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a b s t r a c t

We analyzed the spatial and temporal characteristics of the surface temperature at the northern water ice
annulus on Mars that is left behind the receding seasonal carbon dioxide cap in springtime. Using OMEGA
hyperspectral images we show that water ice without carbon dioxide ice coverage lasts for 10–30 days
between 55� and 70�N. The longest water ice coverage without CO2 ice is observed between 40–55�N
and 300–330�E and lasts 80–110 days in ideal case. Using TES temperature data, we show that thin inter-
facial liquid water may be present at the water ice annulus. Higher spatial resolution THEMIS tempera-
ture data shows that the above mentioned finding is relevant to a spatial scale of 100 m. Although the
exact near surface water vapor concentration is not known, beside the average 10 pr-lm we used two
elevated values and corresponding threshold temperatures for interfacial liquid water formation: 190
and 199 K beside the average 180 K. While the area of interfacial liquid water is substantially smaller
in the case of higher threshold temperature values, even for 199 K terrains exist at THEMIS and OMEGA
scale of resolution where such thin interfacial liquid water could be present on the surface. Summarizing:
good chance exists for the presence of liquid interfacial water in the warmest part of the day on at the
northern hemisphere of Mars at extended areas – although firm evidence requires better targeted future
observations.

� 2014 Elsevier Inc. All rights reserved.

1. Introduction

The dry atmosphere of Mars and low temperature of its surface
prevent the persistence of liquid water in pure and macroscopic
form today. Better chances are present in the microscopic scale
or bulk salty solutions. Here we investigate the possibility of
microscopic scale interfacial water along the contact surface of sea-
sonal water frost and minerals during northern spring. In our ear-
lier work we presented spectral and modelling evidences on the
probable presence of such interfacial liquid water in the southern
hemisphere at Richardson crater on Mars (Kereszturi et al., 2011)
at possible flow-like features (Möhlmann and Kereszturi 2010).
Here we study the evidence for similar features in the northern
hemisphere. In this work we first analyze the general possibilities
using low spatial resolution, global datasets (OMEGA and TES, see
details in Section 3). Then we present targeted, higher spatial

resolution analyses of the best regions for the appearance of possi-
ble interfacial liquid water. The rationality of this work relies on
the chemical and even possible biological consequences of such
thin microscopic water layer that are mostly unexplored for Mars.
The identification of the temporal and spatial characteristics of this
interfacial liquid water could be a first step toward this direction.

Here we analyze TES based annual temperature trends and cor-
relate them to OMEGA based spatial and temporal changes of the
water ice annulus at the northern hemisphere. First we consider
global trends then we focus on the two longitudinal bands where
the extension of the water ice ring is the widest and the narrowest
respectively, as it might give insight on differences in water ice
accumulation and time of its presence on the surface. We complete
the analysis by studying pairs of overlapping OMEGA and THEMIS
images in order to investigate the distribution of surface tempera-
ture in the water ice annulus at higher spatial resolution.

In this work we use the term of liquid interfacial water for the
thin, undercooled liquid layer between solid water ice and
minerals. Beside this, resembling quasi-liquid layer might exist
on mineral surfaces without ice cover under ideal conditions
(regarding the temperature and atmospheric vapor content, see
Bryson et al., 2008; Fouchet et al., 2007; Möhlmann, 2008), called
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adsorbed water. It is also important to clarify the difference
between hydrated martian regolith and the above mentioned
H2O types: interfacial water exists only where mineral surfaces
and solid ice are in physical contact, while ice is not necessary
regarding adsorbed water and hydrated regolith. Moreover, the
H2O molecules are loosely attached to the mineral surfaces regard-
ing adsorbed water, while for hydrated material these molecules
are embedded in the structure of the minerals and are more diffi-
cult to extract – a higher temperature input is needed. Here we
analyse only the first case, i.e. liquid interfacial water, where solid
ice layer on the surface can be definitely observed from orbit.

2. Overview of current knowledge

Below we summarize our current knowledge on the spatial and
temporal changes and occurrence of water ice at the northern
hemisphere. Such overview provides the context for the interpreta-
tion of the possible liquid interfacial water at the seasonal polar
cap.

2.1. Northern seasonal water ice annulus

Using TES data, a relatively warm and bright ring was observed
during northern spring lagging a few degrees of latitude behind the
receding boundary (Giuranna et al., 2007) of regions at CO2 ice sub-
limation temperature, interpreted as H2O ice (Kieffer and Titus,
2001). Using THEMIS data, Wagstaff et al. (2008) determined that
this moderately cold annulus has an average temperature of
182 K. The characteristics of this water ice annulus were analyzed
in detail using OMEGA (Observatoire pour la Minéralogie, l’Eau, les
Glaces et l’Activité) near-infrared hyperspectral observations
(Appéré et al., 2011) (see Fig. 1). This analysis shows that the water
ice annulus surrounding the sublimating CO2 ice deposits extends
over 6� of latitude at Ls = 320� of martian year 27, decreasing to 2�
at Ls = 350� and gradually increasing to 4.5� at Ls = 50� of martian
year 28 (martian years (MY) defined by Clancy et al. (2000) began
with MY 1 starting at the 1955 northern spring equinox, Ls = 0�,
where Ls is the aerocentric longitude of the Sun). This annulus first
consists of a thin layer of water frost as observed by the Viking

Lander 2 (Jones et al., 1979; Hart and Jakosky, 1986; Svitek and
Murray, 1990) deposited on the surface and then trapped by
CO2-rich ice layer deposited later. The water frost layer hided
below the CO2 ice is exposed when the surface warms up in spring
and CO2 ice sublimates. By Ls = 50�, H2O ice spectrally dominates
most of the deposits while surface temperature indicates abundant
CO2 ice. This apparent contradiction is caused by the fact that H2O
ice embedded in seasonal CO2 ice is released at CO2 ice sublimation
and gradually overlies CO2 ice, hiding its near-infrared spectral sig-
nature (Appéré et al., 2011). Some water vapor from the atmo-
sphere is also cold-trapped on top of CO2 ice and contributes to
the gradual building of a top optically thick layer of H2O ice.

2.2. Threshold temperature for interfacial water formation

The threshold temperature for interfacial water formation along
the mineral–water ice interface depends on the water vapor partial
pressure at the surface (Möhlmann, 2008). Using Eq. (27) of
Möhlmann (2008), we computed this threshold temperature as a
function of the water vapor partial pressure at the surface (Fig. 2).

The knowledge of the water vapor partial pressure at the sur-
face during northern winter and spring is very restricted. Therefore
the average column abundance is often used as an indicator of the
value above the surface. It relies on the assumption that water
vapor is uniformly distributed in the atmospheric column with a
scale height of 10.8 km (Rapp, 2006). We analyze possible devia-
tions from this assumption in Section 5, calculating finally with
three possible threshold temperature values.

TES instrument has measured the evolution of the water vapor
column abundance at the latitude of the water ice annulus during
northern spring. It increases from 7 lm-pr at Ls = 20–25� to 40 lm-
pr at Ls = 70–75� (Pankine et al., 2010), which corresponds to an
increase of water vapor partial pressure from 0.066 to 0.376 Pa.
The corresponding threshold temperature for interfacial water for-
mation varies from 187 K to 199 K (see Fig. 2). During northern
spring, surface temperature along the seasonal CO2 and H2O ices
boundary increases from 150 K to 200 K (Kieffer and Titus, 2001;
Wagstaff et al., 2008). The surface temperature during the presence
of the seasonal water ice cover thus may be close to the threshold
temperature for interfacial water formation along the mineral–
water ice interface.

We studied three threshold temperatures for the interfacial
water formation: (i) a temperature of 180 K corresponding to a
very low water vapor column abundance of 2 lm-pr, typical of
the dry northern winter atmosphere (Smith, 2004); (ii) a tempera-
ture of 190 K corresponding to a water vapor column abundance of

Fig. 1. Map of the northern seasonal ices centered on the north pole of Mars from
OMEGA observations acquired between Ls 9.3� and 13.3� during martian year 28.
Regions in light blue are covered by CO2 ice contaminated by H2O ice and dust
particles. These CO2-rich ice deposits are surrounded by a H2O ice annulus in
medium blue. Dark blue indicates H2O ice clouds surrounding the H2O ice annulus.
(For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

Fig. 2. Threshold temperature of interfacial water formation as a function of the
water vapor partial pressure at the surface according to Eq. (27) of Möhlmann
(2008).
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