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     Introduction: During the first 100 sols of the Mars 
Science Laboratory (MSL) rover Curiosity mission in 
Gale Crater the Dynamic Albedo of Neutrons (DAN) 
instrument conducted 58 measurements in the active 
mode and 113 measurements in the passive mode [1, 
2]. Based on both modes of measurement it was found 
that the thermal and epithermal neutron counts values 
measured along the rover traverse show distictive vari-
ability from one rover location to another [1, 2]. Such 
variability in neutron counts may be caused by both 
inhomogeneity of the hydrogen content within the sur-
face soil layer [1, 2] and the presence in the martian 
soil of such elements as Cl and Fe, which have a high-
er thermal neutron absorption cross-section than other 
elements [3, 4]. To understand what possible factors 
are responsible for observing variability in the thermal 
and epithermal neutron counts values, we analyzed the 
correlation of DAN active measurements with the local 
diversity of surface micro-morphology and regolith 
texture along the rover Curiosity traverse. Here we 
present the preliminary results of such analyses.  

Surface types along the rover Curiosity trav-
erse: As is well seen from HiRISE image 
ESP_028335_1755, the landing site area of the MSL 
rover represents, in general, a slightly hummocky and 
wavy plain inclined to the east. The elevation of the 
plain along the rover traverse decreases by ~15 m from 
the landing site (Bradbury Landing) to the point 
known as “Glenelg”. Locally, on the plain surface, 
spots of harder rock outcrops (with a size from tens of 
meters down to one meter) are seen among the coarse 
surface regolith. This means that the thickness of the 
surface clastic material layer along the rover traverse 
most likely varies from place to place from the first 
few centimeters up to one meter or more in local shal-
low depressions. A map of the different surface types 
within the rover Curiosity landing site area (Figure 1) 
was compiled based on the HiRISE image 
ESP_028335_1755. As a base for the map of surface 
types, we paid attention to the degree of surface rug-
gedness with a linear scale equal to (and more than) 
the size of the rover. Within the landing site area, 

twelve surface types have been outlined: 1- cracked 
surface of old sedimentary rock outcrops (light lower 
sequence); 2- cracked surface of old sedimentary rock 
outcrops (light middle sequence); 3- cracked surface of 
old sedimentary rock outcrops (light upper sequence); 
4- cratered smooth surface; 5- roughly eroded slanting 
surface; 6- knobby rolling surface; 7- flat and smooth 
surface; 8- rough and rocky surface; 9- hummocky 
surface with pit and mound structure; 10- gently fur-
rowed surface; 11- gently rolling smooth surface; 12- 
craters and closed depressions.  

 

 
Figure 1. The map of the surface types (see text) along the 
rover Curiosity traverse from Bradbury Landing to Glenelg. 
Background – HiRISE image PIA16148. 

DAN quicklook parameters used for analysis: 
In searching for a correlation of the DAN active meas-
urements with local diversity of the surface micro-
morphology and regolith texture, we used so-called 
“quicklook” (QL) parameters [1, 2] created for an ini-
tial analysis of the data: QL1- this parameter character-
izes the thermal neutrons and is sensitive to both water 
content in the soil (more counts = more water) and 
content of such absorbing elements as Cl and Fe (less 
counts = more abundance of these elements); QL2- 
this parameter is more oriented towards water detec-
tion from the epithermal neutrons (lower value = more 
water); QL3- this parameter represents the ratio be-
tween thermal and epithermal neutrons counts and will 
significantly increase when the the thermal neutron 
count increases and the epithermal neutron counts de-
creases. 
     Preliminary results: Observing variations of the 
QL1, QL2 and QL3 parameter values versus the dis-
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tance along the traverse of the rover Curiosity (from 
Bradbury Landing to Glenelg) is shown in Figure 2. 
The extent of the five surface types (5, 6, 8, 9 and 11 
types) crossed by the rover during the 100 sols is 
shown in the lower part of the plots. As one can see 
from Figure 2a, there is a distinct correlation between 
the variability of the QL1 and QL3 parameters values 
and the surface types: the values of the parameters are 
 

 
Figure 2. Variability of the DAN quicklook parameters QL1 
& QL3 (a) and QL1 & QL2 (b) versus distance along the 
rover Curiosity traverse. The extent of the mapped surface 
types crossed by the rover Curiosity along its traverse is 
shown below the plots. Vertical bars = measurement uncer-
tainty. 
notably less within surface types 11 and 5 and higher 
within surface types 9, 8 and 6. At these locations, the 
correlation of the QL2 parameter with surface type is 
less noticeable. During two parts of the rover Curiosity 
traverse (0-230 m and 320-400 m) all three quicklook 
parameters are characterized by a similar trend in their 
indication of water content variability (increas-
ing/decreasing). Another tendency is observed at the 
distance range ~230-320 m of the rover traverse; here, 
the QL1 parameter indicates a gradual decrease of wa-
ter amount in the surface regolith layer, while the QL2 
parameter indicates the gradual increase of water 
amount. Because the parameter QL1 is also sensitive 
to the content of such absorbing elements as Cl and Fe 
in the soil, and the parameter QL2 is not sensitive to 
the elements, the most reasonable explanation for such 
a discrepancy between the parameters may be an in-
crease in the Cl or Fe content in the surface regolith 
within this range. Analysis of the rover Curiosity’s 
Hazcam and Navcam images show that the surface 
along the rover traverse is composed mostly of a 
coarse mixture of sand, pebbles, gravel and stones of 
shattered rock. The images also show that the present 
surface of the rover traverse area has been formed 
mainly by wind deflation, which is confirmed by both 
the widespread presence of desert pavement and the 
absence, mostly, of aeolian drift material and ripples. 
Distinct evidence of wind abrasion of surface stones 
(in the form of ventifacts) is also seen in many places 
along the rover traverse. At those places, local differ-
ences in the degree of wind deflation result in the for-

mation of lag deposits with a variable average size of 
stone fragments (gravel) as indicated by alternating 
places with larger and smaller gravel sizes in the lag 
deposits (Figure 3). Examination of Hazcam and 
Navcam images show that the rover’s wheel footprints 
along the traverse have a different shape, being either 
very shallow or much deeper. Such differences are 
more likely related to different compactibility of the 
surface soil layer due to various concentrations of rock 
clasts embedded in (or covering) the surface soil. It 
cannot be excluded that a weaker-packed surface soil 
layer is thicker as opposed to hard-packed soil layer; 
thus, it looks as if the changeable character of the re-
golith texture along the rover traverse serves as indi-
rect evidence of a possible diversity in the interior 
properties of the surface regolith layer (for example, 
vertical and horizontal changing of the regolith den-
sity) and its thickness variations. Variations of the sur-
face regolith texture along the traverse may also be 
responsible for observations in variability of thermal 
and epithermal neutrons counts measured by the DAN 
instrument. 
 

 
Figure 3. Examples of the alternation of places with larger 
and smaller gravel sizes in the lag deposits (and outcrops) 
along the rover traverse during Sols 38 and 40. Images: 
NRA_401051698EDR_F0040916NCAM00424M_jpg (a) and 
NRA_400871566EDR_F0040404NCAM00409M_jpg (b). 
      Summary: Preliminary results of our analysis in-
dicate that the observed variability of thermal and epi-
thermal neutron counts found during the first 100 sols 
of the rover Curiosity may suggest a diversity of both 
the traversed surface micro-morphology and horizontal 
and vertical inhomogeneities in the surface regolith 
layer. Further, more detailed, analysis of Navcam and 
Hazcam images will improve our understanding of the 
vertical structure of the surface regolith layer that is 
important for modeling of the DAN measurements.  
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