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Introduction:  A QCD is any depression of a 

quasi-circular shape evident in topographic data, 
whether or not the depression is evident in visible im-
agery.  Some QCDs, such as impact craters and circu-
lar graben, can be observed in Viking and MOC visi-
ble imagery.  Other QCDs have no structural represen-
tation in the visible imagery.  It has been suggested 
that these stealth QCDs represent buried impact craters 
[1,2,3,4].   

Topographic depressions will form over impact 
craters buried by a cover material that is differentially 
compacting because total cover thickness, and thus 
total percent compaction, is greater over the center of 
completely buried impact craters than over their rims 
[5].  The linear relationship of stealth QCD surface 
relief to diameter supports differential compaction 
models of formation [6].  If differential compaction is 
the process by which stealth QCDs form, then only 
areas of differentially compacting materials should 
have stealth QCDs.  Previous observations of specific 
areas of the lowlands were consistent with this hy-
pothesis [7]. 

Other work has established that there is a relation-
ship of surface relief to diameter for stealth QCDs 
around the Utopia Basin [6] and within Aciadalia and 
Isidis [8].  The slope of the trend of this relationship 
(hereafter referred to as trend slope) varies depending 
on cover thickness, becoming steeper with decreasing 
thickness [6, 8].   

The geographic distribution of stealth QCDs 7-100 
km in diameter throughout the northern lowlands is 
explored.  The geologic units as mapped by [9] are 
identified and it is determined which could differen-
tially compact.  QCD location is compared to geologic 
units and materials and it is observed that stealth 
QCDs are located only in those surface units where 
differential compaction is possible.  Evidence for rela-
tive thickness of cover material for different regions of 
the northern lowlands is also compared. 

Interpretation of Northern Lowland Materials:  
[9] defined nothern lowland material units and inter-
preted their origin and emplacement.  Which of these 
units could be differentially compacting is determined, 
as is in which units stealth QCDs are expected.   

Stealth QCDs are not observed in all of the units 
that should be susceptible to differential compaction.  
The following factors could affect the observation of 
stealth QCDs in regions where they are otherwise pre-
dicted.  Subsequent violent volatile release would most 
likely erase any stealth QCDs that may have formed 

(possible example: Unit Alc).  Stealth QCDs are 
unlikely to form over a crater if the differentially com-
pacting material covering it is too much thicker than 
the crater is deep (possible example: Unit Hch).  Un-
even deposition of cover material over a crater, such as  
thick deposition over one side and thin deposition on 
the other, will inhibit formation of an identifible stealth 
QCD.   Recognizable stealth QCDs are more likely to 
form if the differentially compacting material is depos-
ited evenly (possible examples: Units Hb1 and Hb2 ). 

Observations:  The geographic distribution of 
stealth QCDs 7-100 km in diameter throughout the 
northern lowlands is explored and their locations are 
compared to geologic units defined and mapped by 
[9].  Stealth QCDs are observed only in surface units 
that have been described as fine-grained sedimentary 
materials.  These are materials in which differential 
compaction is not only possible, but maximized.  All 
units are described in Table 1. 

As previously reported [6], 115 stealth QCDs are 
identified within ~1500 km of the center of the Utopia 
Basin (22° -60° N,  210° -270° W).  All of these QCDs 
are located in Unit AHvh.  Similarly, the 78 stealth 
QCDs identified in Acidalia Planitia (20°-60°N, 0-
60°W and the 17 stealth QCDs found in the Isidis Ba-
sin (0-30°N, 250°-290°W) are all located in Unit 
AHvh [8].  However, three stealth QCDs are located 
on the topographic saddle between the Isidis and Uto-
pia basins and could be associated with either Unit 
AHvh or Unit Hb2, depending on interpretation of the 
mapping.  Eighty-one stealth QCDs are identified 
north of Arabia Terra, from 30°-60°N, 270°-360°W.  
While two of these QCDs are located in Unit AHvm 
and another two are located in Unit Hb1, the majority 
are located within unit AHvh.  Forty-three stealth 
QCDs are identified in Arcadia Planitia, from 30°-
60°N, 150°-210°W: 39 in  Unit AHvh and the remain-
ing four in Unit Hb2.  Finally, 128 stealth QCDs are 
found in the North Polar Basin (north of 60°N), a ma-
jority of which are located within Unit AHvh.  How-
ever several are found in other units, including two  
located in Unit Hb2, one located in Unit AHvm, two 
located in Unit Hs and two located in Unit At. 

Trendslope Analysis: There are differences in the 
trend slope of stealth QCDs in the various distance 
contours around the Utopia Basin, as determined by 
[6].  Trend slopes steepen consistently with increasing 
distance from the center of the Utopia Basin.  Many 
researchers [e.g. 10, 11, 12, 13] have proposed that 
cover thickness should increase towards the center of 
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the Utopia basin.  The implication is that trend slope 
becomes steeper with decreasing cover thickness.  
Stealth QCD trendslopes are compared 1) in different 
regions of the lowlands, 2) at measured distances from 
the major lowland basins and 3) in different lowland 
units.  The resulting map of relative cover thickness is 
compared to other estimates of northern lowland cover 
thickness and an analysis is presented. 
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UNIT INTERPRETATION 
Symbol Name Description Differentially  

Compacting ? 
Not 
Dis-
rupted? 

Expect 
Stealth 
QCDs? 

HNu Highland material Resurfaced volcanic and sedimentary  rocks    
HNk Knobby unit Fractured, collapsed highland rocks    
Hb1 Boundary Plains 

Unit 1 
Deposited clastic material, collapsed or 
eroded from HNu , HNk 

Y maybe maybe 

AHl Older lobate  
material 

Lava flows  Y  

Hch Channel material Fluvial sediments, debris flows Y Y Y 
Hct Older chaos  

material 
Highland  and plains material disrupted by 
volatile discharge and collapse 

Y   

Hs Scandia unit Polar dust deposits or aeolian deposits of 
volcanic fines or deposits of fine-grained  
eroded HNu 

Y Y Y 

Hb2 Boundary Plains 
Unit 2 

Deposited clastic material, collapsed or 
eroded from HNu , HNk, Hb1 

Y maybe maybe 

VBF Vastitas Borealis Frm 
AHvh Hummocky member Outflow channel sediments Y Y Y 
AHvm Marginal member Brittle and viscous deformation due to 

near-surface volatiles 
Y   

Apl1 Polar layered  
deposits 1 

Eroded sand sea? Y Y Y 

Act Younger chaos  
material 

VBF materials disrupted by volatile dis-
charge 

Y   

At Tholi material Lava, mud or ice extrusions Y Y Y 
Am Meduae Fossae Frm Volcanic ash or aeolian sediment Y Y Y 
Alc Coarse lobate  

material 
Volcaniclastic flows mod-ified by violent 
magma/ volatile interaction 

Y   

Als1 Smooth lobate unit 
1 

Lava flows  Y  

Aa Apron material Deposits derived from ice-lubricated  mass-
wasting 

Y Y Y 

Als2 Smooth lobate unit Lava flows  Y  
Ah Hummocky material Aeolian dust Y Y Y 
Apl2 Polar layered  

deposits 2 
Water ice and dust  Y  

Ad Dune material Sand-sized particles Y Y Y 
Api Polar residual ice CO2 ice  Y  
 
Table 1. Northern lowland units and their descriptions, as defined by [9], and an evaluation of the likelihood of 1) differential 
compaction, 2) disruption and 3) the presence of stealth QCDs in each unit. 
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