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IN-SI.TU XRF AND G&l+lt+iG RAY SPECTROMETER FOR MARS SfiMPLE 

RE-TilRN MISSION; L o  I ' f in  and Jacob I. Trombka, NASFl Goddard Space 
F l i g h t  Center, Laboratm-y +or  Aistronomy and Solar F h y s i c s .  Code 
692. Greenbelt, MD 2G771, La r ry  G. Evans, Astronomy Prctjrams;, 
Computer Sciences Corporatian, E e i t s v i l l e ,  MD. and Steven W. 
Sauyres;, Center f o r  Radiophysics and Space Research, Cornel1 
Un ivers i ty ,  I thaca. N Y  

WP propose a combined i n - s i t u  x-ray +luorescence (XHF) and 
passive gamma-ray spectrometer instrument f o r  t h e  chemical 
elenientsi ana lys i s  a+ var ious Mart ian surfaces and samples. The 
combined instrument can be c a r r i e d  on board a rover.  The passive 
?--ray or t he  neutron-excited ?--.ra.y system would be used t o  
determine t h e  elemental camposition o f  the Mart ian sur face wh i l e  
the  rover  i s  i n  motian. The XRF system would be used t o  perform 
ana lys i s  e i t h e r  on the  Mart ian sur face o r  on c o l l e c t e d  samples 
when t h e  r-over i s  s ta t ionary .  T h i s  l a t t e r  f unc t i on  is important 
both i n  cata ioguing t h e  c o l l e c t e d  samples and i n  t h e  s e l e c t i o n  o f  
samples t o  be returned t o  earth.  For both systems, data 
accumulation t ime would be on the  order af 351 minutes. No sample 
prepara t ion  would be necessary. 

XRF is a wel l -estab l ished and successful technique i n  
performing i n - s i t u  chemicai ana lys is  of p lanetary  sur face 
samp 1 . I n  prev ious p lanetary  missions such as Vik ing  and 
Venera, XRF measurements were made using rad io iso topes  a5 
e x c i t a t i o n  sources and p ropor t i ona l  counters as energy-dispersive 
detectors.  Although our instrument does n o t  preclude t h e  use o f  
rad io iso topes  we emphasize here the use of a min ia tu re  x-ray 
generator as t he  e x c i t a t i o n  source and mercuric i o d i d e  as t h e  
energy-dispersive detector.  

A low-power ( 1 0  &d) bat tery-operated x-ray generator was 
developed a t  Oaddard Space F l i g h t  Center several years ago. The 
x-ray generator weighs 6 kg, i s  capable af supply ing 68 k V  and 
1 0 ~ 2  micraamps o f  anode current ,  and i s  powered by a 18-V ba t te ry .  
I t has a grounded anode w i t h  no hiqh-vol tage cables. Such an x -  
r a y  generator with v a r i a b l e  spec t ra l  d i s t r i b u t i o n  can prov ide  f a r  
higher x-ray f l u x e s  than r a d i o a c t i v e  sources. Recently, s im i la r -  
bat tery-operated :;-ray generators have a l s o  become commercially 
avai  1 ab1 e. 

The energy r e s o l u t i o n  o f  room-temperature mercuric i o d i d e  
de tec tors  has been improving s t e a d i l y  i n  recent  years. Under 
l abo ra to ry  cond i t i ons  i t  i s  n o w  g radua l ly  approaching t h e  
r e s o l a t i o n  5f  cooled Si ( L i )  detectors.  However, p resent ly  
a v a i l a b l e  mprcuric i o d i d e  de tec tors  w i t h  good s t a b i l i t y  and 
acceptable energy r e s o l u t i o n  f o r  t h e  Mars sample r e t u r n  mission 
have s e n s i t i v e  areas of  on l y  a few mm2. Such rjmall de tec t i on  
areas need no t  be a problem w i t h  t h e  proposed XRF instrument 
berausp of t h e  h igh  x-ray f l u x  a v a i l a b l e  i rom t h e  x-ray 
generator. Therefore t h e  combination of a min ia tu re  x-ray 
generator w i t h  a mercuric i o d i d e  detector  should p rov ide  an in-  
situ XF;F instrument w i t h  energy r e s o l u t i o n  and de tec t i on  
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efficiency not achievable by previous planetary instruments. 

Table I lists some of the elements which can be detected by 
a passive r-ray spectrometer using a 7.5x7.5 cm NaI(T1) crystal. 
The expected integration time for each element to reach 10% 
uncertainty is calculated using methods similar to those in Evans 
and Squyresl. The neutron spatial and energy distribution, and 
consequently the r-ray flux, is highly sensitive t o  the H 
content. Therefore calculations were carried out for different 
cases of soil and HzO: with 1% H=O, with 25% HzO, and with a 
"dry" layer of soil with 1% H=O covering soil with 2Z1 HzO for 
three different thicknesses of the top layer. Table I shows 
that while the rover is in motion integration time on the order 
of 30 minutes could provide sufficient information concerning H, 
K, and Fe. When the rover is stationary, most of the elements in 
Table I could be analyzed in a few hours. Of course, if weight 
and power constraints permit the use of a neutron generator, the 
integration times in Table I could be reduced substantially, and 
additional elements could be detected. 

Table I. Integration time (hours;) t o  measure an element to 
10% uncertainty by the passive r-ray spectrometer 

Homogeneous soil Layer soil with 1%H20 over 
+ HzO soi 1 +25%HZ0 

Fe C 
Si C 
c1 c 
H C 
Si I 
MQ I 
Fe I 
E R 
Th R 

0.7 
4.0 
3.5 

68.0 
0.1 
2.1 
0.2 
0.3 
6.0 

0.3 
1.6 
1.4 
0.03 
0.5 

11.0 
1.0 
0.5 
9.4 

0.5 1.1 1.1 
2. a 7.6 7.8 
2.3 5.8 5.9 

74.0 0.3 4.7 
0.2 0.1 0.1 
3.7 2.5 2.1 
0.3 0.2 0.2 
0.4 0.3 0.3 
7.0 6.0 6.0 

I= 

SMode: C - T rays produced by neutron capture 
I - T rays produced by neutron inelastic scattering 
H - T rays produced by natural radioactivity 

It should be noted that both the XHF and the r-ray 
spectrometer will share much of the analyzing electronics beyond 
their respective amplifier stage. Because of the 'relatively 
coarse resolution of the NaI (T1) spectrometer, a single analog- 
to-digital converter will be sufficient t o  accommodate both XRF 
and r - r a y  spectra. Thus economy in both weight and cost can be 
realized in such a combined XRF and r-ray instrument. 
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