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Introduction: Luna 16 landed on the northeastern
corner of Mare Fecunditatis on September 20, 1970.
The robotic mission returned to Earth with a drill
core that sampled the regolith to a depth of 35cm.
This core was replete with relatively high-Al mare
basalts (11-20 wt% Al2O3 compared to typical mare
basalts: 7-11 wt% Al2O3). The return of these sam-
ples raised two important questions: does Mare Fe-
cunditatis actually contain high-Al mare basalts or
are they ejecta from a different region of the Moon?
If the basalts are from Fecunditatis, where are the
flows located?

Based on the positive relationship between FeO
and Al2O3, and the methods first described in [1,2]
and implemented in [3], we now investigate the re-
gions where we expect to find high-Al basalts. Here
we focus on Mare Fecunditatis and in a companion
abstract we investigate the Imbrium basin.

Methods:  Clementine 5-band UV/VIS cube im-
ages were processed from the full resolution
Clementine UVVIS digital image model data set us-
ing Integrated Software for Imagers and Spectrome-
ters (ISIS). FeO concentration images of the regions
were generated using the algorithm of [4] and TiO2

images using the algorithm of [5]. A two stage ap-
proach is used in our search for exposures of high-Al
basalts: 1) We isolated regions of interest (ROIs)
within Fecunditatis using Lunar Prospector data and
the known compositions of high-Al basalts from re-
turned samples (12-18 wt%
FeO, 1.5-5 wt% TiO2, 0-4 ppm
Th). 2) These identified ROIs
were then examined closely
u s i n g  h i g h - r e s o l u t i o n
Clementine images, sampled at
100m/pixel. This resolution
may be a bit optimistic for the
data set, particularly when con-
sidering errors associated with
TiO2 concentrations from
Clementine [6]. However, this
was taken into consideration,
and we did not attempt to make
any conclusions based on fea-
tures less than 400m in a single
dimension.

Fecunditatis basin is old,
pre-Nectarian [7], and filled
with mare basalt averaging

500m thick [8], with estimated local thicknesses as
great as 1500m (Fig. 2) [9]. Basalt fill is estimated at
middle- to late-Imbrian in age [7]. Dated high-Al
basalts from Luna 16 indicate at least three eruptive
episodes from 3.42 to 3.15 Ga, all of similar (high-
Al) composition [10]. The surface of Mare Fecundi-
tatis is also very complex owing to the crossing of
numerous large-scale ejecta deposits. The simplified
geologic map in Fig. 3 shows the distribution of the
different basaltic units in Mare Fecunditatis. This
map does not distinguish every flow unit, as does [8],
but instead divides the basalts based on major com-
positional variations and/or ages from crater counting
statistics of previous workers [11].

Discussion: Material ejected by large craters that
impacted in and near the basin have caused mixing
sufficient to obscure the composition of the basaltic
units. For example, the young, high-Ti unit(s) distin-
guishable in the NE and SW corners of the basin
(blue patches in Fig. 1) have contaminated almost the
entire mare surface. The TiO2 composition of the
surface does not drop below 3 wt%, even within cra-
ters as large as 3km in diameter, although the FeO
ranges from 14 to 18.5 wt%.

We have two reasons to believe we can identify
high-Al basalts in Mare Fecunditatis: 1) Returned
samples demonstrate the presence of high-Al basalts;
and 2) craters penetrating the regolith, exposing fresh
basalt reveal compositions consistent with the Luna

Figure 1: Fecunditatis in Clementine 750nm and ratio. The ratio image
shows high-Ti regions (blue) and relatively low-Fe (red).
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16 high-Al basalts.
Where the high-Ti unit (blue regions in Fig. 1b) is

less obscured by ejecta from Langrenus and Tarun-
tius, small impacts expose increasingly lower FeO
and TiO2 compared to the surface (~18.3 wt% FeO,
~11 wt% TiO2), with increasing crater diameter.
Craters greater than 2km in diameter begin to expose
basalt with a high-Al composition, and successively
larger craters continue to expose similar composi-
tions. Even Messier, with a diameter of 12.5km un-
covers basalt of ~15.8 wt% FeO and ~1.8 wt% TiO2.

Conclusions:  Figure 3 is our map of the major
mare basalt units identified in this research. The first
flows into the basin may have been of a high-Al
composition; Messier crater, sampling ~1200m into
the mare suggests this basalt type was at least the
most voluminous. The last flows into Fecunditatis
were high-Ti basalts, which covered much of the ear-
lier high-Al flows, to a thickness of ~200m. The
high-Ti basalts did not cover the southern edges and
lower lobe of Fecunditatis, thus high-Al basalt is the
surface composition in this region.

Whether the majority of Fecunditatis basin is
filled with high-Al basalt remains in question, how-
ever, the observations here do suggest it, and similar
studies [2,3] demonstrate that this method is capable
of distinguishing basalt types, even among the low-Ti
variety. These findings also support the contention of

Wilhelms [7] that the thickness of the crust beneath
large basins may have influenced the composition of
erupted basalts. He pointed out that because of the
density contrast between low- and high-Ti magmas,
as well as the depth of formation of high-Al com-
pared to low-Al magma types, low-Ti, high-Al mag-
mas would preferentially extrude into basins formed
in thick crusts, such as Fecunditatis, Nectaris, and
Smythii. Recent crustal thickness models [12]
support this conclusion, as does our search for high-
Al exposures, which highlight each of these mare.
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Figure 2: Isopach map of mare thickness from [9]
overlain on Clementine 750nm and shaded relief.
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Figure 3: Map of Fecunditatis showing major
compositional mare units.
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