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INTRODUCTION

Since the pioneering work of Oxburgh (1964), Ti-rich am-
phiboles such as titanian pargasite and kaersutite, have been 
widely recognized in mantle xenoliths and mantle-derived 
magmas (see the review of Wilshire et al. 1988); they also oc-
cur in magmatic inclusions in SNC meteorites (Treiman 1985; 
Johnson et al. 1991). In the 1980s and 1990s, numerous studies 
of Ti-rich amphibole were conducted to characterize mantle 
metasomatism. Those studies suggested that Fe3+ is ubiquitous 
in mantle phases (e.g., Wood and Virgo 1989; Canil et al. 1990; 
McGuire et al. 1991; Dyar et al. 1992). Compilations of chemi-
cal analyses of kaersutitic amphiboles from mantle xenoliths 
show that these amphiboles have variable Fe3+/ΣFe, but may be 
highly oxidized compared to other calcic amphiboles (Popp et 
al. 1995a; Righter and Carmichael 1993). Also, an interrelation-
ship between Fe3+ and H+ has been demonstrated (Barnes 1930; 
Dyar et al. 1993a). 

The data on natural amphiboles have great importance be-
cause experimental studies show that the Fe3+/ΣFe content of 
amphiboles provides a reliable record of the ambient hydrogen 
fugacity (fH2) (Popp et al. 1995a, 2006), or oxygen fugacity (fO2) 

if the water activity (aH2O) of the system is known (King et al. 
2000). However, to apply these results to natural amphiboles, it 
is important to ensure that the amphibole Fe3+/ΣFe has not been 
modified by post-crystallization processes (e.g., Miyagi et al. 
1998; King et al. 1999). Mantle-derived amphiboles from rapidly 
quenched volcanic rocks are most likely to have retained their 
“primary” OH and Fe3+/Fe2+ contents and may be used to calcu-
late the mantle fH2 and fO2 (review in Popp et al. 2006), although 
eruptive or post-eruptive changes in H2O must be considered 
(King et al. 1999).

To analyze amphiboles with the goals of obtaining informa-
tion about fH2, fO2, and aH2O in the environment of formation, it 
is useful to determine the amphibole composition at a micro-
scale. Stoichiometric OH contents are commonly calculated for 
amphiboles and those values are then used to calculate Fe2O3 
and FeO (e.g., Schumacher 1997). These calculations require 
a knowledge of all the constituents, including F and Cl, and 
assume no oxy-component in the amphibole. In the case of Ti-
rich oxy-amphiboles and H-poor amphiboles, the assumption of 
stoichiometric OH contents does not apply (Leake 1968; Dyar 
et al. 1993b) resulting in erroneous calculated Fe2O3 and FeO 
contents. King et al. (1999) established the relation: calculated 
Fe3+ (±0.2) = 2.47 – 0.93(OH) – (Ti + VIAl), in atoms per formula 
units (apfu), from literature data, and used it to calculate the Fe3+ 
contents of Ti-rich amphiboles with known H content [deter-
mined by secondary ion spectrometry (SIMS)]. They noted that 
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We present in situ microanalyses of Fe3+/ΣFe in mantle-derived kaersutites as measured by elec-
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were measured by secondary ion mass spectrometry (SIMS) after EMP irradiation at different beam 
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