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Introduction: Recent studies of visible layering in 

the north polar layered deposits (NPLD) on Mars have 
advanced the field of optical stratigraphy through the 
correlation of individual layers and layer sequences 
across more than half of Planum Boreum [1, 2], the 
vertical zonation of layering based on dominant thick-
ness values [2, 3], and the construction of a strati-
graphic column of the upper several hundred meters 
[4]. In an attempt to date the deposits, vertical repeti-
tions of layer thicknesses have been speculatively at-
tributed to specific insolation cycles [2], however, the 
ability to tie layers to particular climate forcing 
mechanisms has been questioned [4, 5]. While optical 
methods are largely constrained to exposures in 
troughs and at deposit margins [1], additional informa-
tion on the internal structure and stratigraphy can be 
gained from the analysis of reflectors detected by the 
Mars Reconnaissance Orbiter (MRO) Shallow Radar 
(SHARAD) [6, 7]. 

Although both radar reflectors and visible layering 
are thought to be caused by varying dust/ice ratios [eg., 
8], the fields of radar and optical stratigraphy have so 
far remained isolated despite the potential for an inte-
grated data set. An initial correlation between optical 
layering and high resolution radar reflectors has been 
undertaken in the southern polar layered deposits [9], 
however, this study represents the first quantitative 
attempt to correlate the two stratigraphies through the 
gridding of multiple subsurface reflectors for the 
evaluation of layer characteristics, such as thickness 
recurrence, and comparison to three-dimensional opti-
cal layer geometry.  

Methods: Providing a comparison site (Fig. 1), 
multiple SHARAD observations coincide with the lo-
cation of previous studies of optical layering visible in 
a trough exposure near 87.1°N and 93.0°E [4, 10]. 
Subsurface reflectors adjacent to the exposure were 
visually correlated between transects and interpreted 
(Fig. 2) using seismic data analysis software. For each 
data point along each transect, three dimensional loca-
tions of the first surface echo returns were determined 
from echo location modeling in order to obtain more 
accurate reflector latitude, longitude and depth than 
could be calculated assuming nadir echo returns. This 
results in true subsurface reflector geometry. Interpola-
tion between corresponding reflectors from each tran-
sect resulted in gridded surfaces representing dielectric 
interfaces (Fig. 2). Slopes of the reflector surfaces 

were then determined, and elevation differences be-
tween subjacent reflectors, or “layers”, were tested for 
thickness recurrence with a k-means clustering analy-
sis. Using slope and elevation information, reflectors 
were extrapolated to the exposure about ~6 km away in 
order to be directly compared to visible marker bed 
elevations (Fig. 3).  

Reflector Geometry: We modeled 20 subsurface 
interfaces (Fig. 2), reaching a depth of 400 m, over an 
area of approximately 216 km2. The mean slopes of 
individual reflectors vary between 0.38˚ and 0.63˚. 
These values are consistent with the <1.3˚ dip of visi-
ble layers in the same trough found in another study 
[4]. 
 

 
 
Figure 1. SHARAD observations (diagonal lines) were 
chosen based on adjacency to an exposure of visible 
layering near 87.1°N and 93.0°E (trough at lower 
right). Locations of the first echo returns are displayed 
as points. 
 

Radar Layering: Internal radar layers show lat-
eral consistency in thickness, implying uniform deposi-
tion at local scales, with mean values of 13.0 - 37.9 ± 9 
m. Both random and patterned recurrences of layer 
thickness are statistically expressed as clusters, where 
the cluster means represent the most frequent thickness 

2372.pdf41st Lunar and Planetary Science Conference (2010)



values. We performed a k-means clustering analysis 
with five clusters to identify if radar layers and optical 
layers have similar thickness recurrences, which might 
indicate mutual response to a common layering 
mechanism. The strongest clusters in radar layering 
indicate frequent thicknesses of 12.2 m and 16.4 m, 
while slightly weaker clusters are present at 21.6 m, 
36.2 m and 28.5 m. The 36.2 m and 28.5 m radar layer 
recurrences agree with strong optical layer clusters of 
between ~ 23 – 36 m [2, 4]. The 28.5 m value is of 
particular importance, being nearly equivalent to the 
dominant optical layering thickness of ~ 29 m found 
by Fourier analysis [2] and 30.7 m marker bed separa-
tion (vertical distance from the bottom of one marker 
bed to the bottom of the marker bed above it [4]) found 
by clustering analysis [11]. The 12.2 m and 21.6 m 
clusters also reflect recurrences of 12.5 m and 21.0 m 
identified in optical layering [11]. Note that, consistent 
with analysis of optical layering [4], no pattern has 
been identified in the distribution of thickness values 
and that these values do not immediately constitute a 
response to climate cyclicity. 

 

 
 
Figure 2. (top) Twenty reflectors adjacent to the 
trough exposure at A’ were identified in eleven 
SHARAD observations and interpreted, which included 
correlating reflectors between observations (see Fig. 1 
for location and horizontal scale; vertical scale is for 
water ice composition). (bottom) Interpolation of ele-
vation between corresponding reflectors resulted in 
gridded surfaces (15 times vertical exaggeration). 
 

Layer Correlation: Of the thirteen marker beds 
and sixteen reflectors directly compared, there were 
seven instances of coincident elevations (Fig. 3). This 

indicates that, while unidentified variables remain, 
radar reflectance and optical layering correspond at 
times. 

 

 
 
Figure 3. Comparison of marker bed elevations [4] 
and extrapolated radar reflector elevations. Marker 
bed error bars represent separation distances (see 
text) with error, and reflector error bars indicate un-
certainty due to resolution. Where vertical and hori-
zontal error bars intersect, a correlation exists. 

 
Conclusions: Preliminary results suggest that 

there are significant points of agreement between radar 
and optical stratigraphies. Clustering analysis indicates 
that radar and optical layers share dominant thickness 
values and are therefore likely to be recording the same 
events of accumulation and erosion. Furthermore, di-
electric interfaces resulting in reflectors are often com-
parable in slope and elevation to optical layers. These 
similarities confirm that optical and radar strati-
graphies are genetically linked through a shared 
mechanism and strongly support the argument for a 
direct correlation. 
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