
Fig. 1: Top left, Korolev and the SHARAD tracks used to 
map reflectors in this study.  Red line shows location for bot-
tom radargram.  Top right, context map for Korolev in rela-
tion to Mars north pole, black box surrounds Korolev.  Bot-
tom left, SHARAD radargram FPB_2158201000 containing 
numerous radar reflectors at depth within Korolev.  Note that 
2.5 µs is ~ 422 m in water ice.  Bottom right, clutter simula-
tion for the shown radargram, necessary for picking reflec-
tors that are not off-nadir surface reflectors. 
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Introduction:  Korolev is a large (~84 km diame-

ter) impact crater located at 73o N, 164o E, near the 
north pole of Mars (Fig. 1). A 3.1 km estimate for 
Korolev's unfilled depth was obtained using a region-
ally tuned depth-to-diameter ratio [1].  

Within Korolev is a convex mound of layered ma-
terial that may contain valuable information about 
Mars' past climate [1-3].  Thermal infrared experi-
ments have shown this deposit to be consistent with 
either water ice or a dominantly water-ice regolith [2]. 
Subsequent radar investigations of Korolev revealed 
that the lobate mound of icy material is very thick.  
Subsurface reflectors were noted at depths of nearly 2 
km [3].  In addition to information concerning the cur-
rent and past distribution of polar ice, its stratigraphy 
can contain a signature of previous climate epochs [4].  

Investigation of this stratigraphy and careful analysis 
of its relationship to surrounding ice deposits is there-
fore crucial to deciphering paleoclimate. 

As recent radar studies have pointed to an inde-
pendent aeolian origin for other circum-polar cap for-
mations [5], it is desirable to analyze Korolev using the 
same techniques to search for any similarities that may 
link Korolev and the north polar layered deposits 
(NPLD). Prior radar examinations only resulted in a 
few 2-d sections of Korolev's stratigraphy [1,3]. 

While this work does not challenge the atmospheric 
deposition scenario as proposed for Korolev [1], it 
provides an in-depth analysis of Korolev's three-
dimensional stratigraphy using many crossing observa-
tions.  This analysis lends quantitative support to the 
convex deposit’s atmospheric origin and localized 
growth, negating an origin from a more extensive, 
former ice sheet.  This work also compares Korolev's 
stratigraphic signature to the NPLD, finding striking 
similarities that likely represent a common climate 
signal captured in both deposits.  With these findings, 
we aim to further unify regional north polar deposits 
including those lacking a physical attachment to the 
NPLD. 

Methods:  Data from the SHAllow RADar 
(SHARAD) onboard Mars Reconnaissance Orbiter 
(MRO) was used to analyze subsurface stratigraphy in 
Korolev.  SHARAD is a sounding radar centered at 20 
MHz with a 10 MHz bandwidth [6], yielding a theo-
retical vertical resolution of ~8.4 m in water ice and a 
horizontal resolution of 0.3–1 km along track and 3-6 
km across track [6]. 

Mapping of the radar data was accomplished using 
the commercial seismic data software Landmark.  This 
allowed us to use crossing radar orbits to consistently 
map radar reflectors across multiple radargrams.  Ad-
ditionally, this software helped alleviate difficulties 
with vertical alignment of crossing radar orbits, a result 
of differing ionospheric delay, by means of an easily 
applied mis-tie algorithm.  Clutter simulations were 
used to discriminate true subsurface echoes from off-
nadir surface reflections (Fig. 1). 

Interpretations were exported from the seismic en-
vironment and imported into ESRI GIS software for 
gridding, as well as display manipulation in both 2-d 
and 3-d environments.  Additionally, volumetric calcu-
lations on the gridded data were performed in the ESRI 
work environment. 
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Fig. 2: Left, SHARAD radargram FPB_2158201000 with 
mapped radar reflectors (others were identified as surface 
echoes).  Right top, a 3-dimensional view of the interpreted, 
depth-corrected, radar reflectors in Korolev at 20x vertical 
exaggeration.  An additional 200 m has been inserted be-
tween each layer to aid in visualization.  Uppermost horizon 
in grey corresponds to the surface; all other horizons are 
shown with unique color schemes to highlight reflector varia-
tion.  Orange is high and white low.  Lower right, same 3-
dimensional view of radar reflectors but with one single color 
scheme across all reflectors.  (The additional 200 m between 
layers does not alter the elevation legend.) 

Results and Discussion:  Korolev contains multi-
ple irregularly spaced, mappable radar reflectors reach-
ing one-way time delays of ~11 µs below the surface, 
or approximately 1.8 km depth assuming a water-ice 
composition.  Given the extremely low-loss properties 
implied by these reflector time delays, the polar loca-
tion, thermal observations [2], and similarities to the 
NPLD (described below), we believe this to be a valid 
assumption.  Conservative volumetric calculations 
indicate that ~ 1,580 km3 of ice-rich material is there-
fore present in Korolev.   

The pattern of radar reflectors within Korolev is 
similar to those observed in the NPLD where verti-
cally-confined regions of dense and bright radar reflec-
tors exist, bounded by zones lacking clear reflectors 
[7].  There is an ~700-meter-thick zone that lacks radar 
reflectors directly beneath the shallow, bright reflector-
rich region (Fig. 2).  While this magnitude of reflector 
gap is not repeated, there are at least two additional 
sections within Korolev's stratigraphy that exhibit a 
similar trend: bright reflector rich zones followed by 
zones lacking radar reflectors. 

While it would be unwise to attempt a one-to-one 
correlation of radar zones between NPLD and Korolev, 
there exists a striking similarity between their upper 
portions.  The same pattern seen at two independent 
yet nearby locations is indicative, and likely represen-
tative of, coeval deposition influenced by regional cli-
matic conditions.   

On the other hand, microclimate has clearly influ-
enced Korolev's stratigraphy.  The influence of solar 
ablation along the south-facing slope is apparent in all 
but the deepest layer (see Fig. 2).  The reflectors con-
sistently dip and thin southward, where solar ablation 
would be greatest.  Additionally, deposition favored 
the northern crater wall, as the deposit is thicker in this 
region.  These trends are consistent with atmospheric 
deposition of volatiles in Korolev, as influenced by 
solar ablation and local conditions.  The attitude of 
radar reflectors changes very little through time, and 
the broad scale morphology remains remarkably con-
sistent in Korolev.  Small changes in reflector slope, 
the center of deposition, and general mound growth 
can be noted, but the deposition appears markedly 
steady with respect to the crater. 

Conclusions:  A detailed radar analysis of Korolev 
has indicated a strong likelihood that the uppermost 
reflectors in Korolev are coeval with the uppermost 
layers of NPLD.  Furthermore, it may be possible to 
more definitively link the Korolev reflectors to those 
within the NPLD via further analysis of reflector 
stratigraphy.  Korolev's stratigraphy shows surprising 
consistency throughout its deposition.  Layer trunca-
tions do exist and periods of non-deposition may exist, 

but no major shift in depositional pattern appears.  
Overall, the radar reflectors in Korolev are very consis-
tent with regional NPLD radar trends, a surprising dis-
covery. 

Future work will use this stratigraphic reconstruc-
tion as input to atmospheric models as a means of as-
sessing the role of solar ablation and katabatic winds in 
the evolution of Korolev's domed deposit.  We will 
take an approach similar to one applied to Gale crater 
[8] combined with mesoscale modeling as applied to 
other circumpolar deposits [5] in order to model the 
evolution of Korolev and further scientific understand-
ing of this region. 
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