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Abstract

Chromian zoisite (up to 0.4vo Cr2or) and epidot€ (up to 7.l2Eo crror) occur as inclusions
in calcic plagioclase in kyanite amphibolite, Southern Alps, New Zealand. Electron micro-
probe analyses indicate solid solution towards a carcrrsiro,r(oH) end-member of the epi-
dote series from Alt.oFe5ocrs6 to Alrr"Feorcr,r.u with increasing cf* = Al3* substitution in
the octahedral M(3) site.

Chromium-bearing epidote and zoisite are rare
minerals and reported occurrences are scarce. Eskola
(1933) analyzed an epidote (tawmawite) in a quartz-
ite from Outukumpu, Finland, which cnntains 6.79Vo
CrrOr. Zoisite wfth 0.33Vo CrrO, is found in corun-
dum-bearing zoisite amphibolite, Matabatu Moun-
tains, Tanganyika (Game, 1954). Chromian epidote
and zoisite occur as tiny (3G-90 pm) grains together
with chromite and hornblende enclosed within calcic
plagioclase (Ant2_t5) in kyanite amphibolite that is
found as float within oligoclase-zone schists near the
Alpine Fault, Southern Alps of New Zealand. (Find-
lay, 1979). The epidote and zoisite contain up to
7.l2%o and 0.4AVo CrzOr, respectively (Table l) and
individual grains are chemically homogeneous. The
zoisite and epidote are presumably in equilbrium
coexistence within plagioclase although they were
not observed in contact with one another. The am-
phibolite in which tley are found consists 6f a high-
pressure assemblage of kyanite (1.0-3.0Vo CrrOr),
green hornblende (0.6-2.3Vo Cr2O3), heterogcneous
plagioclase (Ant2_r5 and An*.r), t paragonite, rutile
and chromite. The amphibolite has undergone par-
tial retrograde metamorphism during later shearing
producing an S-surface defined by margarite (0.5-
0.9Vo CrrO3) and Mg-chloite (0.8-l.5%o CrrOr).

The general formula of the epidote minerals can
be expressed as ArMrSiuO,r(OH) where M represents
octahedrally-coordinated cations and A represents
larger cations, principally Ca. Compositional varia-
tion within the epidote group. is restricted to the oc-
tahedral sites mainly with respect to Al = Fe3* +
Mn3* substitutions thus leading to incomplete solid
solution between CarAlrSirO,r(OH), CarFe,

Table l. R€presentativc EPMA+ analyses of Cr-zoisite and
epidote, from a kvanite amphibolite, Kini Crceh Southern Alps
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Fig. l. Extent of solid solution for Cr-zoisite and epidote analyses (in terms of Al-Cr-Fe variation in octahedral sites), kyanite
amphibolite. Theoretical end-member compositions are also indicated. E represents the tawmawite analyzed by Eskola (1933).

Si3O,r(OH) and CarMnrSi3O,r(OH) end-members.
The substitution of Cf*, presumably into the M(3)
octahedral sites as with Fe'* (Dollase, l97l), also in-
dicates sotd solution towards a CarCrrSirO,, (OH)
end-member. Compositional variation of coexisting
zoisite and epidote analyzed from one of the kyanite
amphibolite samples is plotted in terms of ternary
Al-Fe-Cr end members in Figure I and demon-
strates limited solid solution between Al*"Fer.oCrr.o
and AlrroFeorCr,ro. In the zoisites Cr3* solubility is
confined between AlnrrFe,,,Cro, and AlroF€1 6Cr66.
The tawmawite analysis given by Eskola (1933) is
notably more Fe-rich than the chromian epidotes an-
alyzed here (Fig. l). This may reflect bulk composi-
tional control and/or analytical error as the recalcu-
lated analysis does not conform closely to the ideal
epidote formula.

The composition of the epidote and zoisite is there-
fore highly dependent on the types of ions available,
1.e., bulk composition, and, in turn, the inter-
crystalline cation partitioning of Crr* among other
coexisting phases. In this case the kyanite amphibo-
lite contains 0.34 wt.% CrrOr, and the presence of
chromite indicates that the coexisting zoisite-epidote,
together with the other silicate phases, are saturated
in Cf*. A 'maximum' substitution of about 33 per-
cent (Fe + Mn)3* for Al in epidote-piemontite (e.g.,
Miyashiro and Seki, 1958) suggests that chromian

epidote with a similar 'optimum' amount of Cf* :
Al substitution may yet be found.

By analogy with the increasing amounts of Cr-sub-
stitution in kyanite at high pressures (24 mole%o
"Cr2SiO5" at 20 kbar and 3l mole7o at 30 kbar (Sei-
fert and Langer, 1970), it is possible that Cr epidote,
approaching CtrrCzu, in composition would only be
stable at very high pressures in chromium-rich meta-
basic rocks.
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