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M E  LUNAR CRUST AS CASE STUDY: A COMPARISON OF IRON DATA DERIVED FROM 
GEOCHEMICAL AND MINERALOGICAL REMOTE SENSING TECHNIQUES; P.E. Clark, Catholic 
University and Goddard Space Flight Center, and L.A. McFadden, University of Maryland 

The abundance and distribution of iron on planetary surfaces has been of great interest to 
planetary scientists, because such data provide important constraints for models of planetary 
and solar system evolution. A variety of global iron abundance maps have been published for the 
Moon, the only planet to date for which compositional data derived from both chemical and 
mineralogical remote sensing instruments are available. Such maps, derived from different 
instruments and methodologies, have shown some striking differences. This problem becomes 
particularly important to resolve now in preparation for the encounter with asteroid 433 Eros 
by the NEAR mission (I), which will include both X-ray and Gamma-ray spectrometers, from 
which iron abundances are derived directly, as well as visible and near infrared imaging 
spectrometers, from which iron-bearing mineral abundances are derived and iron abundances 
can be inferred. 

Of the global lunar iron maps published during the last two decades, three, probably the most 
widely viewed, will be considered here. These include the iron abundance maps derived directly 
from the Gamma-ray instrument which flew on Apollo 15 and 16, including the so-called 
narrow band map first discussed by Adler, Trombka, and coworkers and later by Arnold and 
coworkers (2,3), and the so-called broad band map published by Davis (4). The Davis maps, 
the most recently published, is the most frequently used gamma-ray derived map, and it is the 
one which was last included in the lunar remote sensing consortium database. More recently, 
the frustrating lack of lunar surface coverage (20% or less) by the geochemical mapping 
experiments (X-ray and Gamma-ray) combined with decreasing hope of more complete lunar 
orbital mappers with geochemical instruments has led to derivation of Fe abundances from 
mineralogical data (5). The best recent example, the global iron map derived from Clementine 
spectral reflectance data by Lucey and coworkers (6) will be considered here, although others, 
including Pieters and Fischer(7), have also discussed the derivation of iron from various 
spectral parameters primarily from ground-based telescopic data. 

Table 1 shows averaged iron abundances for various lunar regions predicted by the three 
methods discussed above: Gamma-ray narrow band (GNB) (2,3), Gamma-ray broad band (GBB) 
(4), and Clementine spectral reflectance (CSR) (6). Only the 20% of the lunar surface where 
there is overlapping coverage by all data sets is considered. Spatial resolution is 200 to 300 
km for the gamma-ray derived iron and about 300 to 500 m for the spectral reflectance data, 
so comparison is done for regional averages. 

Agreement between data sets is generally good for the nearside, particularly for the dominant 
mare regions where iron ranges from 10 to 14%, so the nearside will not be discussed here. 
Differences which appear on the farside are more striking. GNB derived iron is slightly higher 
(about 1% on the average) than GBB derived iron. Most significantly, the average Fe value 
predicted by the CSR data in the area of overlapping coverage with Gamma-ray data on the 
farside is far less (3%), than the value predicted by the GBB data(5%). The higher number 
predicted by the gamma-ray data would indicate that the lunar farside is not entirely 
plagioclase-rich, pristine crust derived from a magma ocean. In order for this to be the case, 
the average iron crustal value would have to be less than 4%. Possibly material from basin 
formation has been mixed into farside soils, increasing the average iron content. 

In addition, both Gamma-ray iron maps show far more extensive variation in iron on the 
farside than the CSR derived iron, despite the fact that spatial resolution is three orders of 
magnitude higher for the spectral reflectance data. GBB iron varies from the minimum 
detectable limit (below 2%) to 13% on the farside, with 'hot spots' of greater than 4%. iron at 
130W, 15s and 150W, ION and 'cold spots' with 3% or less iron at 90W, 15N and 110W, ON. 
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These variations in the eastern farside highlands are not observed in the CSR data. On the other 
hand, comparable variations of up to a few percent iron are observed in all datasets in the 
western farside highlands. Interestingly, the iron abundances derived from all data sets for the 
Aitken area show close agreement at about 7.5%. 

One problem with the gamma-ray derived data is that the uncertainties are highest for lower 
iron abundances, due to lower count rates. Still, the GBB-derived 5% average for farside iron 
is considerably above the detection limit (2%). In addition, the GNB data is correlated to ground 
truth from Apollo 15 and 16 landing site average soils, which tend to have higher iron than the 
surrounding area filling the field of view (8). On the other hand, uncertainties for lower iron 
concentrations or systematic error in the Gamma-ray data do not explain the presence of 
greater regional iron variation on the eastern farside in these data than in the CSR data. In fact, 
the method used to derive Fe abundance from the mineralogy data does make several assumptions 
which could be problematic. Mature and immature soils do not show the same relationship 
between iron abundance and depth of the iron band, nor do highland and mare soils. Perhaps the 
attempt to remove the variations caused by maturity has caused a systematic underestimating of 
iron abundances in highland soils, particularly those with less clinopyroxene and more olivine 
( 6 ) .  

TABLE 1 

Reg ion Fe from GNB Fe from GBB Fe from CSR 
Farside NW 4.5% 5.5% 3.0% 
Farside SW 5.5% 6.5% 4.0% 
Farside NE 4.0% 4.6% 2.5% 
Farside SE 5.0% 5.7% 2.5% 
Aitken 7.5% 7.7% 7.5% 
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