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INTRODUCTION

Amphiboles containing significant amounts of F are com-
mon in syenites, granites, and siliceous marbles (Petersen et
al. 1982). It is well established that F increases markedly the
thermal and baric stabilities of amphiboles (Cameron and Gibbs
1973; Foley 1991; Valley et al. 1982). Fluorine-hydroxyl ex-
change between minerals is used as a geothermometer (e.g.,
Westrich 1981), and fluoro-amphiboles have been used as ex-
perimental analogues of their hydroxyl counterparts because
of their relative ease of synthesis, characterization and stabil-
ity in calorimetric experiments (Holloway and Ford 1975; Gra-
ham and Navrotsky 1986). In some cases, this procedure has
been applied successfully (e.g., Welch and Graham 1992).
However, much of the utility of the approach of using F ana-
logues in amphibole studies depends upon the characterization
of cation and F-OH ordering. Long-range ordering patterns of
cations in pargasite are now quite well understood (Raudsepp
et al. 1987; Welch et al. 1994; Oberti et al. 1995a, 1998), even
if we still know very little about short-range ordering (Della
Ventura et al. 1999a). Welch and Knight (1999) studied syn-
thetic end-member pargasite by neutron powder-diffraction and
found [6]Al disordered over M2 and M3, but not M1, in accord
with single-crystal X-ray data on natural pargasites (Oberti et
al. 1995a). On the other hand, the ordering of octahedral cat-
ions in pargasite is significantly affected by the presence of F
such that trivalent cations are strongly ordered at the M2 site in
fluoro-pargasite (Raudsepp et al. 1987; Oberti et al. 1995b,
1998).

Both pargasite (Boyd 1959; Gilbert 1969; Holloway 1973;
Semet 1973; Hinrichsen and Schürman 1977; Braue and Seck
1977; Oba 1980; Westrich and Holloway 1981; Raudsepp et

al. 1987; Welch et al. 1994, 1998; Della Ventura et al. 1999a,
1999b) and fluoro-pargasite (Westrich and Navrotsky 1981;
Raudsepp et al. 1987; Oberti et al. 1995b) have been synthe-
sized and characterized. However, there is no data for synthetic
pargasite with intermediate OH-F compositions. This lack of
information prompted the present work, focused on the syn-
thesis and characterization of amphiboles along the join
pargasite-fluoro-pargasite.

EXPERIMENTAL METHODS

Starting materials were prepared as silicate gels according
to the method of Hamilton and Henderson (1968). For F-bear-
ing pargasite, F was added as dried MgF2 to a gel of appropri-
ate composition. A constant solid/water ratio of 10% by weight
was used for all experiments. Synthesis was done at 850 °C,
1.5 kbar in Tuttle-type, externally heated pressure vessels for
the duration of one week. FTIR spectra in the principal OH-
stretching region (4000–3000 cm–1) were collected on a Nicolet
Magna 760 spectrophotometer equipped with a nitrogen-cooled
InSb detector and a CaF2 beamsplitter; the nominal resolution
is 2 cm–1 and final spectra are the average of 32 scans. Samples
were prepared as KBr pellets. Details of the sample prepara-
tion may be found in Robert et al. (1989). To minimize inter-
fering moisture in the pellets, the mineral + KBr powders were
dried at 150 °C for 24 hours and then pressed.  All disks were
kept in an oven (150 °C) overnight and then analyzed at room
temperature in controlled atmosphere.  Despite careful sample
preparation, some moisture was still present in all samples.
X-ray powder-diffraction patterns were recorded with Fe-fil-
tered CoKα X-radiation. Cell parameters were measured by
whole powder-pattern refinement (Rietveld method) using the
DBW3.2 software package (Wiles and Young 1981). Due to
the very small grain-size, chemical analyses were done by SEM-
EDAX on powders mounted on carbon tape on a brass sub-
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ABSTRACT

Amphiboles were synthesized at 1.5 kbar PH2O and 850 °C along the join pargasite-fluoropargasite.
Structural variations in the amphibole as a function of F have been characterized by a combination
of SEM-EDS, X-ray powder diffraction, and infrared spectroscopy. SEM-EDS analyses show that,
for increasing F in the system, there is a decrease in Altot in the amphibole and a significant decrease
of F incorporation in the structure. In agreement with the EDS data, the variation in cell parameters
and IR spectra show that incorporation of F in pargasite is restricted to about 1.0 atoms per formula
unit (apfu). The OH-stretching spectra show fine structure caused by F replacing OH at the O3 anion
site, and are consistent with two-mode behavior typical of A-site-filled amphiboles. The agreement
between calculated and observed relative band intensities suggests complete short-range disorder of
OH and F at the O3 anion site.
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