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Introduction:  Unconformities were first recog-
nized in the polar layered deposits of Planum Boreum, 
Mars, from Viking mission data [e.g., 1]. More recent-
ly, unconformities are increasingly important markers 
for unraveling the formational history of Planum Bo-
reum troughs [2], and the geologic evolution of the 
polar plateau and the polar layered deposits during the 
middle Amazonian [3,4]. 

Using the Mars Reconnaissance Orbiter (MRO) 
Context Camera (CTX) images (~6 m/pixel), we lo-
cated the exposed angular unconformities and identi-
fied several disconformities within the polar layered 
deposits on Planum Boreum. The unconformities pro-
vide insight into the Late to Middle Amazonian depo-
sitional and erosional history of material on the polar 
plateau. The location and density of these exposed 
unconformities suggest geographical and topographic 
controlled preferential erosion of the north polar 
layered deposits. The existence of unconformities in 
Planum Australe suggests a similar erosional history. 

Dataset: The CTX camera provides ~6 m/pixel 
resolution in a ~28 km wide, variable length, visible 
range (0.5–0.7 µm) image [5]. To date, the camera has 
returned nearly full coverage (~99%) of Planum Bo-
reum. The coverage estimate does not include those 
images acquired during the northern winter (image 
designations beginning P13 through P19) where sea-
sonal ice and frost subdue and/or atmospheric effects 
obscure the surface features. Each of the ~1,000 im-
ages was processed using USGS Integrated Software 
for Imagers and Spectrometers (ISIS) and projected 
into a Polar Stereographic projection. We used the 
Geographic Data Abstraction Library (GDAL) open 
source software to convert the level-2 map-projected 
images to GeoJPEG2000 format. Layering, ordering, 
and mosaicking were done in GlobalMapper. The mo-
saics were tiled into 90º polar quadrants for ease of 
display, using the MOLA 115 m/pixel gridded product 
for the southern extent of the tiles (fig. 1).  

The resulting product provides ~99% coverage of 
Planum Boreum at ~6.2 m/pixel (equivalent to the 
lowest resolution image in the mosaic), but are uncon-
trolled, and the individual strips and tiles are not tone 
matched. However, the pointing on MRO is accurate 
enough for mapping purposes (most images within a 
few pixels of each other), and the albedo of the resi-
dual ice provides a reasonably consistent value from 
which to stretch the 8-bit mosaics. 

 
Fig. 1. CTX mosaic (~6.2 m/pix) of Planum Boreum, over-
lain on MOLA color shaded-relief (~115 m/pixel). The 308 
unconformities are shown in red. 
 

Methodology:  We used a GIS to load and display 
the CTX mosaics together with geologic information 
from [5]. We employed a systematic approach to map-
ping unconformities which included (1) relocation of 
previously mapped unconformities using Mars Orbiter 
Camera (MOC) data [6], (2) inclusion of unconformity 
locations from peer-reviewed journal articles [e.g., 7], 
and (3) using the geologic units, specifically the Pla-
num Boreum 1 (PB1) unit [3,4], to check outcrops of 
this unit within the polar plateau. 

Observations: Morphology: We mapped 308 un-
conformities in the PB1 unit ranging from ~650 m to 
~114 km in length. The mean length is ~16 km, with 
219 of 308 being 5 – 30 km.  Most unconformities are 
angular with older strata truncated against the intra-
unit contact. Disconformities are bounded on at least 
one end (and sometimes both ends) by angular uncon-
formities with a continuous traceable surface in-
between. Unconformities do fluctuate between angular 
truncations of older bedding and sections where it ap-
pears conformable (disconformity). Not all troughs 
have angular unconformities but this doesn’t exclude 
the presence of unmapped disconformities. Also, some 
unconformities may be mantled. Many troughs contain 
multiple unconformities that intersect and truncate 
each other (fig. 2a). Others are stacked but do not trun-
cate each other, but separate discrete packages of 
layering (fig. 2b). 
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Location: The latitude of the unconformities central 
points range from 78.6ºN to 87.1ºN, with the average 
latitude ~81.7º. The elevation of the central points of 
the unconformities ranges from -5020 m to -2609 m, 
with the average elevation ~-4060 m. The highest den-
sity of unconformities is along Gemini Scopuli (227). 
Unconformities are also present in Boreum Scopuli 
(57) but are visibly less dense than Gemini Scopuli. 
Other small populations are present on the south-facing 
walls of Chasma Boreale (16) and Abalos Scopuli (8). 
The density decreases towards the pole.  

 

Table 1. Summary of unconformity information 
Range Mean

Length ~650 m - ~114 km ~16 km

Elevation -5020 m - -2609 m -4060 m

Latitude 78.6°N - 87.1°N 81.7°N
 

 

Discussion: The maximum length of an unconfor-
mity is dictated by the length of the troughs in which 
they are present. The significance of the 5 – 30 km 
grouping indicates that most unconformities do not 
span the full length of the troughs, but have laterally 
limited expressions at or near trough terminations. 
Some unconformities do occur in the middle of the 
troughs, tend to be present in the longer troughs, and 
have larger spans of apparent conformability. The an-
gular unconformities occur over all size ranges, but 
disconformities are typically longer, dependent on 
trough size, because they connect two, marginal angu-
lar unconformities. 

The mean latitude and elevation correspond to 
higher densities within Gemini Scopuli. These troughs 
are distributed from ~78.5 ºN to ~83ºN and contain 
227 of the unconformities including most of those with 
average to lower elevation ranges. The Boreum Scopu-
li troughs contain less unconformities, lie at latitudes 
between ~82ºN and ~87ºN, and have average to higher 
elevations. There appears to be a correlation between 
the preserved erosion record in the middle Amazonian 
PB1 unit and lower latitudes and elevations of the ma-
terial being eroded.  

Tanaka, et al. [4] discussed a regional unconformi-
ty that exists in the Planum Australe 1 (PA1) unit, 
which is roughly equivalent in age and depositional 
style to the PB1 unit. The layering of PA1 is more 
widely exposed than that of the PB1 allowing for more 
extensive and continuous mapping of the outcrops, and 
subsequent mapping of a regional unconformity.  Cur-
rently, we are unable to link discrete unconformities 
into a regional surface on Planum Boreum, but this 
may be due to obscuration by Late Amazonian depo-
sits. The stratigraphy in PB1 is limited to the trough 
outcrops and is buried by inter-trough materials 
(younger layered deposits and residual ice), which 

makes it difficult to link unconformities, even in adja-
cent troughs. These discrete unconformities could also 
indicate that Planum Boreum underwent localized ero-
sion, and in areas where there are stacked unconformi-
ties, multiple episodes of erosion during the middle 
Amazonian.   

 
Fig. 2. (A) Portion of the CTX mosaic showing multiple 
stacked, intersecting and truncating unconformities (red) in 
the PB1 unit. (B) Stacked unconformities (red) separating 3 
layer packages within the PB1 unit. 
 

Future Applications: The unconformities mapped 
in this study are linear representations of erosional 
surfaces within the layering. These features can be 
used as surficial tie-points for subsurface mapping 
using SHARAD radar data. As radargram processing 
techniques improve, integrating subsurface and surface 
geology will become an important method for inter-
preting the overall geologic history.  

Additionally, the CTX coverage has made it feasa-
ble to begin coarsely mapping the stratigraphy of the 
polar troughs. This type of stratigraphic map could 
make it possible to quantitatively evaluate erosion and 
deposition on Planum Boreum. 
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