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Introduction: VIS-NIR spectrometers onboard
current and upcoming missions (OMEGA on ESA’s
Mars Express and CRISM on NASA’s Mars
Reconnaissance Orbiter) [1] will provide high spatial
and spectral resolution data of the martian surface.
The wavelength region covered by these instruments
includes several fundamental and overtone
absorptions attributed to water of hydration (in the
form of H2O and OH-), making it possible to detect
the presence of hydrated phases. Mars is known to
have an absorption centered near 3000 nm that varies
in strength, attributed to surface hydration [2].
Further study is required, however, to quantitatively
link observed water absorptions to the form and
absolute or relative water abundance of a given
mineral phase.

Previous work in this area includes using
reflectance spectroscopy to study the effects of grain
size on hydration [3] and the relationships between
interlayer cations and water absorptions in smectites
[4, 5]. Yen et al. [6] showed that converting
reflectance data to apparent absorbance could be used
to estimate absolute water content to within ±2 wt. %,
depending on the host mineral. However, the
uppermost portion of the martian surface observed by
VIS-NIR spectrometers may only have a total water
content on the order of 1-2 wt. % [7] and the exact
form of potential host mineral(s) is unknown. These
limitations necessitate a spectral method of
estimating water abundance that is sensitive to small
changes in water content (< 1 wt. %) and requires
minimal a priori knowledge of composition.

Previously, we showed that modeling changes in
reflectance spectra due to loss of H2O in dehydration
time series measurements (dehydrating smectites in a
purging chamber) can be used to detect changes in
water content as low as 0.1 wt. %, relative to a
dehydrated sample [8]. Reflectance spectra were
converted to scattering efficiency by subtracting or
dividing the spectrum of each intermediate time step
from the final time step (driest sample)[8]. The
scattering efficiency, which represented changes in
water absorptions, was then modeled for each time
step using the optical properties of bulk water (n and
k) and methods outlined by Hapke [9]. Estimates of
the optical path length (d) for each measurement
followed a power-law relationship when plotted
against measured wt. % water loss relative to the dry
sample (d decreased as H2O was lost).

Our latest results use thermogravimetric analysis
(TGA) in conjunction with reflectance spectra of
heated samples (measured in RELAB at Brown
University) to quantify the absolute water content of
each form of water (adsorbed, bound, and structural)
in various minerals. Combined, these techniques
allow us to relate changes in the strength and shape
of water absorptions to changes in absolute (and
relative) water content.
Procedure:  For TGA measurements, a small amount
(~15 mg) of sample is continuously weighed as it is

heated at either a constant rate or in intervals. At low
T, weight loss is due to loss of adsorbed or weakly
bound water. At higher T (>500° C), hydroxyls (OH-)
are lost and, if present, SO4 and CO3 may also
contribute to weight loss [10]. A small amount of the
sample is then heated at similar temperatures and
durations in a benchtop furnace in RELAB. The
samples are removed, weighed, and measured in a
Nicolet FTIR spectrometer at various temperatures
(see Figures 1, 2). TGA and RELAB weight
measurements provide similar results (Table 1),
allowing a direct comparison between reflectance
spectra and measured water loss.
Results: TGA data for SWy-1 montmorillonite
showed a total volatile (water) loss of 12.3 wt. %
when heated to 800° C, whereas JSC Mars-1
palagonite showed a volatile loss of >32 wt. % (some
of which may be sulfate or carbonate). Both samples
show a decrease in the fundamental H2O absorptions
at 3000 and 6000 nm, as well as the overtones near
1900 nm when heated (Figures 1, 2). At T ≈ 500° C,
the 1900 nm band is absent and the 3000 nm band
substantially weakened in the SWy-1 sample but the
metal-OH absorptions near 2200 and 2750 nm remain
unchanged, indicating no hydroxyls have been driven
off at these temperatures.

At higher T, the 2200 nm band is absent and the
2750 nm band decreases and resolves into two
distinct absorptions. This may represent a change in
the crystal structure of the mineral at high
temperatures. The TGA data for SWy-1 shows a
sudden weight loss of ~3.7 % above ~600° C, which
we attribute to the loss of OH. Given a total water
loss (H2O and OH-) of 12.3 wt. % for T<800° C, this
yields an adsorbed and bound H2O content of 8.6 wt.
%. Similarly, the JSC Mars-1 palagonite shows
significant decreases in the 1900, 3000, and 6000 nm
bands at T = 550° C, but the 2200 nm metal-OH
absorption is still present. The strong, sharp metal-
OH absorption near 2750 nm can also be resolved at
high temperatures due to the weakening of the broad
3000 nm band.

Differences between these samples in total water
content and evolution of the shape and strength of the
water absorptions as a result of dehydration through
heating can be attributed to differences in
composition and crystal structure. JSC Mars-1
consists of several different mineral and amorphous
phases [11], most likely holding H2O and OH- over a
wide range of bond energies. SWy-1 is a well
crystalline phyllosilicate structure that exhibits H2O
and OH- loss at discrete temperatures. Future
experiments will include a variety of other minerals
as well as amorphous weathering products to explore
how differences in crystal structure and grain size
affect hydration state and total water content.

 Preliminary results show that converting
reflectance spectra to band depths and integrating the
areas of the 1900, 3000, and 6000 nm water
absorptions may be a useful method for estimating
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absolute or relative abundances and changes in water
content. The band depth, Db, is determined by

Db(λ) = 1 – [Rb(λ) / Rc(λ)]

where Rb is the observed reflectance value at a given
wavelength and Rc is the reflectance value of the
continuum fit at the same wavelength. The area of
each absorption is then calculated by integrating the
band depth with respect to λ.

For SWy-1, the integrated band depth areas
increase exponentially with H2O content (Figure 3).
Remaining weight % H2O is calculated based on an
initial H2O content determined from TGA
measurements (8.6 wt. % for SWy-1), which gives a
range of integrated band areas for this value. The y-
intercepts of the exponential fits (Figure 3) represent
the minimum amount of H2O that must be present
before a particular absorption can be resolved. For
SWy-1, only 0.006 wt. % H2O is required to detect
the strong 3000 nm fundamental stretching
absorption, but ~1 wt. % is needed to detect the 1900
nm stretching overtone.
Conclusions:  We show that as water content
increases, water absorptions will appear in succession
from strongest to weakest. Additional experiments
are being carried out to determine if similar
relationships exist for palagonites, zeolites, or other
hydrous minerals. Applying methods such as these to
global-scale OMEGA and CRISM data will help to
quantify, both spatially and temporally, the amount of
water in the near-surface of Mars.
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Figure 1. Reflectance spectra of SWy-1 montmorillonite
under various hydration states. Samples were heated in a
benchtop furnace in RELAB prior to measuring.

SWy-1 JSC Mars-1
T (° C) TGA RELAB TGA RELAB

125 6.67 5.32 13.2 10.11

240 7.20 7.13 19.41 18.62
300 8.18 8.35 - -
340 - - 28.15 29.66
550 8.56 8.43 32.79 32.41
750 12.31 12.22 32.79 32.41

Table 1. Comparison of wt. % water loss for SWy-1
montmorillonite and JSC Mars-1 palagonite as measured
by TGA and heating in a furnace in RELAB. Values for
SWy-1 are averages of several measurements. TGA and
RELAB weight losses are comparable for similar T and
heating duration.
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Figure 2. Reflectance spectra of JSC Mars-1 palagonite
under various hydration states. Samples were heated the
same as SWy-1 (Figure 1).
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Figure 3. Plot of integrated band depth areas of the 1900,
3000, and 6000 nm absorptions from unscaled SWy-1
spectra vs. the remaining weight % water determined from
TGA and RELAB weight measurements. Data points
include measurements from both purging [8] and heating
experiments. Wt. % values do not include OH- and the
3000 nm integrated area does not include the metal-OH
absorption near 2750 nm (see Figure 1).
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