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Introduction. The Apollo 17 landing site and surround-
ing regions contain a diversity of geologic formations and
associated landforms. The geology was mapped in detail by
Wolfe and Scott [1] based on Apollo mapping-camera and
panoramic photography; these maps provide a framework for
further study. The 1994 Clementine mission produced high-
resolution imaging of the entire surface of the Moon, includ-
ing 100–200 m per pixel multispectral imaging at UVVIS
and NIR wavelengths. From sample-station calibration, the
UVVIS data provide an estimate of soil FeO and TiO2 con-
centrations. This information is used to evaluate some of the
prominent features and map units defined by [1] that play a
central role in our interpretations of basin stratigraphy and
modification.

The Apollo 17 site lies in the Taurus Littrow Valley, an
embayment filled by high-Ti mare basalt along the South-
eastern edge of the Serenitatis basin. The valley is flanked
by rugged massifs of highland material, which locally form a
grid-like pattern that has been interpreted to result from
crustal modification during ring formation associated with
the Serenitatis impact [2].  In the vicinity of the landing site,
these include the North and South Massifs, West Massif (W-
NW of South Massif), Mons Vitruvius (E-SE of South Mas-
sif), and other unnamed massifs north and east of Mons
Vitruvius.  Hummocky terrain, resembling the Alpes For-
mation around Imbrium, occurs around and, in some cases,
on top of the massifs (e.g., Mons Argaeus) [1]. These de-
posits, which include the Sculptured Hills, Family Moun-
tain, and Bear Mountain, as mapped by [1], are widespread,
extending northward toward crater Littrow and eastward
toward Palus Somni.  They were interpreted to be ejecta
from the Serenitatis basin by [1], although they may grade
into Imbrium deposits to the north [2].

The massifs are thought to be Serenitatis structures, and
the entire area has been interpreted to lie within a “window”
having little or no overprint of ejecta formations of obvious
Imbrium emplacement morphology [1]. However, based on
Apollo gamma-ray Th data, it has been suggested that high-
land deposits along the eastern edge of Serenitatis might be
related to Imbrium instead [3]. It is hoped that global
gamma-ray coverage by the Lunar Prospector will help ad-
dress the question of whether the local Th distribution is
Imbrium-radial or Serenitatis-radial, but the resolution may
be insufficient. Th-rich impact-melt breccias are also Fe-
rich, thus the higher resolution Clementine data may provide
a link to relate Prospector gamma-ray data to this issue.

Here, I show estimates of FeO concentrations of the
major terra map units and of soils on the prominent massif
structures progressing radially away from the Serenitatis
basin. The massifs consist of a mixture of Fe- and Th-rich
impact-melt breccias, such as the boulders at the landing
site, and a variety of Fe- and Th-poor, relatively feldspathic
lithologies such as granulite and anorthositic norite, trocto-
lite and gabbro.  If the mafic impact-melt breccias represent

melt generated by the Serenitatis event, we might expect
them to decrease in abundance radially away from the edge
of basin as they give way to the more feldspathic debris that
constitutes much of the massifs. However, mixing with ba-
saltic debris from the nearby, relatively FeO-rich plains
units that are interspersed throughout the region complicate
this simple test.

Methods.  Images of the Apollo 17 landing site used in
this work are from orbit 289, and images to the east and
west of the landing site are from orbits 156 and 157. Images
in orbit 289 are of high resolution, ~106 m per pixel at the
latitude of the landing site, compared to those of orbits 156
and 157 (~170 m per pixel).  The 750 nm images containing
the landing site are LUB3274L (long exposure) and LUB-
3275L (short exposure). The Integrated Software for Imag-
ing Spectrometers (ISIS) system, developed by the USGS,
was used to process the Clementine UVVIS images [4, 5, 6].

Processing consists of calibration procedures, merging
long and short exposures for each filter pair, photometric
corrections, and coregistration of the five merged images for
each scene. The calibration procedures and photometric
coefficients used are essentially the same as those described
by [7].  Photometric corrections bring the images to a stan-
dard viewing and illumination geometry by adjusting to an
incidence angle of 30 degrees, emission angle of 0 degrees,
and phase angle of 30 degrees. These corrections do not
routinely account for local topography; effects of steep
slopes, especially where they slope directly toward or away
from the sun can be significant and are discussed below.

FeO calculation.  Compositional data for individual
sampling stations at the Apollo landing sites have been used
to refine (calibrate) the determination of FeO concentrations
of lunar surface areas using Clementine UVVIS data [7, 8,
9].  This method relies on a relationship between the 750 nm
reflectance and the depth of the Fe-related absorption fea-
ture, approximated by the 950/750 ratio. The correlation
between measured FeO of Apollo-17 soils, compiled mainly
from [10] and FeO calculated from the data for pixels corre-
sponding to the sample stations is very good (R2 = 0.95).
This method also accounts in part for differing degrees of
soil maturity [7].

TiO2 estimation.  Soil compositions from Apollo sam-
ple stations were also used to calibrate a method for estimat-
ing TiO2 concentrations [7] from a relationship based mainly
on the 415/750 nm slope [11].  The correlation to measured
TiO2 at the Apollo-17 site (R2 = 0.88) is not as good as for
FeO, but it appears to be useful for soils that have TiO2

greater than several weight percent and for which much of
the TiO2 is tied up in ilmenite.  In soils that have a substan-
tial proportion of TiO2 tied up in mafic pyroxene or glass,
however, the relationship may be more complex and this
parameter must be used cautiously.

Mafic mineral ID by spectral curvature.  The five
wavelengths of the UVVIS data (415, 750, 900, 950, 1000

Lunar and Planetary Science XXIX 1850.pdf



TERRA MATERIALS AT APOLLO 17, A CLEMENTINE PERSPECTIVE:  B. L. Jolliff

nm) provide information on the shape of the Fe-related ab-
sorption and have been used by [12] to determine mafic
mineralogy. The spectral curvature, defined as the angle at
750 nm between 415 nm and one of the longer wavelengths,
is diagnostic of the dominant mafic mineralogy, and is es-
pecially useful in areas of fresh exposure [12].  Orthopyrox-
ene has the greatest spectral curvature at 900 nm, clinopy-
roxene, 950, and olivine, 1000 nm [13].  For the mostly
mature soils of the Apollo-17 sample stations, however, the
spectral curvature varies little and only weakly discriminates
mafic mineralogy. Even so, the soils dominated by mare
basalt are more likely to have maximum spectral curvature
at 950 nm, consistent with a greater proportion of clinopy-
roxene than highland soils, and soils dominated by highland
materials are more likely to have maximum spectral curva-
ture at 900 nm (Opx-dominated). None are dominated by
olivine.

Results.  Concentrations of FeO calculated from the
UVVIS data correspond well to what we know about the
local geology of the site. Soils covering the central-valley
basalts mostly range from 16–21 wt.% FeO, and have the
highest concentrations in and around young central-valley
craters that exposed fresh basalt and covered over older soils
that accumulated highland debris over a long period of time.
Concentrations of FeO are overestimated locally by as much
as 10% (relative) in the shadowed areas inside the rims of
the larger central valley craters where the slope is away from
the sun. Concentrations of TiO2 range from about 6–10
wt.%, in agreement with sampled central-valley soils, but
are overestimated on the dark, inner slopes of big craters
and underestimated on the bright, sun-facing slopes.

Concentrations of FeO in massif soils (Fig. 1) range
from about 6–10 wt.%, and higher along massif flanks
where basaltic debris has been added to the soils by local
impacts. The young (100 my) light-mantle deposits range
from about 9–10% FeO, consistent with the composition of
their sampled impact-melt-breccia-rich soils [10, 14]. Rela-
tively high FeO concentrations for highland materials (e.g.,
10%) occur in many places high up the massifs, indicating
an abundance of mafic impact-melt breccia. Lower FeO
concentrations (6-8%) occur on slopes and in patches at
higher elevations.  These observations are consistent with
mafic impact-melt breccia forming a veneer high up on the
massifs, and covering older, more feldspathic, fragmented
upper crustal materials, but both may come from a single
basin-forming event.

Data from areas mapped as massif material show the
highland massifs to have similar ranges and distributions of
FeO concentrations, except for West Massif, which, for ar-
eas previously mapped as massif material [1], appears to be
extensively mixed with mare basalt. There is no systematic
decrease in the peak concentrations of FeO histograms for
the North and South Massifs, Mons Vitruvius, or the massifs
further to the east. Relative to the others, however, Mons
Vitruvius appears to expose a higher proportion of  feld-
spathic material. The next massif to the east does not, so it
appears that there is not a simple decrease in mafic melt-
breccia components in Massifs correlating with radial dis-
tance from the rim of Serenitatis.
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Soils from the Sculptured Hills also peak around 10%
FeO, but also have a component of mare material. Impacts
into the Sculptured Hills have excavated FeO-rich material,
indicating that mare plains in part underlie these thin high-
land deposits, especially where mass wasting and impact
degradation have spread these low-lying units laterally.

Areas mapped by [1] as plains units, possibly volcanic,
have FeO concentrations in a fairly narrow range, peaking at
about 12 wt.%, significantly higher than the massifs and
hummocky units. It appears that soils in these areas devel-
oped on older volcanic plains and now contain a well-mixed
set of highland plus volcanic materials.  Fresh impacts into
these units reveal underlying FeO-rich material, probably
basalt of low to intermediate Ti concentration.
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