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SUMMARY OF RESULTS 
The Apollo 16 landing site, in the lunar central highlands, 

encompassed terra plains and adjacent mountainous areas of hilly
and-furrowed terra. These morphologic units, representing 
important terrane types in the lunar highlands, had been interpreted 
as volcanic on most pre-mission geologic maps. However, it became 
apparent during the mission that there are indeed few or no volcanic 
rocks or landforms at the site, but rather that the area is underlain 
by a wide variety of impact-generated breccias. 

During the three EVA 1 s of the mission, 95 kg of rocks and soils 
were collected, 1,774 surface photographs were taken, and a traverse 
length of 20.3 km was covered. These data, along with the astronauts• 
observations and geologic descriptions, provide a wealth of basic 
data for analysis and synthesis. 

Ray materials derived from North Ray and South Ray craters are 
the two most apparent sources of surface debris on the Cayley Plain. 
Ejecta from South Ray crater also appear to mantle much of the 
surface of Stone Mountain in the vicinity of stations 4 and 5, so 
that it is still uncertain whether Descartes materials were, in fact, 
sampled. Size distribution studies of fragments on the lunar surface 
suggest that the ejecta units of these two craters differ in 
character. Rock fragments are much less abundant in the North Ray 
ejecta blanket, which suggests that the North Ray impact may have 
excavated more friable material. South Ray ejecta, as mapped, 
includes bright and dark areas, but the only surface differences 
observed are that the brightest areas have larger block sizes and 
a greater abundance of blocks. The mapped inter-ray areas have 
no lunar surface characteristics that distinguish them from 
adjacent South Ray ejecta. Both ray and "inter-ray" areas show a 
progressive northward decrease in total rock abundance and in 
relative abundance of the coarser sizes. 

The regolith present on the ejecta blanket of North Ray crater 
is only a few centimeters thick. Where ejecta blankets or ray deposits 
are not identifiable, the regolith is 10-15 m thick . The surface 



of the regolith is medium gray,  but in most of the traverse area,  

high albedo soils are present at depths of 1-2 em. 
The Cayley Plains in the LM/ALSEP region are smooth but 

broadly undulating with a maximum relief of several meters. Two 
percent of the surface is covered by 2-20 em fragments. Subdued 
craters between 150 and 240m in diameter are present along with 
many smaller, more youthful craters including abundant 0.5-2.0 m 
secondaries and some primary craters up to 30m diameter. 

Station 1 is near the rim of Plum crater, a 30 m diameter 
crater on the rim of the 300 m diameter Flag crater. Flag crater 
is about 50 m deep and probably penetrates through the regolith 
into the underlying bedrock. The crater is subdued and no rocky 
exposures are visible in its walls or floor. The eastern part of 
the station 1 area appears to be crossed by a very faint ray from 
South Ray crater, but rock fragments larger than about 10 em cover 
less than 1 percent of the surface. A number of slightly buried, 

angular rocks in the photographs are interpreted to be ejecta from 
South Ray crater. Because of the depth of penetration by Flag 
crater and the relative scarcity of South Ray ejecta, samples from 
station 1 have the highest probability of being material 
representative of the upper units of the subjacent Cayley Formation. 

Station 2 is located just north of Spook crater (400 m diameter) 
on the south rim of Buster crater (90 m diameter). The area is 
crossed by a faint ray that is apparently derived from South Ray 
crater. Fragments, mostly about 5 to 10 cm, cover about 2-3 
percent of the surface. Scattered craters up to 2 m in diameter 
are generally subdued, but a few small fresh ones have sharp rims 
and associated ejecta. Spook is a symmetrical crater with a 
slightly raised rim. No rock exposures occur in the walls and no 
deposits of ejecta were seen. In contrast, the floor and part of 
the walls of Buster are covered by blocky debris with angular 
rocks up to 5 m across. 

Stone Mountain is a westward projection of the Descartes 
highlands into the southeastern part of the landing area. The 
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mountain rises approximately 540 m above the Cayley Plains and is 
domical in form. Major though subtle step and bench topography 
parallels the slope of Stone Mountain. Stations 4 and 5 were 
located on Stone Mountain; station 6 was on the Cayley Plains near 
the foot of its lowest bench. About 2 percent of the traverse area 
is sprinkled with blocks 10 em and smaller. Blocks range from well 
rounded to angular, but most are of intermediate shape. Local 
concentrations of blocks are found especially on the east sides and 
rims of craters facing away from South Ray. It is presumed that 
these blocks were contributed largely from South Ray and that an 
appreciable fine fraction accompanied them. The majority of 
craters on Stone Mountain range from 50 m down to the limit of 
resolution. The crater density is approximately that seen in the 
adjacent Cayley Plain, but craters larger than 100 m are more 
abundant in the Cayley than on Stone Mountain. 

The lunar surface in the vicinity of stations 8-9 is gently 
undulating with a northeasterly slope of a few degrees. Between 
1 and 3 percent of the surface is covered by fragments 1 em and 
larger. The largest blocks (1-2m) are few and scattered. 
Between stations 8 and 9 the blocks increase in size and abundance, 
and decrease again at station 9 where blocks are somewhat less 
abundant than at station 8. There are many subdued craters up to 
3m in diameter in this area. Most have slightly raised, rounded 
rims. Several of the craters at station 8 have concentrations of 
blocks on the northeast rims, and a few of these are somewhat 
elongate in a northeast-southwest direction, suggesting that they 
are South Ray secondaries. 

At stations 11 and 13, a large young crater was investigated 
along its rim crest, walls, and continuous ejecta blanket, and 
extensively photographed and sampled. North Ray crater, 900 to 
950 m across, is on a 50 m high ridge at the west edge of Smoky 
Mountain near the eastern boundary of the Cayley Formation in 
this area. Its geologic importance lies in its youth and in the 
depth of penetration (160-200 m) into materials underlying the 
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Cayley Plains. The abundance of blocks on the rim of North Ray 
was less than had been anticipated, although the size of some of 
the blocks makes them the largest investigated so far on the Moon. 
The distribution of craters superposed on North Ray is apparently 
random and the density is very low. Few craters larger than 25 m 
are observed and very few are recognized in the surface photographs. 
This fact presumably reflects the relative youth of the crater, and 
for the smaller craters, probably results from a thin regolith over 
a hard subunit. 

The total returned net sample weight is about 95.33 kg. Of 
the total sample weight, almost 75 percent consists of rock fragments 
larger than 1 em in diameter, nearly 20 percent consists of soil 
or residue fines, and the remainder consists of core and drive tube 
samples. The Apollo 16 rocks may be divided into three broad 
groups: 1) fine- to coarse-grained, mostly homogeneous crystalline 
rocks; 2) rocks composed substantially of glass; and 3) fragmental 
rocks (breccias). The proportion of fragmental rocks among the 
returned samples exceeds 75 percent. Twenty-five rocks are 
classified as crystalline rocks. Of these, seven appear to be 
igneous rocks. While all of the igneous rocks have been shattered 
and deformed to some extent, their pre-deformation textures are 
substantially intact. The two largest samples returned are 
coarse-grained, non-vesicular rocks composed largely of plagioclase. 
These resemble Apollo 15 anorthosite 15415, but are probably more 
severely shock deformed. Three are fine-grained highly feldspathic 
rocks with crystal-lined vugs. Eighteen crystalline rocks appear 
to be metaclastic rocks with generally small proportions of lithic 
debris. These are hard, angular rocks characterized by fine
grained sugary textures. Five samples largely composed of glass 
were returned. Two of these are glass spheres, one hollow and 
one solid. The remaining samples are irregular coarse vitric 
agglutinates with numerous small lithic inclusions. The 
fragmental rocks are divisible into five main groups on the basis 
of proportions of light and dark clasts and matrix color. All 
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five groups are varieties of impact-generated breccias; none appear 
to be of volcanogenic origin. The majority of the rocks are 
polymict breccias, but a substantial minority are monomict. Two 

types of clasts are clearly dominant : 1) dark, aphanitic to 
finely crystalline metaclastic rocks, and 2) white, partly crushed 
to powdered, feldspathic rocks. Less common clast types include 

light gray or white rocks with granoblastic textures, a variety of 
gabbroic to anorthositic rocks with medium to coarse grain size, 

and rare feldspar-poor basaltic rocks. Matrices of the light-

and medium gray-matrix breccias are, for the most part, friable and 
not visibly altered by subsequent thermal events, whereas those of 
dark-matrix breccias are coherent and annealed or fused. 

The rock distribution suggests that the section underlying the 

Cayley Plains is stratified, with an upper unit of medium gray 
breccia and lower units composed mainly of light- and dark-matrix 
breccias. The areal extent of the supposed upper unit is not known, 

but presumably it extends at least between stations 1 and 6; 
considering the relative scarcity of the medium-gray breccias, the 

unit is probably not more than a few meters thick. Evidence 
derived from photographs, astronaut descriptions, and samples 

collected at station 11 suggest that light-matrix breccias overlie 
dark-matrix breccias, whereas the color of ejecta on the rims of 

South Ray and Baby Ray craters suggests that dark-matrix breccias 
overlie light-matrix breccias in the vicinity of those craters. 

Such a stratigraphic sequence in the South Ray area is consistent 

with the dominance of dark-matrix breccias described and photographed 
in South Ray ejecta between the LM site and station 8. 

The Cayley Formation, at the Apollo 16 site, is a thick 
(at least 200m, possibly more than 300m), crudely stratified 

debris unit whose components are derived from plutonic anorthosites 

and feldspathic gabbros, and metamorphic rocks of similar composition. 
It has an elemental composition similar to that observed over large 
regions of the lunar highlands by the Orbital X-ray Experiments of 
Apollos 15 and 16. The observed textures and structures of the 
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breccias resemble those of impact breccias. They do not resemble 
those of volcanic rocks nor do the plutonic or metamorphic source 
rocks of the breccias have the textures or compositions of 
terrestrial or nearly all previ ously sampled lunar volcanic rocks. 

The nature of the materials comprising the Descartes highlands 
remains, at this time, unknown. Available sample data indicates 
that the Descartes differs f r om the adjacent Cayley Formation more 
in physiographic expression than in actual lithologic character. 
Whether it is a stratified unit as suggested by several subtle 
topographic benches has not been established . 

The character of the Cayley Formation, emerging from the 
Apollo 16 site studies, supports consideration of an impact-related 
origin. The sources of the debris that might be considered include: 

(1) ejecta from the Imbrium basin (ref . 1) 
(2) ejecta from the Nectaris basin 
(3) some combination of ejecta from various local and more 

distant sources accumulated over an extended time 
interval. 

Each of the several possibilities has a very different historical 
implication. Isotopic age studies on samples of the various 
breccia types and their included clasts should permit a test of 
these possibilities. 

The incomplete characterization of the Descartes materials 
on Stone Mountain makes extended geological speculation premature. 
Materials of the same morphological unit partially fill the 
crater Descartes to the south. These steep-sloped, relatively 
uncratered, high albedo uplands have been interpreted as 
relatively youthful volcanic constructional features . If work in 
progress confirms that the Descartes Mountains are comprised of 
breccias similar in lithology and composition to materials of the 
Cayley Formation, the postulated volcanic origin will require 
re-assessment. Additional petrologic information, soil analyses, 
and possibly age studies of the returned samples are necessary 
to carry out such an evaluation. 
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INTRODUCTION 
The Lunar Module, Orion, landed at the west edge of the 

Descartes Mountains and about 50 km west of the Kant Plateau, part 
of the highest topographic surface on the near side of the Moon 
(fig. 1). The mission accomplished the first landing in the central 
lunar highlands, and the crew successfully explored and sampled a 
kind of terrane never before visited on the lunar surface. The 
landing site was selected as an area characteristic of both terra 
plains and rugged hilly-and-furrowed terra. The consensus of 
pre-mission photogeologic interpretation was that both units were 
of probable volcanic origin. However, it became apparent during 
the mission that there were indeed few or no volcanic rocks or 
landforms at the landing site, but rather that the area was under
lain by a wide variety of impact-generated breccias. 

The Apollo 16 mission is the only manned landing accomplished 
or planned in the central lunar highlands. The geologic diversity 
and significance of the site, the extended traverse capability 
provided by three EVA's and by the Lunar Roving Vehicle, the 
real-time television coverage of the site and of crew activities, 
the large suite of returned samples and surface photographs, and, 
especially, the fine performance of the astronaut crew contributed 
to an exceedingly successful mission. It has proven to be exceed
ingly important from the standpoint of understanding the evaluation 
of the terra and in furnishing data that ultimately may be 
extrapolated over wide areas of the lunar surface. 
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Figure 1. Regional physiography of the Apollo 16 landing site. 
Metric camera frame 439. 
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PRE-MISSION GEOLOGIC STUDIES 
The central highlands region surrounding the Apollo 16 landing 

site represents a major geologic orovince that has long attracted 
attention because of its distinctive densely cratered appearance 
and its unique position between dark maria (see figure 2). Three 
main geologic units have been recognized in the area: the Cayley 
Formation, materials of the Descartes highlands, and materials of 
the Kant Plateau. The first two units form clearly distinct 
terranes with some transitional facies, the last shares some 
morphologic characteristics in common with the other two. At the 
outset of the lunar mapping program these units were interpreted 
as facies of the Imbrium ejecta blanket (ref. 1) but later were 
considered as probably volcanic deposits (refs. 2-10). Imbrium 
sculpture is not pronounced or is absent on the three units, and 

Imbrian trends are exoressed as basement control on the 
topography of overlying units. The relative abundance of craters 
300 m to 2 km in diameter on the Cayley Formation suggests that 
the Cayley is older than the maria. Therefore the maximum inferred 
age of the deposits was Imbrian. Most photogeologic maps show 
the three units as emplaced in approximately the same span of 
time so that locally determined age relations between them may 
not be valid over wide areas. If these interpretations are 
correct, then the Cayley Formation as well as Descartes and Kant 
materials were deposited during the relatively narrow time 
interval between the Imbrium event and the filling of the mare 
basins with basalt. On the other hand, Milton (ref. 2) suggested 
that Descartes materials in an area about 50 km to the south of 
the landing site might be as young as Copernican. More recently 
Head and Goetz (ref. 11) presented multispectral data of this 
area that supports a Copernican age assignment. 

Terra plains-forming units, of which the Cayley Formation is 
an example, cover about seven percent of the near side of the Moon, 
and occupy more area than any other identifiable unit except mare 
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Figure 2. Near side of the Moon showing relation of the Descartes 
area to the surrounding mare. 
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material. Characteristically, the Cayley forms low-relief plains 
of light albedo that lie in the floors of older depressions (fig. 1). 
Small craters (300m to 2 km in diameter) are abundant on most of 
its surface; positive landforms such as ridges and domes like those 
on the maria are generally absent. Near the landing site the 
formation was divided into smooth and irregular subunits (refs. 5 
and 6), but only the less representative irregular unit lay within 
the planned traverse area. Impact and volcanic origins have been 
the main interpretation advanced for the Cayley. Eggleton and 
Marshall (ref. 1) showed a zone of "continuously hummocky Apenninian 
material" (interpreted as Imbrium ejecta) extending from the rim 
of Mare Imbrium to about the distance of the crater Fra Mauro. 
Farther out, and concentric to Imbrium, they identified a smooth 
facies with an easily recognizable outer limit, crossing the 
northwest corner of the Theophilus quadrangle some 80 km northwest 
of the Apollo 16 site. Still farther out, they concluded that 
"isolated hummocky patches of probably Apenninian may be exposed over 
much of the intervening area." However, Milton (ref. 12) separated 
a "plains-forming unit" (subsequently called Cayley Formation) 
from the Fra Mauro Formation, and believed that he saw evidence of 
its superposition on Fra Mauro deposits. A volcanic origin was 
tentatively suggested. He also specifically rejected Eggleton and 
Marshall's idea that what is now called Descartes material is Imbrium 
ejecta and considered it another volcanic unit. This interpretation 
was subsequently preferred by Wilhelms (ref. 13), Trask and McCauley 
(ref. 10), and Elston and others (refs. 5 and 6). Most workers, 
however, have held out the possibility that some terra plains 
consist of deeply churned fragmental debris derived by mass wasting 
and ballistic transport from nearby topogranhic highs. 

Materials of the Descartes highlands form hilly and mountainous 
regions that are topographically higher than the Cayley Formation 
(fig. 1). The Descartes unit is one of the better examples of 
a type of material that occurs in several olaces in the lunar 
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terrae as patches of rugged terrain not obviously related to craters 
or multi-ring basins. Based upon low (1 -2 km) resolution telescopic 
photographs, the unit was interpreted by Eggleton and Marshall (ref. 1) 
to be an isolated outlier of Imbrium ejecta . Their analysis hinged 
upon the morphologic similarity between the Descartes hiqhlands and 
the hummocky deposits nearer to the Imbrium basin, Milton (ref. 2) 
pointed out that the unit forms a deposit of considerable thickness, 
perhaps about a kilometer, and that its relief is largely intrinsic. 
Both Milton (ref . 2) and Track and McCauley (ref. 10) interpreted 
positive landforms in the Descartes highlands to be volcanic although 
the latter pointed out morphologic similarities to one of the 
depositional facies of the Orientale blanket. The broad domes, 
generally 2 to 8 km across, were thought to be analogous to 
terrestrial shield volcanoes. Some domes appear to have funnel-
shaped summit craters with convex interior slopes rather than the 
concave-upward interior slopes characteristic of most lunar craters. 
Milton (ref. 3) suggested that these features are a form of caldera 
produced by slumping into a void caused by withdrawal of material 
at depth. He further suggested that as individual domes broaden, 
they coalesce into plateaus cut by irregular furrows. Some of 
these furrows were thought to be areas between constructional 
features, but most were interpreted to be either grabens or sites 
of fissure eruptions. 

The Kant Plateau occupies much of the central region of the 
Theophilus Quadrangle (ref. 2) (fig. 1). Materials of the 
plateau were not believed to underlie the Apollo 16 site, but 
exotic blocks derived from the plateau might be present in the 
traverse area. Materials of the Kant Plateau were interpreted 
by Milton (ref. 2) to be volcanic, although he noted a lack of 
distinctive volcanic landforms. 

The Fra Mauro Formation, as well as the similar Nectaris basin 
ejecta (the Janssen Formation: Stuart-Alexander, written communication), 
were shown in cross section as underlying both Cayley and Descartes in 
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the Apollo 16 landing area (ref. 4). In another cross section 
(refs. 5 and 6), the surface of a highly cratered pre-Imbrian 
hill, about 25 km southwest of the landing site, was projected 
beneath the Cayley to where it lay less than 1 km below the 
surface at the landing site. 

Ray materials from North Ray and South Ray craters, both 
situated on Cayley Formation, were mapped as mantling a considerable 
part of the traverse area, both within the plains and within the 
adjacent highlands (refs. 4-7). Impact craters of Imbrian to 
late-Copernican age are scattered throughout the region. In 
addition, rimless to low-rimmed, irregular depressions of unknown 
origin were noted and mapped. Topographic benches were mapped 
on the flanks of Stone Mountain. In the walls of several craters, 
albedo bands and ledges suggested lithologic layering. Lineaments 
in photomap units locally constitute as many as four intersecting 
sets (refs. 5-7). 
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GEOLOGIC OBJECTIVES 
The geologic objectives of the Apollo 16 mission were to better 

understand the nature and development of the highland area near 
Descartes and to study processes that have modified highland 
surfaces. The objectives were to be met through the study of 
geologic features documented both on the surface and from orbit, 
and through subsequent analysis of the returned samples. 

The three traverses were designed to investigate two distinct 
highland morphologic units, the upland plains mapped as Cayley 
Formation, and the mountainous Descartes highlands. Specifically, 
the study of the Cayley was planned to yield the lateral variation 
of the stratigraphic section between North Ray and South Ray 
craters, (fig. 3), the petrology of the Cayley throughout the area, 
and the characteristics of the upland plains regolith. The prime 
Cayley sampling areas were located in the Flag/Spook/ALSEP areas, 
where crater dimensions suggested that the unit might be sampled to 
depths of about 60 meters. Deeper parts of the Cayley Formation 
were expected to have been excavated by the larger North Ray and 
South Ray impacts and exposed near the rim of North Ray (stations 
11, 12, and 13) and in the ray deposits of South Ray. 

Stations 4, 5, and 6 on the flank of Stone Mountain were the 
principal sampling sites for Descartes highland materials (fig. 3). 
These stations were located on benches recognizable on the 
topographic map. An additional station, 14, was planned on the 
lower slopes of Smoky Mountain in order to compare the two 
mountain units. 

Several special procedures were employed with the objectives 
of supporting studies of the surface character of the regolith, 
the optical properties of the lunar surface, the unabraded surfaces 
of lunar rocks, boulder erosion and filleting, the adsorption in 
shaded areas of mobile elements, cosmic ray tracks in large 
boulders, chemical homogeneity throughout single units, and 
future studies on uncontaminated lunar soil , (Harz et al. 
in ref. 17). 
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Figure 3. Preplanned traverses and geologic objectives. 
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PHYSICAL DESCRIPTIONS 
The site and traverse routes 

The Apollo 16 landing site area includes a portion of the Cayley 
Plain and two areas of mountainous terrain to the south and north. 
The plain is a heavily cratered surface that slopes to the south-southwest. 
The presence of craters and their rim deposits give the appearance 
of hummocks and swales with intervening relatively flat areas of 
limited extent . The Stone Mountain area to the south is terraced. 

The LM landed about 210 m north and 60 m west of the nominal 
landing site (fig . 4) in a large swale that is relatively flat and 
that may be the floor of a very subdued old crater. Maximum local 
relief is several meters. Stations 1 and 2 (fig. 4) were occupied at 
their nominal locations. Each station is on rim material of a 
moderately large crater adjacent to a younger small crater. Station 2 
is a more blocky area due to the relative freshness of Buster crater 

(fig. 4). 
During EVA 2 the nominal traverse required a climb of about 

200m up the slope of Stone Mountain. Station 4 (fig. 4), the 
highest point reached on the mountain, was located short of the 
nominal station and about 75 m lower on the slope. The station is 
on a steep slope that is more blocky than expected owing to the 
presence of ray material from South Ray crater. Station 5 (fig. 4), 

is lower on the slope and about 0.5 km north of station 4. The 
station is on a gently sloping bench near a 15-m crater in an area 
sparsely covered with blocks. Station 6 was located on the edge 
of the Cayley Plain at the base of Stone Mountain. A subdued 10-m 
crater and several small craters are present in the station area, 
and small blocks are fairly common. Nominal station 7 was bypassed, 
and station 8 was located somewhat north of nominal in a rocky area 
considered part of a ray from South Ray crater. Station 9 (fig. 4) 

was positioned somewhat to the east of its nominal position in an 
area with less South Ray ejecta. 
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Figure 4. Traverse map. Panoramic camera frame 4618. 
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EVA 3 was shortened and station tasks were concentrated princi
pally on areas near North Ray crater (fig. 4). Station 11, an 
elongate area on the southeast rim of North Ray crater, is blocky with 
a few exceedingly large blocks. Station 13 was located on the 
ejecta blanket of North Ray crater about three-fourths of a crater 
diameter to the southeast of station 11. The station 13 area 
has few blocks projecting above its gently south-sloping surface. 

Surficial deposits 
Ray deposits.--Ray materials derived from North Ray and South 

Ray craters are the two most apparent sources of surface debris on 
the Cayley Plains. Ejecta from South Ray crater also appear to 
mantle much of the surface of Stone Mountain in the vicinity of 
stations 4 and 5. The wide extent of the rays greatly increases 
the possibility that ray material rather than local bedrock was 
sampled at many of the traverse stations. It is therefore important 
to attempt to distinguish ray material and, if possible, to 
differentiate between North Ray and South Ray ejecta. 

On orbital photographs, rays from South Ray can be observed 
to extend at least 9-10 km from their source into areas west and 
southeast of North Ray, overlapping older North Ray rays tsee fig. 5). 
This suggests that South Ray ejecta probably occur in at least small 
quantities on the rim of North Ray itself, on the surface or mixed 
into North Ray ejecta. Within 3-4 km of South Ray, most of the 
inter-ray areas were not separately outlined at the scale of map 
compilation (1 :12,500). Radially outward, inter-ray areas are 
more extensive, until at distances of 6 km or more only a few strong 
rays are recognizable. The traverses include the area of this transi
tion. 

The mapped ejecta of North Ray extend shorter distances outward 
(less than 3 km south into the traverse area) than do those of South 
Ray, and are less streaked with strong rays. This apparent differ
ence in distribution presumably is mainly the result of the greater 
age of North Ray and greater amount of 11Weathering 11 of the ejecta. One 
may guess from orbital and surface photographs that North Ray is more 
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Figure 5. Map of ejecta distribution in the Descartes landing site 
area. Derived from second-generation film positives of Apollo 14 
orbital photographs 69-9520 and 69-9522 (500 mm), using stereo
graphic analytic plotter; Solid lines -outermost visible extent 
of discontinuous ray materials; Long-dashed lines - boundaries of 
conspicuous rays within ejecta; mapped only near traverses; Short
dashed lines - boundaries of continuous high-albedo ejecta near 
South Ray and your.ger craters; Dotted lines - inferred boundaries; 
N - North Ray ejecta; S - South Ray ejecta; B - Baby Ray ejecta. 
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than twice as old as South Ray and that North Ray ejecta have 
undergone more than twice as much modification as South Ray ejecta. 
As North Ray crater is larger than South Ray, its ejecta blanket 
should originally have been at least as extensive as that of 
South Ray. Recognizable amounts of North Ray ejecta probably were 
deposited on Stone Mountain, though now obscured by downslope mass 
wasting and by covering by South Ray ejecta. 

Rays from Baby Ray crater are draped across those of South Ray. 
Other, still smaller, younger craters are scattered across the map 
area. Of these, only the ejecta of W C crater are shown on the map. 

Discrimination of ray material from South Ray and North Ray 
craters on the lunar surface is a difficult task. Rocks exposed 
on the lunar surface tend to become more rounded, more deeply 
buried, and more filleted with age. Because of the relative youth 
of South Ray crater, these characteristics are, in some cases, 
helpful in distinguishing South Ray from North Ray ejecta. Boulders 
in the vicinity of South Ray crater and on its mappable rays are 
more angular than those in the vicinity of North Ray crater and on its 
ejecta (shape terms are those in ref. 14). A preliminary study of 
the Apollo 16 samples, however, shows that surfaces of many are 
eroded, whether they were collected from South Ray or North Ray 
ejecta. Chips from South Ray boulders are also eroded on their 
exposed surfaces. Angularity appears to be consistently pre-
served only on the largest rocks from South Ray. Small rocks, even 
those from South Ray ejecta, are probably sufficiently eroded so 
that angularity alone is not a unique means of identification of the 
source of any single small sample. The amount of apparent erosion 
is, of course, also dependent on friability, structure, and other 
rock characteristics. Angularity as a means of distinguishing 
South Ray from North Ray ejecta is probably useful in individual 
cases only for boulder-sized blocks of similar tensile strengths. 

In order to further characterize the ray materials, therefore, 
it proved necessary to investigate the size distribution of frag
ments along the Apollo 16 traverse routes. Frequency and size of 
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fragments were measured in 324 surface photographs with the aid of 
a perspective grid. The smallest size class, 2 to 5 em, was mea-
sured within 6 m of the camera. Larger fragments, in classes increasing 
by a 5 em increment (e.g. 5-10, 10-15, 15-20) were measured out to 
10m from the camera. Size and frequency data were converted to 
percentage of surface area covered by fragments of each size class 
(fig. 6). For simplicity , fragments larger than 15 em have been 
grouped in a single class. 

Most fragments range in size from 2 to 40 em, but a few larger 
fragments, up to 90 em in diameter, were measured. Larger blocks are 
present locally, but where seen they were too distant from the camera 
to be included in the measurements. The most abundant fragments are 
in the 2-5 em class, which typically comprises 25 to 90 percent of 
the area covered by fragments in a photograph. Fragments in the 5-10 em 
size class are second in abundance. In general, the frequency of 2-5 em 
fragments as well as of larger fragments varies with the total fragment 
abundance. 

The abundance of fragments larger than 2 em in diameter increases 
progressively from north to south over the entire traverse area. 
Typically, fragments on the ejecta blanket of North Ray crater cover 
considerably less than one percent of the surface area, whereas abun
dances up to about 7 percent are common south of the LM area in rays 
from South Ray crater. Abundances increase locally in the vicinity of 
fresh craters (e.g. about 200 m north of station 13) and in some of the 
bright rays from South Ray crater. The most extreme abundance (nearly 
16 percent) was measured in photo AS16-115-18533, taken about 600 m 
south of the LM. This area is near W C crater, which may have excava
ted fragments from beneath the South Ray ejecta. 

Ejecta from South Ray crater are characterized by relative abundance 
{generally 2 to 7 percent surface cover) of angular fragments that are 
commonly perched on the surface . Fragments are generally less than 
half a meter in diameter and most are 2 to 10 em. Large, worn boulders 
like those in the North Ray ejecta blanket are absent; the angular 
nature of the larger blocks emphasizes the relative youth of South 
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Figure 6. Size distribution of fragments larger than 2 em as 
determined from 1 unar surface photographs. Each 1 i ne represents 
a size distribution determination from a single photograph. 
Length of each line is proportional to the surface area covered 
by fragments as shown by the bar sea 1 e. Five digit numbers identify 
photographs. Leaders tie them to their approximate positions along 
the traverse path. S - South Ray ejecta; N - North Ray ejecta; 
I - Inter-ray areas. 
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Ray ejecta. In addition, the surface is pocked by abundant small 
craters up to about 2 m in diameter. In relatively dark areas of 
South Ray ejecta (fig. 7), fragments ordinarily cover 4 percent or 
less of the surface (fig. 6). Most areas with a higher percentage 
of fragments occur in bright ray patches. Figure 8 is a photograph 
taken on Survey Ridge, a bright northeast-trending ray patch about 
1 ,500 m north of station 5. Here approximately 7 percent of the 
surface is covered by fragments, and the larger sizes are more 
abundant than in the area shown in figure 7. 

The edge of the continuous ejecta blanket from North Ray 
crater was crossed about 400 m south of station 13. The surface of 
the ejecta blanket (fig. 9) is characterized by extreme paucity 
(less than 1 percent surface cover) of rock fragments, and by the 
scarcity of small secondary craters. Widely scattered, worn-looking, 
partly buried blocks, many several meters in diameter, dot the 
surface. These larger blocks seem especially characteristic of the 
North Ray blanket and presumably were ejected from North Ray crater; 
their eroded character demonstrates that the North Ray event preceded 
the South Ray event. The generally fine grain size of the surface 
materials also suggests that North Ray ejecta are older than South 
Ray materials, or that much of the North Ray blanket may have been 
derived from relatively friable materials, or both. 

11 Inter-ray 11 areas, mapped as neither North Ray nor South Ray 
ejecta, are shown at several localities in figure 5. In size dis
tribution, frequency, shape of fragments, and occurrence of small 
craters, these areas resemble adjacent areas mapped as South Ray 
ejecta. 

In summary, ejecta from North Ray and South Ray craters have 
been distinguished and mapped on orbital photographs (fig. 5). Size 
distribution and frequency of fragments on the lunar surface suggest 
that the two ejecta units truly differ in character. Rock fragments 
are much less abundant in the North Ray ejecta blanket, which suggests 
that the North Ray impact may have excavated more friable material or 
that the length of time since the cratering event has been sufficient 
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Figure 7. South Ray crater ejecta near station 
deposits are visible in the immediate area. 
almost 3 percent of the surface. "Driving" 
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Figure 8. South Ray crater ejecta in bright ray area on Survey Ridge 
about 1,500 m north of station 5. Fragments cover 7 percent of 
the surface. 11 Driving 11 photograph AS16-110-17895. 

Figure 9. Typical North Ray crater ejecta blanket surface. Fragments 
cover 0.2 percent of the surface. The large block to the right is 
approximately 2 rn in diameter. 11 Driving 11 photograph JI.Sl6-lll-18146. 
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for subsequent impacts to destroy the smaller blocks, or both. 
Large blocks are considerably more rounded in the North Ray blanket, 
which also suggests that the debris is older than that of South 
Ray. South Ray ejecta, as mapped (fig. 5) include both dark and 
bright areas. The size and frequency data show that the brightest 
surfaces, such as the surface of Survey Ridge, are characterized 
by a greater abundance of fragments and a relative increase of 
fragments in the coarser sizes. Generally, areas mapped as 11 inter
ray11 areas on orbital photographs are indistinguishable from nearby 
South Ray ejecta in the surface photographs or in the size distri
bution data from nearby South Ray ejecta. It seems likely that 
South Ray ejecta lightly covers the mapoed 11 inter-ray 11 areas. Both 

ray and 11 inter-ray 11 areas show a progressive northward decrease in 
total rock abundance and in relatively abundance of the coarser 
sizes. Size and abundance of fragments are inversely related to 
distance from South Ray crater. Distribution of fines (<2 em) 
from North Ray and South Ray craters, of course, has not been 
determined from the surface photographs. Core samples may serve 
to identify fine-grained ejecta units. 

Regolith.--The lunar regolith is defined as a layer of 
fragmental debris of relatively low cohesion which overlies a 
more coherent substratum (ref. 15}. At the Apollo mare sites, the 
regolith averages about 3-6 m thick and was derived primarily from 
underlying basalt units. Analysis of non-mare areas has been 
difficult because of the lack of high resolution photographs and 
the apparent modification of craters by downslope movement in 
ro 11 i ng terrain. 

The regolith formed on the 11 hard 11 ejecta blanket of North 
Ray crater is only a few centimeters thick as was demonstrated 
by astronaut activities (rake sampling, footprints, LRV tracks). 
The scarcity of blocks on the ejecta blanket is notable (fig. 6). 
It may be the result of (1) the crater event ejecting fine 
grained, disaggregated material that filled the interstices of the 
blocky ejecta blanket, and added a very thin surface mantle, 
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(2) and also, the result of micrometeorite erosion of the surface 

rocks, which, judging from the boulders remaining, were generally 

friable. The "hardness" of the underlying ejecta blanket indicates 
that it is either continuous, overturned layers of coherent material 
or more probably, contiguous blocks whose interstices are filled with 

finer debris. 
Soil breccias are rare at this site compared to previous Apollo 

sites. This is probably because most of the Apollo 16 stations were 

deliberately located on ejecta blankets of fresh craters {where 
the regolith would be thin) so that the underlying bedrock units could 

be best sampled. The part of an ejecta blanket that is composed of 
earlier regolith should contain soil breccias. Because of their 

relative ease of fracturing, however, these older soil breccia 
fragments should be small in size and may be concentrated in rake 
samples rather than larger documented samples. 

Where ejecta blankets or ray deposits are not identifiable the 
average thickness of regolith in this area should be many meters. 

The discussion that follows is concerned with the identification of 
average regolith thickness in the landing site area as deduced from 
crater shapes. 

High resolution panoramic camera photographs returned by Apollo 16 

indicate that fresh craters in the 40 to 60 m diameter range commonly 
are characterized by flat, blocky floors or terraces (fig. lOa, b). 

Flat-floored craters take the form of a truncated cone and some of 

their floors are hummocky, suggesting the presence of blocks (ref. 16). 
These craters are about 50-200m in diameter, the smaller ones having 
the sharper rims and more hummocky bottoms. The Apollo 16 crew visited 
only one crater that, from orbital photographs, appears to be flat
bottomed (station 2, Buster crater) (fig. 30). The floor and part 
of the wall of Buster is covered with angular to sub-angular blocks 
which may be derived from the substrate. This suggests that at least 
a local source for angular blocky material exists within about 10-15 m 
of the surface at this station. Terraces in craters in this size range 
commonly are about one-half way between the floor and the rim. There 
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Figure 10. Typical crater shapes in Apollo 16 landing site. 
All illustrations are at same scale. (a) flat bottomed; 
(b) concentric (terraced); (c) multiple terrace, fresh; 
Baby Ray crater; (d) cross section through Baby Ray crater; 
(e) multiple terrace eroded, Haystack crater; (f) multiole 
terrace eroded, unnamed crater l .3 km northeast of Haystack. 
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are no obvious albedo changes which might be attributed to composi
tional differences. 

A number of sharp-rimmed craters between 125 and 175 m in 
diameter have at least one, and locally several, concentric rings 
or terraces. Figure lOc illustrates Baby Ray crater (about 150m in 
diameter), which is the sharpest crater of this size in the region, 
post-dating even the formation of South Ray crater. Baby Ray is a 
sharp-rimmed blocky crater with apparently two terraces nested 
within the rim (fig. lOd). A small, sharp 25m crater centered in 
the floor of Baby Ray is surrounded by lower albedo deposits to the 
base of the first scarp, about 25-30 m from the crater center. The 
second terrace has a higher albedo and ranges from 10 to 20 m in 
width. A number of similar size craters with more subdued rims 
and less distinct remnants of multiple terraces appear to be more 
eroded versions of Baby Ray (e.g., Haystack crater, fig. lOd) and the 
crater about 1.3 km northeast of Haystack, fig. lOe). The topographic 
and albedo variations in Baby Ray crater suggest that there may be as 
many as three layers within the upper 20 m of material at this site. 
The causes of this apparent layering may be the result of successive 
penetration of South Ray ejecta, local regolith, and underlying 
bedrock. Other samples showing that blocky ejecta blankets over 
regolith apparently provide layers of sufficiently different physical 
properties to produce terraces and concentric craters occur near the 
rims of craters near 1 km in diameter such as those on Kiva, Palmetto, 
and Gator craters. 

Crater morphology thus suggests that the thickness of the regolith 
over the landing site is on the order of 10-15 m (depth to blocky 
substrate). Active seismic data in the ALSEP area (Kovach in ref. 17) 
indicates a thickness of about 12 m, which is in good agreement with 
estimates based on crater shapes. 

Station descriptions 
Station LA (LM/ALSEP).--Station LA is located in five general 

I 

areas (LM/ALSEP/station 10/station 10' and LRV Park) ranging from about 
70 m east to 140m southwest of the LM (figs. 11-13). All lie within 
distinct ray material ejected from South Ray crater (fig . 5). 
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The Cayley Plains in the LA region are smooth but broadly 
undulating with a maximum relief of several meters . Approximately 
2 percent of the surface is covered by 2-20 em fragments, and a 
relatively lar ge number of blocks up to 0.5 mare present (fig. 14). 
The largest boulder in the LA sample area is several meters across. 
The rocks are fairly uniformly di st ributed, appear to be buried 
less than a quarter of their height , and are poorly filleted; indeed, 
some appear not to be buried or filleted at all . The poorly filleted 
rocks are thought to represent ejecta from South Ray crater. However, 
the fillet is well developed on a large rock about 33m north of the 
ALSEP central station; this boulder may have been ejected from North 
Ray crater . 

The LM is situated on the western wall of a very subdued crater 
about 160m in diameter, and 10m west of a moderately subdued crater 
about 30 m in diameter. There are six additional very subdued craters 
between 150 and 240m in diameter within a radius of 450 m from the 
LM (fig. 15). The ALSEP is situated in an inter-crater area at a 
slightly higher elevation than that of the LM. Station 10 and 10 1 

are on the western rim crest of the crater 160 m in diameter in 
which the LM rests. 

Smaller, more youthful craters are common in the LA area and 
range from abundant 0.5 m to 2 m secondaries (probably from South 
Ray crater) to less frequent primary craters up to 30 m diameter. 

Hand sample-size rocks 1 collected in the LA area include: 
coarse- and fine-grained crystalline rocks; glass; light matrix, 
dark clast breccias; and dark matrix, light clast breccias . Four 
of the five documented crystalline rocks collected at station LA 
from the LM and LRV park areas may be ejecta from the 30 m crater 
just east of the LM (fig. 13). Hand specimens were sampled at 
ALSEP (fig. 16) and include glass, and white-matrix breccias. 
Station 10 and 10 1 tfigs. 17, 18) samples were restricted to fine
grained crystalline rocks and light- and dark-matrix breccias. 

1Rake fragments are not included in these summaries. 
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Slightly subdued 

----- South Ray lineament 

Highest block concentration 

----- Limit of distinct South Ray ejecta 

Figure 15. LM/ Jl.LSEP area showing moderately fresh to very subdued 
craters that may have influenced the distribution of samples 
collected. (Part of panoramic camera frame 4618). 
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Figure 15. LM/ALSEP area showing moderately fresh to very subdued 
craters that may have influenced the distribution of samples 
collected. (Part of panoramic camera frame 4618). 
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Many samples in the LA area are at least partly glass coated. 
Rocks range from very angular to subrounded. ln general, the fine
grained chalky and crystalline rocks are smaller (6-12 em range) 
than most breccia fragments and represent about 5 percent of the 
rocks observed. 

Documentation photographs of the samples collected at LA 
indicate that the great majority of the rocks were either perched 
or poorly buried. It is therefore assumed that most LA samples 
represent South Ray material. However, the deep core, rake samples 
and double cores taken at the LA station may contain material 
more representative of both North Ray crater ejecta and Cayley 
from beneath the LA station site. 

The soil in the LA area is generally medium gray, but scattered 
areas of high albedo soil are present near the ALSEP area. White 
soils are more abundant to the west and underlie a thin darker 
layer. The soil firmness in the LA area is generally moderate to 
high except in the vicinity of ALSEP where it is exceptionally loose 
and powdery. This may be explained by the fact that LM, station 10 
and station 10• are situated on the wall and rim crest of the 160m 
subdued LM site crater while ALSEP was placed on a more level inter
crater area (fig. 15). The inter-crater regions associated with very 
subdued 200-300 m craters more typically have a less compact soil 
than the walls and rim crests of such craters (Schaber and Swann, 1971). 

Station 1.--Station 1 is about 1,400 m west of the LM near the 
rim of Plum crater, a 30m diameter crater on the rim of the 300 m dia
meter Flag crater (figs. 19-21). Flag crater is about 50 m deep and 
probably penetrates through the regolith into the underlying bedrock. 
The crater is subdued, with only a slightly raised rim, and no rocky 
exposures are visible in its walls or floor. 

The eastern part of the station 1 area appears to be crossed by 
a very faint ray from South Ray crater (fig. 5), but rock fragments 
are less abundant than at station 2 or than at the LM area (figs. 14, 
22, 29). Lineaments, such as those in station 2 and LM area that 
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are visible from orbital photographs and that are radial to South 
Ray crater, are absent at station 1. These observations suggest that 
South Kay ejecta, if present, is thin. Small subdued craters up to 
10 m in diameter are common in the area. 

Rocks larger than about 10 em cover less than 1 percent of the 
surface. A number of rocks in the photographs appear to be angular 
to subangular and are only slightly buried; these are interpreted 
to be ejecta from South Ray crater. A number of the returned samples, 
however, appear rounded and eroded; these were probably ejected from 
older craters in the area. Both angular and eroded samples were 
collected (figs. 23 and 24). 

The documented samples collected at station 1 include: fine
and coarse-grained crystalline rocks; glass; light matrix, dark 
clast breccias; dark matrix, light clast breccias; and b1·eccias 
containing nearly equal proportions of light and dark clasts in a 
medium gray matrix. Sample 61295, a medium gray matrix breccia, 
was collected from 1 m rounded and filleted boulder {fig. 25). 
Because of its large size and proximity to the rim, Flag crater 
is the most likely source for the boulder and it may be representa
tive of the local bedrock. 

At two places on the rim of Plum crater the astronaut crew noted 
white regolith beneath a top layer of gray material 1-2 em thick. 

At one of these places the light material lay beneath the gray on 
the fillet of the large boulder {fig. 26). This suggests that the 
fillet was formed by either of two mechanisms: 1) deposition of light 
material followed by post-fillet deposition of a thin, dark layer; 
or 2) deposition of light material followed by a period of time 
during which the upper part of the light material was followed by a 
period of time during which the upper part of the light material was 
darkened. 

A distinct, but smooth and somewhat subdued bench occurs in 
Plum crater about 3 m below the surface. No outcrop is visible, 
but the bench is sufficiently distinct that it probably represents 
a change in cohesion of the materials in the walls of the crater. 
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Figure 23. Sample 61156, an angular rock (S-72-38391). 

0 1 2 3 4 

Figure 24. Sample 61175, an eroded rock (S-72-39285). 
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Figure 25. Large filleted boulder showing 
location of sam ole 61295 (AS16-ll4-l8412). 

Figure 26- Large filleted boulder showing 
white regolith kicked by astronauts 
(AS16-l09-17802). 
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It may reflect the contact between Flag ejecta and raised bedrock 
in the eroded rim of Flag crater. 

Station 2.--Station 2 is located about 550 m west of the LM 
just north of Spook crater, which is about 400 m in diameter, and on 
the south rim of Buster crater, which is about 90 m in diameter 
(figs. 27 and 28). 

The area is crossed by a faint ray of light albedo material 
that is apparently derived from South Ray crater. Subdued, grooved 
lineaments radial to South Ray crater also cross the area (fig. 15). 
Fragments up to 0.5 m but mostly about 5 to 10 em are scattered more 
or less evenly around the station area and cover about 2-3 percent 
of the surface (fig. 29). Most of the fragments are angular and 
are perched on the surface or are buried only slightly. Fillets 
are not abundant; the overall impression is that the fragment popu
lation is fairly young. The faint ray, the lineaments, and the 
apparent freshness of the fragment population suggest that the area 
is blanketed by South Ray crater ejecta. 

Rock types (as represented by surface textures of the frag
ments) appear to include both friable and coherent rocks. The 
hand-sample size rocks collected at station 2 include fine-grained 
crystalline rocks and light matrix breccias. 

The soil is medium gray except for an underlying light-colored 
material where the LRV was parked. The compaction and granularity 
are typical of most of the lunar soil elsewhere in the area. Small 
craters up to 2 m in diameter are distributed fairly uniformly; they 
are generally subdued, but a few small fresh ones have sharp rims 
with identifiable ejecta. 

Spook is a symmetrical crater with a slightly raised rim, but 
is otherwise subdued with no apparent rock exposures in the walls 
and no visible deposits of ejecta. Buster crater is about 100m 
north of Spook and is superposed on its outer rim. The rim of Buster 
is fairly sharp and Buster ejecta are barely visible in the panoramic 
photographs (fig. 27). The floor and part of the walls of Buster 
are covered by blocky debris that the crew reported trends northeast 
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across the floor of the crater. The rocks are up to 5 m across and 
angular in shape. There is a suggestion of northeast-trending planar 
structures within the blocks (fig. 30)., and a parallel organiza
tion of the blocks. Both structures appear to have a northward dip. 

Buster crater appears too young to be a secondary from any 
primary crater in the region, with the possible exception of South 
Ray crater. Its relatively large size, compared to South Ray crater 
secondaries, and its long distance from South Ray make a secondary 
origin for Buster unlikely. It is therefore interpreted to be a 
primary crater. 

The distribution of blocks in Buster crater suggests that it 
either penetrated a large block in the regolith in the east part of 
the crater, or that it penetrated bedrock (fig. 31). If it is bedrock, 
the northward dip of the structures in the blocks may be related to 
expected radial dips in the flanks of Spook crater. The bench in the 
blocky part of Buster's wall may represent a strength change between 
regolith and bedrock. Small, shallow, irregular gouges in the 
crater wall were probably formed as a result of impact uplift of 
blocks to small heights (fig. 30). Samples collected near the rim 
of Buster crater may be either South Ray ejecta or Buster ejecta, 
or both. 

Stations 4, 5, and 6.--Stone Mountain (fig. 32) is a westward pro
jection of the Descartes highlands into the southeastern part of 
the landing area. The mountain rises approximately 540 m above the 
Cayley Plains and is domical in form. Major though subtle step and 
bench topography parallels the slope of Stone Mountain, and a north
northwesterly trending crease interrupts its domical form. The 
Apollo 16 pan photography shows linear features trending parallel 
to the major crease. 

Albedo contrasts appeared to coincide with the benches in pre
mission studies. Such contrasts were not corroborated in the 
oblique photography from surface operations, probably due to the 
low angle of incidence of the sun combined with low contrast. The 
regolith is loosely packed and characterized by the "tree-bark" 
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Figure 30. Buster crater, station 2, partia l panorama (AS16-109-l7828-17836). 

Bur ied bl ock (s) 

or 
bedrock? 

Figure 31. Diagrammatic section across Buster crater at station 2. 
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texture seen in many other areas studied on the Moon. This texture 
is commonly enhanced out of proportion to its real scale (fig. 32). 
In places a shadow reinforcement effect is seen as closely spaced 
lines on oblique photographs (fig. 33). 

The largest craters on Stone Mountain include Crown (100m in 
diameter), and two unnamed craters. One, 2.3 km to the east is 80 m 
in diameter and the other, 1 .3 km to the south-southeast is 140 m in 
diameter (fig. 4). The majority of craters, however, range from 50 m 
down to the limit of resolution. The crater density on Stone 
Mountain is qualitatively that seen in the adjacent Cayley Plain, 
but the population of craters larger than 100 m are more abundant 
in the Cayley than on Stone Mountain (fig. 4). Furthermore, no 
resolvable primary craters on Stone Mountain appear to be younger 
than South Ray and Baby Ray. Crown is a relatively youthful crater, 
but the remainder, in all size populations, are notably degraded, 

Up to 2.3 percent of the traverse area, as well as the adjacent 
area photographed in detail, is sprinkled with blocks in the size 
range 10 em to 1m (figs. 34 and 35), as well as smaller blocks down 
to the limit of resolution (4 em). The crew observed that blocks 
in the <30 em range are the most abundant. Their observations is 
confirmed by block counts made from the station pan surface photography 
(figs. 36 and 37). The differential distribution of blocks (fig. 36) 
and cumulative size frequency plots (fig. 38) indicate that blocks 
in the <10 em size range are the most abundant at stations 5 and 6, 
and probably 4, but an anomalous distribution is indicated for 
station 4, probably attributable to a relatively heavy concentration 
of ray material there. The number of blocks at these stations is 
inversely proportional to size (fig. 36). At station 5 the blocks 
appear to be bimodally distributed into 5-10 em and 10-30 em ranges. 
Blocks range from well rounded to angular, but most are of inter
mediate shape (fig. 37). Block angularity (ref. 14), shape, and 
size, estimated from surface pan photography, when considered on 
a direct count basis bears an apparent spatial relationship to the 
stations which are themselves disposed more or less radially to 
Stone Mountain (fig. 37). Local concentrations of blocks are 
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Figure 32. Profile of Stone Mountain showing 11 tree-bark 11 texture 
(AS16-ll3-l8325). 

Figure 33. Crest of Stone Mountain with closely spaced lines of 
shadows (AS16-ll2-l8217). 
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found especially on the east sides and rims of craters facing 
away from South Ray (fig. 35). It is presumed that these blocks 
were contributed largely from South Ray and that an appreciable 
fine fraction accompanied them. 

The blocks can be divided into light and dark varieties, some 
of which appear to be breccias. Blocks range from angular to well 
rounded, with or without fillets (figs. 39, 40). A few blocks are 
notably rhombic and contain well-defined fractures. A few blocks 
are perched. Generally, the well-rounded rocks are filleted, 
and the incidence of fillets increases from station 4 toward sta
tion 6. The fillets are not recognizably asymmetrical. 

The thickness of regolith on Stone Mountain, based on crater 
shapes, is similar to that on the Cayley Plains. The surface of 
the regolith is relatively smooth and undulating. The upper 
portion of the regolith here is probably appreciably diluted by 
South Ray material. 

Station 4 marked the highest point reached on Stone Mountain, 
and samples were collected from two separate localities (fig. 34). 
The LRV was parked between two subdued, shallow craters about 15m 
across. The predominant rock type in the area is apparently breccia, 
and clasts are readily visible in some of the blocks photographed; 
the samples collected confirm this interpretation. Within the doublet 
crater, rocks are much less numerous on the southwest wall, which 
was shielded from South Ray crater ejecta. The regolith surface is 
gray, but near the rim of the crater white material, similar to that 
in the Cayley regolith at station 1, occurs at a depth of about a 
centimeter. A trench in the floor of the crater, however, exposed 
no white soil or evidence of layering. Four penetrometer measure
ments and a drive tube indicated that the material was unconsolidated 
to depths of at least 75 em, but at one location (penetrometer 3) 
progressive resistance suggested that more indurated regolith was 
reached or that a buried rock was approached. The angular, oerched 
appearance of the blocks near the LRV suggests derivation from 
South Ray crater. Preliminary examination of the rocks indicates 
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that light matrix-dark clast breccias and dark matrix-light clast 
breccias are predominant, with some fine-grained rocks. 

The second sampling site was at a 20m crater to the southwest. 
Angular blocks are concentrated on the northeast wall and rim of the 
crater, apparently continuous with a well-defined strip of blocks to 
the northeast. The remainder of the crater rim is relatively block 
free. Soil and rake samples consisting mainly of friable, poorly 
consolidated clods, were collected from the west rim. No white soil 
or evidence of layering was found beneath the surface at this location. 
The blocks on the northeast wall of the crater are apparently breccias 
with large white clasts in dark matrices, and are probably ejecta from 
South Ray crater. The strongly asymmetric distribution of these blocks 
within the crater, the lack of recognizable ejecta elsewhere around 
the crater, and the relatively large size of the crater suggest that 
it probably is not of secondary origin but was formed prior to South 
Ray, and was subsequently mantled by ray materials. The indurated 
regolith samples from the block-free rim of the crater may thus nave 
been partly derived from underlying Descartes materials, reworked by 
local impacts, but cursory sample examination shows no obvious differ
ences between these rocks and larger samples collected near the LRV. 

Station 5, downslope and about l/2 km away from station 4, is on 
a topographic bench about 50 m wide, which slopes north about 5 degrees; 
the LRV was parked near the rim of a 20m crater (figs. 41 and 42). 
Large angular blocks are scattered sparsely around the crater, but 
10-15 em cobbles and smaller fragments are abundant (fig. 43). Block 
shapes are mainly subangular to subrounded, but some cobbles and small 
fragments are well rounded, and a few very angular, platy fragments 
are also present. Fillets occur around some rounded cobbles; some 
rocks are partly buried, others perched. Among the samples collected 
at station 5 are fine-grained crystalline rocks, light matrix-dark 
clast breccias, and a single dark matrix-light clast breccia, and a 
glass sample. All but two of the rocks from station 5 have signifi
cant glass rinds, and vesicular glass forms a major component of some 
samples. Such glass is thought to be impact melt, and these samples 
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probably were ejected from South Ray crater. Soil samples are charac
teristically gray, although at one locality lighter soils were present 
beneath a gray surface. Blocks are asymmetrically distributed within 
the crater and are practically absent on the southwest wall, which 
apparently was shielded from South Ray ejecta. The gray soil samples 
from steep parts of this wall may include regolith derived from under
lying Descartes materials, but the fragments are apparently similar 
to the larger samples. 

Station 6 is near the base of Stone Mountain on the Cayley 
Plain (figs. 44 and 45). The surface is scarred by numerous small 
shallow craters, with only a few as large as 10m. Angular blocks up 
to about 0.5 m are scattered throughout the area, but rocks and 
cobbles of 5-15 em are most common (fig. 46). The rock distribution 
within the subdued 10m crater at the LRV is apparently asymmetric; 
as above, rocks are very sparse in the southwest wall. The rocks 
described and photographed exhibit a wide variety of shapes and sizes, 
ranging from angular to rounded, and from pebble-size to as large as 
0.5 m. Angular, glass-coated blocks are strewn over much of the 
surface. White clasts are common in many of these rocks suggesting 
that breccias are predominant. Fillets are moderately developed 
around some rocks and several appear to be partly buried whereas 
others are clearly perched. A unique white 11 Splotch 11 of indurated 
soil was collected from the southwest wall of the crater, but 
elsewhere the regolith was apparently gray throughout. The large 
angular blocks in this vicinity are probably ejecta from South Ray 
crater. Medium gray matrix breccias closely resemble those collected 
at station 1. 

The apparent prevalence of ray materials from South Ray crater 
at stations 4 and 5, and the similarities of the samples to those 
collected elsewhere within the ejecta of South and North Ray craters, 
suggest that the specimens from Stone Mountain may represent only 
Cayley Formation, and that underlying Descartes bedrock may not have 
been sampled. Alternatively, both plains and highlands may be accumu
lations of similar breccias. 
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Stations 8 and 9.--Station 8 is located near two 15-20 m 
craters (figs. 47 and 48) on a bright ray from South ray crater 
approximately 2.8 km south-southwest of the LM. Station 9, is just 
south of a 50 m crater (figs. 49 and 50), northeast of station 8 in 
an area of lower albedo. The surface in the 8-9 area is gently undulating 
with a northeasterly slope of a few degrees. The regolith is moderately 
firm away from small crater rims. Depth of penetration of the LRV 
tracks and boot prints is generally 2 em or less. The soil is medium 
gray throughout, with no noticeable light layer under the surface. 

Between 1 and 3 percent of the surface at station 8 is covered by 
fragments 1 em and larger. The largest blocks (1-2m) are few and 
scattered (fig. 51). Between stations 8 and 9 the blocks increase in 
size and abundance, and decrease again at station 9 tfig. 6). In the 
station 9 area, the abundance of blocks is somewhat less than at 
station 8 (fig. 52). 

Four meter-size boulders were sampled in the station 8-9 area. 
Samples from two boulders at station 8 are dark matrix breccias, and 
samples from a third are fine-grained crystalline rocks (fig. 53). The 
meter-size boulder at station 9 is a dark matrix, light clast breccia. 
A chio collected from the bottom of this same boulder is a coarse
grained crystalline rock (fig. 54). A small fragment collected from 
the surface at station 8 is a light matrix breccia with dark clasts. 

The dark breccias, which comprise about 75 percent of the blocks 
at both stations 8 and 9, are generally rounded, although some 
subrounded to subangular blocks are present. Most are partly 
buried, although they range from perched to nearly completely 
buried. A few blocks have poorly developed fillets on all sides. 
Well-developed fillets can be seen on the uphill side of blocks 
lying on the inside walls of larger craters. The light-colored 
crystalline rocks in the station 8 and 9 areas are generally sub
rounded, with a number of rounded smaller fragments. Most rocks are 
partly buried although several appear to be perched on the surface. 
Fillets are generally absent to poorly developed. 
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Figure 53. Fine-grained crystalline igneous rock (sample 68415,2) 
from a .5 m boulder at station 8 (S-72-39590). 

0 1 2 3 4 
-

Figure 54. Coarse-grained crystalline igneous rock (sample 69955) 
from a .5 m boulder at station 9 (S-72-40124). 
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There is an abundance of subdued craters up to 3 m in diameter 
in this region. Most have slightly raised, rounded rims . Several 
of the craters at station 8 have concentrations of blocks on the 
northeast rims, and a few of these are somewhat elongate in a 
northeast-southwest direction (fig . 55). A 15m crater southeast 
of the panorama site at station 8 has a concentration of blocks 
that begins in the center and continues out of the crater in a north
east direction for at least one crater diameter (fig. 56). The 
same pattern occurs in a slightly larger crater to the north. Because 
of their large size and subdued rims as compared to the fresh block 
trains, both craters appear to predate overlying South Ray ejecta. 
The general appearance and distribution of blocks and secondary craters 
at both stations strongly suggest that most of the surface material 
is ejecta from the South Ray crater . However , there is evidence 
for both younger and older material in the region. A few small, 
very fresh craters can be seen that may be secondaries from the Baby 
Ray event, and several small, angular fragments, both light and 
dark, that may have been derived from Baby Ray crater are perched 
on the surface. A few very well-rounded and well-filleted blocks 
are probably older than South Ray crater. Therefore, it seems 
probable that the drive tube at station 9 penetrated the South Ray 
ejecta and sampled older regolith below. 

Stations 11 and 13 . --For the first time in lunar exploration a 
large young crater was investigated along its rim crest, walls, and 
continuous ejecta blanket and extensively photographed and sampled. 
North Ray crater, 900 to 950 m across, lies on a 50-m high ridge at 
the west edge of Smoky Mountain near the eastern boundary of the 
Cayley Formation in this area {fig. 57). Its geologic importance 
lies in its youth and in the depth of penetration (160-200 m) into 
materials underlying the Cayley Plains. 

The abundance of blocks on the rim of North Ray was less than 
had been anticipated, although the si ze of some of the blocks makes 
them the largest investigated so far on the Moon. They range up to 
12 m high by 25 m long (fig. 58) and are coarse breccias of two 
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Figure 55. Blocks 
at station 8. 
figure 55a. 

a 

Stone Mountain 

-Crown Crater 

• 
. . 

- .. . 

b 

from South Ray crater distributed in 15m crater 
a) AS16-108-17674, 17676 b) Sketch map made from 

49 



: .. '-

.. .. . 

... 

• .. 

. . 

. 

. .. . .. 
.. .. . 

Figure 56. Light colored igneous rock and dark colored breccia in 
the vicinity of station 8 (AS16-l08-l7678). 
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Figure 57. Telephoto view looking north from station 4. a) 500 mm partial panorama 
(AS16-ll2-18270-l8276). b) Sketch map made from figure 57a. 
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Figure 58. Partial panorama of House Rock (right)and South Boulder (left), east exposure, 
showing typical dark-matrix textures. Note lack of fillets at base and angular, 
jointed faces (AS16-l06-17349-l7354). 



general types. Dark-matrix breccias have pronounced jointing and 
angular edges (figs. 58 and 59) while light-matrix boulders are 
distinctly more rounded, more poorly jointed, and deeply filleted 
(fig. 60). Boulders larger than several meters are rare and stand 
out in far field views because of the very small population of one 
to several meter sizes. Blocks smaller than 1 m are relatively 
abundant with notable increases around fresh craters 25 m in dia
meter and larger. A sharp increase in boulder density (one meter 
and less in diameter) occurs at the rim crest and continues down 
the crater walls as illustrated in figures 61 and 64. 

The distribution of craters superposed on North Ray rim is 
random and the density is very low (f ig. 62). Few craters larger 
than 25 m are observed and very few are recognized in the surface 
photographs even in the several meter class . This fact presumably 
reflects the relative youth of the crater . The paucity of smaller 
craters, however, may reflect both the crater•s youth and a thin 
regolith over a coherent subsurface unit. This suggests that hyper
velocity impacts have sufficient energy to form a crater in the 
resistant substrate and that secondary impacts would not. 

Samples collected on North Ray crater rim (figs. 63-66) 
and outlying ejecta (figs.67-69) consist of a variety of breccias, 
some of which are glass-coated and glass-veined, and a few crystal
line rocks. Surface photographs permit separation of most rocks 
in the near field into light and dark rocks, some having recognizable 
fragmental textures. Most of the light rocks are breccias, with 
light matrices, and the dark rocks are breccias with dark matrices. 
Other types include light gray crystalline rocks and glass-coated 
and veined rocks. The glass coating covers 80 to 100 percent of some 
rocks, and doubtless obscures the real character of some rocks seen 
in the surface photographs. The relative proportions of dark and 
light colored rocks are shown in figure 70 as determined from 
the photographic panoramas at stations ll and 13. The conclusion 
that can be drawn from the more than 800 blocks counted is that 
light-colored rocks (mostly white-matrix breccias) are everywhere 
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Figure 59. Shadow Rock at station 13. a) Partial panorama of south 
face, approximately 5 m wide, showing steep to overhanging boulder 
sides and rough surface texture of typical dark-matrix breccias 
(AS16-106-17413-17416). b) Sketch of fracture patterns, clast and 
matrix features, and rock-soil interface, made from figure 59a. 
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Figure 60. White breccia boulders showing tyoical dark clast 
population, rounded, unjointed surfaces and well-developed 
fillet (AS16-l06-17325, 17326). 
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Figure 61. North Ray crater wall partial panorama and telephoto detail seen from 25m 
inside southeast rim. a) Left polarization panorama (AS16-l06-17251-17262). b) Sketch 
map showing possible stratification, products of mass wasting and location of figure 6lc. 



Figure 6lc. Telephoto of light matrix breccia blocks in area shown 
in figure 6lb. (AS16-l05-17172 ourposely underexoosed to 
illustrate details in shadow). 
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Geologic map of North Ray crater wall. 
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Figure 70. Proportions of light and dark rocks on North Ray crater. 
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strongly predominant on the rim and ejecta blanket of North Ray 
crater and the percentage of dark rocks (dark-matrix breccias and 
glass-coated rocks) increases from 8-10 percent in the western part 
of the southeast rim to 28 percent eastward toward House Rock. 
They comprise about 18 percent in the Shadow Rock area. 

Four localities were sampled, described, and photographed on 
the rim and ejecta of North Ray crater. The locations and rock 
types collected are illustrated in figure 71, omitting the rake 
and soil samples for which LRL photographs were not available. 
Areas near the White Breccia Boulders and at a location between 
there and House Rock, 200 m to the northeast, have a high propor- 

tion of light-matrix breccias. Figures 60 and 72 show the typical 
textures of these boulders. In the House Rock area (fig. 58) and 
at Shadow Rock (fig. 59) dark-matrix breccias are relatively more 
abundant. These are typically hard, have angular shapes, and 
vesicular textures as shown in figure 73. 

At the boulder which was sampled adjacent to House Rock, the 
crew observed, photographed, and sampled the largest impact 11 Spall 
zone .. seen so far on any lunar rock. The feature was described 
as a shatter cone, and in the photographs (AS16-106-17345, 17346; 
AS16-116-18647 through 18649 and 18653) it appears to be a percus
sion cone that is surrounded by a roughly circular spall zone having 
a diameter of about 40 to 45 em (figs. 58 and 74). The energy 
required to produce this size crater was calculated by H. J. Moore 
(oral communication) to be on the order of 1 to 2 x 1012 ergs 
depending on the depth/diameter ratio which is unknown. In any 
case the energy calculated permits either primary or secondary ori
gin for the impact feature. 

The geometry of the photographs taken of the soil sample area 
beneath the overhang of Shadow Rock (the 11 permanently shadowed 
sample 11

) is inadequate to determine whether the deep niche sampled 
is still shadowed in the late afternoon sun. It seems likely that 
the sample area is exposed to direct sunlight for part of each 
lunar day. 
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Figure 71. Distribution of rock types on North Ray crater continuous 
ejecta blanket (excluding rake and soil samples). 
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Figure 72. Typical white-matrix breccia, sample 67015, showing 
variety of dark clast sizes and shapes (S-72-37216). 

Figure 73. Typical dark-matrix breccia, sample 60017, from House 
Rock and Shadow Rock having white irregular clasts and vesicular 
texture (S-72-36943). 
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Figure 74. Percussion cone surrounded by a circular spall zone on 
South Boulder (AS16-l06-17345). 
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The soils traversed in the vicinity of North Ray crater are 
mostly firm, light-colored and apparently very thin . Bootprints 
and LRV tracks form depressions of a centimeter or less almost 
everywhere, except at three areas: 1) near the White Breccia 
Boulders (fig. 60) where the crew reported sinking 6 inches 
(15 em) into fillets developed around the boulders, 2) near the 
LRV where 2-3 em deep tracks are observed, and 3) in the vicinity 
of Shadow Rock 0.7 km southeast of the rim crest, where the Rover 
tracks are 2-3 em deep within about 100m of the station, and boot
prints up to 4-5 em deep may be observed. 

The occurrence of overhangs and poorly developed fillets around 
House Rock (fig. 58) and Shadow Rock (fig. 59) probably indicates 
that these dark-matrix breccias are more resistant to erosion than 
the white-matrix breccias. Concentric ridges of fines around the 
overhanging edges are evidence for the slow wearing-down of these 
rocks. In contrast, the White Breccia Boulders (fig. 60) are 
surrounded by deep fillets, which can be attributed to the friability 
of these rocks. A different type of fillet is illustrated by the 
concentration of fines on the uphill sides of boulders prominent 
on the walls of North Ray crater (fig. 61). These occur most 
notably on uphill sides of well-rounded boulders and are remarkably 
sparse on more angular rocks regardless of size. This evidence 
points to a partial contribution from the boulders to their own 
fillets; although active downslope movement must be the contributing 
cause of uphill fillets. 

The upper part of the regolith on the rim of North Ray is a 
darker gray tone than the underlying material. The distribution 
of the darker soil provides one of the most convincing examples of 
mass wasting yet documented on the Moon; dark tongues of gray 
material on the north crater wall are perched at the angle of repose 
and apparently have moved downslope as debris sl ides during compara
tively recent times (fig. 61). These tongues are concave upward, 
draping over the crater rim, and locally show breakaway scarps 
where they have moved as relatively coherent slabs. 
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The geology of the materials exposed in the walls of North 
Ray crater, at this early stage of investigation, is interpreted to 
be a grossly layered sequence of breccias exposed only in the east 
wall and largely obscured elsewhere by recently active debris 
slides (figs. 61 and 62). Beneath 20-30 m of rim-flap debris, the 
11 Upper layer, 11 approximately 70 m thick, is predominantly white
matrix breccias with some mixed dark rocks. The more coherent 
materials form discontinuous rows or benches indicating sub-
layering at 5-10 m intervals. The absence of blocks on the west wall 
and their heavy concentration on the east wall and in the ejecta 
extending up Smoky Mountain are suggestive of a steeply dipping 
discontinuity between the east and west sides of the crater that 
separates two major units. These asymmetrical relations also can be 
explained as lenticular variations in induration within the same rock 
unit. A low angle impact by the projectile which formed North Ray 
crater is not likely because it would not explain the asymmetry of 
large rock distribution in the crater walls nor the radial symmetry 
of the main ejecta blanket on the crater rim. 

The next underlying unit is a light colored slope of possibly 
unconsolidated material, about 100m thick. The rugged floor mound 
is a dark rubbly material that may be represented by House and Shadow 
Rocks, which were sampled on the ejecta blanket. The large size and 
angularity of House Rock (25 m) reflect the strength, or coherence, 
and the wide spacing of joints of the rock mass from which it was 
derived. In terrestrial analogs such as Meteor Crater, the largest 
blocks on the crater rim reflect the more coherent and thicker
bedded rock units penetrated, regardless of depth. Therefore, 
because House Rock is similar both in size and appearance to the 
coarse, dark rubble forming the crater floor, and because it and 
Shadow Rock are very similar in composition but represent the least 
abundant rock type on North Ray crater rim, they are interpreted as 
coming from a stratigraphic horizon exposed in the deepest part of 
the crater. 

64 



The principal results of the North Ray crater rim traverse 
are 1) extensive sampling on the rim and a small area on the ejecta 
blanket, 2) extensive photographic documentation of the samples 
collected, of the fragmental textures in large rocks on the surface 
and those exposed in the crater wall, and optical properties of 
materials exposed on the crater walls, 3) determination of terrain 
characteristics on the crater from astronaut observations and photo
graphy, including a) the general thinness of the regolith; b) the 
remarkably low density of large blocks which were expected to cover 
a large part of the rim, c) the unburied or perched nature of many 
blocks and fragments on all scales, and d) the general lack of 
smaller craters. 

Samples 
Sample summary.--The total returned net sample weight is about 

95.33 kg (210 pounds). EVA 1 net was 29.84 kg (66 pounds); EVA 2, 
30.16 kg (66 pounds), and EVA 3, 35.33 kg (78 pounds). These 
figures are based on the inventory list from the Curator of the 
Lunar Receiving Laboratory, dated June 30, 1972. They do not 
include the minor amounts of sample lost by attrition during pro
cessing. Of the total sample weight, almost 75 percent consists 
of rock fragments larger than 1 em in diameter, nearly 20 percent 
is soil or residue fines, and the remainder consists of core and 
drive tube samples. 

Table 1 (o. 98) lists all rock samples (111 total) larger than 25 g, 
showing container number, station, EVA on which collected, weight, 
and classification used in this report. Rake fragments are 
identified but not classified. 

Table 2 (p. 103) lists those rock samples for which the lunar orienta
tion at the time of collection is known. Orientations were determined 
in the laboratory by comparing pre-sample photographs taken on the 
lunar surface with the same samples lighted by a collimated source. 
The list includes 45 oriented rocks as well as 52 other rocks that 
have not been oriented because of small size, breakage, the lack of 
lunar surface photographs, or lack of time. No attempt was made to 
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orient rake fragments. The comparisons between oriented samples in 
the laboratory and photographs taken on the lunar surface are 
shown in appendix section B, figures B-1 through B-41. The figures 
are in order of ascending samole number. 

These sample lists and documentation photographs update informa
tion previously published in the Apollo 16 preliminary sample documen
tation report (ref. 19). 

Sample classjfjcatjon.--Early in the first EVA the crew 
recognized the dominance of breccias in the regolith of the 
Descartes area. Subsequent activities demonstrated the abundance 
of breccias throughout the area traversed, and the proportion of 
fragmental rocks among the returned samples (table 4) exceeds 
75 percent. Indeed, special effort was made to find crystalline 
rocks, and their proportion in the returned samples probably exceeds 
their true proportion at the Descartes site. The crew further 
recognized two main types of breccia: 1) fragmental rocks with dark 
clasts in a friable white matrix and 2) fragmental rocks with white 
clasts in a very coherent dark matrix. These observations form the 
basis of our preliminary classification. 

The Apollo 16 rocks may be divided into three broad groups 
(fig. 75): 1) fine- to coarse-grained, mostly homogeneous crystal
line rocks; 2) rocks composed substantially of glass; and 3) frag
mental rocks (breccias). The crystalline rock and breccia groups 
have been subdivided on the basis of megascopic properties 
described below. In table 4, samples examined as of June 15, 1972, 
are classified into one of eight categories. Two groups tc1, c2) 
represent subdivisions of the crystalline rocks, one group (G) 
consists of glass, and five groups (B1-B5) represent subdivisions 
of the breccias. 

Twenty-five rocks are classified as crystalline rocks ltable 3, o. 104). 
Of these, seven {group c1) appear to be igneous rocks. While all 
of the igneous rocks have been shattered and deformed to some extent, 
their pre-deformation textures are substantially intact. The two 
largest samples reutrned (60015 and 61016) and a small one (69955) 
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are, as recognized by the crew, coarse-grained, non-vesicular 
rocks composed largely of plagioclase. These resemble Apollo 15 
anorthosite 15415, but are probably more severely shock deformed. 
Three of the remaining four igneous rocks (68415, l, 2; 68416) 
were taken from a single boulder; these are fine-grained highly 
feldspathic rocks with crystal-lined vugs; the rocks are texturally 
inhomogeneous and contain large (to l em), irregular inclusions 
of plagioclase. The seventh igneous rock (61956) is a small 
piece of medium-grained gabbroic rock containing about 25 percent 
mafic silicates. A very small proportion of the rake samples, 
as yet unnumbered, also are igneous rocks: one rock from the LM 
site is similar to 68415, and one rock from station l is coarse
grained anorthosite. The rake samples also contain igneous rocks 
not seen in the larger documented samples. Among these are a few 
basaltic rocks with ophitic textures, brown pyroxenes, low 
plagioclase contents, and comparatively abundant ilmenite. 

Eighteen crystalline rocks (group c2) appear to be metaclastic 
rocks with generally small proportions of lithic debris. These 
are hard, angular rocks characterized by fine-grained sugary tex
tures, some with megascopically recognizable poikiloblastic 
texture. The rocks are typically inequigranular, with variable, 
but usually small, proportions of irregular mineral fragments, 
mostly plagioclase. One sample, 65055, appears to be transitional 
between c1 and c2 groups; in its vuggy parts it closely resembles 
68415 in texture, but elsewhere has a sugary granoblastic texture 
with relict irregular plagioclase and mafic mineral grains. A 
substantial proportion of the rocks in some rake samples are meta
clastic rocks, and probably are concentrated in the raked fragments 
because of their toughness and resistance to breakdown compared to 
many breccia matrices. 

Five samples largely composed of glass were returned. Two of 
these are glass spheres, one hollow and one solid. The remaining 
samples are irregular coarse vitric agglutinates with numerous 
small lithic inclusions. Most of the rake samples contain some 
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fragments of coarsely vesicular glass, generally with a few lithic 
inclusions. 

The fragmental rocks are divisible into five main groups on 
the basis of proportions of light and dark clasts and matrix 
color. All five groups are varieties of impact-generated breccias; 
none appear to be of volcanic origin. Many of these breccias are 
net-veined or partly enveloped by glass that was presumably 
emplaced during formation of North Ray and South Ray craters. 
This glass, and the mild brecciation accompanying it, was 
ignored in classifying the breccias. The majority of the rocks 
are polymict breccias, but a substantial minority are monomict. 
Clast sizes in the samples range up to at least 17 em, but much 
larger sizes were noted in large blocks on the lunar surface. 
Clast shapes range from highly irregular to equant, angular to 
well rounded, but equant, subangular shapes predominate. Two 
types of clasts are clearly dominant; 1) dark, aphanitic to finely 
crystalline metaclastic rocks, and 2) white, partly crushed to 
powdered, feldspathic rocks. Less common types include light gray 
or white rocks with granoblastic textures, a variety of gabbroic 
to anorthositic rocks with medium to coarse grain size, and rare 
feldspar-poor basaltic rocks. Matrices of the light- and medium gray
matrix breccias are, for the most part, friable and not visibly 
altered by subsequent thermal events, whereas those of dark-
matrix breccias are coherent and annealed or fused. 

Group B1 rocks are fragmental rocks containing light lithic 
clasts in excess of dark lithic clasts and having light-colored 
matrices. There are 17 rocks in this category ranging in weight 
from 1 to 1,836 g (ref. 19). 

The abundance of clasts in these rocks is low (fig. 76), and 
only one sample contains any dark clasts at all (fig. 77). Mineral 
fragments larger than 1 mm are common and are dominantly plagio
clase. Most of these rocks appear to be monomict breccias, the 
clasts of which are relict, uncrushed material. The rocks are 
typically moderately to very friable, and the matrices appear to 
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be unmetamorphosed, fragmental debris of the same type which make 
up the clasts. 

Group B2 rocks are fragmental rocks containing dark lithic 
clasts in equal or greater prooortion than light lithic clasts 
and having light matrices. There are 28 rocks in this category 
ranging in weight from 2 to 4,307 g (ref. 19). The abundance of 
clasts in these rocks is generally much higher than in B1 rocks 
(fig. 76), and a substantial number of the rocks contain both light 
and dark clasts (fig. 77). Mineral fragments larger than 1 mm are 
common and, as in B1 rocks, are mainly plagioclase. Most of the 
rocks are polymict breccias, but some contain only a single kind 
of clast; in contrast to B1 breccias, comminution of the clasts 
in these breccias cannot give rise to the matrix materials. B2 
breccias are typically friable, and the matrices appear to be 
unmetamorphosed fragmental debris. 

Group B3 rocks are intermediate types having more-or-less 
equal proportions of light and dark clasts and medium-gray matrices. 
These are subdivided into two groups, B3a and B3b, mainly on the 
basis of coherence (table 3). 

There are 4 rocks in the B3a group ranging in weight from 
1.4 to 2.8 g (ref. 19). These rocks have very low clast abundances. 
They closely resemble typical soil breccias returned by other 
Apollo missions: they are very soft and friable, have a brownish 
cast due to an abundance of matrix glass, and contain fragmental 
glass and glass beads. Small pieces of similar rocks are present 
in most of the rake samples. Some of these rocks also are grooved, 
and display poorly developed slickensides Probably formed during 
weak lithification of soil. Some consist of clusters of clods 
loosely cemented by glass. Both of these features are common in 
soil breccias returned by previous APollo missions. 

There are six rocks in the B3b group ranging in weight from 
4 to 510 g (ref. 19), although sample 61295 was broken from a 
large boulder. The abundance of clasts is moderate (fig. 76), 
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and all contain both light and dark clasts (fig. 77). Mineral 
fragments larger than 1 mm are not as abundant as in 81 and 82 
rocks. All of these rocks are polymict breccias and contain a 
notably wider range of lithologies as clasts than in any other 
type of breccia. While these rocks contain fragmental glass like 
the 83a samples, they are much more coherent (though still not 
apparently annealed), and lack the other features typical of soil 
breccias described above. 

Group 84 rocks are fragmental rocks containing light lithic 
clasts in excess of dark ones and having dark matrices. There are 
33 rocks in this category ranging in weight from 1.3 to 2,559 g 
(ref. 19). The abundance of clasts ranges from low to high (fig. 76), 
and most contain only light clasts with few or no dark clasts 
(fig. 77). It should be emphasized, however, that dark clasts in 
a dark matrix are quite difficult to discern, and the relative 
proportions of such clasts may be changed with more detailed study. 
Mineral fragments larger than 1 mm, though still widespread, are 
considerably less abundant than in 81_3 breccias. 
rocks are monomict breccias, or have a narrow range 
The intergranular coherence of these rocks is high, 
to have finely annealed matrices. 

Most of these 
of clast types. 
and most aopear 

Group 85 rocks are fragmental rocks containing dark lithic 
clasts in equal or greater oroportion than light lithic clasts 
and having dark matrices. There are three rocks in this category 
ranging in weight from 65 to 1,789 g (ref. 19). The clast 
abundance is high (fig. 76), and all contain both light and dark 
clasts (fig. 77); the dark clasts differ only slightly from the 
matrix. Mineral fragments larger than 1 mm are present but sparse 
in all three breccias. These rocks are polymict breccias, but 
the range of lithologies among light and dark clasts is not great. 
The intergranular coherence of the breccias is high, and the 
matrices appear finely annealed. Gas cavities are spectacularly 
developed in the matrices of the two larger rocks. 
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Field petrology and areal distribution of samples.--Figures 78 
and 79 show the field distribution of documented samples classified 
according to the scheme described in the preceding paragraphs. 
Only samples larger than 50 g are plotted both because smaller 
fragments are more likely to have been transported large dis
tances, and because breakdown of the breccias yields small samples 
not representative of their source rocks. Two stations--the 
LM/ALSEP site and station 11--were much more thoroughly sampled 
than other stations. Of the eight categories of rocks described 
in the preceding section, only two--83 and 85 type breccias--
were not found at these two stations. This suggests that more thorough 
sampling at other stations would likely have expanded the range of 
rock types found there. 

The stations can be divided into four main groups. 
members of each of these groups have similar settings: 

The 
1) LM/ALSEP, 

stations 8 and 9, and probably also station 2, which are located 
on the Cayley Plains and covered by South Ray ejecta; 2) stations 
4 and 5 which are located on Stone Mountain and also covered by 
South Ray ejecta; 3) stations 11 and 13 which are located on the 
continuous ejecta blanket of North Ray crater; and 4) stations 1 
and 6 which are located on the Cayley Plains in areas lacking exten
sive blocky ray material. 

While the proportions of rock types vary from station-to
station and in part no doubt depend on thoroughness of sampling, 
there are no distinctive differences in rock populations between 
the first two station groups. Figure 5 shows an extensive cover of 
all the station areas of groups 1 and 2 by blocky ray material 
from South Ray crater. It is therefore likely that all these 
samples represent Cayley materials derived from South Ray crater. 
Hence, if materials comprising Stone Mountain differ from those 
excavated by South Ray crater, they were not sampled. Lithologies 
represented include all major types except 83 breccias, but 
breccias with light clasts in a dark matrix (84) and those with 
dark clasts in a light matrix (82) are clearly dominant. Clasts 
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resembling the lighter gray metaclastic rocks (C 2) occur in some 
breccias, and a breccia source for all of them is not unlikely. A 
sample of igneous rock (coarse-grained anorthosite) was col
lected from a dark-matrix breccia boulder at station 9, so that 
at least some of the igneous rocks originally occurred as clasts 
i n breccias. 

Group 3 stations, on North Ray crater ejecta, yielded samples 
that do not appear to differ in any significant respect from 
those of groups 1 and 2. This is important because North Ray 
crater excavated material from a low ridge rather than from smooth 
plains-forming material more typical of the Cayley and excavated by 
South Ray crater. The dominant rock types are again B2 and s4 type 
breccias. There is a much higher proportion of B4 breccias in 
samples collected at the northeastern part of station 11 near 
House Rock, itself a large boulder of dark-matrix breccia. These 
are presumed to be derived from lower in the section than the 
abundant B2 breccias observed and collected at the southwestern 
end of the traverse area. Small dark-matrix breccias are concentrated 
in the rake sample at station 13, and, while these are classified 
as B4 breccias, they generally have adhering films of white 
clastic material and are probably clasts derived by the break-up 
of B2 breccias. 

Group 4 stations, which occupy inter-ray areas on the Cayley 
Plains, also yielded B2 and s4 breccias as well as the usual 
small proportion of crystalline rocks. But, in addition, these 
stations are the only sources of B3b breccias. These rocks, 
characterized by a wide range of clast types, may therefore 
represent the uppermost materials of the Cayley Plains, which, 
elsewhere in the traverse area, are mantled by North and South 
Ray crater ejecta. 

The rock distribution suggests that the section underlying 
the Cayley Plains at the Apollo 16 site is stratified, with an 
upper unit of B3b breccia and lower units composed mainly of s2 and 
B4 breccias. The areal extent of the supposed upper unit is not 
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known, but presumably it extends at least between stations 1 
and 6; considering the relative scarcity of B3b breccias, the unit 
is probably not more than a few meters thick. Evidence derived 
from pan photographs and astronaut descriptions at station 11 
suggest that B2 breccias overlie B4 breccias, whereas the color 
of ejecta on the rims of South Ray and Baby Ray craters suggests 
that B4 breccias overlie B2 breccias in the vicinity of those 
craters. Such a stratigraphic sequence in the South Ray area is 
consistent with the dominance of dark-matrix (84) breccias 
described and photographed in South Ray ejecta between the LM 
site and station 8. The nature of the materials comprising the 
Descartes highlands remains, at this time, unknown. 

73 



Crystalline rocks Glass 

Igneous Metaclastic 

c, G 

Breccias 

: : 
84 

__ _ 

l L------_-+.L: 82 

DARKER 
CLAST COLOR 
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Figure 77. Classification of breccias. 
1Matrix color is estimated from the Munsell gray scale and 
modified to fit the ?-figure gray scale used in orthogonal 
photographs of the rocks. 

2Clast-color scale represents the proportions of clasts 
lighter and darker than the breccia matrix. 

o Breccias with 1 ess than 5 percent 1 ithi c clasts larger 
than 1 mm. 

•Breccias with more than 5 percent 1 i thi c clasts 1 arger 
than 1 mm. 
Only samples for which clast proportions were available 
as of June 15, 1972 are plotted. 

75 



3 

e 
I 

5T4rloN 9 

ST4TION 8 

ST4TION e $T.4T10NS STATION 13 STATIONG 

Sr4r/ON 'I STATION I 

Figure 78. Number of rock types >50 g collected at stations. 



Figure 79. Areal distribution of rock types and samples >50 g. 
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Optical properties 
The first detailed study of the fine-scale optical properties 

of highland materials using lunar surface photography makes use of 
polarimetric data obtained with a polarizing filter on a 70 mm 
camera at two photo pan stations taken on North Ray crater rim. 
In addition, 500 mm lens photography gave detailed photographs of 
South Ray crater, which, photometrically, is the brightest lunar 
area ever measured . Down-sun photographs of most of the documented 
samples and of the geologic terrane at each of the traverse stations 
permits analysis of the photometric properties of the materials 
throughout the area. 

The Descartes landing area showed the greatest variation in 
phase function normal albedos of any lunar landing area . Pre-mission 
estimates were of 13-15 percent normal albedos based on photoelectric 
telescopic measurements that integrated 10 square kilometer areas 
over the Descartes region. Photometric measurements of the fine
grained regolith in the lunar surface photographs range from 14 
percent to 24 percent phase function normal albedo. Rocks vary 
from 18 percent to 51 percent and the bright ray materials from 
South Ray crater measured 55 percent phase function normal albedo. 
This extreme range of albedos is the result of high resolution of 
surface photography; telescopic integration results in an average 
albedo over a large area. The highest telescopically measured normal 
albedo on the Moon is 24 percent and occurs in the crater Aristarchus 
(ref. 20). The highest phase function albedo measured 
prior to Apollo 16 is 31 percent and occurred near Cone crater at 
the Apollo 14 landing site. 

The lunar photometric function (fig, 80) originally measured 
telescopically (ref. 21) and later refined in the maria 
areas by measurements of high resolution Surveyor (ref. 22) 
and Apollo pictures (ref. 23) was tested for highland 
variations in the Apollo 16 landing area . Photographs taken down-sun, 
which include astronaut shadows, allows the measurement of surface 
reflectance from about 30° phase angle to near zero phase angle. 
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The panorama photography was digitized and stored on a 200 BPI 
magnetic tape. The scanning aperture size at the negative plane 
was .05 x .05 millimeters, and the microdensitometer was adjusted 
to give continuous readings. The pre-flight gray scale was also 

densitometered. 
The digital tape was converted to the proper VICAR format at 

800 BPI and processed in the same manner as used in Apollo 15. The 
pan frame was divided into 4 sectors and the station locations 
determined in line and sample coordinates. Albedo values for the 
stations as obtained from surface photographs, were used as controls 
in producing the albedo map shown in figures 81 and 82. 

There are two important qualifications to the preliminary 
albedo map. The first is that the usual phase or lunar photometric 
function was assumed for the Apollo 16 site. Preliminary surface 
measurements indicate that this is probably valid (fig. 80). The 
second is that variations of the albedo values due to topography 
were not removed. Thus, comparisons of albedo values are reliable 
only between areas with the same sloPe. 

Figure 81 shows many areas having an albedo greater than 
45 percent. These areas are brighter than any found at previous 
Apollo sites. The 500 mm photographs resulted in geometrically 

corrected albedos of 50-55 percent for South Ray crater. 
Exposure values from the automatic exposure control on the 
orbiting panoramic camera are consistent with these high albedos. 

On the Apollo 16 mission, a polarizing filter attached to 
the lunar surface Hasselblad camera permitted measurement of the 
degree of polarization and the orientation of the plane of maximum 
polarization of light reflected from the lunar surface. Three 
pictures are needed, one at each with the polarizing filter at 
the 0°, 45°, and 90° positions. This was accomplished by taking 
overlapping pictures at one filter position through a 120 degree 
sector across North Ray crater from station 11. The filter was 
rotated to the second position and the sector rephotographed. 
This was repeated a third time in the final filter position. 

79 



Microdensitometer scans were made across Photographs AS16-106-17386 
(station 13), AS16-108-17702 (station 8), and AS16-108-l7628 
(station 6). The film density luminances were calculated and 
plotted relative to phase angle (fig. 80). Slight differences in 
the slopes of the curves occur near zero phase angle indicating 
samll variations in the backscattering nature of lunar materials. 
The Apollo 16 photographs do not show as sharp a backscatter peak 
as the telescopic data, again caused by higher resolution of the 
surface photography. The similarity of the lunar photometric 
function on the highlands and maria surface is remarkable 
considering the different composition of bedrock. Apparently the 
comminution of lunar material by repetitive cratering produces the 
unique backscatter lunar photometric function while composition 
controls the albedo. 

A second generation direct duplicate negative of panoramic 
camera frame 4618 was used for the generation of the preliminary 
Apollo 16 phase-function normal albedo map. Surface photographs 
used in determining the albedos were primarily second generation 
master positive stock from the Hasselblad 70 mm cameras. In 
addition, a few 500 mm lens photographs were used to confirm the 
high albedo measurements at South Ray crater. 

All surface photography containing surface areas close to zero 
phase angle were densitometered using a 1 mm aperture. The geometry 
was established for each picture through reference to horizon 
control points and pre-calculated geometrical computer listings. 
The average phase angle for the best photographs was 3-4 degrees. 
The previously used functional behavior between the phase angle 
and the amount of reflected radiant flux is assumed for all 
surface photometry. Photometric control was obtained from the 
photometric chart and gnomon photographed on the lunar surface and 
from film sensitometry data . The photometric chart was instrumental 
in verifying the f/stop and shutter speed at which the surface 
photographs were taken. The gnomon and chart were disabled at 
station 6, and subsequent photometric measurements were based on 
film sensitometry data. 
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Differences in image intensity of the same image element or object 
in the three pictures is a function of the amount and orientation 

of the linear polarized component of the reflected light from that 
object. From the returned photographs, three sets of polarization 

frames were selected for computer processing. These were frames 
106-17239, 259, 268 and 106-17241, 257, 268,from the southwestern 

pan position at station 11, and frames 106-17283, 296, 310 from 

the northeastern pan position of station 11. The data for 
computer reduction were taken from second generation master 

positives. 

The sets of pictures were digitized as were the pre- and 

post-gray wedges. The first step in computer reduction involved 

building a histogram of the digital data over each Picture. The 
digitized values for the sky and shadow areas from picture to 

picture were forced to agree. This insured the validity of 
comparisons between pictures. The data were also verified as 
lying on the linear portion of the film 1 s sensitivity. 

The frames were filtered using a 3 x 3 pixel matrix to smooth 
the data. The first frame (horizontal polarization) became the 

prime picture against which the remaining two were registered. 

Camera displacements between frames were sufficiently large to 

yield stereo pairs from frames within a given set. Registration 

of stereo pairs to pixel resolution is extremely difficult and 
results in lengthy computer processing. In order to reduce 
expensive computer time, a special set of positive transparency 
enlargements of the digitized pictures was made. The frames were 

than registered using visual techniques and displacement 
coordinates determined for 70 to 80 points in each frame. These 
point displacements were used to compute a linear interpolation 

of the displacement coordinates . This interpolation factor was then 

applied to each picture element. The registrations, while still 
imperfect, were within 5 pixels in the far field. 
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The three registered frames were used to compute the degree 
of polarization and the angle of its maximum (these equations can 
be found in reference 24. Following this calculation, a 9 gray-step 
conversion table was generated to illustrate areas of equivalent 
polarization in the three sets. One of the sets taken at high 
phase angle is shown in figure 83. Relatively good agreement 
exists between polarization values on overlapping areas of picture 
sets. 

Each lunar material has its characteristic polarimetric 
function. A comparison of the polarimetric functions of returned 
samples with those of inaccessible areas or of remote objects 
permits some correlation and classification of materials at a 
distance. In the area of North Ray crater, for instance, such a 
study shows there are three polarimetrically distinct materials: 
a region of regolith that covers Smoky Mountain (area A, fig. 83) 
and drapes over the northwest rim of the crater (area B, fig. 83), 
a crater rim deposit (area C, fig. 83), and a region on the west 
wall of the crater characterized by high albedo as well as by a 
unique polarimetric function. It was found that individual rock 
fragments varying from 25 em in the foreground to 10 m across on 
the northwest rim have low degrees of polarization. All rock 
fragments around North Ray crater show less than one-half of the 
polarization measured on crystalline rocks from Apollos 11 and 12; 
and one-half to two-thirds the polarization measured on Fra Mauro 
samples from Apollo 14. 

The albedo measurements of lunar materials at the various 
stations of the three EVA traverses can be arranged into three 
groups. The albedo of stations 1, 2, and LM area ranged from 
15-18 percent, while the albedo of stations 4, 5, 6, and 8 was 
higher, ranging from 17 to 20 percent. North Ray crater stations 
11 and 13 have albedos ranging from 20-24 percent. The albedo 
variations seemed to be superimposed on a regional albedo of 
about 15 percent, with ray ejecta from South Ray crater raising the 
albedos of the southern traverse stations, and North Ray ejecta 
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increasing the albedo of stations 11 and 13. The landing site 
area is apparently underlain by light material which is being mixed 
with darker regolith by cratering mechanics. Proximity to relatively 
recent sources of lighter materials influences the local albedo. 

The rock surfaces around North Ray crater aooarently contain 
little crystalline material that can oolarize reflected light. 
The polarimetric properties of these rocks suggest that they are 
much more highly shocked than the Fra Mauro breccias from Cone 
crater. No areas, layers, or blocks of intermediate to strong 
polarization were observed such as would be expected for 
relatively unshocked basaltic crystalline rock. All measurements 
of rock blocks at North Ray crater are consistent with the 
polarimetric properties of highly brecciated and shocked material. 
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Figure 80. Comparison of telescopically measured lunar photometric 
function with measured luminances from photographs AS16-106-17386 
(station 13) and AS16-108-17702 (station 8). 
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Figure 81. Composite of four computer-generated sectors of the 
Apollo 16 site based on panoramic camera photograph #4618. The 
phase-function normal albedos are shown in nine shades of gray. 
A gray scale with the appropriate albedo ranges is included for 
interpretation. Three scribed areas, denoted A, B, C, are the 
sections of the map enlarged 5x in the computer and shown in 
figure 82. No albedo corrections were made for topography. 
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a b 

c 

Figure 82. Computer-generated enlargements A, 8, C outlined in 
figure 81. The station locations are identified by number beside 
the scribed areas. The gray shades depict the same ranges as 
given in figure 81. The lines on the photographs are line 
dropouts during microdensitometry. 
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PRELIMINARY GEOLOGIC INTERPRETATION OF THE SITE 
The enormous yield of Apollo 16 photographs, samples and 

crew observations permits a tentative evaluation of the local 
geology in the landing site area. Early synthesis of the data 
demonstrates the geologic complexity of the site and emphasizes 
the importance of the diverse types of data provided by manned 
exploration of the Moon. The Apollo 16 investigations clearly 
require modifications of prevailing geological models for the 
nature and evolution of the Cayley Formation in this area and 
elsewhere in the lunar highlands. 

The Cayley Formation probably has been samoled to a depth of 
approximately 200 m at North Ray crater; to shallower depths at 
stations 1, 2, and 6; and, intermittently, over a distance of 
about 10 km between North Ray and South Ray craters . Sampling of 
South Ray ejecta from some of its conspicuous rays may have 
provided both light and dark materials (fig. 84) from as deep as 
150 meters although most will be from shallower depths. The 
difference in the rim elevations of the two major craters suggests 
that a vertical range of more than 300 meters may have been sampled 
(fig. 85), 

Heterogeneous fragmental rocks (breccias) are the dominant 
lithology of the Cayley Formation. Although several distinctly 
different types are present, light and dark-matrix breccias 
dominate the surface debris which was sampled and photographed. 
Significant variations in proportions of breccia types appear in 
the ejecta of each major sampled crater, but there do not appear 
to be any differences between the rock assemblages from North 
and South Ray craters. The sample distribution data and the new 
photography of South Ray and Baby Ray craters (figs. 86 and 87) suggest 
a possible crude horizontal stratification, with alternating 

lighter and darker breccia units. These data support interpretations 
made in the pre-mission photogeologic mapping. 

The Apollo 16 rocks closely resemble those collected on 
Apollo 15 from the Apennine front. They do not show the 
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Figure 84. South Ray crater telephoto view and interpretation as seen from Stone Mountain 
(station 4). a) Partial panorama (AS16-ll2-l8246, 18247, and 18256) . b) Distribution 
of light and dark ray patterns and individual blocks, made from figure 84a. Numbers 
correspond to features in mao view (fig. 87). 



.5 0 lkm 

7900-7950 

7650-7900 

7600-7650 

7750-7600 

7700- 77 50 

7650 7700 

<7650 

---Line of traverse, dashed 
where approximate 

•2 Station 

EVA I l1t traverse(sortie) 

Figure 85. Hypsographic map of the Descartes site, showing relative 
elevations to which craters penetrate. Adapted from pre-mission 
topographic map compiled by Topographic Command, U.S. Army, by 
smoothing the index contours. The depth of South Ray crater has 
been modified to reflect new data from the Apollo 16 panoramic 
photographs, from which profiles were derived by the U.S. 
Geological Survey. 
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b 

Figure 86. Baby Ray crater telephoto view and interpretation as seen 
from Stone Mountain (station 4). a) Partial panorama (AS16-112-
l8253, 18254). b) Distribution of light and dark ray patterns 
and individual blocks, made from figure 86a. Symbols are explained 
in figure 84b. Numbers correspond to features in map view 
(figure 87). 
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Figure 87. Ray map of South Ray and Baby Ray craters (pan AS16-4618); 
numbers correspond to features on figures 84b and 86b. 
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characteristic multiple brecciation and metamorphism of the 
Apollo 14 samples. 

Bulk compositions of Cayley soils obtained by the Preliminary 
Examination Team show a surprising uniformity throughout the 
traverse area. Rock compositions show a slightly larger range, 
but still have a remarkably small range of variation. Both soil 
and rocks are roughly equivalent in composition to terrestrial 
anorthosites and feldspar-rich gabbros. This indicates that the 
textural and albedo criteria used in distinguishing the several 
breccia types probably reflect variations in their history 
than in their source materials. 

Some individual crystalline rock fragments were recovered 
along with the more abundant breccias. They fall into two 
apparent groups: (1) igneous and (2) metamorphic. The igneous 
rocks range from anorthosites to feldspar-rich gabbros and include 
minor amounts of fine-grained, highly feldspathic, vuggy igneous 
rocks. The metamorphic rocks are recrystallized fragmental rocks 
of a similar highly feldspathic composition. Clasts of these 
various types are observed in the breccias, and it is possible that 
all the crystalline rocks collected are simply clasts liberated 
from their breccia matrix. Their general compositional range 
is compatible with such an interpretation. However, the presence 
of some igneous rocks, either intrusive or extrusive, within the 
Cayley Formation at this site cannot be precluded at this time. 

In summary, the Cayley Formation at the Apollo 16 site appears 
to be a thick (at least 200 m, possibly more than 300 m) crudely 
stratified debris unit whose components are derived from plutonic 
anorthosites and feldspathic gabbros, and metamorphic rocks of 
similar composition. It has an elemental composition similar to 
that observed over large regions of the lunar highlands by the 

orbital X-ray experiments of Aoollo 15 and 16, (ref. 25 and 
Adler et al. in reference 17). The observed textures and structures 
of the breccias resemble those of impact breccias. They do not 
resemble thoseeof volcanic rocks nor do the plutonic or metamorphic 
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source rocks of the breccias have the textures or comoositions 
of terrestrial or oreviously samoles lunar volcanic rocks. 

Whether the Cayley sampled is representative of Cayley else-
where is at present unknown . The local relief in the traverse area 
is greater than in the Cayley Plains to the west . This roughness 
may be an edge effect of the Cayley basin against the Descartes 
Mountains or an intrinsic difference between the sampled Cayley 
and the main area of plains. Detailed topographic maps (as yet 
unavailable) and photogeologic interpretation of the region will 
contribute data toward resolving this problem. 

The materials of the Descartes highlands were the sampling 
objectives at stations 4 and 5 on Stone Mountain. The traverse 
route in this area is heavily mantled by angular, blocky debris, 
apparently ejected from South Ray crater. The regol i th under this 
blocky material is relatively fine-grained with few coarse fragments. 
The crew observed no craters which penetrated to bedrock or which 
exposed coarse blocks of underlying materials. 

Most of the rock samples, particularly at station 4, probably 
represent South Ray ejecta. At station 5, the crew sought and 
collected a number of more rounded fragments which did not appear 
to be ray-associated. The rock types found at station 5 are 
generally similar to those found in Cayley localities. Some 
samples were collected from shielded crater-wall locations, and 
probably include some Descartes materials, but none have yet been 
uniquely identified as such. 

A number of soil samples were taken at the surface and in drive 
tubes at stations 4 and 5. Although variable dilution by South 
Ray fines is expected, these samples may be dominantly Descartes 
materials. Bulk comparisons of some of these soils with soils 
from Cayley terranes show marked compositional similarities. 
These observations add support to the indirect evidence from the 
rock collections that the Descartes materials may be lithologically 
similar to the Cayley Formation . 
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In summary, the precise nature of the Descartes highlands 
materials has not yet been established. Available evidence indicates 
that the Descartes differs from the adjacent Cayley Formation more 
in physiographic expression than in actual lithologic character. 
Whether it is a stratified unit as suggested by several subtle 
topographic benches has not been established. 

The stratigraphic and structural relations between the Cayley 
and Descartes units have not been directly established at this 
preliminary stage of the surface geology investigation. The contact 
between them was mapped from pre-mission photography primarily as 
the break in slope at the base of Stone Mountain. No observations 
were made during the mission which would locate the contact more 
precisely. Detailed comparisons of soils and rocks from stations 5 
and 6 which lie on opposite sides of the apparent contact, may 
ultimately provide some critical information. The asymmetrical 
distribution of lighter and darker breccias noted on the rim of 
North Ray crater and the apparent contrast in albedo of its interior 
surficial debris raises the possibility that the North Ray impact 
may have penetrated a significant geologic contact. Whether this 
albedo contrast relates to a formational boundary cannot at present 
be demonstrated. 

Pre-mission geologic interpretations of the Apollo 16 landing 
site emphasized a probable volcanic origin for both the Cayley 
Formation and the materials of the Descartes highlands. The 
apparent non-volcanic aspects of the many rocks sampled and 
photographed, combined with the absence of recognizable volcanic 
features at any scale in the region examined by the astronauts, do 
not support these interpretations. 

The character of the Cayley Formation, emerging from the 
Apollo 16 site studies, supports consideration of an impact-related 
origin. The sources of the debris that might be considered include: 

(1) ejecta from the Imbrium basin (ref. 1}; 
(2) ejecta from the Nectaris basin; 
(3) some combination of ejecta from various local and more distant 

sources accumulated over an extended time interval. 
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Derivation from the distant Imbrium basin requires special 
mechanisms and timing. The plains-forming, depression-filling 
Cayley materials both overlap and extend beyond Imbrium sculpture 
and the Fra Mauro Formation. An Imbrium source would probably 
require a late-stage transport and deposition mechanism, perhaps 
in the form of a fluidized debris cloud generated by the impact. 
(See also Eggleton and Schaber, section 29, of reference 17). 

The Cayley surface at the Apollo 16 site has been interpreted 
from superposed crater frequency as slightly younger than the Fra 
Mauro surface at the Apollo 14 site (R. Greeley, written communi
cation, 1971). If the interval in implied ages is significant, 
the stratigraphic relations strain the plausibility of an Imbrium 
or1g1n. The sum of available stratigraphic and crater-frequency 
data do not favor derivation of the Cayley Formation during the 
development of the Nectaris basin in pre-Imbrian time. However, 
Nectaris ejecta may be part of the breccia sequence beneath the 
Cayley surfaces in this area. Other impact mechanisms require 
more and smaller depositional events, probably integrated over 
long periods of time. Mass-wasting has been suggested as a debris 
contributor, but it is not a satisfactory means of forming the 
plains of broad extent and considerable thickness present at the 
Apollo 16 site. There remains, of course, the remote possibility 
that unfamiliar explosive volcanic processes have produced widespread 
crustal fragmentation and breccia accumulation on the lunar surface 
or that post-depositional devolatization of the basin-derived blankets 
has been responsible for emplacement of most of the terra plains. 
No obvious test for such a process suggests itself in the present 
data. 
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Each of the several possibilities has a very different implied 
time position in lunar history. Isotopic age studies on samples 
of the various breccia types and their included clasts may provide 
important additional constraints on these possibilities. (Papers 
related to the origin of the Cayley and Descartes types of materials 
appear in section 29 of reference 17 and 
include those by Soderblom and Boyce, Head, Hodges, Wilhelms, 
Head and Lloyd, and Zisk, et al .) 

The incomplete characterization of the Descartes materials on 
Stone Mountain makes extended geological speculation premature. 
Materials in the same morphological unit partially fill the crater 
Descartes to the south. These steep-sloped, relatively uncratered, 
high albedo uplands have been interpreted as rather youthful 
volcanic constructional features. If work in progress confirms 
that the Descartes mountains are comprised of breccias similar in 
lithology and composition to materials of the Cayley Formation, 
the postulated volcanic origin will require re-assessment. 
Additional petrologic information, soil analyses, and age studies 
of the returned samples are necessary to carry out such an 
evaluation. 
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Table I.--Apollo 16 rock samples larger than 25 g, including rake fragments. 
1 For station maps, refer to station descriptions. 
2 Weight given to the nearest 0.1 g, based on the inventory listing from the Curator, 

Lunar Receiving Laboratory, as of 6/30/72. 
3 Classifi ca tion is by H. G. Wilshire and E. D. Jackson 

Sample No. Doc. Bag No. Station i EVA i-l e ight, :;;; 2 Classific.ation3 

60015 FSR 3, SCB 5 10-LM 1 5571-+.0 "1 
60016 FSR 12, SCB 7 LM 3 4307 . 0 B~ 

L 

60017 FSR 9, SCB 7 13 3 2102.0 D 
c".t 

60018 FSR 10, SCB 7 10 3 l.SO l.O 134 
60019 FSR 11, SCB 4 10' 3 1887.0 B, 

60025 FSR 4, SCB 3 LH 2 1836.0 B 
1 

60035 351 ALSEP 1 1052.0 B1 
355 ALSEP 1 34.5 B1 

60075 373 ALSEP 1 183.8 B~ 
L 

60095 4 ALSEP 1 46.6 G 

60115 381 10 2 132.5 B4 
60135 430 10 3 137.7 c2 
60215 13 10' 3 385.8 132 
60235 15 LM 3 70.1 c2 
60255 17 LM 3 871.0 B4 
60275 18 LM 3 255.2 B4 

60315 20 U1 3 787.7 c2 
60335 331 LRV Park 3 317 . 8 r 

~ 2 

60615 347 10' 3 33.0 Rake 

60619 347 10 I 3 28.0 Rake 

60625 347 1() I 3 117.0 Rnke 



Table 1.--Apollo 16 rock samples larger than 25 g, including rake fragments . (continued) 

Sample No . Doc . Bag No . Station1 EVA Weight, g2 Classification3 

60636 347 10' 3 35.6 Rake 
60639 347 10' 3 175 . 1 Rake 
60645 347 10 1 3 33.5 Rake 
606 65 347 10' 3 90 . 1 Rake 
61015 FSR 1, SRC 1 1 1 1803.0 B2 
61016 FSR 2, BSLSS 1 1 11729 . 0 ,., 

'"'1 
61135 362 1 1 245.1 B2 
61155 371 1 1 47. 6 B , 

t.; 
61156 371 l 1 58 . 5 r 

"2 
61175 364 l 1 54 2 . 7 .53 
61195 2 1 1 587.9 G 

61295 353 1 1 187.0 B3 
61536 372 1 1 86.0 Rake 
61546 372 1 1 110.7 Rake 
622 35 5 2 1 319.6 c2 
62236 5 2 1 57.3 Bl 
62237 5 2 1 62.3 Bl 
622 55 7 2 1 1192 .o B2 
62275 9 2 1 443.0 Bl 
62295 10 2 1 250. 8 c2 
63335 428 13 3 65.4 B5 
63355 429 13 3 68 .2 B4 
635 38 345 13 3 35.1 Rake 
63549 345 13 3 26 . 6 Rake 
63585 345 13 3 32.6 Rake 



Table I.--Apollo 16 rock samples larger than 25 g, including rake fragments. (continued) 

Sample No. Doc. Bag No. Station1 EVA Weight, g2 Classification3 

64435 394 4 2 1079.0 B4 
64455 397 4 2 56 . 7 c2 

64475 398 4 2 1032.0 B2 

64476 398 4 2 125.1 B2 

64535 395 4 2 256.6 Rake 

64536 395 4 2 177.5 Rake 

64537 395 4 2 124.3 Rake 

64538 395 4 2 30.0 Rake 

65015 FSR 5, SCB 3 5 2 1802.0 c2 

65035 404 5 2 446.1 B2 

65055 337 5 2 500.8 c2 

65056 337 5 2 64.8 B4 
65075 403 5 2 107.9 B2 

6:JO<J5 336 5 2 560.1 B2 
65315 405 5 2 300.4 B2 Rake 

65325 405 5 2 67.9 Rake 

65326 405 5 2 36.4 Rake 

65515 332 5 2 50.2 Rake 

65715 334 5 2 31.4 Rake 

65757 334 5 2 26.2 Rake 

65786 331, 5 2 83.0 Rake 

66035 407 6 2 211.4 B3 
66055 408 6 2 1306.0 B2 
66075 409 6 2 347.1 B3 

66095 410 6 2 1185.0 c2 



Table 1 .--Apollo 16 rock samples iarger than 25 g, including rake fragments. (continued) 

Sample No. Doc. Bag No. Station1 EVA Weight, g2 Classification3 

67015 FSR 7, SCB 7 11 3 1194.0 B2 
67016 FSR 8b, BSLSS 11 3 4262.0 B2 
67035 382 11 3 245.2 132 
67055 383 11 3 221.9 B2 
67075 384 ll 3 219.2 B1 
67095 385 ll 3 339. 8 G 

67115 386 ll 3 240.0 B2 
67210 Padded bag 1 11 3 276.9 Special Sample 
67230 Padded bag 2 ll 3 938.3 Special Sample 
67415 387 11 3 174 .9 Bl 
67435 415 11 3 353.5 B4 
67455 416 11 3 942.2 B2 
67475 418 11 3 175.1 134 
67515 420 11 3 60.8 Rake 
67549 420 11 3 43.1 Rake 
67556 420 11 3 82.1 Rake 
67559 420 11 3 32.9 Rake 
67605 422 11 3 44.5 B2 Rake Soil 
67627 421 11 3 79.6 Rake 
67628 421 11 3 49 .7 Rake 
67629 421 11 3 32.8 Rake 
67647 421 11 3 47.7 Rake 
67718 423 11 3 41.0 Rake 

67729 423 11 3 73.2 Rake 



Table 1.--Apollo 16 rock samples larger than 25 g, including rake fragments. (continued) 

Sample No. Doc. Bag No. Station1 EVA Weight, g2 Classification 3 

67915 FSR 8, SCB 4 11 3 2559.0 B4 
67935 389 11 3 108.9 c2 
67936 389 11 3 61.8 c2 
67937 389 11 3 59.7 c2 
67955 425 11 3 162.6 B1 
67975 392 11 3 446.6 Bn 

L 

68115 8 2 1190 .o B5 
68415 342 8 2 371.2 cl 
68416 341 8 2 178.4 cl 
68515 411 8 2 236.1 Rake 

68516 411 8 2 34.0 Rake 

68518 411 8 2 29.8 Rake 

68525 411 8 2 39.0 Rake 

68815 FSR 6, SRC 2 8 2 1826.0 B5 

69935 378 9 2 127.6 B4 
69955 380 9 2 75.9 c1 



Table 2 Rocks for which the lunar orientation at the time of sampling 
has been established by correlation with lunar surface photographs. 

Correlations with LRL photographs* Rocks deleted from 
orientation attempt** 

60016 
60018 
60019 
60025 
60035 
60115 
60215 
60255 
60275 
60315 
60335 
61015 
61016 
61135 
61155 
61156 
61175 
61195 
61295 
62235 
62236 
62237 
62255 
62275 
62295 
64435 
64475 
64476 
65035 
65055 
65095 
66035 
66055 
66075 
66095 
67016 
67055 
67435 
67915 
68035*** 
68115 
68415,1 
68415,2 
68416 
68815 

Lunar Top Lunar North 

T 
s 
B 
N 
B 

S/B 
N 
s 
B 
T 
s 
T 
T 
N 
T 
s 
T 
T 

B/W 
W/B 
s 
s 
T 
B 
B 

S/E 
B 
T 
B 

W/S 
T 
B 

W/B 
T 
B 
B 

S/T 
B 

B/E 
B/S 

E 
S/T 
S/T 

E 
S/T/E 

E 
T 

S/W 
B/W 
N/W 
S/E 
w 
T 

N/E 
E/N 
T/W 
s 
E 

E/B 
s 

E/B 
w 
E 

W/T 
W/N 
E/T 

E 
S/E 
w 
w 
T 
E 

W/N 
E 
B 
E 
N 
s 
w 
s 
w 

S/E 
S/E 

B (not 
E 
N 

T/E 
T/E 

N 
s 

exposed) 

60015 
60017 
60055-59 
60075 
60095 
60135 
60235 
61157,58 
63335 
63355 
63505-09 
64455 
64477,78 
65015,16 
65056 
65075 
65315 
66036,37 
66085,86 
67015 
67025 
67035 
67075 
67095 
67115 
67215 
67235 
67415 
67455 
67475 
67935-37 
67955-57 
67975 
69935 
69955 

(c) 
(c) 
(a) 
(b) 
(a) 
(d) 
(d) 
(a) 
(b ,c) 
(b ,c) 
(a) 
(a) 
(a) 
(c) 
(b) 
(b) 
(c) 
(a) 
(a) 
(b) 
(a) 
(b) 
(b) 
(unsuccessful attempt) 
(b) 
(padded bag sample) 
(padded bag sample) 
(b) 
(b) 
(c) 
(a,b,c) 
(a,b,c) 
(c) 
(a) 
(a) 

**Deleted from orientation attempt 
because of: 
(a) size too small 
(b) breakage 
(c) lack of surface photographs 
(d) lack of time 

***Orientation obtained from LRL 
photographs compared with surface 
photographs. Sample not lighted 
using collimated light. 

*Directions are those of the identification cube used in orthogonal and 
stereoscopic photography. 
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Table 3. 

60015 
61016 

60135 
60235 
60315 
60335 

60095 

60025 
60035 

(60055) 5 
(60056) 

60016 
60075 
60215 
61015 
61135 

(61157) 

Classification 

67956 
68415,1 

61156 
62235 
62295 
64455 

61195 

of samples 

Crystalline Rocks 

Igneous 1 
(Cl) 

68415,2 

65015 
65055 
65905 
65906 

Glasses 3 (G) 

65016 

Breccias 

68416 

66095 
67025 
67935 

67095 

Light matrix, light clast4 (Bl) 

(60057) 62237 67075 
(60058) (62246) 67415 
61226 62275 (67495)? 
62236 

Light matrix, dark clast (B2) 

(61158) 65075 (66086) 
62255 65095 67015 

(64425) 65315 67016 
64475 (65907) 67035 
64476 66055 67055 
65035 (66085) 
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69955 

67936 
67937 
67945 

(67486) 

67705 
67948 
67955 

67115 
67455 

(67605) 
67975 
68035 



Table 3. Classification of samples (continued) 

Medium gray matrix (B3) 

Friable breccia (B3) 

(62247) (62248) (62249) 63507 

Coherent breccia (B3b) 

61175 66035 66036 66037 66075 
61295 

Dark matrix, light clast (B4) 

60017 61225 63515 (67485) 67947 
60018 (62245) 64435 (67487) 67957 
60019 63355 64477 (67488) (68505) 
60115 63505 64478 (67489) 69935 
60255 63506 65056 67915 69945 
60275 63508 67435 67946 69965 
61155 63509 67475 

Dark matrix, dark clast (B
5

) 

63335 68115 68815 

1All medium- and coarse-grained rocks in this group are somewhat deformed 
cataclastically, but comparatively large parts of their original textures 
remain intact. 
2Includes breccias with matrices annealed to coarser-than-aphanitic grain 
size. 
3sample predominantly composed of glass. 
4"Breccia11 includes fine breccia (clast size 1-5 nun) and microbreccia 
(clast size <1 nun). 

5 Parentheses indicate tentative classification based on examination of LRL 
photographs, or cursory examination of the sample. 
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Appendix A. Surface photographic summary 

A total of 1,774 pictures was taken on the lunar surface with 
Hasselblad electric data cameras (ref. 19). Most of these pictures 
were taken according to procedures designed for geologic documenta
tion. The numbers of pictures taken and the rates at which they 
were taken are given in table A-1. The following photographs pro
cedures were used. 

1) sample documentation (Spl), pictures were taken to show the 
in situ character of a returned sample or feature that can
not be returned. Documentation of samples included a single 
picture for photometric study taken down-sun of the sample in 
place, and a cross-sun stereoscopic pair. After the sample 
was collected, a picture was taken of the sample area from 
near the same place as the stereoscopic pictures, to estab
lish which of the samples visible in the pre-sampling 
pictures was actually collected. A final picture was taken 
of the sample area and of the LRV, to establish the locality 
of the sample within the station area. Where time was short 
or footing awakward, one or more of these pictures was elim
inated. A few stereoscopic pairs of interesting features 
impractical to collect were taken from distances of about 
2.5 feet. 

2) A special polarization survey was taken from the rim of 
North Ray crater, in an attempt to gather lithologic informa
tion about distant materials. This panoramic series of pic
tures was taken three times with a polarizing filter in three 
orientations 45° apart. The survey was repeated from a 
second vantage point, providing stereoscopic coverage of the 
area along with the polarization information. 

3) Panoramas were taken at each station to permit precise loca
tion of the station by resection, and to illustrate and 
supplement geologic descriptions by the crew. A complete 
panorama consists of 15 or more pictures covering 360°. 
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Partial panoramas were taken of features such as House 
Rock (fig. 58). The overlap zones between pictures in 
panoramas can be viewed stereoscopically because each 
time the aiming direction of the camera was changed and 
the lens position was shifted slightly as well. This pro
vides a stereoscopic baseline a few centimeters long, which 
is useful for study of topography within 50 or 100 m of the 
camera. 

4) Pictures were taken with a 500 mm focal length camera to 
permit study of features inaccessible to the crew. Although 
a few of the pictures were degraded by camera motion, even those 
pictures have more resolution than the 60 mm pictures, and 
contain information not otherwise available. The 500 mm pic
tures are also being used for precise measurement of spot 
elevations in the traverse area. The measurement requires 
that discrete points in the traverse be positively identified 
in panoramas taken from distant stations. This is rarely 
possible in the lower resolution pictures taken with the 
60 mm focal length cameras, but frequently possible in 
pictures taken with the 500 mm lens. For example, in 500 mm 
pictures taken from station 4, House Rock, the most distant 
point on the traverse from station 4 is clearly visible 
(fig. 57). 

5) While the LRV was in motion, the LMP took pictures at 
regular intervals. These pictures are being used to recon
struct the traverse and to measure block distributions over 
wide areas. Twice during these 11 en route 11 sequences, the 
CDR drove the LRV in a tight circle while the LMP took pic
tures, resulting in what has been termed an "LRV turnaround 11 

panorama. 
In addition to pictures taken for geologic documentation, several 

pictures were taken to illustrate ALSEP deployment and other subjects 
not related to geology. These are listed under 11 0ther 11 in table A-1. 
A few black frames, or frames fogged when magazines were changed were 
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assigned numbers, and are therefore shown in the table, even though 
their information content is minimal. 

A comparison of station times with number of samples collected 
and Hasselblad photographs taken is illustrated in figure A-1. 

Table A-1. Film use during EVA 1. 

Blank or 
Station Spl Polar Pan 500 En route Other fogged Mag 

LM 18 13 113 

ALSEP 22 17 113 

ALSEP 6 114 

ALSEP 1 109 

ALSEP-1 28 109 

1 16 19 109 

I 27 18 114 

2 12 26 109 

2 1 114 

2 50 112 

2-LM 14 109 

LM 2 109 

LM 3 5 2 114 

EVA totals 61 0 106 50 42 39 2 

rateY 

23 

19 

68 

191 

16 

44 

a/ rate is in pictures per hour at stations, pictures per km between stations. 
Totals are in pictures per hour. 
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Table A-2. Film use during EVA 2. 

Po 1 a r 
Blank or 

Station SPL Pan 500 Enroute Other fogged Mag rate /a 

LM 21 3 107 

LM 3 1 110 

LM-4 77 110 20 

4 35 112 

4 26 23 107 116 

4 5 23 110 

4-5 16 110 42 

5 13 28 1 110 
76 

5 18 2 107 

5-6 21 108 66 

6 7 21 i 108 
112 

6 15 107 

6-8 29 108 51 
-

8 21 19 108 
63 

8 31 107 

8-9 11 108 34 

9 4 26 1 108 

9 23 3 107 104 

9 2 115 

9-10 8ltu' 115 39 

10 4 1 115 
60 

10 5 19 114 

LM 4 115 

LM 3 114 

EVA totals 175 0 180 35 235 19 2 91 

Total for EVA 2 is 646 frames. 

a/ Rate is in pictures ner hour at stations, pictures per km between stations. 
Totals are in pictures oer hour. b/ Includes 5 frames in "LRV turnaround Pan"
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Table A-3. Film use during EVA 3. 
Blank or 

rate a/ Station Spl Polar Pan 500 En route Other fogged Mag 

LM 63 l l 05 

LM 29 116 

LM-11 159 111 34 

11 118 l 05 

11 46 23 116 215 

11 29 79 10 l 06 

11-13 29 106 45 

13 5 27 106 

13 9 2 116 99 

13 4 1 117 

13-10 I 9 116 

7oY 19 
13-10 1 117 

10 I 4 23 117 
108 

10 I 27 116 

LM 4 13 116 

LM 11 16 117 

EVA totals 135 79 116 181 267 32 1 168 

Apollo 16 371 79 402 266 544 90 5 94 totals 
Total for EVA 3 is 811 frames. 

a/ rate is in pictures per hour at stations, pictures per km between stations. 
Totals are in pictures per hour. 

c/ Includes 6 frames at Palmetto crater in "LRV turnaround pan" 
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Figure A-1. Comparison of station times, number of samples collected, 
and 70 mm photographs taken. 



Appendix B. Lunar orientations of some Apollo 16 rock samples at the 
time of their collection (see table 2, p. 103) 

These illustrations show the lunar orientations of rock samples 
determined by correlating lunar photographs of samples before col
lection with shapes and shadow characteristics of the same samples 
in the Lunar Receiving Laboratory when they are illuminated obliquely 
by nearly collimated light. The light source in the laboratory 
portrays the sun. It is important to stress that the orientations 
shown are those at the time of collection, and do not necessarily 
apply to the entire history of a rock•s exposure on the lunar surface. 
Tumbling and turning of some rock fragments on the lunar surface has 
already been well documented. 

The small lettered cube included in each laboratory orientation 
photograph is not meant to indicate the lunar attitude of samples but 
is designed to tie the lunar perspective orientations to documentary 
views of the same samples in orthogonal and stereoscopic photographs 
{

11 Mugshots 11
) taken in the Lunar Receiving Laboratory using the same 

orientation cube. 
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Figure B-1. Sample 60016 compared to part of AS16-113-18298 taken 
from the LM window before EVA 1, looking southeast. 
Inset: S-72-44510. 
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Figure B-2. Sample 60018 compared to part of AS 16-ll6-l8689 
looking north. Inset: S-72-41840. 
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Figure B-3. Sample 60019 compared to part of AS16-ll6-l8701 
looking north. Inset: S-72-42838. 
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Figure B-4. Sample 60025 compared to part of AS16-ll0-l7866 
looking north. Inset: S-72-44019. 
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Figure B-5. Sample 60035 compared to part of AS16-ll4-18384 
looking south. Inset: S-72-41610. 
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Figure B-6. Sample 60115 compared to part of AS16-ll4-18446 
1 ooki ng south. Inset: S-72-42559. 
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Figure B-7. Samole 60215 compared to part of AS16-ll6-18705 
looking south. Inset: S-72-42836. 
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Figure B-8. Sample 60255 compared to oart of AS16-ll7-18832 
looking south. Inset : S-72 -42837. 
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Figure B-9. Sample 60275 compared to part of AS16-117-18833 
looking south. Inset: S-72-43115. 
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Figure B-10. Sample 60315 compared to part of AS16-ll7-18836 
looking southwest. Inset: S-72-41842. 
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Figure B-11. Sample 60335 compared to part of AS16-ll6-l8712 
looking south. Inset: S-72-41335. 
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Figure B-12. Sample 61015 compared to part of AS16-l09-17808 
looking north. Inset: S-72-41058. 
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Figure 8-14. Samples 61135 and 61195 compared to part of 
AS16-ll4-18405 looking south. Insets: S-72-41609 and 
S-72-43315, respectively. 
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Figure B-15. Samples 61155 and 61156 compared to part of AS16-l14-l8397 looking north. 
Insets: S-72-41613 and S-72-41544, respectively. 



Figure B-16. Sample 61175 compared to part of AS16-114-18400 
looking north . Inset : S-72-40965. 
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Figure B-17. Sample 61175 compared to part of AS16-l09-l7798 
looking west. Inset: S-72-40966. 
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Figure B-19. Samples 62235, 62236, and 62237 compared to part of 
AS16-109-17838 looking south. Insets: S-72-41424, S-72-41837, 
and S-72-41838, respectively. 
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Figure B-21. Sample 62275 compared to cart of AS16-l09-l7846 
looking south. The sample is fragile and minor breakage has 
occurred, thus making shadow details impossible to duplicate 
accurately in the laboratory. Inset: S-72-41426. 
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Figure B-22. Sample 62295 compared to oart of AS 16-l09-l7848 
loo king south . Inset: S-72 -42563. 
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Figure B-23. Sample 64435 compared to part of ASl6-l07-l7444 
looking northeast. Inset: S-72-41423. 
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Figure B-24. Sample 64475 and 64476 compared to part of 
AS16-107-17452 looking south. Sample 64476 appears to have 
been moved prior to the lunar photograph. Insets: S-72-43117 
and S-72-43118, respectively. 
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Figure B-25. Sample 64475 compared to cart of AS16- 107-17453 
looking northwest. Ins et: S-72 -431 17 . 
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Figure B-26. Sample 65035 compared to part of AS16-110-18023 
looking south. Inset: S-72-43313. 
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Figure B-27. Sample 65055 compared to part of AS16-ll0-l8029 
looking south. Sample 65056 is in the same grouo of fragments 
photographed, but it was not oriented in the l abo ratory because 
of breakage. Inset: S-72 -433 14. 
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Figure B-28. 
compared to 
Unnumbered. 

Sample 65095 showing tentative lunar orientation 
part of AS16-ll0-l8027 looking south. Inset: 
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Figure B-30. Sample 66055 compared to par t of AS16-108-17627 
looking no r thwest . In set: S- 72-42562. 
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Figure B-31. Sample 66075 compared to part of AS16-l07-l752l 
looking south. Inset: S-72-40571. 
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Figure B-32. Sample 66095 (broken into two pieces) compared to part of AS16-l08-l7632 looking 
south. No photograph was taken before chipping the sample from the boulder. The 
reconstruction of orientation was done by matching the shapes of the sample and the boulder 
scar. Inset: S-72-41433. 
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Figure B-33. Sample 67016 compared to part of AS16-ll6-l8659 looking east. The sample was 
partly broken during transport, probably because the big rock 61016 (Muley) was on top of 
it in the bag. Inset: S-72-44509. 



Figure B-34. Sample 67055 compared to part of ASl6-ll6-l8617 
looking south. The sample is friable and minor breakage has 
occurred, thus making shadow details impossible to duplicate 
accurately in the laboratory. Inset: S-72-44550. 
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Figure B-35. Sample 67435 compared to part of AS16-l06-l7320 
looking southwest. Inset: S-72-44507. 

150 



Figure B-36. Sample 67915, an LRL model, showing the fragment broken from the larger boulder. 
The sample scar is shown on photograoh AS16-ll6-l8652 looking northwest. Reconstruction was 
aided by noting the direction of pervasive shear, (or foliation), in the large boulder as 
well as on the freshly broken surface of the sample. Insets: Unnumbered. 



Figure B-37. Sample 68035 comparing the LRL orthogonal west view 
to EVA photograph AS16-l07-l7534 looking north. 
Inset: S-72-40513. 
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Figure B-38. Sample 68115 compared to part of AS16-l07-l7544 
looking south. Inset: S-72-41056. 
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Figure 8-39. Sample 68415 broken in two parts, l, 2, compared to part of AS16-l07-l7549 
looking south. Sample 68416 was rroken from the top of the same boulder. Insets: 
S-72-41545 and S-72-42600, respectively. 



Figure B-40. Sample 68416 compared to part of AS16-107-17549 looking south. Sample 68415 
was broken from the same boulder. Inset: S-72-40964. 



Figure B-41. Sample 68815 compared to part of AS16-l08-l7699 
looking south. Inset: S-72-41425. 
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Explanation for Station Maps 
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Explanation of Rock Distribution Maps 

The circular maps represent areas of 10 m radius surrounding 

photographic stations. Hachures show directions of individual 

photographs that constitute the panoramas. 
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Figure 14. Rock distribution within 10 m of the panorama north 
of the LM . 

Panoramic view taken north of the LM 

Figure 12. Partial panorama taken from the LM windows. 
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Figure 13. Planimetric map of the LM-ALSEP area. 
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Figure 16. Panoramic view taken near central station. 

Figure 17. Panoramic view taken at station 10. 

Figure 18. Panoramic view taken at station 10'. 
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Figure 19. 

Figure 22. Rock distribution within 10 m of station 1 northeast 
panorama. 

Figure 20. 

Panoramic view taken northeast of station 1. 

Figure 21. Planimetric map of the station 1 area. 

Panoramic view taken southwest of station 1. Fold out 



Figure 27. Panoramic view taken at station 2. 
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Figure 28. Planimetric map of the station 2 area. 

Figure 29. Rock distribution within 10 m of the station 2 panorama. 
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Figure 34. Plani metric map of station 4. 

Figure 35. Panoramic view taken south of station 4. 
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Figure 40. Rock di stribution with i n 10 m of t he north panorama. 

Figure 39. Panoramic view taken north of station 4. 
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Figure 41. Panoramic view taken at station 5. 
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Figure 43. Rock distribution within 10 m of the station 5 panorama. 
Figure 46. Rock distribution within 10 m of the station 6 panorama 

Figure 44. Panoramic view taken at station 6. 
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Figure 50 . Planimetric map of stat ion 9 . 
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Figure 49. Panoramic view t aken at station 9. 
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Figure 64. 
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Figure 63. Panoramic view taken at station 11. 
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Figure 66. Planimetric map of station 11. 

Figure 65. Panoramic television view taken at LRV parked south of station ll panorama. 
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Figure 68. Rock distribution 

Figure 67. Panoramic view taken at station 13. 
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