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INTRODUCTION AND OCCURRENCES OF ZN-RICH
STAUROLITE

Iron-rich staurolite is a key mineral for determining the meta-
morphic grade of Al-rich metasediments because its appear-
ance defines the transition from greenschist to amphibolite
facies. Although staurolite is typically rich in Fe and Mg, in
certain environments it may incorporate considerable amounts
of Zn and Li; these elements substitute preferentially into its
commonly Fe-dominated tetrahedral T2 site (e.g., Griffen 1981;
Dutrow et al. 1986; Hawthorne et al. 1993a, 1993b; Koch-
Müller et al. 1999). This preference results in extreme Zn and
Li enrichment in staurolite relative to other coexisting Fe-Mg-
Al silicates containing only sixfold-coordinated Fe-Mg sites,
such as chloritoid, chlorite, garnet, and biotite (Albee 1972;
Grambling 1983: Feenstra 1985; Karabinos 1985; Dutrow et
al. 1986). In zincian and/or lithian bulk compositions, the strong
partitioning of Zn and Li into staurolite causes considerable
expansion of the staurolite stability field, toward both lower
and higher metamorphic grades.

During the last 10–15 years our understanding of staurolite
crystal chemistry has improved considerably (e.g., Holdaway
et al. 1985; 1986a, 1986b, 1991, 1995; Dutrow et al. 1986;
Dyar et al. 1991; Hawthorne et al. 1993a, 1993b; Koch-Müller
1997; Koch-Müller et al. 1999). These studies demonstrated
that staurolite has a complex crystal chemistry. This is in par-
ticular due to variable H content and in part due to variably
occupied lattice sites, which give rise to coupled vacancy-cat-
ion and other complex intracrystalline cation substitutions (lead-

ing to local ordering). Therefore, chemical variations in natu-
ral staurolite are best described by a flexible formula such as
(Hawthorne et al. 1993a, 1993b):

 [M4](Fe2+,Mg,Mn,■■ )4
[T2](Fe2+,Zn,Co,Mg,Li,Al,Fe3+,Mn2+,■■ )4

[M1,M2](Al,Fe3+,Cr,V,Mg,Ti)16
[M3](Al,Mg,■■ )4

[T1](Si,Al)8O40

(OH,O,F)8                           (1)

with crystallographic sites given in brackets, and ■■  ª 2 for the
M4 and M3 sites.

Staurolite containing more than 2.0 wt% ZnO occurs in alu-
minous sediments metamorphosed in the lower- to middle-am-
phibolite facies (e.g., Albee 1972; Griffen and Ribbe 1973;
Karabinos 1985; Miyake 1985) and as a residual phase in up-
per-amphibolite facies metapelites (e.g., Guidotti 1970;
Ashworth 1975; Atkin 1978; Stoddard 1979; Moore and Reid
1989; Goodman 1993). Zn-rich staurolite in high-P metapelites
was described from the eclogite zone of the Tauern window
(Austria) by Leupold and Franz (1985) and from the Betic Cor-
dillera (SE Spain) by Soto and Azañón (1994). The Austrian
staurolite (up to 9.6 wt% ZnO) formed at ~20 kbar and ~590
∞C, whereas the Spanish staurolite (up to 6.6 wt% ZnO) crys-
tallized at 5–9 kbar and 400–450 ∞C. In a metabasic rock from
the Betic Cordillera, Soto and Azañón (1994) found staurolite
with 9.1–13.2 wt% ZnO formed at <4 kbar and <450 ∞C.

A genetically different Zn-rich staurolite (up to 8.8 wt%
ZnO) occurs in association with metamorphosed sulfide de-
posits, where the formation of staurolite is related to
desulfidation/oxidation of sphalerite during metamorphism
(e.g., Williams 1983; Spry and Scott 1986; Zaleski et al. 1991;* E-mail: feenstra@gfz-potsdam.de
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ABSTRACT

Li-H-rich zincostaurolite locally formed at a metabauxite-marble contact along the eastern coast of
Samos during early Alpine high-P, low-T metamorphism. The staurolite, which probably grew from
gahnite, cookeite, kaolinite/pyrophyllite, diaspore, and minor Fe-oxide, occurs as prismatic crystals
(up to several mm long) in a calcite matrix. It has an unusual composition with 7.5–12.9 wt% ZnO,
1.0–4.9 wt% FeO, 0.66–0.82 wt% Li2O, up to 2.6 wt% NiO and 0.59 wt% CoO, and £ 0.32 wt%
MgO. Calculated structural formulae point to high H2O contents (≥4.14 H atoms per 48 oxygen
atoms). During late-Alpine uplift of the Samos rocks, the staurolite was, at greenschist-facies condi-
tions, variably replaced by bluish cobaltoan gahnite (XZn > 0.82), white Na-Ca-Li mica, Ni-rich
chlorite (XNi = 0.42–0.59), zincohögbomite (XZn = 0.68–0.80), diaspore, and Fe-(hydr)oxide. De-
tailed EMP work and determination of Li in staurolite and mica by SIMS indicates systematic Zn-
Fe-Mg-Ni-Co-Li partitioning between staurolite and its decomposition products, implying local-scale
chemical equilibrium. Balanced reaction equations based on mineral-chemical data indicate that the
breakdown of staurolite occurred largely isochemically with only introduction of water, Na, and Ca
into the reacting system. The breakdown of high-P staurolite during uplift and decompression is
thought to be related to the sensitivity of its complex crystal chemistry to changes in physico-chemi-
cal conditions.




