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perature, n and m are stress exponents and A is an empirical
constant. Then, flow stress can be expressed as a function of
grain size and temperature

Ao = (A g/ Ayt ™A™ exp[(H " H 555 /RT(n-m)] - (3)

Flow stress calculated for given temperatures is plotted into
log grain size / log differential stress diagram expressing changes
in strength of quartzites and marbles with changing tempera-
ture and grain size.

Equation (1) eliminates the influence of strain rate on flow
strength. However, assumption that GSS and GSI creep exhibit
equal contributions to bulk strain rate is not always valid be-
cause of changes in grain size and temperature throughout geo-
logical history. (Hickey and Bell 1996) suggested that chang-

ing £/Tratio during dynamic recrystallisation of menomineral

polycrystalline aggregate causes changes in average grain size.
Therefore, strain rate has to be taken in{o account, so that the
equation (1) could be rewritten as

é[c;su =10~ é[GSS) )

where k is a dimensionless strain rate parameter. If dynam-
ic recrystallisation is associated with positive k values, then
grain-boundary sliding will dominate and flow stress calculat-
ed from paleopiezometric equation will decrease. If dynamic
recrystallisation is associated with negative k value, disloca-
tion creep will dominate and flow siress can increase. Variable
contribution of individual creeps can be thus contrelled by in-
tensity of texture as it was described in the experiment (Casey
et al. 1998) and model {(Casey and McGrew 1999).

This approach can be used to construct comparative rheo-
logical maps to assess strength of contemporaneously flowing
two rock-forming minerals with large database of experimental
flow parameters, e.g. marbles and quartzites. We can demon-
strate that, e.g., marbles at high temperatures exhibit higher stress
values than quartz and are therefore more competent.
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Interpretation of Geochemistry and Petrology
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The Sedl¢any—Krasnd Hora Islet is an isolated remnant of the
metamorphic mantle of the Variscan Central Bohemian pluton
shaped into an uneven rectangle ca. 20 by 10 km in size, elon-
gated in the SE-NW direction, and composed of Late Protero-
zoic(?) to Early Palacozoic rocks (Chlupa¢ 1989; Svoboda
1933). The Palaeozoic sequence is documented by fossil as-
semblages found in three stratigraphic levels (Ordovician ich-
nofossils, Silurian graptolites, Devonian crinoids) (Chlupa&
1989).

The bimodal metavolcanic rocks are present mostly within
the metasedimentary sequence of the Late Proterozoic and/or
Cambrian (?) Svrchnice Fm. (Chlupa® 1989). The mafic
metavolcanics (lavas or subvolcanic bodies) are of Late Prot-
erozoic and/or Early Palaeozoic age, and are distributed in the
NW part of the Sedltany—Krasna Hora Islet. In the metavolca-
nic suite, mafic metavolcanics (primarily basalts and basaltic
andesites) prevail over felsic rocks (metamorphosed rhyolites).
The mafic rocks are distinguished into two texturally defined
types. Metabasites of the first type are very fine-grained to al-

most massive rocks, which exhibit somewhat more advanced
degree of recrystallization compared to the representatives of
the second type. The second type of metabasites is rich in relics
of clinopyroxene phenocrysts.

The magmatic mineral assemblage of the mafic metavolca-
nic rocks is obliterated due to regional and contact metamor-
phisms. The existing mineral association of mafic rocks usually
consists of pyroxene, amphibole and plagioclase. Some of the
less altered samples contain relics of diopsidic pyroxene. Py-
roxene phenocrysts are partially or completely replaced by ural-
itic amphibole. Amphiboles are calcic types represented by ac-
tinolite, actinolitic hornblende and magnesio-hornblende (Leake
1978). Plagioclases show wide variety of compesitions from
andesine to bytownite (Deer et al. 1966). Chlorite, epidote and
biotite are accessory minerals.

In the TAS classification diagram (L.e Maitre 1989) the mafic
metavolcanics plot into the fields of basalts and basaltic andes-
ites, with $i0, concentrations ranging from 48 to 52 wt.%. They
include rather primitive basalts with MgO contents of 8-15 wt.%.
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Fig. 1. Chondrite-normalized contents of trace elements in the metabasites of the Sedl&any—Krédsna Hora Islet. Normalization
after Thompson et al. (1984).
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Fig.2. Chondrite-normalized REE patterns in the metabasites of the Sedl®any—Krasna Hora Islet. Normalization after Anders and
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The studied metabasites show high contents of transitional ele-
ments (Cr, Ni and Co) and low concentrations of LILE (such
Rb and Sr), HFSE (Ti, Zr etc.) and REE. Many samples of ma-
fic metavolcanic rocks are also depleted in Nb and Ta.

The Sedl€any—Krasna Hora Islet metabasites generally dis-
play typical tholeiitic pattems of chondrite-normalized trace
clement distributions (Fig. 1). The REE contents in metaba-
sites are very low and the REE chondrite-normalized pattems
are relatively flat — the (Ce/YDb), ratios are 3.1-6.7 (Fig. 2).
The rocks correspond to tholeiitic low-Ti basalts and basaltic
andesites. The major and trace element composition of the rocks
was locally modified by mobile element concentration changes
during the Variscan tectonism.

Two samples of the metabasites — distinguished by the pres-
ence of pyroxene phenocrysts of up to | cm in diameter — corre-
spond to geochemically primitive Mg-rich boninitic to picritic
rocks of the depleted mantle derivation. They show character-
istic features of the high-Ca boninitic lavas identical to those of
the Upper Pillow Lavas of the Troodos Ophiolite Complex in
Cyprus (Crawford et al. 1989; Rogers et al. 1989). These fea-
tures are: Si0, content generally above 49 wt.%, high Mg# (Mg/
[Mg+Fe 1) values (0.65-0.75), TiO, content below 2 wt.%,
values of CaO/Al, 0, above 0.75 and sum of alkalis below 2 %.
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Tourmalines of Povondraite — “Oxy-dravite” Series from Alto
Chapare, Cochabamba, Bolivia

Viadimir ZACEK', Alfred PETROV?, Jaroslav HYRSL? and Petr ONDRUS?
' Czech Geological Survey, P.O. Box 85, Klarov 3, 118 21, Praha 1, Czech Republic

2 PO. BOX 1728, Cochabamba, Bolivia
3 Heverova 222, 28 000, Kolin 4, Czech Republic

Tourmalines including povondraite occur with many additional
minerals in a highly unusual rock called the Locotal Breccia,
which represents brecciated metamorphosed Precambrian
evaporite cap rock (Zatek et al. 1998). Locotal Breccia out-
crops sporadically within a roughly 50 km? area of rain-forest
topography in the Alto Chapare region, Cochabamba Depart-
ment, Bolivia, in the steep eastern foothills of the Andes.

Povondraite as a new member of tourmaline group has an
interesting history. The first specimen was studied by Walenta
and Dunn (1977) and they described it as a new tourmaline
ferridravite. Crystallographical study of Grice ¢t al. (1993)
showed that it is a Fe** analogon of buergerite in fact, with the
composition Na Fe, **Fe_** 81 0, (BO,), (0,0H),. Therefore a
new name povondraite was proposed after Czech mineralogist
and well-known tourmaline specialist Dr. P. Povondra. New
study of Hawthorne and Henry (1999), in accordance with sur-
vey of additional ferrian tourmalines, shows that the ideal end-
mémber formula of povondraite is:

Na Fe >Mg, Fe ** 8i O, (BO,), (OH), O and that there is
solid solution between povondraite and “oxy-dravite”:

NaMgAl, MgAl, 8i.0,, (BO,), (OH), O.

New compositional data of Chapare tourmalines are in ac-
cordance with povondraite and “oxy-dravite” formulae, pro-
posed by Hawthorne and Henry (1999). The present study

proved for the first time the existence of nearly complete com-
positional range between povondraite and “oxy-dravite” (Fig.
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Fig. 1. Al — Fe*'— Mg diagram for Chapare tourmalines.
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