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ABSTRACT

For the purpose of studying the.effects of the solar wind flux
Qﬁ the infrared reflectivify propertiés‘of rocks and minerals on the
”moon,.aslaboratory apparatus was constrdcted for irradiation of rock
sanples with a proton flux having the séme eﬁervy as the ambient solar

wind, but with 10' to 10°

times t}.ie.flux_density° The design and
davelopment'of the equipment are deséribedo Several veolcanic rocks
‘i were irradiéted with this apparatQS'and the iﬁfrared colorimetrici

: profilesvin the wavelength range-008 P to 2.2 p were measured for.the
natural and irradiated samples,. Irradiated récks became redder, and.
absorption bands attributed to Fe3+ were transformed into Fez+ bands.,
The relationship of tﬁe visual darkening of the roéks on irradiation
and the changés in iron abéorptibn bands are;discussed relative to the
lﬁnar surfaceo The probleﬁ,of'oil contaﬁination in the proton systenm
isfdisdussed and'if is concluded that in the present experiment, the
observed*éhangés in rock‘samples_result mostly from spuﬁiering‘of
sample materialé and from reduction of thé oxidation state of metai A
: ‘éfoﬁé by ﬁhe action of thé préténso
Colorimetric observatioﬁs of small spots (diameter 7 km) on ihe> _,
- méon‘wére méde in thé spectral region O;S to 2.2 P"in an attempt to
discern différenceé from one lunar region to another_that wou.ld give'
yrinformation on the composition ofrﬁhe Sufface of the moon, Approxima-

tely one hundred such aress were observed, including crater floors,

xii




xiii
raysy'ana mare units having définite~geological_cléssification8~in
thé-U_o S, Geological Survey system of stratigréphic nomenclature;

Large differences were found- among lunar regioﬁsc The floors.ofr'
Aristaréhus and Kepler as well as the dense rays from these. craters -
show definite colorimetric properties indicating the preéence of;
orthopyfoxene minerals such as enstatite. - Other cratersnresembliné
Keplér-ancl Aristarchus morphologicélly heve very differsnt color
préfiles which are less definitive in interpretaﬁiOﬁ;: Color |
differenqes seen in the visugl spectrum on the floor of Mare Imbrium
and Sihus Iridum do not extegd,into the infrared. Many fegions
considered covered with ejecta have color profiles like the d@fk mare.
regions ngéarbyu ‘These regions show a spectral band which correlates
with a band in the spectrum ol oliviﬂe family minerals. Thera aré
Vappféximately six types of:colorimatric curves "into which most of the
 points measured fallo' It is suggested that those features (Aristarchus
:and'Kepler) showing,the spectral propertieé of orthopyroxenes |
may héveAformed from impacts of enstatite or other orthopyroxene
chondritic meteorites and that the rays Have the same compesition as
the crater floors.

A major absorption band in the speetra of se_verai lunar fea-
tures, but which has no kﬁown léboratory counterpaft,vis found at 1.6 Po

There is no direct'correlation of colbr_prdfile type with the
albedo or topographic expression of the featurés studied, except
for Aristarchus and Kepler., Infrared colorimetry can be used'for'rough'.

classification of the Ipm units in those maria where diffevent units




occur. It is also shoWn.that lunar features of a wide variety of
classifications in the U. S. Geological Survey system of strati-.
graphic nomenclature can-have strikingly,similar color profiles, and
viée7v¢rsa°

It is coneluded that a spacecraft orbiting the moon with an
infrared sensing device working in this spectral region could provide

“information on the gross mineralogy of the lunsr surface,

Xiv




" CHAPTER T

INTRODUCT ION

Direct ihformation on the compositiohAof the lunar surface

’exisﬁs for only three pbsitioné on the moonj the landing sites of
‘Surveyors V, VI, and VII. This generalfcondition will prevail even
after the first aﬁd several succeeding mamed lunar landings in the . .
‘197018 becaﬁssvof the great difficulty and expense of going to the
moon’énd moving aboubt on its.surfaoeo For this reason; it is highly
desirable to establish techniqﬁes for remote determination of minera-
logie or chemical composition of different reéions of the lunsr sur-
- face from earth-based instruments énd/or vehicles orbiting either
-~ the earth of the moon. A remote sensing technique must measure
pfopertieé of Tunar surface areés.that will permit the determination
of the-composition of those areas,.and‘must give high areal resolubion
on the moon so that regions small enough to have morphological and
compositional integrity can be s"pudiede Further, the technique must
be rapid enough to’ permlt the study of a larve number of 1nd1v1dual
areas on the moon, or better, the entire moon. The tecnnlque must also
bYe capeble of lsboratory applicaﬁion so that samples can be studied
on ‘earth to remove ambignity of the ipterpretation'of the lunar data.

o This dissértation describes wofk with a technique of infrared
reflect1v1ty studies of small spots (diz meter 7 km) on the moon
observed'With large zround—based telescorn and conventional astro-
:.nouwcal 1nstrunenuat10na Laboratory stud1=s, both those referencbd 1n 

1



the literature and those performed as -part of thié research;Aére

used for geologic interpfetation'of tﬁe.lunar resultsa' The results of
this work stand as a first step towar&‘remotely sensed data haviﬁg a -
direct and significant relationship to the coﬁposition of différent.v

regions on the moon.




- CHAPTER IT

DEFINITIONS AND BASIC GONCEPTS

Reflection
Light is reflected from a body in ways which are character-
istic of the structure and composition of the surface of that body. -

Diffuse or orthotropic reflesction occurs when light strikes a surface

'ﬁhatvscatters.equaixy in all diréctions,'independent of the incidence
-angleol Perfect diffusely-reflecting surfaces are rére, but Rbmanova V
(196&)'has-hoted that the surfaces of blown sand dunes -are apﬁroxima—
tely diffuse reflectors. Orthotropic diffuée reflection can be con-

trasted with specular reflection which occurs when light falls on a

polished surface having only-irregularities‘small compared with the

‘wavelength of the light. va'we define an indicatrix of reflection

as thc total reflected energy (in some arbltrary unlts) in some

dlrectlon, and then plot the envelope of these 1ndlcatr¢ces Por all

‘directions, wevhave the indicatrix of diffusiono For a perfect (or :
| orthotropie) diffuse reflec%or, the envelope describing the indica%riﬁ*
i of diffusion is a hemispﬁere with the reflector at the cenﬁer; wﬁile
specular reﬁlectors have an indicatrix of diffusion with a- pronounced
spike coplanar Wlth and at an angle, relative to the roflector, .equal
to the nwle of incidence of the lxvht

Between the extremes of diffuse and specular reflection are -
metallic and glaSSllke reflectlonS'whzch differ accordlno to the
absorptlon propertles of the reflect1ng~sur£ace° Most objecbs in

-



nature are mixed reflectors, combining certain aspects of several
types of reflections in their indicatrices of diffusion. Attempts to
identify egeological substances from the diffusion indicatrices are

descrited in Romanova (196)).

. Albedo and Iaminance

The ratio of the total flux reflected in all directions by a
surface to the total incident flux, is defined as the Bond albedo of

the surface, and is discussed below. Geometric albedo of the moon is

computed from the following formulas:
log (geometric albedo) = O.h[jm(sun) - m(l,Oi] -2 1og[f%_ sin 897%}
Here, R/R, is the ratio of the moon's mean radius to the earti's mean
radius and has the value 0.273, m(sun) is the magnitude of the sun,
m(1,0) is the magnitude of the moon at unit distsnce from the sun and
earth, and 8",79 is the soler parallax. Thus, the formula becomes
log (geometric =2lbedo) = O.h [m(sun) - m(_ m(i,o)] ;‘9.869.
The geometric albedo is related to the Bond albedo by the
following:
Bond albedo = (geometric albedo) ¢ (phase integral).
The phase integral is determined by measuring the brigntness of a
planet through a full renge of phase angles X , It is defined by
w
phase integral = 2 q;’(i)sinﬁdc{ .
The phase angle K is the anzle between the light source (sun) and
the observer (earth) as seen from the planei (moon).
The practical difficulties of measuring the reflected flux in all

directions make it useful to define another parameter., If we measurs




the flux from a surfece at some angleqﬁ to the norinal to the surface

we have measured the surface lwninznce, B¢ . When the incident

flux on the surface is I, a is the area from which the reflection
occurs, and d£) is the solid angle through which the reflected flux

is measured, then we have

B - al
p = .
adQ-cwp

vhere dI is the fraction of the flux reflected from area a. The
nomenclature is illustrated in Figure 1 in which the incident flux
strikes the raflecting surface at en angle k.

The spectral luminance is defined s the surface luminance at

a particular wavelength, A , and may be denoted B}.‘

Romanova (196:) hass measured the spectral luminances of many
geological substances and has compared them with barite paper which she
finds to epproximate an orthotropic diffuse reflsctor. When spectral
luminance is plotted relative to the wavelength, a quantitative
graph of the color of the surfece is obtained. The color curves of
the moon and terrestrial rocks given in this paper are related to
these plots of spectral luminance and wavelength, but with certain
nodifications made necessary by the quality and the character of the

data and the instrument with which they were obtained.

Colorimetry

Colorimetry is the quantitative measurement of color of en
object. The color is usually determined by meking measurements of the
radiant flux (either emissive or reflective, depending on the object)

at two or more wavelenzths. When measures at only two wavelengths are
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Figure 1
Definition of incidence and reflsction

angles,




obtained, the difference or ratio of the measures is usually termed

a color index or color.excess. As the number of measures over a

“given ﬁewelength interval increases, each being made at a diffefent
wgvelength, the resulbing plot of photometric intensi%y vérsus'waveu
length gains higher resolution. Colorimetry is oné measurable

parameter which allows us‘té distinguish among objects héving other=
‘wise similar outward appesrance. It is for this reason that the present
study has been undertaken for appliecation to the case of the moon. Ir
‘the'wavelength spacing betweén two'measurés of the intensity near
“wavelength A is A\ , then the resolution of the colorimetric curve

(or spectrum) is A/AN .

The relative spectral reflectivity is the spechbral luminance

at one wavelength compared with that at another.

Colorimetriqutudies of various celestial.and terrestrial
objects‘have_been'made for maﬁy*yearse The wavelength intervals fér_
which the eye, photographic plates, ané cdﬁmon photo-sensitive
electronic detectors are sensitive were favored until recenﬁ years
when the'inffared spectrum became:mora eésily sccessible, Krinov
v(l9h7) collected colorimetric curves in the spectral range Looo R _
to 9000 2 for a Wide variéty'of geologicallj_inﬁeresting subsfances,
and Romanova (l?éh)'has studied sand deposits from airplénes, usingi
equipment sensitive in the range-hOOO 2 to 6506 XQ.'Color excesses
" for terrestrial pianté'are given in Tikhov (1960). 'Spéctral reflec-
tivities.for various terraiﬁ'features are given by Penndorf.(lQSé),
'again in visual waﬁelengths, " A'valuable swmnary of reflectivejéblOru;.

imetry is given by Coulson (1966).




" It should be noted that all of the refereﬁces given above,
"pertain to.thé color of the light'ggﬁiggégﬁ from an object. Wﬁen
we consider‘thé'spectral interval of Wavelengths longer than about
2.5 microns '(25000 8), bodies at about 0° Centigrade begin. to emit
gray body radiation., Deyending éh'the emissivity and temperature of
5£hé'body, the thermal emission becomes dbﬁinant at wavelengths longer
than about 3 or Emic’:rons° Recent étudies in the emission spectrunm

of rocks are discussed in Lyon (196h, 1965).



CHAPTER TII

COLORIMETRY OF THE MCON

Visual Light

Measurements of the color of the moon in light of visual
wavelengths (0.36 - 0.70 p) have been made since the invention of the
photographic plate. A complete bibliography would be eunormous; only
the more modern and extensive studies will be referesnced. The two
most productive techniques have been rhotometric spectrophotometry
and the photoelectric measurement of brightness with color filiers.

Teyfel! (19502, 1960b) has published a catelog of color
measurements of 262 small zreas on the moon. He photographed the
spectrum of severzl luner surfeace strips and msde microdensitometer
tracings to find the color index (brightness ratio at A= 0.55 and

0.hl P) and the color.excess in magnitudes defined as

Taqco Ic;moo
CE = -2.5 [log- e - log ] ,

og =
Iffvt‘ I Sseo
for each feature. The general results of Teyfelt!'s study will be

noted later,
Coyne (1963) studied sixteen areas by a similar technique.

He defined a color contrast for two lunar regions, a and b, as
CBa,p (A) = (my mgg50)y = (M3 “Bygpohe:

In this equation, n corresponds to the stellar magnitude and 0.55 P

is a standard wavelength to which the observations are referred.

9
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qune evélﬁéﬁed the color contrast for‘QVer& IOO,X.interval betﬁeen
- 1380 and 6835 ﬁo Significant colorléontrasis wefe found, the ﬁaﬁimum '
values iying between 0.15 and OGZO stellar magnitudés:

More.recently, Evéyukov (1967) has photographiﬁally measured
a special color indexvfor a large sampling of lunar features. For
‘most of thém, the differences from the average for the entire mobn‘
were found tovbe.smalla »Some large differences were attributed to
~ lunar luminescenéeo |

Therphotﬁeleotric technique was first used by Wilsing and
Scheiner (1909, 19215, and later by Geﬁrels, Coffeen, and Owings (196&),;
-'Wildey and Pohn (196L), Coyne (1965), van den Bergh (1962), Roberts i
(1966), McCord (1958) and others. Of these iﬁvestigators, van den
VBergh; bene, Gehrels, and Wildey and Fohn standardized their obser-
vations to the UBV system ofvétellar photometry.

The photoeleotric technique affords greater intriﬁsic accuracyA
than does’ photography; 0.1 - 0.5 percent versus 5 percent. These
accurécies_pertain to differentisl, not absolute measurements. The
photographic - technique does,‘however, meke it possible to maasuré many
lunar regions simnitaneously, as done by Teyfel! (19608.,‘196013)e

Photoelectric detectors have a sensitivity range not too different
from the phgtqgraphic.plateo Some modernvdetectors can be ussd_up to
lOZ.P, aé»can éome photographic emulsioﬁs (Eastmén-type Z),'but for .,

- measurementé~in the infrared, other detéctbrs‘are required. Thevmost'
commqn.defector a@plied td-éstronomy is lead sulfide. The earliest
applicationé to astronomy are discussed in kuiper;'Wilson, and Cashman

(1947), and details of thé manufactﬁre,:physics, and perfbrmance,of
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PbS detectors are given in Smith, Jones; and Chasmar (1957). Kuiper, et

a]..'(l962) discussed the.applicationrof PbS detectors in a scanning
stellar and planetary spec‘orometefo
Leéd sulfide detecfors are important because they»cover the

gap’betweén,th the one hand,_photographicvblates and photoelectric
“detectors (about l°2'P>,°T more praotiéally, 150 }) and the onset of
;éelfJemission of'the moon (abdut 208 F)° _Injthis interval'also,
'several_gasés have fundamental vibration-rotation bends and many more
éases have.fhera overtone bands. Kﬁipéf, and méré receﬁtly'Moroz
' have.been most active in obtaining'pianetary and étellar'spectral
vin thié spectral i‘egion° Howéver, fof the detection of spectral

features of solid substances, this wavelength interval is of lesser

" interest because most lattice-vibration spectra occur beyond 3 e

IydnA(l96h, 1965) has investigated this‘région in the infrared in
'ierms_ef_compositional analysis of rocks on the e;rth and planets.

AThe.spectralllﬁminance of rocks in the PbS region is, however,
Ca useful'togl_in differentiatiﬁg among rock types, as was demonsﬁrated
by Romanova (l?éﬁ), Krinov.(i9&7), Bindef;and Cruikshank (196L, 1966a,
l966b), and Binder,vcruikshank, end Hartmenn (1965). This is
'ésbécially true when the wavelengﬁhvinterval under consideration is
~extended to tﬁe 1 B region, as is done in this stadfc

The first infréred colorimetry of'sﬁall areas on ﬁhe moon'wasA

" made by;Binder, Cruikshank, end Hartmann (1965) who isolated aresas
5 X 9 km and made rapid'tfacings of therinterval-l,b - 2.2 P'using
the,Zl—ihbh Iunar and Planetarj Labqratory telescbpe ahd.the infrafed

~S§éotrometér'deécribed«by Kuiper, et al. (1962); The results are
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discussed in the pext section. Moroz (1966) made similar measurements
"Withxthé Crimean 50-inch reflector, extendiﬁg tﬁe study to 3.8 Po
The area of the moon admitted to his instrumént was about 20 X L0 km;—
"Wafts§niéhd Hapke (1966), using spectral measures from 1 «'2o§ B
of Mare Tranquillitatis from Stratoscope II at the altitude of 83 500
feet (Vattson and Danielson, 1965), made comparlsons with the reflection

B spectra of rock powders-thab had been 1rrud1ated with 2-keV hydrogen

ions-éimulating-the solar wind, Their results, discussed below, are

- similar to those of Binder,.Cruikshank,‘and Hartmann (1965);
As ﬁart othhevproaram of scientific expariments aboard manﬁed
'sﬁacecraft the crew 01 Genini 7 made lunar spectrs in the range 0.22
to 2. 70 B (Condron, et al.,, 1966). These spectra inciuded the entire
moon with no correqtlons for the absorptions of the atmosphere.
More recent phdtometry pf the entire moon at = few selected wavelengths
(Forbes, érivate communicétion) has confirmed the sbsolute values of the
Gemini curve and its shape. |
“Quaiitatéve'but striking results have been obtszined by E. A.
-Whit“ker using photoﬁraphs of the full moon, made with ultrav1oleu and
near 1nfrared filters. He made & ‘positive copy of the red plates (A 0,78 P)
and sﬁpefimposed it on a negative copy of the ultraviolet plate
-ﬁ(A:O,BS p)o With this large baseline, color contrasts sh§W'With gfeat
clarity. Whitaker's photographs were reproduced in Gehrels; et alg
(l96h, p° 838). and Kuiper (1965a, pp 26-28 and 1965b, p. 295), His
: phdtdgréph'of thé Mare Imbrium—Sinus Iridﬁm»Oceanus Procellarum regions

is included in this work as Figure 28.
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Results of Previous Investigations

?hotographic Spectrophotometry

Observers.using’photographic colOrimetry_generalLy agréekon _
the basic conc1usioné'that 1) the color Qf tﬁe:ﬁoohiis Ver& neafly'.
ho@qgeneous, but that 2) some Sigﬁificanﬁ vafiations dq occur.,
Further, that 3) @he,albedo varies only a factor of about 3 over thé‘
‘ surface,‘whereas the albedo variations for terrestrial rocks are
.‘50:1'(Sharoﬁov, 1962)s and that ) there is a correlastion between
color:and bfiﬂhtness for lnnar'feétures such that‘the brighter fea-
tures are uSAGlly the redder (Teyfell 1960a, 1962, Coyne 1963,
Sh??onov 1056 1962, and many ‘others), - ‘

Concernlnv conclusions- 1) and 2) aboveg Coyna (1063) has'
noted that the m:rwa are more homogeneous in bLuo llght than in red
(above 0655 P)c ThlS is conllrmed by the color- contrast photopraphs
by 'Whitakér° Coyne also_found from his curves of chor excess versus
wavelength that some humps aboﬁt 500 it Wide,ocour, and suggested
that they are‘related to luninescent phenomena as rebértedvﬁy Dubois
(1959)’and many others. Roberts (1966) made a specific photometric
- search for anomalous brlghtenlnas on two anhtS in 196} but did not
défeét anythinﬁ unusual, With,solar activity, uSualLy thought to
| trigger lumlnescence, at a low ebb |

Thc result that the brighter areas on the moon are. on the
whdie redder JS shown in Flgure 2 taken from Teyfel! 1@60&), As
stated on page 9 the color index is the retlo of the brlvhtness of

the object atb 5500*& to the»brightness at 1100 3, and 15500 is the




brightness at A= 5500 2. We shall presentlf see that the large
‘scattér in the points af values of the bfightness,factor greater
than about 0.10 may be interpretable. It is not primarily due-td
errors of measureﬁent,'which aré on the order of a fe%*?ercento
AIn Chapter V, the age-darkéning and homogenigation of the
upper layer of the moon are discussed from the point of view of
radiation damage to the exposed. surfaces. In:laboratory experiments

as the radiation (solar wind and ultraviolet) dosage increases, rock

samples become lower in albedo snd their color properties become more

and more uniform. The scatter'in Teyfeltts diégram for-higher albed§
may then be due to regions of ffésher rock surféces,'while.poinﬁs
wiﬁh more uniform color index and lower albedo may represent the
‘older, radiatioﬁ*darkened rocks. This interpretation, however,
seems contradicted by'the infrgred data which shbw—radiation—darl—
ened rocks to be reddensd; whersas on the.Teyfel‘ diagram, roéks
with lower aLbedo; and presumgblY‘with greater radiation dosage,'are

bluer° f‘

?hotoeléétric SpectrophotometrjM

. The early fesaltg of Wilsing and Scheiner (1909, 1921)
hgye'beép.reworked by Sharonov (1956) who pubiiShed.curves for a féw'
lunar regioné;and for séveral rockAtypes in the spectral_range 11500 2

to 6500 R, Even in this narrow spectral region there are very few.

terrestrial rocks that match, lavas from Vesuvius and Etna, basalis,

gabbros, and a few other volcanic rocks coming closest. Sytinskaya

(1957)»expanded'on.this'quk'by,constrdcﬂing diagrams for lunar
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The Teyfel! color-index and albedo plot.
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features showing the color index relative to a white; sﬁnlit surface
- plotted ggainst albedo. - The basic diégram is'shown,in Figure 3.
The ciustering of points at loﬁ albedo and small color index is
“apparent. The Sytinskaya diagram is not tod.differenﬁ from that,df.~

Teyfel! (1960a) noted above, and a slight slope can be seen toward

the upper fighﬁo Sytinskaya then plotted color index-albedo diagrams .

- for many vqlcanic and obther rocksev No récks fell within the region
defined by the luner surfaces studied. Stony meteprites have color
rindicés'of the right order, but their albedos véry'widelyq The

rfused crusts*qf stony meﬁeorites liercloseét to the iuﬁar,enveloéeg

which has led Sytinskaya'(i957, 19062) to develop the metéor-slag

theory for the basic color of the lunar surface rocks. Her work was

done mostly before the concept of solar radiation—darkening'of lunar
rockslbecame en vogue, and she thought that the dark color on the
mdon could_originatg from,the decompositioﬁ of silicates

B FoSi0—3 2Fe0 + 550,,.. | .

| Van den Bergh (1962) determined the color index of Mare .
Serenitatis on the B-V Sjéfem (k:»oohsiand QQSSAP)band-comparedA'
. other lunar régionS'With it to loqk for color differences. His B-V
éélor_indeX'for Hare Sefenitatis is 0.876 _0,022,iand the relative
.colors[A_(BQV)] range from -0,070 (dark spot north of Schroter):to

| 0,016 (uplands regions south-of Tycho). Coyne (1965).3130 used.Mare

16

Serenitatis as a B=V standard. For the 36 areas,hé_obserVed,ZA (B;V)-b

ranged from ;0,0Sl to 0,028 stellar megnitudes. He also examined

any reddéning‘with:ihcreasing lunar phase and,cohcluded that differ-

ential colors show no phase variation. Gehrels, et al. (196L) had -
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reported s&stématic reddening of the intégfated,color ofithe méon
with the absoiute value of the phase anglse,

Wiidey and Pohn (196L) used their UBV data for 30 lunar-

: regioné with their stratigraphic classificatioﬁs to correlate dolor
effects ahd age., Their data suggest that with increasing age, the
"backscattering incresses, poésiblv becanse of greater cavitation.
That lunar rocks dar&en with 2ge is alsc indicated by. their plot

of the brlghtness of a unit ares of the moon Wlth res“ect to relatlve
~age. It is not yet possible to determine the agewdarkenlngrrate,
bécause:the lunar stratigraphic system does not yet possess abséluté'
ages ﬁor the various units,

»The Gemini 7 resulis (Condron, et aluil966) define the refleé«
tivity of the moon from 0.22 to 2.70 ps as shown in Figure b, in,which
the ordinate 1is o'eome’t:rbic albedo.' On the Gemini f graph I have - |
plotted also the reoults obtained by MOroz (1966), - and by Blndef,
Crulkshank, and Hartmann (1965) (BCH) The data for the photographic
part of the spectrum.were taken from previoﬁs work, From this com~
posite graph it can be seen thaﬁJthe data of BCH and Moroz parallel
those of Gemini 7,_eitheriatAlower or highef albedos, depending on’
'the nature of the mé,terial° Rays and crater bofﬁoﬁs are brighter
- than the avérage moon (Gemini 7 curve); while maria are darke;__"o 'A
notabla’defia£ion in the curﬁes occurs -at 1. 6 P, probably beceuse
-of the tellurlc ﬂbsorptlons of CO2 at thls Wavelmnath ‘Neither BCE
nor Moroz corrected for the 301 221, lhl, and 061 v1bratlonal bands
- of GO at'\\ 1. 536 1,575, 1. 605, and 1. 6&5 p, whéreas the Cemini

2. o
7,measurements were made from sbove the atmosphere., While it»is’more
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The reflectivity of the moon, 0.2 to 2.8 microns.












































































































































































































































































































































































