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Oxygen Isotope Plagioclase-Based Palaeothermometry and
Whole Rock Isotope Dating in the Sleza Ophiolite Can Be
Unreliable
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Introduction

Stable isotope analysis is one of the most valuable geochemical ~ construct the history of tectonic and metamorphic processes
techniques available to constrain the conditions of formation = when mineral recrystallisation, fluid infiltration and volatilisa-
and alteration of rocks. Likewise, it is a very useful tool to re-  tion take place. Oxygen isotope data can help understand: fluid
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flow direction, origin of fluids, variation in fluid/rock ratios
and thermal history of the rock (regardless pressure variation)
etc. Recently developed microanalytical methods, especially in
situ oxygen isotope ratio determination in silicates and oxides,
allow to analyse single or accessory crystals, i.e. separation of
minerals are not necessary.

In this study, oxygen isotope analyses in gabbroic rocks of
Sleza ophiolite (SI) have been carried out. This ophiolite be-
longs to the group of mafic-ultramafic massifs surrounding
the significantly older Precambrian Sowie Mts. gneissic block.
The Sleza ophiolite represents almost complete ophiolite
sequence and the pillow lava and sedimentary members have
not been found. The ophiolite is in overturned position. Com-
parison of mesostructural features of the ophiolite to such fea-
tures of other Sudetic units of known age, suggests that the
emplacement of these ophiolites took place during Variscan
orogenesis (continental collision with NE-SW suture zone),
(Jedrysek, 1985). Sm-Nd age determination of the mafic mem-
ber confirmed that thesis. The Sm-Nd age of the mafic member
of Slis 353 +21 Ma and that of NR is 351 =16 Ma (Pin et al.,
1988). Other authors evidenced that the Slgza ophiolite is a
fragment of Palacozoic ocean crust consolidated 420 +20 Ma ago
(Oliver, 1993). The main aim of this work is to evaluate tectonic
conditions of metamorphic processes, especially discriminate
between the role of ocean floor metamorphism and metamorphic
processes in continental conditions.

Results and discussion

In situ oxygen isotope analysis in gabbro yields rather narrow
ranges of 8'%, values: plagioclases (5.01 to 5.33 %o), ilmenite
(3.89 to 4.31 %o) and magnetite (3.87 to 4.44 %o). The initial
step for the model output was calculation of crystallisation tem-
perature for mineral pairs (plagioclase-magnetite and plagio-
clase-ilmenite) on the basis of calibrated equations of oxygen
isotope fractionation (Friedman and O'Neil, 1977). Estimated
temperatures of crystallisation show significantly higher values
than those generally accepted (pl-ilm pairs: 1441-1548 °C and
pl-mt pairs: 1387-1746 °C). This overestimation is meaningful
and could be caused by two factors:

a) the accepted, to paleothermometric reconstruction, anortite
content in plagioclase was not representative for the whole rock,
or b) an isotope reequilibration, i.e. potential change in the pri-
mary isotope composition of at least one mineral examined, took
place. In fact, the plagioclase in Sleza gabbros show wide varia-
tion in the anortite content (from 7 to 70 %). This is due to the pro-
cess of albitization and saussuritization that led to crystallisa-
tion of new mineral phases, what in turn may deplete the altered
plagioclase in '*O isotope. Consequently, calculated tempera-
ture of crystallisation could be about 150 °C higher than that
actual one. It can be expected that more advanced albitization
or saussuritization results proportionally higher isotope tempe-
rature calculated. Moreover, postmagmatic processes could re-
sult in plagioclase reequillibration — the 6'%pl value can decre-
ase again. However, this effect is difficult to estimate. Anyway,
the plagioclase analysed shows lower thus not primary 8180
values. Consequently, the 6'%,pl-mt and 8'%pl-ilm values do
not represent oxygen isotope equilibrium, and the calculated
temperatures are not really representative. Nevertheless, the change
in 8'%, value was extensive enough to consider whether albitiza-

tion and saussuritization occurred due to an ocean floor meta-
morphism or took place within the continental crust. The previ-
ous isotopic data on Sleza ophiolite (Jedrysek and Weber-Weller,
1997; Jedrysek et al, 2001) shows that some parts of gabbroic
rocks were alternated by reaction with seawater. The difference
of isotope composition between plagioclases and seawater is
5 %o. This may indicate that oxygen isotope reequilibration in
the seawater-plagioclase system took place at 250-260 °C
(Friedman and O'Neil 1977) —providing full isotope equilibri-
um. However, to accept in this model constant 8'%, value of
seawater is required. These rocks studied represent deeper parts
of ocean crust and their contact with seawater was probably
limited to cracks-faults and pervasive fluid flows. Thus, it can
be expected that the water/rock ratio (w/r) was rather low. For
that reason, the constant 8'%, value of seawater can not be ac-
cepted, especially at the deeper part of ocean crust. Nonetheless,
it can be expected that some variations of chemical composi-
tion of the gabbroic rocks correspond to the evidenced gabbro-
seawater reaction. Thus, one may propose that, the whole-rocks
dating of the Slgza gabbro can be based with significant error,
representing mean age of ocean floor metamorphism and em-
placement than crystallisation of the mafic magma. It may sig-
nificantly implicate geological age estimated due to isotope tech-
niques. This problem could be solved by means of isotope mass
balance based on oxygen isotope microanalysis of albite and
the other products of saussuritisation.

Conclusions

1. Oxygen isotope analysis suggests that the main metamor-
phic processes took place before the main tectonic events
i.e. emplacement of the Sleza ophiolite.

2. Whole rock isotope dating of Slgza gabbroic rocks may rep-
resent the ocean floor metamorphism rather than crystallisa-
tion of the gabbro.
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