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THE MOON: MID-INFRARED (7.5 - 11.4 p m) SPECTROSCOPY OF FIVE 
SELECTED REGIONS. A.L. Sprague, F.C. Witteborn, R. W.H. Kozlowski, D.P. Cruik- 
shank, M.J. Bartholomew and A.L. Graps 

Ground-based observations of mid-infrared (7.5 - 11.4 p m spectral radiance from 
five locations on the Moon are reported. We have obtained medium (X/SX N 250) 
resolutions spectra from three locations in Copernicus crater in the central highlands 
and two locations in mare basalt. Two locations in the crater walls of Copernicus 
show similar spectra. These locations have been denoted by Wall #1 and Wall #3 by 
Pieters (1978) who has interpreted reflectance spectra from these same regions in terms 
of their mineralogic composition. As can be seen in the figure below, a 10-15% emission 
minimum centered at 8.75 p m is present in spectra from both of these locations. We 
attribute this feature to pyroxene which shows a similar minimum in spectral emissivity 
when laboratory reflectance spectral are converted and plotted at the same scale. Also 
present is a 7 channel asymmetric minimum centered at 10.5 p m which has some 
difference in shape from location to another. We attribute this minimum, also shown in 
the figure below, to be caused by the presence of olivine in combination with pyroxene. 
In addition, a broad maximum centered at 8.0 p m, spanning 22 or so channels is 
present. We believe this to be the Christiansen feature, which is also diagnostic of rock 
type. The wavelength of maximum emission is at - 7.9 p m, and the feature shows 
a cleft at 8.0 p m. The third location, Central Peak #2, exhibited slightly different 
features than the walls in the mid-infrared spectra, consistent with differences also 
seen from reflectance spectroscopy and discussed in the same paper (Pieters, 1978). In 
particular, the minimum centered at 8.75 p m is not present. A sharp, deep (10 - 15% ) 
feature centered on 10.5 p m is present and attributed to olivine. The broad maximum 
in emission is centered at longer wavelengths that that from the crater walls. In the 
central peak it occurs at 8.0 p m consistent with its more mafic mineralogy as shown 
by the deep olivine minimum but absence of pyroxene features. The mare locations 
observed were determined by reflectance spectroscopy to be of similar composition but 
of different albedo (Pieters, 1986). We chose one medium albedo region in the relatively 
fresh regolith of Kepler ejecta and one low albedo region in a similar smooth basaltic 
region east of the crater Euler. Our spectra of these two locations appear very similar 
with the exception of some variation between 8.2 and 8.6 p m. Here, the spectra from 
the Kepler ejecta shows a broad, shallow minimum, indicative of plagioclase. It is not 
obvious in the spectra from the region east of Euler. In addition, spectra from both 
regions show a local maximum in spectral emissivity centered at 10.9 p m with a sharp 
drop at  longer wavelengths. This feature is also exhibited by laboratory plagioclase and 
some lunar breccia samples composed primarily of plagioclase (Nash, 1991; Sprague et 
al.). The Christian feature is somewhat narrower and diminished than in the spectra 
from the highlands locations and peaks at 8.0 p m in both cases. 

see next page for figure. 
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Figure 1. The spectra above are each generated by averaging several spectra from the 
locations denoted. In addition the spectra are smoothed with a three point, weighted 
smoothing function. Major spectral features are labeled with PX = pyroxene, OL = 
olivine, PL = plagioclase, and CF = Christiansen feature. Spectra were obtained with 
the High Resolution Grating Spectrometer (HIFOGS) at the Infrared Telescope Facility 
(IRTF). 
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GEOLOGY AND DEPOSITS OF THE HUMORUM BASIN. P. D. Spudis1, B. R. 
~ a w k e ~ ,  P. G. hce?, G. J. Taylo?, CC, peterson2 1. Lunar and Planetary Institute, Houston 
TX 77058 2. PGD-SOEST, Univ. Hawaii, Honolulu HI 96822. 

Humorum is a Nectarian-age basin [I] on the southwestern limb of the lunar near side. We have previously 
reported our preliminary results for the composition of the highlands surroundmg the Humonun basin, including 
distal regions of Humorum deposits where they interfinger with the deposits of the Orientale basin [2-4]. We 
here continue our ongoing study of lunar multi-ring basins [5-81, focusing on the morphology and composition 
of basin deposits. Our aims are both to understand the nature of the basin-forming process and to use lunar 
basins as probes in order to more completely characterize the composition and origin of the lunar crust. 

Gedogic Unitr ofthe Hwnovwn basin. Humorum is upper Nectarian [I] and is considerably degraded, relative 
to the more youthful and better preserved Imbrium and Orientale basins. Humorum appears to be nearly the 
same age as Crisium, a basin where deposit morphology and ring identification is ambiguous [S]. Humorum 
appears to have poorly preserved textured ejecta; a hilly and furrowed unit [9] similar to those occurring around 
Nectaris [7,9] and Crisium [8,9] occurs in the circum-basin highlands to the northwest of Humorum. These 
deposits are likely to be rugged, near-rim basin ejecta, corresponding to the Apenninus material of the Imbrium 
basin [1,6,9]. These materials, exposed southeast of the basin rim, were formally named the Vitello Formation 
during systematic mapping [lo] and we propose to resurrect this usage, extending its meaning to include all of 
the rough terra materials surrounding the Humorum basin, which we interpret as basin continuous deposits. 

In addition to the Vitello Formation, the Humorum basin rim is characterized my abundant massifs, 
ranging in size from a few kilometers to over 10 km in dimension. Massifs make up the Hurnorum intermediate 
rings (see below). Although small occurrences of the Vitello Fm. are found in highland areas north east of the 
basin, no basin interior deposits, comparable to the knobby deposits of Orientale or Imbrium, have been 
recognized at Humorum. Because of the mare fill of the Humorum basin, no interior planar deposits, 
corresponding to a basin melt sheet, are evident. 

Ring System 4 the Humomm Basin The Humorum basin is centered at 24' S, 39' W and displays several 
rings, in varying states of exposure and preservation. The innermost ring is expressed primarily by a concentric 
pattern of mare ridges in the central basin; this ring (the Doppelmeyer ring) has a diameter of 210 km [ll]. The 
next ring (Vitello ring) borders the mare fill of the Humorum basin, is composed of massifs, arcuate scarps (e.g., 
the spectacular normal fault in the western half of the basin near Lieb'i G), and ridges; this ring has a diameter 
of about 340 km. A rugged, massif-defined ring running through the center of Gassendi in the north, has a 
diameter of 425 km; three additional, more discontinuous rings occur exterior to this ring, having diameters of 
570,800 (Letrome ring), and 1200 km [ll]. Pike and Spudis [ l l ]  designated the Gassendi (425 km) ring as their 
best estimate for the main topographic rim of Humonun whereas Wilhelms [I] felt that the main basin rim is 
defined by a larger, more discontinuous scarp (Letronne ring, 800 km in diameter) exterior to this ring. Radar 
topographic data for the Humorum region 1121 indicates the exceptional topographic prominence of both the 
Gassendi and Letronne rings; although apparently suppressed north of the basin by its intersection with the 
Procellanun depression (alternatively interpreted as an anaent basin [I31 or an outer ring of Imbrium [6]) ,  the 
topography of the Letronne ring is consistent with its being the topographic rim of the Humorum basin, as 
favored by Wilhelms [I]. We tentatively favor this interpretation here, primarily on compositional grounds 
(discussed below). 

Gmpositkm ofHwmmm Basin Deposits. We have reported early results of an ongoing program to characterize 
the deposits of the Humorum basin using Earth-based spectral reflectance data [2-4]. In short, the highlands 
surrounding the Humorum basin consist of feldspatbic material; using the composition of the Apollo 16 highlands 
as a comparative base, our data indicate the predominance of noritic anothosite, with subordinate amounts of 
anorthositic norite [2]. This composition is somewhat similar to that of the nearby Orientale basin [4 J], but in 
slight contrast to the Crisium and Nectaris basins [7,8], where there appears to be a slightly higher mafic content 
in the form of 1) a dominance of anorthositic norite over more feldspathic members, and 2) the presence of 
"norite" components, largely in the form of a subordinate amount of the mixed rock type "low-K Fra Mauro 
basalt" [7,8]. 
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The Vitello Fm. (Humorum basin continuous deposits) displays two major spectral units: one grossly 
similar to materials near the Apollo 16 landing site (noritic anorthosite) and another, more mafic unit [3]. This 
unit appears to contain some quantity of mafic minerals (clinopyroxene), an interpretation borne out by the 
presence of a partial dark halo in the crater Gassendi G [2]. Because the Humorum basin is located near a 
portion of the Moon known to have experienced extensive volcanism in Nectarian times, the Schiller-Schickard 
region [14,lSI, we interpret this unit as having incorporating significant amounts of ancient mare basalt and 
attriiute this relation to the occurrence of post-Humorum, pre-Orientale mare volcanism in this area. The 
extrusion of mare basalt onto Humorum basin Vitello Fm. was followed by the deposition of a thin veneer of 
highland deposits during the formation of the craters Letrome, Gassendi, and Mersenius. Thus, these basalts 
are middle-upper Nectarian to lowermost Imbrian in age (approximately 3.9 to 3.8 Ga old). 

We reported previously that anorthosite is exposed in a series of small craters inside the Humorum 
basin. The craters Mersenius C, Gassendi E, and Liebig A, all 10-15 km in diameter and all superposed directly 
on top of the Humorum basin Gassendi ring, expose materials that display virtually no absorption bands 
attributable to the presence of mafic minerals, we interpret these deposits as indicating the presence of nearly 
pure anorthosites. Pure anorthosites are apparently confined solely to the Gassendi ring, as spectra of the craters 
Dunthorne and Mersenius S, both of which occur on the larger 570 km diameter Mersenius ring, display a 
composition of noritic anorthosite. 

L&zw&m Our results suggest that both the Orientale and Humorum basin-forming impacts occurred in a 
distinct geochemical/petrologid province, one that is enriched in anorthositic components. Both basins display 
inner rings containing nearly pure anorthosite deposits and have continuous deposits dominated by noritic 
anorthosite, with subordinate amounts of anorthositic norite. This composition is in marked contrast to those 
exhibited by the Nectaris and Crisium basins, in which both anorthositic norite and LKFM components-are 
present in proportions of roughly 3:1[7,8], and especially to the Imbrium and Serenitatis basins, which are largely 
dominated by norite and other relatively matic rock types [6]. Thus, in a gross sense, the evidence from these 
basins categorize the Moon into at least three distinct crustal provinces, each of which has been characterized 
to considerable depth through the use of basin ejecta. 

The presence of anorthosite on the Gassendi ring of the Humorum basin complements and extends our 
previous findings of anorthosite deposits associated with inner basin rings of Orientale [ 4 4 ,  Nectaris [7], and 
Grimaldi basins [4]. In fact, the extensive anorthosite seen in the Humorum Gassendi ring is in part responsible 
for our re-appraisal of the Humorum rim and its tentative assignment as an intermediate, rather than main, ring. 
The occurrence of anorthosite in basin inner rings may have significant implications for both lunar crustal 
structure (e.g., these are the surface exposures of the original magma ocean ferroan anorthosite cumulates) and 
the basin-forming process (e.g., inner rings are formed by the structural emplacement of relative deep-seated, 
crystalline target rocks). 
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