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Hidden mare deposits, or cryptomaria, are important
to lunar studies because they provide evidence of
ancient mare volcanism [1]. In previous work, we have
presented techniques for identifying cryptomaria [2] and
for determining their geometries, through the use of
dark-haloed impact craters (DHCs), applying these
techniques to a study area on the western limb of the
Moon [3].
However, the limited resolution and coverage of
Earth-based telescopic images, which had been used for
these early studies, motivated us to apply our darkhaloed crater techniques to the Clementine data set. We
have shown that the 5 UVVIS channels of the
Clementine data set can be used to identify buried
basalts [4]. The 415/750nm, 750/950nm and
750/415nm band ratios, when displayed as a red, green
and blue color image, were found to be effective at
indicating the presence of mafic materials, which show
up as light green in such an image. We demonstrated
how the basaltic nature of these mafic materials can be
confirmed using 5-band spot spectra, and showed that,
generally, the presence of light green coloring in the
color ratio composite image is a good indicator of
basaltic composition. We applied these techniques to a
small test area in the interior of Schickard crater on the
western limb of the Moon, and demonstrated how
Clementine ratios and spectra can be used to delineate
cryptomaria and determine the stratigraphy of the
region. We now apply these techniques to the whole of
Schickard crater.
Clementine 5-band UVVIS data was compiled for
an area of approximately 40,000 km2, encompassing
all of the crater Schickard and adjacent regions (Figure
1). The data was calibrated and registered as described in
[5], producing a series of image cubes. Ratios were
obtained individually for each image cube and then
mosaicked together (Figure 2). Spectra were obtained
from each individual image cube.
On the basis of the ratio images, the spectra, and
prior knowledge of this area from our previous studies,
we compiled a map of the region (Figure 3) that
illustrates areas where we have determined, or suspect,
the distribution of different stratigraphic columns or
sequences. We identified several types of stratigraphic
sequences. The most simple stratigraphic column is the
Highland column, represented by a thick pile of
predominantly highland material. As can be seen from
the color ratio composite of Figure 2, areas that are
mapped as having a Highland stratigraphy show very
little mafic material (green); small craters here tend not
to have any basaltic materials on their slopes. The
predominant feature of these areas seems to be the fresh
highland slopes along the rim of Schickard crater,
which seem to indicate that Schickard crater excavated
primarily highland material and therefore impacted into
a predominantly highland substrate.
Areas mapped as having a Deep Cryptomare
column seem on the surface to be very similar in
appearance to those having a Highland column.
However, the presence of a deeply buried mare deposit

is inferred here from the large dark-haloed crater which
is found in this area. This dark-haloed crater is so
prominent that it can clearly be seen in the 750 nm
band image of Figure 1, however, all efforts to obtain a
basaltic spectra from anywhere along the interior slopes
of this crater were unsuccessful. We believe this
indicates that the mare layer here is buried particularly
deeply and that mass wasting from the very thick
overlying layer has filled the bottom of the crater with
highland material, obscuring any mare signature.
Continued mass wasting along the crater wall would
insure that any mare material is completely covered.
Because the mare layer here is so deeply buried, there
are no clues, aside from the one dark-haloed crater,
about its position and extent. Therefore, the boundary
between this region and those having a Highland
stratigraphy is somewhat ambiguous.
Areas which are believed to have a Shallow
Cryptomare stratigraphy are characterized by
predominantly smooth topography at the surface and a
multitude of small craters that have strong mafic
signatures, indicating that mare deposits are buried here
at very shallow depths. This interpretation is supported
by spectra which show that basaltic materials are
present in the walls of large craters (~10 km), but only
near the crater rims. Further down the slopes of some
of these larger craters, anorthositic, or highlands,
spectra can be found, indicating that this mare layer
does not extend very far down. Thus the layer of
shallow mare must be relatively thin. However, the
presence of large dark-haloed craters within these
regions, or nearby, suggests that other mare deposits
may be found further down. If the shallow mare layer is
relatively thin, then it is expected that excavation of
large quantities of underlying highland material would
obscure any dark halo signature. Thus, the presence of
visible dark halos suggests that additional mare
material is excavated from deeper down. This
interpretation is supported, at least for the segment
within Schickard crater, by the identification of a
basaltic spectra near the bottom of one dark-haloed
crater. The dark-haloed crater in the southwest quadrant
of Schickard crater displays a series of spectra that
progress from basaltic to anorthositic to basaltic,
beginning at the crater rim and moving closer to the
bottom. This spectral sequence suggesting that a layer
of highland material is sandwiched between two mare
layers at this location. Therefore, two mare layers may
be represented in the stratigraphic column of this type.
The final column type is the Surface Mare column,
which represents those patches that have been mapped
as mare units [6]. There are very few craters of any kind
found on these mare units. All of the craters that do
occur are small and have strong basaltic signatures.
There are no craters large enough to determine
conclusively the stratigraphy below these maria,
however, onlapping and embayment relations indicate
that the mare layer is younger than the thin highland
layer, which obscures other mare in the Shallow
Cryptomare column type. We therefore conclude that
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Figure 1: Blue 750 nm band Clementine image of the
Schickard crater study area. Previously identified darkhaloed craters are indicated by arrows.

Figure 2: Color ratio image of the study area. The
415/750nm, 750/950nm and 750/415nm band ratios are
represented by red, green and blue, respectively.

On the basis of our analysis and mapping of
stratigraphic column types in the Schickard crater
region, we can propose a geologic history for this area
of the Moon. The Schickard impact event occurred,
impacting into what we believe was predominantly
highland material. This was followed by an episode of
mare flooding that occurred both inside and outside of
the Schickard crater, and which we know took place
prior to the Orientale impact event [3,7]. The northeast
portions of this area appear not to have been affected by
this phase. At 3.8 b.y. [8], an intermediate highland
layer was emplaced in the form of Orientale impact
ejecta. Another episode of mare flooding followed,
creating a relatively thin layer of mare material, and
generally covering those areas which had been affected
by the first episode of mare flooding. Subsequent
impacts into nearby highland units (such as the 13 km
diameter crater, Schickard F, located just south of
Schickard crater) emplaced a thin covering of highland
ejecta which obscured the second series of mare
deposits. Mare units further to the south are known to
be obscured in the same manner [9]. A final episode of
mare flooding occurred in selected areas within the
crater Schickard, creating the two mare patches that can
be seen today.

Figure 3: Sketch map of the Schickard crater area, showing
several types of stratigraphic columns and their
distribution throughout the region, as determined from
spectra and ratio images.

Shallow Cryptomare-type stratigraphy most probably
lies below much of the surface mare here, making a
total of three mare layers which are represented in this
stratigraphic column type.
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