LA-UR- 99-520

Approved for public release;
distribution is unlimited.

CONF- G90303 7

Title:

Author(s):

Submitted to:

Los Alamos

NATIONAL LABORATORY

CLASSIFICATION OF LUNAR TERRANES USING
NEUTRON AND THORIUM GAMMA-RAY DATA

William C. Feldman, NIS-1

David J. Lawrence, NIS-1

Sylvestre Maurice, Observatoire Midi-Pyrenees

Richard C. Elphic, NIS-1

Bruce 1. Barraclough, NIS-1 A

A.B. Binder, Lunar Research Institute

P.G. Lucey, Hawai'i Institute of Geophysics and Planetology

Lunar and Plémetary Science Conference
Houston, Texas
March 15-19, 1999

g\%%@%%\]%nt‘
3

APR 12 1899
@8T!

MASTER

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED \«

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the University of California for the U.S.
Department of Energy under contract W-7405-ENG-36. By acceptance of this article, the publisher recognizes that the U.S. Government
retains a nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, or to allow others to do so, for U.S.
Government purposes. Los Alamos National Laboratory requests that the publisher identify this article as work performed under the
auspices of the U.S. Department of Energy. Los Alamos National Laboratory strongly supports academic freedom and a researcher’s right to
publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its technical correctness.

Form 836 (10/96)



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original

document.



CLASSIFICATION OF LUNAR TERRANES USING NEUTRON AND THORIUM GAMMA-RAY DATA.
W. C. Feldman®, D. J. Lawrence', S. Maurice?, R. C. Elphic', B. L. Barraclough’, A. B. Binder’, and P. G. Lucey",
Los Alamos National Laboratory, Group NIS-1, MS D466, Los Alamos, NM 87545 (wfeldman@lanl.gov),
2C_)bsc:rvatoire Midi-Pyrénées, Toulouse, FRANCE, 3Lunar Research Institute, 1180 Sunrise Dr., Gilroy, CA 95020
USA, “Hawai’i Institute of Geophysics and Planetology, University of Hawai’i, Manoa, HI 96822 USA.

Introduction: A major scientific goal of the Lunar
Prospector (LP) gamma-ray and neutron spectrometers
is to classify all lunar terranes according to composi-
tion. A preliminary analysis of early data indicates
this goal will be met for the major rock-forming ele-
ments on a spatial scale of about 200 km. The low-
altitude phase of LP now in progress should allow
reduction of this scale by about a factor of 10 for those
eléments that have sufficiently high measurable fluxes
relative to their backgrounds. Most promising are the
flux intensities of thermal, epithermal, and fast neu-
trons (which each average about 300 counts per 50 km
of ground track) and 2.6 MeV gamma rays from tho-
rium (which averages about 50 counts per 50 km of
ground track). We therefore explore the information
content of these measurables to classify the various
lunar terrane types.

Theoretical Expectations: Computer simulations
show that the ratio of lunar epithermal to thermal
neutron flux is directly proportional to the macro-
scopic absorption cross section [1]. Estimates of
these cross sections for the various Apollo and Luna
samples [2] show that abundances of Fe, Ti, Gd, and
Sm dominate [3,4]. Because the thermal neutron
absorption cross section for Ti is about twice that for
Pe, the ratio of epithermal to thermal neutron flux
should primarily reflect the content of Fe+2Ti, with
significant contributions from Gd+Sm in KREEP-rich
téerranes.

Simulations of lunar fast neutron fluxes
(Gasnault et al., in preparation, 1999) show that their
variation reflects only variations in Fe and Ti, in equal
proportions. A combined analysis of all three neutron
entergy ranges should then be sufficient to separate
abundance variations in Fe from those of Ti and
Gd+Sm. Separation of these last two components can
be implemented by adding an analysis of thorium
gamma rays because of the measured strong correla-
tion amongst all incompatible elements [2].

Results: Equal area 2°x2° maps of thorium abun-
dances and of fast-neutron fluxes have been published
previously [5,6]. The map for the ratio of epithermal
to thermal neutrons is similar to these maps but is not
shown here. All three maps show relatively high

intensities within the front-side Mare, smaller, but
somewhat enhanced intensities within the South Pole
Aitken basin, and very low intensities in the high-
lands.
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Figure 1: Ternery diagram for a classification of 2°
by 2° equal area spatial pixels on the Moon according

to measured epithermal/thermal and fast neutrons
fluxes and  “se LP GRS thorium abundances. Large
red circles , ve measurements within Mare Humorum.
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Figure 2: Ternery diagram for a classification of 2°
by 2° equal area spatial pixels on the Moon according
to measured epithermal/thermal and fast neutrons
fluxes and to the LP GRS thorium abundances. Large
red circles give measurements within Mare Marginis.

These three data sets were combined into a ternary
diagram by first normalizing each measurable to the
range spanning from O to 1 for each 2°x2° spatial
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pikel on the Moon. Resultant triplets of normalized
counts were then renormalized so that they add in
quadrature to unity.

One ternery diagram for a region relatively
high in Ti (Humorum) is shown in Fig. 1, and one for
a region relatively low In Ti (Marginis) is shown in
Fig. 2. Plotted in red are spatial locations within the
selécted region while those in black are for the rest of
the Moon. A close inspection reveals the following:
1) Locations within LP ternary diagrams for a given
région, cluster about well-defined centroids that vary
from region to region. 2) Comparison of the horizon-
tal positions of these centroids with Ti abundances as
detérmined using Clementine Spectral Reflectance
(CSR) data [7] shows that regions of higher Ti content
locate closer to the Epithermal/Thermal neutron ver-
tex, and those having lower Ti content locate closer to
the Fast neutron vertex.
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Figure 3: Correlation between titanium abundances
determined using Clementine Spectral Reflectance
data and the difference between normalized fast and
epithermal/thermal neutron fluxes. The correlation
line has significance given by R=-0.4

This trend is quantified in Fig. 3 by the correlation
between Ti abundances as determined using the CSR
data and the horizontal centroid positions in LP ter-
nary diagrams. Inspection shows a weak, although
significant correlation. Reasons for the substantial
scatter that is very evident at low values of the <Fast -
Epithermal/Thermal> neutron flux are not known but
need to be investigated.
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