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The abundances of H + and He 2+ ions in the

solar wind have been monitored for several

years (refs. 8-1 to 8-3). The He/H ratio is

highly variable with time and ranges from less

than 0.01 to 0.25 (ref. 8-1) with an average of

about 0.04 (refs. 8-1 and 8-4 to 8-6). Oxygen

ions have been measured during periods of low

ion temperature by means of unmanned satel-

lites and space probes; under very favorable

conditions, even 3He has been detected (ref.

8-7). The Apollo program has made it possible

to introduce a new approach to the measure-

ment of solar-wind ion composition. Targets
can be exposed to the solar wind outside the

magnetosphere of the Earth. In this way, solar-

wind ions can be collected for laboratory anal-

ysis after return of the target. An experiment of

this kind, the solar-wind composition experi-
ment (refs. 8-8 and 8-9), was flown for the first

time on the Apollo 11 mission. The experiment
has yielded absolute solar-wind fluxes of 4He,

3He, 2°Ne, and _2Ne averaged over a 77-min

exposure period.

Prior to the first manned landing on the Moon,

Explorer 35 plasma and magnetic field measure-

ments had established that, to a good approxi-
mation, the Moon behaves like a passive obstacle
to the solar wind, and no evidence for a bow

shock had been observed (refs. 8-10 and 8-11).

Thus, during the normal lunar day, the solar-wind

particles were expected to strike the lunar sur-

face with essentially unchanged energy. This

was substantiated by the Apollo 11 solar-wind

composition experiment (ref. 8-9). It was shown
that solar-wind helium reaches the hmar surface

in an unimpeded, highly directional flow.
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eral Institute of Technology, Zurich.
t Principal investigator.

Principle of the Experiment

An aluminum foil 30 cm wide and 140 cm

long, with an area of approximately 4000 cm 2,

was exposed to the solar wind at the lunar sur-

face by the Apollo 12 crew on November 19,

1969, at 12:35 G.m.t. The foil was positioned

perpendicular to the solar rays (fig. 8-1), ex-

posed for 18 hr and 42 min, and brought back

to Earth. Laboratory experiments (ref. 8-12)

have determined that solar-wind particles, arriv-

ing with an energy of approximately 1 keV/

nucleon, penetrate approximately 10 -5 cm into

the foil, and a large and calibrated fraction are

firmly trapped. In the laboratory, the returned

foil is analyzed for trapped solar-wind noble

gas atoms. Parts of the foil are melted in ultra-

high vacuum systems, and the noble gases of

solar-wind origin thus released are analyzed

with mass spectrometers for element abundance

and isotopic composition. In addition, a search

will be conducted for the possible presence in

the solar wind of the radioactive isotopes tritium
and 56Co.

Instrumentation and Lunar Surface Operation

The experiment hardware was the same as

that flown on Apollo 11 (ref. 8-8) and consisted

of a metallic telescopic pole approximately 4 cm

in diameter and approximately 40 cm in length

when collapsed. In the stowed position, the foil

was enclosed in the tubing and rolled up on a

spring-driven roller. The instrument weighed

430 g. When extended at the lunar surface, the

pole was approximately 1.5 m long and a 30-

by 130-cm foil area was exposed. Only the foil

assembly was recovered at the end of the hmar

exposure period; it was rolled on the spring-

driven roller and returned to Earth. Figure 8-1

shows the instrument as deployed on the lunar
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FIGURE 8-1. - Apollo 12 solar-wind composition experiment as deployed on the lunar surface 
( NASA photograph AS12-47-6899). 

surface. By evaluating a number of Apollo 12 
photographs, it was concluded that the foil was 
reclined by loo during exposure. The average 
solar elevation during exposure was 13O, and 
thus the average direction of incidence of the 
sunlight on the foil was 3 O  above the foil normal. 

After retrieval, the return unit was placed in 
a special Teflon bag and returned to Earth in 
the documented sample return container. In the 
Manned Spacecraft Center Lunar Receiving 
Laboratory (LRL), the unit was taken out of 
the Teflon bag, and the foil was inspected with- 
out unrolling it. The upper portion of the foil 
was found to be tightly and smoothly rolled. 
The outer windings of the foil were bulky. 
This, however, does not affect the quality of 
scientific data obtained from the experiment. 
Inside the Teflon return bag, a quantity of 

about a gram of fine lunar soil material was 
found, including grain sizes of 1 to 2 mm. 
This lunar material must have entered the bag 
during return or during postflight handling of 
the lunar sample return container. First anal- 
yses of light noble gases in the foil have shown 
that this dust contamination can be eliminated 
sufficiently by ultrasonic treatment. Dust con- 
tamination during return could be lowered by 
using a larger return bag, which can be closed 
more effectively. 

Preliminary Results 

The foil had the same dimensions, general 
makeup, and trapping properties as the Apollo 
11 foil, described in detail in reference 8-8. 
Again, as on Apollo 11, test pieces were incor- 
porated that had been irradiated before flight 
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with a calibratedamountof neon.In addition,
anunirradiatedtestfoil wasmountedin a posi-
tion thatremainedshieldedfromthesolarwind.

In the Apollo11solar-windcompositionex-
periment,part of the foil had beensterilized
and releasedfrom the LRL beforetermination
of thequarantineperiodfor lunarmaterial.No
suchearlyreleasewasattemptedwiththeApollo
12experimentfoil to restrictfoil handlingand
to avoid additionalcontaminationwith lunar
dustin theLRL quarantinecabinets.

TheApollo12 foil wasreceivedin the labo-
ratory in themiddleof January1970.For the
firstanalysis,threesmallfoil piecesweredecon-
taminatedby meansof theultrasonictreatments
thathadprovedtheirefficiencyin theApollo11
foil analyses.Theresultsof thesefirstmeasure-
mentsaregivenin table8-I. It maybeseenthat
theshieldedfoil piecehada 4Heconcentration
perunit areathatwaslessthani percentof the
concentrationsfoundin the foil piecesexposed
to the solarwind. The agreementis goodbe-
tweentheconcentrationsandthe4He/SHeratios
measuredin the two exposedfoil pieces.

TABLE8--I. First Results From Apollo 12

Solar-Wind Composition Experiment

Sample Elevation
number above lunar

sur]ace, cm

Shielded
foil:

10-2

Exposed
foil:

10-1

9-1

Foil Analyses

Area, 4He concentration
per unit area,

cm_ XIO xo atoms/cm_

145 7.7 0.4

139 9.8 45.6

123 10.9 44.5

4He/3He
ratio

2580

2610

The average 4He flux during the Apollo 12

exposure period can be calculated by using the

data given in table 8-I. The trapping probabil-

ities of the foil for noble gas ions depend only

slightly on energy in the general solar-wind

velocity region. For helium with a velocity

greater than 300 km/sec, the trapping proba-

bility is 89 ± 2 percent for normal incidence and

5 percent less for an incidence angle of 70 ° to

75 °. In the Apollo 11 experiment, the angular
distribution of the arriving helium ions has actu-

ally been determined (ref. 8-9). The same ex-

periment with the Apollo 12 foil has not yet

been completed; therefore, in this paper, the

expected angle of incidence on the foil has been

estimated. The average angle of incidence of

the sunlight on the foil was 87 ° . The effects of
corotation and aberration lower this value to

about 84 ° for the solar wind (refs. 8-13 and

8--14). During the time of the Apollo 12 foil

exposure, the Moon had probably already passed

into the magnetosheath of the Earth, and the ion

flow direction was changed relative to the undis-

turbed solar wind. The tilt of the magnetosphere

(ref. 8-15) lowers the expected direction of

incidence by approximately 5° (ref. 8-15), and

an additional lowering by a few degrees can be

expected as a result of the change of flow direc-

tion in the shockfront. Thus, the expected angle
of incidence on the foil is 70 ° to 75 ° . With this

assumption, the average 4I-Ie flux during the

Apollo 12 exposure period is as given in table

8-11 and is compared with the flux observed

during the Apollo 11 landing. The two figures

are similar and are in good agreement with aver-

age fluxes derived from He/H ratios observed

with solar-wind energy/charge spectrometers.

(Compare with ref. 8-6. ) The expected direction
of solar-wind incidence is 25 ° to 30 ° above the

lunar horizon. Even if helium would be heated

to 1 to 2 million degrees centigrade in the shock

transition, the portion of the helium flux cut

off by the horizon would be negligible. Thus,

the 4He flux given herein should be directly

comparable to fluxes obtained by Earth satellites

during the same period.

TABLE 8-II. Comparison Between the Prelim-

inary Average 4He Flux Obtained from the Apollo

12 Solar-Wind Composition Foil Exposure Period

and the Flux Obtained From the Apollo 11

and the Flux Obtained From the Apollo 11 Solar-

Wind Composition Experiment

Mission Exposure
initiated

kpollo 11 July 21, 1969,
03:35 G.rn.t.

_pollo 12 Nov. 19, 1969,
12:35 G.m.t.

Exposure Average 4 HE flux,
duration X 10 _ atoms/cm 2-se

77 rain 6.3___1.2

18 hr 42 8.2±1.0
min

From the first two Apollo 12 foil pieces ana-

lyzed, 4He/3He -- 2600 ±200 is obtained for the
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Apollo 12 exposure period. This value is higher
than the 4He/3He ratio obtained so far from the

analyses of pieces of the Apollo 11 foil. Compara-
five analyses of pieces of foils from the two flights
are being continued to confirm this difference.
Actually, time variations in isotopic ratios in the

solar wind can be expected (ref. 8-16), and the
4He/SHe ratio has to be determined repeatedly

to assess the range of occurring variations before
an average for the present-day solar wind can be
established. This average is of high astrophysical
significance, since it can be compared with
ancient 4He/3He ratios derived from solar-wind

gases trapped in the lunar surface (ref. 8-17) or
in meteorites. If a secular increase in the solar

3He/4He ratio should be found, this could be

interpreted as a result of mixing inside the Sun
or as a result of nuclear reactions at the solar
surface.

The results obtained from the analyses of the
first small pieces of the Apollo 12 foil indicate
that, from larger foil areas, fluxes and isotopic

composition can be obtained not only for helium
but also for neon and argon.
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9. Apollo 12/Vlultispectral Photography Experiment
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The lunar multispeetral photography experi-
ment was successfully accomplished on Apollo

12. A number of photographs were returned in

the blue, green, red, and infrared (IR) portions

of the optical spectrum. Preliminary data anal-

ysis shows no color boundaries in the frame con-

taining the Fra Mauro formation and the Apollo

13 landing site. Color differences were found in

the frame containing Lalande 7, establishing the
existence of small-scale color differences on the

lunar surface.

Purpose of the Experiment

The goal of the lunar multispectral photog-

raphy experiment was to obtain vertical strip

photography in three portions of the optical

spectrum- blue, red, and IR- at resolution one

to two orders of magnitude higher than is ob-

tainable from Earth. A fourth camera, which had

a green filter, was added to the array for oper-

ational purposes. However, for the sake of the

following discussion, this camera will be con-

sidered to be part of the experiment.

The further objectives of this experiment were
as follows:

(1) To photograph future Apollo landing sites

so that ground-truth information provided by

the returned samples may be extrapolated to

other points on the lunar surface

(2) To produce photometrically accurate, two-

and three-color images by photographic and

computer processing methods that will accu-

rately delineate lunar color boundaries and their

magnitudes

, Bellcomm, Inc., Washington, D.C.
bJPL, California Institute of Technology.
c Long Island University.
aMassachusetts Institute of Technology.
t Principal investigator.

(3) To evaluate, under closely controlled con-

ditions, the photographic versus the computer

image-processing techniques for reduction of

lunar multispectral photography

Lunar Color Measurement

Lunar color and its variation across the lunar

surface have interested planetary astronomers

for many years. The interest has heightened with

the growing weight of evidence, obtained from

accurate Earth-based photoelectric photometry,

that points toward a positive correlation between

color and compositional differences (ref. 9-1).

Once ground-truth samples have been obtained

at several sites of differing color, it may be

possible to extrapolate compositional color in-

formation to large areas of the Moon that will

not be sampled in situ.

In the present context, color differences mean

relative differences in spectral reflectivity be-

tween points on the surface. The general spec-

tral reflectivity curve of the Moon shows a near-

linear increase in reflectivity from 400 to 800 nm

(ref. 9-2). Areas designated red or blue refect

more energy in their respective wavelength re-

gions than a standard lunar area. In most cases,

the greater the separation in wavelength, the

greater the color difference obtained. The differ-

ences between 400 and 800 nm, among points on

the lunar surface, average 4-8 percent (ref. 9-1 ).

Photographic (ref. 9-3) and photoelectric

(ref. 9-1) methods have been used in the past
for the measurement of lunar color variations.

The best known photographic method used to

date is _rhitaker's sandwich printing technique

(ref. 9-3) in which a negative ultraviolet plate

and a positive IR plate are sandwiched together

and printed. Color differences then show up as

varying shades of gray. The disadvantages of
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this method are that it is not quantitative and 
that albedo changes can masquerade as color 
differences if the density-logarithm-exposure ( D 
log E )  curves of the two plates are not extremely 
well matched. The advantage of the method lies 
in the image form of data display. 

Recent advances in photoelectric instrumenta- 
tion allow ground-based relative color measure- 
ments to be made to 0.1 percent accuracy (ref. 
9-4). Spectral reflectivity measurements of the 
Apollo 11 soil samples show an excellent corre- 
lation with ground-based telescope data of the 
Tranquility site (ref. 9-5). However, point-by- 
point measurement is a time-consuming process 
and is not suited for image display. Work now 
in progress with electronic imaging systems in- 
corporates the advantages of both methods. 

Computer image processing (ref. 9-5) of 
photographs combines the advantages of photo- 

graphic image display and provides quantitative 
color information for the entire picture, although 
at accuracies less than are obtainable from 
photoelectric photometry. 

Equipment and Operation 

The experiment camera array consisted of 
four 70-mm Hasselblad cameras with 80-mm 
lenses. The filter and black-and-white film com- 
binations were as follows: blue 47B filter, type 
3401 film; green 58 filter, type 3401 film; red 
29 + 0.6ND filter, type 3401 film; and infrared 
87C filter, type SO-246 film. Type 3401 is Plus-X 
aerial film, and type SO-246 is type 5424 infrared 
aerographic film coated on a 4-mil base. The 
center wavelength of each filter/film combina- 
tion is as follows: blue, 430 nm; green, 540 nm; 
red, 660 nm; and IR, 860.nm. 

45"E 55"E 65" E 75" E 850 E 9 5 0 ~  105"E 115"E 125"E 135"E 
Legend 

5. Al l  start (blue, green, I R ,  f/8.0) 
second revolut ion (red, f/5.6) 

6. A l l  stop 
Principal point 

1. Start blue, green, red stereo sequence 
(1/60, fl5.6) 

2. Al l  stop 
3. Start blue, green, red 

1A. Start I R  (1/60, f/4.01 

FIGURE 9-1. - Apollo 12 multispectral photography ground track from 135" E to 45" E. 
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20" W 10" w 0" 10" E 20" E 30" E 40" E 50" E 
Legend 

3A. Start I R  
4. All stop 
7. Theophilus pair 
8. Descartes pair 
9. Fra Mauro pair 
0 Principal point 

FIGURE 9-2. - Apollo 12 multispectral photography ground track from 50" E to 20" W. 

An intervalometer tripped all shutters simul- 
taneously at 20-sec intervals. For operational 
purposes, the shutter speed on all four cameras 

at 44 ft for the IR camera and at infinity for the 

the vertical PhotOgraPhY Was broken into 
three segments. During orbital revolution 27, 
the blue, green, and IR cameras were set at 

f15.6, and the red camera was set at f14.0. 
Photography was taken between longitudes 1.20' 
E and 90' E and between 54' E and 15' w. The 

remainder of the vertical photography was car- 
ried out on revolution 28 at f/8/5.6. The off- 

f/5.6/4.0 for Tlieophilus and Descartes and at 
f/2.8/2.8 for Fra Mauro. Figures 9-1 and 9-2 
show the photography ground track. 

was fixed at 1/60 set. Focus settings were fixed minimum Sun was 250* The 

other three cameras* To facilitate changes, vertical targets of opportunity were exposed at 
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Film Calibration and Processing

All flight-film calibration and processing were

accomplished by the NASA Manned Spacecraft

Center (MSC) Photographic Technology Labo-

ratory (PTL). Preflight calibration was accomp-

lished by applying a 21-step gray wedge to the

film in a 1-B sensitometer. For the experiment,

a special step tablet was constructed to provide

four 21-step wedges arranged to fit in a 60- by

60-mm format to facilitate film-scanning pro-

cedures. In addition, a preflight standffrd wedge

and a postflight special tablet were applied to
the leader of the film.

Preflight process controls were established to

develop the films to the following gammas: blue,

1.7; green, 1.65; red, 1.6; and IR, 1.5. The dif-

ferent gammas were chosen to compensate for

the increasing transmission of the standard

wedge toward longer wavelengths. In other

words, the absolute gamma should be 1.7 for

each film. The relatively high gammas were

chosen to give the maximum exposure differen-

tiation commensurate with the required dynamic

range on the film. The following gammas were

obtained: blue, 1.68; green, 1.48; red, 1.42; and

IR, 1.44. The reasons for the discrepancy among

control and flight-film gammas are not com-

pletely understood but can probably be attrib-

uted to radiation fogging and latent image

decay. The PTL is investigating this effect.

Film Return

Each of the blue-, green-, and red-filtered

cameras returned 142 frames, while the IR

camera, in which the film had been rationed,
returned 105 frames. The resolution in the re-

turned type 3401 film is approximately 30 m.

This limit is approximately the motion resulting

from the shutter speed of 1/60 sec. The densities

on all frames fell within the approximate straight-

line portion of the respective D log E curves

shown in figure 9--3. This requirement was nec-

essary for data reduction by photographic meth-

ods. For reasons not understood at this time, all

IR frames have a 4-mm-wide underexposed strip
at the leading and trailing edges of each frame.
The IR frames are not in focus because of an

apparent film-magazine malfunction, and they

will not be usable for color difference analysis.

Data Reduction

The color or spectral reflectivity differences

sought in this study are not detectable by eye

or on normal color film. The eye is very sensitive
to small color variations under controlled labo-

ratory conditions, in particular when the objects

have the same brightness and are juxtaposed.

However, the eye is incapable of reliably detect-

ing small differences in spectral reflectivity in

conjunction with brightness differences such as
in a lunar surface scene. Normal color-additive

techniques using color-separation photographs

also fail to show up differences, even at higher
saturation.

The two methods mentioned previously- the

photographic sandwich and computer image

processing techniques- are basically techniques

for ratioing two pictures. Ratioing is necessary

to remove the brightness variations caused by

general albedo and slope differences. Because

the film density is a function of the logarithm of

the exposure, ratios are formed by taking differ-

ences in densities between two pictures. Such

difference pictures for two colors have been pro-

duced by photographic (ref. 9-3) and computer

(ref. 9-6) methods. Data reduction for the ex-

periment will be carried out in three colors by

using extensions of both methods. Details of

these procedures will be the subject of later

publications.

Photographic data reduction to date has in-

cluded construction of three-color difference pic-
tures of five frame sets. The main difficulties in

analyzing these composites are anomalous colors

introduced by nonlinearities in the D log E

curves (which limit the range of brightnesses for

which the color construction is valid) and bright-
ness nonuniformities that are due to camera

vignetting. While several frames show color

differences, more work must be completed on

establishing confidence limits before interpreta-
tions can be made.

Extensive computer image processing has been

accomplished on only two frames: 8438 and

8392. Only two-color difference pictures have

been constructed to date by methods used previ-

ously on Earth-based photography (ref. 9-6).

The basic method consists of the following

steps:
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FIOtrl_ 9-3. -- Processing curves obtained from preexposed standard wedge. (a) Blue filter. (b)
Green filter. (c) Red filter. (d) Infrared.

(1) Scanning by video film converter (VFC)
of each set of pictures, including the preflight
calibration step tablets (scanning spot sizes of
25, 40, and 50 t_m have been used)

(2) Obtaining a VFC response curve and lin-
earizing the D log E curve

(3) Converting all points (1 to 2 X 10 6 points
per frame) to the log E domain, thus eliminating
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any film sensitivity or processing differences 
between colors 

( 4 )  Registration of the frames of the two 
colors to be differenced 

( 5 )  Point-by-point subtraction and normaliza- 
tion of two frames 

( 6 )  Contrast stretching, up to a factor of 3, 
so that each step in log E becomes visible as a 
distinct shade of gray (the step size is approxi- 
mately 2.5 percent in exposure) 

(7)  Replaying the picture onto film 
The registration of the frames has been the 

major problem encountered. Each camera/filter 
combination exhibits different geometrical dis- 
tortions and a slightly different magnification. 
These systematic distortions are coupled with 
near-random distortions that are due to lack of 
film flatness. Good registration can be facilitated 
only by brute-force rubber-sheet stretching 
programs. 

Figure 9-4 shows frame 8438, a view of the 
Fra Mauro formation and the Apollo 13 landing 
site, taken with the blue-, green-, and red-filtered 
cameras. The dark corner in each picture is the 
result of obscuration by the edge of the hatch 

window. No noticeable density variations, other 
than an overall brightness difference, are visible. 
Two-color computer difference pictures, blue 
minus green and red minus blue, have been 
produced. The composites show no significant 
color differences over the entire frame, including 
the mare-highlands boundary, Some implications 
of this result are given in the following para- 
graphs. 

A two-color difference picture of frame 8392 

FIGURE 9-4. - Fra Mauro formation and Apollo 13 land- 
ing site. (North is at the top of the photos.) ( a )  Blue 
filter (AS12-56B-8438). ( b )  Green filter (AS12-56D- 
8438). ( c )  Red filter (AS12-56C-8438). 
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(fig. 95)) which covers a portion of Mare 
Nubium and Lalande 7, was constructed. Figure 
9-6 is a contrast-stretched red-minus-blue print 
of frame 8392 in which dark areas are bluer and 
light areas are redder than an arbitrary point 
that was chosen to be gray. 

Distinct color differences are evident, in par- 
ticular between Lalande 71 and the snrrounding 
mare and between what appears to be second- 
ary-impact ejecta rays and the surrounding mare. 
Although the frames have not been calibrated 
for camera vignetting or adjusted to a lunar 
standard by Earth-based photometry, there is 
now, for the first time, clear evidence for local 
small-scale color variations on the lunar surface. 

FIGURE 9-5. - Two-color difference picture of frame 8392 
covering a portion of Mare Nubium and Lalande 7. 

Discussion 

Differences in spectral reflectivity can be 
caused by several factors. Compositional varia- 
tions give rise to color differences. However, 
subtle differences, such as recorded in frame 8392, 
may very well be caused by variations in the 
iron and titanium content of the glasses, as in 
the Apollo 11 sample described by Adams and 
Jones (ref. 9-5). 

Particle size affects the slope of the reflec- 
tivity curve of rock materials. Typically, for 

basaltic materials in the laboratory, the sample 
becomes redder with decreasing particle size 
(ref. 9-7). 

The effects of age on color appear to be insig- 
nificant, at least with respect to alteration of the 
optical properties of in situ materials by the 
lunar environment. No evidence for metal coat- 
ings or deposits of sufficient thickness to affect 
the optical properties was found on mineral 
grains in the Apollo 11 sample (ref. 9-5). On 
the basis of telescopic measurements, McCord 
(ref. 9-1) finds no evidence of an aging effect 
that causes color variations. 

Frame 8392, which contains Lalande 7, ex- 
hibits definite color differences, as shown in 
figure 9-6. Careful inspection reveals that color 
is not directly correlated with brightness, partic- 
ularly as seen in the comparison of the boundary 
between the embayment and the mare on the 
east side of Lalande 7 and the boundary on the 
flat southeastern side of the same feature. There- 
fore, except in the deep shadows, the color 
variations are real and are not artifacts produced 
by photographic nonlinearities. 

The white streaks in the mare appear to be 
impact ejecta plumes, probably produced by 
secondaries from the crater Lalande 7. I t  is not 
apparent whether the light material is secondary 
projectile material or material that has been 
excavated from beneath the mare surface. The 
plumes are bluer than the surrounding mare, 
and their boundaries are sharp on a 100-m scale. 
The color difference runs contrary to the obser- 
vation that in basaltic rocks, finer higher-albedo 
material is redder. Therefore, a compositional 
difference must be assumed to explain the bluer 
plumes. 

If, indeed, the plume material has been exca- 
vated from below the mare surface, then the 
material must have been ejected from craters 
smaller than about 30 m in size, since no single 
plume-source crater is visible and since the 
smaller craters are below the resolution limit of 
the film. For such a case, the thickness of the 
dark surface material is limited to 7 to 10 in. 
On a small scale, the blue, bright plumes are 
similar to the feature Reiner y ,  which exhibits a 
similar color difference. 

The absence of color variations in frame 8438, 
particularly at the mare boundary, is somewhat 
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FIGURE 9-6. - Contrast-stretched red-minus-blue difference picture of the center portion of 
frame 8392. Dark areas are bluer and light areas are redder than an arbitrary 
point taken as neutral gray. The light vertical banding is an artifact introduced 
in the scanning process. Slight misregistration of the red and blue frames enhances 
crater boundaries. In addition, color information cannot be obtained from deep 
shadow areas; hence, those areas will appear anomalously colored. 

surprising but not without precedent. McCord 
(ref. 9-1) has found a similar lack of contrast 
across some mare-upland boundaries between 
average areas 18 km in diameter. Since a definite 
albedo and morphological discontinuity are pres- 
ent, a color boundary would be expected. A 
mean particle-size difference has been suggested 
as the cause of the mare-upland albedo differ- 
ences observed (ref. W). However, such a size 
difference would be expected to result in a color 
difference. The analysis of the Apollo 13 samples 
should solve this dilemma. Furthermore, more 
detailed reduction and analysis of multispectral 
photographs will better define the power of this 
method in the interpretation of lunar surface 
geology. 

Summary 

The lunar multispectral photography experi- 
ment has yielded 142 black-and-white photo- 
graphs, taken with blue-, green-, red-, and IR- 
filtered cameras, that are suitable for color- 
difference analysis. Two existing image data- 
reduction methods are being expanded to pro- 
duce images that display greatly enhanced three- 

color contrast. Two-color difference pictures 
have been produced, and the method has been 
shown to be effective. The color enhancement 
of the Apollo 13 landing-site frame shows a 
somewhat surprising lack of color variation. The 
frame containing Lalande 9 exhibits color differ- 
ences, the first such differences to be detected 
in high-resolution photography of the lunar 
surface, which probably can be attributed to 
compositional variations. 
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