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Introduction:  The Dynamic Albedo of Neutrons 

(DAN) experiment on the Mars Science Laboratory 

mission [1] offers several unique opportunities for as-

sessing subsurface hydrogen that were not possible 

with earlier orbital neutron measurements [2,3].  The 

proximity of the instrument to the ground provides 

greatly enhanced (~<1-m) horizontal spatial resolution,  

enabling the production of detailed profiles of subsur-

face hydrogen content along the rover’s traverse.  

Proximity to the ground also enables active neutron 

measurements with DAN’s pulsed neutron generator 

(PNG) source, which provide information on the verti-

cal distribution of subsurface hydrogen.  Here we re-

port numerical modeling results that demonstrate the 

utility of closely-spaced DAN measurements along 

rover traverses for understanding the vertical geometry 

of geochemical inhomogeneity near geologic contacts.  

We also present DAN results from the first ~90 sols of 

operations that show vertical compositional heteroge-

neity has already been observed. 

Background:  In DAN active-mode measurements, 

the PNG produces a short (2-3 µs) pulse of 14-MeV 

neutrons at a frequency of 10 Hz for a duration of 15 

minutes [1].  These fast neutrons scatter in the subsur-

face to a depth of ~0.5 m.  Some of the neutrons leak 

back out of the surface and encounter the instrument’s 

detector electronics (DE) module.  The energy distribu-

tion of these leaked neutrons is dependent on the com-

position of the subsurface.  Collisions with hydrogen 

are very effective at moderating (“thermalizing”) neu-

tron energies because the mass of a hydrogen nucleus 

is comparable to that of a neutron.  Thus, all other fac-

tors being equal, a surface that is relatively rich in hy-

drogen will produce more low energy (thermal) neu-

trons and fewer high energy neutrons in its leakage 

spectrum than a hydrogen-poor surface. 

One of DAN’s two detector tubes is covered in a 

jacket of Cd, and the other is not.  This allows for the 

characterization of the energy distribution of the leaked 

netrons because the Cd jacket blocks nearly all neu-

trons with energies less than ~0.4 eV via absorption. 

Differencing the count rates between the two tubes 

provides the thermal neutron count rate (though, tech-

nically, it also includes counts from some neutrons 

above thermal energies).  DAN’s detectors are also 

able to record the arrival times of neutrons relative to 

the times of PNG pulses.  A thermal neutron die-away 

curve is produced by summing counts over the 9000 

pulse cycles in a typical active measurement, and then 

differencing the count rates from the two tubes as a 

function of arrival time after the pulses.  Such “die-

away” curves reveal information about the vertical dis-

tribution of subsurface composition because neutrons 

that are thermalized deeper in the subsurface take long-

er to travel to the detectors. 

Modeling:  To evaluate DAN’s ability to discern 

and map vertical subsurface compositional heteroge-

neity, we have used the Monte Carlo Neutral Particle – 

Extended (MCNPX) transport code [4] to model the 

instrument’s response in closely spaced (1-m horizontal 

separation) active measurements along two hypothet-

ical rover traverses, each approaching surface contacts 

between two compositional units.   

The compositions of the geologic units and geome-

try of the contacts between them in our models are 

loosely based on configurations thought to be geologi-

cally plausible for the three major photogeologic units 

observed in high resolution orbital images of the 

Glenelg region of Gale crater [5]. The unit refered to as 

the “hummocky unit” represents the terrain to the west 

of Glenelg that the rover spent the majority of the first 

90 sols traversing.  In our models, the hummocky unit 

is positioned highest in the local stratigraphic column, 

and it is assigned the composition of a generic basalt 

with the addition of 2% water-equivalent hydrogen, 

which is generally consistent with both DAN and other 

compositional measurements made by the rover thus 

far [e.g., 1, 6-8].  The unit refered to as the “dark cra-

tered unit” is meant to represent the relatively low-

albedo material southeast of Glenelg.  In our models, it 

is stratigraphically below the hummocky unit, and it is 

assigned a purely dry basaltic composition.  The unit 

refered to as the “fractured unit” is meant to represent 

the higher albedo material north and northeast of 

Glenelg.  It is assumed to occupy the lowest strati-

graphic position of the three units.  It is assigned a 

composition that is a 50/50 mix of the composition of 

the Burns Formation (a mix of aeolian and aqueous 

sediments) measured by the Opportunity rover [9] and 

clay minerals, consistent with photogeolgic interpreta-
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tions of it being a thinly-bedded mix of aeolian and 

interdune lacustrine strata with a complex sedimentary 

history.  Subsurface contacts between all units are as-

signed 2º dip angles in the models, consistent with ex-

posures of nearly-horizontal strata at the surface and 

what is thought to be a generally unmodified “layer 

cake” stratigraphy [5].  
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Figure 1:  Modeled DAN thermal die-away curves for measurements 

made 1 meter apart along 10-m traverses approaching two contacts. 

 

Figure 1a shows modeled DAN thermal die-away 

curves for a 10-m traverse across the hummocky unit, 

approaching perpendicular to its surface contact with 

the underlying dark cratered unit, with the 2º dip direc-

tion of the contact being parallel to the traverse line.  

Interestingly, the die-away curves along the approach 

to the contact are relatively similar until the rover is 

within about 3 meters of the surface contact, even 

though the subsurface dip of the contact is quite shal-

low.  This suggests that when a relatively H-rich layer 

lies on top of a dry layer, the thermal die-away curve is 

dominated by neutrons that are thermalized in the top 

~20 cm of the subsurface.  The thermalization is essen-

tially “saturated” at that point, and greater thicknesses 

of the upper layer (i.e., farther from the contact) do 

little to further modify the die-away curve.    

Figure 1b shows modeled die-away curves for a 10-

m traverse across the dark cratered unit toward the sur-

face contact with the underlying fractured unit.  These 

results show an increase in thermal neutron flux and a 

shift toward earilier thermal neutron arrival times start-

ing as far as 6 meters away from the surface contact, as 

the thermalizing H-rich fractured unit becomes closer 

to the surface. 

DAN measurements:  In the first 90 sols of the mis-

sion the rover had yet to cross any of the major photo-

geologic unit boundaries observed from orbit.  Never-

thess, evidence for vertical subsurface compositional 

heterogeneity has already been observed in the DAN 

active-mode data.  The differences between thermal 

die-away curves from different rover stops have been 

subtle, but they are statistically significant.  We have 

found that one of the best ways to make a quick and 

qualitative assessment of differences in vertical compo-

sitional distributions is to normalize thermal die-away 

curves, using an active measurement made at Bradbury 

Landing as the normalization standard.  If the subsur-

face composition and structure in a different location is 

similar to that at the landing site, its “Bradbury-

normalized” thermal die-away curve will have a con-

stant value near 1.0.  If a new location has a relative 

enhancement of hydrogen in the upper few cm of the 

subsurface, it will show a localized peak above 1.0 in 

the Bradbury-normalized die-away curve at earlier ar-

rival times.  Conversely, if there is a relative enhance-

ment of hydrogen that is buried more than a few cm 

deep, it will show a local peak at later arrival times.  

Figure 2 shows an example of the latter situation, from 

an active measurement taken on Sol 31. 

Figure 2: Normal-

ized (to Bradbury 

Landing) thermal 

neutron die-away 

curve from Sol 31, 

suggestive of buried 

enhancement of H 

abundance. 

 

This normalized die-away curve shows a general en-

hancement of thermal neutron flux at the Sol 31 posi-

tion relative to Bradbury landing (an average of about 

1.2 across most arrival times) with a local peak in 

thermal neutrons from about 1-2x10
3
 µsec after the 

pulse.  This die-away curve suggests that the subsur-

face at the Sol 31 stop was both generally richer in 

hydrogen than Bradbury Landing, and that several cen-

timeters below the surface there was an enhancement in 

hydrogen even above this overall level. 

Conclusions:  Models of DAN’s response to shal-

lowly-buried strata of different geologically-plausible 

compositions suggest that narrowly-spaced active 

measurements along traverses across suspected geolog-

ic contacts may help to understand the subsurface ge-

ometry of those contacts.  Though short-interval meas-

urements across contacts have not yet been attempted, 

existing DAN active measurements already show clear 

qualitative evidence for the detection of buried material 

with enhanced hydrogen content. 
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