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Existing models of crustal rheology use experimentaly derived  grain shape and grain-size distribution. Detailed microstruc-
flow laws described by constitutive equations, which are es-  tural observations, textural analysis and EBSD measurements
tablished for minerals such as plagioclase or monomineralic ~ were used to estimate relative changes in strain partitioning and
rocks like quartzites, marbles. However, the crust is commonly  point to inconstant ‘relative viscosity” under different thermal
composed of polyphase rocks — namely granitoids, represented ~ conditions and strain intensities. The study was carried out at
by mixtures of felsic minerals of different proportions, variable  three paleothermal levels:
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1) Neoproterozoic para-autochtohnous metagranitoids rework-
ed at conditions corresponding to amphibolite facies

2) “Lower crystalline unit” (LCU) is a thrust sheet composed
of porphyritic orthogneisses metamorphosed at conditions
equal to ca 600 °C at 14 kbar.

3) “Upper crystalline nappe” (UCU) formed by high tempera-
ture orthogneiss that contains inclusions of high-pressure
granulites metamorphosed at ca 750-800 °C and 15-17 kbar.

The parent rock — porphyritic metagranitoids in heterogeneous-

ly deformed piles have similar initial grain-size distributions,

space positions and phase fractions (23% K-feldspar, 30%

plagioclase and 35% quartz). The shapes of individual min-

eral phases were traced from photographs. Rxz as well as

Ryz values have been estimated using modified Rf/¢p method

based on incremental destraining of elliptical objects (Lisle,

1993). The average deformation was calculated from area

weighted strain values. The calculated data were plotted in

Flinn diagram where individual constituent phases from each

sample were connected by tie lines with a circle representing

bulk strain value. K-feldspar appears as a stronger mineral in
the LCU orthogneiss, whereas quartz and plagioclase show
higher strain intensities. Shapes of strain ellipsoids for each
mineral show narrow span in Flinn’s diagram. This span wid-
ens in samples with higher bulk strain intensity. High deforma-
tion intensity is accompanied with a switch in relative deform-
ability, so that quartz becomes stronger than K-feldspar. In
moderately deformed UPU orthogneiss quartz shows very low
strain intensities, while feldspars are deformed more intensely.
The shapes of strain ellipsoids are prolate and closer to each
other in high bulk strain intensity sample. This suggests that
quartz becomes more deformed, while feldspars contribute to
the bulk strain less significantly than in moderately deform-
ed sample. These data are also presented in diagram of bulk
strain against ratios of strain intensities of individual minerals
for the given sample, which are expressed using Ramsay’s

D value, D=[(Rxy)’+(Ryz)*)]"?). Highest strain ratios are

achieved between Dy¢/D, and D,/D,,, for low strain intensi-

ties in high-grade orthogneisses. Relatively weak D,¢/D,, ratio
suggests similar yielding of both mineral phases. However,

Dy/Dy, and Dy,

high bulk strain intensities indicating common yielding of all

/Dy, ratios are systematically decreasing with

mineral phases. The medium-grade orthogneiss plots show
very low strain ratios of all mineral phases irrespective to
the bulk strain, which indicate only weaker degree of strain
partitioning.

Microstructural and quantitative textural analysis including
grain size measurements, grain shape and grain boundaries were
carried out to determine deformation mechanisms in the orthog-
neisses. The LCU orthogneiss shows fracturation and myrmekite
reaction-driven disintegration of K-feldspars. Quartz forms lens-
es to ribbons with highly curved grain boundaries. Plagioclase
shows tiny grain size (X0 pum) for all strain intensities. The UPU
orthogneiss shows blebs of quartz composed of large (up to
5 mm) grains with straight boundaries. These inclusions are sur-
rounded by monomineralic bands of K-feldspar and plagioclase.
Feldspars show equigranular mosaic with abundant triple point
junctions and straight grain boundaries. The interstitial plagi-
oclase and quartz coating K-feldspar grains may indicate minor
contribution of melting in high-energy structural sites. Grain-size
statistics of quartz from the LCU show an increasing grain size
and spread with increasing deformation, which also holds for
the UCU samples. Feldspars show slight increase in grain size
in samples from the LCU; the aspect ratio is almost constant for
plagioclase. In the UCU samples the grain size rapidly decreases,
whereas the aspect ratio remains stable and low. The crystal pre-
ferred orientation (CPO) was measured for quartz, plagioclase
and K-feldspar in a weakly deformed sample from the para-
autochtonous unit and in the highly strained sample from the
LCU using the EBSD method. Strong CPO pattern of quartz is
consistent with basal <a> and prismatic <a> glide systems while
CPO of plagicolase is absent. Recrystallized K-feldspar shows
strong CPO being consistent with activity of (010)<001> slip.
The strongly deformed sample shows weaker CPO for quartz
as well as weakening CPO for K-feldspar indicating persistent
activity of (010)<001> glide system.

The competency paradox between feldspars and quartz in
high-grade rocks is explained by contribution of melt enhanced
grain boundary sliding (diffusion creep) in feldspars, which
increases their ductility with respect to dislocation creep of
strong quartz. In lower degrees of deformation, the K-feldspar
is strong exhibiting brittle deformation coupled with disloca-
tion creep, while quartz deforms entirely in dislocation creep
field. The weakest plagioclase shows grain boundary sliding
probably enhanced with important fluid influx. With increas-
ing strain, the K-feldspar and quartz deformation is probably
accompanied with a switch in active slip system, which is
responsible for strengthening of quartz. This study shows the
importance of detailed microstructral and deformation studies
of polyphase rocks to evaluate more realistic relative strength-
competency of rock forming minerals in the crust.



