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On May 15, 2021, Tianwen-1’s rover Zhurong landed successfully at 109.926◦E, 25.066◦N, in southern 
Utopia Planitia on Mars. The Zhurong landing site contains a wide range of geomorphic exploration 
targets including troughs, raised ridges, pitted cones, mesas, sand dunes and crater ejecta. Aspects of 
all of these features suggest formation through interactions between volatiles, sediments, and magma. 
Pitted cones are invaluable windows into the subsurface and intriguing astrobiology targets for Martian 
life considering that they potentially formed from diapiric upwelling of fine-grained sediments (i.e. mud 
volcanism), a process that on Earth is often associated with methane release. The ground-penetrating 
radar onboard Zhurong will provide fundamentally new perspectives on the presence, distribution, and 
abundance of subsurface water-ice, a strategic natural resource for future crewed Mars exploration.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

China’s first Mars probe Tianwen-1 entered orbit around Mars 
in March 2021. Unlike previous missions, it is the first-ever Mars 
expedition to deploy an orbiter, lander, and rover at one time (Ye 
et al., 2017; Li et al., 2021; Zou et al., 2021). Tianwen-1’s rover 
Zhurong, landed successfully at 109.926◦E, 25.066◦N on May 15, 
2021 (UTM+8), in southern Utopia Planitia in the northern plains 
of Mars (Fig. 1).

The Vastitas Boreals Formation (VBF), which is among the 
largest units on Mars and covers nearly 1/8 of the Martian surface 
(Tanaka et al., 2003, 2005, 2014), comprises much of the Zhurong 
landing region. The origin of the VBF remains enigmatic; it might 
be an early oceanic deposit (Carr and Head, 2003; Parker et al., 
1989, 1993) but in any case likely represents aqueous sedimentary 
materials that sourced from outflow channels with contributions 
from highland and lowland sources (ABVi unit; Tanaka et al., 2014). 
The age of the Zhurong landing region including the VBF and other 
volcanic and sedimentary deposits in this area is Late Hesperian 
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(c.a. 3.1 Gyr, Fig. 2) (Ivanov et al., 2014, 2017), though these mate-
rials have undergone long-term volcanic, fluvial, aeolian, periglacial 
and glacial modifications since their formation. Owing to the long 
and complex geological history, diverse types of geomorphological 
features have formed around the Zhurong landing site, including 
troughs, raised ridges, pitted cones, mesas, sand dunes and vari-
ous crater ejecta deposits; some of them are driven by ice-related 
processes. Many units and structures in a larger area have been de-
scribed in previous studies (e.g., McGill and Hills, 1992; Hiesinger 
and Head, 2000; Ivanov et al., 2014, 2015, 2017; Tanaka et al.
2003, 2005; Costard et al., 2016; Séjourné et al., 2019; Soare et 
al., 2020) and this study therefore focuses on the Zhurong landing 
region.

Instruments onboard Zhurong, such as the Multispectral Cam-
era (MSCam), Mars Surface Composition Detector (MarSCoDe) and 
Mars Rover Penetrating Radar (RoPeR), could be used to study 
the in-situ features visually, geochemically, and geophysically. Ex-
ploration of Zhurong’s landing site will be able to achieve the 
scientific goals of the Tianwen-1 mission (Li et al., 2021; Wu 
et al., 2021; Zou et al., 2021). Now that the exact landing site 
of the rover has been established, we here analyze the geomor-
phology of the site and describe scientific targets of opportu-
nity that are accessible to the rover directly. High priority targets 
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Fig. 1. (a) CTX images show Zhurong’s landing site. The red star marks the location of the Zhurong Lander (CTX image ID: F04_037533_2068_XN26N250W and 
D22_035786_2060_XN_26N250W). (b) The geologic context of Zhurong’s landing region. The red rectangle indicates the geomorphology mapping area of Fig. 3. The back-
ground is the MOLA colored shaded relief topographic map of Mars.
Fig. 2. Cumulative crater frequency plots are shown along with the model-fit and 
isochron for Zhurong landing region.

include putative mud volcanoes of great astrobiological interest 
and mapping of underground water-ice as strategic natural re-
sources.

2. Methods

Data from NASA’s Mars Reconnaissance Orbiter (MRO) Context 
Imager (CTX, 6 m/pixel) corrected mosaics (Dickson et al., 2018), 
and MRO High Resolution Imaging Science Experiment (HiRISE, 
0.3 m/pixel) data (McEwen et al., 2007) were used to characterize 
geomorphological features of the Zhurong landing site. Gridded to-
pographic data from NASA’s Mars Global Surveyor (MGS) Mars Or-
biter Laser Altimeter (MOLA) allow quantitative topographic anal-
ysis at 463 m/pixel (Smith et al., 2001). The Ames Stereo Pipeline 
(ASP) was used to generate CTX and HiRISE digital elevation mod-
els (DEMs) (Beyer et al., 2018). We also aligned the CTX-derived 
DEMs to MOLA PEDR data to improve the accuracy of DEMs (Mayer 
and Kite, 2016). In this study, a total of 3 CTX DEMs and 2 HiRISE 
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DEMs were made to conduct quantitative morphology and mor-
phometric analyses (Table S1).

Image and topographic data were integrated into a Geographic 
Information System (ArcGIS). Based on the texture and relief of 
the landing region, a variety of landforms were identified in the 
CTX images, including troughs, raised ridges, pitted cones, mesas, 
and various crater ejecta deposits. Pitted cones, mesa and domes 
were mapped as point data. Cones exhibit diverse spatial distri-
bution patterns and at least three inter-connected examples that 
merged into one chain-like structure. Linear morphologic features, 
troughs and ridges, were only mapped as line features if longer 
than 500 m to improve the map clarity. Impact craters smaller 
than 1 km were not mapped. Crater counts were performed on 
CTX images using Cratertools within ArcMap (Kneissl et al., 2011). 
Crater counts were calculated using Craterstats2, which determines 
the best model age based on the nonlinear least-squares fit to cu-
mulative crater size-frequency distribution over a given range of 
crater diameters (Michael and Neukum, 2010). Model age determi-
nation is made using the production function of Ivanov (2001) and 
chronology function of Neukum et al. (2001).

3. Results

The Zhurong landing region, located in the southern part of 
Utopia Planitia west of the Elysium volcanic province (Wan et al., 
2020; Wu et al., 2021) is topographically smooth and low in eleva-
tion. We selected a ∼710 km × 470 km rectangle as the study area 
(top-left corner: 104◦E, 28◦N, lower-right corner: 116◦E, 20◦N, 
Fig. 1b) because this area provides the context of the precise land-
ing spot and includes all of the geologic features that could con-
ceivably be visited by the rover. Examples of intriguing landforms, 
such as troughs, raised ridges, pitted cones, mesas, and different 
types of crater ejecta are shown in Fig. 3.

More than 4000 cones were identified in the study region 
(Fig. 6). Those cones consistently have a smooth surface texture 
relative to the adjacent ground and a central depression on the 
summit (Fig. 4). The summit crater diameters are about 50% of 
the cone base size and the slopes along the flanks of cones 
are 15◦–20◦ . These features show different preservation states: 
some cones are intact (Fig. 3a and Fig. 4) while others are partly 
breached and eroded on the downslope margins by the formation 
of irregular, crescent-shaped edifices (Fig. 5). Locally, some cones 
appear in chains (Fig. 3b), and some cones are distributed in clus-
ters rather than sporadically (Fig. 3c). The cone chains generally 
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Fig. 3. CTX and HiRISE images show varied landforms near the Zhurong landing site: (a) pitted cones (110.26◦E, 25.4◦N; ESP_043896_2055), (b) pitted cone chains (105.45◦E, 
22.50◦N; CTX), (c) cone clusters (106.2◦E, 24.12◦N; CTX), (d) troughs (112.51◦E,27.32◦N; CTX), (e) mesas (105.5◦E, 22.3◦N; CTX), (f) domes (113.43◦E,23.45◦N; CTX), (g) 
rampart craters (107.26◦E, 24.26◦N; CTX), (h) pancake-like ejecta (112.30◦E, 27.32◦N; CTX). The CTX mosaic product of Dickson et al. (2018) is available at this website 
(http://murray-lab .caltech .edu /CTX/).
occur on lobed features within the VBF (Fig. 3b). We measured 
the diameter and height of 130 cones using CTX DEMs. The base 
width of cones varies from 200 m to 1100 m, with an average 
size of 615 m. Their heights range from 10 to 100 m with a mean 
value of 30 m. The summit crater diameters are about 50% of the 
cone base size and the slopes along the flanks of pitted cones are 
15–20◦ (Table S2).

Linear or polygonal troughs dominate the northern part of 
the mapping region (Fig. 6). The length of these troughs varies 
from 0.4–50 km and the width of troughs ranges from ∼100 m 
to 1000 m. Some fractures exhibit near-circular shapes in map 
view (Fig. 3d), which has been interpreted as evidence of “ghost 
craters” or circular graben (Ivanov et al., 2017; Buczkowski et 
al., 2012; Cooke et al., 2011). These troughs were likely formed 
by tectonic uplift and extension of Utopia basin following sub-
limation of an ice-rich substrate (Hiesinger and Head, 2000) or 
volumetric compaction (Buczkowski et al., 2012). The geospatial 
relationships among these troughs and pitted cones are interest-
ing (Fig. 6): troughs appear pervasively in the northeast map-
ping region while the pitted cones are dominantly distributed in 
the southwest. Troughs are prevalent central Utopia basin to the 
north, and only a few spots show pitted cones there (Fig. 7a). 
The rover fortuitously landed near the boundary of a geomor-
phological transition from trough forming to cone-forming pro-
cesses.

Narrow and raised ridge segments are also observed in the 
landing region (Fig. 7). These ridge segments are either linear or 
curving, and some linear features are emplaced in an en eche-
lon pattern. These ridges generally have a rough and uneven, but 
symmetrical surface texture (Fig. 7c). There are up to 150 ridges 
observed with a mean length of 3 km and a maximum length of 
∼36 km (Fig. 7a). MOLA profiles show that individual ridges have 
heights varying between 10–20 m.

The morphology of the impact craters provides additional in-
sight into surface or subsurface properties. The multiple-layered 
ejecta of some craters changes from rampart (Fig. 3g) termini to 
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pancake-like ejecta (Fig. 3h) with the increased latitude, consis-
tent with previous studies (Tanaka et al., 2003; Ivanov et al., 2014, 
2015). Such ejecta patterns have been interpreted to be caused 
by volatiles in the substrate (Carr et al., 1977; Barlow, 2005; 
Mouginis-Mark, 1979), and the change in morphology with lati-
tude might therefore indicate the change in volatile content of the 
substrate with latitude.

Flat-topped mesas or mounds (Fig. 3e) are morphologically dis-
tinct from the cones. The albedo of mounds is akin to their sur-
rounding terrains. These mounds are 2–10 km in diameter and 
about 150–200 m in height. Locally, some mounds show layering 
or terrancing in their exposed flanks (Fig. 3e). We also observed 
some large domes on these mesas that differ from pitted cones 
(Fig. 3f). These mesas appear to represent erosional remnants of 
previous terrains (Ivanov et al., 2014).

4. Discussion

4.1. The origin of the pitted cones

A variety of mechanisms has been proposed for the formation 
of pitted cones on Mars including interpretations as mud volca-
noes (Brož et al., 2019; Hemmi and Miyamoto, 2017; Ivanov et 
al., 2014, 2015; Komatsu et al., 2016), rootless cones (Hamilton et 
al., 2011; Noguchi and Kurita, 2015), cinder/scoria cones (Brož et 
al., 2015; Meresse et al., 2008), tuff cones/rings (Brož and Hauber, 
2013), and pingos (de Pablo and Komatsu, 2009; Dundas et al., 
2008; Dundas and McEwen, 2010). These different hypotheses have 
drastically different implications for geology, magmatic processes, 
and astrobiology on early Mars.

Our morphometric data in the rover landing region provide ad-
ditional constraints on the origin of pitted cones. Height/diameter 
data for the pitted cones in this area measured from high resolu-
tion DEMs provide a larger dataset than what has been presented 
previously (e.g., Skinner and Tanaka, 2007). Though the sizes of pit-
ted cones around the Zhurong landing site are smaller than some 

http://murray-lab.caltech.edu/CTX/
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Fig. 4. a) HiRISE topography data are draped over HiRISE images to show the morphology and topography of pitted cones in the landing region. This figure also shows how 
to measure maximum height and basal diameter. b) A perspective view of pitted cones (3x vertical exaggeration). c–d) HiRISE topographic profiles are shown for two small 
pitted cones. DEM is ESP_044885_2055_ESP_043896_2055.
terrestrial mud volcanoes, they show similar relationships when 
comparing height/basal aspect ratios (Fig. 8c). These cones are also 
similar in scale to other putative mud volcanoes on Mars (Hemmi 
and Miyamoto, 2017; Komatsu et al., 2016). The basal diameter 
and height of the scoria/cinder cone and tuff rings/cones on Earth 
and Mars elsewhere are significantly larger than the pitted cones 
on Utopia Planitia (Fig. 8b). The height/basal diameter ratios of sco-
ria/cinder cones are larger than the cone features measured here, 
while tuff rings/cones are lower. Rootless cones are a few orders of 
magnitude smaller than the cones discussed here. A comparison of 
the morphology of the pitted cones also supports the mud volcano 
origin hypothesis. In other localities, rootless cones are generally 
associated with lava flows and have raised rims along the edges of 
4

summit pits (Noguchi and Kurita, 2015), which is not the case of 
the pitted cones.

Pingos are common periglacial landforms that develop by freez-
ing pressurized groundwater, which fits the geological context of 
this region. Height/diameter morphometrics for pingos are similar 
to those of the pitted cones, but a distinction between pingos and 
pitted cones in the landing zone is made here based on morpho-
logical details. Previous works have reported that the occurrence 
of pingos in central Utopia (between 35–45◦N) at relatively high 
latitudes, but they generally are flat-topped mounds with meter-
scale polygonal troughs or cracks on the surface and have tex-
tures similar to those within the background terrain (Dundas et al., 
2008; Dundas and McEwen, 2010). In addition, pingoes typically 
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Fig. 5. CTX images show different preservation states of pitted cones. (a: 108.35◦E, 25.23◦N, b: 108.28◦E, 25.23◦N).
have fractures at their summits, features that are not observed 
for the Zhurong site pitted cone polulations. In the case of mud 
volcanism, the cones form by upward transport of fluid and fine-
grained sediment from the subsurface. Pingos form by the freezing 
of groundwater, development of subsurface ice lenses, and subse-
quent increase in bulk volume, leading to the uplift of the surface. 
Therefore, pingos are uplifted terrain and mud volcanoes are effu-
sive sediment. The margins of pingo should therefore show gradual 
transitions into the surrounding materials while mud volcanoes 
should show geologic contacts with the terrain in which they oc-
cur. Our observations of sharp contacts between pitted cone edges 
and the surrounding terrain support the mud volcano hypothesis 
(Fig. 4b).

We also compared boulders around pitted cones and surround-
ing impact craters in order to evaluate rockiness and estimate 
grain size of the cone material. The pitted cones show fewer 
boulders than the surrounding impact craters (Fig. 9). It indicates 
that cones are composed of different material than the surround-
ing substrate and that cone materials are relative finer grained 
and/or less competent compared to the surrounding units. The 
fine-grained and soft sediment around pitted cones is in our 
view most consistent with a mud volcano interpretation, but it 
is clear that multiple working hypotheses should be carried for-
ward.

Most pitted cones occur in the south of the mapped area 
whereas troughs appear in the north (Fig. 6). If these pitted cones 
are pingos, it does not explain why they occur preferentially at 
lower latitutes, where water-ice might be less abundant. The for-
mation of troughs likely involved sublimation of ice (Hiesinger and 
Head, 2000; Ivanov et al., 2014). This spatial correlation could 
partly be explained by the latitude-dependent water-ice abun-
dance, thickness or possibility for melting, but the geomorphologic 
transition boundary is not a straight line along the latitude. In-
stead, it follows the topographic change of the basin, implying the 
topography plays an important role in affecting the distribution 
of the landforms and perhaps the sediments and ice as drivers of 
landform development.

It is possible that once the permafrost layer formed, it pre-
vented subsurface fluidized sediments from emerging to form mud 
volcanoes. The correlation of landforms with what is likely the 
occurrence of ice, depth to ice, or ice abundance could therefore 
support a “volcanic” origin driven by volatiles and would be incon-
sistent with traditional volanism driven soley by magma in most 
cases.
5

Landforms in the region are diverse, however, and there is a 
possibility that some structures formed by volatile release and oth-
ers formed by magmatism/volcanism. In the north, pitted cones 
are rare, but there is one place where raised ridges and cones 
are found together (Fig. 7). These ridges strikingly resemble dike 
swarms found in eastern Utopia Planitia (Pedersen et al., 2010), 
suggesting a possible genetic link. The putative dike swarms were 
potentially emplaced subglacially or within an ice-rich sedimentary 
deposit. Their morphology has been interpreted to be analogous to 
moberg ridges on Earth (Chapman, 1994; Pedersen et al., 2010). 
The co-occurrence of pitted cones and ridges indicates there is a 
causal link between mud volcanoes and potential dike swarms in 
the center of the Utopia basin. The magma chamber which fed 
these dike swarms could have also been a heat source for main-
taining the mobility of the mud reservoir and groundwater system. 
Therefore, we might expect additional mud volcanoes associated 
with dikes elsewhere in the north.

Furthermore, outflow channels on ancient terrains of Mars have 
been interpreted as products of catastrophic flood events and the 
major water source for the putative northern ocean (Tanaka et al., 
2003; Ivanov et al., 2014, 2015). Whether or not a large, stable 
ocean formed, it is perhaps inescapable that deluges of water and 
sediment/slurry would have been deposited in the plains of Utopia 
Planitia periodically. The rapid burial of aqueous sediments after 
these events could have fed an enormous mud reservoir around 
the Utopia basin and provided favorable conditions for sediment 
upwelling (Mazzini and Etiope, 2017).

4.2. Geology, climate, and astrobiology

On Earth, mud volcanoes are an important source of methane 
release into the atmosphere and contributed ∼12% to the prein-
dustrial methane budget (Mazzini and Etiope, 2017; Oehler and 
Etiope, 2017). Mars Express observations have shown local metha-
ne enrichments in the atmosphere above Syrtis Major/Terra Sabae 
(Formisano et al., 2004). Mud volcanoes are a promising target 
to look for the source of current atmospheric methane of Mars 
(Oehler and Etiope, 2017).

Methane in terrestrial mud volcanoes generally form in three 
ways: (a) biogenic, (b) thermogenic, and (c) migration from deep 
methane reservoirs (Oehler and Etiope, 2017). The methane re-
leased by most mud volcanoes on Earth is nearly thermogenic, as 
the product of the breakup of organic matter at elevated tempera-
tures and pressures in deep-buried sedimentary strata (Oehler and 
Etiope, 2017). This process has been considered biotic and gener-
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Fig. 6. (a) The distribution of morphologic features in the study area. VBF contact is from Ivanov et al. (2017). Colored rectangles show the location of Fig. 7a 
and Fig. 7c, respectively. (b) Close-up view of morphogic features map of Zhurong landing region. (c) CTX mosaic of the enlarged morphology map (CTX image ID: 
F04_037533_2068_XN26N250W and D22_035786_2060_XN_26N250W). Concentric circles centered on the landing site, with their radii labelled, are shown in panels b 
and c, to describe the rover traverse mobility.
ally associated with microbial life on Earth (Niemann et al., 2006). 
Therefore, the presence of methane is of great astrobiological in-
terest, bearing clues of prebiotic biosignatures or evidence of life, 
although abiotic processes could also explain its origin.

Benzene and propane have been discovered the Gale crater 
(Eigenbrode et al., 2018) within a 3 Ga old sedimentary rock, 
which opens the possibility of the preservation of organic molecu-
les in the ancient sediments of Utopia basin. Organic molecules 
could form on Mars through prebiotic reactions in-situ or be deliv-
ered by meteorites and interplanetary dust particles (IDPs) (Flynn, 
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1996). It is estimated that up to 3 km of sediment has been de-
posited in Utopia (Cooke et al., 2011) and this material could 
potentially have brought with it organic material from the high-
lands.

In addition, methane is one of the most powerful greenhouse 
gases, and may have had a significant impact on ancient climate 
(Liu et al., 2021). Huge amounts of methane hydrate (clathrate), a 
form of crystalline water that traps methane inside their structure, 
has been found on the seafloor and permafrost on Earth (Sloan and 
Koh, 2007). Likewise, clathrates might be stored in the subsurface 
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Fig. 7. (a) A CTX mosaic shows the distribution of raised ridges and pitted cones. The black arrows show pitted cones while the white arrows indicate raised ridges. (b) A 
close-up view of a pitted cone shows a smooth surface texture (HiRISE image ID: ESP_036709_2080). (c) The high-resolution image illustrates the rough and uneven ridge 
surface (HiRISE image ID: ESP_035865_2070).
and their abrupt release could be the trigger of short-tern climate 
excursions on early Mars (Kite et al., 2017) (Fig. 10).

4.3. Guide for the future mission planning

The subsurface of Mars might be the best place to search for 
biosignatures and evidence of life because it would provide shel-
ter from deleterious radiation, energy, and liquid for life emerging 
and survival (Michalski et al., 2018). But until now, it’s not feasible 
to deploy drilling on Mars to access deep subsurface materials. The 
upcoming ExoMars rover will be equipped with a drilling system, 
but can only sample to 2 m deep within clay-bearing materials 
in best case conditions. Mud volcanoes on Earth, generally expel 
subsurface materials from several hundreds of meters deep, includ-
ing fluidized sediments and gas (Mazzini and Etiope, 2017; Brož 
et al., 2019). Potential mud volcanoes within the landing region 
therefore provide a unique natural probe to collect deep subsur-
face materials, which might offer a valuable glimpse of prebiotic 
chemistry, evidence of life, and clues to a possible thriving deep 
7

biosphere beneath the cold and desolate surface. The combination 
of Multispectral Camera (MSCam) data and Mars surface Com-
position Detector (MarsCoDe) data will enable characterization of 
fine-scale morphology, texture, and composition of deposits asso-
ciated with cones and could distinguish between multiple working 
hypotheses for these features (Li et al., 2021; Zou et al., 2021). 
Currently, Zhurong is heading south from the landing site. The 
closest cone, if the rover continues in this direction, is 15 km away 
at the time of this writing (Fig. 1). Cones should be among the 
priority targets for exploration and could be reachable consider-
ing a maximum drive speed up to 200 m per hour (Yuan et al., 
2021) might be achievable over parts of the extended mission. 
Among the most accessible targets along the way will be sand 
dunes of various forms and albedo, the analysis of which will shed 
light on recent atmospheric conditions and climate (Thomas et al., 
1999).

A top priority of current exploration is to identify accessible 
ice resources as close to the surface as possible (Morgan et al., 
2021). Water-ice was found in the very shallow subsurface be-
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Fig. 8. a) Morphometric comparison between the pitted cones measured by this study and previous reports. Log-log plots show maximum cone height versus basal diameter. 
Data of morphometric measurements of pitted cones from this study are available in Table S2. b) Log-log plots show maximum cone height versus basal diameter including 
terrestrial cinder cones and mud volocanos data. c) Aspect ratio (height/basal diameter) versus basal diameter. Data for possible martian scoria cones are from Brož et al. 
(2015). Data for possible martian mud volcanoes in Terra Sirenum and in Chryse Planita, are from Hemmi and Miyamoto (2017), Komatsu et al. (2016), respectively, for 
martian rootless cones are from Noguchi and Kurita (2015), for possible martian tuff rings/tuff cones data are from Brož and Hauber (2013), for terrestrial cinder cones, are 
from Hasenaka and Carmichael (1985) and Rodríguez et al. (2010), and for terrestrial mud volcanoes are from Skinner and Tanaka (2007) and Kioka and Ashi (2015).
low the Phoenix lander (Smith et al., 2009) or through analyses 
of Gamma Ray data (Mitrofanov et al., 2004). In the Utopia Planitia 
region, subsurface water/ice has been inferred via observation by 
the SHARAD radar (Stuurman et al., 2016) and morphologic analy-
sis (Morgan et al., 2021).

There are currently three satellite-borne radar instruments at 
Mars, including the MARSIS (Mars Express), SHARAD (Mars Recon-
naissance Orbiter), and MOSIR (Tianwen-1). In theory, these orbit-
ing radar instruments are able to detect reflection from up to 1 km 
deep of martian crust. But, echoes are most easily detectable only 
in ice-rich or volcanic ash (generally less than 100 m deep), which 
greatly limits our understanding of martian subsurface structure 
(Stillman and Grimm, 2011). The ground penetrating radar (RoPeR) 
onboard Zhurong (Zhou et al., 2020), would fill the gap between 
orbital and in-situ water-ice detection, offering a groundbreaking 
understanding of the presence, distribution, and abundance of sub-
surface water, a strategic natural resource.

Zhurong landed in a geologically and geomorphologically com-
plex region of Mars, one which includes a transition among ter-
8

rains with different feature types that are linked to multiple geo-
logic processes likely related to ice occurrence and abundance, and 
therefore to climate evolution. Evaluation of exposed surface units 
and sounding of the subsurface with the capable scientific payload 
will undoubtedly shed new light on the subsurface structure of a 
type of terrain on Mars that has not been well explored in-situ. 
The exploration by Zhurong will undoubtedly further our under-
standing of the global geology, climate, and astrobiology of Mars, 
not only in terms of the geologic past and modern environment, 
but also in consideration of future strategic planning.
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Fig. 10. A schematic cross-section shows ice, mud, and volcanism interaction in the past of the Zhurong landing region in Utopia Planitia.
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