25%

Er 2.19 6.91 4.0 '*§$£& 11.6 3.6 4 1.02 10%

Tm 0.55 0.61 0.27 036 0.15 0.20 0.28 0.11 0.42 0.54 0.17 0.04 16%

Yb 2.27 3.7 3.6 7.90 4.4 4.4 8.0 123 1.6 8.8 3.09 0.77 0.1 03 13%

Lu 033 0.65 036 1.95 1.09 0.83 1.72 1.95 0.18 1.85 036 0.11 0.03 0.11 9%

Hf 32 43 4.4 0.05 0.05 ÜÜ <0.02 0.04 0.11 15%

Ta 2.1 3.1 0.22 ysp 0.43 0.66 < 0.015 0.008 0.49 0.03 20%

Th 6.1 19.0 133 0.19 03 036 0.40 0.04 2.74 0.16 0.14 0.11 1.99 033 10%

U 99 6.8 9.8 0.45 0.8 039 0.64 2.97 0.75 0.06 1.17 1.02 0.51 15%

dral framework structure and are distinguished
by 2 Na —I Ca Substitution and different H20
content (Gottardi and Galli, 1985). These
minerals have large Channels (4.9 x 6.1 A) parallel to
[100] formed by ten-membered rings of tetrahedra.

The Channels are further connected through
Windows formed by eight-membered rings along
[102], 5.6 X 2.7 Ä wide and along [001], 4.0 X 2.7

A wide (Meier and Olson, 1992).
Stellerite from Gibeisbach (identical to

"Desmin" in Parker. 1973) forms white radiating
bundles of elongated crystals up to 20 mm in
length. This mineral has only a very low Na
concentration (0.16 p.fu. based on 72 O) but 0.41 K
p.£u., which is rather high. Most stilbites (space

group C2/m) have a composition close to
NaCa4(Al9Si2707:) • 30 H20 were Na can reach up
to 2.58 p.f.u.: a K analog is not known. In contrast
to stilbite, stellerite is orthorhombic (space group
Fmmm) and untwinned. Both minerals (stilbite

and stellerite) have a disordered Si,Al distribution

(Galli and Alberti, 1975). The lower
symmetry of stilbite is caused by the close proximity
of Na and Ca positions within the crystal structure,

thus Ca is shifted from the (010) mirror plane
in an ordered fashion leading to monoclinic
symmetry (Gottardi, 1979). Stellerite from Gibels-
bach has orthorhombic cell dimensions a
13.589(5), b lgjl|(l), c 17.789(3) Ä with no
indication of twinning as analyzed by single-crystal
X-ray methods and crystal optics. The morphology

(Fig. 1) is characterized by well dejeloped
{IOO), (010). and {111) faces with an additional
small {001) face. "Desmin" from Gibelsbach
should actually be considered a K-rich stellerite.
The first published analysis of Gibelsbach
"Desmin" by Jakob (Niggli, 1940) indicated very
low Na and K concentrations characteristic of
stellerite. These findings are in good agreement
with X-ray and chemical data given by Passaglia



136 TH. ARMBRUSTER,TH. KOHLER, TH. MEISEL, TH.F. NAGLER, M.A. GÖTZINGER
AND H.A. STALDER

Sfe

D0013 lOOOf

£
&i£l:

1m
u.' «

W Ii
•*"> Y.i*

'I iH^XF'I *.Ä
-•&--*>£

Fig. i Scanning electron microscopic images of selected fissure minerals from Gibelsbach (courtesy of F. Zweili,
Bern).
(a) small:short prismatic quartz representing the dominant fissure mineral;
(b) green oetahedra of fluorite frequently overgrowing quartz;
(c) stellerite forms bundles or intergrowths of elongated crystals, the cracks probably developed because of the
vacuum in the scanning electron microscope:
(d) characteristic stellerite single-crypalp?
(e) characteristic epistilbite twin, the (100) twin plane runs through the ridge of the crystal, the (102) face on the top
is strikingly rough on all crystals;
(f) intergrown Clusters of chabazite rhombohedra (pseudoeubes);



ALPINE FISSURE MINERAL ASSEMBLAGE AT GIBELSBACH (VALAIS. SWITZERLAND) 137

3*

wf ämmwa® m

"w>

"»p

¦*>^£ rsP«^- *$S
w. M

ifcfSf¥

X
> -:

1
a

(g) fibrous twinned scolecite with complex termination;
(h) Clusters of scolecite;
(i) blocky heulandite;
Q) Stacks of flattened heulandites.

et al. (1978) for stellerite from the same locality
(their sample #14). These authors did not observe
Splitting of the 204 powder X-ray diffraction peak
which, if present, would indicate deviation from
orthorhombic symme^^^

Epistilbite
Epistümte, space group C2 (Alberti et al.,

1985), is structurally not related to stilbite
(Gottardi and Galli, 1985) but was named epistilbite
because of||l similarity to stilbite (Rose, 1826).
Epistilbite, with a disordered Si.Al distribution,
possesses structural Channels parallel [001]
formed by eight-membered rings of tetrahedra,
ca. 3.7 X 5.2 Ä wide, connected along [100] by
Windows formed by ten-membered rings, 3.4 X 5.6 Ä
wide (Meier and Olson, 1992). Epistilbite from
Gibelsbach Ca2.7Na0.2K0.5(Ai5.9Si18.o048) • 16 H20
deviates shghtly from the mean formula

CaZ5Na0^K02(Al6Sii8O48) • 16 H20 (Galli and
Rinaldi, 1974) mainly because the concentration of
K is higher than Na. Single-crystal X-ray intensities

of reflections hkl and h-kl should be equal in
a monoclinicSpace group, which is not the case for
several weak and medium intensity reflections of
Gibelsbach epistilbite, thus triclinic symmetry
(Cl) as proposed by Akizuki and Nishido (1988)
must be suspected (Yang and Armbruster,
1996). The cell dimensions are a 9.082(1), b

17.738(3), c 10.209(1) Ä, a 89.95(1), ß

124.57(1), 7 90.00(1)°. Epistilbite from Gibelsbach

is white-cream in color and up to 4 mm in
length. This mineral cannot be mistaken for
stilbite because of its unique morphology at this
locality (Fig. 1). As known for all other epistilbite
occurrenceSpthe crystals are characterized by
(100) twins, but this mineral has no tendency to
form bundles as does stilbite. Idiomorphic crystals
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are terminated by {HO), {HO}, {010), (010), {012),
{012}, and by small but strikingly rough {102}
faces.

Heulandite
The heulandite group of minerals is represented
by heulandite (Na,K)Ca4(Al9Si27072) • 24 H20

and clinoptilolite (NaJ^AlÄO^) • 20 H20
(Gottardi and Galli. 1985). The crystal structure

is characterized by dense tetrahedral layers
parallel to (010) with Channels formed by ten-
membered rings (A) and eight-membered rings
(B) running parallel to [001] which are interconnected

by additional Channels (C) formed by
eight-membered rings along [100] and [102] leading

to a two-dimensional Channel system. Heulandite

from Gibelsbach has the composition
Nao.o7K0.ssCa3j7Sr0^(Als.42Si27.49072) • 24 H,0 and
occurs either in tabular habit (Tschernich, 1992)
elongated along the a-axis and highly flattened on
{010} or in blocky habit (Fig. 1). Merkle and
Slaughter (1968) assumed Cm space group
symmetry for Gibelsbach heulandite. However, structure

refmements carried out in this study show no
significant deviation from space group C2/m with
the cell dimensions a 17.705(3), b 17.890(2),
c 7.419(2) Ä, ß 116.53(2)°.

Chabazite
Chabazite has a Channel system formed by

eight-membered rings of tetrahedra, 3.8 X 3.8 A
wide (Meier and Olson, 1992) and an ideal
composition of Ca(Al4Si8024) • 12 H20 (Gottardi
and Galli, 1985). Chabazite from Gibelsbach has
the composition K0J9Ca,J4Sr0os(Al362SiS47024) •

12 H20 and occurs in simple transparent
pseudocubic rhombohedra without striations, 0.3

to 20 mm across. Very often the rhombohedra are
intergrown into Clusters (Fig. 1). With the polarizing

microscope using crossed polarizers Gibelsbach

chabazite exhibits undulatory extinction.
According to Akizuki (1981) the optical properties

correspond to the degree of Si,AI ordering
which differs from growth sector to growth sector.
Thus, chabazite showing rhombohedral forms
consists of six twinned sectors. Early structure re-
finements of chabazite discussed by Gottardi
and Galli (1985) were performed in the
rhombohedral space group i?3m which is fllmaximum
symmetry compatible with the framework. Mazzi
and Galli (1983) separated domains from well
developed chabazite twins and found significant
deviations from trigonal symmetry leading to
Space group Fl. In agreement with the optical
studies by Akizuki (1981) the lower symmetry is
caused by partial SiAI ordering. All X-ray single-

crystal reflections of Gibelsbach chabazite are
extremely sharp in the co direction which is rather
unusual for a supposed twin. In addition, cell
dimensions refined from single-crystal data do not
significantly deviate from rhombohedral symmetry

(a,h 9.389(1) Ä, arh 94.25(2)°; a„
13.774(2), ch 15.027(5) Ä). Thus, it is very
unlikely that chabazite from Gibelsbach consists of
microscopic twins.

Scolecite
Scolecite, ideally Ca^Ali^O«,) • 24 H20,

represents the only fibrous zeolite found at
Gibelsbach. The same structural framework is

also found for natrolite Na16(Al16Si2408o) • 16 H?0
and mesolite Na16Ca16(Al48Si72O240) ¦ 64 H20. Minerals

of this group are distinguished by a Ca +
H20 —? 2 Na Substitution and symmetry (Gottardi

and Galli, 1985). Electron microprobe
analyses of Gibelsbach scolecite yielded the
formula Na006Ca7Ä(Al15j5Si24j508o) • x H20. Scolecite
from Gibelsbach (space group Fldl, ceU dimensions:

a 18.58(4), b 18.91(4), c 6.57(2) Ä, ß

90.7(3)) was often mistaken for laumontite, however,

the shiny luster of the strongly fibrous crystals

makes this confusion inconceivable. Scolecite
from near Fiesch was previously described by
Hintze (1897). However, this occurrence is at the
Fiesch glacier (Wiser, 1860). To our knowledge,
scolecite from Gibelsbach has not been described.
The habit of Gibelsbach scolecite (Fig. 1) is
characterized by (100) twins leading to a" complex
termination" (Tschernich, 1992; Fig. 523).

Laumontite
Laumontite with the ideal composition Ca4

(AlsSi16048) • 18 H20 (Armbruster and Kohler,
1992) and space group Cl/m has a completely
ordered Si,Al distribution and one dimensional
structural Channels running parallel to the c-axis
confined by ten-membered rings of tetrahedra.
When removed from the humidity of the fissure,
laumontite spontaneously dehydrates to form
the variety leonhardite, Ca4(AIgSils048) • 14 HzO,
which becomes milky white and is extremely fragile.

CeU dimensions collected on natural laumontite

are therefore always characteristic of the
partially dehydrated variety. At Gibelsbach, laumontite

has the composition Ca3j6Ka44(Al764SiiS40O48)
• x H20. Laumontite crystallizes in characteristic
stalks up to 5 mm long formed by (110) and {001}
faces. Laumontite from Gibelsbach was described
by Kenngott (1866) as very small weathered
crystals. Due to the strong tendency to disinte-
grate, it is difficult to estimate the true frequency
of this mineral in the exposed fissures.
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REE patterns

The results of INAA and IDMS are shown in
chondrite normalized plots (Fig. 2) using the values

for Leedy (Masuda et ai., 1973). In these

diagrams the La and Tb values of INAA are used to
complete the ID-MS pattern for sample Fl (light
green fluorite from Gibelsbach). All analyzed
fluorites from Gibelsbach are characterized by more
or less flat REE distributions (Fig. 2e). Slightly
negative anomahes for Ce are common for these

fluorites. A positive Eu anomaly (Eu/Eu* > 1) is

only significant for sample F2. The heavy REE
show a flat distribution or a slight positive trend.
Fluorite Fl has a high Sm/Nd ratio (0.442). If this
is taken as representative of the source, the latter
would have to be highly LREE depleted. Sources
of that kind (i.e., depleted mantle or mafic to
ultramafic rocks from the depleted mantle) are,
however, also characterized by strongly positive
eNd values (eNd values express the Nd isotopic
composition as deviation from coeval bulk earth
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Fig. 2 Chondrite normalized REE patterns (sample
descriptions are summarized in table 2).
(a) Hl: heulandite, Sl: stellerite,Fl-ID: fluorite, all samples

from Gibelsbach.
(b) Country rocks at the Gibelsbach locality, TK1:
Permian sedimentary rocks, TK2: coarse grained granite,
TK3: M-type granite, host rock of the Gibelsbach
fissures.

(c) Comparison between country rock (TK1) and
Gibelsbach fluorite (Fl), data from isotope dilution
measurements (ID).
(d) Fluorites from other types of alpine fissures, F5 and
F7 represent rose octahedral fluorites. The remaining
samples are green fluorites.
e) Fluorites from Gibelsbach fissures.
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i value of fluorite
Fl (-4.3) is indicative for a dominantly crustal
origin. Consequently, the high Sm/Nd ratio of
0.442 of the fluorite must be interpreted as un-
related to the source (i.e., as later fractionation
[Fig. 3]).

The zeolite samples are characterized by an
overall lower REE abundance (Fig. 2a) but
normalized to Ca the concentrations are comparable
to the fluorites. Stellerite has a pattern similar to
the fluorites but without the negative Ce anomaly.
Heulandite is characterized by LREE > HREE
and an almost flat distribution from Sm to Yb.
There is an indication of a shghtly positive Ce
anomaly for heulandite. Concentrations of other
trace elements (Tab. 3) show highly significant
differences between heulandite and stellerite. The
most striking ones are 1.8 wt% Sr, 143 ppm Ba,
9 ppm Cs, 2 ppm Th, and 1 ppm U in heulandite
versus 250 ppm Sr, 22 ppm Ba, 0.9 ppm Cs, 0.5 ppm
Th, and 0.5 ppm U in stellerite. In addition, transition

metals (Mn, Cr, Co, Fe, and Zn) are enriched
in heulandite relative to stellerite.

Fluorites from other types ofAlpine fissures in
Switzerland display strongly varying REE
distributions and are also different from the Gibelsbach

fluorites (F1-F4). Green fissure fluorites (F6,
NMBE-B8707 and NMBE-B5415) are characterized

by Gdj/Yb,, ratios > 1 which is very common
for hydrothermal fluorites. Sample NMBE-B5415
has Cen/Sm„ > 1 and possibly a positive Eu anom¬

aly, whereas F6 and NMBE-B8707 have negative
Eu anomahes and a Cen/Smn ratio < 1 which is also
widely observed for fluorites. The fissure rose
fluorites F5 (Goschenen) and F7 (Grimsel) are very
unusual with very small Ce/Yb ratios. Sample F5
has the lowest Ce concentration but the highest
Yb value of all samples analyzed.

The three country rock samples have overall
pattern typical for post Archean upper crustal
rocks with LREE > HREE and negative Eu
anomahes. TK1 has characteristics of typical post
Archean shales (Taylor and McLennan, 1985)
with Gdn/Ybn 1.44 and Eu/Eu* 0.63. The Sm-Nd
depleted mantle model age of the Permian
sedimentary rocks (TK1) is 1.8 Ga which is characteristic

of metasediments in Central Europe, indicating

recychng of old continental crust. TK2 has a

higher total REE content and a similar LREE and
HREE distribution as TK1, but with a more
pronounced negative Eu anomaly (Eu/Eu* 0.4).
The latter is typical for magmatic rocks which
underwent intense plagioclase fractionation in the
crust. The LREE/HREE ratio expressed as

Ce„/Ybn ratio is low forTK3 compared to average
upper continental crust (Taylor and McLennan,
1985). The total REE content is also low and the
Eu/Eu* anomaly is also typical for crustal granites
of the same tectonic unit (e.g., Schaltegger and
Krähenbühl, 1990).

Discussion
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Fig. 3 Nd isotopic composition versus Sm/Nd ratios of
sample TK1 (Permian sedimentary rocks, Gibelsbach)
and fluorite Fl (Gibelsbach). DM depleted mantle
field, EC field of compositions typical for European
continental crust. The position of fluorite Fl in this
diagram indicates that its high Sm/Nd ratio cannot be
inherited from a mantle type sourrag« continental crust
source, or a mixing of both. In contra^ä indicates a
Sm/Nd fractionation after extraction from a dominantly
crustal source.

REE IN FLUORITES

The abundances and ratios of REE in minerals
may be controlled by crystal-chemical effects
based on relative differences in ionic radü and
charge of the major large cations in the mineral
structure and the substituting REE. Since REE3+
ionic radii decrease linearly with atomic weight, a
chondrite normalized pattern of REE should also

vary smoothly with the exception of Ce and Eu.
The ionic charge of these two elements, and thus
their ionic radü, are controlled by redox reactions.
The "crystallographical control" (Morgan and
Wandless, 1980) affects the distribution of REE
in the crystallizing minerals and hence the REE
pattern may not necessarily reflect the REE
distribution in the fluid from which the minerals
formed. Fluorites display a large variety in
abundance patterns reflecting complex geochemical
and crystal chemical processes which are not weh
understood. However, this variety of patterns
observed for fluorites let us conclude that the
distribution of REE is not strongly controlled by crystal

chemical parameters but rather reflects
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processes Controlling the composition ofthe fluid.
An exception must be stated if the REE reservoir
where CaF2 precipitates is finite (Marchand et
al, 1976). In this case the Solution will gradually
be enriched in LREE.

Several authors have tried to ascribe the shape
of REE patterns to processes related to the
temperature of formation which controls the stability
of REE complexes in Solution. It is believed that
Lan/Ybn > 1 (Tb/La low) reflect crystallization of
fluorite at an early stage whereas Lan/Yb„ < 1

(Tb/La high) should represent fluorites which
crystallized at a late stage when LREE have
already been depleted in the Solution (Moeller et
al., 1976). Empirical data from Leeder (1966) and
Fleischer (1969) demonstrate that uptake of
REE into the fluorite lattice is optimum in the
region ofTb-Ho. Samples NMBE-B8707 and F6 are
indeed humped in shape with a maximum in the
chondrite normalized patterns in this ränge. Similar

patterns have been described by Bau and
Dulski (1995), Chesley et al. (1994), and Ekam-
baram et al. (1986). Although these distributions
seem to be very common, the existence of
abundance patterns which are very different suggests a

combination of different Controlling processes.
The stability of monofluoro REE complexes
increases smoothly from La to Lu (Walker and
Choppin, 1967). Carbonate-REE complexes,
although not as stable as REE-F complexes, might
also control the abundance seen in fluorites. This
leaves us with too many unknown parameters.
Thus, making an accurate evaluation of formation
processes is very speculative. An additional prob-
iem arises because Sm/Nd ratios and thus REE
patterns have been significantly altered through
fluorite recrystallization at least under greenschist
facies (or higher) conditions (Nagler et al.,
1995).

COLOR, AND MORPHOLOGY OF FLUORITES
FROM ALPINE FISSURES

Rose colored fluorites with octahedral forms (F5
and F7) from Alpine fissures of the Aar massif
have strongly enriched HREE (chondrite
normalization) relative to the other fluorites. This
pattern is commonly explained by the primary
crystallization of LREE-rich minerals such as
monazite, epidote, allanite, titanite, crichtonite,
davidite, and perovskite. The REE pattern of
octahedral rose fluorite (this study) differs from the
surrounding host rocks which have LREE
enriched and a strongly negative Eu anomaly
(Schaltegger and Krähenbühl, 1990).The low
LREE/HREE ratios seem to be a common fea¬

ture for all Alpine rose fluorites as indicated by
various other studies (e.g., Spettel et al., 1981).
Stalder (1985) estimated that quartz in the
fissure Gerstenegg (Grimsel, Aar massif) associated
with quartz, chlorite, octahedral rose fluorite, and
calcite was formed at approximately 430 °C and
2.8 kbar. Slightly lower formation conditions must
be assumed for the growth of rose fluorite, as this
mineral crystallized after quartz.

The origin of the rose color in fluorite was
studied by Bill et al. (1967). Bill and Calas
(1978), and Trinkler et al. (1993).The color
originates from a 485 nm absorption band attributed
to a Y02 color center. Y3+ has a ionic radius of
1.019 Ä (Shannon, 1976) and behaves geochemi-
cally similar to HREE with corresponding ionic
radii. In addition, a weak absorption at 365 nm is
assigned to optically activSffifb2+. There seems to
be a strong correlation between growth conditions

and formations of specific types of color centers.

The fissures bearing octahedral rose fluorite
in the Aar massif represent the oldest fluorite
bearing fissures which also formed at the highest
temperature.

The green color offluorite (from Dürrschren-
nenhöhle, Santis, Switzerland, sample F6) was
assigned to a Sm2+ color center which disappears
upon heating above 300 °C where Sm2+ is oxidized
to Sm3+ (Bill et al., 1967). This Santis fluorite for
which Kürsteiner and Soom (1986) assume
crystallization together with quartz and calcite at
approximately 160 °C, has REE enriched by a factor
of 10 times chondrite. A very similar REE pattern
and enrichment is observed for fluorite from
Hammer (Nufenenpass, Gotthard massif; sample
NMBE-B8707). At the Hammer locality'octahe-
dra prevail cubeoctahedral forms (Rykart et al.,
1983) whereas at Santis cubes and rhombic do-
decahedra are more common than octahedral
forms (Kürsteiner and Soom, 1986; Parker,
1973). AU green fissure fluorites from the Aar or
Gotthard massif, including those from Gibelsbach
(Tab. 2: samples Fl, F3, NMBE-B8707, NMBE-
B5415) have much less fractioned REE patterns
compared to the rose ones (F5, F7). For the
Gibelsbach samples there is no direct correlation
between REE or Sm concentration (Tab. 3) and

green color intensity confirming observations by
Marchand et al. (1976).

Parageneses and crystal forms of fluorites
were compared and discussed by Obenauer
(1933). Octahedral fluorites seem to represent the
first generation in pneumatolytic formations.
However, no direct correlation between fluorite
crystal form and fluid temperature, acidity, and
composition could be shown. Nevertheless, it is

well established from field evidence that fluorite
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formed at low temperature crystallizes in cubes
(e.g., Goetzinger and Weinke, 1984; von
Fellenberg, 1891).

REE IN ZEOLITES

Several factors are responsible for the exchange-
ability of cations in zeolites: the charge of the
cation controls the Coulomb-type interaction
with the framework; the AI concentration in the
framework leads to negative charges on the cavity

walls; the order-disorder distribution of Si and
AI in the framework governs most probable
cation positions within the structural Channels
and the size of the cation, including its hydration
sphere, relative to the size of the cavities and
Windows influences the mobiüty of the ion or complex
within the structural Channels. The three-valent
charge and the radius varying between. 1.18 Ä
(La3+) and 0.97 Ä (Lu3+) in eight-fold oxygen
coordination, imply relatively stable incorporation
of REE in zeolite Channel Systems. The smallest
Channel inlets or outlets in heulandite and
stellerite are formed by eight-membered rings of
tetrahedra and both minerals have very similar AI
concentrations which display a high degree of
disorder. Thus, from a crystal chemical point of view
stellerite and heulandite may have very similar
affinity to REE.

The REE abundance pattern of stellerite is

very similar to fluorite Fl: a maximum in the
MREE (Sm-Gd) and Dy„/Ybn < 1. If we consider
analytical error, the LREE patterns are also similar.

Provided that crystal chemical parameters do
not control the REE abundance then the similarity

in overall patterns indicates (simultaneous)
coeval crystal formation. If the same hold true for
the heulandite sample, then its crystallization pre-
ceded fluorite and stellerite. Or more cautiously,
the fluid producing heulandite was less REE
differentiated compared to the one producing
stellerite and fluorite. In hand specimen, stellerite
often grows on fluorite whereas the majority of
heulandite grows on quartz. In particular, the
heulandite investigated for REE in this study did
not grow on fluorite. Furthermore, we must
consider the high Sr concentration in heulandite in
contrast to stellerite as characteristic for this
locality (e.g., Merkle and Slaughter, 1968; electron

microprobe analyses [this paper]; and trace
element determinations [this paper]). This, and
the difference in concentrations of other trace
elements, may be additional indications that different

fluids produced stellerite and heulandite. Both
stellerite and fluorite have a common low Sr
concentration.

Nevertheless, a crystal chemical control of the
REE distribution in heulandite and stellerite cannot

be completely excluded. Even if the smallest
Channel inlets or outlets are formed by eight-
membered rings of tetrahedra, the different shape
of these rings in the two structures may cause
largely different crystal chemical behavior. The
increased concentration of LREE (with large ionic
radü) in heulandite relative to stellerite (Tab. 3)
could indicate a crystal chemical preference. The
preference of Sr (ionic radius: 1.25 A, to compare
with the one of La3+ of 1.18 Ä) in heulandite (Tab.
3) even favours this interpretation.

Eu AND Ce ANOMALIES

Since the extent of Eu/Eu* anomahes shows a

large ränge in fluorites, we assume that the
abundance is not controlled by i& size of the atom
relative to the crystal lattice but rather reflects the
composition of the Solution. Whereas the majority

of REE have 3+ as normal oxidation State, eu-
ropium can occur in two oxidation states (Eu2+
and Eu3+). Under low oxygen fugacities Eu3+

(1.03 Ä) will be redueed to Eu2+ having a larger
ionic radius (1.12 Ä). The four fluorites from
Gibelsbach are LREE depleted and have no, or
positive, Eu anomahes (Eu/Eu* > 1). This
indicates that the reducing condition did not occur
during or before fluorite crystallization which is

consistent with negative Ce anomahes occurring
under high oxygen fugacity. Under oxidizing
condition Ce will form Ce4* and will precipitate as

Ce02 depleting the Solution in Ce relative to La
and Pr.

As stated in the results section (REE patterns)
the Nd isotopic composition of fluorite Fl (eNd

-4.3) indicates that Nd dominantly originates
from a continental crust source (i.e., a soullswith
an enriched LREE pattern). The depleted
patterns of Gibelsbach fluorite can be explained by
removal of LREE prior to crystallization. This
seems to be a common principle as obsefflsd by
Constantopoulos (1988). If REE with larger
ionic radü and thus lower stability of fluoride
complexes are removed at early stages of fluorite
formation, Eu2+ wül also be depleted relative to
Sm and Gd.This could be true for most of the
fluorites reported in the literature. Constantopoulos

(1988) reports three fluorites from one district
with Cen/Ybn and Eu/Eu* > 1. If these fluorites
formed at an early stage, then the hypothesis of
early removal and enrichment of LREE and Eu2+
is valid and subsequently crystallized fluorites
must also be depleted in these elements. A shghtly

positive Ce anomaly and no Eu anomaly is con-
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sistent with formation of heulandite prior to fluorite

and stellerite, removing Ce and LREE.

GENETIC SPECULATIONS

Alpine fissures in the Aar and Gotthard massif

Two characteristic morphological forms of classical

Alpme fissures are distinguished (Mullis et
al., 1994): (a) tension gashes usually developed
parallel to the maximum stress and perpendict^E
to the maximum elongation and (b) interboudhi
gaps developed paraüel to the direction of maximum

extension in rocks of different competence.
These oldest fissures in the Aar and Gotthard
massif must have opened around 20 and 15 mü-
lion years ago as a consequence of late stage
continental collision between Europe and Africa
(Mullis et al., 1994). At Grimsel (Aar massif) the
oldest fissures (ca. 20 million years old), type 1, are
characterized by smoky quartz and octahedral
rose fluorite. The hydrous fluid inclusions in
quartz are salt-rich but C02-poor. Younger
fissures (ca. 15 million years old), type 2, have no
smoky quartz or fluorite and the hydrous fluid
inclusions in quartz are salt-rich and (Mj-bearing.

A stül younger generation of narrow fissures
(type 3) was described by Ogi and Soom (1988)
from Eggerberg (Aar massif). These narrow
fissures are inclined to the host rock schistosity and
bear hght green fluorite which appears
macroscopically as rhombic dodecahedra. Mir|s|scopi-
cally the crystal surface is buüd by {100} steps.

Stül younger are extended nearly vepical
fissure Systems (type 4) bearing predominantly
quartz with subordinate fluorite and occasionally
zeolites (e.g., Nufenen pass area [Rykart et|l|||
1983; Parker, 1973; sample NMBE-B8707, this
study], and Gibelsbach [this study]). Stalder et
al. (1980) and Poty et al. (1974) report COr and
salt-poor hydrous fluid mclusÄis in quartz for
these vertical fissures which agrees with the findings

from Gibelsbach.
At Kleines Furkahorn (Aar massü) quartz in a

normal mineralized fissure is overgrown by
younger hght greenish fluorite (type 5) forming
half-spheres of intergrown aggregates (sample
NMBE-B5415, this study).

The youngest evidence of hydrothermal activity

(type 6) in the Aar massü is the breccia at
Triibtensee where chalcedony is found as matrix
(Stalder, 1964; Dollinger, 1989). In addition,
Rykart and Hotz (1987) report young opal
formations ("hyalite") in considerably older fissures
with primary quartz, calcite, albite, adularia, titanite,

epidote, and chlorite, occurring in biotite rich

schists in the northern part of the Aar massif (near
Guttannen).These young opal ("hyafite") formations

in the Aar massif are not unique but have
also been observed at other localities. The tem-
perature-age relations of hydrothermal activities
and fissure formation in the Aar massif are
displayed in figure. 4.

The Gibelsbach occurrence

Considering equüibrium stability relations of
various Ca dominant zeoütes as experimentaUy
determined by Cho et al. (1987), one should assume
that the peak pressure conditions at Gibelsbach
were above 600 bar. Above this pressure and
above ca. 130 °C heulandite fiUs a gap in the P-T
field between stübite (actuaüy steüerite) which
forms at lower temperatures and laumontite
which forms at higher temperatures. At 600 bar,
laumontite remains stable up to ca. 230 °C where
it transforms to wakakite (not observed at Gibelsbach

and also never described from the Swiss

Alps). However, these stability relations are only
vaud in the simple system CaA^SiiOs-S^-HjO
(Cho et al., 1987) where P(H20) P(total) which
is unlikely in fissure Systems. On the other hand, ü
we consider zeoüte formation in the geothermal
areas of Iceland (Kristmannsdottir and Tomasson,

1978) heulandite formed also at shafiow
depth (< 300 m); thus, elevated pressures seem not
to be requisite for heulandite formation. At
Iceland where the temperatures in the drill hole were
measured directly, chabazite was found below
70 °C, scolecite between ca. 70 and 100 °C, stübite,
epistilbite and heulandite between ca. 70 and
150 °C, and laumontite above 100 °C up to 230 °C

(Kristmannsdottir and Tomasson, 1978).
At Gibelsbach short prismatic quartz represents

the first fissure mineralization. However, fluid

inclusions in quartz were not observed thus we
have no P-T estimate for this primary crystallization.

Quartz frequently grows on fine grained
seams of unspecSed Ca-rich zeoütes. We assume
that these seams of polycrystalline zeoüte are a
transformation product of the host rock due to
hydrothermal activity accompanied with plagioclase
decomposition. Fluid mclusion measurements on
bulky fight green fluorite from Gibelsbach yielded

a homogenization temperature for a pure HzO
fluid of ca. 160 ± 5 °C.Assuming a geothermal
gradient of 30 °C/km and P(H20) P(total) (Mullis,
1993), 160 °C corresponds to a depth of ca. 5-6 km
equivalent to a pressure of above 1.3 kbar. Thus, a

pressing correction (ca. 1 kbar) to the homogenization

temperature (160 °C) becomes necessary,

increasing the fluid temperature above
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Fig. 4 Schematic representation of temperature-age relations ofhydrothermal activity and fissure formations in the
western part of the Aar massif (southern zone). Size relations of the individual fissure Symbols are arbitrary. References

for the various localities are given in the text.
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200 °C. If we apply this extremely rough P,T
estimate (1 kbar, 200 °C) to the age-temperature
development of the Aar massif at ZinggenstocK
(Mullis, 1993), we may suppose that fluorite at
Gibelsbach formed ca. 10 rnüfion years ago.
Following Cho et al. (1987) laumontite would be the
only stable Ca-rich zeoüte at this P,T condition.
With decreasing P,T (erosion of the Aar massif)
heulandite and steüerite become successively
stable.

Chabazite is known as Ca-rich zeohte forming
below 100 °C thus foüowing Mullis (1993) this
zeohte formed less than 5 million years ago. The
melting point (0 °C) of fluid inclusions in Gibelsbach

fluorite suggest an almost pure water fluid.
These "pure water" fluid inclusions seem to be
characteristic of relatively young steeply dipping
quartz fissures of the Aar and Gotthard massif
(Stalder et al., 1980; Poty et al., 1974).The latter
authors determined homogenization temperatures

between 190 and 220 °C for water fluid
inclusions in quartz from steeply dipping fissures in
the Gotthard massif At Gibelsbach, the Nd
isotopic composition of fluorite Fl (eNd -4.3) is
indicative for a dominantly crustal origin of the fluid

and suggests that the high Sm/Nd ratio is a

result of fractionation prior to crystalfization.
Mullis et al. (1994) also assume overthrust
metasediments as the source of fluids found in
quartz inclusions of classical Alpine fissures.
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