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Introduction:  The northern plains of Mars con-
tain a number of unique landforms and are unique in 
terms of their topography and composition [1,2].  
Much of the speculation about the northern plains cen-
ters on whether there was ever a northern ocean, and if 
there was, was it long-lived or ephemeral?  The north-
ern plains also hosts the Vastitas Borealis Formation 
which has been variously interpreted as the residue 
from a northern ocean [3], and pre-existing material re-
worked by cold-weather processes [4].  In this work 
we examine a set of unusual features resident on the 
northern plains, the pitted cones originally recognized 
in Viking data [5].  Our focus is on the pitted cones in 
Acidalia and Cydonia regions.  The pitted cones of the 
northern plains have been hypothesized as being 
equivalent to terrestrial cinder cones [6], rootless cones 
[5], pingos [7,8], and mud volcanoes [9]. 

Data and Description of Pitted Cone Properties: 
To examine the Acidalia and Cydonia regions, multis-
pectral data from the Mars Odyssey THEMIS, gridded 
topography from Mars Global Surveyor (MGS) 
MOLA, images from MGS MOC, and mineralogic and 
thermal inertia information from MGS TES have been 
assembled in a Geographic Information System. 

Analysis of MOC Narrow Angle camera images 
and THEMIS Visible camera images reveals that there 
are two primary morphologic classes of pitted cones in 
Acidalia and Cydonia.  One class has hills with a cone-
like morphology (Fig. 1a) and the other has hills with 
more of a dome-like morphology (Fig. 1b).  As is indi-
cated in Fig. 2, the more cone-like features reside pri-
marily south of 40o30’ north while the more dome-like 
features are found primarily north of that latitude oc-
curing primarily on fractured plains (split by giant 
polygons [10]) It has been previously noted that pitted 
cones in Acidalia have apparent thermal inertias that 
are low relative to the background [8].  This is very 
apparent in nighttime THEMIS mid-wave infrared 
images (Fig. 3).  This is true more for the northern 
domes than for the southern cones.  The northern 
domes also are higher in albedo than the surrounding 
plains (MOC NA I/F of 0.115 for the domes and 0.1 
for the plains) while the southern cones are generally 
comparable in albedo to their surroundings (MOC NA 
I/F of 0.15).  The northern domes have average basal 
diameters of approximately 0.75 km and the southern 
cones average approximately 0.45 km.  The northern 
domes can have multiple summit pits (or no pit) and 

the southern cones generally have a single, larger 
summit pit. 

Extraction of quantitative thermal inertia informa-
tion from the THEMIS data is currently under investi-
gation [11].  For this study, values of thermal inertia 
were derived from portions of the northern plains us-
ing a 20 pixel per degree thermal inertia image derived 
from TES data [12].  Estimates of pitted cone thermal 
inertia values were derived by matching the relative 
gray level of the surrounding plains in the nighttime 
THEMIS images and the TES thermal inertia map, 
then locating equivalent gray levels for the cones and 
regions with equivalent gray level in the TES thermal 
inertia map.  Based on this approach the range of 
thermal inertia for the southern cones (as observed 
over several THEMIS scenes) is between 210 and 240 
Jm-2s-1/2K-1 and that of the northern domes is between 
190 and 210 Jm-2s-1/2K-1.  These thermal inertia values 
are between those of basaltic fine dust and sand [13]. 
Thermal inertia values of the plains surrounding these 
features are between 220 and 250 for the southern fea-
tures and 268 and 336 Jm-2s-1/2K-1 for the northern (in 
many instances fractured) plains.  The thermal inertia 
values of the northern fractured plains are closer to the 
basaltic sand value while those of the more southerly 
smooth plains are in the same approximate range as 
that of the pitted cones. 

Discussion and Conclusions:  Characteristics of 
the southern cones such as their cone-like morphology, 
their larger summit pits, and occurrences of elongated 
aprons (Fig. 1a) suggest that they were produced by 
energetic volcanic eruptive processes.  The northern 
domes are more enigmatic.  They could be pingos (ice-
cored domes) as was earlier hypothesized [8] or the 
result of a lower energy eruption process.  The latitu-
dinal separation of northern and southern cones is 
deemed significant, but its cause is still unknown.  The 
lack of flow features and thermal inertias more consis-
tent with sand than cinders or spatter makes the south-
ern cones unlikely to be cinder or rootless cones.  They 
are potentially uncemented tuff cones or mud volca-
noes.  The northern domes more closely resemble pin-
gos or lower energy eruptive features such as mud 
volcanoes. 
References: [1] Bandfield J. et al. (2000) Science, 
287, 1626. [2] Head J. et al. (1999) Science, 286, 
2134. [3] Kreslavsky M. and Head J. (2002) JGR, 
107(E12). [4] Tanaka K. et al. (2003) JGR, 108(E4). 
[5] Frey H. and Jarosewich M. (1982) JGR, 87, 9867. 

Lunar and Planetary Science XXXV (2004) 1928.pdf



[6] Wood C. (1979) PLPSC 10, 2815. [7] Lucchitta B. 
(1981) Icarus, 45, 264 [8] Farrand W. and L. Gaddis 
(2003) 6th Mars, Abstract #3094. [9] Tanaka K. (1997) 
JGR, 102, 4131.[10] McGill G. and Hills L. (1992) 
JGR, 97, 2633. [11] Fergason R. and Christensen P. 
(2003) LPS XXXIV, #1785. [12] Mellon M. et al. 
(2002) ) LPS XXXIII, #1416. [13] Mellon M. (2001) 
TES data workshop. 

Acknowledgements: This work was supported by 
NASA Office of Space Science Mars Data Analysis 
Program grant NAG5-10577. 

 

 
Figure 1a. Pitted cones of east central Acidalia.  From 
MOC image E2000551. Scale bar is 200 m 

 

 
Figure 1b. Representative pitted dome of northern 
Acidalia.  From MOC image M0306847. Scale bar is 
200 m. 
 
Figure 2 (below). Subsection of MOC WA mosaic 
mc-04 covering Acidalia, rotated so north is to the left. 
Red circles indicate locations of northern domes and 
yellow asterisks indicate southern cones within 

THEMIS Vis and MOC NA images examined in this 
study. 

 
 

 
Figure 3.  Subsection of nighttime THEMIS scene 
I04638003 centered at approximately 45o N, 12o W.  
Dark circular patches are pitted northern domes.  Scale 
bar is 10 km long. 

Lunar and Planetary Science XXXV (2004) 1928.pdf


