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Abstract: Fe-staurolite synthesized in the pressure range 5 to 25 kbar at 680 QC was analysed by microprobe 
and by a titration method (for water-contents) which uses the "Karl-Fischer" reaction and also characterized 
by FT-infrared powder spectroscopy in the OH-stretching region (3000-4000 cm1). The study shows that the 
stoichiometry of the synthetic Fe-staurolites depends on the pressure of equilibration, with Fe pfu decreasing 
with increasing pressure, according to the heterovalent substitution of Fe2+ by Al3+ in the T2 site. This charge-
increasing substitution is combined with charge-reducing substitutions in the "kyanite'Mayer and by vacancies 
in the proton site HI. The incorporation of Al in T2 is supported by peculiarities of the IR-spectra in the range 
of the OH-valence vibrations. 

Mg- and Zn-staurolite were synthesized at 25 kbar and 700 °C and investigated by infrared spectroscopy. 
The comparison of the infrared spectra of synthetic Fe-, Mg- and Zn-staurolites shows that there is a significant 
amount of Fe2+, Mg and Zn in the respective M2 sites. 

Key-words: synthetic staurolites, staurolite stoichiometry, Karl-Fischer titration, infrared spectroscopy, 
OH-stretching region. 

Introduction site occupancies. Fockenberg (1995) investigated 
the crystal chemistry of synthetic Mg-staurolite as 

In the last decade, more than twenty papers deal- a function of water pressure. Staurolite syntheses 
ing with the complex crystal chemistry of natural were also performed by Schreyer & Seifert 
and synthetic staurolites have been published, help- (1969), Griffen (1981), Phillips & Griffen (1986) 
ing to clarify the real formula of staurolite and the and Lattard & Bubenik (1995). 
main substitution mechanisms. Lonker (1983) and On the basis of the structural investigation of 
Holdaway et al. (1986a) showed that natural staur- natural staurolites by Hawthorne et al (1993a, 
olites have variable H-contents. Holdaway et al. b,c), it is clear from the complex crystal chemistry 
(1991 and 1995) formulated guidelines to assign that the ideal formula of staurolite, often referred 
site occupancies. Alexander (1989) and Dyar et al. to, Fe4Al18Si8O46(OH)2, should be replaced by 
(1991) investigated Fe-rich staurolites by Moss- the more realistic formula M3_4[T2]Fe2+

0_05
[M4] 

bauer spectroscopy. Dutrow (1991) experimen- Al2 D2
[M3]Al,6

[M1'M2]Si8
[T,]O48H2_4 with the crys-

tally determined intracrystalline distribution of Li tallographic sites in square brackets (M1-M4: 
and Al and showed that the Li incorporation in the octahedrally coordinated, T1-T2 tetrahedrally co-
structure is controlled by the vacancy concentra- ordinated; for details of site nomenclature see 
tion in the octahedral sites. Stáhl et al (1988) and Hawthorne et al, 1993a) and with M = Fe2+, Mg, 
Hawthorne et al (1993a,b,c) investigated the crys- Zn, Al and Li. Much of the Fe2+ and 60% of the 
tal structure of natural staurolites and derived the Mg is assigned to the T2 site, while the remaining 
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Mg is localized in Ml , M2 and M3 sites. The oc­
cupation of T2 is complicated by variable vacancy 
and Al-contents. A small amount of Fe2+ is also 
expected in the largely vacant M4 sites. Concern­
ing the Ml and M2 sites, Hawthorne et al. 
(1993a) concluded that transition metals (Fe2+, 
Fe3+, Ti4+, Cr3+) are preferentially ordered in the 
M2 site. In a Mg-rich and concomitantly Li-rich 
natural staurolite investigated by Hawthorne et al. 
(1993a,b,c), the M4 site is occupied by Mg only 
and there are less vacancies than in the Fe-rich 
staurolites. 

Because of the complex nature of staurolite, a 
closer look at synthetic phases with a restricted 
number of components should provide an improved 
understanding of the intracrystalline distribution. 
In this paper, we present results on the stoichio-
metry of Fe-staurolites synthesized at different 
pressures. Infrared spectroscopy in the OH-va-
lence vibrational region of synthetic Fe-, Mg- and 
Zn-staurolites is used to obtain further informa­
tion on the incorporation of protons in the struc­
ture and the substitution mechanisms in the proton 
coordinating sites T2 and M2. 

Experimental procedure 

Syntheses 

Fe-staurolite 

Preliminary synthesis runs, aimed at determining 
the compositions and conditions yielding single-
phase Fe-staurolite, were performed at 25 and 10 
kbar for 48-76 hours at 670-750 9C in a piston-
cylinder apparatus (Cemic et al, 1990) and at 
5 kbar and 680 9C in a cold-seal vessel apparatus 
with water as pressure medium (run duration of 
72-114 hours). All runs were buffered at the 
oxygen fugacity defined by the WI buffer using 
the double-capsule technique with an inner AgPd 
capsule and an outer iron capsule (in the case of 
the piston-cylinder technique) or an outer gold 
capsule (in case of the cold-seal apparatus). The 
buffer material consisted of wiistite synthesized in 
evacuated quartz-glass ampoules from a mixture 
of Fe metal and Fe2O3 powder p.a. (Merck) and 
metallic iron. The presence of the buffer phases 
was checked after the run by X-ray powder dif­
fraction. The staurolites were synthesized under 
the following conditions: 
(i) 10 and 25 kbar from mixtures of Fe powder 

p.a. (Merck), Fe2O3 powder p.a. (Merck), 
non-crystalline SiO2 (Aerosil 200, Degussa, 

heated at 1000 QC for 48 h) and γ-Al2O3 (re­
acted from 99.95% Al foil from Merck) at 
different bulk compositions in combination 
with aqueous FeCl2 solutions or pure water in 
excess. 

(ii) 10 and 25 kbar from a mixture of natural an-
dalusite, synthetic hercynite and wiistite in a 
molar ratio corresponding to the composition 
Fe4Al18Si7 5O46 with aqueous FeCl2 solution 
or pure water in excess. 

(iii) 10 kbar with some of the synthesis products 
being crushed after a first run duration of 
48 h and then continued under the same con­
ditions plus aqueous FeCl2 solution. 

(iv) Syntheses at 5 kbar and 680 9C failed to pro­
duce Fe-staurolite from mixtures (i) and (ii); 
so we equilibrated the previously formed Fe-
staurolite of the 10 kbar runs at 5 kbar and 
680 2C with 2 molar aqueous FeCl2 solution. 

Microprobe analyses of the preliminary run prod­
ucts of Table 1 showed, that at a certain pressure 
the composition of the staurolites obtained does 
not depend on the bulk starting composition but 
additional phases (stable or metastable) may oc­
cur. However, the starting composition to achieve 
100% Fe-staurolite differs with pressure. On the 
basis of these results, synthesis runs were opti­
mized to yield 100% staurolite, and performed as 
follows: 
(i) 25 kbar and 680 9C using an oxide mixture of 

the composition Fe37Al183oSi765O465 with 
H2O in excess for 48 hours, 

(ii) 10 kbar and 680 9C using an oxide mixture of 
the composition Fe4Al18Si75O46 with H2O in 
excess for 48 hours, 

(iii) 5 kbar and 680 9C using previously formed 
Fe-staurolites of the 10 kbar runs equilibrated 
with 2 molar aqueous FeCl2 solution for 96 
hours. 

These run conditions were used for all the prod­
ucts shown in Table 2. 

Mg- and Zn-staurolites 

These phases were synthesized in gold capsules 
from oxide mixtures at 25 kbar and 700 -C in a 
piston-cylinder device using MgO p.a. (Merck), 
ZnO p.a. (Merck), non-crystalline SiO2 (Aerosil 
200, Degussa, heated at 1000 qC for 48 h) and γ-
A12O3 (reacted from 99.95% Al foil from Merck). 
Best results were obtained on the molar basis 
Mg3.8Al18.:£i7.<p46.45 and Zn4Al18Si7.5O46 for the 


