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Is there any Mechanical Paradox in Thin-Skinned Thrusting?
A Case Study from the Muran Nappe (Central Western

Carpathians)
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Mechanisms of thin-skinned thrusting belong to frequently dis- by Hubert & Rubey and Rubey and Hubert (1959) where the
cussed questions since the thrusts were recognised in nature. Most ~ authors consider the mechanical effect of the fluid on the basal
satisfying explanation of this phenomenon is offered in articles  nappe plane: since the pressure in fluid acts isotropically, paua
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diminishes all normal stresses and thus facilitates the block
movement.

Thrust planes of Carpathian superficial nappes are often ac-
companied by the so-called “rauhwackes”, which represent basal
cataclastic mass formed in a course of nappe movement. As in
many similar cases in Alps, Appenines or Pyrenees also these rocks
bear evidences for principal importance of hot overpressured flu-
id incidental to their formation. Fluid inclusions were preserved in
synkinematically crystallised authigenic quartz and feldspar from
basal rauhwackes of the Murdi nappe, which are believed to
contain the authentic fluid facilitating the movement of the nappe.
Results of the fluid inclusions investigation support the hypothe-
sis of Hubert and Rubey and on the other hand indicate certain
new mechanical difficulties.

Fluid inclusions were investigated by means of optical mi-
crothermometry using a Linkam THM600 heating/freezing sta-
ge. Chemical composition was determined from eutectic tempe-
rature of the solution and melting temperature of the gaseous
phase. Concentration of NaCl eq. was calculated from dissolu-
tion temperature of halite (=final homogenisation) using equa-
tion of Sterner et al. 1988. Pressures at homogenisation were
estimated from the isochores of the systems H,O-NaCl (Brown
and Lamb 1989, Bodnar 1994), H,O-NaCl-CO, ( Bowers and
Helgeson 1983) and CO, (Sterner and Pitzer 1994).

Trapped aqueous fluid is highly concentrated solution of
NacCl, KCl, CaCl,, MgCl, and CaSOy (up to 53 wt% NaCl eq.),
containing up to 5 mole % of CO, and a small amount of addi-
tional gas compound, probably CH.. Inclusions of this type some-
times coexist with inclusions of pure CO, or solid inclusions of
halite. Their presence points to a heterogeneous trapping and is
also key to the genetic classification of inclusions into 3 groups
with different mode of trapping:

Group 1. Aqueous 3—-4 phase inclusions containing brine,
vapour bubble and 1-2 crystals of salt (halite +sylvite). These
inclusions have been trapped in 1-phase field. Homogenization
temperatures (73): 250-450 °C, represent minimum possible
trapping temperatures. Pressures at 7;, are 0,9-5,3 kbar.

Group 2. Aqueous inclusions of the group 1 coexisting with
inclusions of pure halite. Fluid was heterogenized prior to trap-
ping, precipitation of halite possibly resulted from cooling of
homogenous fluid. 7i,: 360—-407 °C, represent true trapping tem-
peratures. Pressures at Ty, 0,8-3,1 kbar.

Group 3. Aqueous inclusions of the group 1 coexisting
with inclusions of liquid CO,. Fluid was heterogenized prior to
trapping, admixing of CO, phase occurred due to the drop of
pressure. Ty, (of brine inclusions): 430-437 °C, pressure at Ty
(derived from density of CO, inclusions): 3—4,5 kbar. These are
the most reliable pressure data.

Usual practice is to convert inclusion fluid pressure to
the depth of burial — this would result in 3—15 km of overbur-

den. In our case, however, the paleo-depth is known: stratigraphi-
cally based estimates range between 1-3 km, which is also in
good agreement with very weak metamorphic overprint of
the Muran nappe. Consequently, pressure data are not related
to the lithostatic load and must be interpreted to reflect a fluid
overpressure, varying from lithostatic (py) to highly supralitho-
static — ca. 5 x pyi. Such overpressure below a nappe block is me-
chanically unstable and cannot be maintained for a long time.
Despite this, its duration was long enough to allow for growing
quartz crystals (1-2 mm in diameter), containing the fluid inclu-
sions under study. Possible explanation is that the extreme
overpressure acted locally in isolated domains. Overheating of
pore fluids, resulting from friction in the basal thrusting plane, is
regarded as a primary reason for the pressure increase. Rela-
tively wide span of pressures points to a dynamic regime with
pressure fluctuations. These were possibly caused by failures
of the overlying carbonatic block and fluid leak-off along the rup-
tures.
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