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different-colored material at the top of all these craters.
(CMP, rev 27)

Near Abul Widfa on the first ring of Arabia, there is [a
crater that should be] on the panoramic camera photographs.
Look for a small crater just to the east of Abul Wdfa, about
200 to 400 m in diameter. And there is a black strip right on
the western wall, going down the western wall of the crater.
It doesnot look like that strip extends beyond the rim at all;
just down inside the crater wall. (CMP, rev 29)

This is the first time I have really been able to see that
first ring of Arabia. And it shows up as, the way the Sun is
shining on the darn thing, it shows up as a bright—I'll be
darned! That is amazing! It shows up as a bright ring, just like
we got it drawn on the map. You know, I get a brighter
albedo all the way around to the top of the ring. (CMP, rev
40)

Visibility of the basin rings was enhanced by the
decrease in Sun elevation angles. As shown in the
previous quotations, only the western part of the
second ring was visible during most of the mission.
However, as.the Sun elevation angle decreased, the
eastern part was clearly visible, especially post-TEI:

Also, be advised the inner ring of the basin Arabia is quite
visible. It looks like there is a shallow depression outside the
inner ring and when you get up at this altitude right around
Saenger, it looks like a raised-up platean crossing Saenger.
And, also, in the vicinity of King—King is almost going into
the terminator now, well, it is 10° or 15° from the
terminator—you can see a little bit of a raised-up plateau,
that takes in the crater King and goes about a crater diameter
and a half or maybe two diameters to the sounth, and a crater
and a half to the north of King. (CMP, post-TEI)

Light-Colored Swirls

The light-colored sinuous markings in the north-
ern part of Arabia form part of a large field that
extends westward into Mare Marginis (ref. 28-10).
The nature of these swirls is not well understood, and
observations from orbit at varying Sun elevation
angles were made in an effort to better characterize
them:

We are abeam of Al-Biruni and coming up on Goddard
and Marginis right now. AlBiruni has got variations in its
floor, variations in albedo. It almost looks like a pattern as if
water were flowing on a beach—it is that irregular. Not in
great areas, but in small areas around on the southern side,
and the part that looks like it is a water-washing pattern is of
a much lighter albedo, although I cannot see any real source
for it. The texture, however, looks about the same. (LMP, rev
2)

And [more on] the question of these irregular swizls that
we have in Mare Marginis, and we are looking just north of
Neper now. In the mare, there just is no visible relief.
Although there seem to be some sinuous systematics anyway

to the distribution. Like, having a very dark area associated
with the light area. And that dark area is darker than the
[surrounding] mare. I think the pictures will show that.
Now, in the highlands, however, the light albedo areas, which
are very comparable, that appear to be swirl-like patterns of
the same type, seem to be associated with a crest of crater
ridges and other high points. We are right over a concentra-
tion of these now in the northern part of Marginis, where the
rule is that the light areas are associated with either
symmetrically around a much darker area than the normal
mare, or on one side, and in this case, generally the south
side. That rule is very clear. And that also seems to hold in
the far side where there was a slightly darker region between
areas of light-colored swirls. (LMP, rev 2)

Houston, there seem to be two general kinds of ray
patterns: those associated with a lot of secondaries and those
that have no visible secondaries. And that is independent,
yet, from the irregular light-colored areas we have been
calling swirls. There is a lot more of that light-colored
swirl-like irregular material, or discoloration, or whatever you
want to call it, in the far-side highlands, particularly as we
approach Marginis, than I have previously gathered from the
available photography. (LMP, rev 3)

Let me reiterate something that I have been watching this
revolution; that is this relationship of the light-colored or
light-gray swirl patterns on the surface to associated pattems
or parallel patterns that are darker than the average of the
surrounding area. And this is true both in Mare Marginis and
in most cases on the far side. Although these are very
irregular patterns, there is roughly a concentric zoning of
dark to light within an intermediate albedo surface. There are
variations on that theme; sometimes you do not get the
symmetry quite as good, but it is common enough that I
think it is worth noting. (LMP, rev 5)

Later during the mission, the CMP made addi-
tional observations of this extensive swirl field. The
alternating bands of dark and light were obvious
despite the variation in Sun elevation angle. When he
was queried about the swirls west of the crater Abul
Wifa (fig. 28-8), he stated:

Yes, 1 really saw them that time. And where the swirls
really show up is about a crater diameter from Firsov, crater
diameter to the east. And 1 talked about it on the tape. But,
basically, they are kind of concentric swirls in that area, with
light and dark [bands]. And the contrast between the light
and dark is something tremendous. The dark is not a mare
dark, but a tan that comes real close to it. (CMP, rev 29)

You could really see the swirls in Marginis; [I am] trying
to compare them with the same type of swirls back there in
Arabia. .. But in the case of Marginis, there is a crater
[Goddard] just in the northwest quarter . . . That is what is
causing all the swirls going across Marginis . . . There is a dark
gray, and the swirls seem to be around the dark-gray areas.
The swirls are a light tan. The switls in Marginis . . . seem to
be emanating essentially radially from that bright crater,
going out across the mare. (CMP, rev 38)

The newly found association between the swirls
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and the darker bands added a new dimension of
mystery to the problem. The relationship between
the physical presence of a small crater on the rim of
Goddard and a portion of the swirl field in Mare
Marginis did not resolve the original problem: that of
the lack of identifiable features that may have caused
the surface brightening. Alteration of the surface
material by gases escaping from the lunar interior had
been suggested as a possible cause (ref. 28-11).

MARE SMYTHII

Mare Smythii is a relatively old circular basin on
the eastern limb of the Moon. The basin is charac-
terized by several discrete units with different albedo
and textural patterns. The mare also contains a
unique population of multi-ringed craters, some of
which are polygonal in outline (fig. 28-9). The
objective of making observations of Mare Smythii
from orbit on Apollo 17 was to study the multi-
ringed craters to determine their probable origin:

On the crater to the north of the Wright Brothers, the
slope of the walls is steep, probably 45° on the inside. 1tisa
gradual slope on the outside, slipping away from the crater.
There is no apparent albedo difference in the ejecta or
patterned annulus around the crater itself, and we are looking
specifically at the one to the northwest of the Wright
Brothers now. There is a definite mare flow that is inundated,
and it is a different color and has a light albedo to it now. 1t
is kind of a grayish tan. It is a light-grayish-tan material that
has flowed, and—1 cannot tell-it almost looks like it is flowed
down to the crater. There is an impact crater right in the
breach in the wall, which has nothing to do with the flow
itself. The material in the inner crater—in these double-ring
structures down there—is comparable to the hummocky,
bumpy-looking-type stuff that is not really the mare; not the
smooth mare of Smythii, but the other part of the mare of
Smythii. (CMP, rev 62)

The walls [of the multi-ringed craters] are not delta-
shaped at all. The one directly north [of the Wright Brothers
(fig. 28-9)] we will say is 12 o’clock; the other one is 1
o’clock; and then a 2-o’clock crater. The I-o’clock crater, as
it looks to me, has a high lava mark around the outer ring of
the crater itself. The one at 12 o’clock is the one I was
talking about, has the breach on it with the later impact, the
small impact crater on it. And without the binoculars I could
not tell flow direction, whether they were flowing into the
double-ring basin from that mare patch on the outside or vice
versa, so 1 am going to try to check that out the next time
around. (CMP, rev 62)

The crater just above the “rev 62 line in figure
28-9 displays a multi-ring structure. From the center
of the structure to the inner ring, the surface slopes
upward at 15° to 20°. On the outside of that ring, the
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surface drops steeply, at about 45°. (Paraphrased
from CMP, rev 64)

1 still want to talk a little bit about these polygonal craters
and Smythii. The one right above revolution 62 has kind of
an inundated old depression there with a mare, very smooth
mare floor, with two old craters. And that is definitely a
younger flow than whatever made the polygonal crater-like
depression. Right above the ‘rev 62’ number [fig. 28-9]. The
thing that bothers me about that is that they look like if you
threw a rock in the mud, and you get a wave or a ripple going
out from there. In other words, you have got a high
wavefront going out from a circular direction with a slight
sloping up to that wavefront. That is on the inner ring of the
thing. The outer ring, of course, isa typical ring that you get
from an impact-type operation. It looked like the rough-
looking floors of those ring basins essentially have the same
albedo, the same characteristics, as the rougher-looking floor
in Mare Smythii itself. (CMP, rev 66)

Rims on the Wright Brothers crater pair have a struc-
ture similar to that of the crater above the “rev 62”
line in figure 28-9. A cross section of the rim would dis-
play a steep outer slope (as much as 45°) and a lower
inner slope (approximately 20°), a configuration oppo-
site to that of the majority of craters. The western por-
tion of one of these craters is an exception in that the
rim is almost delta-shaped; that is, it has the same slope
inside and outside the crater. (Paraphrased from CMP,
rev 73)

CRISIUM-SERENITATIS

As illustrated previously, much emphasis was
placed on color tones of the observed features. As a
result of Earth-based studies of the near side of the
Moon, the lunar surface units had been mapped as
red, intermediate, and blue (fig. 28-10) depending on
their response to the solar spectrum. These color
units appear to correlate with compositional varia-
tions (ref. 28-12). Visual study of actual colors of
representative areas was expected to help in inter-
preting the color variations and in extrapolating to
other areas of the Moon.

The region designated 8 in figure 28-1 was
considered of high priority in the discussion of the
colors of the surface units. The region encompasses
the western half of Mare Crisium through the eastern
part of Mare Serenitatis. At one time, the CMP
commented:

To me, the Moon has got a lot more color than 1 had been
led to believe. 1 kind of had the impression that everything
was the same color. That is far from being true.

This being the case, the area of observation was
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do not have a feeling for the relative size of things. 1 will try
to get that one on the next pass. (CMP, rev 24)

All these dark-halo craters by Yerkes! The one that is
farthest to the south looks like an impact-type crater. In
other words, you have a definite ejecta blanket around it.
The one that is hard to look at is in the middle of the field,
but I think it is probably the second one down from the top.
It has rounded ridges, and a ronnded rim. The ejecta pattern
or the dark halo is about twice the crater diameter. And it is
either a highly eroded impact-type crater, or it is a
volcanic-type structure. And, to me, it does not look like a
highly eroded impact one. (CMP, rev 40)

The rays and ejecta blanket surrounding the
bright-rayed crater in the area (fig. 28-14) were
described as orange in color. The crater was compared
to others in the Taurus-Littrow landing site and in the
Sulpicius Gallus area (as discussed in the following
paragraphs).

In the north, east, and west quadrants of that little crater,
there is very clearly an orange pattern, an orange color to the
ejecta. The other gquadrant is a lighter color, a light gray.
(LMP, rev 64)

In addition to the orange-tinted ejecta, blocks
with a greenish hue were observed around impact
craters in western Crisium. These observations may be
important in establishing the importance and distribu-
tion of colored glasses collected on Apollo missions
11, 15,and 17.

I get the impression that these bright ones, see the bright
one right down there in front of us [fig. 28-14], have a dark
greenish-black or blackish-green [color], yes, a green cast to
the rocks. The big blocks that are laying around in the crater
and also the ones that are down in the bottom, a greenish
cast to them. (CMP, rev 64)

Houston, we are just passing over a little polygonal crater
that is maybe 15 km in diameter. It, again, has that dark
greenish-black rock that is collected down at the bottom of
it, and you also see it streaking down the side of it. But, 1
think one of the most significant features about the crater
itself is that it has a swirl, and this looks like swirls rather
than rays. It has a swirl pattern, radial from that most recent
impact. (CMP, rev 66)

Rim materials of the Crisium Basin.—The sharp-
ness of the massif units that ring the circular basins is
one of the factors to be considered in deducing the
relative age of the basin. The mountain rings of large
circular basins and those of Imbrium were compared
during the flight, based on what is known about their
positions in the lunar stratigraphic sequence (ref.
24-14). The following are selected comments that
compare Crisium with other overflown basins:

While we are in a relatively quiet period, we are going to
make a few comments about some of the things that cross
the two big basins that we are getting very familiar with,
actually, three: Smythii, Crisium, and Serenitatis. [The
obvious features are] the degradation of the walls of the
major ring and the lack of any obvious blanket structures, in
contrast to Imbrium and Orientale, which we have also had a
pretty good look at. That contrast is quite striking.

The fronts of the major ring in Crisium are strikingly
different from those of the Apennines in their general slopes;
sharpness of topographical features; and in any appearance of
having even a hint of boulder fields on their slopes like we
observed, say, on the South Massif, anything like that. At
least Serenitatis massifs seem to locally show fairly major
boulder fields on their flanks. And I have not seen any
around Crisium yet.

A crater, a fresh crater in the mare or a fresh crater in the
rim area will have boulders, do not misunderstand me. But the
front faces, the ring front faces, do not have boulders that
can see. And 1 think boulders are pretty obvious when they
are there. We have seen them well defined on the central
peaks of Tsiolkovsky, and 1 think any time you have a major
boulder field, you can see it with the binoculars. (LMP, rev
62)

Proclus Crater, 35 km in diameter, was studied
during Apollo 15, and its ray-excluded zone was
attributed to shadowing at the time of impact (ref.
28-1). The rays of Proclus were studied during Apollo
17 to determine whether or not there is any similarity
in appearance between those rays and the swirls of
light-colored markings discussed in the section on
Arabia:

I am looking north along Crisium, and there is Picard and
Peirce. And you get the same pattern that looks like a swirl.
The same type of albedo as a swirl with light places and dark
places. The only difference being that you can definitely tell
that these are ejecta from Proclus because the pattern is
somewhat radial to Proclus itself. And then you have the
same thing; there is a crater up on the north rim of Crisium,
just outside of it is a 50-km crater. And it is a very bright
one. And there the rays cross the Proclus swirls or rays. Here
you have to definitely call them rays instead of swirls, and
yet they look the same way. And the only distinction is that
in Crisium they go essentially radial. They have a direction to
them, whereas the ones over there in Marginis and next to
Firsov do not have any particular direction to them. (CMP,
rev 38)

On Apollo 17, an effort was made to study the
unit in which Proclus Crater is located and to
compare that unit to other hilly terra units in the
vicinity of the Serenitatis and Imbrium basins.

There is a crater just on the west rim of Crisium, [with a]
relatively fresh rim, fairly crisp rim, but no strong ray
pattern. There is no ray pattern apparent at all. It looks like
it predates the plains material around it, since they come
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The D-Caldera is sure a depression. Like nothing 1 have
ever seen before... At this point, yon get a dark tan, a
mare-type material. And then it is a light gray down in the
D-Caldera itself. But it is a light gray down inside. It has got
bumps that stick up, and the bumps themselves . . . are light
tan. And down between the bumps in the caldera is a rough,
blocky, gray material. (CMP, rev 28)

At higher Sun elevation angles, the floor of the
depression was found to have a bluish tint to it that is
also apparent in the Hasselblad color photographs.

D-Caldera is sure fascinating. 1 will try and take a quick
look with the binoculars on that one ... I hope the pictures
will confirm a little bit of a topographic rise around the
D-Caldera, just a slight one, and it is about half the width of
the “D.” And there seems ta be a raised, flat rim around it.
The color of the raised Bum‘p»sb down in the D-Caldera is the
same as the surrounding material. The bumps that are raised
up are smooth looking and the depression (floor material) is
light bluish gray, very light bluish gray. (CMP, rev 36)

There is nothing surrounding D-Caldera that looks any-
thing like the silver-gray material that was depressed with
respect to the surrounding terrain. (CMP, rev 40)

Flow structures were also observed in the interior
of the depression:

I was looking at D-Caldera and you got a lobate flow front
sticking down in the crazy thing. (CMP, rev 42)

The light-blue-tinted materials observed in the
D-Caldera were compared earlier to the somewhat
darker tints of blue gray in the floor of Maraldi as
well as in the Taurus-Littrow area. This comparison
was also evident as the Sun elevation angle increased:

Ron’s D-Caldera—I am just correlating apparent colors
now, or hues—and the lighter-colored material there is
comparable in hue to the subfloor color at the landing site.
(LMP, rev 66)

COPERNICUS

Copernicus Crater was studied from orbit mainly
in earthshine (fig. 28-24). In addition to details of the
ejecta and interior, emphasis was placed on the
central peaks and on a possible extension of the dark
and blocky band that was observed in Lunar Orbiter
I frame 162-H. Apparently, the viewing conditions
were not adequate for this. Several other features of
Copernicus were discussed throughout the orbital
period of the flight:

I have got a visual on Eratosthenes and Copernicus. They
are obviously different age craters in this light. You can see
the ray patterns of Copernicus moderately well. You can
even tell that they do cross Eratosthenes. .. On the upper
portion of the rim and on the benches, there are the dark
spots of lower albedo material. They form linear patterns
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along the benches, although the topography is not too clear.
But the dark spots are in arcuate linear arrangement parallel
to the rim. And they appear to be elongate along the radius
of the crater [Copernicus].

Copernicus H is also very obvious as a dark-rimmed crater,
relative to the albedo of the ejecta blanket. And the
northwest quadrant, which we mapped as a smooth floor
material and somewhat darker albedo, is just as apparent
here, although all the contrasts, of course, are less. The main
thing that you can pick out in earthshine are albedo
distinctions. (LMP, rev 1)

Additional details of the dark zone in the southemn
wall of Copernicus were provided under faint earth-
shine illumination conditions:

On the south side of Copernicus, you can see albedos real
well, and there is a dark area that extends maybe half a crater
diameter to three-quarters of a crater diameter to the south,
and it carries down the crater wall to the crater floor. And
this is in the south maybe from about 4:30 to 7:30. Andin
the rest of the crater, all the way you can see light albedo.

When asked if he was able to see any structure in
the central peaks (both in earthshine and in sunlight),
the LMP replied:

No, I cannot . .. The central peaks do stand out, though,
as a much lighter albedo area within the crater. It looks to me
like the best thing you can do in earthshine is work with
albedos. Knowing the general topography from earlier photo-
graphy. (LMP, rev 1)

And this is a good view of the central peaks, although
from some distance; and, as Ron and I were discussing earlier,
it is not at all clear that, in fact, that so-called dike does not
come through as a unit that is clearly defined. (LMP, rev 65)

The CMP also confirmed that the structure in the
central peak could not be studied:

I just got a real good view of Copernicus, but I am afraid 1
cannot help you out on that structure in the central peak.
Just a little too dark. (CMP, rev 4)

I was looking at it through the binoculars last time, and 1
could not really see anything that was really defined as
coming on through there. (CMP, rev 65)

Dark deposits both to the southeast (Copernicus
CD area) and north (Montes Carpatus) were described
from orbit. The relationships of these deposits to
other units on the Moon have been previously
discussed (ref. 28-13).

One of the things that we mapped on the southeast and
south rim of Copernicus were dark-albedo areas within the
ejecta. And those are apparent here very clearly. (LMP, rev 1)

And some of the dark-halo craters that we mapped
originally on the north portion of the ejecta blanket, which
were similar to Copernicus H, are very clearly darker halo, or
have darker blankets around them than the ejecta blanket
from Copernicus. (LMP, rev 65)
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furrow, looks like it is elongated, generally to the east and
west. I cannot tell, but because of the shape of it and because
of those dark rim deposits, I am sure there must be a vent
there somewhere, but it is too dark down in there. I cannot
really see for sure whether there is one or not. But, if there is,
I imagine it is pretty big. And I imagine the elongation was
produced during the thrust of the initial dynamics, the
formation by the impact. (CDR, rev 73)

Finally, during the post-TEI television transmis-
sion, the following statement was made by the LMP,
summarizing the lunar surface history and pointing
out the importance of that history to the study of the
Earth:

.. basalt flows, that some 3 to 4 billion years ago, in
round numbers, were erupted on the Moon and filled many
of the low areas that existed at that time. Not an awful lot
has happened to the Moon since, except for the impact
craters, some of the younger ones, since 3 billion years ago,
which is one of the reasons it becomes so interesting to man.
It is the Moon’s frozen period of history that we cannot
recognize very readily on Earth because of the dynamic
processes of mountain building and oceans and weathering
that are taking place even at the present time. Understanding
that early history of the Moon may mean an understanding
of the early history of the Earth. And, I think we are well on
our way to a first-order understanding of that history as a
result of the [Apollo] Program. (LMP, post-TEl)
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