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THERMAL NEUTRON LEAKAGE FROM MARTIAN CARBONATES.' 
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Photographic mosaics of Mars have revealed outflow channels, valley networks, and 
patterned ground that have been interpreted (1,2) to indicate that liquid water once flowed 
on Mars. The extent of these-features has led many researchers to speculate (3) that 
surface ponds of liquid water may have been stable in early martian history, implying 
a thicker atmosphere and a warmer climate then than is presently observed. In fact, 
climatic conditions may have been sufficiently clement over a time period long enough to 
have supported the development of life. 

If this speculation is correct, then an initially thick, predominantly carbon dioside 
martian atmos here should have been gradually transformed to carbonate rocks as the 
planet cooled 6). Conversely, detection of sizable carbonate deposits near the surface 
of Mars implies a more dement early environment and provides a focus for a search for 
fossil remnants of primitive life. Carbonates such as calcite (CaC 03) ,  magnesit e (MgC o3 ), 
dolomite (CaMg(COs)a), and siderite (FeCO3) are expected to be most abundant based 
on the surface composition measured using V i g  instrumentation (5). However, searches 
for such deposits using infrared reflectance spectra have not been successful (6). Although 
not encouraging, these results do not imply an absence of such deposits since they would 
not be visible if buried under a non carbonate aeolian blanket thicker than a few microns. 
Such an overburden is expected to result from observed recurrent, global dust storms. 

Use of neutron and gamma-ray techniques to search for substantial carbonate deposits 
do not suffer the foregoing limitations since neutrons and gamins rays are more penetrating 
than infrared photons. It is therefore reasonable to ask whether such deposits have a 
neutron and gamma-ray signature sufficiently distinctive to allow a unique identification. 
This report presents results of an initial study confined to the neutron signature of a 
near-surface carbonate deposit. 

4 previous study has shown that large, thick deposits of pure calcite and magnesite 
do indeed generate energy spectra of escaping neutrons that are quite distinct from that 
generated by regolith having the composition of Chryse Fines with one weight percent of 
water (7). This type of soil will be referred to simply as regolith in the rest of this report. 
Specifically, thermal amplitudes of upward neutron currents are increased by factors of 
2.8 and 12.2 for calcite and magnesite, respectively. The same study showed no such 
distinctive signature for siderite because of iron's high thermal-neutron-absorption cross 
section. However, "global" (radii 2 1000 km), thick deposits of pure calcite and magnesice 
are not likely on Mars. We therefore investigated the persistence of measurably enhanced 
thermal neutron amplitudes for three likely surface configurations. The first corresponds 
to the burial of a thick, global carbonate deposit under a layer of regolith. The second 
configuration consists of a thick, global, uniform mixture of carbonate and regolith. Such a 
deposit could have formed through the gardening of initially stratified layers by meteoroid 
bombardment or by aeolian deposition and erosion over aeons. The third configuration 
consists of a circular, thick, pure carbonate deposit surrounded by regolith. This case 
corresponds to the presence of an ancient pond of standing water that has long since 
evaporated. 

Simulations of leakage neutron%energy spectra were made for each of the three car- 
bonate rock types that have measurable thermal amplitude enhancements - magnesite. 
dolomite, and calcite. In all cases, a 16 g/cm2 atmosphere of predominantly carbon dios- 
ide was included. Resultant thermal and epithermal amplitudes were then sorted as a 
function of depth of regolith overburden, in g/cm2, in the first configuration, and in terms 
of percent admixture of regolith into -an initially pure carbonate deposit, in the second 
configuration. Estimates of the detect ability of surficially confined deposits were made by 
calculating the count rate of a neutron sensor that is similar to the Mars Observer Gamma- 
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Ray Spectrometer (GRS) anticoincidence shield. The calculations were done assuming the 
hypothetical neutron sensor is orbiting Mars at the altitude of the Mars Observer, 361 
km, but oriented differently than that of the GRS anticoincidence shield, for reasons of 
simplicity. Here we choose a detector orientation that is pointing radially downward. For 
this last case, count rates were sorted in terms of the diameter of pure carbonate deposit 
embedded within a planet-wide regolith domain. 

We report only the.thermal amplitude results for the b t  two configurations because 
the entire differences in epithermal amplitudes calculated between carbonate and regolith 
deposits reflect the selective inclusion of one weight percent of water in the regolith. This 
difference therefore has no bearing on the presence or absence of carbonate. In contrast, 
the enhancement in thermal amplitude displayed by the carbonate deposits stem from the 
low-to-moderate thermal neutron absorption cross sections of carbon, oxygen, magnesium, 
arad calcium, relative to those for chlorine, titanium and iron. These last three elements 
are significant constituents of martian regolith. 

Plots of neutron thermal amplitude against regolith overburden and percent regolith 
admixture show that for both, a distinctive neutron signature is detectable for significant 
deviations from a pure, thick carbonate deposit. Choosing as our identification criterion,. 
a value of thermal amplitude that is 50% higher than that for a globally thick regolith 
deposit, these calculations indicate that 1) magnesite can be detected even if buried to 
depths of 59 g/cm2 below the surface or if mixed with as much as 35 mass percent of 
regolith, 2) dolomite can be-detected if buried to depths of 53 g/cm2 or mixed with ar 
much as 46 mass percent of regolith, and 3) calcite can be detected if buried to depths of 
41 g/cm2 or mixed with as much as 39 weight percent of regolith. The same identification 
criterion also yields detection threshold deposit diameters of 240 km for magnesite. WO 
lim for dolomite and 650 km for calcite. 

Although the results'of the &st two simulations demonstrate the promise of neutrons 
as a sensitive probe of extensive deposits of carbonate rocks on Mars, the third simulation 
shows that such a search from orbit will not likely succeed. Sufficiently large diameter 
deposits are simply not expected. However, this impediment is removed if a search can be 
conducted on or near the surface such as would be possible using a low-altitude balloon or 
a rover. 
References. 
(1) Can, M.H., The Surface of Mars, Yale Univ. Press, New Haven, Conn., 1981. 
(2 Squyres, S.W., ~ n n u .  ~ e v :  Earth Planet. Sci. 12, S3-106, 1984. 
3 Baker, V . R ,  The Channels of Mars, Univ. Texas Press, Austin, 1982. 
4 Kahn, R., Icarw 62,  175-190, 1985. 
5 1 Clark, B.C., A.K. Baird, R. J. Weldon, D .hi. ~susak i ,  L.Schnabe1. and M.P. Candeiaria, 
J. Geophys. Re8. 87, 10059-1006'7, 1982. 
6 Singer, R.B., Adv. Space Res. 5 ,  39-68, 1985. 

[ T I  Feldman, W.C., W.V. Boynton. and D.M. Drake, in Remote Geochemical Analysis: 
Elemental and Mineralogical Compo~ztion, Pieters,C.!vI. and Enslert,P. J., eds., LPI, Hous- 
ton, in press, 1990. 
* Work supported by NASA and done at Los =Ilamos under the auspices of the U.S. 
Department of Energy. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


