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FIGURE 25-90.-Index map of northwest Oceanus Procellaxaam, indicating areas shown in photo-

graphs provided in figure_ 25-91 to 25-93 (A to C, respectively).

and the Oceanus Procellarum a.rea west of the surface areas within a few degrees of the terminator;
Aristarchus Plateau these photographs are of significant geologic interest.

(3) Five sequences ofhighlandareas Many geological features stand out in a distinct

manner not normal in conventional lunar photog-

Conclusions raphy, thus providing additional data on the surface
morphology and the configuration of a large number

Many photographs were obtained that show lunar- of lunar-surface structures.
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FIGURE 25-91.-Western portion of Aristarchus Plateau, including a significant part of Schroter's

Valley. (a) Lunar Orbiter IV photograph, indicating areas shown in photographs provided in parts
(b) to (d) of this figure. This area, approximately 250 k.rrt square, shows abundant evidence of

volcanic activity. CO) Northwestern edge of Aristarchus Plateau. Higher crater density on the

plateau and the highly sinuous rilles at the mare edge are evident. Mare ridges in the upper left
continue northwest into Oceanus Procellarum, and numerous smaller sinuous rilles are seen that are

barely visible in photography taken at higher Sun angles (&S15-98-13329). (c) Area east of that

shown in part Co) of this figure. Features enhanced by the low Sun include the mare ridges and

associated structures, areas of differing crater densities, and flow fronts (AS15-98-13331). (d)

Southwestern edge of Aristarchus Plateau. Several straight and slightly sinuous rilles originate in

the plateau and are obscured in the mare. Three units of varying crater density can be seen. The

most heavily cratered includes the plateau; the intermediate unit is more marelike and appears to
be the unit in which the rilles originate; and the least crater,_d area is in the mare and embays into
the rilles (AS15-98-13345).
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FIGURE 25-92.-Mare in Oceanus ProceUarum between
Afislarchus Plateau to the south and the Rumker Hills to

the aorth. (a) Lunar Orbiter IV photograplh, indicating
area.,, shown in photographs provided in parts (b) and (c)
of tills figure. This photograph (showing an area approxi-
mately 240 by 320 km) indicates that the abundant mare
ridges, which are characteristic of this area, trend in a
northwest-southeast direction. (b) Mare ridges in the
vicinity of Lichtenberg B Crater (lower left) and Nan-
mann G Crater (center). Features of interest include
subsidiary ridges on top of mare ridges, subdued isolated
mare ridges, and en echelon structures perhaps related to
regional structural patterns (AS15-98-13354). (c) Addi-
tional mare ridges to the northwest of Naumann G Crater
(low,_r right). Naumann Crater (lower left) and Naumann
B Crater (upper center) show hummocky ejecta blankets.
Mare ridges are seen to follow angular structural patterns
toward the horizon to the northwest (AS15-98-13355).
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FIGURE 25-93.-Near-ternrinator photograph of intersecting
mare ridges a few kilometers east of Seleucus Crater in
western Oceanus Procellarum. In addition, the photo-
graph shows a broad ridge of low slope that lies beneath
the mare ridge but is several times wider than the mare
ridge. The structures indicate that the material that
produces the aaarrowridge may bow up a considerably
wider area underneath before coming through to the
surfac_(AS15-98-13361).

PART S

FIRST EARTI-ISHINE PHOTOGRAPHY FROM LUNAR ORBIT

D.D. Lloyd a and .1.W. Head a

During the Apollo 15 mission, 15 photographs of respectively. (One additional photograph showing
the Moon were taken with earthshine illumination, portions of the Moon in earthshine was obtained as
These were the first earthshine photographs taken an unplanned result of the solar-corona photog-
from lunar orbit, raphy.) The set of 10 photographs can be considered

The photographs are of photometric interest, the basic set, and the preliminary set of four can be

particularly because they involve double reflection of used for analytical comparison.
sunlight-by the Earth and then by the Moon-before The 10-photograph set covered various types of

photographic exposure. Certain published data on the lunar terrain including certain special lunar features.
mean illumination of the Moon by the crescent Earth Six frames were of maria and were significantly

predicted lower exposure values than were obtained underexposed; the locations of the other four photo-
for each measured area. The apparent albedo values graphs are shown in figure 25-94. The photographs
obtained for the floor of Afistarchus Crater were themselves are shown in figure 25-95, which shows

anomalously higher than those obtained for the two views of Aristarchus Crater, one of Schroter's
surrounding mafia. Valley, and one of Herodotus Crater.

The first earthshine photographs of the Moon
taken from lunar orbit were exposed during rew)lu-
tion 34. Two sets of photographs (a set of four and a Technical Discussion
set of 10) were taken at 1/16 sec and 1/8 sec,

Camera and Film Used

aBellcomm,Inc. The earthshine photography was obtained with the
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30-_-- module pilot and was pointed out the hatch window.
The sp_cecraft fights were dimmed, and the timing of
the photographs at approximately 30-see intel"eals
was achieved by real-time command from the Mission

- Control Center.

All l_hotographs were taken in accordance with the

, flight p:tan. The photograph of Schroter's Valley was
oriented significantly to the north, a discretionary

"_ decisio_ by the command module pilot involving the
-_ type of action encouraged during preflight briefings.

_ The _arthshine photographs were taken on August
1, 1971, at 144:10:32 ground elapsed time (GET)
(13:45 G.m.t.). At that time, the Moon/Earth/Sun
relation_hip was as shown in figure 25-97. The eastern

20 limb of the Moon was in sunlight, the subsolar point
55 5_ 45 was at longitude 60.6 ° E, and the target was in

Longitude, deg W earthshiae. Earthshine comes from the portion of the

FIGURE25-94.-Map showing location of earthshine photo- Earth that is sunlit and visible from the Moon.
graphs. Visualization of these conditions is aided by the

photograph in figure 25-98, which was taken from

35-mm Nikon camera, which was required for the Lunar Orbiter I under similar Moon/Earth/Sun con-

gegenschein experiment. This camera has a 55-mm- ditions.

focal-length f/1.2 lens. This low f number provides a Lighting Conditions
competence for low-light-level photography greater
than that available on earlier missions. The primary factor that determines the magnitude

The film selected was Ektachrome 2485, a high- of the reflected light from the target is the phase

speed black-and.white recording film. The response angle g (.fig. 25-97). This phase angle is defined as the
characteristic curve (D/log E curve, where D is angle between the vector from the source of iUumina-
density and E is exposure) for this film, as used for tion to the target and the viewing vector from the
preflight exposure selection, is shown in figure 25-96. imaging system (camera in spacecraft) to the target.
The derivation of the preflight-predicted t_flm- The phase angle is dependent on the longitude and
exposure values for maria and Afistarchus is provided latitude of the target. (Fig. 25-97 does not show the
later, effect 01'latitude ong.)

The film has a lower resolution capability than is To ctetermine the direction of the source of
normally sought for aerospace photography and _aas illumina_ion to the photographic target, the target
historically been used for laboratory photographs of position in lunar coordinates must be adjusted for the
instruments, including cathode ray tubes. The resolv- extent c,f lunar librafion. In the east-west direction,
ing power of the film is 56 lines/mm for a target with the libr_ tion at the time of photography placed the
a contrast of 1000:1 and 20 lines/mm for a target Earth at longitude 6.0 ° W, as shown in figure 25-97.
with a contrast of 1.6:1 (ref. 25-47). The potential The phc,tographic-target coordinate of longitude 47 °
quality of the film for photographing high-contrast W must be adjusted by this --6.0 ° to produce an angle
targets was demonstrated on the Apollo 14 mission of 41 ° of longitude between the source of illumina-
when it was used for near-terminator photography tion and the viewing vector for vertical photography.
(ref. 25-48), but the predicted low-contrast resolution In the n3rth-south direction, a lunar libration of 6.3°
of 20 lines/mm was used in the preflight selection of N existed. This value must be added to the 23° N
the optimum shutter speed, latitude of the target if an exact value of g is to be

determirLed. This latitude adjustment produces a
value ofg a few degrees greater than 41 °. A value ofg

Operations = 45 ° was used for preflight exposure-prediction

The camera was handheld by the command purpose_;.
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FIGURE 25-95.-Earthshine photography. (a) Aristarchus Crater (AS15-101-13591). (1o)Aristarchus
Crater (AS15-101-13592). (c) Schroter's 'Valley and Cobra Head (AS15-101-13593). (d) Herodotus
Crater (AS15-101-13594).
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3.2 Moon
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FIGURE 25-96.-D/log E curve showing predicted values of
exposure for maria and AristarchusCrater. f I _ / /Mo0n-Earth

The primary factor that determines the magnitude - _'_sun
of earthshine illumination incident on the Moon is

the angle between the Sun/Earth and Moon/Earth _ _ _"_ "_sun
vectors. This angle can be called the Moon/Earth

phase angle. The Moon/Earth phase angle affects the r 'sun
extent of the sunlit Earth visible from the Moon. At

FIGURE; 25-97.-Sun/Earth/Moon geometry to show earth-
large Moon/Earth phase angles, the magnitude of the shine illuminative conditions.
illumination is significantly reduced. The magnitude
of the illumination as a function of Moon/Earth

phase angle is shown in figure 25-99, which includes

data that were available before the mission (ref. Predicted Exposure Calculation

25-49). For a subsolar point at longitude 60.6 ° E and The predicted exposure E at the film is given by
a libration such that the Earth is at longitude 6° W,

the Moon/Earth phase angle is 180 ° -66.6°= 113.4 °. E=PjuCt (25-12)
As shown in figure 25-99, the mean illumination

of the Moon by the crescent Earth is 1.35 lm/m 2 for where J_. is illumination; u = pq_ (where p is the target

a Moon/Earth phase angle of 113.4 °. albedo aZnd _bis the target photometric function); C =

Lt/4)_#:_ (where L t is the transmission of the lens plus

Target Albedo the wi_ dew and f# is the camera f stop); and t is the
shutter speed.

Albedo data based on photoelectric-photographic Whea a crescent of the Earth is illuminating the
measurements from Earth are available. The preflight Moon _tt a Moon/Earth phase angle of 113.4 °, P. =

albedo values used for preflight exposure-prediction 1.35 lm/m z . Taking this value, along with p = 0./18

purposes were obtained from reference 25-27. A for Ari:;tarchus, _b = 0.33 X 0.8 forg = 4.5 ° (where

value of 0.09 was used for the maria area, and 0.18 0.33 is Fedorets data and 0.8 is a value used to adjust
was used for Aristarchus. the FeEorets data to be consistent with the measure-
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FIGURE 25-99.-Predicted values of mean illumination of

Moon by crescent Earth.

greater than 1/8 sec would have been selected to
increase the predicted exposure of the maria. How-
ever, the 1/8-sec shutter speed was selected because
of the effect of smear when no image-motion
compensation is provided.

FIG URE 25-98.-Lunar Orbiter I p:hotograph H-102 showing Selection o f Shutter Speed
illuminative conditions similar to those in figure 25-97.

In the absence of smear, expected resolution on
the film was 20 lines/mm (for low-contrast targets)

ments of albedo data),L t = 0.8 (T# = 1.26 + L w = or, on the ground, 110km/55 mm X 50 = i00 m. The
0.9, where T# is transmission nunrber and L w is loss forward-motion smear at a shutter speed of 1/8 sec is
through window), and f# = 1.2, equation (25-12) approximately 210 m (for an estimated orbital
yields velocity of 1.680 km/sec). Frequently, it might be

E=l.35XO.18XO.264xSxtm.cd.sec4(1.2)2 argued that a smear of 40 percent of 100 m isacceptable and that 210 m is not. This degree of
25-13) smear would require an exposure of 1/8 X 0.4 X t00

sec/210, but the resultant reduced film exposure
If the shutter speed is selected as 1/8 sec, then E = would be so low as to underexpose the film com-
1.11 X 10-3 m-cd-sec.Log_oEis )-+0.05 for/) =0.18 pletely and to invalidate the resolution data of 20

(Aristarchus) and 4 + 0.75 for p = 0.09 (maria). lines/ram, which is; predicated on a reasonably ex-
In this calculation, a shutter speed of 1/8 sec is posed photograph. A faster film or a camera with a

used and a slight underexposure of a target with an lower fstop or with image-motion compensation
albedo of 0.18 is produced. The predicted density would be desirable.
with this albedo is shown asA in figure 25-96. For an
albedo of 0.09, such as that of the maria, the Results
photograph can be expected to be significantly
underexposed. The predicted density with an albedo Measurements made from the primary set of 10
of 0.09 is shown asMin figure: 25-96. photographs provided density measurements from

Clearly, the shutter speed can be selected to which the obtained exposure could be deduced. The
produce any desired magnitude of exposure. If density and exposure values obtained for general
exposure were the only criterion, a shutter speed maria and for the floor of Aristarchus are shown fir
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figure 25-100 (at M and A, respectively), which also posed photographs. Clearly, such shutter speeds are
shows the preflight predicted values, not usable when the Earth illumination of the Moon

If the measured exposure values are compared is at large Earth/Moon phase angles (i.e., low levels of
with the predicted values, the following results are illumination).
obtained: It is desirable to obtain earthshine photographs

(1) For the maria area, reasonably close agree- when the Earth is near full (low Earth/Moon phase
ment exists; thus, future photographic results can be angles). Earthshine photography taken when the
predicted with reasonable confidence. However, the Earth is near full (early Apollo revolutions) could be
difference between theory and results is such that it is performed with a shutter speed of 1/16 sec, thus
highly desirable that further analysis be performed to reducing the smear to half that obtained at 1/8 sec
clarify the cause or causes for the difference, yet producing reasonably exposed photographs. In

(2) For the floor of Aristarchus, the exposure highland areas, a shutter speed of 1/32 sec could be
value obtained is far greater than predicted, used, thus reducing the smear to acceptable levels.

If only the measured exposures are examined (no

reference being made to the predicted value), a large Preliminary Geological Observations
ratio exists between the exposure for the floor of
Aristarchus and the exposure for the mafia. This ratio The area of earthshine photography seen in figure

is approximately7 (a difference in log_oEofapproxi- 25-95 lies in the northwestern part of Oceanus
mately 0.85). This ratio implies an "apparent albedo" Procellarum, a large, irregularly shaped mare area in
of 7 × 0.09 = 0.63-a very high albedo value, if it the western near-side hemisphere of the Moon. The
could be accepted as such. It should be noted that the photography is centered on the Aristarchus Plateau, a
measured ratio is independent of any possible errors complex structure characterized by relatively young
in the estimates of factors used in predicting ex- structures interpreted to be of volcanic origin (refs.
posure. 25-50 and 25-51). Schroter's Valley is the most

The preliminary set of four photographs taken at a striking feature in the Aristarchus Plateau that might
shutter speed of 1/16 sec produced grossly underex- be related to surrounding volcanic structures. Cobra

Head (figs. 25-95(c) and 25-101) is a deep crater
marking the probable origin of Schroter's Valley. Both

3.2 the main portion of Schroter's Valley and the smaller,
internal, very meandering channel are associated with

Type:Ektachrome2485
in MX-641 Cobra Head and continue through the Aristarchus

2.8 5_

at 85*F2 tanks2.7 Plateau for more than 160 kin before terminating in

2.4 Oceanus Procellarum. Earthshine photographs of this
region show a bright area in the southern portion of
the floor ,)f Cobra Head. (This area is obscured by a

2.0 shadow in fig. 25-101.) Other bright areas in the
/. ""-Predicted vicinity c.f Schroter's Valley and the Aristarchus

/-_ Plateau c_rrespond to bright-halo craters, older crater

1.6 --1.46 "'"Measured walls, steep-sloped domes and hills, and the walls of
1.e Schroter's Valley. The bright region in the _qoor of

Cobra Head is anomalous by comparison with the rest
.8 _0_00_0_M ° 0.85 of the floor of Schroter's Valley. A detailed analysis

--" -- EaFA
"-----'_y'A --_._=7.0 of this area is being undertaken because of its :possible

.4 .--.-""_-.8 1.65 :M significance in relationship to questions on the origin

.3 .6 /.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 and types of sources of sinuous rilles. The bright area
0 ..........L.............I,,,,,,,,,,,_h............_............1............_,_,,,,,,,,,,I.............d..............I,,,,,,,_,,,,,I may be related to bright walls in the initial crater or

4+0.13 _ _ 1 to light material associated with a deposit at the
toglo E_ origin of Schroter's Valley. Bright ejecta from Aris-

FIGURE 25-100.-Comparison of predicted and actual ex- tarchus Crater seem unlikely because areas of the rille
posures of maria and Alistalchus Crater. floor a few kilometers to the north, which are known
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FIGURE 25-101.-Lunar Orbiter photograph cf the Aris-
tarchus Plat_an region showing Afistarchus Crater (ap-
proximately 39 km in diameter), Schroter's Valley, and
£obra Head.

FIGURE 25-102.-Lunar Orbiter V photograph of Aris-

tO contain Aristarchus Crater ejecta, show as dark tazchusCrater.
areas in earthshine.

A second area of interest, on the Aristarchns craters in its size range and is of Copernican age.
Plafeau is Aristarchus Craleritself. Aristarchus Crater Based on crater densities within Aristarchus, Hart-

is approximately 39 km in diameter and is located _t mann 0ef. 25-53) has recently estimated its _ge as 1
the southea, tern edge of the plateau (figs. 25-94, × 109 yr, younger than Copernicus Crater and older
25-101, and 25-102). A series of slumped terraces is than Tycho Crater. Coincident with the young age of
located between the crater rirl and the edge of the Aristarchus Crater is a very high albedo, as previously
crater floor. The crater floor is much less circular discussed. Spectral.reflectivity data for Aristarchus
than the rim and contains an arcuate selies of central Crater indicate that the crater has a curve character.

peaks, which contrast with the ropy texture and istic of bright upland areas, in contrast to the
series of low domes characteristic of the rest of the surrounding mare regions, and this observation may

floor. Thlee sequentially concentric facies surround- indicate that the crater-forming event penetrated the

ing the crater have been de:fined (ref. 25-52). In volcanic deposits, excavating upland-type material
sequence away from the crater edge, these facies are and depositing it on the crater rim (ref. 25-54).
(1) a concentric or transverse dune facies immediately The most significant features of lhe Aristarchus
surrounding the crater rim (0 to 8 km) and charac- Crater earthshine photography emerging from the
terized by a series of concentric dunelike strt,ctures preliminary analysis are the contrasting bright and
15 to 25 m wide, dark pools and flow structures, dark bands located on the crater walls and rim and
block fields, and a general lack of craters; (2) a radial oriented radially to the crater (fig. 25-95). These
or longitudinal dune facies (apl)roximately 0 to 4 km) contrasting areas are hardly apparent in terms of
characterized by radially arrayed dunelike structures brightness differences in Lunar Orbiter V photog-
transitional between the concentric and rhomboidal raphy of the (rater (fig. 25-102). The facies patterns

facies; and (3) a rhomboidal facies characterized by a oullined in reference 25-52 show correlations with
¢oar,,e and fine rhomboidal pattern f(rr_ed by rear- the earthshine photography. Areas dominated by the
chanlike crescent ridges and finer, chevron..shaped tuner concentric dune facies correspond to the bright
ridges, the apexes of which are radially arrayed bands on the rim of Aristarchus seen in earthshine
around and point toward the center of Aristarchus photography. D_rker areas are either (1) areas cf
Crater. concentric dune facies flooded between dunes by

Aristarchus Cta|er is (he of the youngest lunar deposits of lower albedo or (2) a_eas on the rim and
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interior walls where postcrater or latest stage crater predictions. However, the difference between theory
deposits, characterized by low-albedo flows, have and results (a factor of approximately 2) is of
obscured and blanketed underlying structures and scientific interest and merits further analysis.

facies. The enhancement of the radial patterns of The apparent-albedo values obtained for tlhe floor
distribution of these two facies suggests the possi- of Afistarchus Crater were found to be appro_hmately
bility that structure may control the distribution of seven tim,_ greater than those for the maria. The

these latest blanketing deposits and that a radial ratio of 7 produces a computed apparent albedo of
fracture system may provide avenues for tiffs material 0.63, which seems unnaturally high and which must
to reach the surface. Therefore, the earthshine pho- be considered a preliminary result not yet analyzed in
tography of Aristarchus Crater may provide impor- terms of ,'tppropriateness or inappropriateness as an
tant data in explicating the relationships between the indicator of normal albedo. This result merits further
crater facies and younger deposits, scientific analysis.

Prelimi]mry analysis of the earthshine photography
of the Aristarchus region shows the existence of newConclusions
data relatiag to the evolution and modification of

The predicted exposure of the maria areas and the impact craters, to circular structures associated with

obtained exposures were in reasonably close agree- sinuous rliles, and to the history of the plateau in
ment. This agreement provides some rough confirma- general. Further analysis is being conducted on a
tion of the assumptions and data used in the continuing basis.

PART T

ASTRONOMICAL PHOTOGRAPHY

L. Dunkelma_, a¢ R.D. Mercer, be C.L. Ross, c and A. Worden d

In the Apollo 15 mission, the photographic obser_ Apollo Orbital Science Photographic Team with the
rations of astronomical interest (other than lunar following goals in mind.
photography) conducted during the Apollo 14 mis- (1) To perform operationally needed tasks
sion (refs. 25-55 and 25-56) were continued and (2) To obtain desired scientific data not practi-
expanded. Included in the Apollo 15 mission were cably obtai:aable from other manned or unmanned
observations of solar corona, zodiacal light, the lunar spacecraft
libration region, the Milky Way near Delphinus, a (3) To lake advantage of the unusual location,
total lunar eclipse, the optical environment in cislunar geometry, or ideal low-light-level optical environment
space, and lunar photography in earthshine (part S). extant in circumlunar missions
A complete index of data frames of low-light-level (4) To _xmtinue, under these highly favorable
exposures is in preparation and will be available from circumstances, the low-light-level astronomical obser-
the author at the NASA Goddard Space Flight vations begun in Project Mercury (ref. 25-57), ex-
Center. panded in the Gemini series (refs. 25-58 and 25-59)

These investigations, although not formal experi- and previous Apollo flights (ref. 25-60), and con-
ments, were conducted under the guidance of the ducted and reported as dim-light photography

(5) To use the capabilities of the f/1.2 35-ram
aNASAGodda_dSpace Flight Center. Nikon camera advantageouslybDudleyObservatory.
CpaghAltitude Observatory' As reporl:ed in reference 25-56, the ApoUo 14
dNASAManned SpacecraftCenter. investigation in low-light-level astronomy was the first
"_Investigator. phase and was considered to be an operational test to
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determine the feasibility of performing dim-light approximately 2° of the field of view were blocked
photography from the Apollo command module by the Moon, the total view of the corona extended
using the 16-mm data-acquisition camera equipped to an elongation angle of 39 ° at 70 sec before sunrise
with a fast lens. Even though the format was and 36° at 10 sec before sunrise. To compensate for
generally too small, the camera provided an accept- the wide dynamic range in the radiance of the corona,

able operational test. From this operational phase, it the exposure duration was varied from 1 sec at 70 sec
was learned that vehicle pointing :and stability would before sunrise to 1/125 sec at 10 sec before sunrise.

permit long exposures, up to 4 _ain. The Apollo 15 The sunrise sequence provided photographs of the
mission time line, indeed, included many exposure eastern corona of the Sun, and the reverse procedure
requirements of 1 and 3 min and one at 4 min. The was accomplished starting at 10 sec after sunset to
other significant difference between the Apollo 14 obtain photographs of the western corona of the Sun.
and 15 missions was that the Apollo 15 crew carded a Also,. the sunrise sequence was repeated after 50° of
Nikon camera, which operated entirely satisfactorily, solar rotation (4 day,; later) in an attempt to learn

more of the three-dimensional structure of the

Solar Corona corona.

Observations of the solar corona beyond 1.5 to 2.0
solar radii have been possible only during total eclipse Calibration for Solar Corona
when observations to approximately 5 solar radii are Photometric calibration of the f'tlm was accom-

possible, or from balloons, rockets, or satellites that plished using a sensitometer box, developed by the
have extended the range to 8 to 10 solar radii. High Altitude Observatory for the coronagraph ex-
Observations were made from the lunar surface by periment, on the Apollo telescope mount to be used
Surveyor (refs. 25-61 and 25-62), and Bohlin of the on the Skylab missions. Reduction of the solar
Naval Research Laboratory infers coronal streamers corona photographs will be accomplished by micro-
to 15 solar radii in his analysis of the Surveyor VI and densitometer tracing and digitization to permit com-
VII data. Coronal observations were therefore at- purer manipulation of the data. Ground-based obser-
tempted on the Apollo 15 mission to provide further vations of the corona were successful on both July 31

information on the two-dimensional form and radi- and August 4, 1971, tYom the High Altitude Observa-
ance of the corona from 2 solar radii. The solar tory K-coronameter station at Mauna Lea, Hawaii.

corona is the brightest of the several low-light-level The K-coronameter observations provide radiance and
phenomena photographed; typically, the radiance in polarization data from the solar limb to 1.5 to 2 radii
terms of the mean solar disk falls off from 10_s at from Sun center. By combining the Apollo 15 data

the limb (1 radius) to 10-_ e at: 5 radii from Sun and the K-coronameter data, it should be possible to
center, map the form and radiance of the solar corona on

The observing plan for the solar corona was July 31 from the sol_tr limb to as much as 8° or 32
designed to provide photographs starting at 70 sec solar radii from Sun center. It should also be possible
before sunrise at which time the Sun was 3.5 ° below to map the interface of the solar corona and the

the limb of the Moon and extending to 10 sec before zodiacal light.
sunrise when the Sun is 0.5 ° below the lunar limb. All

spacecraft control jets were inactivated except those Selected Preliminary Results
required to maintain the lunar horizon in a fixed
position as viewed from the spacecraft window. On July 31 at 17:30 G.m.t., the first sequence of
Exposures were then made every 10 sec during the sunrise photographs was started. The second picture
period from 70 sec to 10 sec before sunrise. Thelunar in that sequence is shown in figure 25-103. The
limb, therefore, occulted the solar corona at 14 solar brightest star in the center of the frame is Regulus,

radii when the photograph was taken 70 see before approximately 20 ° from Sun center;just at the edge
sunrise, and the Sun effectively rose at 2 solar radii of the frame is Mercury at approximately 28° from
per picture through the sequence usatil the last picture Sun center; and the lesser stars form the head of the
with the Moon occulting at 2 solar radii. The field of constellation Leo. It would appear that the zodiacal
view of the camera used was 37.9°; and, because light is visible to some 15° to 20° elongation and the
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brightesl object at the end of the streak is Venus at

approximately 3 ° from the lunar limb and 8° from
Sun center. The bright star at the center of the frame

is Poilu:,, and the other bright star near the edge of

the frarf_e is Castor. Quick-look analysis of vhis frame

indicates a coronal streamer peaking out just below

Venus c.r approximately 32 radii from Sun center,

and the rest of the light continuing to the area of

Pollux is K-corona or zodiacal light, depending on the
desired frame of reference. The lunar surface is well

illuminated by earthshine in this frame.

Some preliminary densitometry measurements of

selected e_posures and the calibration exposures
reveal that the faintest surface luminance observable

correspo:aded to one-tenth of the luminance of the

night skly or approximately twenty 10th-magnitude

stars per square degree, which corresponds to 2 ×

10 -19 c_/cm 2 . This indicates that the f/1.2 Nikon

camera with Ektachrome 2485 film is sufficiently

FIGURE 25-103.-The solar corona photographed approxi- sensitive for the performance of the scheduled Apollo

mately 1 min before sunrise on July 31 (AS15-98-13311). 16 obselvations of the gegenschein/moulton region

and other faint objects.
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APPENDIX A

Glossary

ablate to carry away aerodynamically generated heat by clinopyroxene-a mineral that occurs in monoclinic, short,

arranging for absorption in a nonvital part that can fall thick, prismatic crystals and that varies in color from

away or vaporize white to dark green or black (rarely blue)
achondrite-a stony meteorite devoid of rounded granules coherent-a term used to describe two or more parts of the

a_lutinate-a deposit of originally molten ejecta same series that are in contact more or less adhesively

albedo-the percentage of the incoming radiation that is but are not fused
reflected byanatural surface collimator-an optical device that renders rays of light

anhedral-pertaining to mineral grains that lack external parallel

crystals eomminution the reduction of a substance to a fine powder

anomaly an area of a geophysical survey (e.g., a magnetic conehoidal-a term used to describe a shell-like surface shape

or gravitational survey) mat is dttferent in appearance that has been produced by the fracturing of a brittle

from the survey in general material

anorthite-a calcium-rich variety of plagioclase feldspar cristobalite an isometric variety of quartz that forms at high

anorthoslte-a granular, plutonic, igneous rock composed temperatures (Si02)
almost exclusively of a soda-lhne feldspar Curie temperature-the temperature in a ferromagnetic ma-

apatite any of a group of calcinm-phosphate minerals that terial above which the material becomes substantially
occur variously as hexagonal crystals, as granular nonmagnetic

masses, or in fine-grained mass as the chief constituent dendrite-a crystallized arborescent form

of phosphate rock devitrifieation-the change of a glassy rock from the glassy

aphanite-a dark rock of such close texture that the state to a crystalline state after solidification

individual grains are invisible to the unaided eye diamagnetic pertaining to substances having a permeability

aphyrie not having distinct crystals less than that of a vacuum

apolune-the orbital point farthest from the Moon, when the dieleclric constant a measure of fire amount of electrical
Moonis the center of attraction charge a given substance can withstand at a given

augite-one of a variety of pyroxene minerals that contain electric field strength
calcium, magnesium, and aluminum; usually black or dunite-a peridotite that consists almost entirely of olivine

dark green in color and that contains accessory chromite and pyroxene

bit-abbreviation of binary digit; a quantum of information ephemeris-a tabulation of the predicted positions of celestial

bleb-a small particle, of distinctive material bodies at regular intervals

bow shock a shock wave in front of a body, such as an epicenter-the point on a planetary surface directly above the
airfoil focus of an earthquake

breccia-a rock consisting of sharp fragments embedded eucrite-a meteorite composed essentially of feldspar and

in a fine-grained matrix angite

Brewster angle the angle of incid.ence for which a wave euhedral pertaining to minerals the crystals of which have

polarized parallel to the plane of incidence is wholly had no interference in growth
transmitted exsolution-unmixing; the separation of some mineral-pair

bytownite-a calcinm-rich variety of plagioclase feldspar solutions during _low cooling

chondrite-a meteoritic stone characterized by the presence fayalite-an iron-rich variety of olivine (Fe2Si04)
of rounded granules feldspar-a group of abundant rock-forming minerals

chromosphexe-a thin layer of relatively transparent gases flux-the rate of flow of some quantity, as energy or gas

above the photosphere of the Sun molecules

cislunar-pertaining to the space belweeen the Earth and the fractional process separation of a substance from a mixture

orbit of the Moon (e.g., one isotope from another of the same element)

elast a discrete particle or fragment of rock or mineral; Fresnel zone-any one of the array of concentric surfaces in

commonly included in a larger rock space between transmitter and receiver over which the

A-1
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increase in distance over the straight line path is equal norite-a type of gabbro in which orthopyroxene is dominant

to some multiple of one-half wavelength over clinopyroxene

gabbro-a granular igneous rock of basaltic composition with olivine--an igneous mineral that consists of a silicate of
a coarse-grained texture magnesium and iron

Gaussian distribution-normal statistical distribution ophilie a iock texture characterized by lath-shaped plagio-
gegenschein-a round or elongated spot of light in the sky at clase crystals enclosed in augite

a point 180 ° from the Sun peridotite-an essentially nonfeldspathic plutonic rock con-
holocrystalline-consisting wholly of crystals sistirg of olivine, with or without other dark minerals

hypabyssal pertaining to minor intrusions, such as sills and perihine-tt:e orbital point nearest the Moon, when the Moon
dikes, and to the rocks that compose them is the center of attraction

ilmenite-a mineral rich in titanium and iron; usually black permeabilit_i-the ratio of the magnetic induction to the

with a submetallic luster magrLetic-field intensity in the same region

indurated a term used to describe masses that have been phenocryst a large crystal of the earliest generation in a

hardened by heat; baked porp ryritic igneous rock

intersertal-a term used to describe the texture of igneous photogramraetry-the science of obtaining reliable measure-

rocks in which a base or mesostasis of glass a_nd small menls by means of photography

crystals fills the interstices between unoriented feld- photosphern-the intensely bright portion of the Sun visible
spar laths to the unaided eye

isostatic-subjected to equal pressure frmn all sides pigeonite s variety of pyroxene

lamella-a layer of a cell wall plagioclase a feldspar mineral composed of varying amounts
lath-a long, thin mineral crystal of sozlium and calcium with aluminum silicate

leucocratic-a term used to describe light-colored rock, plasma--an electrically conductive gas; specifically _ mass of

especially igneous rocks that contain between 0 and ionized gas flowing out of the Sun
30 percent dark minerals plutonic-p_rtalning to igneous rock that crystallizes at depth

limb-the edge of the apparent disk of a celestial body poikilitic-a term used to describe the condition in which

llthic of, relating to, or made of stone small granular crystals are irregularly scattered without

lithifieation-consolidatinn and hardening of fines into rock common orientation in a larger crystal of another
lithology-the physical character of a rock, as determined mineral

with the unaided eye or with a low-power magnifier polarimet_y-the measurement of the angle of ron:ation of
magcon a magnetized concentration line0_:ly polarized light

magma-molten rock material that is liquid or pasty poloidal-geometric shape of a dipole magnetic field

magnetopause the outer boundary of the magnetosphere porphyritic- having larger crystals set in a finer groundmass

magnetosheath-the transition region between the magneto- pyroxene-a mineral occurring in short, thick, prismatic

pause and the solar-wind shock wave crysttls or in square cross section; often laminated;
magnetosphere-the region of the atmosphere where the and varying in color from white to dark green or black

geomagnetic field plays an important role; the magneto- (rarely blue)

sphere extends to the boundary between the atmo- rarefaction wave-a wave in a compressible fluid such that

sphere and interplanetary plasma when a fluid particle crosses the wave in the direction

magnetotail-a portion of the magnetic field of the Earth that of its motion, the density and pressure of the particle
is pulled back to form a tail by solar plasma decrease

mascon-a large mass concentration beneath the surface of regolith-the layer of fragmental debris that overlies consoli-
the Moon dated bedrock

maskelynite-a feldspar found in meteorites remanent icertaining to the residual induction when the

massif a mountainous mass magnetizing field is reduced to zero frmn a value
melanoemtic a term used to describe dark-colored rocks, sufficient to saturate the material

especially igneous rocks that contain between 60 and schlieren-tabular bodies that occur in pluton, generally

100 percent dark minerals several centimeters to several meters long

metamorphic a term used to describe rocks that have sliekenside a polished and striated surface that results from

formed in a solid state as a result of drastic changes in friction along a fault plane

temperature, pressure, and chemical environment solar wind-streams of plasma flowing outward from the Sun

mierolite-small lath-shaped minerals, commonly plagioclase spall-a relatively thin, sharp-edged piece of rock that has
feldspar, occurring as minute phenocrysts in basalt been produced by exfoliation

morphology-the study of the shape or form of geologic
features specular reflection-reflection in which the reflected radia-

mosaic-a term used to describe the texture sometimes seen tion i_ not diffused

in dynamo-metamorphosed rocks that have angular spinel a mineral that is noted for great hardness (MgAI204)
and granular crystal fragments and that appear like a sporadic a meteor which is not associated with one. of

mosaic in polarized light the regularly recurring meteor showers or stre_mas

multiplex-to transmit two or more signals simultaneously subhedral-l_ertaining to minerals that are intermediate be-
within a single channel tweet, anhedral and euhedral
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talus-a collection of fallen disintegrated material that has transmits signals automatically when triggered by an

formed a slope at the foot of a steeper declivity interrogator

teetonism-crustal instability; the structural behavior of an troilite a mineral that is native ferrous sulfide

element of the crust of the Earth during or bel:ween vermieulat-a term used to describe a group of platy minerals

major cycles of sedimentation that are closely related to the chlorites and montmoril-

tephra-a collective term for all clastic volcanic materials that lonites

are ejected from the volcano and transported through vesicle-a small cavity in a mineral or rock, ordinarily

the air produced by expansion of vapor in a molten mass

terminator-the line separating illuminated and dark portions vug-a small cavity in a rock

of a celestial body zircon-a mineral, ZrSi04; the main ore of zirconium
translunar-outside the orbit of the Moon zodiacal light-a faint cone of light extending upward from

transpondei-a combined receiver and transmitter which the horizon in the direction of the ecliptic
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Acronyms

AEI-aerial exposure index LRRR-laser ranging retroreflector

ALSD-Apollo lunar-surface drill LRV-lunar roving vehicle (Rover)

ALSEP-Apollo lunar surface experiments package LSM-lunar-surface magnetometer

ainu-atomic mass unit LSPET Lunar SamplelPreliminary Examination Team

ASE-active seismic experiment LSS-lunar-soil simuh'mt

CCEM-continuous-channel electron multiplier MSC-Manned Spacecraft Center

CCGE cold cathode gage experiment PSD pulse-shape discriminator

CDR commander PSE-passive seismic experiment
CM command module RCP-right circular pohtrization

CMP-command module pilot RCS-reaction control system

CSM-command-serviee nrodule rms-root mean square

DAC data-acquisition camera SCB sample container bag

dc direct current SEM-scanning electron, microscope

DU-digital units SESC surface envirormaental sample container

ESRO-European Space Research Organization SEVA standup extravehicular activity

e.s.t.-eastern standard rime SIDE-suprathermal ion detector experiment
EVA-extravehicular activity SIM-scientific instrument module

FOV-field of view SM-service module

FWHM-full width half maximum SP short-period

GET ground elapsed time SRP-self-recording penetrometer

G.m.t.-Greenwich mean time SWC solar-wind composition

HEDC-Hasselblad electric data camera SWS-solar-wind spectrometer

HFE heat-flow experiment TEC-transearth coast

KREEP potassium, rare-Earth elements, and phosphorus TEI transearth injection

LCP left circular polarization TV-television

LCRU-lunar communications relay unit uv-ultraviolet

LM-lunar module UHURU Explorer 42

LMP lunar module pilot V/h-velocity/height ratio

LP long-period VHF-very high frequency

LRL-Lunar Receiving Laboratory, NASA Manned Space- WES-Waterways Experiment Station (U.S. Army Engi-
craft Center ricers)
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APPENDIX C

Units and Unit-Conversion Factors

In this appendix are the names, abbreviations, and definitions of International Systems (SI) units
used in this report and the numerical factors for converting from S1 units to more familiar units.

Names of International Units Used in This Report

Definition ofPhysical quantity Name of unit Abbreviation abbreviation

Basic Units

Length ................. meter m

Mass ................... kilogram kg
Time .................. second sec

Electric current ............ ampere A
Temperature .............. kelvin K

Luminous intensity .......... candela cd

Derived Units

Area ................... square meter m z
Volume ................. cubic meter m 3

Frequency ............... hertz Hz sec "_

Density ................. kilogram per cubic meter kg/m -_

Velocity ................ meter per second m/sec

Angular velocity ........... radian per second rad/sec

Acceleration .............. meter per second squared m/sec 2

Angular acceleration ......... radian per second squared rad/sec 2

Force .................. newton N kg , m/sec 2

Pressure ................ newton per square meter N/m _
Work, energy, quantity of heat . . . joule J N • m

Power ................. watt W J/sec

Voltage, potential difference, volt V W/A
electromotive force

Electric field strength ........ volt per meter V/m

Electric resistance .......... ohm _2 V/A

Electric capacitance .......... farad F A • sec/V

Magnetic flux ............. weber Wb V • sec

Inductance ............... henry H V • sec/A

Magnetic flux density ........ tesla T Wb/m 2

Magnetic field strength ........ ampere per meter A/m
Luminous flux ............ lumen lm cd • sr

Luminance ............... candela per square meter cd/m '_

Illumination .............. lux lx lm/m 2

Specific heat .............. joule per kilogram kelvin J/kg., K

Thermal conductivity ......... watt per meter kelvin W/m • K

C-1
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Supplementary Units

Plane angle ............... [ radian rad ]
Solid angle ............... steradian sr

Unit Prefixes

Prefix Abbreviation Factor by which unit is multiplied

giga ...................... G 109

mega .................... M 104

kilo ..................... k 103

centi .................... c 10 .2

milli ..................... m 10 "s
micro .................... g 10 -6

nano .................... n 10 .9

Unit-Conversion Factors

To convert from- To- Multiply by--

ampere/meter oersted 1.257 X 10 .2

candela/meter 2 foot-lambert 2.919 X 10 "1

candela/meter 2 lambert 3.142 × 10 -+

joule British thermal unit (International Steam 9.479 × 10 .4

Table)

joule Calorie (International Steam Table) 2.388 × 10 "1
joule electron volt 6.242 × 10 is

joule e_:g 1.000 × 10 _ a

joule foot-pound force 7.376 × 10 "l
joule kilowatt-hour 2.778 × 10 -7

joule watt-hour 2.778 × 10 .4

kelvin degrees Celsius (temperature) tC _ t K -- 273.15
kelvin degrees Fahrenheit (temperature) tF = 9/5 t K -- 459.67
kilogram gram 1.000 × 10 a a

kilogram kilogram mass 1+000 × 103 a

kilogram pound mass (pound mass avoirdupois) 2.205 × 10 °

kilogram slug 6.852 × 10 -_

kilogram ton (short, 2000 pound) 1.102 X 10 -3
lumen/meter 2 foot-candle 9.290 × 10 -2

lumen/meter _ lux 1.000 × 10 ° a

meter angstrom 1.000 × 101 o a
meter foot 3.281 X 10 °

meter inch 3.937 X l0 t
meter micron 1.000 × 106 a

meter mile (U.S. statute) 6.214 × 10 -4
meter nautical mile (international) 5.400 X 10 -4

meter nautical mile (U.S.) 5.400 × 10 .4

meter yard 1.094 × 10 °
meter/second 2 foot/second _ 3.281 × 10 °

meter/second 2 inch/second 2 3.937 X 101

newton dyne 1.000 × l0 s a

newton kilogram force (kgf) 1.020 X 10 "_

newton pound force (avoirdupois) 2.248 × 10 -_

newton/meter 2 atmosphere 9.870 X 10 -6

newton/meter _ centimeter of mercury (0 ° C) 7.501 X 10 -4

newton/meter 2 inch of mercury (32 ° F) 2.953 X 10 -4
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Unit-Conversion[Factors-Concluded

To convert from- To- Multiply by-

newton/meter 2 inch of mercury (60° F) 2.961 × 10.4
newton/meter 2 millimeter of mercury (0° C) 7.501 × 10"3
newton/meter 2 torI (0° C) 7.501 × 10-3
radian degree (angle) 5.730 × 101
radian minute (angle) 3.438 × 10a
radian second (angle) 2.063 × 105
tesla gamma 1.000 X 10 9 a

tesla gauss 1.000 × 104 a
watt British thermal unit (thermochemical)/ 9.484 × 10.4

second
watt calorie (themloehemical)/second 2.390 × 10-1
watt foot-pound force/second 7.376 × 10-1
watt horsepower (550 foot-pound force/second) 1.341 × 10.3
weber maxwell 1.000 × 10s a

a An exact definition.

* U. S. GOVER_',[MENT pRINTING OFFICE : 1a72 O 457-,_91
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Lunar-Surface Panoramic Views



LUNAR-SURFACE PANORAMIC VIEWS D-3

85-11354 11355 11356 11359 11361 11362 11372 11374 11382

11363 11365 11368 11371 11376 11381

11366 11369 11370

11751 11758
87-11730 11733 11735 11750 11754 11755

11737 11739 11743 11747 11751
11740 11749

11745

(b)

Figure D-1.-Vertical stereophotographs taken during standup EVA. (a) Upper portion (AS15-85-11354 to 11382). (b) Lower portion (AS15-87-11730 to 11758).
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11796 11797 11798 11800 11801 11802 11803 11804

87-11785 11790 11792 11793
11788 11794

11811

87-11805 11807 11809 11813 11819 11820 11821
11812 11814 11815 11816 11817

(b)

Figure D-2.-Panoramic views taken in vicinity of LM. (a) Northwest of LM(AS15-87-11785 to 11804). (b) Northeast of LM(AS15-87-11805 to 11821).
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11828 S 11826 11825
87-11822 11840 11839 11837 11835 11834 11832 11831 11830 11829

11823

(C) 1_5014 Mr. Hadley Hadley Delta

_n n
11911 _92x

11916 11918

88-11925 11895 11908 11914 11923

11898 11900 11902 11904 11906

(d)

Figure D-2 (continued).-(c) Southeast of LM (AS15-87-11822 to 11840). (d) At point 100 m east of LM (AS 15-88-11895 to 11925).
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85-11393

11396 11397 88-11936

11392 11391 11388 11384 11937 11933 11932 11948 11950

/ 15020 to 15026
15017 to 15015 15015 '15556?

(a)
15027 to 15028

11952

/ '15558?
11946 /

/ 11945
i

/ ', 15015
i

15017 to 15019 Areaof15020 to 15026
(b) 15027 to 15028

Figure D-3.-Panoramic views taken through LMwindows. (a) View through left window before EVA-1(AS15-85-11384 to 11397). (b) View through right window after EVA-3(AS15-88-11932 to 11952).

11405 11406 11407

11403 11404
11415 11401 11402

85-11408 11409 11410 11411 11412 11413 11414 11400
11398 11399

_Areaof15070 to 15076 "Areaof15065

'Areaof15080 to 15088?

Figure D-4.-Panoramic view of station I (AS] 5-85-11398 to 11415).
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S 11436 11429 E"
85-11432 11433 11434 11435 N 11428 11431

11438 W 11425 11426

ii1422 11423

/

Rake, 15115, 15119 15125, 15135, 15145 to 15148' ,_
,' / \ 15205

Areaof 15090 to 15095 / / 15210 to 15214 ' 15220 to 15224
15206' ,,

(a) Areaof 15200 to152044 (b)

11456 E

85-11458 11459 11460 11453 11454 11455 11457
11462 11448

11463 11464 11465 11447 11450 11451

• _Areaof15007 to 15008

(C) 15230 to15234 '"Areaofrake,15100 to 15105, 15110 to 15119,
15125, 15135, 15145 to 15148

Figure D-5.-Panoramic views of station 2. (a) Northeast (AS15-85-11432 to 11438). (b) Northwest (AS15-85-11422 to 11431). (c) South (AS15-85-11447 to 11465).
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12247 12248
12245

12244
12241' 12242

12240
90-12238

/ \ 15499
15498? 15485to15487

Figure D-6.-Panoramic view of station 4 (AS 15-90-12238 to 12248).

$
I

11586 11583 11585 85-11480 11479
86-11587 11584 11478

11475 11477
11473

15016

Figure D-7.-Panoramic view of station 3 (AS! 5-86-11583 to 11587). Figure D-8.-Panoramic view from Rover of area between LM and station 6 (AS15-85-11473 to 11480).
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15009 11495

11487 11488 11490 11491 11492 11494
85-11481 11483 11485
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I / ; ,
/" ' \ ]'ype of area for 15298? 15290te15295t

Trench,15012," 15265 to15267 \ 15270 to15274 15240 to15245,
(a) 15260 to15264 Areaof15258, 15259, 15268, 15250 to15254

15269, 15285 to15289

77_70

11517 11518 - 11522
11515 11516 11521

11514
11511 11513 11507 11508

11510
85-11509

" ; \ " Areaof15299
15256, 15257 15255 ', ',

/, Areaof15298 Areaof15290 to15295
Areaof15240 to15245,

(b) 15250 to15254

Figure D-9.-Panoramic views of station 6. (a) East (AS15-85-11481 to 11495). (b) West (AS15-85-11507 to 11522).
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90-12194

12195 12196 12197 W

I 12189 12190 12191 12192 12193
12198 12179 12186 12187 12188

12180 12183 12185

15400 to 1540_4 _15405

Figure D-10.-Panoramic view of station 6A (AS 15-90-12179 to 12198).
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', ,. Behind Rover15455
, '15421 to 15427

15415, ',,

15431 to 15437 15410 to15414,

15417 to15419

Figure D-1 l.-Panoramic view of station 7 (AS15-90-12201 to 12222).
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12428

92-12420 12421 12424 12426 12427 S12422 12423 ....£_ 12429 12430 12431 12432 12433 I 12435 12437 12438

t

ALSEP : \ \, Areaof15059
15058 \ Areaof 15001 to15006

Trench,15013, 15030
(a) to 15034,

15040 to15044

82-Ii050 11052

82-II064 11054 11056 11057 11059 11060 11062 11063

88-11879
11880 11881

(b)

FigureD-12.-Panoramicviewsof station 8. (a) At endof EVA-2(AS15-92-12420to 12438). (b) At beginningof EVA-3(AS15-82-11050to 11064andAS15-88-11879to 11881).
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82-11066 11068 11070 11072 11075 11078 11080 11082 11084 11086 11088 11090 11092

,? /
15510 to 15515

/
15500 to 15508

Figure D-13.-Panoramic view of station 9 (AS15-82-11066 to 11092).

11124 11126 11127 IIii0 11112

11120 11122
82-11113 11118 11119
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,,, .5555 , _, \ ',

15556 '15528'15529 Areaofcomprehensive _15010,15011 _ _15595 to15598 '15557' sample,15600 to15610, t15550to15538,
15612 to15689 15540 to15548

Figure D-14.-Panoramic view of station 9A (ASI 5-82-11110 to 11127).
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11179

11177 11181 11182 11184
11173 11175 11168 11170

82-11171 11166

• Large vesicular boulder

Figure D- 15.-Panoramic view of station 10 (AS 15-82-11166 to 11184).
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Figure D-I 6.-Panoramic view of ALSEP area(AS I5-87-I 1843 to 11858).
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