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Excellent outcrops in Dronning Maud Land, Antarctica, provide unique insights into the

mode and extent of fluid infiltration into metamorphic and plutonic rocks in the middle crust.

The nunataks of Muhlig-Hofmannfjella and Filchnerfjella comprise a deep-seated
metamorphic-plutonic rock complex, dominated by a dark colour due to anhydrous,
charnockitic and granulitic mineral assemblages including perthite, plagioclase,
orthopyroxene and garnet. The area was affected by a late-magmatic fluid infiltration
outcropping as conspicuous light alteration halos around granitoid veins, probably

originating from underlying magma chambers. The alteration halos were formed by CO,-

H.,O volatiles emanating from the veins into the host rock causing hydration of the granulite

facies assemblage such as breakdown of orthopyroxene to biotite and sericitisation of
plagioclase. The marked colour change is caused by the transformation and microcracking

of feldspar, and the spread of dusty opaques and fluid inclusions.

Field examples

Fig. 2a

Light alteration halos around pegmatitic and aplitic veins cutting dark quartz syenites and charnockites.

Modeling of fluid infiltration in low-permeable rocks,

Microcracking
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Photomicrograph of perthite in dark coloured quartz syenite showing
only few microcracks.

The high density of microcracks in quartz and feldspar exceeds that
observed in the unaltered host rock by an order of magnitude.
Photomicrograph of feldspar in light coloured quartz syenite.
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The field relations indicate that the veins originated as melt driven hydraulic fractures, sealed by pegmatite and aplite
crystallising from volatile-rich melts, with the alteration halo being the wake of the process zone formed at the tip of the
propagating fractures. It is proposed that the damage zone is characterised by a transient state of high permeability
which was short-lived due to rapid healing and sealing of microcracks.
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Geological map of Mlihlig-Hofmann- and Filchnerfjella of Dronning Maud Land, East Antarctica.

Fluid inclusions

Trail of fluid inclusions with both H,O-rich and CO,-rich inclusions

Trail of fluid inclusions filled by CO, showing a liquid phase and gas bubble.

Quantitative modeling

Fluid infiltration and healing time scales are investigated using a numerical model taking into account the combined effects

of fluid flow, heat transfer and temperature dependent crack healing rates.
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Key features of the infiltration process: Initial magma temperature of 700°C, far Simple one-dimensional illustration of fluid flow in porous media
field temperature in the host rock of 300°C, an initial porosity in the damage zone (porosity of n=2%; fluid viscosity n=10" Pas).
of 0.5% and 2%, permeability of 10" m’, and a pressure difference of 300 MPa.
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Relative porosity as a function of time at various positions in the
damaged zone. (Example for central vein of 10 cm thickness and
damage zone of 1 m width.)

Temperature distribution as a function of distance relative to the interface between
the melt and the damage zone. (Example for central vein of 10 cm thickness and
damage zone of 1 m width.)

Fluid infiltration into the damage zone proceeds within seconds to minutes and the fluid flow contributes significantly to the
heat transfer into the host rock. Assuming an initial microcrack aperture of 1 um, the model predicts that the crack healing
time scale is significantly longer than that of fluid infiltration in the case of thin veins with narrow damage zones (see Engvik
et al. 2009). In this case crack healing does not hinder fluid infiltration. Only for thick veins with high heat content and
prolonged crystallization history, permeability may become reduced by crack healing during progressive fluid infiltration. The
results indicate that the formation of the alteration halos flanking pegmatitic veins is a quasi-instantaneous process on
geological time scales.
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