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The presence of polygonal-shaped craters, i.e., craters with complete or incomplete polygonal rims along
with circular or elliptical outlines, on the surface of celestial bodies has been known for nearly a century.
However, many investigations on their distribution and formation have not been carried out, until
recently. Scientists have proposed that the polygonal shapes of the crater rims owe their origin to the preexisting structurally weak planes like faults/fractures in the area adjacent to the impact. The present
study area is the southern part of Margaritifer Terra, Mars; a mid-Noachian terrain, which has craters of
different morphologies, including the polygonal impact craters (PICs). The study focuses on the reason for
the development of PICs by identiBcation and mapping of a population of 50 selected polygonal craters
along with morphotectonic features namely grabens, wrinkle ridges, and lobate scarps. The analysis of
orientations of the straight segments of polygonal crater rims shows marked resemblance with orientations of these morphotectonic features conforming to their control on the rim geometries.
Keywords. Polygonal impact craters; Margaritifer Terra; wrinkle ridge; graben; lobate scarps.

1. Introduction
The surface of Mars is intensely cratered with
craters of varying sizes and ages ranging from
Noachian to Amazonian (Anders and Arnold
1965). The linear morphotectonic features present
within the Martian crust having positive (wrinkle
ridges, lobate scarps) and negative reliefs (grabens)
are signatures of crustal compression and extension
due to thrust and normal faulting respectively

(Watters 2010). Therefore, such features represent
weak planes within the Martian crust. Studies on
these morphotectonic features are common and
help us to envisage the history of deformation of
the Martian crust (Anderson et al. 2001). Apart
from the features mentioned above, craters with
polygonal rims or polygonal impact craters (PICs)
are also an important class of geomorphic features
that are useful in deciphering the tectonics of the
€
martian crust (Ohman
et al. 2008). The presence of

Supplementary material pertaining to this article is available on the Journal of Earth System Science website (http://www.ias.
ac.in/Journals/Journal˙of˙Earth˙System˙Science).
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weak planes is considered to be the cause of orientations of the rims of PICs (Eppler et al. 1983;
€
Ohman
et al. 2005; Dasgupta et al. 2019; Baul and
Dasgupta 2021). It may be appropriate to state
here that such a correlation is a much generalized
one, and may often not be valid, as to be described
in the present study.
The present study is carried out within the
southern part of Margaritifer Terra (approximately 5°– 25°S and 10°–35°W), a stratigraphically
old terrain (Tanaka et al. 2014). According to
them, the southern Margaritifer Terra is middle-tolate Noachian in age (4.1–3.7 Ga). The study area
preserves a good number of mappable PICs as well
as wrinkle ridges, lobate scarps, and grabens
(Bgure 1). Therefore, the southern Margaritifer
Terra is an ideal area for testing the relationship
between the weak planes and the straight segments
of the rims of the PICs. The focus of the study,
therefore, has been on the PICs present in the area
with an objective to test whether the existing sets
of faults/lineaments present within the area have
any bearing on the formation of the PICs rims or
not.
Similar studies have been carried out in other
€
regions of Mars by Ohman
et al. (2008), De et al.
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(2018), and Dasgupta et al. (2019). The aims of the
present study are: (i) to study the distribution of
PICs in the southern Margaritifer region, (ii) to
compare the trends of rectilinear segments of rims
of PICs with the trends of linear morphotectonic
structures (such as wrinkle ridge and grabens)
which follow the strike of the faults supposedly
responsible for their origin.
2. Geological background of the study area
The Margaritifer Terra is a highland region just
south of the lowland–highland transition zone
formed during the Pre-Noachian time (Watters
et al. 2007). The region is ornate with numerous
paleo-drainage channels and the highest density of
chaotic terrains and Coor-fractured craters (Bamberg et al. 2014; Thomas et al. 2017). The chaotic
terrains are mostly situated in the northern part of
Margaritifer Terra. The southern part of Margaritifer Terra shows signatures of extensive fracturing. The faults present in the region are Hesperian
to early Amazonian in age (Irwin and Grant 2013).
Among the different faults reported in this region,
the compressional thrust faults beneath the wrinkle
ridges are relatively more abundant (Bgure 1).

Figure 1. (a) The study area of southern Margaritifer Terra under MOLA colourized elevation map and (b) the PICs and the
tectonic features (wrinkle ridges, grabens and lobate scarps) in the area taken for consideration in the present study.
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Figure 2. Complex PICs in the southern Margaritifer Terra, Mars with (a) Cat Coor and central peak viewed from MCC image
(MCC˙MRR˙20150302T120507060˙G˙D32.TIF). (b) Central pit and (c) terraced rim shown on THEMIS Daytime IR.

Many of these wrinkle ridges are circumferential to
€
the Tharsis while the grabens are radial (Ohman
et al. 2008). The distribution of complex PICs in
this area is not uniform; in the central and eastern
parts, the complex PICs are more abundant compared to the western part of the study area.
The present study has been carried out on the
complex PICs (PICs with diameter [7 km, Gar€
vin et al. 2003; Ohman
et al. 2008) which are more
€
common in the older Martian terrain (Ohman
et al. 2008). The Margaritifer Terra being a midNoachian highland (Tanaka et al. 2014) preserve
abundant morphotectonic features along with
such complex PICs. Simple PICs are also found
within the area, but of smaller dimensions (\7
km) and are therefore not accurately mappable

using THEMIS image. Moreover, the orientation
of the simple PIC rim segments is at 45° to the
lineament present in the crust, which complicates
establishing the genetic relationship between their
€
formations (Eppler et al. 1983; Ohman
et al.
2006).
The two adjacent straight rim segments of a PIC
must have a noticeable angle between them, a
€
compulsory criterion put forward by Ohman
et al.
(2008), which has been followed in this study for
the identiBcation of craters as PICs. Complex
craters generally exhibit visible terraced rims
(Bgure 2) and either a Cat Coor which may or may
not contain either a central peak or a pit (Pike
1980). In the course of cratering process, slumping
of materials occurs in the modiBcation stage, which
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is often responsible for the rim geometry. The
collapse of materials from the rim occurs along a
few weak planes within the impacted rock body
€
(Eppler et al. 1983). According to Ohman
et al.
(2005), the straight rims of the complex PICs
should therefore be typically parallel to the trends
of pre-existing fault planes. Thus, the orientations
of the dominant fractures in the region can be
identiBed through the straight rim segments in
€
complex PICs (cf. Ohman
et al. 2005; De et al.
€
2018). Following the proposition of Ohman
et al.
(2005), in the present work, only complex craters
that have polygonal rim geometry have been
considered.
3. Methodology
The PICs and the tectonic deformation structures
like wrinkle ridges, lobate scarps and grabens
were identiBed and selected for the study using
various images from multiple space missions.
These include Mars Colour Camera (MCC; Arya
et al. 2015), the Thermal Emission Imaging System (THEMIS) daytime images (Christensen
et al. 2004), Mars Orbiter Laser Altimeter
(MOLA; Smith et al. 2001) and Context Camera
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(CTX; Malin et al. 2007). The highest resolution
images used in this work are the CTX images
with a resolution of 6 m/pixel. MCC, THEMIS
images and MOLA Digital Elevation Models
(DEM) have resolutions of 12.5, 100 and 463
m/pixel respectively. The MOLA-HRSC blended
(200 m/pixel; Fergason et al. 2018) digital elevation model (DEM) was required for conBrmatory
identiBcation and interpretation of various tectonic signatures. The reader is requested to note
that the usages of appropriate images (mentioned
above) have been duly outlined in the Bgure captions. We have taken due care of verifying across
images of different missions, outlined above, for
the sake of accurate measurements.
Complex PICs with degraded/denuded rims
were not considered for this study. Superimposed
craters were also not considered. Variations in
illumination make certain features distinct while
subduing other features. The appearance of the
straight rim segments of craters may vary in different illumination conditions (cf. Schultz 1976;
€
Ohman
et al. 2005). Therefore, the craters were
viewed under different light conditions in THEMIS
daytime as well as THEMIS night-time images to
exclude the eAect of illumination. Also, factors
such as camera angle may play a role in the

Figure 3. The trend vs. frequency line graph for complex PICs, lobate scarps, wrinkle ridges, and grabens at 10° intervals. The
positives spikes in the frequency of the complex PIC rim orientations have been represented by dotted straight lines, to facilitate
comparison of complex PIC rim orientations vis-
a-vis lobate scarps, grabens and wrinkle ridges.
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identiBcation of straight edges of PIC rims thus,
apart from THEMIS global IR images, MCC and
CTX are also used.
Fifty (50) complex PICs of diameter 7 km or
more were studied. The geographical trends of the
straight segments of the crater rims and the rectilinear segments of 10 grabens, 8 lobate scarps
and 11 wrinkle ridges from the study area were
measured (Supratik Basu and others supplementary Ble.xlsx). Within the study area, a total of
163 orientation data from the 50 complex PICs,
114 orientation data from the straight segments of
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lobate scarps, 142 from wrinkle ridges and 99 from
grabens were measured. The trend data are plotted in trend vs. frequency line graphs with 10°
intervals of trend (Bgure 3). The trend data are
also plotted in orientation roses (Bgure 4). The
interval for the orientation–frequency rose diagram is taken to be 30° to reduce the minor
variations and to get a better perspective of the
weak planes on PICs. Both the graphs and orientation roses were used to correlate the orientation
of PIC rim segments with that of wrinkle ridges,
grabens and lobate scarps.

Figure 4. The frequency roses of (a) complex PICs, (b) lobate scarps, (c) grabens, and (d) wrinkle ridges constructed with 30°
intervals to get a broad idea on similarity between the trends of the rectilinear segments of the features.
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4. Results
The orientation–frequency rose diagram of the
wrinkle ridges of the area has prominent trends
approximately to NNW and NNE, with a median
direction of north–south. This is in tandem with
the rose diagrams of the PIC and grabens. The
orientation–frequency rose diagram of the grabens
shows a modal direction towards the East, with a
lateral spread from ENE to ESE (half–trend
direction cited). The orientation–frequency rose of
the lobate scarps almost closely match with that of
the wrinkle ridges, except that the south-easterly
trends are lesser in frequencies. The orientationfrequency rose diagram drawn from the straight
rims of the PIC mimics the ridges and the scarps to
some extent, differing only in the modal orientation, which is NE–SW.
In order to have a conclusive proof of the above,
i.e., the role of these tectonic structures for the
development of the PICs we prefer to do an F-test
with conBdence levels of a = 0.05, 0.025 and 0.01
(table 1a, b and c). The null hypothesis (H0) is
taken as the variations in orientations of the PIC
rim segments match with the variation of the
straight segments of wrinkle ridge/graben/scarps.
A perusal at the table where the calculated
F-statistic has been outlined shows that in each of
the conBdence levels stated above, the null

hypothesis becomes unacceptable for correlations
between PIC–wrinkle ridge and PIC–graben.
All these observations lead us to correlate the
building up of the complex PICs rims vis-
a-vis the
presence of tectonic structures in the area to some
qualitative extent.

5. Discussion
Comparing the frequency rose diagrams of PIC,
wrinkle ridge and graben with the F-test results we
infer:
The straight segments of the wrinkle ridge which
seem to contribute to the straight segments of the
PICs as per the orientation–frequency rose diagram do not stand the F-test at the three conBdence intervals.
The straight segments of the grabens which do
not contribute to the development of PICs from the
orientation–frequency roses are also attested by
the F-test.
On the other hand, the calculated F-value for the
PIC-Scarp combination for all conBdence levels
(table 1) implies that the null hypothesis stated
above gets accepted. This is in accordance with the
results of the orientation–frequency rose diagrams
and we infer that the scarps contribute to the
development of PICs.

Table 1. F-test conducted with conBdence level a = 0.5, 0.025 and 0.01.
N

df

(a) F-test conducted with conBdence level a = 0.5
PICs
163
162
Grabens
99
98
PICs
163
162
Scarps
114
113
PICs
163
162
W. ridges
142
141
(b) F-test conducted with conBdence level a = 0.025
PICs
163
162
Grabens
99
98
PICs
163
162
Scarps
114
113
PICs
163
162
W. ridges
142
141
(c) F-test conducted with conBdence level a = 0.01
PICs
163
162
Grabens
99
98
PICs
163
162
Scarps
114
113
PICs
163
162
W. ridges
142
141

F˙Calc

F˙Critical

Test result

1.318

1.35

Reject

0.864

0.754

Accept

0.649

0.765

Reject

1.318

1.35

Reject

0.864

0.714

Accept

0.649

0.727

Reject

1.318

1.542

Reject

0.864

0.671

Accept

0.649

0.684

Reject
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Figure 5. Trend vs. frequency graph of wrinkle ridges and PICs show negative correlations at the marked trends. A negative
correlation is also seen between the interval 141 and 150 degrees, but is ignored for the small difference between the frequencies.

To summarize the orientations of the scarps,
they do have a control on the development of PICs
but the orientations of the graben do not. The
wrinkle ridges in the area thus show contradictory
behaviour when analyzed by orientation–frequency
roses and F-test. To solve this mismatch, we intend
to look at the data at a greater resolution (in 10°
intervals, Bgure 3) than has been shown in the
construct of orientation–frequency roses (in 30°
intervals, Bgure 4).
Spike diagrams at intervals of 10° were drawn for
all these four morphological features (Bgure 3). A
perusal at Bgure 5, we Bnd there is a negative
correspondence of peaks between the complex PICs
and wrinkle ridges within the domains 11°–20° and
81°–90°. We infer that these variations within
these two domains have contributed to the rejection of the null hypothesis in the F-test performed.
However, these variations get suppressed when the
orientation–frequency rose diagrams were constructed with a 30° interval. The other possibility
of the mismatch between the PICs and wrinkle
ridges may also arise from the superposition relationship between the two. In an example, within
the south-western part of the area (200 km south of
Erythraea fossa), a wrinkle ridge is seen to overprint a PIC thereby cross-cutting the PIC
(Bgure 6). Such relationships may also have contributed to the anomalous relationship between the
PIC and wrinkle ridge.
The present study critically assesses the basic
assumption that whether the tectonic weak planes
present within the Martian crust do contribute to

Figure 6. In the southwestern part of the Margaritifer Terra
region, a wrinkle ridge is seen to cut through the PIC
suggesting wrinkle ridge formations may be younger than PIC
formations.

the development of straight rims of PICs. Our
analysis shows that straight rims of PICs have
developed very selectively from the available tectonic structures in the area. We, therefore, like to
conclude that proper statistical analysis needs to
be done for a critical appreciation of the control of
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weak planes on the development of straight rims of
PICs. This study therefore can be useful to detect
which of the morphotectonic features have proper
control on crater rim geometry and the formation
of complex PICs.
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