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abstract

In this work, we have calibrated the infrared (IR) method for determining OH concentrations in 
apatite with absolute concentrations obtained through elastic recoil detection (ERD) analysis. IR 
spectra were collected on oriented, single-crystal apatite samples using polarized transmission infrared 
spectroscopy. The weight percent H2O is 0.001199 ± 0.000029 (the error is given at 1σ level hereafter) 
times A/d, where A is the linear absorbance peak height measured using polarized IR when the light 
vector E is parallel to the c-axis of the apatite crystal, and d is the sample thickness in centimeters. 
This corresponds to a linear molar absorptivity, ε = 470 ± 11 L/mol/cm–1. The calibration using linear 
absorbance can be applied when there is only one dominant peak at 3540 cm–1. If other peaks are 
significant, then the integrated molar absorptivity, ε = (2.31 ± 0.06) ×104 L/mol/cm2, should be used. 
The detection limit of H2O concentration in apatite by IR approaches parts per million level for wafers 
of 0.1 mm thickness. The accuracy based on our calibration is 5–10% relative.
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introduction

Apatite is a common accessory mineral in igneous rocks on 
Earth, Moon (e.g., Boyce et al. 2010; McCubbin et al. 2010), 
and Mars (e.g., McCubbin and Nekvasil 2008). Its general 
formula is often written as M5(ZO4)3X, where the M-site holds 
large cations such as Ca2+, Sr2+, and Pb2+, the Z-site is usually 
occupied by P but can also hold As, Si, C, or S (with appropriate 
charge-balance substitutions), and the X-site is most commonly 
filled by F, Cl, and OH. The amounts of F, Cl, OH, C, and S 
in apatite can indicate fluid conditions during crystal forma-
tion (e.g., Mathez and Webster 2005; Boyce and Hervig 2009; 
Webster et al. 2009). Specifically, OH in igneous apatite can 
be a measure of water concentration (e.g., Boyce et al. 2010). 
Previously, OH concentration in apatite (typically expressed as 
H2O wt% or parts per million) has been estimated by combin-
ing electron microprobe analyses of F and Cl with knowledge 
of mineral stoichiometry (e.g., Mathez and Webster 2005; 
McCubbin and Nekvasil 2008). However, the X-ray intensity 
for the FKα peaks when analyzing apatite varies as a function 
of electron beam exposure time and crystallographic orienta-
tion (Stormer et al. 1993; Henderson et al. 2010), which also 
adversely affects the detection limit of OH. Recently, SIMS 
has also been applied to measure H content in apatite (Boyce 
et al. 2010; McCubbin et al. 2010).

Fourier transform infrared spectroscopy (FTIR) can detect 
the OH fundamental stretching peaks in apatite at ∼3540 cm–1 
(e.g., Bhatnaga 1967; Levitt and Condrate 1970; Tacker 2004) 
with potentially high spatial resolution (routinely 50 × 50 µm 
with a microscope attachment, and possibly 20 × 20 µm) and 

high sensitivity. However, the absorption bands only indicate 
the relative concentration of OH. To determine absolute OH 
concentration, a calibration of the IR method using an indepen-
dent method for determining absolute concentration is needed. 
One method for determining the absolute water concentration 
is extraction of H2O (e.g., Nadeau et al. 1999). This method 
requires picking a large quantity of inclusion-free apatite frag-
ments, which is often prohibitively difficult. Another method is 
elastic recoil detection (ERD) (e.g., Aubaud et al. 2009; Bureau 
et al. 2009; Cherniak et al. 2010), a surface method that can 
determine absolute H concentration in a surface layer of about 
400 nm, but requires large sample size (>4 mm diameter, at the 
University of Michigan Ion Beam Laboratory). That is, the ERD 
method cannot be applied to analyze small apatite crystals, such 
as those found as accessory minerals in typical igneous rocks.

In this work, we present a calibration for absorbance mea-
surements of OH by analyzing large, gem-quality, apatite crys-
tals using both FTIR and ERD. With the calibration, absolute 
water concentration of small apatite crystals can be determined 
to high accuracy using polarized FTIR.

sampLes and anaLYticaL methods

Samples
Five large, gem-quality, single-crystal apatite samples were obtained from 

various localities: Durango, Mexico (two crystals labeled DurMex and Cerro); 
High Atlas Mountains, Morocco (HAM); and two crystals of unknown local-
ity purchased from an online vendor (Gem3 and Gem4). All were light yellow 
green and transparent before polishing. A large crystal from Silver Crater Mine, 
which was not of gem quality was also analyzed, but the results are not used 
(see discussion below).

DurMex was originally ~6 mm in diameter and ~15 mm long, with visible 
fluid inclusions. When viewed under a microscope at 10× magnification, the * E-mail: youxue@umich.edu


