
Get most 
insight from 
regions with 
correlated 
elemental 
anomalies 

Karuna&llake	et	al.	(2009)	



“Chemically striking regions” 
defined by correlated 
elemental anomalies 

Karuna&llake	et	al.	(2009)	



“RAVE” – a Cl-rich, Si/Fe-poor region  

Karuna&llake	et	al.	(2009)	



“RAVE”: brightness, low thermal inertia à dust 

Karuna&llake	et	al.	(2009)	



  “RAVE”: high-resolution imagery à 
             blanketed by dust 

Karuna&llake	et	al.	(2009)	

Black	circles	are	10	meters	across	



Chemical comparisons: RAVE similar to dust at 
rover sites, but with less Si and more Ca 

à dust diluted & cemented by Ca-salts?? 

Karuna&llake	et	al.	(2009)	





For	a	great	explana5on,	see:	h9p://www.planetary.org/blogs/emily-lakdawalla/2011/3013.html	

Lunar KREEP (potassium, rare-Earth elements, phosphorus) 
•  From Moon’s middle layer, between anorthositic highlands and 

olivine/pyroxene-rich mantle 
•  In samples from every Apollo site … but all Imbrium basin ejecta? 

Lunar	Prospector	GRS	



Lunar hydrogen map from Lunar Prospector neutron detector 



Mars Hydrogen from Neutron Measurements: Polar Regions 



Mars Hydrogen from Neutron Measurements: Mid and Low Latitudes 



Curiosity’s Science Payload 

ChemCam 
(Chemistry) 

Mastcam 
(Imaging) 

REMS 
(Weather) 

DAN 
(Subsurface 
Hydrogen) 

SAM 
(Chemistry 
and Isotopes) 

CheMin 
(Mineralogy) 

MARDI 
(Imaging) 

APXS 
(Chemistry) MAHLI 

(Imaging) 
RAD 
(Radiation) 

Drill 
Scoop 
Brush 
Sieves 



epithermal thermal Energy 

Time 1 msec 3 msec 

Time 

Flux 

1 msec 3 msec 

No hydrogen 
in the soil 

60 cm 

Moment of pulse 2 msec 

Moment  
of pulse 

Physics of DAN measurements: 
Dynamic Albedo of Neutrons 



epithermal thermal Energy 

Time 3 msec 

Time 

Flux 

1 msec 3 msec 

With hydrogen 
in the soil 

H 

H 

60 cm 

1 msec Moment of pulse 2 msec 

Moment  
of pulse 

Physics of DAN measurements: 
Dynamic Albedo of Neutrons 
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Variations of DAN data along the Curiosity traverse 
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Variations of water content in the soil along the Curiosity traverse 
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MSL in Yellowknife Bay	



  Results of DAN investigation after 200 sols on Mars: 

 
(1)  Neutron data from DAN show the water 

variations from 1.0 up to 2.8 wt% within 60 cm 
of subsurface.  

      
      These values are much less than the estimated 

content of water ∼ 5% according to the orbital 
neutron data from the Russian HEND instrument 
onboard the NASA’s Mars Odyssey. 

 
 
(2) Water in-depth distribution is found to be 

homogeneous in 47% of tested spots; the non-
homogeneous water in-depth is found in 39% of 
tested spots (14% of tested  spots do not agree 
with any used model of subsurface).  

 
 
(3) Water increasing with depth is found for 16 

spots and water decreasing with depth is found 
for 4 spots  

 
 
(4) At the Yellowknife Bay the water distribution 

corresponds to the model with increasing water 
in depth: from 1.3 – 1.9 wt% on the top up to 
1.9 – 2.9 wt% at the depth of 5 – 20 cm      

47% 39% 

16 4 

1.3 – 1.9 wt% 
1.9 – 2.9 wt% 


