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Introduction:  As the Mars Science Laboratory 

(MSL) rover continues to ascend Mount Sharp, it has 
encountered more extreme local topography (e.g., 
cliffs, gullies, canyons with slopes > 30°+), and has 
enabled the possibility of investigating the influence of 
local-scale topographic features on Dynamic Albedo of 
Neutrons (DAN) instrument passive neutron count 
rates. Local topography has been shown to influence 
simulated DAN passive measurements both near and 
up to ~10 m distance from the detectors [1]. Here, we 
report on preliminary results from a set of DAN active 
measurements taken at ‘Maria Gordon Notch’ and 
compare to simulations to understand the effect of 
nearby vertical relief features on DAN active data and 
derived geochemical parameters (i.e., ‘water-
equivalent-hydrogen’, WEH, and neutron absorption 
cross section, Sa). 

Methods: DAN is an instrument on the MSL rover 
that measures hydrogen abundance in the subsurface 
via active and passive measurements. DAN active 
experiments use a Pulsed Neutron Generator (PNG) 
that emits fast neutrons in all directions and two 
detectors that measure the returning epithermal and 
thermal neutrons over 100,000	µs after each PNG pulse 
[2]. The resulting neutron counts are co-added in 
discrete time intervals between each PNG pulse to 
produce neutron die-away curves, the shape of which 
are used to interpret the hydration abundance and the 
thermal neutron absorption cross section distribution 
with depth in the subsurface [3,4]. 

Simulations. We used the Monte Carlo N-particle 
transport code (MCNP6) to simulate DAN active 
measurements on the surface of Mars. Our simulations 
were performed with the DAN detectors 80 cm above 
the surface with the detector long-axis parallel to the 
vertical face of the topographic feature. The 
composition of the surface was defined as a crust and 
mantle mixture [5]. Surface geometry, subsurface 
WEH (an equivalent water abundance translated from 
a measured abundance of hydrogen, assuming all 
hydrogen is in water), and detector distance from 
topography were varied for each simulation. WEH was 
varied in both the floor and the wall material 
uniformly. Background neutron counts from galactic 
cosmic ray sources were not included in these 
simulations so the effect of topography alone could be 
observed in the DAN active time bins. 

The first geometry simulated was a flat surface 
geometry (“floor”), and the surface composition was 
varied by increasing WEH between 1.9-6.9 wt.% in 
steps of 1 wt. % WEH. 

The second geometry was a flat surface with a 6-m 
vertical “wall”. The composition of the floor and the 
wall were varied together between 1.9-6.9 wt.% WEH 
in increments of 1 wt.% WEH. For each WEH value, 
the detectors’ distance from the wall was varied 
between 1-9 m in steps of 1 m (i.e., at each distance 
from the wall, the WEH content of the wall was 
varied). 

Sols 3318-3326 Measurements. On Mars, a 
dedicated set of DAN active measurements at a 
location named ‘Maria Gordon Notch’ were acquired 
to test the influence of nearby topography on neutron 
die-away (Figure 1). DAN active measurements were 
acquired at each of two distances, ~4.7 m and ~5.7 m, 
from the cliff face.  

 
Figure 1: MSL’s closest approach to the cliff face in 
‘Maria Gordon Notch’ from the MSL OnSight tool 
looking toward the south. Rover is to scale. 
 

Results and Discussion: Simulations. The flat 
surface thermal neutron die-away curves each have a 
single peak in the early time bins, and the magnitude of 
the peak increases as WEH increases. By 3000 µs, all 
die-away curves return to the baseline background 
thermal neutron count rate. 

Similarly, the wall geometry simulations feature 
single peaks in the early time bins. In the bins 
surrounding the initial peak at 614 µs, all wall 
simulations have higher counts than the flat surface 
simulations and counts reduce to background after 
6000 µs. When we take the difference between the 
wall counts and the flat surface counts, we find that the 
additional counts due to the wall form a later, 
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secondary peak overlapping the primary peak (Figure 
2). 

Our simulation results show that this secondary 
thermal neutron die-away peak is sensitive to distance 
from a topographic feature up to ~7 m. The secondary 
peak is also sensitive to hydration abundance and has a 
larger magnitude with increasing WEH. Therefore, 
from simulations, we predict that hydrated topography 
within 7 m of the detectors can influence measured 
active (i.e. PNG sourced) thermal neutron counts, and 
that DAN active measurements might be used to 
investigate the hydration of nearby, hydrated, 
topographic features.  

Sols 3318-3326 Measurements. Preliminary 
analyses of DAN active measurements show that the 
‘Maria Gordon Notch’ data appear consistent with our 
models. There is an increase in counts for the closer 
measurement throughout the die-away curve as 
compared to the further measurement (Figure 3). In the 
5 bins between 614-1135 µs after the PNG pulse, there 
is an average 16% increase in thermal neutron counts 
between the DAN measurements made at 6 m and 5 m 
distance from the wall. A ~16% difference across the 
same time bins is consistent with an increase of 1 wt.% 
WEH within a wall at 5 m. For these same bins in our 
simulations, as the detectors move from 6 m to 5 m 
from a vertical wall, there is an average increase in 
thermal neutron counts of only 1%. Therefore, the 
magnitude of the increase in DAN thermal neutron 
counts was observed to be significantly greater than 
what we would predict from simulations in which 
DAN moves 1 m closer to a wall where the hydration 
of the floor and wall were equivalent. The composition 
of the floor materials at the 6 m and 5 m locations did 
not change substantially, therefore, this preliminary 
analysis suggests that the difference between the 
‘Maria Gordon Notch’ die-away curves may be 
primarily influenced by variable hydration between the 
wall and the floor. In addition, neutrons arriving earlier 
than ~600 µs appear to be elevated for the 
measurements acquired at 4.7 m vs. 5.7 m. The 
western face of ‘Maria Gordon Notch’ was not 
perfectly vertical, and 4.7 m represents the distance 
from the wall to the DAN detectors. The lower portion 
of the wall extends closer to the rover and is only ~2 m 
from DAN. Future analysis will include a more 
realistic representation of the local topography in 
MCNP6 and will determine the contribution of 
hydration versus topography to the difference in die-
away curves at each distance from the wall. 

This work demonstrates the potential value of time-
resolved neutron measurements on future missions, 
like the upcoming NASA Dragonfly mission to Titan, 
that have the ability to acquire time-resolved surface 

neutron data with a pulsed neutron generator. 
Importantly, these simulations suggest that DAN active 
measurements of nearby hydrated topography can be 
explored as Curiosity continues to traverse up Mount 
Sharp. Specifically, within the high relief terrain of the 
sulfate bearing unit where there is evidence that the 
sulfate-rich material may contain substantial 
enrichments of water, with a relatively less hydrated 
and well characterized basaltic sandstone caprock atop 
and within nearby ridges and high relief features [6]. 

 
Figure 2: Simulated thermal neutron counts for a wall 
geometry (3 m away) at 1.9 wt.% WEH, flat surface 
geometry at 1.9 wt.% WEH, and the difference 
between the two. 

 
Figure 3: DAN background subtracted thermal 
neutron counts for co-added measurements at ‘Maria 
Gordon Notch’. 
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