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Dome crater material

Characteristics
Material in cluster of large cra-
ters and a crater chain in the
center of the dome (Cd) in the
south-central part of the site.
Albedo intermediate. Associated
large craters intersect and have
rounded rims. Patterned ground
on the steep slopes.

that of unit
at the break
dome and the

Interpretation
near-surface

Material of a group of volcanic
craters associated with the forma-
tion of the dome. Probably frag-
mental volcanic debris reworked

by successive impact.

identical to

Dome material

Material occurring on broad low domes.
The surface of the domes resembles

the near-surface fragmental layer may
differ in composition from the sur-
rounding material; if intruded the
material exposed at the surface is

By

M. H. Carr
1967

Mercator Projection

Pitted materiai

Characteristics
Forms gently rolling topography with
Tow hills as much as 200 meters
Ctm. Contact is drawn across. Many subdued craters mostly
in slope between the less than 200 meters in diameter oc-
surrounding terrain. cur. Only occurrence is just north
of the dome (Cd) in the south-cen-
tral part of the site.

May represent volcanic extrusion or

intrusion. If extruded, Interpretation
Probably indurated ash and lava of
volcanic hills and craters covered
with a shallow fragmental layer.
Volcanism was related to formation

the surrounding material. of dome (Cd).

theses.

line and ball.
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Buried crater
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Dotted where buried.
cate downthrown side.
are too close together to be shown se-
parately they are indicated by single

, Buried contact

Crater in subjacent terrane thinly cov-
ered by surface unit.

Bar and ball indi-
Where two faults

Block field

Area where blocks are particularly nu-
merous on the surface.

Lineament

Buried unit indicated by symbol in paren-

Probable fault or fracture.

Break in slope

In Ctm marks gentle break in slope and
may indicate that Ctm is thin and topo-
graphy of underlying tu is apparent at
the surface. On other units marks sharp
break in slope. Barbs point downslope.
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w Mare ridge

Line indicates the crest of the ridge
and the arrows show the direction of
plunge. Ridge bounded by break in
slope. Interpretation: Site of fis-
sure intrusion or extrusion of vol-
canic material and/or site of sub-
surface fault.

Apron material

Characteristics
Occurs at the base of steep slopes. Mapped only
where contact is clearly defined. Unit is gent-
ly sloping and is characterized by patterned
ground; terminates abruptly against adjacent
units with sharp break in slope.

Interpretation
Apron of debris that has accumulated at the base
of steep slopes as a result of mass wasting.
Consists of fragmental debris. Process of form-
ation still continuing.
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Crater cluster

Characteristics
Materials of dense clusters of craters. In
most clusters, craters are small (<0.05 km) r
and have sharp outlines. Albedo is higher
than that of the surrounding materials.

Interpretation
Probably clusters of very small secondary
impact craters. The two large clusters
mapped may be volcanic in origin.

Ctm <

Mare-1ike terra material

Characteristics
Occurs mostly in the west half of the
site between outcrops of terra mate-
rial. Albedo intermediate, higher
than that of CEm. Unit forms a Tow
undulating surface with areas of low
positive relief. Grades impercepti-
bly into tu as the positive relief
elements become more numerous and
into mare material as the positive
relief elements decrease in number
and craters become more frequent.
Fewer craters between 0.05-0.5 km
in diameter than in the mare. Fresh
blocky craters larger than 0.1 km are
absent and craters larger than 0.5
km in diameter are mostly shallow
rimless depressions.

Interpretation

Slightly cohesive fresh volcanic de-
bris mixed with colluvium and impact
ejecta. Overlies an old cratered
terrain. Some of the large shallow
craters are partly buried craters of ~
the underlying terrain, and some
areas of positive relief are areas
where the unit is thin. The low
ridge-like structure in the eastern
part of the site may be site of in-
trusion or extrusion of volcanic \
material.

Cbm {

Moderately cratered mare material

Characteristics
Occurs mostly in the east half of the site.
Albedo low to intermediate. More craters be-
tween 0.07 and 0.2 km in diameter than on Ctm.
Fewer fresh blocky craters than on EIm. Cra-
ters larger than 0.5 km in diameter are mostly
pan-shaped depressions.

Interpretation

Probably volcanic flow or tuff. The large pan-
shaped craters are probably remnants of craters
that formed in the underlying terrain which may
consist of terra or older mare materials. Bur-
jal of older craters indicates the unit is 50-
200 meters thick. Near-surface fragmental layer
is as much as 10 meters thick.

Site II P-2, on the southern edge of Mare Tranquillitatis,
is in an area transitional between mare and terra. Mare or
mare-like materials predominate; typical upland terrain occurs
locally, but is more extensive south and west of the site. A
distinctive feature of the site is the exceptional smoothness
and low crater density of certain areas. Typical mare occurs
only in a small area in the east-central part; elsewhere, the
mare is unusually deficient in craters. Also of interest, and
possibly-indicative of late-stage volcanism, is the large dome
in the southern part of the site. Owing to the absence of
fresh large primary impact craters, the site is relatively free
of secondary impact craters.

The terra has been divided into two units: undifferentiated
terra (tu) and mare-like terra (Ctm). The undifferentiated ter-
ra is typical of terra areas of low relief in that the terrain
consists laraely of intersecting craters, ridges, and Tow hills.
The unit has more large (>0.5 km diam) craters than any of the
other units but is deficient in small craters. Small craters
may be ranidlv destroved by downslope movement of the surficial
fragmental layer. The mare-like terra is the smoothest unit in
the area and comhines many of the features of both terra and
mare. Almost flat and level like the mare, the unit is dis-
tinquished by slightly higher albedo and low positive relief
features (vestiges of old craters and linear ridges). It has
much less relief than typical terra and fewer craters than any
of the other units. It is interpreted to consist of a non-
cohesive mixture of volcanic debris, colluvium, and impact e-
jecta. Colluvium predominates around positive relief features;
volcanic debris, elsewhere. The paucity of craters results
partly from the youngness of the material and partly fcom its
Tack of cohesion; because of the latter, impacts produce rounded,
subdued craters that are rapidly degraded. The unit is thin
where remnants of old craters and ridges occur at the surface.

The mare has been divided into two units largely on the
basis of crater frequency. The more heavily cratered of the
two units is considered to be the oldest (EIm). It has an
especially high frequency of craters 50 to 500 meters in dia-
meter and a greater proportion of sharp, fresh craters than
the other mare unit. On the heavily cratered mare, all grada-
tions exist between fresh craters and shallow, subdued ones.
Most of the craters larger than 500 meters in diameter on the
moderately cratered mare material (CEm) are shallow pan-shaped
depressions; very few rimmed bowl-shaped craters of this size
are present. The broad shallow depressions are interpreted as
partly buried craters of an older terrain.

Three domes--broad low positive features bounded by a
shanp or gentle break in slope--have been mapped. A group of
craters, possibly the remnant of a crater chain, occurs in the-
center of the largest dome. The domes probably represent lac-
colithic near-surface intrusions, and the craters in the cen-
ter of the largest dome may be volcanic.

The aforementioned units have all been cratered in vary-
ina degree. Crater materials in site II P-2 have been assigned
relative ages (Ccy, oldest; Ccg, youngest) according to the
morphologic criteria shown in figure 1, which was constructed
on the basis of the observations that 1) craters are degraded
with time and 2) the rate of modification is inversely propor-
tional to crater size.
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CRATER DIAMETER

Figure 1

In the north-central part of the site, terra materials form
a circular structure about 35 km across. The southeast Timit
of this feature is marked by a slight break in slope, and terra
ridges outline the structure on the southwest. North of the
site the structure is bounded by mare and terra ridges.

The oldest recoanizable geologic unit in the area is the
undifferentiated terra, which may be ejecta from the impacts
that formed the Tranquillitatis and Nectaris basins. If the
material once exhibited features characteristic of ejecta blan-
kets, they have since been erased by erosion and faulting.
Movement on northwest-trending faults produced ridges and val-
leys in the terra, probably long after the Tranquillitatis and
Nectaris basins formed. However, as the ridges are radial to
Mare Imbrium, they could have formed contemporaneously with
the Imbrium impact. Volcanic mare material probably began ac-
cumulating in the Tranaquillitatis basin soon after the basin
formed and continued throughout the subsequent geologic his-
tory of the region. Only the most recently formed mare mate-
rial occurs at the surface, and the domes and mare ridges are
manifestations of the most recent volcanism. While the Tran-
quillitatis basin was being filled, high, terra areas were
eroded by meteorite bombardment and mass wasting, and inter-
vening low areas were filled with volcanic material, colluvium,
and impact ejecta to form the mare-like terra material. At
mare margins, mare-like terra material interfingers with the
various mare units, and only one mare-like terra unit, the
youngest, occurs at the surface. The most recent recognizable
event in the region was the formation of the clusters of fresh
craters by impact of ejecta from Theophilus or Tycho.

0f major scientific interest in the site are the two mare
units, the mare-like terra, and the cratered dome. The two
mare units are interpreted as being of different ages because
of differences in their crater frequencies. The heavily cra-
tered mare appears to have a hiaher frequency of very fresh,
block-rayed craters than the moderately cratered mare. This
would not result from merely an age difference unless the mod-
erately cratered mare was extremely young, younger even than
many of the fresh blocky craters, which is unlikely. The dif-
ferences in crater freauency between the two units may result
partly from differences in litholoay. The mocerately cratered
mare material may be less cohesive than the heavily cratered
mare so that new craters in the former are more rounded and
more rapidly eroded. Ground samplina could determine whether
the differences result from age or lithology and also what the
origin of the units is. The mare-like terra presents a similar
problem. The lack of craters may result from youngness or from
a peculiar litholoay. The unit is interpreted as a noncohesive
mixture of volcanics, coliuvium, and ejecta, but the relative
proportions of the different components are not known. The
most interesting feature of the site is the large dome in the
south-central part. This is very orobably of volcanic origin;
the craters in the center are also probably volcanic. The
other two domes may be sites of subsurface volcanic activity.

Little is known of the engineering properties of the dif-
ferent units exposed in the area. The heavily cratered mare
resembles the mare on which Surveyors have made engineering
measurements and probably has similar engineering properties.
It is probably indurated volcanic material covered with a frag-
mental layer a few meters thick. The moderately cratered mare
and the mare-like terra are thought to be younger than the
heavily cratered mare and should therefore have a thinner cover
of impact-generated surface debris. However, if the materials
of these two units are not indurated, noncohesive materials
could extend to depths of several tens of meters. The relative
lack of blocks around many craters suggests a thick fragmentai
layer. In the areas of low positive relief on the mare-like
terra, the more indurated materials of the underlying units may
be very close to the surface. X

Crater materials, undivided

NOTE: Crater materials occupying areas larger than
800 meters in lateral extent, including deposits
outside the rim crest, are outlined by geologic
contacts; materials occupying areas between 400 and
800 meters in lateral extent are assigned numbers
only, unless a crater has a bright halo more than
400 meters across, in which case the materials are
outlined; materials covering areas less than 400
meters in extent -are unmapped. Craters in terra
material (tu) were not numbered because they are
probably degraded faster than craters in units with
less relief.

Characteristics

Include bright ray material; abundant blocks
present in wall and rim materials; structure
abundant in floor and wall; crater rim crest
sharply raised.

e

Blocks moderately abundant; well-defined
structure occurs in floor, concentric struc-
ture in rim; crater density slightly lower
on rim than on surrounding materials; crater
rim crest moderately subdued.

3 CC3

3, blocks sparse in rim material, moderately
abundant in wall; crater density on rim
slightly lower than on surrounding ma-
terla]s; crater rim crest strongly sub-
dued.

Cc3, unit not bright; some blocks in rim mate-
rial, and many in wall material; crater
density on rim slightly lower than on
surroundings; crater rim crest moderately
subdued. :

2, blocks sparse; concentric structure occurs
in walt material; crater density on rim
same as on surroundings; associated cra-
ter is shallow-bowl or pan shaped.

Ccy, unit not bright; no blocks present in
rim material; crater density on rim same
as that of surroundings; crater rim
crest subdued.

Crater density in rim and floor material same
as in surrounding material; associated cra-

ter is gentle rimless depression; crater rim
crest is marked by slight break in slope.

Interpretation
A11 numbered craters are believed to be impact
craters. Aberrant crater types are not includ-
ed in the classification scheme. Youngest
craters surrounded with shock-metamorphosed
debris; brecciated bedrock exposed on walls.
As craters age they become filled with de-
bris slumped off the walls and from outside
the crater. The rim material becomes mixed
with the surrounding material until it is in-
distinguishable from it. Larger craters are
destroyed more slowly so that an old 3 km
crater may still have bedrock exposed on the
inner wall although none is exposed on a
young 400 meter crater.

Crater materials, undivided

Characteristics
Part of well-defined rim material may be cov-
ered with younger material; patterned ground
and blocks on wall; no bright halo; crater
rim crest well-defined.

Interpretation

Materials of relatively old impact craters.
Rim material consists of shock-metamorphosed
debris mixed with surrounding material. Wall
material consists mostly of talus but brec-
ciated bedrock may be exposed on the upper
parts of the wall. Talus includes blocks of
shock-metamorphosed bedrock.

[Eim]

Heavily cratered mare material

Characteristics
Most extensive outcrop occurs in the center of
the site just south of a prominent terra ridge
(tu). Albedo low to intermediate. The low
hills and shallow slopes that characterize Ctm
are absent; all relief features are craters.
More heavily cratered and has a higher pro-
portion of fresh blocky craters than on CEm.

Interpretation
01d mare material. Probably volcanic tuff de-
posits or flows covered by a layer of frag-
mental debris. Blocks are visible around cra-
ters as small as 40 meters in diameter sug-
gesting that the near-surface fragmental layer
is less than 15 meters thick.

Terra material, undivided

Characteristics
Forms most of the high ground in the site, and
occurs most extensively in the west half. Al-
bedo intermediate. Terrain characterized by
large (>0.5 km in diameter) shallow craters,
low rounded hills, and prominent northwest-
trending ridges and intervening smooth areas.
Patterned ground occurs in most areas. Grades
imperceptibly into Ctm and is distinguished
from Ctm by the predominance of positive re-
lief features. Large craters (>0.5 km in di-
ameter) as numerous as on CEm but smaller cra-
ters (0.05-0.5 km in diameter) Tess numerous
than on the mare units.

Interpretation

" 01d pre-mare terrain. The northwest-trending
ridges are radial to Mare Imbrium and parallel
to one of the major lunar grid directions.
The ridges may have formed at the time of form-
ation of the Imbrium basin. Patterned ground
on steep slopes results from downslope move-
ment of the near surface fragmental layer.
Except on steep slopes and on ridges, frag-
mental layer thicker than on all other units.
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