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Introduction: Large impacts dramatically influ-
enced planetary surfaces in the first hundreds of million 
years since solar system formation. On Mars, early large 
impacts may have created the hemispheric dichotomy 
[1,2], delivered additional planetary materials [3] and 
induced local habitable environments [4,5]. Unlike the 
Moon or Mercury, the lack of well-preserved record of 
earliest epochs on Mars due to the active resurfacing on 
the planet results in large uncertainties in the early im-
pactor flux. It is found that the scarcity of large impacts 
basins, in particular on the dichotomy boundary of the 
planet, is inconsistent with the expected high impactor 
flux in the first hundreds of million years [6]. Thus, it is 
crucial to evaluate the effect of active geologic and flu-
vial activities on the planet, which may have masked the 
topographic signature made by large impact basins.  

Investigating Chryse Planitia: Chryse Planitia, lo-
cated to the south of Acidalia Planitia, is a region of low-
lying plains on the dichotomy of Mars, at the termini of 
major outflow channels (Figure 1a). The ringed distri-
bution of massifs and chaotic terrains surrounding the 
plains led to the suggestion that the Chryse region orig-
inated from a large impact [7,8]. However, because 
most topographic features have been removed and the 
gravity anomaly is small (Figure 1b, c), the presence of 
an early impact basin is still under debate [6]. Here we 
make use of the latest Goddard Mars Model gravity data 
[9], as well as the global imagery and topography da-
tasets [10,11] to revisit the origin of Chryse Planitia. Im-
pact size-frequency distribution has been widely used to 

understand the resurfacing history of planets [e.g. 12, 
13]. In addition, impact crater population on planetary 
surfaces have predictable initial morphologies (e.g. 
depth, rim height), which can be modified by subse-
quent geologic processes, such as erosion and infill. 
Study of impact crater morphology and statistics may 
provide crucial information on the subsurface topogra-
phy and resurfacing history [e.g. 14]. We build upon a 
global crater database [15] and investigate the morphol-
ogy and distribution of impact craters to understand the 
subsurface topography and resurfacing history of the 
Chryse basin.  

Impact crater populations in Chryse and adja-
cent regions: We mapped and classified the buried im-
pact crater populations based on their degrees of degra-
dation in the extent of the general Chryse and Acidalia 
region [16]. We highlight impact craters with clear rim 
structure in the imagery or topography dataset as par-
tially and completely buried craters and exclude those 
with only a non-circular topographic depression and lit-
tle evidence of crater rim (unclear category). We find a 
heterogeneous distribution of buried impact craters 
within Chryse Planitia. Interestingly, buried impact cra-
ters are lacking in the regions with positive Bouguer 
anomaly compared to adjacent regions (Figure 1c, Fig-
ure 2a). North of Chryse Planitia, only partially-filled 
small impacts are found in the region covered by the late 
Vastitas Borealis Formation. The distinct morphology 
of buried/degraded and pristine impact craters causes a 
bimodal distribution of the depth-diameter ratio in both 

Figure 1 Map of the Chryse and Acidalia Plantia: a) Geologic map of the northern lowlands [16]. b) Goddard Mars Model 3 gravity data, Free 
Air anomaly. c) Topography data from Mars Orbiter Laser Altimeter (MOLA) data with the outlines of partially or completely buried impact cra-
ters. All three base maps are projected using the Mars North Polar Stereographic Projection. 
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the anomaly units and adjacent units (Figure 2). With 
only mild modification, the relative pristine population 
in Chryse Planitia have a distribution of depth-to-diam-
eter ratio between 0.05-0.2, while a population of buried 
or heavily degraded impact craters shows a smaller 
depth-to-diameter ratio (<0.05). Moreover, the relative 
abundances of buried impact craters show an apparent 
discrepancy between the anomaly units and adjacent 
units.  

Discussion: The distinct two populations of crater 
depth-to-diameter ratio indicate that geologic processes 
different from long-term degradation of crater depth 
have played an important role. The flat-floor morphol-
ogy and well-preserved crater rim for most partially bur-
ied craters suggest that these craters probably experi-
enced burial due to one infill event [e.g. 17]. On the 
other hand, the discrepancy in crater populations in the 
anomaly and adjacent units indicates the two types of 
regions experienced slightly different resurfacing pro-
cesses. The adjacent units, being close to the Vastitas 
Borealis Formation, are more recently resurfaced than 
the anomaly units, evident from the number density of 
small craters. Therefore, the lack of buried craters in the 
anomaly units cannot be ascribed to recent resurfacing 
events. We suggest the distribution of buried impact cra-
ters in Chryse Planitia may be related to the differential 
resurfacing in this region, if the anomaly units corre-
spond to an earlier topographic depression.  

Summary and implications: We find a heterogene-
ous distribution of buried and pristine impact craters in 
the Chryse Planitia region that spatially correlate with 
positive Bouguer anomaly. The lack of buried impact 
craters within the anomaly unit may be due to a differ-
ential infill within a pre-existing circular depression cor-
responding to the Chryse anomaly unit, consistent with 
the origin as an impact basin. Further analyses on the 

effect of topography on the impact crater statistics and 
the cause for gravity signature will be done to better 
constrain the origin and evolution of Chryse Planitia. 
This suggests a significant portion of the impact record 
on Mars may have been masked due to resurfacing. Fur-
ther studies based on the evolution of cratered terrains 
will help reveal geological processes during this crucial 
time period on Mars 4 billion years ago that may have 
determined the fate of water and climate on the planet.  
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Figure 2: Depth-to-diameter ratio distribution in different units within the Chryse Planitia. a): Bouguer gravity map of the Chryse and Aci-
dalia Planitia overlain on the THEMIS day-time Infrared data. Thin white lines outline the boundary of four units where impact crater depth 
and diameter are analyzed. b-c): The depth-diameter scatter plot and kernel density distribution of depth/diameter ratio for b) the Chryse 
anomaly unit and small anomaly unit; c) The adjacent units 1 and 2.  
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