
9520003–004X/98/0910–0952$05.00

American Mineralogist, Volume 83, pages 952–969, 1998

Experimental phase-equilibrium study of Al- and Ti-contents of calcic amphibole in
MORB—A semiquantitative thermobarometer
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ABSTRACT

Calcic amphiboles were synthesized from a natural mid-ocean ridge basalt (MORB) in
39 experiments representing 24 sets of pressure-temperature (P-T) conditions ranging from
650–950 8C, 0.8–2.2 GPa, at ƒ controlled by the fayalite-magnetite-quartz (FMQ) buffer,O2

and Paqueous fluid 5 Ptotal. Experiments lasted up to 1630 h at low temperatures; in all cases,
synthesized hornblendes were coarse-grained (5–7 3 10–15 mm) and chemically homo-
geneous. Over the investigated pressure range, Ca-amphibole coexisting with phases rich
in Al and Ti gradually changes composition from sodic-calcic, Si-rich at low temperatures
to calcic, Si-poor at high temperatures: it is barroisite at 650 8C, edenite at 700 8C, and
pargasite at 800–950 8C. Electron microprobe data were combined with 41 comparable
analyses from the literature for Ca-amphiboles synthesized from MORBs at intermediate
ƒ in order to erect a petrogenetic grid for the experimental range 0.0–2.2 GPa, 450–1050O2

8C. Isopleths for Al2O3 in Ca-amphibole exhibit markedly negative P-T slopes, indicating
increasing Al2O3 contents with both P and T. In contrast, TiO2 isopleths are nearly inde-
pendent of P, demonstrating that TiO2 in Ca-amphibole increases almost exclusively as a
function of T. For natural metabasaltic assemblages that contain coexisting Al-rich and Ti-
rich phases, and closely approached chemical equilibrium under crustal or uppermost man-
tle conditions, this semiquantitative petrogenetic grid allows the simultaneous assignment
of attendant P and T employing Ca-amphibole Al2O3 and TiO2 contents. However, during
slow cooling, natural Ca-amphiboles may exsolve TiO2 as rutile, titanite, and/or ilmenite,
but in general do not redistribute Al2O3, so this thermobarometer must be applied with
caution to inhomogeneous specimens.

INTRODUCTION

Calcic amphibole-bearing metabasaltic rocks are an
important and, in some cases, dominant lithology in meta-
morphosed portions of both continental and oceanic crust.
Because of its volumetric importance and broad range of
natural occurrences, information concerning the crystal-
chemical behavior of Ca-amphibole in metabasaltic rocks
as a function of the attending conditions of recrystalli-
zation is critical for the determination of the state vari-
ables P and T. Numerous studies have dealt with para-
geneses of Ca-amphiboles in mafic igneous rocks (e.g.,
Shido and Miyashiro 1959; Engel and Engel 1962; Deer
et al. 1963; Leake 1965; Ernst 1972a, 1979; Thompson
1981; Robinson et al. 1982; Wones and Gilbert 1982;
Graham and Powell 1984; Blundy and Holland 1990;
Holland and Blundy 1994). These studies make it clear
that, with increasing metamorphic grade, Ca-amphiboles
exhibit increases in Mg/(Mg1Fe), and Ti, Al, Na, and K
contents, and commensurate decreases in Si and total
Fe1Mg1Mn6Ca. These changes reflect increases in the
tschermakitic, pargasitic, and edenitic substitutions as a
consequence of net-transfer reactions as well as exchange
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equilibria. Serious difficulties in relating Ca-amphibole
chemistry to the conditions of metamorphism reflect the
fact that its crystal structure includes several rather com-
pliant cation sites, capable of accommodating elements
having a wide range of ionic radii and valences. More-
over, in many metabasalts, associated neoblastic phases
are few, thus the buffering capacity of low-variance as-
semblages is not commonly realized. Accordingly, Ca-
amphiboles, which contain 6–10 essential components
(Leake 1978), in general mirror the bulk-rock composi-
tion of the parental metabasalt itself.

Because mafic igneous rocks are nearly ubiquitous in
crustal terranes, and are relatively uniform in bulk com-
position, experiments on MORBs under controlled labo-
ratory conditions (P, T, ƒ ) have the capability of yield-O2

ing important constraints on the metamorphic stability
relations of this rock type, including the chemical vari-
ability of constituent Ca-amphiboles. Unfortunately, vir-
tually all experimental attempts to demonstrate equilib-
rium by reaction reversal remain equivocal, reflecting the
complicated nature of gradational, multicomponent reac-
tions with changing P and T, as well as the sluggish rates
of recrystallization. Because of such difficulties, few such
phase-synthesis studies actually have been carried out.


