
No. 58 INTERPRETATION OF RANGER VII RECORDS3"

by Gerard P. Kuiper

The pictorial records obtained by Ranger VII have pro
vided the first close-up views of our satellite. They have
led to important advances in our factual knowledge of
the lunar surface.

This report is an attempt to interpret the Ranger VII
photographs and to assess their impact on lunar science.
The principal assets of the Ranger photographs are (1) the
truly remarkable quality of the TV records, transmitted
over a distance of 60 Earth radii; (2) their high resolution,
exceeding the best Earth-based photography by factors
up to 2000; and (3) their adequate redundancy, giving
confidence in the reality of the image content. Their limi
tations, though obvious, must also be borne in mind:
(1) the records covered a limited area, and image reso
lutions of better than 0.1 arc sec, as seen from the Earth
are confined to about 10,000 km2 or Viuoo of an ortho
gonally projected hemisphere; (2) the Sun was 23 deg
above the horizon at the impact point (selected for rea
sons that have been described elsewhere), whereas Earth-
based photography can extend to 1 deg or less, giving a

relative gain in vertical resolution of some 20 times. For
extended terrain features, therefore, the vertical reso
lution of Earth-based photography competes favorably
with the Ranger records; and it is available over the
entire visible disk.

It follows that the interpretation of the Ranger VII
records is best made in the context of all available data.
This at the same time allows an assessment of the ques
tion as to whether the results on Mare Cognitum are
representative of lunar maria in general, and what is
indicated for future missions.

The program of this report follows the above considera
tions. It starts with a classification of the lunar maria,
based on their gross structure as found from Earth-based
photography (resolution about 1 km). Mare Cognitum is
seen to be an impact mare, its basin having been formed
well before that of Mare Imbrium. Most of the surround
ing mountain walls were destroyed before the basin was
flooded. Then follows a study of the vertical structure of

*Repnnted with slight revisions from Ranger VII, Part II: Experimenters' Analyses and Interpretations, Jet Propulsion
Laboratory Technical Report No. 32-700, pp. 9-73, Feb. 10, 1965, with permission. Figs. 5, 8, 11, 12, 14, 15, 16a, 17b, 18,
19b, 24, 32, 36, 37, 38, 39, 40, and 42 have been replaced by improved versions, and some supplementary material' hasbeen added in two appendixes. The second Ranger report (JPLTech. Report No. 32-800, March 1966, pp. 35-248), based largely
on the Ranger Vlll and IX material, will not be reprinted in these Communications as no important improvements are available
at this time. This second report deals, among others, with certain topics relevant to the Ranger VII records also: thermal anom
alies ( hot spots ), sputtering by the solar wind, lunar white mountains and their terrestrial analogs (sublimate deposits) dimple
craters, and caves with terrestrial analogs. The bearing strength of the lunar maria, first derived in this report, has since beenconfirmed as to order of magnitude in the Ranger Vlll-IX report, and by Surveyor I.
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that the flows are basaltic lavas rather than ash. Accord
ing to the small slopes of the flows and their great
lengths, the lavas must have been very fluid. Yet then-
terminal walls show the presence of a substantial solid
crust during the flow. On this basis, and in view of the
presumed rock-froth nature of the upper layers, it is
assumed that the lunar flows consist of two layers each,
an upper viscous and later highly vesicular layer, some
10-20 m thick, and a layer of more compacted rock that
resulted from the low-viscosity lava.

Subsequent meteorite or cometary impacts as well as
cosmic abrasion will have occurred in this multilayered
structure. Very small craters will have formed in the
rock froth only, and larger craters will extend into the
denser rock; but the succession of flows on the maria
may have caused irregular local alterations between very
vesicular and denser rock material. Regional unevenness
in crater shape is therefore to be expected.

Dobar et al. (Ref. 1) found the bearing strength of
simolivac to be 1-4 tons/ft2 or 1-4 kg/cm2 for static
loads. For the low-g Hawaiian basalt, the author found
essentially the same value (2-3 kg/cm2), which increases
to about 6-8 kg/cm2 after surficial crushing of a few
millimeters. It is probable that the bearing strength of
the lunar maria will be of the same order of magnitude,
with impacts that have pulverized and compressed the
rock froth having caused some local fluctuations in value.
The expected occurrence of cavities and lava tunnels
makes it unsafe to use this number indiscriminately.

The Ranger photographs, with their high resolution,
potentially add much information on the texture of the
upper 10-20 m of the mare surface. The upper layer is
not likely to react like solid rock or even like sand or
alluvium because of its very high compressibility, over
90% of the volume being open. This is particularly true
for material stemming from the unconsolidated upper
layers of a terra region impacting on a rock-froth mare.

C. On the Structure of Mare Cognitum
Figures 23-25 are Earth-based photographs of the

Mare Cognitum region showing the aiming and impact
points as well as two low obliques. The mare is less
regular than Mare Crisium, presumably because of the
greater age of the basin, and is only two thirds of its size
(diameter roughly 280 km versus 450 km for the inner wall
of Crisium). In size, the mare resembles the inner basin of
Mare Orientale (inner ring 320 km), the inner ring of

Mare Humboldtianum (300 km), or the giant craters
Bailly and Pingr£ near the South Pole (ring diameters
320 and 300 km) (Ref. 6). As is true for Mare Crisium,
the east wall is destroyed, although the destruction
is much more severe in Mare Cognitum. The ridge
system shown in Fig. 25 and the area of the Riphaean
Mountains are the most regular remaining parts of the
mare. Most of the ridges are visible with more resolution
on the Ranger photographs despite the higher Sun angle
(23 deg).

A group of islands occurs in the mare at 12°S, 26°W,
the largest of which is called Darney x- These islands are
remarkable for their deep yellow color (in stark contrast
with the dark gray, slightly yellow, mare floor; cf. Fig.
15) and for the large number of crater pits piercing their
surface (several dozen can be seen telescopically). The
islands appear to be remnants of the pre-mare lunar crust.

Figure 26 shows the full-Moon appearance of Mare
Cognitum. The mare is seen to be traversed by a number
of narrow crater rays, most of which are traceable to
Tycho or Copernicus, although a single thin ray issuing
from Lalande passes almost squarely through the impact
area. The craters responsible for these rays are denoted
by symbols in Fig. 26.

All rays in Fig. 26, particularly those in the eastern
half of the mare, are readily identified on the Ranger
photographs. The Copernicus ray in the far eastern part
of the mare (11°S, 18°W) is found to contain a band of
craters up to about 500 m in diameter, seen in B frames
165, where the band of craters occurs in the upper central
section of the frame, through 180, after which the area
moves out of the field. Apart from a few minor features,
grooves are found to be nearly absent on these photo
graphs. The resolution on B180 is 100-150 m. The photo
graphs strongly indicate that the brightness of the ray
is not due primarily to secondary craters but instead to
uniformly spread fine ray material. The area is well
mapped on the AF-ACIC chart RLC 2, scale 1:500,000.
The distance from Copernicus is 20 deg or 600 km.

The second Copernicus ray, crossing the mare just
east of the prominent mountain ridge near the mare
center at 10°S, 21.3° W, is shown clearly on the A frames
as a brighter fan-shaped area, but right up to the last
frame (A183, resolution 250 m) showing an appreciable
area of the ray, few if any secondary craters appear.
Again, the uniformity of the ray indicates that its bright
ness is not primarily due to unresolved secondary craters.
The distance from Copernicus is 20 deg or 600 km.
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