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An extensive spectral mapping (UV-visible-near-infrared domain) of the crater 
Copernicus ( pf = 93 km) with high spatial (0.7km) and spectral (R=100) resolution CCD 
images is produced. This mapping results from the combination of two datasets obtained at the 
2 meter aperture (FID =25) telescope of Pic-du-midi Observatory (France), obtained in 
the September 1989 full-moon period, under 6" and 19" phase angle values, during two 
successive photometric nights. The datasets consist in repeated runs comprising 10 selected 
narrow-band images (0.40, 0.56, 0.73, 0.91, 0.95, 0.97, 0.98, 0.99, 1.02, 1.05 
micron). 

The processing of the data through a specific procedure (instrumental corrections (dark 
current, flatfield,...), calibration, mosaicking, registration) allows for the production of a 
three-dimensional high quality spectro-imaging dataset, with each image pixel characterized 
by its pseudo-spectrum ranging from 0.4 to 1.05 pm; the near-infrared (0.9-1.05 pm) 
portion of the spectrum is particularly well analyzed and permits to retrieve a significant 
amount of mineralogical information concerning the lunar crust. As a matter of fact, 
absorption features related to the presence of mafic silicates (pyroxenes, olivine) occur in 
this spectral domain. The average composition of the pyroxene can be estimated from the 
wavelength of the 1 micron-band center (1). Low-calcium orthopyroxenes exhibit a band 
near 0.91 pm; as the iron and calcium content increases, the band center shifts toward longer 
wavelengths. High-calcium, relatively Fe-rich clinopyroxenes exhibit a band near 0.98 pm. 
Olivine is detected by a broad, multiple band centered slightly longward of 1 pm. 

Large impact craters such as Copernicus excavate materials from different depths and thus 
give information at the target site on pre-impact stratigraphy and mineralogical 
heterogeneities of the lunar crust, both laterally and vertically. Several earlier reflectance 
spectra have been obtained across the crater in specific spots located on the central peaks, the 
floor, and the walls (2), and have detected the unambiguous presence of olivine within the 
central peak complex (3). 

Following a preliminary work (4) in which the present multispectral solid state imaging 
data were satisfactorily compared with earlier reflectance spectra, we use F2 spot (2) as a 
standard area and assess that our pseudo-spectra (retrieved from the imaging dataset) are 
fully consistent within 1-2% mean deviation with earlier spectroscopic data, available for 5 
particular spots, both in terms of overall continuum slope and absorption features. 

In particular, as found earlier (3,5), all three central peaks exhibit a broad multiple 
absorption band near 1.05 pm indicating olivine as the major mafic component. There exists 
a variation in the band strength within a factor 2 to almost 3 between the three peaks, the 
easternmost peaks (PK3 and PK2) being equally the most absorbing ones. Given the 
observational methodology of our spectro-imaging technique, the observing conditions and the 
spatial resolution are rigorously the same for every image pixel. Consequently, the 
absorption variation reflects the olivine modal abundance for the three peaks. In addition, the 
available high spatial resolution reveals that the two most absorbing peaks are also the most 
spectrally homogeneous. Both the decreased olivine absorption strength and the more 
pronounced spatial heterogeneity of PKI could result from the presence of a significant 
feldspar component (5). In the area of spot W1 (2), both pyroxene and a longer wavelength 
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(around 1.02 pm ) absorption are detected. The spectral anomalous features observed from 
the reflectance spectra (6) for W2 and F1 are also depicted. 
On the basis of the excellent agreement existing between previous reflectance spectra 

observations and the present data, a detailed spectro-mineralogical mapping of Copernicus 
interior and its surroundings is produced, using a spectro-mixing analysis based on 
endmembers technique. This analysis reveals that 95% of the total spectral variance can be 
explained by a linear combination of two endmembers respectively taken in the external rim 
region (EJ1) of the crater and on the PK3 central peak. A fundamental result is that, 
differently from the albedo maps, the overall morphological pattern of the rim and wall 
terraces of the crater shows up conspicuously in the fraction images, and that olivine is 
detected as the primary mafic component, not only within the three central peaks as proposed 
earlier (2,3,5), but also along the rim and wall terraces, in the northeastern portion of the 
crater. The detailed spectral survey of this zone at high spatial resolution agrees with the 3 
km-resolution thermal infrared spectra obtained recently for W3 area (7). These spectra 
show emission minima at 8.75 and 10.5 pm and call for the presence of olivine phases 
associated with norite. On the basis of the pseudospectra reconstructed from the 
multispectral images, the spectral near-infrared characteristics of EJ1 endmember, and of a 
great deal of the external vicinity of the crater rim, are very close to those of F1 spot, with a 
typical peak-like spectral feature occurring at 0.97 pm, superimposed on absorption 
features at 0.91-0.93 pm and 0.98-1.00 pm. The above endmember analysis reveals that 
there exists, distributed across the crater floor, a significant amount of material having the 
same spectral features. The vast majority of these units has low-albedo characteristics. The 
new pieces of information hare available lead to the idea that these units are extensive impact 
melt sheet, lining the crater floor or covering the crater rim, and confirm the interpretation 
already proposed for specific spots such as F1 (6). The observed spectral characteristics 
could be explained by Fe-bearing glass, not excluding the presence of recrystallized pyroxene 
in the impact melt. 

The new global detailed spectral mapping of the interior of Copernicus and the results of the 
above spectro-mixing analysis suggest that not only the three central peaks but also a 
significant portion of the northeastern rim comprise material from deep stratigraphic 
horizons, possibly troctolites. 
Besides, the vast majority of the interior and immediate surroundings of the crater can be 
described, at the kilometer-scale, by a linear combination of both impact melttejecta-like 
material and olivine-bearing rocks, in variable proportion. Although it is difficult to 
discriminate between the various proposed hypotheses concerning the structure of the sub- 
Copernicus crust and the origin of the exposed olivine units, we favor ,in the light of these 
new data, the scenario of a substantial regional thinning of the crust by repeated earlier 
impacts. The lower crust and eventually the mantle itself are uniquely more accessible in 
this region at the hundred-kilometer spatial scale. If the olivine-rich lithologies detected at 
Copernicus originate from a layered pluton or intrusion within the crust, we favor again a 
large-scale lateral body. 
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