Journal of Earth Science, Vol. xx, No. x. xxx–xxx, online 2019
Printed in China
https://doi.org/10.1007/s12583-019-1212-2

ISSN 1674-487X

Geomorphologic Characteristics of Polygonal Features on
Chloride-Bearing Deposits on Mars: Implications for Martian
Hydrology and Astrobiology
Binlong Ye

1

, Jun Huang *1, Joseph Michalski2, Long Xiao1

1. Planetary Science Institute, School of Earth Sciences, China University of Geosciences, Wuhan 430074, China
2. Department of Earth Sciences and Laboratory for Space Research, University of Hong Kong, Hong Kong 999077, China
Binlong Ye: https://orcid.org/0000-0002-7177-8982; Jun Huang: https://orcid.org/0000-0003-0168-6633
ABSTRACT: Over 600 chloride-bearing deposits (chlorides) have been identified on the southern highlands of
Mars. These chlorides have critical implications for hydrology and astrobiology: they are indicators of an
evaporating super saturated solution, and they could have provided habitat environments for halophilic microorganisms and preserved organic matter. One of the prominent geomorphology characteristics of these chloridebearing regions is the polygonal features within them. The origin of these polygonal features is still in debate. In
this study, we have surveyed 153 locations of chlorides using 441 high resolution imaging science experiment
(HiRISE) images to characterize the geomorphology of polygonal features. We identified 3 types of polygonal
features of distinct geomorphologic characteristics: fractures, raised ridges, and transitional polygons between
fractures and raised ridges. We evaluate previously proposed hypotheses of the formation of the polygonal features, and suggest that the 3 types of polygonal features are indicators of different stages of salt crust formation.
Salt crust is usually formed through multiple groundwater activities, and it often occurs in playa environment
on Earth. The unique hydrological and astrobiological implications of the chlorides with polygonal features
make these deposits of high priority for future landed on and/or sample return exploration missions of Mars.
KEY WORDS: chlorides, polygonal feature, playa, hydrology, astrobiology, Mars.
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INTRODUCTION
Over 600 chloride-bearing deposits (chlorides) have been
identified (Osterloo et al., 2010, 2008) on the southern highlands
of Mars. The chlorides exhibit a negative spectral slope lacking
diagnostic emission features over mid-infrared (MIR) wavelengths in thermal emission spectrometer (TES) (Christensen et
al., 2001) and Thermal Emission Imaging System (THEMIS)
(Christensen et al., 2004) spectral data. The visible/near-infrared
(VNIR) spectrum acquired by compact reconnaissance imaging
spectral for Mars (CRISM) (Murchie et al., 2009) of the chlorides shows a distinctive spectrally featureless red slope, and it
has high reflectance values near 3.0 μm in ratioed spectra, indicating dehydration in chlorides relative to typical silicatebearing materials (Fig. 1) (Ruesch et al., 2012; Jensen and
Glotch, 2011; Osterloo et al., 2010, 2008; Murchie et al., 2009).
The chlorides occur on the Middle Noachian to the Early Hesperian terrains of the southern highlands (Osterloo et al., 2010),
and most of them appear small, spatially isolated patches in local
shallow close basins (Fig. 2). They also occur within inverted
sinuous channels (Fig. 2a), impact craters (Fig. 2b) and inter*Corresponding author: junhuang@cug.edu.cn
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crater plains (Fig. 2c) (Osterloo et al., 2010, 2008).
Several hypotheses have been proposed to explain the geologic
setting of chlorides, such as hydrothermal brine caused by impact or
volcanic activity (Osterloo et al., 2010), efflorescence generated
through atmospheric interactions or fumarolic activity (Osterloo et
al., 2010), evaporation from ponds supplied by surface runoff
(Hynek et al., 2015; Osterloo et al., 2008) or groundwater upwelling
(Ruesch et al., 2012) or combination of both (Glotch et al., 2016).
One of the most prominent geomorphological features within
the chlorides is polygonal features of different sizes, which were
interpreted as desiccation cracks (Osterloo et al., 2010, 2008). ElMaarry et al. (2013) analyzed polygonal features within ~80 locations of chlorides using ~90 HiRISE images and available CRISM
data, along with comparative studies of terrestrial dried lakes and
playas, and they found that the polygonal features occurred within
the chlorides are due to the existence of Fe/Mg smectites (ElMaarry et al., 2013). However, phyllosilicate bearing materials are
not commonly identified with chlorides, except in few locations,
e.g., northwestern Terra Sirenum (Ruesch et al., 2012; Glotch et al.,
2010), and west of Knobel crater (Huang et al., 2018). Therefore, it
is very challenging to explain the existence of polygonal features
owing to the mixing of Fe/Mg smectites, although El-Maarry et al.
(2013) argued that the absence of smectites spectral signatures
might be due to dust cover or relatively high chloride concentration.
The formation mechanism of the polygonal features is critical to
understand the origin of chlorides, which has important hydrology
and astrobiology implications.
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Figure 1. Global distribution of 642 chlorides on Mars (Osterloo et al., 2010). The dots represent the locations of chlorides on Mars. Yellow dots indicate the
locations of fracture polygon (67 regions). Blue dots represent the locations of transitional polygon (11 regions). Red dots show the locations of raised ridge
polygon (17 regions). White dots exhibit the region where no crack has been observed (65 regions). Black dots show the areas where no HiRISE image (490
regions). The context map is Mars orbiter laser altimeter (MOLA) shaded relief data overlain by TES Lambert albedo. NT and TS stand for Noachis Terra and
Terra Sirenum, respectively.

In this study, we conducted a comprehensive global survey
to polygonal features on 153 sites of chlorides using 441 HiRISE
images. We characterized meter-scale polygonal features and
grouped them into three types based on their geomorphologic
characteristics. Then, we evaluated previously proposed hypotheses of the formation mechanism of the polygonal features, and
proposed that the three types of polygonal features are indicators
of different stages of salt crust formation. These chlorides with
polygonal features have hydrology and astrobiology implications, which make them high priority in future landed on and/or
sample return mission.

Figure 2. THEMIS TIR decorrelation stretch (DCS) radiance images. Red,
green and blue channels are assigned as bands 8, 7 and 5, respectively. The
chlorides are identified in the blue tone areas. (a) A relatively large region of
chlorides, the white arrows point to sinuous channels filled with chlorides
(centered at ~-32.85°S, ~204.97°E); (b) chlorides occur in a small carter (centered at ~33.44°S, ~306.67°E); (c) small patches of chlorides occur in the basin floor (centered at ~31.1°S, ~180.2 °E).
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METHODS
We use THEMIS data as a guide for chlorides identification.
The THEMIS instrument is a multiband visible-thermal infrared
(TIR) camera with 5 visible/near infrared bands (Christensen et
al., 2004) onboard Mars Odyssey spacecraft. The TIR data is
sampled at 100 m/pixel spatial resolution with nine bands in
wavelength from ~6.8 to 14.9 µm, providing information of temperatures, compositions and thermophysical properties of the
surface materials (Christensen et al., 2004). THEMIS products
were processed using standard THEMIS IR processing procedures to correct instrument and atmospheric effects according to
Bandfield (2004). Calibrated THEMIS daytime TIR data were
processed to produce decorrelation stretch (DCS) products,
which could qualitatively enhance compositional variation (Edwards et al., 2011; Gillespie et al., 1986). The chlorides have a
special blue tone color in DCS composed of band 8 (11.75 µm),
band 7 (10.99 µm) and band 5 (9.30 µm) (Fig. 3) (Osterloo et al.,
2008). The distinct tone is due to spectral slope in homogeneously low in the wavelength of 6.78 to 14.88 µm of THEMIS
day IR data.
We use context camera (CTX) images (Malin et al., 2007)
to provide regional context for HiRISE images. The CTX instrument is onboard Mars reconnaissance orbiter (MRO), and it acquires panchromatic images with spatial sampling of ~6 m/pixel.
Detail geomorphologic characteristics were analyzed using
HiRISE images. HiRISE is a visible imaging system onboard the
MRO, providing unprecedented spatial resolution images of
~0.25 m/pixel resolution (McEwen et al., 2007). HiRISE is
equipped red-filter channels for panchromatic images and NIR
and blue-green filters for color images (McEwen et al., 2007).
The central wavelength of red filter is 694 nm, the blue-green
filter is 536 nm and the NIR wavelength is 874 nm (McEwen et
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(DTM) with Ames Stereo Pipeline (Shean et al., 2016). The
HiRISE DTM could allow us to conduct detailed topographic research (Kirk et al., 2008).
2

Figure 3. Visible/near-infrared ratioed spectrum of chlorides from CRISM
data FRT0000B0001. It shows a distinctive spectrally featureless red slope
with high reflectance values near 3.0 μm indicating dehydration in chlorides
relative to typical silicate-bearing materials.

al., 2007). The color images of HiRISE are powerful to identify
compositional and roughness variations at sub-meter scales
(Wray et al., 2009; Herkenhoff et al., 2007; Okubo and McEwen,
2007). We used stereo pairs of HiRISE (ESP_036509_1485 and
ESP_052768_1485) images to produce digital terrain models

RESULTS
Osterloo et al. (2010) have built a global database of chlorides on Mars, which includes 641 distinct sites. We found 441
HiRISE images covered 153 sites from Osterloo et al. (2010) database. After examining these 153 sites of chlorides using overall
HiRISE, we identified three types of polygonal features, including fractures, raised ridges, and transitional polygons. We also
recorded the detailed geometric characteristics of the polygon
features.
The fracture polygon is identified by network fracture
within polygons (Fig. 4). We have identified 67 locations of
chlorides containing fracture polygons (Fig. 1). Most of them
concentrate between 0°S to 30°S across the southern highlands.
Nearly all polygonal features in Noachian Terra fall in this type.
The shape of the polygon fractures usually occurs in quadrangle,
and the rims of the polygons are generally straight. The sizes of
the polygonal fractures range from ~2 to ~50 m, while the width
of trough varies from ~0.2 to ~2 m. The region of cracks looks
relatively dark comparing to the adjacent terrain, indicating synchronous and/or post-formation infillings (Fig. 4).

Figure 4. Red arrows point to fracture polygonal features of chloride-bearing depositions on Mars. HiRISE Image ID: (a) ESP_16288_1745_COLOR; (b)
ESP_049427_1600_COLOR; (c) ESP_012741_1750_RED; (d) ESP_034732_1600_RED.
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The raised ridge polygonal feature is characterized by
prominent raised ridges (Fig. 5). We identified 17 locations of
raised ridge polygonal features. They appear to cluster in Terra
Sirenum (Fig. 1). The shapes of the raised ridge polygon are
quadrangle and hexagon. Their sizes range from ~10 to ~15 m,
and the rims of the polygons are generally straight. The regions
of the raised ridges are usually relatively brighter than their interiors. However, the areas of rims show relatively uniformed tone
in HiRISE color images. The widths of rims range from ~0.5 to
~2 m. Instead, we use incidence angle of the scene and number
of the pixels of the shadow region of the rims to estimate their
heights. The shadow is usually ~1–2 pixel, and it’s hard to provide the height of ridge accurately, but it could be the upper limit.
The heights are generally less than ~1 m (Fig. 6). We also use
the HiRISE DTM to conduct detailed study and we found little
topography relief (Fig. 7).
The transitional type polygonal feature is identified by
cracks occurring in the raised ridges of the polygons (Fig. 8).
This type polygon is an intermedia form between fracture and
raised ridge. We have identified a type of transitional polygons
in 11 sites of chlorides (Fig. 1). The sizes of the transitional polygons range from ~5 to ~15 m.
We have not identified polygonal features in the remaining
65 locations (Fig. 1). These sites lie in the east of Argyre Basin
(south of Noachis Terra). The surface of the chlorides is generally ridged, relatively bright and boulder-less than the surrounding terrain.
There are several possibilities to explain that we did not observe polygons in some of the chlorides-bearing region: (1)
Those could be formed in a different mechanism, like hydrothermal brine caused by impact or volcanic activity (Osterloo et al.,
2010), efflorescence generated through atmospheric interactions
or fumarolic activity (Osterloo et al., 2010); (2) the polygons
have been wiped out by subsequent geological process, like seasonally deliquesce (Davila et al., 2010), which may change the
geomorphology of chlorides.

3 DISCUSSION
3.1 Formation Mechanism of the Raised Ridge Polygonal
Features
The polygonal fracture is initially interpreted as desiccation
origin, which is a common phenomenon in dried lakes, and dried
farmlands on Earth. However, desiccation alone is difficult to
interpret the raised ridge polygonal features of chlorides on Mars
based on the observations described in previous section. ElMaarry et al. (2013) proposed that the polygonal features are
likely formed by mixing of Fe/Mg smectites, but the spectral evidence of coexisting of Fe/Mg smectites and chloride is very limited (Huang et al., 2018; Ruesch et al., 2012; Glotch et al., 2010).

Figure 6. Demonstration of shadow measurement technique on raised ridge
polygonal features of chlorides. (a) HiRISE image of the raised ridge polygonal features, the white rectangle indicates the location of (b), the white arrow
indicates the incident direction of the sunlight, (b) the white arrow points to
the shadow, the maximum length of the shadow is 3 pixel, about 1.5 m, the
solar incident angle is 73°. Using the trigonometric function to calculate the
maximum height of raised ridge, the height is ~0.45 m. HiRISE image ID:
ESP_036509_1485_RED.

Figure 7. (a) HiRISE ESP_036509_1485 overly on HiRISE DEM, the arrow
means the end of the profile line; (b) the profile shows little topography relief.

Figure 5. White arrows point to the raised ridge polygonal features of chlo-

Figure 8. (a) Transitional polygons, the black rectangle represents the loca-

rides.

HiRISE

image

ID:

ESP_047343_1610_COLOR;
ESP_011547_1475_RED.

(a)

ESP_044165_1610_COLOR;

(b)

tion of b; (b) the white arrows point to the ridges of transitional polygonal

(c)

ESP_010387_1485_RED;

(d)

features. HiRISE image ID: PSP_008720_1610_COLOR.
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Many raised ridge polygons, also known as polygonal ridge
networks, boxwork or reticulate ridges have been observed in
extensive locations and geological contexts across Mars (Stein
et al., 2018; Kerber et al., 2017; Ebinger and Mustard, 2015;
Saper and Mustard, 2013; Thomason, 2011; Mangold et al.,
2007; Head and Mustard, 2006). The possible formation mechanisms of the polygonal ridge networks (Kerber et al., 2017)
include: (1) intrusions by volcanic dikes under an unusual stress
field, (2) intrusion by volcanic dikes along pre-existing polygonal faults, (3) breccia dikes formed during impact, (4) deposition
of minerals along pre-existing fractures (veins), (5) chemical
alteration of pre-existing fracture planes by circulating groundwater, (6) sedimentary infilling of pre-existing open cracks, and
(7) induration of a pre-existing polygonal dune or transverse
aeolian ridge (TAR) network. Intrusion by volcanic dikes under
an unusual stress field, intrusion by volcanic dikes along preexisting polygonal faults, chemical alteration of pre-existing fracture planes by circulating groundwater and sedimentary infilling
of pre-existing open cracks are unlikely responsible for the raised
ridge in the chlorides. These locations are close to valley networks (Hynek et al., 2010) and valley-fed basins (Fassett and
Head, 2008), not close to the region hosting minerals related to
volcanic origin minerals (e.g., Olivine, Pyroxene; Ruesch et al.,
2012; Osterloo et al., 2010). Also, the regions of the raised ridges
are relatively bright than their surrounding materials, but the
tone of the raised ridges and interiors of the spolygons is similar
in color HiRISE images, which indicates the raised ridges are
formed with the polygons and suggests similar composition. As
well, the THEMIS DCS 875 images show the homogeneous blue
tone of chlorides on Mars. The thermal inertia of chlorides derived from THEMIS generally display at least ~400 Jm-2K-1s-1/2
and up to 509 Jm-2K-1s-1/2 and have relatively homogenous thermophysical properties (Osterloo et al., 2010), which also suggest
similar composition between the raised ridge and its interior. If
the volcanic dike filled in the polygonal cracks, it should have
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heterogeneous THEMIS DCS 875 and thermal inertia. The breccia dikes formed during a meteorite impact is used to explain the
raised ridges, up to several kilometers in size in Nili Fossae region (Fig. 9) (Head and Mustard, 2006). The magnitude of the
polygonal features of the impact breccia dikes is much larger
than the meter-scale polygonal features of chlorides we observed
in this study. It indicates the raised ridges are formed with the
polygons, which rules out the hypotheses of induration of a preexisting polygonal dune or transverse aeolian ridge (TAR) network. In addition, the transverse aeolian ridges (TARs) are found
primarily at the bottom of crater floors, and they usually degrade
into linear transverse ridges when topography changes (Kerber
et al., 2017).
Another potential hypothesis of the origin of the raised ridges
polygonal features is thermal contraction (Mellon et al., 2008;
Mangold, 2005; Mutch et al., 1976). Thermal contraction polygons have been widely explored and characterized by orbiting and
landing missions for more than 30 years on Mars. One of the 7
previously proposed thermal contraction polygons (Levy et al.,
2009a) is similar in size and morphology to the raise ridges we
observed. These polygons have central depressions, raised rims,
and near-orthogonal and near-hexagonal shapes (Fig. 10). The
sizes are ~20 m in the southern hemisphere, while ~11.3 m in the
northern hemisphere (Levy et al., 2009a). They are mainly identified in latitude dependent mantle deposits (Levy et al., 2009b) of
Utopia Planitia (Soare et al., 2008), circum-Hellas and Argyre terrains (Zanetti et al., 2010; Morgenstern et al., 2007).
However, our observations are inconsistent with the formation mechanism of thermal contraction. The latitudes, albedos
and surface ages of the chlorides in study are different from
those of regions with thermal contraction origin. Polygonal features interpreted as thermal contraction origin are present primarily in regions of latitude larger than 30°, because ground ice
is the major factor controlling the formation mechanisms, while
previous, models predict that the ground ice is not stable in

Figure 9. (a) THEMIS IR Day mosaic images of Nili Fossae region; (b) kilometer size raised ridge polygon in Nili Fossae region. HiRISE image
ESP_018065_1975_RED.
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Figure 10. Polygonal features formed through thermal contraction process.
HiRISE ESP_011523_2235_RED (centered at ~42.95°N, 115.67°E).

equatorial region (0°~30°) (Mellon et al., 2004; Mellon and
Jakosky, 1995). The albedo of thermal contraction polygons is
moderate to low, while the polygonal features of chlorides are
relatively high in albedo (Levy et al., 2009a). The thermal contraction origin polygons occur within latitude dependent mantle
deposits, which is Amazonian age. However, the chlorides are
of the Middle Noachian to the Early Hesperian ages, which is
inconsistent with the much younger age of thermal contraction
hypothesis. Salt crust on Earth could be a possible counterpart
of the raised ridge polygonal features we observed on Mars. Salt
crust is a common landform in halide playa on Earth, such as
playas in Qaidam Basin, NW China (Anglés and Li, 2017; Xiao
et al., 2017; Yi et al., 2017; Zeng and Xiang, 2017; Wang et al.,
2013) (Fig. 11), Iran (Krinsley, 1970) and Oman (Thomas,
2011). The chlorides on Mars is similar in geologic context of
playa on Earth. In terrestrial playa, salt crust located in a relatively depressed region, while on Mars, most of the chlorides
appear small, spatially isolated patches in local shallow close
basins (Osterloo et al., 2010, 2008). The slope map of raised
ridge polygonal features of chlorides on Mars shows the slope
of this regions is generally smaller than 5° (Fig. 12), which is
consistent with flat or gently declined background landform in
terrestrial playa. The geomorphological features are striking resemble. The polygonal features on Mars are asymmetric, which
also is similar on the playa of Earth. Generally, the height of the
ridges in terrestrial playa can reach up to ~50 cm. We used the
shadow measurement technique and HiRISE DTM to constrain
the height of raised ridge of chlorides on Mars. The heights are
generally less than ~1 m, which is close to the height of the
raised ridges in the terrestrial salt crust. The formation process
of salt crust on Earth has been studied in detail: At first, intense
evaporation and annually capillary upflow lead to the precipitation of salts (Thomas, 2011; Christiansen, 1963) (Figs. 13b, 13c).
Then the growth of the salt crystals and increasing summer temperature generate compressional stresses to form the polygonal
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features (Christiansen, 1963). Then, with the rehydration of salts
through limited episodic brine and re-precipitation due to the intensive seasonal evaporation, the fractures enlarge and successive
crystal growth trigger and expand to form the raised ridges (Anglés and Li, 2017; Xiao et al., 2017; Thomas, 2011) (Figs. 13h,
13i).
The different types polygonal features we observed on
Mars: polygonal fractures (Fig. 13a), intermedia polygonal features (Fig. 13d), and raised ridges polygons (Fig. 13g), are also
similar with different stages of salt crust formation in terrestrial
playa, respectively (Figs. 13b, 13e, 13h). The average THEMIS
thermal inertia is 295±45 Jm-2K-1s-1/2 (Osterloo et al., 2010), suggesting the materials have the grain size that is generally greater
than ~900 μm and/or consistent with indurated materials (Putzig
et al., 2005), which also supports the playa setting. So, we propose the raised ridge of chlorides on Mars is salt crust and the
similar process may shape the raise ridge polygonal features of
the chlorides on Mars.
In addition, groundwater activity plays a key role in salt
crust formation process described above. If the raised ridges
form through the similar process, it would preserve other pieces
of evidence of groundwater activity. We found raised ridge polygons mostly concentrate in the Terra Sirenum region (Fig. 1).
Previous study proposed that the Terra Sirenum region experienced intense groundwater active predicted by hydrological
model (Andrews-Hanna and Lewis, 2011). Detailed regional geology study of Cross Crater, Dejnev Crater and Columbus Crater
also reveal strong groundwater activities and evaporation mineral formation (Ehlmann et al., 2016; Wray et al., 2011). Both
model prediction and geology evidence are consistent with the
salt crust hypothesis.

Figure 11. Salt crust in Qaidam Basin, NW China. The white arrow points to
the lens cap. The red arrow points to the raised rim feature on salt crust, the
lens cap is ~20 cm.

Figure 12. (a) The raised ridge polygonal features. HiRISE ID:
ESP_036509_1485. The white line indicates the extent of chlorides, (b) slope
map of the raised ridge polygon region from HiRISE DTM derived from stereo pairs ESP_036509_1485 and ESP_052768_1485.
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Figure 13. Different stages of salt crust hypothesis for polygonal feature evolution. An example of polygonal fractures of chlorides on Mars (a) and in Qaidam Basin (b
38°2′25″N, 93°8′49″E). A conceptual sketch is illustrated in (c). An example of intermedia polygonal features of chlorides on Mars (d) and in Qaidam Basin (e 38°2′25″N,
93°8′49″E). A conceptual sketch is illustrated in (f). An example of raised ridge polygons of chlorides on Mars (g) and in Qaidam Basin (h 38°2′25″N, 93°8′49″E). A
conceptual sketch is illustrated in (i). HiRISE image IDs for (a), (d), (g) are ESP_012575_1470_COLOR, ESP_035866_1610_COLOR, ESP_009846_1475_COLOR,
respectively. Images of (b), (e), (h) were collected through a small drone. (c) (f) (i) are modified from (Krinsley, 1970).

3.2 Hydrology Implication of Salt Crust (Raised Ridge Polygonal Features) on Mars
The geologic setting of chlorides is important for us to
understand the hydrology about the first billion years of Mars.
Lacustrine/playa environment could be a possible geologic setting for the chlorides, which has been proposed by extensive previous studies based on fractures developed in the chlorides and
the coexistence with phyllosilicate (El-Maarry et al., 2014, 2013;
Ruesch et al., 2012; Glotch et al., 2010; Osterloo et al., 2010,
2008). However, fractures in the chlorides and the presence of
phyllosilicate could not well support the playa origin of the chlorides, because there is limited spectral evidence of coexisting of
Fe/Mg smectites and chloride (Ruesch et al., 2012; Glotch et al.,
2010) and stratigraphy of phyllosilicate with chloride is ambiguous (Huang et al., 2018; El-Maarry et al., 2013; Ruesch et al.,
2012; Glotch et al., 2010). Glotch et al. (2010) considered the
chlorides deposited later on ancient phyllosilicates basement
through groundwater upwelling and alternative exploration suggests the phyllosilicates have the same origin as chlorides, indicating a salt-rich playa setting (El-Maarry et al., 2013). The ambiguous stratigraphy relationship between chloride and phyllosilicate does not fully support the playa geologic setting of the
chlorides.
The salt crust is a diagnostic indicator of playa on Earth

(Anglés and Li, 2017; Thomas, 2011). We proposed that raised
ridge polygonal features we observed experienced similar formation process, and they could serve as the indicator of playa
setting on Mars. The salt crust found on chlorides of Mars may
indicate multiple groundwater activity after the cease of surface
water activity in its early history. Generally, the duration of
groundwater activity forming this kind of landform need hundreds of years in terrestrial analogy (Anglés and Li, 2017;
Thomas, 2011), which could provide clues to the duration of
groundwater activity on early Mars.
3.3

Astrobiology Implication
Playa is a subaqueous habitable environment (Villanueva et
al., 2015). The groundwater plays an important role on playa,
which can provide a conduit between the subsurface and the surface habitats (Rosen, 1994). The temperature and relative humidity retained by salts in the subsurface layer are tremendously
different from the surface condition, which suggests a huge water reservoir on Mars as well as habitability potential (Wang et
al., 2018). The chlorides with raised ridge polygonal features are
indicators of playa on Mars. In addition, the chlorides are ideal
for biosignature preservation, thus they are of great astrobiology
interest. Inclusions are common in halite and the fluid inclusions
in terrestrial evaporate deposits can provide refuge for extant and
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extinct life, preserving biosignatures including DNA, and viable
microbial communities over geological timescales, protecting
them from hash environment condition, such as highly intense
sun light and ultraviolet radiation, rapid changes in salinity and
water availability, high salt concentration and desiccation (Stivaletta et al., 2009; Vreeland et al., 2007; Fish et al., 2002).
Schubert et al. (2009) have reported resuscitating entrained archea from halite as old as ~34 000 years, and some claims ~105
years (Mormile et al., 2003), while another study of Permian halite extended to ~250–300 Ma (Griffith et al., 2008). Retrieval of
DNA from these ancient halite samples ranging in age from 11
to 425 Ma were also reported by (Park et al., 2009; Fish et al.,
2002; Radax et al., 2001). Therefore, the sites of chlorides with
raised ridge polygonal features should be considered as landing
sites for future in situ exploration and sample return.
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CONCLUSION
We used 441 high-resolution orbital images to characterize
153 locations of chlorides with the polygonal features on Mars.
We divided these polygonal features into three types based on
their geomorphologic characteristics. We ruled out previously
proposed hypotheses of the raised ridges polygons in chlorides,
and found that the salt crust formation mechanism is most consistent with our observations. Salt crust process is a diagnostic
feature of terrestrial playas, which has profound hydrology and
astrobiology implication. These chlorides sites with raised ridges
polygonal features could indicate playa geologic setting and
groundwater activity of early Mars. They are potentially habitable environments, which are of high priority in future missions
for biosignature search.
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