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What is DAN?!
•  DAN fires a pulse of high energy neutrons (14 MeV) into 

the surface (~60 cm) and detects the energies of those that 
leak back out of the surface. Hydrogen abundance most 
strongly influences the leaked neutron energies [7].!

•  The detected neutrons are binned by both energy and 
time. The longer it takes for neutrons to arrive the deeper 
the hydrogen may be buried.!

•  Some elements, like chlorine and iron, affect the neutron 
energies and arrival times in other, more unique ways due 
to their high thermal neutron absorption cross sections. 
The presence of these elements is inferred by varying their 
abundances to determine best-fit models to DAN data [8].!

•  DAN does not directly detect chlorine or iron. Chlorine 
is better thought of as “chlorine-equivalent”. In this study, 
the effect of high absorption cross section elements is only 
attributed to chlorine abundance.!
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Fig. 1: Mastcam mosaic showing three sub-units of the Sheepbed mudstone and Gillespie 
member, which are all part of the Yellowknife Bay (YKB) Formation [1]. This image covers a 10 

meter portion of Curiosity’s traverse out of Yellowknife Bay where DAN acquired 
measurements ~ every meter.	  

Fig. 2: Overhead projection of a Navcam mosaic showing 
the spots measured by DAN as well as the geologic YKB 

units on which they were acquired.	  

•  Re-interpreting data from DAN, the Dynamic Albedo of 
Neutrons instrument on the Curiosity rover, with a new 
“variable chlorine” model (see bottom left panel).!

•  Using elemental geochemistry from APXS and SAM to 
help constrain the complex modeling problem required to 
interpret DAN data.!

•  Testing the feasibility of this approach in a study area 
where Curiosity acquired an abundance of APXS data 
(see Fig. 1 and Fig. 2).!

•  Modeling the outcrop geochemistry measured by DAN 
(depicted in Fig. 3) as a top layer with the same elemental 
geochemistry as that determined by APXS and SAM 
measurements made on the top 1-3 cm of the surface.!

•  Solving for the top layer thickness, as well as the 
hydrogen and chlorine content of the lower layer.!
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Modeling of DAN Data!

Fig. 3: Two sets of models are depicted. In both cases a best-fit (using a Pearson 
χ2 criterion ) is found between the real DAN measurement at each location and 

the modeled DAN data for a given geochemistry and depth [4].	  

Variable H2O Model!

Table 1: Average best-fit variable 
H2O models results for the Lower 

and Upper Sheepbed 
mudstones.	  

Variable Chlorine Model!
•  Two-layer modeling of the 

DAN data give parameters 
for hydrogen content 
(which varies in the upper 
and lower layers), chlorine 
content (the same in both 
layers), and depth of the 
upper layer [2].!

•  Within each model a base 
composition (Gusev 
basaltic soils) is used in 
each layer, and a suite of 
hydrogen and chlorine 
contents are added.!

•  The best-fit model is 
determined for each DAN 
measurement using a 
Pearson χ2 criterion [3] 
(Table 1).!

•  Upper layer compositions are fixed by APXS (Table 2) 
and SAM [5]. H2O is fixed at 1.8 wt.% by SAM [6].!

•  In the lower layer chlorine and hydrogen vary 
independently [4].!

•  The best-fit model is determined for each DAN 
measurement using a Pearson χ2 criterion (Table 3) [3].!

Table 2: 
APXS 

compositions 
for Lower 
Sheepbed 
mudstones 
targets [5]	  

Results!
•  Initial results for Lower Sheepbed “variable chlorine” modeling 

improved χ2 results over “variable hydrogen” modeling.!
•  Interestingly, the chlorine contents at depth are very low (< 0.3 

wt.%).!
•  Terrestrial studies on chlorine content in ancient terrestrial 

sedimentary rocks indicates clays contain very low soluble and 
insoluble chlorine (Fig. 4). In particular, insoluble chlorine is 
leeched from rocks during alteration to clay [9]. Chemin has 
detected ~20 wt.% trioctohedral phyllosilicates in the Yellowknife 
Bay mudstone [10].!

Fig. 4: Chlorine contents for 
a suite of ancient terrestrial 
sedimentary rocks. Clays 

contained the lowest 
amount of both soluble and 

insoluble chlorine.	  

Table 3: 
Average 
best-fit 
variable 
chlorine 
model 

results for 
the Lower 
and Upper 
Sheepbed 

mudstones.	  


