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* LUMINESCENCE OF APOLLO 11 AND 12 LUNAR SAMPLES

Norman N. Greenman and H. Gerald Gross

ABSTRACT

Luminescence measurements of Apolio 11 and 12 samples have been made
with far, middle, and near u.v., X-rays, protons, and electrons. Efficiencies

6 or less, for all irradiations

were found to be iow, of the order of 107
except low energy protons, efficiencies for which were of the order of 10"4.
These cannot account for the astronomical observations of luminescence on

the moon, at least not in the Apollo 11 and 12 landing areas and at least to
the extent that our samples are represenfative. In general, the efficiencies
agree well with those for terrestrial rocks in which efficiency decreases
with increasing basic character. We cdu]d find no evidence from measure-
ments of both interior and exterior specimens -that micrometeorite impact,
space radiation, and other mechanisms ope}ating at the lunar surface have
affected the luminescence character of the rocks. Such effects, if present,

are too small to be seen through the mask of low 1uminescence efficiency and

consequent weak signal.
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LUMINESCENCE OF APOLLO 11 AND 12 LUNAR SAMPLES

Norman N. Greenman and H. Gerald Gross
SUMMARY

Luminescence measurements of Apollo 11 and 12 samples have been made
with far, middle, and near u.v., X-rays, protoné; and electrons. Efficiencies
were found to be low, of the order of 10"6 or less, for all irradiations
except low energy protons, efficiencies for which were of the order of 10"4.
These cannot account for the astronomical observations of luminescence on the
moon, at least not in the Apollo 11 and 12 landing areas and at least to the
extent that our samples are representative (we did not have, however, any
more sialic rocks, as 12613, among our samples). In general, the efficiencies
agree well with those for terrestrial rocks in which efficiency decreases with
increasing basic character. We could find no evidence from measurements of
both interior and exterior specimens that micrometeorite impact, space
radiation, and other mechanisms operating at the lunar surface have affected
the luminescence char§ct9r of the rocks. Such effects, if present, are too
small to be seen through‘the mask of low luminescence efficiency and con-

sequent weak signal.

INTRODUCTION

We have reported the first results of our luminescence studies of the

Abollo lunar samples in previous papers (GREENMAN and GROSS, 1970a, 1970b);

- in this paper we present additional results of measurements of the Apol]oAlT




samples together with the first results of measurements of the Apollo 12
samples. To recapitulate briefly, our obiectives in thase luminescence studics

are (1) to understand how the luminescence behavior reflects the origin,

history, and environment of the lunar rocks, (2) to discover luminescence
. ~ characteristics of the lunar rocks that might aid in geologic mapping and
other Tunar exploration activities, and (3) to evaluate the reports of

Tuminescence on the moon based on astronomical observations.

To achieve these objectives, we are measuring the luminescence spectra
and efficiencies and comparing the results with those of similar measurements
of terrestrial rocks and minerals. Our excitation sources are those of
importance in the space environment--u.v. {1216 and 2000-4000 R), X-rays >

(0.2-8 R), protons (up to 150 keV), and electrons (up to 150 keV)--and our

measurements of the 1uminescencé spectra are from around 1216 R br from
[] [J]
the exciting wavelength if it is longer than 1216 A) to 6000 A, except that in o

o -
cases where luminescence is found near 6000 A we extend the measurements to

"AM’WW:V‘»Y‘ # I L

the cutoff wavelength of the detector, near 8000 R.

- Rk v s

We wish to thank W. M. Hansen, R. R. Carlen, T. H._Mills. and D. J. Williams

for their valuable assistance.
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EXPERIMENTAL PROCEDURE
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The experimental arrangements for the various ijrradiations are shown in

Figs. 1-3. The system for middle and near u.v. irradiation was modified in
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some respects from that described in our previous papers in that a Bausch and
Lomb grating monochromator was substituted for the Gaertner quartz prism mono-
chromator for obtaining a single line or band, light-collecting and focusing
optics were added at the entrance and exit slits of the Jarrell Ash output
monochromator, and a photon-counting system of signal measurement was added,
Also, an argon ion laser with a u.v. generator, which gave a line at 2573 R,

was used for one series of measurements.,

The light-collecting and focusing optics were also used in the far u.v.

measurements; otherwise this system was the same as previously described.
The samples used in the measurements are as follows:

Apollo 11: 10044-38 and 10044-53 (coarse-grained igneous)
10022-55 and 10057-45 (fine-grained igneous)
10048-36 and 10048-37 (breccia)
Apollo 12: 12002-99, 12002-106, 107, and 12002-114 (medium-grained
olivine dolerite) | |
12020-54 and 12026-55 (fine-grained olivine basalt)
Terrestrial: Granite (California), gabbro (California), willemite

(New Jersey), andesine (Norway)

DATA ANALYSIS AND RESULTS

Middle and near u.v. irradiation with xenon-mercury arc lamp

TR LN
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The results obtained from the Apollo 11 samples with 3000 A irradiation
were reported in our previous papers. The uminescence signals, if present
at all, were weak and indicated upper limits of efficiency‘from 5 x io'5 to

2 x 10'5. In the present series of measurements, we irradiated the Apolio 12
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samples with 3000 A and both the Apollo 11 and 12 samples with 3650 R and 2516 R.

In this last case, other lines were present, the 2516 R Vine accounting for
about half the flux and lines at 2800, 2900, 2970, 3000, 3140, 3340, and 3650 Z
together accounting for the other half, CExcept for the willemite, none of the
samples gave a detectable luminescence signal so that we have no basis for

revising the efficiency upper limits already reported.

Middie u.v. irradiation with laser

The 2573'3 line from an argon fon lascr was used in this series of
measurements, Sample 12020-54 showed a band in the region 6198-7765 Z above
the Baso4 reference level, although the signal was only slightly above the
noise (Fig. 4). Granite gave a more pronounced band at 6408-7930 R, gabbra
a marginally detectable band at 6280-7120 K. and willemite a pronounced peak
at about 5316 R with a secondary peak at 7638 X. Similar red lJuminescence
bands had been found earlier in various silicates by GROSS and HWYATT (1970)
when they irradiated with the 4880 R line from the argon laser, although the
quantum efficiencies were Jower than with the 2573 K 1ine. These results,

together with preliminary values for the quantum efficiencies, are summarized
in the following table:

Quantum Quantum
Peak o Bandwidth Efficiency at Efficiency of
Sample Wavelength (A)  FuHM (A) Peak Wavelength  Total Band
Willemite 5316 424 8 x 107 3 x 1072
7638 407 3 x 1077 1x 107
Granite 7169 1190 1 x 1078 1x10°

© Gabbro . - 6700 655 5 x 10~° 3 x 107°
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' Quantum Quantium
Peak o Randvridth Efficizncy at Efficiency of

Sample Mavelength (A)  Fuitt (A)  Peak Mavelength  Total Band
12020-54 6826 915 6 x 1077 6 x 1070
Signa) Threshold 4 x 1077 .4 x 108"
Equivalent to :
Noise

*A function of the bandwidth (FWHM) of a luminesceni feature,

Far u.v. throuqh visible irradiation with hydrogen discharge

These measurements were made to observe the luminescence effect of hydrogen
Lymén-a]pha. Total band irradiation was used first before attémpting‘measure-
ments with the hydrogen Lyman-alpha 1ine alone. The results are stcwn in
Figs. 5-7. Sample 10057-45 shows distinct luminescence in the band 2260-4363 3
with a peak around 3140'3. Gabbro shows an almost identical band. In the
remainder of the samples there are indications of a broad red band in the

Apollo 11 and terrestrial samples and a narrower red band in the Apollo 12

samples. That these signals are real, though weal, is supported by the
presence of red bands with the laser, X-ray, and proton irradiations. Calibra-
tion of the system is still in progress so that no efficiency values are yet

available,

X-ray irradiation

>

The X-rays for these measurements were obtained from a tungsten target;
the tube was operated at 70 kV and 45 mA. Under these conditions the ir-
radiation band was from about 0.2 K to the cutoff of the beryllium window at
8 R. Distinct luminescence spectra were obtained from willemite, granite, and
gabbro in the band from about 4000 K to near 8000 K. .%o detectable luminescence ]

was found in the lunar samples in this band, and none was found in any of the
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samples in the band from 1000 R to 4000 R. The gqabbro and lunar samples
1004453 and 12020-55 were also measurgd with the source-to-samnle distance
reduced by about 30 per cent; this resulted in an increase of about 50 per

cent in the intensity of the.gabbro spectrum and no chanae in that of 12020-55,
The curve for 10044-53, however, showed a barely discernible rise with a
maxinum in the 5300-5800 R range. The granite and gabbro curves (Figs. 8 and
9) disnlay prominont peaks at 5800 R and at about 7350 R and a third very faint
peak at about 4500 X in granite and about 4850 R in gabbro. The curve for
willemite was found to be virtually identical to the one obtained with u.v.

irradiation--a single peak at 5350 A and a band width of 550 A at full width,

half maximum,

Preliminary calculations give efficiency values as follows:

Willemite 4 x 1073

Granite 2% 1074 Total for all three bands

Gabbro 6 x 107 ~ Total for all three bands

A11 Tunar samples <5 X 10'6 Based on minimum detectable signal with
source-to-sample distance used

10044-53 8 x 10'7 With reduced source-to-sampie distance

Proton irradiation

Invone set of measurements we used protons of 5 keV energy and a proton
flux density at the sample of 2 x 1014 protons/cm2 sec 5 keV, or an energy flux
density of 1.6 x 106 ergs/cm2 sec. As the protons were produced by an RF
discharge of hydrogen, we ran a discharge refiectance curve for each sample
before turning up the accelerating voltage. In all cases, the reflected light
due to the glow was below the dark current of the sensor except for the strong

hkydrogen ]iqg; at 4861 K and 6563 K. The results are shown in Figs..10 and 11.
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#11 sarples show luminescence over a very broad band; the numbered arrows
orothe curves show the wavelength limits of this luminescence. In addition,

(4]
coust sanples show a narrow line feature in the 5950-6000 A interval., Willemite,

LI
e artpe ™

23, and perhaps 10057-45 do not have this line; BaSO4 has such a 1ine

]

&t SE00 AL The source of this feature has not yet been determined.

Efficiencies for 5 keV proton irradiation in the 4000-8000 K band are as ;

roliows:
Willemite 3 x 1077
Granite 3 x 1072
Gabbro 1 x 1072
Andesine 3 x 1072
10644-38 3 x 107%
10048-37 ' 2 x 107
10057-45 2 x 1074 i
12002-106, 107 . 1 x 107
12020-54 | 4 x 107

A secoend set of measurements was made with protons of 100 keV energy at

0l3

8 x 10'6 A, for a proten flux density of 1 protons/cm2 sec 100 keV, or an

. energy flux density of 1.6 x ?06 ergs/cm2 sec. Th2 luminescence in this case

EE e

was measured .ver the range 1000-4000 R. In all cases, the flash effect i E
described by NASH (1966), in which an initially high signal decays rapidly ;{

in a matter of minutes, was observed. Repeated runs showed that the signal f ?

leveled off after about 6 to 9 minutes so that the efficiency va?ues‘giveq

below are for the last rather than the first runs.
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Granite and gabbro show a low peak at 2220 R and a pruminent pea. "t 2760 R.
with a barely discernible peak at 3140 R. The Tunar samples are similar except
that the 3140 R peak is much more prominent. Also, the decay rates of the

2760 X and 3140 R peaks appear to be different in the lunar samples, the former
being most intense initially but declining more rapidly such that'the latter is

most intense in the stabilized luminescence curve.

Efficiencies for the 100 keV proton irradiation in the 1000-4000 A band

arc as follows:

Granite 2 x 1077
Gabbro 5 x 1078
10022-55 f ~ 9x 107
10044-53 | 1 x 1078
1004836 1 x 1078
12002-114 | 8 x 107
12020-55 a 1 x 1078

Electron irradiation

Some runs were made with electron irradiation but because of a possible

equipment malfunction no reportable results are available at this time.

Temperature effects

We made a set of measurements with the samples cooled to about -100°C
using irradiation with 5 keV protons. Except for a change from green to red

luminescence in the willemite, nohsignificant effects were noted in either the

lunar samples or in the granite and andesine.
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Polarization
A polariscope with a Wollaston-type prism was used to observe visually

the luminescence induced by 5 keV protons., No changes were noted that could

B mww. e whows 5 4 gews -

be ascribed to polarization of the luminescence.

DISCUSSION :

The Tuminescence efficiencies of the lunar samples, despite some variation
with irradiation type, are uniformly low. They cannot, therefore, account for
the astronomical observations of luminescence on the moon, at least not in

the Apollo 11 and 12 landing areas and at least to the extent that our samples

are representative. It should be observed, however, tliat rocks of more sialic

character nust exist on the moon, as evidenced by Apolle 12 rock 12013, but :

rocks of this type are not represented among our samples. Such types can be

expected to show higher Tuminescence efficiencies if they behave at all like

e e - Lo
i s B gt 3 N

their terrestrial counterparts.

We could find no evidence from measurements of both interior and exterior
specimens and of the various lunar lithologic types that metecrite and micro-
meteorite impact, space radiation, and other processes operating at the lunar

5
‘; surface have affected the luminescence character of the rocks. SIPPEL and

s T i s s i

SPENCER (1970) report luminescence differences in the Apollo plagioclases both

with respect to terrestrial hlagiocTases and with respect to degree of shock

% , damage. They were working with individual grains under the microscope,
§ however., We measure the whole rock, and under these circumstances the signifi-

cant content of non-fuminescent material greatly lowers the rock efficiency,

as opposed to the mineral efficiency. This lowering is great enough to mask

- A

the effects noted by SIPPEL and SPENCER.




Tk At

e ;f%-.,q‘mm%gmp” e v

Porap P R

SN ENN

12

REFERENCES

GREENMAY N, N. and GROSS H. G. (1970a) Luminescence of Apollo 11 lunar
sanples. §gigggg,lgl, 720-721.

GREENMAN N. N, and GROSS H, G. (1970b) Luminescence studies of Apollo 11
lunar samples. Proc. Apollo 11 Lunar Sci. Conf., Geochim. Cosmochim.
Acta Suppl. 1, Vol. 3, pp. 2155-2161. Pergamon,

GROSS H. G. and HYATT H. A, (1970) Optical laser induced luminescence in
natural materials: a tool for active remote sensing. EOS 51, 770-771.

NASH D, B. (1966) Proton-excited silicate luminescence: experimental results

and lunar implications. J. Geophys, Pes. 71, 2517-2534.

SIPPEL R. F. and SPENCER A. B. (1970) Luminescence petrography and properties

of lunar crystalline rocks and breccias. Proc. Apollo 11 Lunar Sci.

Conf., Geochim. Cosmochim. Acta Suppl. 1, Vol. 3, pp. 2413-2426. Pergamon.

e ——r 2, -




€l

coawﬁ..t. "A'N 23N pUT SlPPIA 104 Em«m>w Juswasnseayy mucmummc.Ea.._ *} aanfBi.y

/ /
SAVT o8V .
/ NoxaX-ANRORIN \
HEGSZ VINONVH

o \ .smt.w\»m NV SHY
\ HOLYIKCUHIONCH . \

128
L

.

Sidd TISvdens

HOLVHINID . _
\I ARTEO | wassas

J uM!.m.l - H3SVINCI _ | ¥3sV1
X v

[T ""

4 NODHY IHD - . C
Y3113 ¥52 uizmoonl\\y HOLVOHHIONOW
\Iﬁmwo HSY TI3HYVr HOLVNINIYSSIA
Y3416V HSS
. HIITdILTNROLONd : <
£03S56 i3
. , N H3ILYIANGCD
: _ | 7 . Ot V1VQ3 431NN0D
: L] — NOLOHd HSS
: | — AH
| . \ N : T “
Wlu, IENL g —/ \ H3QH0I3YH A-X
\ 3GITS HI L , INISMIOH ¢ae
HESIYHD e e S SINIDOAHD : A373S0W
e coliio P£-€ SNINHOD ZINYOD
=TdIRYS NOI1937100 LHOM — ——MOGNIM TSTHINS - ]
ST e el e b gibent e

e e i




L T e A

SJ31Ld0
NOLLO3TI0D 11D

(A g 01 ) AB1dug Mo puz -

A

uone:pes| vonoag pue 101044 i
A’N Jed 103 walsAg Juawasnseapy SdusdssulwnT *Z ainbiy

i A
IISAYHD
WNNSVYA ~
SIQKYS i}

=
22ENCS ﬂ

NOH12333

GNY NO1OYd
03140

LCLYINCHHIONON
W SZ'0 HSV T13HYYr |
YOLVNINIYISIG
. . Y3 LIMAOLOHY HAlNIY 4SS
* ‘ 808556 I3
| | HILHIANGD
| 0 - = Y1934 H31NN0D
0 = NOLiOHd H5S
l:. il : AH™ m
MoaNIM l/ ONISNOH HITHOISE A-Y
FISYH4NS JINIDOAHD . z-Ge
ViINVNO A313S0
SJ1.LdO 2GS ¥31 714
38N1 Wd

L€ ONINHGD

2JHNGS LHOIT AN HY4
A0YVHISIA N3IDOHAAH




6l

uoneipel} udnISYF pue cS,o.&
(A gGL o1 dny) ABisu] ybiy pue Aes-)X 30§ 404 WSISAS JUBWISINSZAY S2UddsAUIWNT “g darbiy

.

334NOS NOY10313 INV
. . - NOLOdd A2 0SL -0
. . . JINIAWNZBISNI SVX2L

S139HVYL WNINOYEHD . . :

. OGNV NILSTNNL . |
HilM 3801 AVEX 2D M . : y

m
W,
I1dNYS
HOLVINOYHOONOW .
. WNNOYA $211d0
, 14 £0 NOSHIHOW " aaniwa
M Y3 iINWTOOId H3IAL023H AX
| ‘ | LA ASTHLI3 - 2-ae A313SOW
,w ,, 32NL Nd AN BV GNITS HY10S HINT 4O I\ A1ddNS H3MOd
W Y3 1NNOJ NOLOHd NOHLTINNYHO XiGNZg 39VLI0A ‘
T . HOIH 3NN
. . .
- Cmae P et ™ el Cawmsa L .?nfw.nc i W M e e e e e A A 5 g s b sl g 50 S N
N . e .itV At . ?i




e
33 A BLA

£C

JARRELL-ASH

o

-

%
v

G N

-

N

COUN

¥
.
L]

OA

—
i

3
’__‘!,
3

EMI 9558CB P

wie
w2

- wie

sl

+
O LR KR L : > ey v, RS T 2 D R T g TR
1”&:* ,‘M-»;u.r’n'*lh‘" . brse -'H!l...,!.qv L Ses gt ","1,‘.,?’;;71

k4 qur » EE2REE] QG_I',"t!f e e QU PO BT STy wmeas o AP E 4 RIS A YIRS

H ’l re q"ilb og«,.:,!an + aftred s .. ey P . ® oo |

1:} ;§,. ‘.?l b + IR B g e trdddigastes DX AN chebaee N

' 1 ENET X t'x laylu,f. . fe o fisisegiasfam crsbbee. faake d
pdiliens R S S RS - iosafcteaibrbeg * «lf,e ches s |

SRR EE] . TR T R . . PR nt}i!“ AT Y U

IEEC RN rhv g e gad fegtay N . tee g g s T [ T AR IAPRE I I 19 ;

3|‘mu- et s et b reris . ke ey s e -taw s bevibbresn _-clu:.'. T

BT IR yvro—-,-ww«q- verdged s § 0 s rmene s CAME, sz e e 4«»n.tw--cntu Plypided ie ame J

foed g erderebet 18 Cewx B R R LR R N N B R I e S

tames Corraben s 699-31’2 I A T E RN R R £ AR VG 1 e

EREER] . DSR2 K lvvx»won Ceee ) PPN tvvtti‘!n‘ P R N TR IR TN

1 b ks e s Teydata :,,Q'g, .o MY RS LR R RN LA AR

IR RN E ‘-"(I i '“”'"‘I! . T AL e L EEN Y A O

1 e fehragpprgeecrney et L e IERE R R RS R L B

ey RS EENEE & SN l.lv;-‘: ..~,-_J¢'. PN S gra e gy cer b2 4 d P e

IR sty ki v e iy RS trabpear} "'10'31 coav ek -

- YE cedvisrasg afies ‘S?- ST A R FR R T T TIPS I A I .. .

L L3 *‘MQMOD'!‘"T LIER L q(~‘.,’ o ey ) smmm b ems b7 T4 D Saend o S T i bt L '

Y P el ryead br v e redaipt e v s B N RN L R N R L IR R T e s by

S sAe xe gy wvl!’rgfﬂp-vq’i’ S e I R R L R R e e LR i

e R N Y N e R X i RS .z e ,..‘,i-.all,‘.ﬁ‘ .-.![N. PR . .

' catsdribirintr cvliesegniag N T ,.»..v-.|t‘-~ ey ‘,.’; = . 7. . . v

AR RN R IR N R A e Y I, S A AR RN R ] | mse ‘li‘- sape s N

Poeg s ...!i-... EE RN ce el T PO y..,._ru.‘. LINE REN .‘.1‘.., .-

;1 MERER RS KN reprf ot sye g o . Bl “": '“"l"""l"x‘""""‘ . ..

R R R R AR SRR R Cee am g bl j‘- IEERRIGAE S R T S R ERE R Y B -

‘-‘ e R R R R R RN X .-./'"uuw-.-n;. R R E R e IR R B . .

M Ts s gt btadmantd emr ] o0 sctercny s erewes v wid Tl baresy aed TEowses a gee i h .‘...;,’.;‘{4,.,,.,,,,,, - a + oave o

o SRS EEE R ERE TR RE R RN IR YL N SRS E R RN PR AT R . he e

1. Frov sy saiesptlecrrevrey oy . * ERIN I L S S N N LTI

Pr2ima o, obs de vdne daaeid des ' b I L EEEEE EE R TR N IPIIR Y BRSSPI I e,

LAEN. et 6:5‘11.4, FOIRRERRTE E L ki i N P R S TR R Y I I S SRR }.&., FRRE 1y R

[ EEEEEE EEIRY AR EEE ER L AR R RN R S e e IR EE S R A Y‘OI’IG"V sqiia.tese iy '

o ariady |;‘,3a,'b tae vaga A e -,-.in’.,‘., P Y| IR RTR L

ro PRZERE EREIENE NN RE RIS I s e s e EEEE R IR eI R R I P SRR

[ S R R e R AR R ] ooy .. R R I e I B N T R T )

Vooves o asaefae st bpe by sideia . ' I RN I BRI IPIRP SR N

L ot L ILTRE (TR R FURTSE IV SPTRA e R PEDITEIEP S AR O R P ey

[ :45:.-n|. eve - Tegy [ RS EE RN ? B IR AU RS Er e g

» o fgdrettraterteas e Sl B R R e I R N »

[P I EE RN R R R R st deienld AT I T B .

LI KR RN R R I R ) R RIS T --.!. ced e o o % ovem

[ R I B R R R N R I R R R VI N R R IR IS I AP S )

ISR R NS SN AR S 0.&.1,61( HN ‘,.--i et dege " ‘

bt e g-i’.{f.n;l pesdbrrrde % p AEBOPE Lr "”.”‘I‘.H . .

F/-—-vo'ot tfdbegda b ran b ieid [RTS ELAKEON S She™ dtred s d breqe. N

- -.:m.w-& IR S RRE KRN KRR R XN .l [P SO R S IR il '

L’,,:__.“- :‘,...‘-.--pl".;.q.. - rrmpope bbb O BT 2t at I T F T ST TF S YOS i «

IR E R I 45ti—¢7»,tp»’..1- EREP TR R 0 9 ‘-'9,-""'-051341 . ’

Pormos 2t rﬁtv‘ovq Prgey Jossitndireny . Pprerieae gpilafe. .

"m"“‘"“ bt repesfegpaing o i ‘tylwq»-'l{]uo . .

R R R R B S R RS SR brbesgonndidsi apee H

P e N .41.“.4!4‘ bdadib o na e ISR EER R ICRI TPEHPIE T H

el g, l’;..trpa» P R N} - L I IR T i

s drriren, shaddbgrs it edabay e Chaa rbeeg 0B et bbbl b ax g -

b e gy ERE R RN B IR IR SN e R R R il LA A T

R A R R R R R T Y S BE R T RN Lt SRR e R S Ly #V e

e PIDEEDURID VGRS, IS B R et B D LAt LT REEe SRS ARSI N "'"‘vf‘“‘!

L S L LR R I be R L AR Rt W U SR I iai‘a ceae T 0

PRI oAyt 4 NN B IRESIPIPID) RPN - R PO TR T Y - Mk Lo DIPITE IR e IR . 2T

PRI BRE PRASRE! .,..4.._](:,. FRSRPEY REIE! It E S R EER IR Rk PR AT

vigee Sldm et dp 3 i e tese N IRRRA EEECE (R o SRR SO REETE PR P

1‘}«0 B RS E e 12 IRTENNY L SRS N 128 R AL o seesheindy "’“’l‘ .,4."-'?‘,...‘,}

*f-ru. 1.:;1«'..“«;;-14....... M IR e B . ) FRT IS ,»titYM s e 4 DY sad
Lo pemmtie psdnstonbeqgrsimbisel 40 o mmud e, N IR RN BTN i

tlo-“ B PR ;.L&-Ca-a; -,fzu..-.«.. DD ST S et &g. :’3 s bl baa ...q*"‘:.t-!

4sdt e oy Faspsidbrrenr  ses e e . ‘i' PRSP W R¥ e .,...(&‘,’,‘..'

pooeded-s Db @ A 3 ‘;g«-o-oﬁ B e e s A e e e S ruf e ermatin b ovus snes S o Tet g

' drtag - P AR $ih s mmw e ’ ORI 4 XTI IR n---.”li\’-:'(

PR ity PRSPPI B AT L e e ‘o HYTESTE S s Y T

RN ] LR STy t e rE e §a - ¢ se ey By s ‘Q«‘:-’ro -..n_\,'r,..n.g

4 e R R D I O e i Hv R X o R O R R

ER R i et be b et e bemam e erace e e A e a4} sdless il rmag) .

PRIV i T T N I I S O IR ERICIRIIET IC AR e

sl e e b d i fene b kg e rrmrmeme b L e se i R TR ST T e

40 g 4- cesba i ain qeeml ez ssmeman iyl s edosoon- sv! [P e -

b ey L N R R R R AR IR R + E ~>Iv"!4) R 2P

IVQ‘,'-:‘;J‘"""'Ivvixﬂv R R R e T Rthibe LI | w4 earad

ety PR e Pt O a4 e edipn .

PO rheei caruas rebgear bogad

..»‘Ira § el s bedow g - . . X

et LR o e ot AN RTINS Jtl_ Been 1 3.

o SSRAPERS RS

+4 e et .y ¢ bdo ,Q»a

12 ¥ Mg e ae ‘e 4t %]

el r e bt 2. st -dog ded

g r—e—sa SN SPOUTRE e .

a4 P .;iu.-..bso‘i.

-+ PR s emesrree

~ N)-+=- fridpbgo

+ 3 .adn , MR T R by o

fr}f Wy et | B gacbn 2 palA - v e e tfeb pd Bfy b d

—f-j u DU RO Bt AR v on .T..,.'.‘.. ,,-1 *

[ D d BT AT vy EXRE [ R

X3 PO om!mc-.-’; sed o R R R R R R

- pd NG PRSI R R AR R 2

} ot b ot ntal . ] W Preved ronquwie pf 4

PRI [ o DRI DONROMMINT S Sof DI [RRR PUS RN

b d o coweed [ R EREE P T a1 e B FEWR R e K

e R Le Ha N o Bt o PR ) IE 3

3 'i_,..n._.;l.-ﬂ-{.,....".,. wrreana | rren @t s semd g0 ‘

v deb e QLR reh Ldamap ><..4, et popgeeeds gee .

RN ¥ S RN R N ey R e B R X

R R Py Al M R I NPT SRS PNSIME IR 3R RV ST SrN M)

: % : & I 2 4

R R T i {",,.xrww R B SR R I '_'.,;:.‘v'm"‘-' et 4

[ Rt htathibnis SRR SRl i B i S S ]

| T o Bt w1 @wt b s i St 1 6 v o e geren E00 L o
LR R R IR R SRR RS et b ety oy 4 .

R O g B TR I N I S s i ,n‘t‘

,..a“...‘“»un-.» cpgaedf soe i o smmagorl ;--..,.M..’V.“-" oo Arbe s ..,,‘-q

“gored rv.--a,}'j{.q- [REREEER B ittt DR o SR LY PR A £ % H ey ’-o' "

dng Aew o - ¢ gt PRI LE I by e et ) g T » e v povl 4 bad 4

i~1’ - J,r‘z'd IR RIRE IR 171 IE P R Iv-»«vw»‘—l RYLE SO P -rl . uJ bt ;‘.’.u.'l, 4

RO B iCC- A IBORINSRUE DI it FODRADE NI it S ¢ SN kit TP Sy

ov‘iw.»)'vﬁ...‘..,‘ v.EetewE s .-q..».ﬂ.;...gf.‘.—..,u T REd M . m;..yv.f.‘a

e DTS RS S X oo a. e A ]
- - - —-L-«« P R 47, Ppoeee 94
4ewerd foocremnb ome o | sacwong camd ""'f’ 11 . 2 .y - o tamenn Ty

v e sl ovwiv», 2 EE R o .- e 4 *‘X + e [ Lt Y

avy o ge™ \‘.-?' R L R P RS S R L T RN R <c ben .4...,...;',‘ }

. by --»-.ﬂ‘;r‘ " gre o aud seps fomgom oo mve ek KW ~4.f.?;....4 - [ co-bimry S eXrig g

MM SO BESDOGRiN DRl § 5 B NRESEE ., .2 et vy i BT Tttt

e P EERE R RS D T e O 1 .i R ““‘“'fﬁ""]

R TR N B R ERT T T pauay - enrres W I g b

T T INwg g f b b ke o vt s gty TIN - b ‘? I .. m " w}'“ . b 1

S edu s anityre s ar e inboss ? . IR PO R 2 B P oRs

+ P — - R | L Bl c—-»-o‘;‘l .

PREE T g il . PR pt— . e dom + 4 . (ol o d

R SPSRSEE Se S INIDELS DOOAI " sl : fa PO b MOy 31

,,A;,‘,-‘,,Jt,,,‘g-?_.o...w.... ‘x .'.-31” Te v d s end 44, - - Pentoy w...ﬂ

I Ll a - U R RS SRR S TVRITTITRE ed t [ s i g

R B il R Lok s SR B R e S SRR = - < wee o sy 1 st s

B R R RIRT® ST o il odom R e e c o ‘3}(:) ad ':u..,, ",‘,,"5*"'

rrrger gy WMTE L i s e e rart aad ’-1 ol ¥ t SR RRR L

.-s;/f}«s!o. -t Y efrestrene g o sdaITT A sas sy -l o e IR TR

.“:,.'..1 Rk E Nt o DR SRy - 4'~5~-~w‘a.*"‘c;?ﬁ‘ o e ress RSB PIvE S WY |

e oeas ot L DU S5 WHRREIREL £ FEERE RS " =

N

<

N O

ALISN3IN] ' :

7600

603G

d (A)

GT

WAVELEN

Q-NI‘

U.V. Laser (2573 A) fradd

i ()

i

Figure 4. Luminescence of Terrestrial and Lunar Samples w

T

I Sy Sy P

it it

P e e

-

oo i

e

Sheare




L]
L ’
. »
' § X ”) " . '
' 011 AND 0 EARTH SARIPLE
s 5 . [} hdle H MY v 4 vl
i 2000 A DLAZE GRATING
.
JARRELL-ASH: 2000 A DLAZL 6 i
EMi 9552Q0 (PHOTON COUNTING 110DL)
i~ § . . S »
L : AV G T AUNTHNG Y
M P L C e TH F MR B 3 WD sy e ’ c’--n-v«-«rmmrtntrb"rrr.cz T E T AW 0[!.""." LR LR S RN 3
1 ES R R ] I £ X ] H IR R R I B R O B N N
. . PR R I . H revgke ! [EPOUE NP TR TN N N
‘ >oioe P IR crede [ t AR EEE s e [N X IR T EEY
- . . e s c * ‘ *- LI I RS »e . s sde-grar foegeirsan
¥ > - . e T IR 1 e * AT -% RN XN 5 IR IS AP I AP R
. . I R . s cawt R H . baa g . IR NN R RN T P
.- e N | Las . IR EER) ¥ s !1,- teaa s gl saraaas
3 ] PUDEE DR ITYREESY I P . P B A T - [ ' Qdm b2 g ha-dogopuss
" Ce s A . £ cey e B 1S ISR I TRER I SOSPRRSE ! s H crf it gsr s ladiinces
. wiwrEoa - Sf s e e § e ekt T w0y e 1 g ere cfemin g frarersw » s '. crfimrr i mafrerwetan s
» A e e as RN R . ree L. -j'op-- M & wrdctru gerea g £y - en
i - N I LR R . 3 . -.‘..4.‘-. 'ls.-,. s [N BEE ERET S ENS TN
e s e e wkBEs - . aw »X 10 ('\l PUPEIPEIPS S PR .- -111 .y INERE FRTRT M
. - s e Poe ERE T T L3N IS SRS R S .. .. . . --"vorn»-o’v|.A,,
; FRASROSSE bR | v iy | I IS SR F DA DRSS SR
ey S es e . s v ¥ PR ' » b, . v - RX Y v v l“tlﬁ"‘ R
> - . PEEE I R 3. e s H e u.-o.'v, N . g B AN I O PO
. e e redls . . ! . . Aa ews N Y . e -1‘ B | LIRS DI IN
. . . P IR BN N s . IR IR .A{ s " e ' o s deaen PO
. - ol e nery g !.-u.."..-w-.~ Bk o B R L us.‘, - ot Rk Faomes R 2 W TR AR
f ] PN .s.,t. [ . . > s ey 2 s et v droae e Xy * * tes e ‘-l ‘. PE e nt
: SRS NN F O IR M N S BN x..;.H'“..a......
. 2r s R L N N IR I Y A taasbs e Taas Ces s s
. t . e e 2 ma - TS E R DA S s e e epsr Brbasas LIX % 04 Luexen
sh - ,,.-.x-.‘.A e N T BT Iy (PN sea e TR {_‘ Ve barened
.y re a2 d . e s P N RTE IR AR ) RIS R P I T RN AT,
. - ..l.!‘ TR Rt P IR . Twoed paas LT I R e
!-a MRS STY M Y N S R L LR TE B . sare ool oi srern s
“'}.‘41’-,.r‘- P B T T B I - efsa s et eadrfungae o a ety yaoade
-4, 4 g1 wemwirve s v bee o simumermicfwons bosemre or fra - » - b Ll LT 0'-:"‘!‘ by
¢ o0 Ny R T Y R e N I . . . vrs o hdas R TR RN
4., . “ .. . PPN e e . . sresrbevder pra e "-'n YRy
i - R B . - LI R .. q Y - .- » - B R S AL I I R [ B A I
' - - e o g L A t e ey T8 2é 0 .. o . EEE R SR 3 LI R R R LR L B R
i . EPFE BRIT R [P PP I I o aaes TR R R ST ERY
. »a feev i aabaigen ey o badererenabsira aven DS ERS RS TR N R I
3 R Y R R . hemer sa I TINPEE ERT R R FIMP IS I .
EEY SR SO e - Y B oesen by I Y B R ]
; b e H - . vrc e .- R R LR
bR AR s Pk T S Ly TR g e e
! . s e wea voefedal ey T RT Y
. - .o e ¢ sraee IEREE LRI R R |
. N . e e RS FE B S R I N
. » PR N I R 3 oy iti.iobr~}
- « . ek wow P 8 teyeg B L R N N I
: . . . D R TR IEERE KN KR K T N R
‘ ) ," e Kes A e woa . emr b b dfe by -'!! A Es et s
) P B 8 PNRINTRIPRY BF B TS S D
xt(‘ ) verarn vy l: PRI T [ TE R R S A
s +om . s -..me...u.-um-u . crormpr e D3 T R TR LN I PR pnRaS
. e e . T Wy [ MM DM 84
a. [P R I IR R P YRS cped o rra e bartanmeas
e w o - . L L L T vty sfebresactitrninane
p- v oo M PO cofvfadopr et {raseo s
. . P PN P P I IR TP S
€ .- - - 4 R - » g reny 3
“ee oy-;} IR BRI RN
. ;. P ‘3 1.1- 1.:-'- N P TPa
: R L e e w s pe st Lo gy d e mmn s -
o P Tk R oo, o - e e it e Jeteeses -
I F IR S I R P T R L T R B R NI & R iy I I IETE ERTE R Tee
e wre» e R L RO R S ET SN . waemrrb g bowowsna . f . AR AT T ) .
L P N - wo T b - ub e T I E T R I T R Y R .". RN
e ne e der 5w . R PR T T - .i
b cres e om e a -,. v . ..v..m..».‘i... e v saspuiagder base b0 A v
f ﬂu»-—— FUPNREY S A . "3, J Y I b5 'K}
v . .!.. N foo-wae-w g b 4 ined b e &
£ . D T S N PR EN Y
,A.».¢*~-.. s aemd ewofw w oae wad sk e Arme g vy Ve
p e P Y IE RIS S PR R o raie N H
B B T IR RO R e ST j R R A I I R S R IR I I Y s e
P | R L I EE BT T ETT Y PR PO Y Y PR R I S RSR DTN I N I Ay PEET T TIRES .
i meewrkims b bed 11 R I IT T Y YO ISP R E TR I e rastad el crasare b P e mey
. - coievbiamen s trar] am 4ra i t-baeeef ox st eman e PRSSSGEDEE FERHS DSORGB TN .
P Y e m ra g g M A dsem e b i eae s bW ‘44»«."; st sdavaed IR ERY] 4
§ e . » oot -— $ !I4-“4~'M4\411whv~‘—1
. — : —1 . - Aiman uodiemn 1osmom | I . [PR-Ahgeupheth S A I e S g A S0 Ap Sy v
= trg et fossene oy v s che e-bemee D T R O i TR I R P . Cwe
[ TR R T et b sa b taeemd e ens ceewitf psenles meaws s P,
D B R L B R I I O T T B R I R Rt X ] --.‘,«‘4-....p‘_,...,-..... R R R T CE e s
L LRt e sl B R R B ey B N o Rttt i e et A Gt e ermwer] oar A bstee e f rrs e dme i D P Q{
e v tuv‘xdvo AR &0 wo———-r-m PR T TR TY PPN S U W T T T T e O R IR R S LR whmb ® §-gre w Ber -
- SO esnanar.a b debw »od TN I S PR E D R T ey JRRR SR S b ora k. e %
? - o somee pimt one frnnte mrs v o h b b 4y bt g JAPOIIRIN RN (M 4».»-. muneras doest ero-s wrd ) ins s eeeh beh &om E
. . ae .‘ ’» IP 5 B R R T T X vdrp peime b e fr w e we e o e PR TS TR N LR R =
5 »oonn ’ RS etoetbitiatod 36 Staisndidh fod ORI Y R L Rt TR TR Sha tae s as -
S - ot - . } ; emwo nd
¥ [RPINOVM NS --.‘;)‘m.. PUCADOMMETAN PRSI SDUSHMIIRMSUNINE SRR s - Rt s v dew o 2 LN oo e 8o -
Tt Sk e i B i e T B T R —camp bk ......-§4 . - I e T S
* e R R et RO S L S L LT ¢ dgeteemr voo .g...., - s HE SN -
. mrtninem e s G aehited boggng 4:d ot nerSmppanmgie - NEES N 28 P .4 EE ) . g dan oy
b LR LR B ST 210 2P 3 BT R P ~--- 1 1 o b bt nm..., > » e LR TR T R A
L e SRS R AR L & Cn et o KRN SO wre e amee e .. e hoeiw b e G
E - eaara id Py - ‘.‘ SPES ALY C by B PO AT PSS :
. - i e s » e u...T.-.e...'-.-..', amdpmme muo via o‘! SRR ey
» et s B aadd kRl ~9‘ it nitebittcsal Thstrnaids 1 ..w- ....l .t !’. e b by s . w
2 : i R el P it R LLZSEW el
5 B R e T . T Dby e PR PR . B x oo b - by rimae i
H RO RN DA § it S:96 SRR R A o veem o LA ‘3.»‘ " s ...\t MR £ :
AR ApIvh: Il i) SR S ppishtan 7 . PSP | [ICER
e e R et ad Ot bt R f=b-e vrg w0 POY SYVOULHIP AT S *:’(‘h Lf‘f&'
.-.......--1_...,.7..'4..‘...4 At 4 pee o P TR TR IR S S R AR IR YR Pe s A I .‘uhi AL
) Fa 3.4 43 bdoed wmtnn oomdonie L R & I LT R TSy RTINSy S et e rpn o e
PR S T W hadisen fowene rs s mer T B R 1 R S T B N R R IT T nunoney REDEPFIICPITY , DS
.w-_- " . ¥ W .. B T T T T I A T T P Rk b L i ey S R S 9
i AT ‘mu’wsﬂxv. PP Rr et Pariueteis EeoREtocth TSR ERCE FERiess PR bteris FREbesansd REEEEE] FRCESSREN v
——— e SRR ey Ty ZRDN T S e - " 5 Pt L By ST M B B 840 oo 3 O B S
¥ R T L L T piuy S ORIDOPREDSnEY RPN SRIRUEIHS DU PRIUNE ORI SIS (h VRN IPOPAMSIND SO AT SIITE USRI IS DEAAY IPIIRISENA SRTPOM S ay
N it St tast s e msea e B B P S D E EE T R L I B B L T T E L RUEt) ‘Propipe; DeperuMINPITID I
T o — - -*-Q-QJJ-O e I I I R et il SRR 2 o J Prwful dmat v bty 5 R e pew fmd h e e LRI TR R R Y LR .
e it K aidhaan g 2t TP D YRS R P RSP S e “i""‘"‘ v mmemaa ) e sigiegee w ER S R T P S Y
- n e IR RS ERouaes sty BEIDIIEN S ehiubais PSRRI DD PENDESER, SN DN 10 AT DU, IPDAN ISR By [SOSEN
. B ek CEata Rl o mewim } PN SopN oo fegare . Bvadit % CESAER SOAPFINE S l.‘ DT e «
: = 3 aRoal Fhad dlidhie Sahiraiuie iunptdbris ot B8 el bURi ol pbac iV § H ) St Brosties BPE H4 S MASS AT FeRCUb LSt
.-~ - . are Y s v oo e @ ——— P SRR IR TR S IR St IETTEPEPE B T o Qe v b imsmbomy § ot b oy
e 4.‘_«-‘ OYTURPIDUPORTING SUPUPENSINNNN DU ST QOO S crafecvnvimana .---, ’ 'l. (R IRTRPRY PSRN B T
4 aend —— o *Reom o ks i s L B vy
b et % B e w8 8 fommdes + oy -1 —n o e v 3 e e fo i e o ; Y i o —
1 D st SET R NP S SN DY S B, 4 e Ry A B Ll I L R ey e B - n 1
T T coam B dowem gkt ——— [y cae gt B TRTY P > '., - .a v . ,,' .
’ s he amem i o mrpre $26 drmp i .,.».-._._..“.-.,‘ 1 P z:’l .““ . R T L AT T "N o - IR .
pSasbudiuiuls (s s SO M MEVIEYS STYLLTOLT )., ‘ l h S AN .
forstammm s nt o g Gmere b Srgihey $o f b e W e d e TR R - — W 3 .A‘.ﬂ.(.. “»w YRR T r4-¢ are a B . M
JUvoineiatbapiSintet ISt D68 S Sfuobiogs Bapupidp i Tt . PN ‘ LY D S ORI I N
— Y o >t .».-u.-;-g.-& K R R R e B R 4 e s - » o .',, - -k -.«.-q‘ v
2 21 AT A R :
e A At g b b Fode bwr wr e 8 8w Fmenn oy oW b - v ww . e ax LR IS IR IR e PO . i
S K o e e RS A g et a8 oo e . @ BF - ST N E S TR P A 4 l»s'»-.—.--' D e ey N W hs meewew } ¥ .
e - R SO P . vo mesaceof et e as e P L I I I P AR TR TR PO TS P
A3 L TR IR DS - . s i...., VDR, PSS DODITTRAMIE SSATRN ww | seern pra s mf oy ’3‘
. er - R e Seb A x4 ".‘9* e v et ces s reh assu namas PTTT TR RN - s e w s Samm b d ey
w.--...v.-.ra-.'r e - DO D NE T T R Y T atrap ey WIS UPIY IR S DI I - %
R < e ——e - R R B e L L L s L N S R R B N R R E I O e N L I P rusnphe: SRPOIr NIV SR v .
bon - ;-.‘1 P pas R LE L R T B N T L L L I R R o -i...‘..._., e h s 4 POETR O I - -
" i'"u - - r it s P R R I e R I IR e PR PRGN SO SN P
10 0 2000 3000 - 4000
4 N *
- WAVELENGTH (A)
k2 . .
.
Fisure 5
Fpure 5. Lurrinescence of Terrestrm! and Lunar Samples with Hydrogen Discharge
: = Y '
: (1120 A Trhox wigh Visible) lrradiation :
kS - “ .
i . M
; . .17 ’




*
»

“ed

GCOL

<y
b

(¥) HIONTTIAYM
COC5

uGieeedag {Sppasip xr;o,:.,

3
h

v Goty)

Tu R e A Ime - s e N smey " e . . - . 'R LK v "y Yy - v
nzht.o,;c)ubptn:un;!ncu'0'-n.;¢..u,.100.tl&nj.h..nvvau:" IR TR 12222335 4~«o mvqu ISR EE I
R R ALY B trpgepcagutasnsboreredvttbhritsbqagdnrbgresaciene shphoneng Yty serdqiteg 1 X
- . cmAapesameitnay  n ceseebolionetestfrfuoradtsbrirrRrad st onsray t4mpronga virssprtefacreFrres
- - - ,i,:onn....a...nnnni «asasr fhgew ;a‘qwolnntinao'vav'b:..uaw?ira.:an.. ARl r AR S A .”..W.~1¢10N
.w - & meseq PR M\-\&F#a...i O R X R vevesoiey .l,;4*ow»unnc.1ﬂ.'4o~
- Carpmrmmd A e b 'Y B . N:n- ? - Y R NIO-.—‘u.-ao.vwn.inclnuoﬂrétyqa..f st pipSadietttsimiry F]reeee
M.-,n-g.t:.:snAQoo \ J )f utb...d,.,nauq.wao.m‘ﬂ;l-\.;;..o..;n;obv-»»».»-1..4.. dvgrepreagacrrypbe e ,«A.AA.A.:.
. e N IR L R o-v N.— : a- Yemgeeanci e gpe .u-.ow...,-...,o.*.,ga»1.... v....,b'-.o 1o frrpepe maA rie e
[ “tses Uw moedia - fasesa xfow cesescanc ey b Sa R L R RN R R R N R .»a‘ﬁmu-n- -...qw:m. tétsfoey
|4 5‘00." ad 4'\9.&90310.0-’0:40&‘?- .y g R et R 4.0.&&«@Y - !4.."9“
“nmmis Hi wmwamesep.crmaas [ J' L R R I Al PR IR R R R R RN PERECRY .ﬂ P $‘-a greese », efafetetsd
fem e s o m i samsbameube .,.0.0.-y\luluul.l.'n:-.at..co;._A...b..b ’.-.N-.c..asto'cv'kﬁn...-‘ 3 o.%-" ..-ﬁ.%.; shtegetrrype
Wun.l.lll;t R T T unqno....v..“wnoad -.v...s-'.a...r..‘.. tnvrerfen LT EE R TRIRLIEE o 1) ~A~4~A..n
B Ll R R R R R RIS Z ] * “,.v'ar-c.ccﬂ_,..\ Rty MERITEEEE TRt D8 58 154 IREE 2 ]
I N R R R R R R L L R AL LR ‘ RO S I NI IS M RSB B KRR ERA -.a,van....‘- eIy s oy
R R R T R R R R R X L or.u.-.na. shed amaaagvvboenay .9:.0~o.q, 1dedeicArforestyrvny
R I R R R R R s it A R RS BN RS 5 Moo‘.cl» M .ﬁ&c..n#;utevvn.o'u nazqo.wq L anedereipgrpt~etéges
Posvossonnsy @82 emerbinmu wWvatt rmevenspecscorhpennc st s ola *.‘:..I. o g B SRR R Ferepenrdreistrre
Fmrmnses mbianesenoobonman mredasoannnacabaincaahanaan -soomefbe A PEo 0% P ) 3LV es 4 fae LA RS and
. £ . R T \..f#lw - - Tyt -1
TR D R N i I I R R R R R R EEE LRI . L 1 3 cronany vo.:tqoﬁ ‘et m....qui‘-.oo
Pomoa vonntormattsndpamapamatrhronmtmmensdianmes Gagh-Gndtsmcnphetsdiserern «e ‘:‘..c.r.aao,4vvnowa Jo..’v'od.k.4 rwi‘ Repserere
L R D D R e e N il SO RBORes PEto TR 8¢ )¢ ¢o«15¢.4..¥.4eiﬂ.wnunlu DI el b w("lu.ﬂé‘ll.o.‘.v(.oa
.-Qb.o..-,tustu-inlntl-nnlo-1ol|v’tl¢(~'!lnblcito'cb’telb-nteooo.ﬂ(t..a,{» )oomt&.;tbn. '] - B etk et o ad
B D D D - R D R R A X R Rt n‘» ko n e Ty | AV i DSOS DS ¥
< .....oo'....u 14443 8p andeasenr N VAR St b+ PRttt mW
.....,.u....u...,rnl..nctnl-..ull_..-lltc.-!...lt.l.‘v.;o.,o'u)aom'...oa.o.l... tg e fer omnanossyl !?..41:.73..11341‘”“
DR R R T T A I I e R R B e e R AR LR R RN RN RN '-o?....in..'«u!.!%\l.&.l e &
PR R R R L S R ) .(l.t..l.....clt:!.c.-....v.!-o,.a’l’"tl).'b&)no';‘»t1000405'l00004.n~ oo T ragie e ey B frig et n g § 2. vh A e aoo
o " .- e Ba NRCTRERERERES 4 oy R rsgerec i
Fol I trrroy eaeesieer crranay 17 nn..u.”u._m.oﬁ o
¢ . . R e . et ) . P It
e " - ahet . e oS ssmyss sraiecsaiaay -y ' RPN 7 1 S R
N 45 beagm 2 S .t¢ N P b L . ,..rh.mw..-.‘-..
PR Y . : [ 2™ RS [ G o "% ¥ 94 EIRTINE 1R DOt
Foo W . . <. -J.m...on’« X “ et IERERPEESE O m.v.vw..~..
PR g e P T RTINS IR T § - § e aleny ”..t..o.u
P LK e cw ¥ .y.vH,w...‘ Mnt “pe nl’L,vv».qo Jhitesirasne
2.8 ey " " : oy
R T IE SIS S NN ESNRE SEES S SO L A L 300y “;mmmﬁxwu HE RS54 ggiian
epnw e raws e O R T R A ¥ S e ku‘ “ger s bamabagd Fivrecsea-aso
L L LR S PP RIS BF IR RTPPRER TR I P | DOSEH SO I w.l.n,!.l.
s mmea v P erabigay eas co-ede. g o' . m“..th\ou.Ao e b oo raeaan
P I I S IR o maw e firessrpgaih Jaopgbtaprocsntiqefronrrbace
e “a O ,.@...}L B R Pa-wn —-...q¢.am~t..~..vy-no......~ trocenorae
B -+ 4 s e m-eeesan PO S C e g wee e I PEANENPSeEE £ wo.,.“‘,..,!ua‘.ubfi.w»in4¢
« - . PN See e s weiess w,...»na m.,.u.-.... prene m o ‘HXa.::w sesadireagocasieet p
g - e . Wi smedmddir o m-aae aaeaen - - . w‘.lwy;a,.'.'...'»,;oL \ ¢ ..mﬂ?.b.mrt‘-w.au.4»<.ok01.l.am
b e mheAsEER e e A 4ateam = - - ‘:-...a.;¢o~",.. « g B L R O RS R R TR
‘ S s emeedlesimena s dreaccena B s R R R R L'vt’r.wQaé;‘a.v-w.okucl..
. o seseaje R T . . e ..,:.w.f.....a;‘.l.: n¢m «nnn:w..@».&&»quo«'-oas:.
3 S RPN e aeeasem B L H R POOSH
3 [P PIE Cleteiieenci® . s Ve e emeseporesaane PoRRt
: aibe @ smmaip . ecmaaresoasn-n = - . I AR TR I P e s
¥ M cera sas-deser ok S . -;.QQ\ﬂ.vw.us»a... PEPS1:
M b e aeas - s . ) M L Lo R R e e e R R R rRr:
— . > T ey - -
» Seese rean meesade.mc-mnx - [ RS RS R »ﬂ.i Ferrans vc .lh‘limtucﬁbawdn '9.”634“";:.&;
.. PR PEES BT T . P R S R L X p.e-'L PP TOEESS SEE PN >
i ToITItEIILIL L 1 PR wOoAv. e ...c.a..a¢M.,.wwna, e giepiessecagdetry tl?mme\m:;lll,-.
o - » s - L) n-u.ﬂow..m..-v..... o.wy...ma.‘c‘..»m*lo-otae,o&c. .dm.”ﬂ-\.nno;
. R 5 “asay FE R e PerEaw . phBrrssegetr el nq-#o»Aaﬁéw.q-i-c RS R
. N 2% W el [ SRPRRT SR R A0 NEEPRS RRDIAIEEEE STORPREEET & Iy FORaH!
~ -k : MR ras Nt SRR Y W W T Bl AR SRR EEER S B DR b
o : : e .- S BN N qw IR I ERTE ,Lﬂx.-&..(”v.a-.., _‘;‘.‘ﬂ. 4t Aiu'v h..n.u.u Lgbisrrranes
m Rl A - D T SR w =i N e A pg setifeee BNS BIEERE AL W iCet R I AL LSRR
———— < ’ e = %L i &t . g DS .
™ v =% 5T " ’ {3+ iyt
¥ b m . hEAe . m. epecca ew- N M e eas iaees- ,N.u‘..ﬂ 17 PRIRE 3 SRR TNER S RTES: A s greren
e geen ox “ees ses o Hwoe- <. ' - sl caan, rhec s "~ P R R ol Sa s R “rexanrk tses
m,. M - - R S DN Aireremsipetgrren bvsca-gipeies
. P oo amm-nmacac sumoh aderasc K- mmm-esif swroe> m.u... epbrecepiiipisreedirgeneia thegee
| S Ce i pierenmas da o SHP - we B- - amawisas = .....;..,:..,n.m.u... e :.mm?o;mu._::l~mw..¢.«»‘:e "\mvw
- - e e 4 cae 0 - w P T I I IR s epsdriess LI tegberardaenttrocspbetgrpney re i
w o« a2 m e - ;m.. s e e » - e ae e :.....w. - n.u.m¢.¢ »wv »&mb,.»,-;:.m.@qa.w'-m.-a..~ rite
e P s eveed PR NE PO N B PRSPRSS SN IORE R RS X3
Boonceaair o« R R R LT . < ct--resa-godene (X R \ asiresfocorasaqhprrye
| - PO Cat i iegiwaerern ok - .3 s m--sfecense o Ramawsbesroh o gm-ean 1“‘.wvoo-> m ,.aler.wf.-.!a.u uooa.v
m..x- ae sagrmerecmes Mudaesce- Fuaseanz e, case e segedidtgrrrn i Mt atbbiairs aacresifrgonatan R R EEE R X
. wa A ke W o wkcwenaa Nt sceswdiho - nodsn Cee R DRy N R R R R ot | ntndd.-?n?-ol.. *—uumw
w 4 rxe Hes - am wme.re o« P se ...Q.m.r D R R x-mo..v.-..n-..¢,».n.« > a eae bt e ey ey © N
¥ " . . e e Wo-eeas er b wcam-marreer crhaperbrevo Rraaars it ...,.,..a.nev-,v..wlﬁ
Ea *ew  w D I . - ema sk cEE s ses . L I R I R R R R R R R ]
» .o o P on o ma i veey o PPN aqwc...ﬁo-' crassanrrtferc e .oauvwovplctlr
. o P B R o g R R R A¢..'.<.n.....;.44.11...:.~
: . . . . p- IR Ky aaesas v R T R T R N
R
[ PPPPEDEPESpPinpy b ) S a-EubIMMIINE SN N L R R R 2y “e 122 TTIR] m
B S R L LR R R I I I 2es . wa feasbr e untan aqes X RE R
g0 e, Ve T T R O] - e e DR RS X P S PRI
: R N . ™ e B S PR s P RN L
Fur o PR R X R IR PP NP v . \.jdund., I e EESEERETE N
R e EE LR R I R I AT P ERER . A ke eand .
B R R TR N WA R R R R N T RIS SRR - ?.r a a“-:...c S H
PEM  CraBeogas buma nesnrares: buw R R EER LR A Y R IR 3 .\n..oﬂ. e P ¥
powaw - memed as  mamsfoen Ao beonn R R R PR B RS SRS ES RS S { - s H L) *
+ 1 4 204 4 e 3 .
[owece vusgobomountabose crpr:-ane  etasrerase-cdgne Legaas .. " ,‘. RN i m..o... . e . P
LR R RS TR R IR A AP R $e e s eraecmT e .o.otxol‘-L..._ gy ~..v,w.>-“»4o Q« IR ERERE R . rae
g nhes Asonpsem S wewmeepac-pas veastearr me wug oo REEE R N XY “as ol e e IEXE RIS X2 - “e e
Mew wuawsvptos wnc-ahaamsnees s pon s es . meawmnenw oo ,n&w-ocm\.'-u.v‘ . DR NI W) . m IR RIS IS - .
R I T T R vesgece iow A Wk cwaen A -t - [SRSREIAR AP M . m Sharen ‘s .o e
EE LR A I SR R A I SRR R R ) - L R R A A S ) LR I B .. + v ,lliﬂlto . ~40.l~. R -
T I weeiew “ amages e e g Ay b n - PR M PR TPEE IDap -b
ml P N T R A R R PR R R R R e wwn W AW e 'dntoi‘f'?t. ,Y‘..A..i oo weaes - —
PR mpmN ARl w WewwiBELermeswmpee teabem o eeses et re ey ; . m o OH ROPRRAR SRR .o
r - v +
o O R T T R et -;.4.-.....-.3.‘..;“!' I L L R R R b
SIriTiItIITIaTIIII e e RS SEOASSEIEE SOASSIEREE asbotdbiy riiiniiiinviiieim ppsusd shysoniutd fibebrion:
m R R R R R T R RN R S P e I T R T e Y P Y ....01..;10111*6.4141!‘{&.1 - et l.oo.......m.cpnnlolh
§on CBTreR . MW ek PR JCIP W IR 28 gt .. R A e LR R R TR AR AR o d e e v P XL R -y
. e e e Amriwa8b s & . gRO IR R I e R e X I TP teav o srfreerpabtaaaarsei el ‘vu.&.ié-J v
m cmswrae Ammemnes amsesec - was g r e e h. muBewdaenr s epram st er o cneBa bt s « ,awk.....-..m 1v...4-m.vo“.....u-i u r ree
PR R L R R I R R NPT X ’-A.-o.a.-..;.Oulw.'lllsvc.;.wlac P XL R TR R IR S I R P S N R X MR il d s =
wear . Tawe cesvsgenremtncrgen e > — - .. B T B B el SR Do Db aa R D et e b

Dww  ww s amp bt e

(3COW OLNDD
&34

)
(42

)./

il

J1CHAC) €0 855 i3

N¥03

C e FEaa

ad2otj3siq #3502pAY .M saidiveg L ojiody pue JeHIsdua ] JO 2dUd udc.E.ﬂ w san

<

ALISNAINI -

i B

&

~wh e

-

-

e S,

.

+
L R R
3
-

R T

R T L

Faniaid

K

A W W

i

v g

Te @ TeTe e ses

.3

L sl

v e
T

=

Amc

-y

I

=

- .-

L 4

i s

E

B R e o




1
i
-1:‘3
»4 e

Cewan mwmw

BT TN

%
.
"
- -
“ny

-

11ae¥D

ILTER

Ort)

»
»
»

"

EMI S558QB (PHOTON COUNTING &

“sne
5 W

TR R

PN
e hmw

F

A 4

Ty
-

G 3-74

®

v e

e
ceasr i et eme
-

Cewm

e

e
B N ]

iv

198

crecrsoqensmmanerwd

Y

*
¥

r'
Gl
3

%

FY
*

CORN |

,
W W

i
<
ivas
.

™

cerses

creman
eassesbrpey .-
e
“iew.

Y

R
.
b

JAUVRE
it

sres s

S DS REAOS:
L
adgeere
W £

.
3

+

we e

-~

vewr b

R
'YRES

bowwmus sea

4
i
e
LR KT
LR ]
!

IR TR IR
e

- rat——— ——— T Y = 4 T

Cwew

»
et be e

va et bt

+

—

»
R R T I TS SN

| AR )
B NN

o e

: .
1

e

P v .

PRIy

“
IR R R

]

i

ER |

3
‘l‘.\:’ﬁ-(w

et e se s
LR RS I

o i e

R
')

Cee ke
-

“!

Y
e

e uae

-
.

R ERE RN
PR

RS

.
-
.
.
»
*
.

s ams

Larem
srrerRena..

IRy

respesen.
1ed et boms

4 eves

PR T T

“ e

POPROUEAMP I P SOANIRIRINEE Y1, IOV

- e b §

e mw -

wmas K ienhw
crmanmedntshrrens w

PR EES

e e a
24 - case .-
LT uma et A .
d ey

.-

.09 -svma
st eve swmn

. . i
vrssmvaerhe i gann

.
..

R
oy

ne.

..!~<

ceraan

taa et B 2

-

.5

o wa
.~m
et
ol
e
N
4 A
* oy
'y

bouan

Cew

f

case L mam e - T b

5

Pd

R
3 . .

Cmwa oy v

-
P
N

PmgeT
Cwt e

L
trvrrsale
PR

s

crhranaveprsaw

R LR RS
cakeraw
PH seew
.

. ¥

cmsceq
..

RS
cEm T 4t e e

.
P

ciatesenbawman
Pa

R T Ry . ]
Foemu bW oy ow g

.
-
.
SauBavesderbo B rnmsiese

.
P I T L
.

.

.
TR R X
AR RS R E LRSS EE RS
SIS DN

cw s
sesmesteew

EE T RN

-
.
.
s

C .

R
v sgaasten

f'kw
TR
iy

e s p—— A

e M t
cxBrumm .
suw

S
LRI
En e e d
PN
-

.
.
+
.
.
.
-
s
*
.

‘e

R T AL

srwws -

»
-
»

©
B R P

IS

*ree
B
*

e reeens
Cew
T .
o aw
R

rlewnmunatgy

< xaw

1
t‘;"-
Tesne
3

yobvavenon ok

MRS SERARE

IR EEE
risr e
“

ws i

cwhgssTr:easrwven
s

Foawdieth .

3

“pSedvarnitee

3

o
eremb e
IR
“kerww

e

. ¥
Yo
+
Mune
laiae
vobe zww
.

1
. ¥

P AN ey
[ L2 T
frererrs

Cedeain

T ERT
S

PR

“ime¥ean
vEires

eEnevav e bt -

IEPETELY
P X
rbhrmdpee
IR E S X RN
e prwe &

*
-

w2 b e o]

TE, get
8 % bk

et

PRSP

-
ry
SEE &

-
IR

e d

BN PR R

deretes ob

I T EX)
e,
p e
v oae
Sk
*

RIS

Fordrdon o
Vs
s e

eviave

vora

. a e ey

» hven

[REEE ]
O
ey WO
tdrven
53 B
bres s -
fogue s o
TR
TRISEE
LR
LT SRR
PRI
phees
Spwmaan
Tea e
I RRIN
LR IR

3

4

i

.

st

e e cm

D

g i

»
Toasomims s oo

GRANITE

%

DY PRULRINNE DR EEOR

3

PR ey
g Brbae e
e s .
s any
o omrer

-t wi B % b Fre ®

ot B
— o

s
:

cesrte

AR SAMPLE 12020,54

Che
Ve
Ple s w e
pes BT
TR

TR

s
»

REEE)
[T
"o e

veaaw
R

6
4

e

* ol
Ban g dmeag e o BSWRI

[ B N,

NI L LwttliIIIINY
e L :
n“hunﬁff.J .

BT

t

P e e ]

1
i

I R AT N
YL Bt

”’u

LUNAR SAMPLE 12002,106,107

-
s e

R ERE

PR

SRGE.
-ty
P

besavn

0

»

te e eriees e
e e .
et .
* - - 7
.

ks

B

3
ce

-

- v e

- -3

- 1

S aes . e ; - #
LR LR P, ’
Wy T 36 N wrar ooy

R

*

1} - L TN
3 . * %
- B - IO )
' PR .' .".
¢ B -
a2 E B
. LY
A Temd T AT TR MG R A T iww Yy
B .- ‘e . PR
- e R -
s ew 3. s ’ ‘_,
$ 3 e B . T
. 1 5 s coaes g
- .
*
*

. o x
B .
. . Com
. . - B
o e Is ww o ey Y

et et d

.

13

e

e me e w

.
,j) .
AR R AR

e e emes—
ey Wy L. Eree s

e wosm ;_.-.- P e

. ot
reeriermn
Ceewarsa
soeaas
2R
1 M
N ., e ST
e e CIDYL ) gl PP,
C LR IR T & il mom e I R e At B ]
¥ o R e et L Y 2 R e B s weere
T R e L CILTAIITITT LTI LN
S : v r riscmim ee b

oy _ b R S ._.’c'#"k......-.w—
)Aa.‘ 4 s aea e ey urn -z vem o ¥ L R P
(- uen s W,

La e e «“C\q‘+-ww...
L e L T IR ,k.. -

-y e mcana e B e i a
wma mere e cevdas

Q»n.!w:

[ acs B

?
-3

PRI Bt S giated

sttt isinsy
P AL IIRTR P ptvionn

[ R v € .
A R
[ RPN

sbemremrs

™ »
eacvava 2 Ao
cemen e
1»'-. ..

PYRras

-t r s bee s
WS eks e e
P Aaed e
l’.“-d!‘»’

b s s e

Lioe BRIt Peh bt
.

< o o <r o~

-

s
esw e azce =3 E e
Cima v o aenme
b bt T
NI
¥ e 6w s n g

T )
AN

: ~
B P L LI TP 4 R ISy

s e amammey vor Vs & meknw
D L T

e N e s sy
e Y kM. ey

cal
e YT Do 00sas g sy e s § 4 s w0 I e 4 N E R et et
PRIIR i o w w8 SRR . as ey
’ﬁ‘ﬁh.‘..‘.‘..: - Ved e ey

e § . - - e - -
somg P TS vy o Bt

e wrnmme e o0 17 L G iy 8

POaMpRaRR YIS DR,
oS et Wty odmpninii e
i e e PR
PRSP ORERONN A PN
A T T TN
= 4

e e e e N ...,'
13

L R e LR N
T N B s W | R B
D Lk T TN S

.00

»a

R N el S R T T IT
R R I I O e R RN IRV IR Y
bl B L R e e N R S iRl
Rl SR o e e e T S
L ) AL L AT EE b B :‘1-
- -+

EICRIY JPIF 3 S

o Wi,

Susy

tHon

b3 1

trial and Apollo 12 S

bia) lrred

5!

terres

{1120 A Throuah V

cence of

€
-7
”

urn 7. Lumine

1 Fig

H

i




[

. ma

T

-

"

v
.

-

10x 1674

(O BTIRINE: & % v W

By

. e e
“w
»

Lt L il 2
. "

» 5
> .
> . .
LI

P )

BRI
Nawvoow .

R IR P
crwrrEe
BRI I

LI N S
An e

[ BRI N Y
*e1 s e
LR s s
L] g
’

,

R . IR A
PR . > . > . - N
tae e e L e etivadubel T
cewowow e
TS R ST LTI E S
e B R L L TR T IREPE
T U T S

EC SRS A I
A
PR

w AN
«» v u e b e . . g
wowwem g o EBALLE Slabpe R T PN
e ool o)y rommer .  kt wws e

SR T R I e
el e R Lt S NP E T hgrreii b ok
ool - AL IR AP TR -

o o L . : u-u:.uyo “E oo ow

|
»

CRENrY . » S sty
LR % cee e
T A Cre % as e
. P : . e
R
.- DR I R I S
D R Ll NI IR I
T I IR RN I S I
EEN v o f e e g
owons e e S RS ok bay
s wa et u ep
R N R I
B TR B N
B Y - L
» . .
* .
..
.
-
i
e
o
bty
3¢ LI MR

ot

amar . s e
T rm s e et
savear 8o beg
voow ks doai e

L
R
.-
R T X

ke w

L e

rw
.
YN
sen
.
Lelen
P Tt
- “ ek
LN L R
o e e,
2o LIDRARRAEEE 35 B
A L2 ISP
P R W T
LI R ST ST SN
PN ress
.- viernsen
.. . el En s he eopey
LY e B T e e
oA . v s iee s
- S
PNV S esrt 8
.. v tagpte
L IR E NN
1ke sy a TP
v e A e . IR
th o sexr el b et enye
B L AR LR
e
Yoo
EECE IR
Ceee
et ot op
I
-
P
P
et

P AP VRN $ Y T Y AAME M RS e
L Ef 3

2 . - Ce . 54 B IR
: * "v!u . - o
I I A P
2 .
. .t ) L.
*s : PR 4w
Smwwr ra . Pk a2 d i
+ e ce e ".'x ' B L
i : > » IR I
' o L S N .
LY YL M R R a
. L i 1 S ey
2 amme. s s ooesa e
ey v Lo s e s
ke miske s v P e . v he
LN re sk "«vl. . “a
- T iere e )

PR
St gt
.o .

AL b

A B e
B ocimoaiey o r
B R T
S gt
, emeen v mEa vee
R R

T ke awrees o
R e

R
Sa et vt s

— e b 3med
Pyce geBnAue soecer
-

R LT 3

L R R

B
L

R R T™
e SR e

b ot
T

vy WK S ek g
P e et
e K A 6
N
. e e
D e 2 22
aens sy ¥ tea

DR L T LI I R, BRI TR IR B
B O TT TR Y Tyoa i, C A wre byt r d s e
B R e R R R R E LT
rmes sue g 4 e P TTIRRP S e
L R I I S L IE A IT IR CTANN SRR §54
2 W A B g D e S e T A s
B S IR ) * e wom o 3@ e ‘ &
Phwe wy b Eon - P &
e s emee - ‘- -,
e ses an . e .
Por ot ot s v e gyt rmet § s o camme P . -
wag e f o trted mmesse meii g ¥ oane s e dn s, Tt ~
Fow et 6 awm b e s s it B e w2 s ke .
aci s Bee s T »
s w e s w drwimeeoe vae boe a dw b v v om W MILEPTE S , e
Samm 3 aswiw frme s Srmedep B E b e wws s a o B
wy .. iR, . e
R I R il R T T e T LI I L T vmvr e a—as b g .-
BESEHE R httastiotetind MRS Buaa R L&

oo e 5 4 7 0mem e sragn 5
TR e e
0 R D < b
et & ot ™ T
i ke o A
B
L T

—w Brz s asew
e cieie B
fas v pamanomin e -
90 mammorim v Wik
s R
. e e
L Py
LI I WP
e

» odus

b o b et

w e pomd
RN
vew 2 kb
- ———
R
bomman e 1 o
e w3 s e
sren o a wnt b sad

soreoneiep ¥
menbat - w v 32p and
e s e ere
e I AT
e RIS e
N T
marq rm G hmann e
B 2T
auanhiok LSRRI

R R et R
gr mrrmmere o
P
R L
p o bmdincnd o2
P S R oY
i e
LR ok aaat B BE 3
W e i mene ot

5
+
"

.

T

..

L R T s L L W

L L
e ey 4 aow
L R
R e
- 18 seaperw
e R T T
R

R R T

e aARe e e

e R R
B Y P
P

. ima v s A
e R e
e A )
R T TP
R

e I e O S R . 2 )

R T

-k h sy s
ImweaY g Megisep

N T
B
4 ouie v B B Bakaes
. b Ay
- beem e mvaan

ot ad f e n s

5y

"'rﬂ”

e aie wer W @
e I R
B et b &
B e T
B
es g ® oM 5w
o
L
Cemwg e w b =

J R S
b 6 e
ey v b
v wabeswr
PO
ek e
. rm e e -
R
RO

A LT T
e o2 T R PR
- e e
P R

e s Rea b4 eran

R

T e
e e d Pay maws
W Rk ae Sy
s T % e

n niaee
P ]
ISR
LR
v -8
4 b
s
o sad
- aeme

-

.y e
»‘m'?'v?? sgemee
D A

e A L
s

ve rrveme
vy Y

-y B N b e

s i S ST
Sme e S YR
LTSRN
-
Yoo W Ao

ke R, &

e e ey W
B A L R
e R maee
I T Y
L RIS
" ahe okt W
R ]
e )
4h .t W

A e s
- 8 b B
B . g
R T T e
R T
B R )
vt Sy woerpen
DR L
Pl A demne eow

OSSN

v
PITRIURAN 2 0N
Pt .-}.k‘!'!/‘
yokra me SN pad
- own bl
vt -.",,;.-‘.?

PR to N

I~ Lty

P pior e
e ilS

BT AT

8 Ay
v

.

r—t
e I

!
D
prref

paS
N

.

SSERY N ~-......8
o )
on

{oug

LN

VELENGTH (A)

WA

.

20

e

R

o

i
1




- .
. »
' .
» *
®
.
foaten  mEn KA HNe % NIy G Kk A eiexe s e ey owE L ywa s omyeiwer. g (e yrerpemy ot
R h e ke oy wecr e B o crer b e s aae sw i fae . WetE NN B Cr et b b e s
2em s se- §oeavoix.oa i . a2 e s e . . EERNE BN
Wi ]
PR IR R S LRI Crr b et rra s e v b s 4 P . e AN i LRI
s r e awey v ORI RIS LR e s be gt a e frgoree LR TR
sapwemesafocisennmed v es e fesee . Py e a b b
PN TR LEE R TR I S Y * v oxoa ome - BRI e Ly T IR R
s ms s remoef e s ¥ D IR T R s & R UL T I R R
» . . PR LR . TR
e BW I i g8 A 3 Wt b A . et . vim
siaT e - B LR
DI . b e e
FETE R K Rl U ety
oo mbnrmwmd s v o N Rk
2 9 wrmneer 0T ot .-.;_"1*)‘4:;., 208ty
e S B e soas s}
* -l-—cv-'u-.‘l!.v P LI ] L2 B I
PR »
L . . LEE
.,.,,_‘.,,.H M IR
-
e e vewmE AL LI AR
. .
R
L] LA BN )
. LR BRI
N R .« da bt PraTa— H
.,...A.....‘.A.-ﬁm{ o me . e o agede 4 b0 ,‘. PR SN
Cwrre e ees Bene e e B 1 st
wosmssw e g b oeesia e C b e LN
...-,..-....-...m,...._..... it v wdme
PIEET I o vamom oA pom so pan BT
w e ame e cm . PRSSEN
2IALLITL I-.,..,....‘ PR I
S PN PRI
P N LRI SRR R P
e - _ .
e e emw b cemese s e VT R . v
e e aa e B E e s e e e
Caw e e by e v s
o 1 6 e, M. Uit | PRPSEP NN
S T M e b e
.v.....u.-...t.a.-.- .. [EESEEINY
W e e g w v u s e e pbns. Bi8eb o0 b o
T S P RN
B TeTr ey Nabeh e gbe
J R A R T e se v gt
S ey
PR,
4 e A
B IT T TR TTaRure D w des iy v s .
PO re————————_“4 A R o PR P ‘L S8 e Gk ryeee, ! e e oaes
b o o e wim g 8e oo caommar = b b siees caw pewes » 87000 TUMEY R R l‘.ﬂ_zgwm«-. s egieee tmma o ey
o e v s b a1 BN s - GE 6 s TN atee B Y 4 '-‘ i NPT IR AT IR SRR A R Tt
A N i i S STIPERF NP e A',‘”: ," ;‘:',_,,,... s rr-t Plree v plore
: g S -k rey
A A B N VWL RT ] PV rvt I buo": e 2 ...-m-«..u...u,..,,,,m,‘_- 2 AEEALACE AR
- CREIRE ¥ ',,,; ..',.:.,.1-.. R R dorodigganta
e e Tt R SR | WV ... '.‘._n.a-_q«u.:.-.”:-.—- v pbedag
A ........»-..-.4.&’."" Fd cu-ua.»'w W wrbay L m et . cone bob g fb e
D I i e e e o DN L N P P .“"~":4-‘n. Pw ey aree e
- -—maan T iy w1 e pe
B I TERE NI S LT SR R B ke ey T re sy
JURR= QI S L3-S A S PR T TN n [
TS L hhat s g e e g .
S T T T P R e r‘,.“\.f,”r‘,‘_‘ PSRN A
- - 75 JUnN f w . P T T T R
YRRV, ST SRR, R ..-.A--'»u«; b " @ a s hem e
PR . fitear iyt LY b aniadedal S RSP TTOTRON
i o <y a8 6 ¢ o s ewi 0 e A, T P TR
B T TR, R S P rt.--:.ms-ddw RPN
A
B RS ROEP PR o 'ii“. b meke bes e en
RATIbA come v * PRI T TR F‘""” " Aot e
[ it PR S . PSRN E) This o)t YRS B TR Iy
-
.

‘--.L.-.-.u.. .t ‘__,_( bu
s

T L

S PSSP D R SOV PRRUTUDR SR

L g ey 8 b e e o
B e N e

fomomire gy . ao

P ——

PRI T prapip..

PR

m.u.‘ ’.-‘-.‘.,

S T BLTE o = s SNPUPUSSRERRPSIRNS ST -.u§,nﬂla""
RN | ORI PO O TN LR
v
dantnd La¢ deo e

»-,,,.-.‘ - '

co meenmmonca somil ow.nm,‘ (e
e

cer oy —— .- ‘v m ‘_Jw,‘.,1

e e wwrow o id . aek s wa r I Ye o,

eevmrn memm e o i g b pame e 0§ b v o bl e dgan by
B T e R e T e e $ dmpmbedoy K gl
—— . -
= . e

Tie e Raarwe 1rd v memicer e e Sernnp i’y £

ua—a

i .u sl diaw

R R

FRITR T
A g ’-a—vv
Naget T (m,nf *
el o

b wsie s mm i mmmt o | rarm oy e b

e s

e
R 4.1'- PR

R N

SNPGRS U N —

. un w -

- o

——————
3

»v——er

ot i e 3§ it 9w < v

. -t com

Lo wvr ve v et

ot ,‘_.,, ,-‘r._oe.ou-n P

1953

A

WL
g N 1 'us., ,,w.,.,.,«. enent -

3. :,f ‘
,..n..n..-‘..u..A_f; St s boa

Y L e IR SO

[ T PP
pn . a s e es
. 4 ey qeregue
b b ews dmae
e dtattan el S 4
i aragman meed
[ it e s et 3
Sy 4-. P

R T BUSPRN

- e b

e ee drir e L% SR g
=+ ooy S o
. avme --..4».-.,.....“‘,» .

A%

s sane
R

ol e gmge b

LI e

hema s mime

P

[EPSIUNE RSN 4
R e

-
b e 3 . (mm—— s b
2o e & smr——

SR SRR

S e R R
i

wr—————

B

wrim v e e 5w —— - o

s e e s @

——gieme

-

T rA,

- asm——e e ey

rere me - -

R

oy e

S T P e

8 ——— Wy
—— b b s i o o
Y s &

s bkl e ae

i
- dasene ‘.;..

A —— T 4 <

R
.

P - v e eorr -

. el b
Yo o oz em -
&omrens s sarm o

- oy

. s swenans &

e A R RO

cAmam et se e -

o -

L

S s T P

B S

e e,
- A
I I T Y
xmor vy T
O —

25
4 o mestar Aonysd
Lieeorgpdes

e seqad A A Bege s e v re.
o eh A "‘“*’y'-rfvumv roee s

. temmieas
f —ey

=3

R
-&—ar‘v‘s.‘h‘.a._
)v‘ Ao by & ber b

spet HE PPN

bty ,1 v ere
gty e
e wr = sved

4 s e @ St

e o e it B e 0 Lt A e 8 e

. — 1 -

B e L I S

» et sce g e
T

—erere s e w

P N E=en - - dejods *w
s $ oo pow A.‘,_W‘qw.. r{.f b e -
""“""""""‘i"““' e memef x ewnen wed cmim § sarmem et e ashit e cmewe e e w i .,,..71-. v "5‘:" peers
e e 7 ——y e ST TLIK SR Ter A SO PR RS & 58 PR
™ s rean P e nrprfre o weowr piv e J&“Jﬁ,-n* T
- 2 po—". - bedea P o N »,.1.¢.~...A.;-<.
- s i frban s wrrco §or mtsan wom ire | s mresemrere § 5 pavew srw smbee Fouoewsad s mediae) +M"."' TR
P N T L N W o rnp TYPRYP R e LRI

tag e o

B I R e
boo e e e e § et o -
O
S S I R T
L e BT I Y
SO S

4 e arbiem e oA @ wrrens

B B ey

- ————a——— -
. Am e o

B R bttt R S R

A S I

P

srere s oo hoamd
s e ek

o eraind ks

R -»] B T T

Eade Il A e AL R

e
6% ek es - 3 ¥
+ e me———. ety
D Ik X T
b s b b w

ET e e )

Cdmand ¥ 4 e

et 1 2 minbm Ay “"f'
b d d DR U B bk e

o per ey s

WAVELENGTH (A):

Figure 9. Luminescence of Gabbro with X-ray Irradiation {Tungsten Target, 70 kV, 45 mA)

-

21

&

e Bt e o

e NN g,

[T

PRI FVEHCCS R N




& mpren T

cranng

CLUwr g .- P w e T Be e e o .
} o s R . N - ) .
H . B IR PN i e . . ’ .o . s R
had H . N o rew P 1 xe . .- N )
3 ') sfern N . . . s asafs ..
e v t s Y e , R . .
S LI se e B} . Y * . B
IO » . e 00 . PRI .
ey . . . ’ e g . amwaroy .
. PR . . [ . B .
” . . ek . i . M R . |
'Y R . . 3 L . B
4 ia ’ .o
TR IR SETE R
cec ' . . . : . .
! S P A Ly Y A :
[} Cerees i fee ’ § 4 P . .. .
PP N . Ry i u.‘,'. s . N .
i » . . » DI A T by e . .
5&’" PR R U TR Y ¢ iz *s W 20 4 e rra e e <% smaw s % sienr o or e
. , N LERE MRNAE Al
. .. "~ . v . . PR PR
S PURAY IR SR
N DIPINRR YO I . I D
vk . .. ' . R . Prs e e .
N P Pae PO ’e . .. R ~e e . t
1 DN BRI I P [ T N
1 B R I DM I Cieeaar s . . e
[ . che A . e . e aea ce e R P
’rt... v ar owwm dx ke SR R R eare) - B -
4 . . . Lee v PEPE . . S oh s e . oo, i
4 . DRI e e * D . P e ‘. Nt
3 . PR . pov ek [ IEE I . + YRR RS s e -0 o, "’,.JA
1 B NS PR T IS SN I . R Y R Y AN L AP
[ L iec s e ) FE Y S S ¢ e e e . - .. -
1 BN I Cel L. cw . PR . . s i .
- . ) RN REE N IR . [N I I IS - e e e
"Jw e . P ' e . ..-'... . . N ..
¥ N » .. . - L. : . :
Lt el % - v :
Y § R B ) .o s - ’ . ~s = 1 ‘s .
G066 vy~ WAETL 24 0D e T e 416§ Yy Py D g e S o o E g b2are CEW v simis wewrn oy e [
PR IR EI R DU SN Ceew .-
DA ece Al raares g MR S PR . L <
PR [ LY IEREEF Y PIPEr I S PAESROT AP o2 .1 2. §A . .‘m_.
IR s A evas P M FEETTE . 3
. e o ew i oas CRIERPNIP O e e -
P . Y S . . . . e .
N _‘}’! PRI B ew . L
P §  caae o exr e st s sbemraidroms e afomw - e e e omn e
490 , CA B B Rt et Bt o
4 . Y RIS RO P : .
. MR R S AR SNSRI N . Tl e . .
i H [ : L L s - . v e . .
S DI seee i P coew . N ce e e e B ¥ -
" [ 4 e . ces s ‘ . T .
; D e b . + . + .‘... o
. e e . . i . P e .
:u.m - oo are 3n . N . N e ot e mben e e e b o N
vle oo - <. ey . 1 . e s [P TSR .. .
i Cere v sk S T R [’ B JEC T S s s xfrasedy PN ST
tdee -t ame 4 iy RN R E T TN e e o . i IR IR AP
- R RIS T PN v+ B T R RN R I e L msmep e w e - ORI S . iR AT IR I TN
[} » DU ISR I S5 SN P S T b ke . § o y boos - eeloeiaaa
v 1 PROSOBRARE b S RS B B DD I SR ) 1‘!" PYOSPR L SN B
o] idivsoetnn 4.8 04 sribrni s s ned rre s adee mas e " 3 [ -
i boecses <pefoya - R N R N L LR R D ot T e P L3 .
3 [ B PO ry el b I N ..
F.0E = e v s t et * e
tf * S e T E Rt O PYSI ST
- e B RS E NPT E RN RN S LR SR
. P e » ) . . .
1 ' PN T . ' . b e e <4
e P e i . i e - . .
£ p FURRRER A 3 N A
+ R T IR 3 S Y] + A cme > e . . . e
S ier e odiea H R s e e e e
v - -
4] 15, abien wdosdeé ik - RO NN PO DU A .
WILLEMITE B
—ig : -
£ oass T T PN RSl I R RS Yot T R OREY O DRt R it DupE Y SRS
S ‘!"47(‘3 LSRR IR TRr PR NN N T S O G P « v se v
i IEEEES B E AR LA T Qv b e s b cemd s sa s e
P I3 = [T
PEEIIC RN AV ST Cb
R RN EY ER ‘ .
4 e adde s by, .
! IR RS S
> - . IR - IREE BT AP
: EPETRE SRR -
3 ‘. b doaen
I3 ce v an b aas e . Ve gy b .. PR TP
} v s o foeeprd oy adei mos b0 s e ey wapar pam
B LR T P R - ety me b rar
{ sz ded 2 g a [ - e fer wdqeont o |y [ T
S e f kb s e o [T SRS, 0 ¥ sy g N LIRS SN
SRS R AR ‘J g T Ry SR g N I FERRE: N O O -
R TN Yl \ o merimdan o gy N Ll R R R T —‘ "L}),- s s aewown pIT—_—
eptaedon SH T S . 1.! 'ql., 2}
y Y-a

[PV S

- |

3

- q’ 4.‘. fv{i

e
.A... e et
L AN (RS ENINE
i R oD s ey § b
g s taem mem g ngh LT Lk e e g
R SN [TESPIRBSON % SR Srtonimen wn ane b puden
ket nen . LRI S ing POrpIITONB A
. cmmdy e [ESPGNICIME
t ’W'A,? e i omens - L T LT R
PRSP SN S R JLIETI TR RS RS SR A | " vmenn-llt e
0 IR e DR NP PPN [P SROF RN SIS JIE IPOrITEAriring SO EUNOII ONC I fomorgmme e TR PAY [PV USRI Sronini Ty SR A .
. " BaSOA LUMINESC SCENCE .
K . [
33 ..iut.‘-_ruq-a-»,'uu,.» PN » ,.[...-_..4..-...-..- PERSOS NIMISIELIR RUNPUSIMIRINE NN AN SR g RPN “
EEEZRES AR EELURIIE DIPIEE SRR IPIp Sy B O VA S, - ,.“.. sy Feie fimke gt — vt E s e ¥ n ‘ .
PR RN RGN BRI RN DRSS RES DSNINN S i B SN AP R LI ILINIIIIUIT LR
R Gdeahatbetall A LRI ST AR S EREE LR RUREP PRSP S PRSIt S R s S et SRR S P PR I e e & s
. E »b.l.&.7 R R R e R S RIS RT S P PR 4 by ot b o e ceamr) we R I S AIRET R Bt - It T T S L .
[T RNE L EEE R N R R R S AT R e R SR R P or S cedetpirere §ooomm e of 0 s AP ehes o § e ak i ie e ey - 8 e
$rmpe by wnw b memmd cre b dboRidgee st e id oy PRI RN R qu cmsmger 2l e ey frrem—a e nree e .- -
N PUPERARNIPIT] RUET USSR BT TPCP I R B e R R R e et L TR T Spresde s a e ccampir a o fensimiar 7 o Br s e ey W e e e -
veg e tmlafanndias cafed by : . R - e ot g BT o N B
1.66 e 4. - :‘ - bon Y . [P — oo
S EREE - B R O A R o T . [ T ke ew s -
v A wm e e +e. bepre aim v e Sk - el bk eme cew e e E » EE
@ wans B o ol b chw o Py RN [N | ¥ R T0r oo
RS TP R e 4 PR S PRI T2 Ta,l.-
ciiemei oy« N ‘& Aae g hos m by g e e w Yimbrens ' JEPUN ORI [PATONN P i
i e DERES SIETIT PR MESEE ISP DI IS S . it 0 4w ragar r e
- . tetwbocasfons imn iy tl-‘bn*vr' v eak bty § b At s by LR AR R R T rpewa b deew o
\ y ey, Wb asmbabis pag | nuainae e bdn . P e L (PR P STONNG S 08 RUTSSNIIPUPSY I U NN A S
T . IRET RETISE PUSNGNEE NS PN p—{I—q-y. PEROREEREINRIN [N ISR A PEIRIIEE KT I R
o“g aeme st et B cctakt A & ke R St TOTT SOY [PPSR REMNEET SO DSROEMIE SN S IR OOV (DRI (RN wo mmedebibe ok h R -ty e
82504 DiISCHARGE hCrLf(onchr
$.66 By e S . ’ - v wasn -
Lgdevevrad gdorm - bfbmbrrpr v .‘r«.g.,.,v... RECITVPRRIE T 2 3 S g e Ssame ea e e o -~ R R et i R S L I A T A A SR .
r B R Ll RIS P R A R O T B L I R R R B el can R R B I e T e O R A S ne .
RS FEEEEE R S AR R Y LT B R e B R R L R ) .. IR o PR PR, R S -
w” B DEPIRE IS S AR (ORI S ‘f-t‘vzt EE B o RIS R T I Y R e R R T .. LRt e A B B e R R R ot - -
B R R T R O e Bl A B R R m i i i Tt R Rt} e B R T g B T G R L .
N USRS QP R e b e b ke edad af ohg ik dke e e L --»’.—.... .. e -l . __..,,.‘, dmvermim 6w myew - wemimsmeamne b e o s . -
M A RERESEF RESFRTRESY | RIPEISENS PHEG P \ . OISR Rptathd QNS PRI
1 WP ..;,,n,'a...'-f,..'., PR pE 37 NS00 B B PRI 24 M(J..‘rf\.-.. AORPVFLE TN A-J‘ Fh '“ i R0 ik B T e BOostivenai O R
‘4""“" bas s mowdtrigaas e fhaten v . ey . massees deo .- PR PL T = & PRGN SV M RTURRE o ww oA soa e -
o".‘*‘..«‘., AP SRS ahriias fotaced s o Ai.o»l PPU UGS DRSS M S ~]<.A e s PRBFOERGENVEIN RN VI DA e N ~‘ . - «
&0 5000 €000 7000 6930
WAVELENGTH (A)
.
.
- ]
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- Figure 11. Luminescence of Terrestrial Andasine and Lunar Samples with Proton (5 keV) Irvadiation
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