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ELEMENTS DEPLETED ON LUNAR SURFACE: IMPLICATIONS FOR
ORIGIN OF MOON AND METEORITE INFLUX RATE*

Edward Anders, J. C. Laul, Reid R. Kcnysf, R. Ganapathy, and John W. Morgan
Enrico Fermi Institute and Department of Chemistry
University of Chicago, Chicago, Illinois 60637

Abstract. Compared to terrestrial basalts and eucrite meteorites,
Apollo 11 and 12 basalts are consistently depleted in siderophile ele-
ments (Ir, Pd, Ag1 Au) and volatile elements (Zn, Cd, In, T1l, Bi, Br),
by factors of 107+ to 10~ 2 The depletion of siderophiles suggests that
the Earth and Moon segregated their metal and silicate in two discrete
events, contrary to the fission hypothesis. Morcover, if the Earth-
eucrite pattern is typical of independently-formed planetary bodies, the
greater depletion of the Moon speaks against an independent origin, as
required by the capture hypothesis. The depletion of volatiles implles
that the Moon either formed at higher temperatures (510°K vs. 470°K for
the Earth and eucrites), or had a 100-fold lower growth rate in the
terminal stages of accretion, This migh! Ye expected if it formed in
the Earth's neighborhood.

" The coarse-grained, 13-cm layer of core 12028 sh ws extreme enrich-
ment in Bi and Cd (38 and 22 ppm), some 103 to 109 times the content of
Apollo 11 and 12 crystalline rocks and soil. Such material must be rare
on the Moon, judging from the low Bi content of all soil and breccia
samples examined to Hate. Sample 12013, on the other hand, seems to
represent a more abundant rock type. Relative to Apollo 12 basalts, it
is enriched in Rb, Cs, Tl, Zn, and Cd by factors of up to 102, About
10-20% of such material is required to account for the high Rb, Cs, and
Cad content of nine Apollo 12 soils. Rock 12013 fits various trace ele-
ment correlations for Apollo 11,12 rocks, which suggests a close genetic
relationship to mare basalts, and a local rather than highland origin.

All soil and breccia samples are enriched in elements thought to be
largely of meteoritic origin: Ag, Au, Bi, Br, Cd, Ir, Te, Tl, and Zn.
The enrichment pattern in most samples is dominated by material of C 1
chondrite composition, probably micrometeorites of cometary origin, The
average abundance is 1.9% C 1 material or equivalent, and the average
meteorite influx rate is 4x10-9 g cm™2 yr=1l, Soil samples collected on
crater rims, and some Apollo 12 breccias, show a smaller amount of
meteoritic material, of less primitive composition. Apparently Bench,
Head, and Surveyor Craters at the Apollo 12 site were made by ordinary
chondrites or irons. An anorthosite sample from Apollo 1l soil shows
a similar pattern.

The meteoritic elements in Apollo 11 soil dissolve preferentially
upon HNO3 treatment. Apparently they are located for the most part in
small grains or on surfaces,

The glassy exterior oi rock 12017 is enriched in '"meteoritic'" ele~
ments (Au, Br, Cd, Ir, etc.) relative to the interior. Apparently the
glass represents molten material splashed onto the rock from a crater,
not a glazing made in place by a solar outburst, as proposed by Gold,
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We have measurcd 15 trace elcments in lunar samples, using neu- ;
tron activation. analysis procedurcs described previously (Keays et al., i
1971). Results on Apollo 12 samples are shown in Table 1., Some of :
these have alrecady becn published (Ganapathy et al., 1970a; Laul et .
al., 1970; Morgan et al., 1970). We have also analyzed several Apollo
11 samples since our last publication (Ganapathy et al., 1970b).

These results are given in Table 2,

Crystalline Rocks: Siderophile Elements. Figure 1 compares
lunar rocks with calcium-rich achondrites (Laul et al., to be pub-
lished) and terrestrial basalts., The last three, siderophiie elements
are about equally abundant in terrestrial basalts, eucrites; and the
Angra dos Reis meteorite, but are less abundant by some two ordéers of
magnitude in lunar rocks. Very likely the Ca-rich achondrites come
from the asteroid belt, not the Moon, and thus give us information on
smaller bodies and more remote parts of the solar system (Heymann et
al., 1968; Taylor and Epstein, 1970; McCord et al., 1970). The
51mi1ar1ty of the terrestrial and meteoritic " patterns thus suggests )
that siderophile elements were removed with equal efficiency during
planetary differentiation in bodies a few hundred to a few thousand
km in radius, between 1 and ~2.5 a.u. from the sun, If the terres-
trial-meteoritic pattern is typical of independently-formed planetary
bodies, the greater depletion of the Moon suggests some unique cir-
cumstance during its formation, perhaps proximity to the Earth. 1In
any case, the singular pattern of the Moon is hard to reconcile with
the capture hypothesis.

The contrast between the lunar and terrestrial patterns speaks
against the fission hypothesis, as already noted in our earlier paper
(Ganapathy et al., 1970b). If the Moon had lost its siderophiles
while still p part of the Earth, it should show a terrestrial sidero-
phile pattern.

- Crystalline Rocks: Volatile Elements. Apart from occasional
deviations by rock 12013 (inverted triangles), the first four, volatile
elements in Figure 1 show consistently greater depletion in the Moon
and eucrites than in terrestrial basalts. This is also true of Tl,
not shown here. Presumably these elements were left behind in the ¥ ]
solar nebula during accretion. Thallium in lunar rocks correlates 1
with alkali metals and uranium, even.in rock 12013 (Laul et al.

1970), and since these elements largely concentrate in the crust
during planetary differentiation, fairly reliable estimates of whole- ‘
planet abundances can be obtained from element ratios. Volatilities o
increase in the order U<Cs<Tl. For the Earth, Moon, and eucrites 3
T1/Cs and T1/U ratios (both normalized to C 1 chondrites = 1) are:
0.25, 0,018, 0.17, and 2.7x10~2, 2,7x10-4, 8.5x10~4

For the interpretation of these numbers, it is necessary to know
how the volatiles were acquired. Two limiting cases may be considered
within the framework of the Larimer and Anders (1967) model.

(1) If temperatures remained constant throughout accretion, the
volatile content reflects both the proportion of low~temperature to
high~temperature material and the accretion (or equilibration) tem-
_perature of the low-temperature material. The Cs/U (or K/U) ratio
probably indicates the overall content of low-temperature material,
and the T1/Cs ratio, the accretion temperature. Average temperatures
gerived from T1/Cs, Bi/Cs, and In/Cs ratios are: Earth 470°K, Moon
510°K, eucrites 470°K, all for a total nebular pressure of 10~% atm,
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These are similar to the accretion temperatures of L-chondrites, which
range from 460-560°K (Keays et al., 1971). If the total pressure were
10-2 or 10-6 atm, these temperatures would be raised by 80 to 100° or
lowered by 60 to 80°,

(2) 1If the nebula cooled during accretion, the bulk of the
volatiles would be acquired only toward the end, when temperatures
had fallen low enough to permit their condensation. In the most
extreme case, the volatiles may have been brought in entirely during
the final stages of accretion, as a thin veneer of carbonaceous-
chondrite-like material (Turekian and Clark, 1969)., The nominal
mass fraction of such material is equal to the Tl1l/U ratio, i.e.,
Earth 2.7%, Moon 0.027%, eucrites 0.085%.

A higher accretion temperature of the ioon, as derived in case
(1), suggests a distant origin and might thus be regarded as an argu-
ment in favor of the capture theory. However, from the data available
it seems that the temperature gradient in the inner solar nebula was
essentially flat between 1 and ~2.5 a.u. For dynamical reasons, the
capture theory requires that the Moon initially was in an Earth-like
orbit, with semi-major axis close to 1l a,u. It does not seem likely'
that a temperature difference of 40° could have developed over so
short a distance. We therefore believe that case (2) is closer to
the truth, the lower volatile content of the Moon reflecting a lower
accretion efficiency in the terminal stages of growth rather than a
higher formation temperature.

We have previously suggested that a lower accretion efficiency
might reflect accretion of the Moon in the Earth's neighborhood
(Ganapathy et al., 1970b). Singer and Bandermann (1970) have shown,
however, that nothing like the required differencec in accretion ratc
can develop in the absence of gas. The lower capture cross section
arising from the orbital motion of the satellite is more than offset
by the increasing concentration of dust in the neighborhood of the
central planet. However, it is generally believed that gas was
present during accretion, and this could radically alter the situation.

Rocks 12013 and 12008. We have already discussed our results on
rock 12013 in a separate publication (Laul et al., 1970). As far as
our 15 elements are concerned, this rock fits in well among the ordi-

nary Apollo 11,12 basalts, It shows a typical lunar abundance pattern,

quite unlike the terrestrial or tektite pattern. Its description as
"tektite glass" by O'Keefe (1970) therefore seems inappropriate, as
already noted by King et al. (1970). The enrichment of Rb, Cs, and U,
in Apollo 12 soils compared to A,B rocks seems to be due to admixture
of 10-20% material similar to 12013 This, too, suggests that 12013
represents a fairly abundant, local rock type rather than a chance -
fragment of highland origin, Data on 12013 enabled us to recognize a’
correlation between Cd and alkalis in lunar rocks, which seems to i
have no parallel on Earth (Laul et al., 1970).

The ilmenite~rich rock 12008 shows no noteworthy compositional
trends, at least insofar as the elements measured by us are concerned’

Cores 12025 and 12028. The 13-cm layer of core 12028 contains 5

.very little meteoritic materlal but is spectacularly enriched in Bi
and Cd, by factors of 104 to 10S We have already discussed the
1mp110at10ns of this observation (Ganapathy et al., 1970a). One
-significant conclusion is that the turnover rate of the regolith
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must be orders of magnitude slower thah previously estimated, because
we saw no evidence for vertical spreading of the Bi-,Cd-rich layer.
This conclusion is supported by subsequent analysis of a sample from
near the top of the core (12025,72). | It shows only a very slight
enrichment of Cd and Bi, 10-3 and 104 times the content of the 13-cm
layer. However, our argument loses much of its force if the Bi-,
Cd-rich material analyzed by us is an atypical freak, rather than a
representative sample of a widespread material,

Meteoritic Component. All Apollo 12 soils and breccias are
enriched in elements thought to be largely of meteoritic origin: Ag,
Au, Bi, Br, Cd, Ir, Te, and Zn. We have once again attempted to
characterize the composition of the meteoritic component by subtrac-
ting the average composition of AB rocks (with 15% 12013) from the
gross abundances in soils and breccias. The most informative elements
are Ir, Au, and Bi (Figure 2).

Two types of pattern show up., Contingency soil 12070 shows the
flat pattern characteristic of primitive meteorites (C 1,2 or E 3,4),
which had previously been seen in Apollo 11 soils and breccias.
Again, a meteoritic component equivalent to about 1.8% C 1 material
seems to be present, Soils 12032, 12037, 12033, and breccia 12073
show a step pattern characteristic of differentiated meteorites (irons
or ordinary chondrites). The enrichment of Bi is much less than that
of Ir and Au, and may in fact be zero within the uncertainty of the
correction for indigenous lunar Bi. And the amount of meteoritic
material is only about one-half that in the other samples: 0.9% to
1% C 1 equivalent (corresponding to 0.86% L chondrites, 0.60% H
chondrites, or 0.17% group 1 irons),

The abundance pattern alone is not sufficient to establish the
exact nature of the meteoritic material in the last four samples.
However, a further clue can be obtained from cratering theory. From
the equations of Opik (1961) we find that the above percentages of
meteoritic material correspond to impact velocities of 8, 1ll, and 24
km/sec for the three types of projectiles. A velocity as high as 24
km/sec is fairly improbable for an iron meteorite, although a single
iron meteor with Vo = 30 km/sec has been observed (Ceplecha, 1966).
On the other hand, velocities of 8 and 11 km/sec for chondrites are
close to the mean geocentric velocity for stony meteorites, 14 km/sec
(Millman, 1969, and earlier references cited therein),.

All three soil samples thal showed a '"differentiated'" meteorite
pattern were collected on crater rims, whereas those showing a
"primitive" pattern were taken at greater distances. Apparently the
soil far away from craters 4s heavily contaminated with micrometeorite
material of C 1 composition, that falls on the lunar surface in a
steady rain, Material on crater rims is less contaminated, and still
shows the abundance pattern of the projectile. The effect disappears .
at distances of only a few tenths of a crater diameter from the rim.
Three samples associated with Surveyor Crater illustrate this sequence.
Breccia 12073, part of the contingency sample, has a pronounced
"differentiated" pattern, with no detectable meieoritic Bi. It may
be an uncontaminated ejectum formed mainly from bedrock, not soil.

.The lower (31 and 37 cm) layers of core 12028 still show a vestigial
step pattern, while the upper layers and the contingency soil sample
already display a C 1 pattern, :
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It thus seems that all three major craters at the Apollo 12 landing’
site were made by differentiated meteorites, probably ordinary chondrites.

Anorthosite. Two anorthosite samples from Apollo 11 soil showed
very low alkali contents, coupled with an enrichment of meteoritic
elements., The meteoritic component cannot be accurately characterized
because the composition of the non-meteoritic component is not known.
However, uncorrected data for sample 10085,107-1 show Ag/Au and Ag/Ir
ratios of only 13 to 15% the C 1 value. Corrections for non-meteoritic
Au and Ir are almost certainly negligible, and thus any correction for
Ag will only make the ratios smaller, Evidently the meteoritic com~
ponent in anorthosite was less primitive than C 1 chondrites., Irons
or ordinary chondrites appear suitable, as they have Ag/Au and Ag/Ir
ratios some 3 to 10% the C 1 value.

The highlands regolith must contain planetesimal debris from the
final stages of the Moon's accretion. However, we cannot determine
from the present data whether the meteoritic component in our anortho-
site samples represents this exceedingly interesting material, or
merely the remains of a more recent projectile.

Glass-Coated Rock 12017. As we reported elsewhere (Morgan et al.,
1970), the glassy coating of this rock is enriched in meteoritic ele-
ments (Ir, Au, Ag, Zn, Cd, Br, and Bi), in proportions implying addi-
tion of 0.5+0.1% C 1 materlal The glazing seems to represent
splashed-on ejecta from a nearby impact, not in situ melting by a
sudden increase in solar luminosity as proposed by Gold (1969),
However, Gold's hypothesis applies specifically to rocks located in
small craters; we do not know whether rock 12017 was found in such a
crater, (See also Science 168, 608-611, 1970.)

Acid Leaching of Soil. In order to learn more about the physical
and chemical state of the meteoritic component, we treated a 482-mg
sample of Apollo 1l soil with HNO3 according to Silver's (1970)
procedure (Table 2). All the meteoritic elements (Ir, Au, Zn, Cd, o
Ag, Bi, Tl) showed substantial solubility (>15%) in the first acid [
leach, However, the separation was not clear-cut; several elements !
of non-meteoritic or mixed origin were also enriched in the first
fraction. Whereas most of the meteoritic elements showed up in their
customary (C 1) proportions in the first two fractions, corresponding
to 0.5 and 0.4% C 1 material, Zn, Cd; and Pb204 (Silver, 1970) were
present in 2 to 7 times greater amounts. Apparently lunar Zn, Cd, and
Pb reside largely in acid-soluble phases, This must also be true of
the clearly non-meteoritic U and Th, which appear in the first leach
fraction in significant amounts (Silver, 1970). Cs and Rb, on the
other hand, show only slight acid solubility, and this seems to be
true of lunar Tl as well. Judging from T1/Au, T1l/Ir, and T1/Cs
ratios, the first three fractions contained mainly meteorltlc T1l, and
the residue a mixture of lunar and meteoritic TI1.

The high ac1d-solub111ty of the meteorltlc elements is not sur-
prising, because much of the meteoritic material appears to be present
as small particles or surface coatings, We had previously shown that
these elements were enriched in the finest (-325 mesh) size fraction
of the soil (Ganapathy et al., 1970b), while Barber et al. (1970)
‘have recently observed micron-sized particles with high track densi-
ties, which appear to be metcoritic. Moreover, some part of the
meteoritic material must be present as vapor~deposited surface
coatings on larger grains.
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Other Apollo 11 Samples. Compositionally our sample of 10017
resembles a breccia. We are investigating the possibility of a sanple
mixup. Sample 10047,65, consisting of fragments, gave much lower
abundances for many elements than a powdered sample of the same . ¢k
(10047,32) distributed by LRL. This confirms our suspicion that the
powder was heavily contaminated during preparation at LRL. Another
powdered sample, 12038,57 (Table 1) also gave suspiciously high
results. We believe that the practice of powdering lunar samples at
LRL should be discontinued, as it results in severe contamination,

We were not able to confirm the high Au values of 8.7 ppb and
1.6 ppb for 10017 and 10057 (Wanke et al., 1970). Our values were
one to two orders of magnitude lower (Table 2). A recheck of 10072, 23
gave a far more reasonable Ir value (0.022 ppb) than our earlier
result (4.02 ppb) which we had attributed to contamination,

Acknowledgments. We are indebted to Mary Joan Hasche, Annie
Pierce, and Frank Quinn for assistance. This work was funded largely
by NASA Contract NAS 9-7887, with additional support from AEC Contract
43(11-1)-382. - . —

[}
i

BARBER D.J.; HUTCHEON 1. and PRICE P.B. '(1970) Extra-Lunar Dust in
Apollo Cores? Preprint,

CEPLECHA Z. (1966) Bull. Astron. Inst. Czech. 17, 195-206.

GANAPATHY R., KEAYS R. R. and ANDERS E. (1970a) Science 170, 533-535.

GANAPATHY R., KEAYS R. R., LAUL J. C. and ANDERS E. (1970b) Geochim.
Cosmochim. Acta, Suppl. 1, 1117-1142, ‘

GOLD T. (1969) Science 165, 1345-1349.

HEYMANN D., MAZOR E. and ANDERS E. (1968) Geochim. Cosmochim. Acta
32, 1241-1268. . A

KEAYS R. R., GANAPATHY R. and ANDERS E. (1971) Geochim. Cosmochim.
Acta 35, March Issue. .

KING E. A., Jr., MARTIN R. and NANCE W.B. (1970) Science 170, 199-200,

LARIMER J. W. and ANDERS E. (1967) Geochim. Cosmochim. Acta 31,
1239-1270. ‘

LAUL J. C., KEAYS R. R., GANAPATHY R. and ANDERS E. (1970) Earth
Planet. Sci, Lett. 9, 211-2135.

McCORD T. B., ADAMS J. B. and JOHNSON T. V. (1970) -Sc’ =nce 168,
1445-1447,

MILLMAN P. M. (1969) In Meteorite Research (P. M. Millman, editor),
Chap. 45, 541-551, D. Reidel, Dordrecht.

MORGAN J. W., LAUL J. C., GANAPATHY R. and ANDERS E. (1970) Glazed

_ Lunar Rocks: Origin by Impact. Submitted to Science.

OPIK E. J. (1961) Lawrence Radiation Laboratory Report No. UCRL-6438,

SILVER L. T.. (1970) Geochim. Cosmochim. Acta, Suppl. 1, 1533-1574.

SINGER S. F. and BANDERMANN L. W. (1970) Science 170, 438-439. :

TAYLOR H. P. and EPSTEIN S. (1970) Geochim. Cosmochim. Acta, Suppl. 1y
1613-1626. A | r

TUREKIAN K. K. and CLARK S. P., Jr. (1969) Earth Planet. Sci. Lett.
.6, 346-348. 4 , 1

WANKE H., BEGEMANN F., VILCSEK E., RIEDER R., TESCHKE F., BORN V., o
QUIJANO-RICO M., VOSHAGE H. and WLOTZKA F. (1970) Science 167, f

523-525, | : 7
O'KEEFE J. A. (1970) Science 168, 1209-1210. ,

e

W\



9€ L oze 0°6 £y 061 1124 4 9°€ 6£°0 c'e 92 gz’L oyt 9°c o sdexaay

S€ §°2 68 ¥2°6 S°¥ 081 0T 8°2 9¥°0 £L°2 61 6¥°9 86°T ¢C°F ) 2e°c202T
8 0L €z SL°8 I'FP €61 0T £v ze'0 org ¢ 962 28°0 L°T ) 22 0T02T
92 't 0061 ZF 19 ¥ 8¢ 8°2T 09°0 €9°T T2 LL°2 £62°0 ¥wEP°O ¥-ustH gofereay
€ 12 It oWl .02 0°9 OF 9€ 8°F 660 LU°T ¥  ¥%°Z L0 _¥8°0 ¥-y31H ¥P 01‘ST0BT
€ 14 9°9 OE0¥ L°86 6°S ozy o¥ Y€ 6°0s ¥F°0 one 12°Z &0 oot A-UBTH  TPOT‘ETOZI
€ ¥ 82 o0L2 005 09 89 Ly 8T ¥0°'T 6¥%°C ¥@ 68°2 182 0S°0 ¥-uSTH ¥2+LE°01°LT0ZT
€ 22 6t 0921 292 0'9 <L ¥ 2L 20 o8°c O %0°€t ZEI 610 ¥-u3TH  ¢e'oT‘croZI
€ 12 6z 082 ¥er 6°S 0f - 8% 8T &€°0 89°0 ¥ ¥l 90 210 ¥-uSTH  8I‘0T‘E£r03T
.wm.flfmm, ZE 0292 S99 €°9  ¥S 92 8T 9v°0 88°0 16 90°Z 12°0 2¥0°0 ¥-usty ST‘0T“ET02T
£ 1€ 08t o0z8 S'€T ¥'9 66 PIT  6°T €9°0 F°I€ % OI'F OI'C 9% N¥-u3tH 90°0T ‘€T02T
& z'z2 1y 6°0 €t 6¥l €T 1€°0 0S°0 00°T 6S°1 18°0 ¥E0°0 ¥01°0 av poBEreay
(47 - 6v S0°T - 08T - - - - - 2t £9°0 T10°0 S0°0s av ce‘g9021
s z'z 29 SI'T &'t 002 ez s'0 og0 2T - £6°0 £10°0 820°0 av §£6902T
T - -zt e 90T €% #02 o1 9T  £°0 - 080 TI'U ¥S°0 200°0 ¥6°0 av cv ‘18021
T - o'z oF €0°T 9% 102 - O1 9T 980 €€°0 28°0 2°T 26°0 800°0 60°0 av €5°1802T
¥ %0 € 62°0 6T 8¢ ¥ 90°0 £0°0 TI¥'0 £°¢ 82°0 2100 21°0 q 82°0%02T
sz L st 1v°0 €% o021 0T 9z°¢C 9r°0 08 z°¢ 60°C 9£°0 %00  JI3pmod v L8802t
2 ¥  1°c 18 0c°z  g£'¢  z81 6% 88°0 6S°0 18°Z ¥°'S 0£°€ €2'T ¥9°%  SSED @V 0221021
2 2 0z co¥ 90°T 6°2  9ST 9T %0 §2°0 <SP'T TI°1 20°T 220°0 020 Jur v Lr‘irozr
09 82 82 29°0 2't  6El Il %£°0 92°0 21°'T €T $0°T ¥20°0 90°0 ‘wir gy 1T‘8002T
T - 6T et 60 ¥'2 (¥l OT 0T 620 %I 180 ¥°T 0L°0 ¥20°0 2970 : 92T ‘ 200ZT

"3o¢  (wdd) (qdd) (qdd) (wdd) (wdd) (qdd) (qdd) (qdd) (qdd) (qdd) (qdd) (qdd) (wdd) (qdd) (qdd) 2d4y  xequny ardueg

°Q ux S0 Qu ) 98 5o aq L 3 3y PO uz ny I

B A
R Rt SR

B o
roaigel

eS°ldmes Jwun Zr oyrodv uy saduepunqy 1 IIqEL .

]

.
BT R ———
. LR )




isesoYyl

uaxed uy
‘sy3dap anx3 Iyl ueyl IIT[eus IIT ISIYL

Jrdues Ul $31IYSE3 WNNOEA WOXJ UOTIRUIERIUOI) soniea 3y pue ul Iaydry 2y JO 1I1® apnydur Aayl

s o B O
s

‘urdyIo d913.J0933am jJo L(93xey 3q 03 avadde YOTYA 0Z ‘21021 UT IFg Pae ‘[l ‘g ‘8y ‘p) ‘uz ‘ny ‘Xl Burpnioxyg
“Axeurmitaxd aaw aJay uaard saaquny

*(0L6T) °"T¢ 3@ Tne]

o

‘¢ £(1261) "T® 35 uelaon

“Z ‘(e0261) "T® 32 Lyjedreuen °} :sodudIBIAY

*3xo0x UGAAAnamhuo.uo sjuom3exy 3O ATuUrCW SISISUOD YOTUYM 99°8Z0Z1 wuwvzﬂuxmw
(0261 ‘I3dST) 2YIVDHIQ puUR JNIOX SUIT[EISLID USIAIIQ aSeD SUITIIPIOCY ag O3 muuo&n%«
‘ur3TIO DT1TI0939m yo A1adaey 3q 03 awadde yYOIUYM 90°0OT‘CIOZY UT Ny § B II Burpuyaxy,

“(2°28-9°68) Z°8€-Z°LE (2 9¥-C'¥V¥) 2
udAYId axe (WD) syidap INnI) PIIEWIISH Y3

{0261 ‘13dST) 3qn) 3100 3o doj WOIY SIVUBISIP [RUIMOU JuasaIdox saydues 2300 J0F udArS suyzdaq

P

‘UOTIBUTHRIUOD IS ITqISS0d JO ssnedsaq ‘paydrdooax Zuiag oaxe sayrdues aL,

‘2e-Z2 1€ (6°92-8°62)_L 61-6"8T ‘(¥°6I-8°L1) ¥ FI-2°€Y (8°2-0°2) ¢ 2~-1'1

‘uostredwod J03

(0261 “°1I® 38 II] I9TXXR)) Burydmwes Suranp uorssaxduwod o3 Surmo

q

"pajoadsns sea Surypuey X0 Surjino Suranp
UoTjeuTIMEIUOD IIIGA ‘sonyea ny pue X[ y3ry L[rensnun ady € puw (Y1 I pazedaxd xapmod) 26°QLO0ZT UO SIINSSX ISOM (YT PUE SIIUTLIUOD

*SOTTEIT UT usoys axe sanyea [nyiqmoq,

- - o016 w - s6 - - - - ovT 80T S£°0 S0°0 -setg "IIay -ud
Le 88 006 oF 2z <8 09 28z oF ¢°sz 02t ogr - 90°0 °seg -Iia31 T-M08
€ st 9% $26 o 12 ¥ 1€ 06z  6F €9z 21 91T 1¥°0 0°% -seg "axsy T-u08
9 16 068 e 2z <6 - 822 oF 20 G 74 8IT ¥8°0 210°0 -°seg ~xI31 1-u0g
8s 6 oIE  ¥F°L ey L2 geT  92°2  oL°Y ¥I'6 ¥ gL's  zE'z  S¥'9 a gofeaaay
r - 812 8¥2 €9 €% 652 00T gzt 91 vz or <¥ 6°9  6£°g c's a 6902031
szt 0821 S12  1'S S§°€ s8I 00T ° 2°T €9°T 2 2 26°9  2L°g 0°s a 82°2502T
09 - 082 TS - 612 - - - T - - ¢ 88°¢ 061 0°s a ¢z Le02T
¥ z 002 0°S ¥'E 06T o¥1 25  ZL'0 ¥rg -  gg9 18°1 ¢ ¢ a 5218021
142 - 2y 9°8 - sst - - - - T - 4 88'%  8£°T 2 2 a 0z‘geoeT
9z ¥z 08€ 08 L'V  ¥OT 0T T'Z o0£°0 sv'L L2 20°¢  ¥9°1 6°¢ a 0Z‘ceosT
03 - ¥ S°2 - 061 - - - - - 91 1734 2~ 8 9% a £€°ZE02T
ve 6 "00F 92 TS 002 08T 6°2 - €9°0 €v'e oz s¥'s  o0¢°1 6°¢ a £e2c02t
1 - 9%z Zre 80T 2'S 82 06 oIt £°2 2 2L eF €%  10°2 2°6 2 28 210D SPT ‘82021
1 - 26 6S€ 06 ©0°S ¥z OF ¥l 2z'2 Z’t 9t s ¥°S 202 L8 2°Ig 310D 121 ‘82021
| ¥6Z S¥e 9'8 2SS o0£z 08 WL 1s°0 ' ort €¢ I's s9°t 1°8 6°8T 2300 0682021
1 - zv €2 2€°0 1z o8 o1 9T 9270 0058¢ TOE 00022 2Z¥°'I  €9°0 80°0 2"l 930D 9982021
6¢ IL ¥z 09 6t €12 oVt 22 g£8°¢ 82 0L TI'9 €5°Z  6°C L°T ®I0D  gL'GB0ZI
‘394 (wdd) (qdd) (qdd) (wdd) (wdd) (qdd) (qdd) (qdd) (qdd) (add) (add)  (qdd) (mdd) (qdd) (qdd) q2d5L  xequmy sydireg
© o © Q@ w e 3L 1@ 1L g 3v PO .

(pPenutiuod) sordwes xeuny ZI Orrody ur SaouBRpUNQY

uz ny XX
‘T s1qEy 4
. . . ;

R s, solees

vy

t
'
3
3
¢
¥
1
i
H
23
PR
H




91 ¢ paxord-puwy {SIUTF JO UOTIOEII ww QI-1 woI¥ 3: 1°Iy Buryrelol sjuamdery ajrsoylaous ¢

e

- (Q0261) ‘T® 3@ 4yjedeuen

HEELEY SR e

=9

‘1108 G¥‘¥S00T JO UOTIOEIF Usaw (0T< ¢ WOIF uedIoN °‘f "SI Lq poxdrd-puey ‘sjusmdexy IU3TT Jo 3= 3°1g,

2J9A salurpunge 11V

*2u g 18y ‘ardmes jo Iu3roa TeVIITIO OF SATIVISX PIJeINOTed

‘L 03 § SUOIIOEIJ JO WNS = S t8oCeN-HORN UITA PISNI ‘OnPISay = 2 ‘a4 T Pa3nJrIiusd ‘0,02

I® IQ 2 PIIITIS = 9 ‘UM CY PIINFTIUID ‘D, 0L I® UM Of PIIITIS = ¢ ‘UTE GT PInITIIUad ‘D,gZ 3T UTH G PIIIYIS

= 9% :(0261) ISATIS JO 3aInpadoié ayl 03 SuypIodoe ‘jusmyiadxa Huyyoeay €oxn ur pasn 6% ‘¥8001 3o sordwesqng
e

Al 53 Tl S s - P BT, %

0g6 Ly zz 06 - 022 8% £°92 €21 9IT #%°0 T0°0  -seg -Ixag 1-¥04

¥2 0.0 02t 62 Zv¥ 19°0 2¥'0 6¥°0 6 s°1 1l 9t "yzouy @  ,T-201°S8001

». SL°T 09°% 06 ¥ ©2°0 650 §9°1 ) S A - 90°t  €°¢ ‘u3zouy @ aﬁaa.mw.wwooﬁ

66 08z 08y 92 06 631 89°T 956°8 6¥ 61 22T ¥L a 6% ‘78001

£01 86°Z L18°F - - 09°'T 96T 96°8 142 12 2wz Us a  ,S-6¥‘¥8001

98 0S°'Z 8¥Z 1 - ¥2°0 %2°0 SO°E -8 9°'9 ZL°0 08°E @ ,L-6¥°¥800T

‘2’8 szo og1 - - 0£°’0 0z'0 221 v 9°¢ 2s°0 28°0 a  9-6¥‘¥800T

6'S ST'0 ¥.°0 - - 22’0 zz0 sL1 9 3> 2°0 w21 4  ,S-6¥‘¥800T

¥E 80°0 SE£°0 - - 62°0 060 9£°2 ‘6z €L 9L°0 €L°1 a ¥-6F V8001

1 6ST 86°S €L7% - 9 26°0 €20 €T €9 181 $I°0 20°% v £2 ‘22001

- - - g8t - - - - PT 221 01°0 220°0 \ £Z ‘2001

1 6ST 89°'C S°€I - 2°6Z 60°T 22°0 69°0 SI'E ILT  210°0 €20°0 v 1% 26001

- - - 1) S - - - €'t 62T €10°0 600°0 v 1725001

1 9% €21 6£°s - €61 260 &1z ¥ g6z or's €60 0¥z 0 xapaod € 2£° L8001

09 ¥l - 0sZ 62 820 91'0C 68T L°Z 6'T 620°0 sjusndely g S 21001

98T 9°9 IS 61z 06T 91°9 SI'T ot 09 ez 2.0 av 1821001

“Jsu (qdd) (wddy (wdd) (qdd) (qdd) (add) (qdd) (qdd) (qdd) (wdd) (qdd) (qdd) ad£) xsquny s7dueg
$2 Qu L 3 s ag u 14 v P uz oy a1

sordues xeuny Y o1r0dVy U¥ sIduRpuNqy ‘'z SI1qel

o
T

e thaard

it S s, W

1R TEER




T T mT T AT TR TR e T e T W e WA peifnaciiad

G o PR ok e e s w TR
TR A AR P n - e 11 et 0% B Y A N, v o Pt o R i S e

— o . ~
- RN AT AL I L W S, LN, 2 ”~ “

il i

R AR

“SUOIY J0 SIIFIPUOYD LIeuIpIO 13a 33¥s Suppur) Z1 OrTCdY "UOYSSANSIP JOF IXI] DO °SIITILUCOYDR YITI-WNTITED pue o

g

Y3 3T SIaiv1d adawy 32yl g3 pIdnpoad 3wyl sariioafoxd ayi Ariuaxeddy SYA0X JUTTIEISAID 27 ol1ody Ul SIUSHITI SOWI3 2 JO aduepungy ‘I SUADII

*(SUOIT ‘SIITIPUOHD LIBUIPIO) SIITI0IIIW IATITWIIA ESIT JO ITISTIAIDEIVYD

e g

ua333%d ,dals,. ® BOUS ‘SUII IIIVID ILAT IO UO PIINI[IO0D I ‘sojdues uH =< mmvm w
2n03; ISEY IRL “sI[dEEs Isay3 UY JuIuoduod ITITIONIT JUBTIWOD 1 ] _ L
2332d®0D UC,3150JEOD IITIDLUCHD SNOIDRUCQIED JO S$IIFI0VTR0XITR Sy3uareddy T nvwm_ .ho_hok v m:owom _Om:mm:m.P +
“$33T202398 JA7JIRTIE O DIISTIIIIERICHD .ﬂhOuuna. X1} ® sous safdues n v ww.wNON_ O_ _OQ< 4 -
INOF ISITF AYL °“TE PR ‘RY ‘I SNOUIIIPUT IO PIIDAII0D H:«ouuun I-. ‘%‘ m_mm w8 Ou@ﬁ( o M_ON_ O_ _Oa< A ” w
PUB STITOS IBUNR] U SIVINITD OTITIOIIIM 333yl O Iduwpunqy °z IUASIL v 4 mo—__ua;cI o m.< N_ O_ _oa< v ] W@“ 5
g oI g oY U @ UL g om 4] vy | Y WS sapond 33 @'y jjopody m :
L R S IS » S3jLpUoYIY SYo0Y Jouny e
3 1 LW G 3 IP« ~] = L
E _ _ 3 e u A = ik
e | | m - o  + by g |8 z P 5
R " - ” £ -~ K uiw Ya v ‘Q«[o_w '
~_] H 1 i = [ o .. MC < o
LT i : “ 1 S 4 * A A s Y - 5
= " " “ EN - A X|WVA vy (VR W g g i
— lgs® T @& le-e i le-e-3(3 ar g 3| wegvg w i
L N A A b
- §L02 £g02! L£02 I » X & %lma O 5
E niaig R poay | oo M | ROy N = [ & w Fla o2 ZE o Ole
o 2 i Y o ol- o A
i Euhm |_1 uo ¢ W g w2 lMo © = : ﬁ O% i’ hw A — MWI
- . o M*Wg o W " G 2
: i o F o 1=
-M, %, i dym3 L o¥ % W x »a - &
- 1= 4 1. e =013 o
o g -] -o-® g | ° o~ olAa Il
- - - | . 1T F T = o= -
£ 8202 8202 9202 0§ @ 2 L
F 9109 2l 3 — ' :
] _ ¥ o -
—_ .llu..mu - 0l + o
l.MLv.‘.Jr.‘vo u.‘...f.’..u.-’l l‘.f.‘.tl...l r....w.’- HN! L *
oo "o c,.ww%._m umuwwu_m 3 Y Vo -
- | 1JJda = —.
E_ m__cmwso” | _wom | L1 |1 1 3 = [OVE v ¢



	GeneralDisclaimer.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf
	0001B09.pdf
	0001B10.pdf
	0001B11.pdf

