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Deformation induced quartz-fluid oxygen isotope exchange
during low-grade nietamorphism: an example from the

Glarus thrust, E Switzerland

by Ruiner Abart1 and Karl Ramseyer2

Abstract

The Glarus overthrust is a large thrust fault in the Helvetic Alps of eastern Switzerland, where Helvetic decollement
nappes were thrust northwards over Infrahelvetic units at subgreenschist (in the north) to greenschist (in the south)
facies conditions during the Miocene. In the northern section of the thrust, a minimum of 35 kilometers of displacement

was largely accommodated by deformation of a caic-mylonite layer (about one to three meter thick) between
the Tertiary flysch in the footwall and the siliciclastic Verrucano formation in the hangingwall of the thrust and by
deformation of the lowermost two to five meters of the Verrucano formation. Pressure solution, cataclastic flow and
limited dynamic recrystallization were the prime deformation mechanisms in the siliciclastic rocks. Oxygen isotope
exchange between quartz and a pore fluid that ascended from the dewatering flysch in the footwall was effective only
in the highly strained portions at the base of the Verrucano. In contrast, quartz was largely inreactive with respect to
oxygen isotope exchange at distances of more than about 2 meters above the thrust, where thrust related deformation

is practically absent. The correlation between deformation intensity and the extent of quartz oxygen isotope
alteration suggests that deformation was the prime control for quartz-fluid oxygen isotope exchange. Fracturing
during cataclastic flow probably generated permeability, which allowed fluids to migrate from the flysch in the
footwall into the Verrucano in the hangingwall of the thrust. Dissolution-reprecipitation, grain size reduction by
fracturing and limited grain boundary migration associated with bulging recrystallization were the mechanisms that
allowed for significant quartz-fluid oxygen isotope exchange at the base of the Verrucano.

Keywords: Glarus thrust, subgreenschist facies, deformation, cathodoluminescence, oxygen isotope exchange.

Introduction

Oxygen is a major component of fluids in the
earth crust. Depending on their provenance fluids
may have characteristic oxygen isotope signatures

(e.g. Sheppard, 1986). During migration
through the crust, fluids can exchange isotopically
with the rocks. This will, in general, lead to a

change in the isotopic compositions of both, the
minerals and the fluid. Abnormal isotopic compositions

of rocks and minerals are a robust indication

of fluid rock interaction. The systematics of
oxygen isotope alteration has become a cornerstone

in the investigation of fluid-rock interaction
(e.g. Nabeleck, 1991). In this context an
understanding of mineral-fluid oxygen isotope
exchange is of crucial interest. The rate at which a

mineral exchanges its oxygen with the pore fluid
decides upon the degree of equilibration that is
attained during fluid-rock interaction. Knowledge

about the equilibration state is in turn
important for the interpretation of fluid induced
oxygen isotope alteration (e.g. Criss et al., 1987;
Baker and Spiegelman, 1995; Abart and Sperb,
1997).

If no growth or dissolution of mineral grains is
involved in oxygen isotope exchange, then the
exchange rate is most probably controlled by oxygen

diffusion within mineral grains. Oxygen
volume diffusion is a relatively slow process,
particularly at low temperatures. Experimentally
determined oxygen diffusivities in quartz are too
slow to allow for significant oxygen isotope
exchange of millimeter sized quartz grains during
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low-grade metamorphism (Farver and Yund,
1991 a). The fact that oxygen isotope alteration is,

nevertheless, documented for quartz from low-
grade environments (e.g. Gregory et al., 1989;
Eppel and Abart, 1997) suggests that in natural
systems isotopic exchange may be significantly
enhanced by alternative processes such as grain
size reduction during fracturing or dynamic re-
crystallization. Quartz-fluid oxygen isotope
exchange may also be controlled by dissolution-re-
precipitation (Cole, 1983; Cole and Ohmoto,
1986; Kirschner et al. 1995a). It has been shown
experimentally, that quartz dissolution-reprecipi-
tation is a particularly viable mechanism for
quartz-fluid oxygen isotope exchange (Clayton
et al., 1972; Mathews et al., 1983). Dissolution-re-
precipitation may be induced by deformation.
Quartz may be mobilized in the course of pressure

solution, which has been recognized as an
important deformation mechanism at greenschist
and sub-greenschist facies conditions (e.g. Pass-

chier and Trouw, 1998). Quartz is precipitated
from dissolved silica preferably in pressure shadows

of rigid objects, and it may seal fractures to
form veins (Kirschner et al. 1995b)

Here we report on observations pertaining to
the interplay between deformation during low-
grade metamorphism and quartz-fluid oxygen
isotope exchange in the northern section of the
Glarus thrust, a crustal scale thrust fault in the
Helvetic Alps of eastern Switzerland. New
pétrographie data including cathodoluminescence
observations are presented from a sampling profile
through the lowermost eight meters of the Verru-

cano formation in the hangingwall of the Glarus
thrust at the Lochseiten locality. These data are
correlated with published oxygen isotope data on
quartz and calcite from the same locality. We
focus on the influence of thrust related deformation

upon quartz-fluid oxygen isotope exchange.
The significance of quartz dissolution reprecipita-
tion, deformation-induced grain size reduction
and limited grain-boundary migration as well as

the effectivity of oxygen diffusion in quartz and

quartz aggregates are discussed.

Geologic Setting

The Glarus thrust is a prominent thrust fault
exposed over an area of about 600 square
kilometers in the eastern Helvetic Alps (Fig. l).The
hangingwall of the thrust is represented by the
Helvetic nappes, which comprise a pile of décollement

nappes composed of Permian to Eocene
sediments. The Infrahelvetic units in the footwall
of the thrust consist of a crystalline basement and
a parautochthonous Mesozoic to Tertiary
sedimentary cover. In addition the Infrahelvetic
includes allochthonous slices of south-Helvetic
(Blattengrat) and Penninic (Sardona) flysch. The
allochthonous flysch units were emplaced on the
parautochthonous N-Helvetic flysch during the
Oligocene "Pizol" phase of deformation (Pfif-
fner, 1977). The major penetrative deformation
occurred during the Upper Oligocene "Calanda"
phase, which produced large scale folding of the
Infrahelvetic complex.Thrusting along the Glarus

RH Aar Massif EHU Sardona Flysch

113 Mesozoic cover [23] N-Helvetic Flysch
I I Verrucano Glarus thrust

NNW SSE

Helvetic nappes Lochseite

10 km

Fig. 1 Simplified cross section of the Glarus thrust, modified from Badertscher et al. (2002).






















