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Introduction:
We report recent investigations of HDO and H2O
on Mars for data taken on 26 March 2008 (Ls =
50.1) and 3 April 2010 (Ls = 72.5). Our objective
is to obtain measurements of the seasonal and latitudinal variation of the [HDO]/[H2O] ratio and thereby
obtain better insights into the dynamics of Mars’
atmosphere. The preferential escape of the lighter
hydrogen isotope controls the global [HDO]/[H2O]
abundance ratio. A comparison of the present abundance level with escape models provides an estimate
of the amount of water lost over time. Furthermore,
Mars water undergoes seasonal cycling and (perhaps) bulk fractionation in polar ice or even aerosols. Models [1] have showing that the [HDO]/[H2O]
ratio of atmospheric water vapor has both a seasonal
and latitudinal variation. The recent discovery of
methane on Mars [2,3,4] has led to much discussion
on its origin and destruction [5,6]. The chemistry of
methane production (whether biotic or abiotic) is
closely linked to the presence of water. It is therefore
important to establish the [HDO]/[H2O] ratio in water released with methane on Mars.
Our group has conducted an observing program
to measure the [HDO]/[H2O] ratio. DiSanti and
Mumma [7] developed a technique for mapping
HDO on Mars through its 1 fundamental band near
3.67 m using CSHELL at the NASA IRTF. Novak
et al. [8] extended the approach significantly and
describe nearly simultaneous measurements of ozone
and HDO on Mars acquired in January 1997. For
data taken from 1997 to 2003, we compared our
HDO data to H2O results obtained from TES [9].
Since 2003, we have been using absorption lines
near 3.33 m (the 22 band) to determine H2O abundances. With long slit spectrometers, we now map
the two species using the same spectrometertelescope combination, eliminating many sources of
systematic error.
We have reported our results and methods for
obtaining and analyzing column densities of H2O,
HDO, and the corresponding [HDO]/[H2O] ratio
[8,10,11,12,12,13]. A detailed description of our
data acquisition and analysis routines was recently
published [14]. Here, we present a latitudinal map
for the [HDO]/[H2O] ratio taken on 26 March 2008
(Ls = 50.1), and a longitudinal map of HDO taken
with the slit east-west on Mars centered above the
sub-Earth point for 3 April 2010 (Ls = 72.5).

Fig. 1.A. Position of the spectrometer slit on the
image of Mars for data taken at Ls = 50.1°. The
slit was aligned N-S on Mars and centered on the
sub-Earth location (yellow cross); the sub-solar
position is indicated by a yellow star. The topographic map was generated using Mars24 [19].
B. A spectral/spatial image taken by CSHELL
on the NASA-IRTF at an HDO setting. Three
row extracts provide the spectrum centered at the
sub-Earth latitude. A terrestrial atmospheric
model is constructed to fit the observed spectrum
(upper trace). The model is subtracted from the
observed spectrum (lower trace). The column
density of HDO is obtained by constructing Mars
atmospheric models to fit the residuals. The
equivalent widths of the indicated (#) HDO lines
are significantly larger than the retrieved noise
level (1-) of (0.0001 cm-1) [14].
Observations:

Data were obtained using CSHELL [15] at the
NASA-IRTF. The 0.5 x 30 arc-sec slit was positioned north-south (or east-west) on Mars as in Fig.
1A. Spectral/spatial images were obtained by nodding the telescope 15 arc-sec along the slit in an abba sequence. A spectral/spatial image (four-minute
integration time on Mars) at an HDO setting (2722.5
cm-1) appears in Fig. 1B. Three row extracts from
this image are analyzed using a line by line radiative
transfer model (LBLRTM) [16] to obtain the vertical
column density of HDO on Mars.

Fig. 3. A. Column densities of HDO and H2O
measured with spectral extracts at three row intervals (0.6 arc-sec) for the data taken on 26 Mar
2008. B. Ratios between HDO and H2O compared to their ratio on Earth (VSMOW). Our results for Ls = 50 are presented along with predictions of Montmessin [1] (multiplied by 1.32)
for the same season [14].

Fig. 2. Spectral/spatial image taken at an
H2O setting. The image clearly shows the absorption in Earth’s atmosphere. The upper trace
is a three-row extract from the image (solid
curve). A terrestrial model (dashed curved) is
subtracted from the observed curve to produce
the residual plot in the lower trace. A Mars atmospheric model is fitted to the residual to obtain
the [H2O] value. Two absorption lines of an isotopic form of carbon dioxide are indicated. [20]
The column density of H2O is similarly measured
using a different spectral setting (Fig. 2) From the
nearly simultaneous spectral/spatial images at HDO
and H2O settings, the [HDO]/[H2O] ratio is determine for an atmospheric location above Mars’ surface.

a. Latitudinal maps for Ls =
50.1: From data acquired on 26 March 2008, we
constructed latitudinal maps centered at 153W. The
acquired column densities appear in Fig. 3A. Their
measured ratios (relative to Vienna Standard Mean
Ocean Water, VSMOW, [HDO]/[H2O] = 3.1 x 10-4)
are given in Fig. 3B. Our results indicate that the
mean ratio differs greatly from that of the Earth and
that the specific ratio depends on latitude (and possibly season). The ratio peaks near the sub-solar latitude and decreases towards both poles. The values
predicted by the model of Montmessin [1] for Ls =
50 are multiplied by a factor (1.32) so that the mean
values in the sub-solar region match our measured
values. Montmessin uses a ratio of 5.6 for
[HDO]/[H2O] in the north polar cap but suggests
that 6.5 might be closer to the true value – our results suggest that this is so. Atmospheric temperatures decrease from the sub-solar latitude to the
poles causing a general decrease in water vapor abundance; however, ice aerosols could become
enriched in deuterium owing to preferential condensation of HDO molecules (Vapor Pressure Isotope
Effect) – similar to the enrichment of raindrops on
Earth. Our measurements of the [HDO]/[H2O] vapor
phase abundance ratio indicate a strong gradient
with latitude – both the latitudinal and the quantitative values agree with the pattern predicted by the
longitudinally averaged Montmessin model[1].

Fig. 4. Results of the O2(1) emission measurements of 3 Apr 2010 adjusted for local time.
These taken over a 3.5 hour time interval and are
shown to peak near 12:00 LT independent of local geography.
b. Diurnal maps for Ls = 72.5:
From data taken at Ls = 50.1, Villanueva [12] produced global maps that also show strong variations
with longitude and local time. Those maps were
produce with the spectrometer slit north-south on
Mars and stepped at 1.0 arc-sec intervals east-west.
To test the longitudinal and diurnal variation, we
positioned the slit east-west on Mars on 3 April 2010
(Ls = 72.5). The slit was centered on the sub-Earth
point (14.2N) for four hours while data were repeatedly taken at HDO, H2O, and O2(1) emission
settings. Twelve sets of data for each of these spectral settings were acquired. Preliminary reductions
indicate that the O2(1) emissions do not vary with
local geography (surface altitude), but increase between sunrise and 12:00 local time (Fig. 4). The intensity decreases afterwards. The presence of these
emissions at low latitudes also suggests that the hygropause is located at altitudes of less than 15 km.
The rotational temperature of the O2(1) emissions
indicates an altitude above 25 km [17].
Results for the HDO column densities over a 3.5
hour period time appear in Fig. 5A. For the region
east of Syrtis Major, [HDO] is constant. The column
density is larger over Syrtis Major and further increases over Arabia Terra as it emerges from the
Mars night. In Fig. 5B, values for 275W and
340W are plotted with respect to local time. Values
for [HDO] near 275W are constant between 9:30
and 13:00 LT, but near 340W, [HDO] increases
considerably between 6:50 and 9:00 LT. This latter
region contains sub-surface hydrogen and is a location where methane has been found [2]. The reason
for the increase in [HDO] after sunrise could possibly be the sublimation of ground-frost or water-ice
clouds accumulated during the night, or a release
from the sub-surface. It merits further study.

Fig. 5. On 3 Apr 2010 (Ls = 72.5), the slit was
placed east-west across Mars centered at the subEarth latitude (14.2 N). The sub-Solar latitude
was 24.2 N. Spectral/spatial images (4 minutes
integration time) at an HDO were taken over a
four-hour period. A. Measured column densities
of HDO taken at five times during this period.
The cropped Mars-MOLA map indicates the location of the retrieved points. B. Retrieved data
points centered at 275 and 340 adjusted to local time.
Data at the H2O setting are currently being
processed. The diurnal variation of the D/H ratio
could provide insights into the source of water vapor
in the atmosphere.
Conclusion and Future Plans:
We present a latitudinal map of the [HDO]/[H2O]
ratio for Ls = 50.1 that peaks near the sub-solar latitude and is consistent with the longitudinally averaged model of Montmessin [1]. For Ls = 72.5, we
show a longitudinal map (centered at 14N) for
[HDO] taken over a four-hour period between 230
and 360W. [HDO] is constant at 275W over the
four hours but increases at 340W during the three
hours after sunrise. Using updated analysis tools [14]
we intend to further analyze recent data and reanalyze previously taken data from 2003-2008. We
plan to obtain data during the upcoming Mars apparitions and to use ISHELL [18] which is currently

being constructed at the NASA-IRTF. ISHELL is a
cross-dispersed IR-spectrograph that can measure
both HDO and H2O bands simultaneously with better sensitivity than CSHELL.
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