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A REVIEW OF POTASSIUM - URANIUM SYSTEMATICS:
GEOLOGIC IMPLICATIONS OF MOON - EARTH - METEORITE ORIGINS

INTRODUCTION

The relative abundance of potassium, uranium (and thorium) is con-
sidered.by a few workers in the field to be of significant value in
assessing the early chemical fractionation histories of the moon and the
earth. Since the Apollo program has now been completed, abundant data
are now available on the K-U systematics for lunar material and new
data are available for the earth. A review of this data together with
an evaluation of previous interpretations is timely and could have consid-
erable impact on the present knowledge of lunar-earth history. To this end,
a compilation was made of all potassium and uranium analyses on lunar
samples returned by the Ameyican Apollo and the Soviet Luna exploration
programs. Thorium analyses were also included as an analytical check

on the reliability of the uranium analyses.

DEVELOPMENT OF POTASSIUM - URANIUM SYSTEMATICS

Fanale and Nash (1971) first laid the foundation for later work by
noting a significant difference in K-U abundances for Apollo 11 and 12
samples by graphically comparing the available lunar analyses and by
comparing them with selected analyses of earth rocks and meteorites
. (Figure 1). They suggested that K/U ratios of igneous rocks on the

earth are within 50 per cent of 1.0 X 104, despite the fact that magmatic
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differentiation has produced rocks with a range of K and U concentrations
covering 3% orders of magnitude.

They concluded that: (1) at each Apollo site, the samples appear
to be members of a single family defining their own trend line which
represents the correlation between their K and U contents. Figure 1
shows that Apollo 11 and 12 samples exhibit different K-U correlation
trends, which suggests that they are a result of differentiation; (2)
breccias and fines appear to be members of the corresponding K-U trend
lines and are defined by local igneous rocks and (3) their K-U systematics

of Apollo 11 and 12 samples argues against moonwide transport and exchange



of regolith materials subsequent to the formation of Oceanus Procellarum;
(4) the two trends appear to diverge from a common cluster of points
(Figure 1). They suggest that the two suifes represent two geparate
differentiation sequences originating from materials of identical K and
U content.

Their latter conclusion is of considerable importance since it would
indicate that 1if the lunar highlands and mare materiale::'enriched in
K and U, a depleted phase of ultramafic material at depth would be required.
Fﬁrthermcre, the samples of the depleted phase would be expected to produce
trend lines that extend to the differentiation trend line of the earth
at some material balance point, i.e. if the moon and the earth had a

similar history of mantle development. However, Fisher (1971) suggests

that the data along the terrestrial trend are overly simplified and that

more recent K/U data for ul;ram&fic rocks (which are regarded as the best
earth mantle material obtained to date) show that lunar material is well
within the ranéé of terrestrial peridotite inclusions in basalt and
kimberlite. (See Figure 2) He, therefore, discards the need for lunar
subsurface depletion in K and U. Fanale and Nash counter this position
on the basis that if the K/U is not depleted at depth then the moon should
be molten throughout at the present time, material balance dictating such
depletion.

Surkov, et al (1973) reviewed the K/U systematics and included

data from the Soviet Luna 16 and 20 missions as well as data for Apollo

14 and 15. In addition to the data of Fanale and Nash (1971), Fisher

(1971) ,Green, et al (1968), additional Soviet data is-added on terrestrial
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lherzolites, dunites, tholeiitic basalts and basalts of other types
(Dmitriev - 1972). Figure 3 summarizes this data and shows two branches
of differentiation, one of tholeiitic basalt, the other of harzburgitic
character. Of particular interest is the fact that the former branch

is enriched_in potassium and the latter is enriched in uranium. Surkov,
et al suggesf that this is a result of secondary uranium enrichment,
which involves the incorporation of products of mantle degassing. They
note that such enrichment cannot be associated with continental crust in
oceanic rift regions and that variations in the K/U ratio can only be

caused by differentiation in the mantle. Further, K/U ratios of terrestrial
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and lunar rocks suggest that the ''lherzolite' zone being representative

of the earth's mantle is also represe?tative of primary lunar matter.

They also note that since the lunar rocks are differentiated relative

to the lunar mantle, the primary undifferentiated lunar material must

then have lower K and U contents than surface materials. This supports
Fanale and Nash. 1In addition, the Soviets note that K/U variations for
lunar basalts and anorthosites are so small that their parent rocks should

contain K/U ratios similar to them. They conclude that an achondritic

compoeition of proto-planets of the solar system is likely.
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With the completion of Apollo 16 and 17 missions, new K-U data became
available. Schonfeld (1974) briefly reviewed the K/U systematics and
observed that the majority of the soils and breccias follow a K/U trend
line (on an arithmetic plot) between the mare basalts and the more dif-

ferentiated material of the KREEP type. (See Figure 4) He concluded



that this suggests simple mixing between those two components. This 18
contrary to Fanale and Nash (1971).

There are problems, he believes, with a number of new rock types
(Apollo 16 and 17 samples) since they have K/U ratios similar to KREEP
material, yet fall on his trend line. Therefore, based only on the K-U
systematics, he feels that it is difficult to determine the component
abundance in the lunar soils and that a multicomponent and multicomponent
and multielement mixing model analysis is required. However, this does
not negate the systematic trends thus far developed and Schonfeld did not
confront the significance of these previously determined trends.

He does, however, consider K-U concentrations of value in considering
the upper mantle of the moon. In Figure 5, Schonfeld suggests that the
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intersection of the meteoritic trend line and the '"constant K/U line

for the moon'" indicates the K and U concentrations for the moon's upper
mantle (in the areas of the moon where the lunar samples were derived).
The uranium concentration agrees with U concentration estimated for the

moon from heat flow experiments at Apollo 15 and 17 (Langseth, et al, 1973).

The somewhat artificial uranium values derived do not seem applicable
to the problem of K-U relationships along the lines of earlier work, as
previously considered. Furthermore, a detailed compilation of available

data and a graphical review has not been published. Since the approach

has not been discredited, such an effort is attempted here.

SYNTHESIS OF POTASSIUM - URANIUM SYSTEMATICS

All available K-U data was collected for replotting the systematics.
Of special interest was thellack of previous consideration of detailed
trends from each Apollo and Luna site, especially with regard to rock-type
and physical size of the samples analyzed (crystalline, breccia, fines,
etc,)and their overall trend with respect to earth and meteoritic data.
The data have been assembled in the Appendix; the source for each table
has been appropriately cited for later review.
Sampling

Although mixing of the lunar regolith is probable, as a result of
widespread impact phenomena, individual sample analysis of soils (fines)
would nevertheless give an approximation of in situ K and U values from
some location on the lunar surface. This, of course, suggests that hori-

zontal layering of lunar dust at any one site may be generally representative



of a rock type found somewhere on the lunar surface, and may not neces-
sarily be representative of material found in subcrop at the sampling site.

Vertical variations, depending upon the sample location, would be
expected since ejecta layering would represent materials of different
composition as a result of scattering from different impact sites.
Thickness of each ejecta layer would conceivably depend on the relative
proximity to the impact point or points of the colliding body. Where
single event layering of ejecta is thin, any subsequent addition of material
from later blanketing may tend to produce diluted K and U values, assuming
mixing of significant very fine meteoritic or other nonlunar material
with previous ejecta.

Sample analyses of K and U have, in most cases, been reproduced
within acceptable ranges, usually + 17 (Reed and Jovanovich - 1971).

The resultant data is therefore presumed to be reliable. Thorium analyses,

\

also included in the Appendix, provided a check on the reliability of

the uranium analyses (Clark and Keith, 1973, p. 210).

Figure 6 is a log-log plot (here) of all appropriate data in the Appendix.
Each Apollo and Luna analysis is indicated according to the respective
lunar mission during which the samples were obtained.( Sea M°P Pookd')
The new Soviet data and data on other earth rocks have been included

(Fisher, 1970; Green, et al (1968), etc.)
Five observations can be made with respect to Figure 6:

1) An apparent K-U lunar trend (or "corridor") with respect to the

earth's basaltic trend.


https://i2mconsultants.com/downloads/corp/Figure6-MDCMooniMapPocket.pdf

2) An apparent K-U lunar trend toward an achondritic K-U composition
and away from an earth-mantle K-U composition ('J trend").

3) An apparent K-U 'threshold" at a uranium value of 0.1 ppm (K
values range froma0.04% to 0.06%.)

4) An apparent "shift" of values in the lower K and U range (below
0.05% K and 0.1 U ppm).

5) An apparent overlap of the lunar K-U trend and the earth's
"harzburgite trend".

Lunar K-U "Corridor"

The overall trend of lunmar K-U analyses is parallel to earth rocks
of basaltic and granitic K-U character, with only 4 lunar samples falling
near the range of earth tholeiitic.basalts.

Two opposing in;erpretations seem possible. The first is that the
lunar samples represent a typically lunar differentiation trend as opposed
to that of an earth differentiation trend or model.

-

The second interpretation requires that the lunar surface material

has been subjected to some ''diagenetic' differentiation or other process
that systematically removes or alters potassium and adds uranium, together
resulting in a depressed K-U trend. Cosmic particle bombardment may be
able to alter or destroy potassium but it is doubtful if the bombardment
could add uranium. The former interpretation is favored.

Individual Apollo sites produce K-U trends that are generally unique.
Apollo 16, for example, shows a trend with a character considerably dif-
ferent than that of Apollo 11. This, plus the other Apollo trend varia-
tions, probably reflect subtle differences in differentiation at various

locations on the moon, which would be expected.

10



Lunar K-U "J Trend", K-U "Threshold'" and K-U "Shift"

The lunar "corridor' trend changes slope near the lower end (in the
0.2 = 0.3 ppm uranium region), and terminates abruptly at the 0.1 ppm
uranium (0.04 to 0.067, K region).

The "J" trend is toward the calcium-rich achondrite's upper limit.
It also trends away from the lherzolite field of earth rocks. One inter-
pretation of the "J" trend is that the moon had a very different differ-
entiation history than the earth, beginning with achondritic material.
This is supported in part by the interpretation preferred for the K-U
"corridor'". If it were gimilar to the earth, the '"J" trend would be expected
to be toward the lherzolite field.

However, the K-U '"threshold" at the 0.l uranium level combined with
the abrupt shift of K-U values below the 0.1 uranium level suggests the
possibility of partial melting of lherzolite-peridotite-type material
at depth with a delay of the differentiation process of the lunar mantle
relative to the‘earth for an unknown period of time, after which lunar
differentiation progressed although along a trend parallel to that of the
earth. Apollo 16 illustrates this trend with some clarity.

There ig also some evidence that lunar differentiation, after once
begun, was rapid relative to the earth because of total volume differences
between the two bodies. Only a few Apollo samples show characteristics
similar to granitic material. This conclusion is, however, highly specu-
lative since sampling of the moon is presently far from representative
of the lunar surface and subsurface.

A similar shift through a peridotite field, although over a wider

11



range than the lunar range, can be demonstrated for the earth materials

I shown in Figure 6, also at about the 0.1 uranium level, i.e. lherzolite~
peridotite to tholeiitic basalt. The harzburgite field is considered
a differentiation product of the lherzolite field, also showing some delay
of differentiation relative to tholeiitic basalts, The possibility also
arises by extrapolating from apparent lunaf processes that the alkali

. basalt field may be a partial-melting product of the harzburgite field

~as well as a differentiation product of the tholeiitic basalt field,

although intermediate rocks are presently unknown for the former.

Lunar-Earth Upper Mantles

If the partial-melting phenomenon postulated for the lunar "K-U
N Tﬁreshold" and the "K-U Shift' is essentially correct, an achondritie
original lunar mantle material is not possible, nor is chondritic material.
A proto-lunér body originating with considerably less than 0¥001 pPpm
uranium but slightly less than 0.1% potassium is indicated from the K-U
data. Therefofe, the K-U values to the left of the K-U '"threshold" (Figure
- e 6) may in fact represent original undifferentiated lunar material. The
K-U values for the earth in the lherzolite and dunite fields appear to
!

- represent an already partially differentiated body, a product of an un-

differentiated body with an griginal compositional make-up of very dif-
%E ferent character than that of the moon,

——

| _1. However, since the number of samples in the lower K value area is
less than that desired for a firm conclusion, a second interpretation
of the area may be made with only somewhat less confidence that held
for the first interpretation. This alternative appears to fit better

with prevailing interpretations on a simultaneous lunar - earth origin.

12



The question arises: What is the significance of the lunar sample -
earth lherzolite field overlap? Assuming the trend of lunar analyses
in the 0.01 K range is fortuitous (interpreted above as a significant
trend), except for the overlap in or near the lherzolite field, the
possibility arises that lunar and earth mantle material are indeed similar
and both mantles underwent partial melting at about the same stage in
their development but that the lunar mantle did not begin to differentiate
for some period after the earth's upper mantle began to differentiate
along the tholeiitic basalt and harzburgite trends. It also appears that
partial melting of the lunar mantle may have begun earlier than the earth
as indicated by the 0.1 uranium lunar "threshold'" and the higher, though
less apparent, uranium value for the lherzolite-tholeiitic basalt "'shift''.
Sampling inadequacies, however, require that this conclusion be very
tentative, until additionalisamples of the lherzolite field have been
obtained.

Chondrites and Achondrites

The origins of chondrites and achondrites have been considered
along many avenues of approach. The use of K-U systematics apparently
has not previously shown any direct line toward an acceptable hypothesis
or theory. |

However, assuming the previously developed partial melting and dif-
ferentiation models are appropriate, K-U systematics may now also shed
some light on the higtories of chondrites and achondrites.

First, Figure 6 shows that the partial-melting phenomenon postulated

for the lherzolite field ~ tholeiitic basalt field transition incorporates

13



a one order of magnitude shift upward in potassium values; the same mag-
nitude is indicated for the harzburgite field - alkali basalt shift (as-
suming this indeed is real). Secondly, the lunar shift is not quite an
order of magnitude. However, since the lunar mantle did not apparently
begin to differentiate for some period after its shift, it is assumed
that some resfraint or limiting phenomenon prevented the full order of
magnitude shift to a ''normal' earth trend and would have otherwise made
the shift.,

By applying this same approach to the chondrites, K-U values also
demonstrate a one order of magnitude ghift from the dunite field to the
chondrite field. 1In this case, complete differentiation of the available
material may have taken place almost immediately, a process expected when
a large planetary body, having earth-type (''mormal'') mantle material
(dunitic and other material) either explodes or collides with another body
of sufficient gize to cause total break-up of that body. Therefore, a
partially diffe;entiated dunitic material that undergoes instantaneous
break-up, may partially melt to form chondritic material which instantly
thereafter then undergoes complete differentiation or is the end product.
of a unique type of instaneous partial melting of dunitic material.

In considering achondrites along this same line of approach, their
K-U trend is conspiculously along that of the earth's differentiation
trend, also conspicuously paralleling that of the lherzolite differentiation
trend and ending very near the lherzolite~-tholeiitic basalt transition shift.
The possibility then arises as to whether lherzolite~type material, having

been subjected to a break-up history similar to dunitiec material, undergoes

14



partial-melting under similarly unique conditions to form achondritic

type material., The K-U compositional limits of a lherzolite-type field
may limit the K-U compogitional limits of acaondritic material. Therefore,
the achondritic material may represent partial-melting products of a
differentiating lherzolite-type body, any one point on the achondritic
trend is the end product of partial melting of lherzolite-type material,
the former not having the geochemical character of basaltic material

until the lherzolite~type material reaches a differentiation stage chem-
ically compatible with the shift to definative basaltic composition.
conveniently at about the previously mentioned 0.l uranium stage. However,
earth mantle material would not be expected to contain achondritic material
nor chondritic material, unless the earth were to break-up, thereby in-
stantaneously creating achondritic material from the lherzolites (and
chondrites from the earth's dunites). The'proximity of the achondrite
trend's upper termination, with regpect to the lunar ”thréshold," may
therefore be fortuitous.

In the above considerations it was asgumed that the period during
which the meteoritic material was formed was at the time of break-up.
However, this is not necessary and somewhat difficult to establish.
Another possibility arises if it is assumed that meteors are earth-type
planetary fragments of dunitic and lherzolitic (perhaps granitic) material
before reaching the earth's atmosphere and which undergo partial-melting
as they travel at increésingly refractory speeds through the atmosphere
or impacting the earth. A similar history for other more differentiated

materials is considered feasible although data were not available for

plotting during this investigation., Tektites may, however, represent

15



originally basaltic material on the basis of their common occurrence and
the relative abundance of basalt-type material over granitic material in
the earth's crust.

Dunite-Lherzolite Transition

Based on K-U data, dunite does not appear to differentiate to other
products in any manner similar to other earth trends, although it does
occupy an isolated position along the lower end of the "normal earth
trend, slightly overlapping the lherzolite field. The process involved
in the postulated partial-melting to chondrites is the only phenomenon

indicated from K-U data for such transition , and that is accomplished

| under unique extraterrestrial physio-chemical conditions, although
|-
| other transitions must be possible in the earth.

One interpretation, although without significant supporting data,
is that dunites and lherzolites are coexisting mineralogical phases in
the upper mantle of the earth. Dunites may only be transitional to
lherzolites up to a specific stage (e.g. 0.0L K - 0.01 U level), after
which dunite becomes a subordinate phase in the lherzolite field, controlled
by even very minor concentrations of excess silica according to the well
known phase relationships. It would be surmised that given adequate
data, lherzolites would show increasing silica with increasing potassium and
uranium along the trend of the lherzolite field. The two may also represent
two zones (perhaps overlapping) below ridg; areas of oceanic plates,

with the lherzolites overlying the dunites. This is inferred from the

-Figure & K~U data, i.e. dunite as a less differentiated phase than the

lherzolites.,

Tholeiitic Basalt - Alkali Basalt Transition

By extending the postulated 'shift" phenomenon to the earth's basaltic

trend, it seems possible that the tholeiitic basalts do not differentiate

16



to alkali basalts on a large scale but may instead, via partial-melting,
produce granitic material in a 6% K - 0.6 U field, while the alkali basalts,
being essentially partial;melt products of the harzburgite field, may
differentiate to syenitic material. The two granitoid fields, however,
would be expected to be rather diffuse since degassing, pegmatitic injec-
tions, metamorphism, etc., may considerably alter K-U systematics. Further
work along these lines appears fruitful.

Future Research

Considerable emphasis should now be placed on the lunar samples
plotting near the K-U "threshold', both in the range between 0.1 and
below. The relative ages of these samples may show a rather wide gap since
the pre-"threshold" samples should be appreciably older than post-'threshold"
samples. Ages of the 0.1 to 0.4 ppm uranium range should also show a
significant age difference, although perhaps not within present age dating
resolution limits. '

Other elemental systematics should be considered in view of the inter-
pretations generated from K-U systematics.

Additional work is also needed on the K-U systematics in context with

plate tectonics, since the dunite and lherzolite fields are of considerable

significance in lunar-earth investigations on their origins.
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Rock, .
© Number K Rb . Zr . Ba 5 Ce Th . U Type
" I Lk 1
17 2610 5.6 476 308 ST 0.85 A
| 22 . 2290 . 86} 450 217 ' 18 "
, 24 . 2400 . 60 375 310 . 108 . . 4l - B
|49 ., 2730, 62 7, = 338 B4 = 074 . A
'"'8§7 7 2100 . 82 s, 638 .. 280t 75:i 3o 08740 Ao
‘.69 . 2300 ¢ 56 566 . 300 | 65 '~ 078, A
tiqr 27707 59 iread U327 T 8400 " 34000087 A
LUz e 2300 2 ST Q1497 ¢, 300 80 33 T 0.88 A
Vol r Lm0 080, 840 0 11087 48 L 1.0 027 B
a0 490 0.6 - 360 g 80 | 26 - _0.7 0.20 A
o AR N R0 AR 280, Yy 8% [.4) 1.0 0.33 B
', 45 .. 4200 06 -1 194 .90 . . 23 097 026 B -
470 900 0 :120...334 B8 48" 06 026 B
80 ;.0 5300 07 . e . 60, " 34 % .08 016 . B
b s 780" 4.0 b - 380 1207 407 11 - 020 B
.62 00630 69 . 319 80 | 43 09 - ' 027 B
e man i sl et e -
(Mason and Melson, 1970)
Table 3. Minor and trace elements In Igncous rocks (ppm)
: . Range ~
. 5 In
; “Hasalls" : "Micrognhbros' error
[——— s - % i e —_ il 30 AR [ — L csli-
10022 © 10069 10024 10071 (0003 10047 10058 10062 10050  mates
Na - 3550 3650 _ 3620 © 3640 2700 8490 3020 3140 ~ 2630 30-70
Ba 220 25 170 - 450 220 — 140 210 -— 50-80
La 59 = 337 230 258 13-3 i3 11-8 131 7-2 0105
Ce 81 6s 16 84 37 46 39 18 Mo 23
Sm 203 180 (192 20-0 i30 189 © 140 11-9 I8 0-2-03
Eu . 215 204 o — 212 184 .. 271 214 207 20 008-02
-Th 5-7 48 . = 57 35 4] 243 33 2:1 0-2-06
Ho - 82 " 69 ’RI ot G - 40 - 19 55 44 4-6 0-4-09
Yo 20 . 208 % 196 . 208 153 182 . 140 435 Qi 053
LLu 269 267 0 320, . 308 262 288 . 194 194  -[-96 005-
1 o ot ; e - ; ; ; 0-12
U ,067 : 078, 067 08 ; 03 0l  OI8 027 021 004-
_ 3 L 010
Zr 130 . 520 ., 650 210 560 Y 190 290 o RO-160
HI 19-6 178 200 19-1 i 116 132 - 112, 11-8 86 0-)-1-0
Ta 18 2.7 2:4 20 ey 2:6 16 10 22 0308
Mn 170 1600 - 1640 1650 | 1740 2100 ' 1870 °. . 1790 1990 100-120
u = 12 L= . - o = — . 2
Co 298 260 . 284 20 141 122 (44 138 136  04-07
Sc 766 . 124 163 . 132 1 740  920. 808 747 889  O-8-i-|
v . .89 84 92 63. 63 8 .18 17 610
Cr 225 2170 139 1250 1800 1540 2120 30-100

® S & 8 & 5 « & & F @ g g

Table 7-2. Minor and Trace Elements in Apollo 11 Crystalline Rocks, Showing
Quantization between Fine-grained (A) and Medium-grained (B) Types

Ll
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(Goles, et al, 1970)



9L

g ‘c‘ Table 4, Minor and traceelements ih brecelas (ppm) -
] _ ' . Range in
; g : . ! g error
10018 10019 - 10021 . 10048 . 10056 . 10039 . 10060 10061 10063 10064 10065 10066 10067 10068 - 10070 10073 ' 10074 10075 estimates
' ' T 3430 3450 3370 390 . 3630 3550 3380 3650 3600 3420 ° 3590 3280, 3740 3220 | 3750 3330  60-180
r;: ;!g!? '320 350 200 | . 240 — - 260 — 2% . 220 oy 150 110 — 280 430  50-100
- Lay 169 155 175 173, 0 10 st 177 168 167 196 | 178 174 .. 201 16:4 173 128 13-8 149  03-04
' Ce 6l 54 ] el - 34 59 61 486 — 59 ' 63 * 62 . 68 60 56 48 55 50 1-7-5
Sm 146+ . 127 150 132 .. 178 . 151 , 154 132 . 129 155 . 146 151 167 144 . 13 s . 18 15 02-03
. Eu 1-82 1-78 1-80 191 5 263 178 184 1-78 1-83 177 1-73 170 24 1-80 1-74 160 0 173 162 007-02
b ppt P g e e v 4 38 'S0 37 37 34 - 37T ' 40 28 31 36 3 — 128 31 0303
Ho 53 50 69 46 .\ 65 . 59 53 37 47 55 . .67 65 75 . 66 58 50 . 50 54 0408
Yb 152 117 145 152 % 180 125 ' 132 131 1o . 148 145 s 1138 122 . 14 72 012 12 0415
Lu 214 184 ' . 228 190 - 2:5 197.; 230 1-94 1-76 246 201 1-90 2:20 26 ' 180 176 1-7 1-89 0:06-0-15
ESD- 0-60 049 056 0-69 018 - 052 051, 059 0-51 0-65 0-54 0-56 0-54 0-61 0-62 0-45 0-49 052 005008
L g M0 s80 . 250 240 .. 340 — s 70 240 4% 520 = e e 700 360 i 500 190 70-180
YoHe 129 108 122 . 145 °. 138 15 121 1341 131 139 12:1 106 154 110 12:8 89 19 . 88 0305
Yo TRy A o B - 16 T U8 v T 5, 18 B - =17 2 21 2 18 10 16 . 10 14 0304
P Mal 1390 (510 1$60 1560 .. 1970 1440 1650 1450 1620 1600 1540 1590 1820 14150 mzu 1580 =|4z°o ”1:)0 so-;m
: — - = e e e R A L — = - — 1 1 4 ' 10: S
g 27 . 345 307 22 . 19 40, 36 By s 290 316 338 359 - 317 373 irf-, 309 287 0409
& 603 609 . '6l8 627 916 61:1 640 596 622 60-5 626 603 660 609 574 620  .537- . 568 0616
v 67 63 7 67 47! 64 8 80 90 7 84 % 7 45 82 82 78 85 617
Cr 1880 1870 1950 1950 1280 1900 1880 1930 1940 1850 1890 1910 2040 1890 1860 1900 - *1770 1790 50-30
e T
(Goles, et al, 1970)
TasLe 5-VI. Sum amma-ray analyses of lunar samples®. -
mary of § ¥ Yy _
10057 » 10072 = 10003 e 10017 e 10018 o 10019 ¢ 10021 » 10002 @ )
‘Weight, g 897 *399 213 971 *213 245 *216 302
Classification A A B B Cc Cc Cc D
Potassium © weight percent | 0.242+-0.036 0.232+0.035 0.050-+0.008 0.22720.0034 0.144+0.022 0.12+0.02 0.120=+0.018 0.11+0.02
Thorium, ppm 3.4+07 29+04 0.95+0.14 29+04 23+03 | 1903 1.8+03 1.6+03
Uranium, ppm 078+0.16 ©.7520.11 ©-20=0.03 Q.70+0.10 060+0.09 | 0.4320.06 ©.39+0.06 | -~.46+0.10
=Al, dpm/kg T7x186 T0x15 69+14 66+13 10020 98220 81x16 87x19
#XNa, dpm/kg 4449 429 41=+8 347 S5+11 47+10 41+8 =9
*Ti, dpm /kg “T1 T = = o < 2 1
*Sc, dpm kg 103 13+4 13+3 11x3 13+4 104 10+4 93
“V, dpm/kg — - 1 1 —_ -— — —_
®\n, dpm/kg = = 3918 =al s = 3620 =
*Mn, dpm/kg 40+13 20+8 28+5 38+13 " 28+14 27+10 157 25+9
*“Co, dpm/kg 3012 3010 | 38+6 1828 33+11 35=x11 38=13 27=10
“Be, dpm /kg TI - byt T i - e T

*Values for short-lived nuclides have been corrected for decay to 00:00 hr c.d.t., July 21, 1969,
*Weight uncertain; see text.
“Fisassium determined by assaying “K and assuming terrestrial isotopic ratios for potassium.

“Tentatively identified.

(LSPET,

1969)



table b Abombances of major and Lince elements in lonne fines 1OORE 141 el maneral

ilenite clinopy.

Thement TOORE AL Teldap (R
Na (") M n.ss (A1
Mp (., 5.4 .5 4.3
AlL(",) 1.5 172 4.6
S, haY} 24y (28)
K (") i « .06
Ca%,.) 7.8 in.? 73
Se ol 10,1 12}

A 4.6 0.5 9.6
T {35
Y 17 18 107
Cr(®d) .18 0.044 027
Mn (%) 0.6 0.046 0,21
Fe (%4) {I 1.2 2.8 i6.8

10.y* .
Ca 28 8.5 24
Ni 200
Sr 20+
Y . RS
140

Zr {.hm'
Cs - 0.2
Ha 100 210
La 20.4 16.4 15.7
Co 53 47
Nd 48 45
Sm 12,14 7.4 9.5
Eu 1.8 8 23
Gd 18 ’
Th 29 1.4 1.8
Dy 22 9 28+
Ho 4.3 2.1 5.0
Tm 19 1.3 9.3
Yh ol 5.0 8.3
Lu 1.44 0.56 2.2
Hr 92 - 50 11.0
Ta 1.16
w <2 S 4] < |0
Ir 0.0045
Au <0.02 <0.04 <008
Th i9 1.7
U ”
Weight 1.490 1.216 0.108
of sample 98,7621
milligrant

LGETRITY

[N N
(]
2.4
tn
0non7
R
m
2.6

97
0.27
0.2}

4.3

22

13
B O
s

) -
=9 [=w—=

N oAk WS RN R e
G

L]

A

0.279

el
el
Tacown

(U} ]
5.0
11,2

90
3.8
154
0,13
0.8
15.0

s

78

]
b

53
i

0.01%

fractions, Companisen with the reported values (o ppme caept Tor those noted by %20

Hopearteed

phiss Frae tiem walies
plecn Y o R "9 1Mk Ay
02 1. [TV} 0o 0oy
1% 4.2 5.3 55 474
9.3 7.5 B .0 T
(1 (2 i) (20) VRN
014 miy 14 Qo™
1.5 R0 H.3 R0 K AP
67 (%} (%} 74 il 4"
N | 4.4 4.4 5.4 4.6°
86 74 7R RA Hir
0.18 0,22 0.21 n.27 0,25
018 0.16 0.6 019 01663
12,7 1.7 12,1 12.7 12.34"
n is 12 23.4 .2
=250 250 229
<0 =300 <250 162
90"
190 3s0 410 IR
~0.3 -0, <03 0,122
180 150 220 IR0 167
13 21 21 20 17.2¢
47 5! 52 53 49 4
40, 5%
i1 iL9 i3.4 i19 13.5*
27 1.7 1.9 1.7 i.84°
17 17 i7 17.6*
1.4 i s 3.4 1140
18 i9 i8.5 213 2010
4.6 X3 55 1R 5.0M0
; 29 2.2 2.3 i.8®
8.2 12.9 12.0 12.8 10.9%
1.05 I.4 1.6 1.5 §.498
6.5 1.9 9.3 10.2 10.0*
1.3 1.3 i.2 i.40*
24 <4 <16 <14 - 0235
<003} <«0.02 0.00688%
.0.65 0.3 <002 <0.02 0.00275%
1.2 20 1.7 2.5
1.4 1.5 1.1 0.3
0153 3326 7.797 15072

The values in parcntheses arc semiguantitative only. ;
® Valucs obtained by the nondispersive X-ray fluorescence analysis,

t For 20 hours irrudiation only,

@ WANKT of al. (1970},

© WAKITA of al, (1970).

¢ Turekian and Knarkar (1970).
¢ Keavs et ol (1970,

27

(Vobecky, et al, 1971)
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S 5 e S e A - . L e e T e A R e S R R e
SECRE Ry Table 5. Gamma-ray analyses of lunar samples. -~ .- -- .= "~ 7T LT orar L 0 et T —~
Weight. - K . -~ T .7 U T =Al ®Na - < . T e s ———
Sample ® (vt %) (ppm) . (ppm) (dpm/kg) (dpm/kg) Other radionuclides detected R.mh_ ) L
< 12002 1530 0,044 = 0.004 0.96 = 0.1 024 = 0.033 T2 <= 14 53 =10 &Mn, $*Mn, #¥Co, %S¢, =V
12004 502 0.048 = 0.004 0.88 = 0.09 0.25 == 0.033 112 =22 65 =13 #Mn, #Co, #Sc, SV
12039 255 0.060 = 0.005 1.20 = 0.12 031 =0.040 80 = 16 45 = 9 o, #¥Mn
- 12053 9 0.051 = 0.004 0.39 = 0.09 0.25 = 0.033 85 =17 42 = 9 BCo, @V, #Sc, “Mn
12054 687 0.052 = 0.004 0.77 = 0.03 0.21 = 0.030 50 = 11 42 = 9 #Y, MCo, HMn, ®Sc .
12062 730 0.052 = 0.004 0.81 =008 021 == 0.030 65 =13 34 = 7 &V, ¥Co, HMn, ¥Sc
12064 1205 0.053 = 0,004 0.88 = I'.LEI'_) 0.24 %0035 = 58 =12 44 = 9 *Co, #3¢, =V, ¥Mn
: ' ¥ Miscellaneous samples v - : s Ve e ek
12034 14 - 0.44 == 0.035 132 =13 3.4 =04 58 =12 21 = 6 M - T T
12073 405 0.278 = 0.022 82 =038 20 =03 125 = 25 60 = 12 “Co, “Mn, #Sc
12070 354 0.206 = 0.015 60 =06 1.5 =02 140 = 25 65 =13 #Co, 8V, #Sc #Mn
12013 BO 202 =0016 343 =34 107 =16 - - iRl SRRl pE oY s e Feldspathic differentiate
= Tt e B it T e T SRR e gy e B -- LT O NI g et ERars. T

(LSPET, 1970)



L1 1

", Tuble 2. Abundnnces of major and trace clements In lunar fincs 1207083 mineral aiid glnss fractions '{m ppm cxcept for those noted by %),

glasa particles o feactions
- " : biack ; ;
" olivine dark blnck dark opagque - ey . ;

Element 12070,83 4] pyroxens  violet  epaque  green brown (slag) 12-8 125 12 6 12-7 12-13 12-14 1 fement
Na (% 0.29 0.41 0.10 0.09 0.10 0.19 0.23 gl 1h7 | 0,40 0.29 0,38 0.32 Na (%)
Mg (%) 6.6 74 6.4 70 . 3.6 6.7 5.0 6.2 o 5.3 5.6 6.2 oo Tl 7.0 Mg (%)
AL 7.1 6.1 2.1 6.6 6.6 13.8 8.3 59 . 98 ' - 72 1.6 1.2 6.9 6.9 AL
Si (%) a9 (28) -(2n - (38) . @n 37N R 1)) 29) (25) 23) (22) Si (%)
K (%) 0.20 1.65 0.06 005 - 0123 s 042 0. <3 0.22 0.27 0.51 0.24 0.21 K (%)
Ca (%)~ 6.3 4.5 6.2 - 7.3 42 L WeET TR 6.9 3.0 6.8 7.1 Ca (%)
Sc 43 24 70 47 45 25 - 48 34 <40 L A 8 38 41 > 44 48 Se

- TR i:.;i 0.5 _ 1.5 2.5 1.3 1.0 1.8 S T B Pl 1.8 1.6 R 1.8 L Ti(%)
v 129 72 220 140 120 100 115 130 74 _ 12 150 130 135 v
Cr (30 0.27 . 0.16 0.32 0.24 0.31 0.20 0.15 0.24 016 032 . 0.24 0.27 0.28 0.29 Cr (%)
Mn (30 0.18 0.13 0.22 - 0.18 0.14 0.06 0.08 . 0.15 0.12 017 - 0.16 0.18 0.19 0.18 Mn (°)
Fe (%0 :g.:. 9.5 14.6 -133 129 . 12.8 1.5 <10 o 11.4 126 12.2 13.5 Fe (32)
Co - 46 39 ‘33 62.° 3 <106 ' 50 -3 8T 41 . 134 - 15 52 Co
Ni 200 <400 RS GHE : ¥ <300 340 S <200 <200 Ni
’ ¥ !;g: <3500 . <430 <200 <470 <200 <200 Sr
Zr 232' <300 e - 460 740 530 740 590 Zr
Cs ; M ¥ ¥ ; <0.4 <0.6 <0.6 <0.2 {0.29) Cs
Ba 3%0 1000 1000 . 6200 700 5000 410 650 490 400 370 Ba
La 45 . 30 28 32 - 36 s 32 2100 it 45 . 45 2 49 4 La
Ce 103 112 93 Mo RS 67 b bceds A 7109, 114 8s 111 93 Ce
Nd 60 <40 : i i R 260 30 40 ! Nd
Sm 13.9 1.0 9.2 16.7 18.4 = o 143 42 : 19.4 19.7 148 18.1 15.8 Sm
Eu : 1.9 1.2 0.8 2.1 22 B 28 LT 14 S S W 23 * 1.6 { 1.5 k= Eu
Gd o = 17 R Y 4 g i o ] 19 c s 24 16 Gd
T 3.6 39 5.3 > AL TR i 4 4.6 : 46 4.4 3.4 t 4.4 T Tb
Dy 22.5 21.4 . 134 27 22.0 8.0 15 27 96 oy Cow 25 23.7 : 26 21.3 Dy
_rr;a ;,; _s.g 19 4.9 5.5 e 4.3 ;; ] 5.3 .59 47 3.8 Ho

m .5 Pl g 9 : il 32 ;. 2.6 2.9 26 Tm
Yo , - 129 25 8.8 13.1 13.2 6 23 16 140 14.3 14.0 114 15.8 13.0 Yb
Lu . 1.7 34 FhL 2.1 1.9 0.7 2.5 1.1 13 20 1.8 1.6 ' 1.8 1.8 Lu
Hr 12.7. 11.7 6.8 11.6 13.3 ] 138 10.8 B 1 K | 11.6 12.1 14.6 14.3 HI
Ta 1.4 i ; - SN TR ] 1.9 LI 1.6 1.8 Ta
w <2 <2 <5 <5 <6 < -39 <6 O L 42 W
r ) ' ? ! <0.04 K ) .0
Au 0016 <00t <003 <004 <007 <007  <0.07 . f <g.04 <0.07 :g.g: :gg; {g.oé Lru
Th 59 13 53 4.6 A _ 10.6 9.3 ; RN 62 5.5 6.3 54 Th
u 23 9.0 0.7 S 7 | it 45 - 2.4 2.6 « 18 28 u
Weightof * 7.614 2.431 1.296 0.050 0.050 0.008 0.041 0.074 0.014 1,793 1.526 . 1.089 £2.968 18.251 Weight of

sample 100.315% : : sample
, +milligram b milligram

The values in parentheses are semiquantitative only. | irradiati
® Values obtained by the nondispersive X-ray fluorescence analysis. ) 1 For 20 hours irradistion only.
(Vobecky, 1971)



Vable, L Concenteations of privosdind enelion lidea i fuong sumples®

.

—_ i Wepht k ih ¥ kit
Sumple ] tprnd ) (ppm) M. tathin
Croanatling rochs
1 02,0 150 A%) 1 0 QR ¢ 0 nv o on? 1d) 4 192
= 12003, 30 Tt 4% 4+ N LTy v 004 021 002 W20 0 21h
1200230 46 440 4 20 086 4 000 0.22 1 nn2 20000 1 712
120041 ATRA 460 4 1 a2 + onw 024 1 o0 1960 v Ik}
12021,0 1877 00 1 50 Q9% + 010 .26 v 003 1920 0 292
1) f20w.0 155 673 + 40 1,200+ 0,00 0 o 2070 4 2446
120510 1660 510 4 S0 100 010 0.26 1+ b 20400 1 104
12082,1 o sS40 1 20 1.0} + 006 (.27 + D02 20000 4 166
120053.0 LR S5 1 40 1.06 4 0.11 028 1+ 0.0 1910 + 144
' 120540 K7 530 4 38 0.79 + 0.08 0.22 4 0.01 2410 + 168
- ' 12062,0 {RE] 510 & 35 083 1 009  0.22 4 003 2320 4 154
12064,0 1214 520 4 X5 087 1 004 0.23 + no2 2260 1+ 24K
120650 2109 510 + 50 LO6 4 011 0.27 1 o.M 1RUD & 280
Average, erysialtine rocks 2066
Breceia
o 12034,0 155 4560 + 130 134 1+ 0.3 4 02 1341 + RY
120720 408 2960 + %) R.45 1 0.10 2,19+ 008 1152 ¢ 0K
Fines
1201216 8.6 Jioo & f00 BE 4+ 0.2 2.35 + 0.07 1320 + 3R
12070,0 154 200001 120 6,25 + 0.50 i.65 + 0.6 1230 + 140
— Average, fines and brecein 13

I
M.

1n?
L]
1t
LE2
ek
VK7
1KY
182
Y79
1.59
1R
VTR
i

ATY

ins
1LAG

173
i
LR 1}

hitt

Yobelae

Al
P
[T B
P Oh
IR A
VA2
Y
DRI
4 0,57
+ 0.61
+06h
VNSt
1054
04

+ 024
1015

+ 0.14
+ .48
[RINES

* Standardization for assay of K, Th, and U assumed terrestrial isotopic abundances and coubibrium

of Thand U dccay serics,

Table 2. Concentrations of K, Th, and U in lunar rock 12013,

(0'Kelley, et al, 1971)

| * Weight K Th u K/U ThiU
Sample, (&) (ppmj (ppm}) (ppm) Mass ratio Mass ratio
12013,0* 80.0 20,400 4 600 142 1 0.8 10, £ 0.5 1980 4 112 1.12 + 0.18
o 12013,i1° 66.2 26,100 £ 600 32,2 £ 1.4 9.8 + 1.0 2160 + 228 1.29 £ 0.36
§2013,10 - ~ 65001 ~ 578 ~ 100 378
(dark)
12013,10 — 25,5008 ~ 1300 ~ 2000 (2.3-3.210
{light)

of Th and U decay serics.

1 Estmunted from Tarsumoro (1970).

p—

(1970), and Waki1a and Scuamin 1 (1970),
| Waxira and Scumiry (1970).

30

(0'kelley, et

* Standardization for assay of K, Th, and U astumed terrestrial isolopic abundances and equilibrium
t Average of analyses by Scinerzisr ef af, (1970}, Hussaro ef al. (1970) and Tuanra (1970).
§ Average of analyses by Atexanmr (1970), Sumnzl.n el al, (1970), Hunnanrn er al. (1970), Tunmen

al, 1971)

i



Tahle b, Con

e

Ttemen
Si i
Al 6.4
fe inn
Mn n.47
Ma AR
Ca 7.4
Na 0.37
K 0,058
Ti 1.7
Cr 0.48
Li 9
B 2
F 150
P 206
5 i520
L] 15
Sc 70
v 96
Co 42
Ni 90
Cu 7
Zn 6
Ga 9
Ge 0.5
At 0.08
Se* 0.2
Br 0.08
Rb 3
Sr 188
Y 106
Zr 290
Nb i5
Mo 0.7
Ru* 0.9
Rh* 0.18
Ccd* 0.8
In* 0.6
- Cs 0.3
Ba 200
La 9
Ce 25
Pr* 4
Nd - 12
Em . 3
Eu* 1.2
Gd 4
Th* i4
Dy i1
Ho* 0.3
Er* 4.6
Yh 8
Lu* 0.6
Hr+ 3
Pb i
Th 1.2
U 0.25
ue* 0.66
The 119

spaves dnes Fon the diferent elements b the 6 bimar somphes nod o Meall R

.Rm LX) Sl
w142 12010,92
Apotlo 61 Apollo 12

1HURAY 1200420 1206151 1200541

Major clements percentnge by wephit

Spark Moa Spectiomeiry | misaon Spectroscopyf 1
189 1.6 .4 1.7 22 |
58 6.1 1.4 7.1 ! 67
1.0 ] 17.4 12,3 1z |
0.9 0.20 0.3 0.0 nas !
6.5 53 1.0 4.8 37
1.7 B.6 (X RS 74 !
0,22 0,44 0.3 0.3 033 1
0.037 0.066 0.041 012 0.12
2.7 2.3 2.5 5.4 21
o4 oM odo | osm o !
Trace Elements (paris per million)
] 1 1 28
1 5 3 8 ",
1" 84 78 96 63
12 203 155 213 644
1090 1510 1660 1750 1100
29 48 29 84 1]
73 123 78 62 #3
100 54 51 22 49
A 23 20 4 17
62 46 32 163 164
9 12 8 9 ?
8 16 8 2 14
4.5 7 53 B.5 15
03 0.8 0.6 i 1.1
0.1 0.09 0.04 0.1 0.1%
0,3 0.4 0.5 0.% N
0.08 0.12 0.11 0.14 0.1§
2 k) 3 8 9.5
s §37 95 186 145
87 §28 74 173 180
204 174 190 301 872
i2 12 i6 21 42
0.6 0.9 0.6 { 0.6
0.7 0.5 0.7 0.6 1.4
0.3 0.1 0.3 0.1 0.4
i 0.9 1 0.6 1.9
0.7 0.9 0.8 1.7 2
0.3 0.3 0.4 08 .7
165 §46 153 410 672
18 253 22 37 82
26 28 3 60 815
55 8§ 58 17 26
16 54 22 44 74
3 9 s iz 13
1.4 3 1.3 3 16
(1 9 6 is 8
2 L] 238 9.0 1.3
9 16 12 20 26
0.1 0.7 1 i1 15.7
8.6 19.7 7.8 3 29
7 16 13 21 20
1.3 2.7 1.1 1.6 4.2
5 10 6.2 12.9 17.2
2.5 2 5 4 8
i.7 2.9 24 39 6.6
0,29 0.47 0.62 0.67 1
0.31 0.39 0.26 0.63 .12
1,64 1.94 130 115 3.60

L

1®.00
347
am
s
1.97
.94
228
114

0.042

10350

16
12.6
1.8

® These vaiues were oblained via e autoradiography by Professor R, Coppens, University of Nancy

(CRR),

# Certain elements were not visibie ai the fevel of deiection used for the basalt B.R. On the other hand,
they were noticed in the lunar samples and, In their case, the cocMicient of correction was taken as equal to

These analyses wers performed by K. Govindaraju (CRPG), Nancy, France, -

{Bouchet, et

31

1, 1971)
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Fable 17§ lesmental abundaon en determned by

| ]
neatron activation in Apolle 12 lunar samples

L p—

2ate : 12018 12021 12018
1 lement RUR |} m (R} 134 (BT ] 113 42 T L Analytical metload
Na ", - 242 HRITA 0126 [NER] 0100 0158 n.1sl, 0_1KK, 0404, 1.471
A", .49 0.0, 674 4.72 424 449 4.5, 91, .67 .03
Ct ppm 54 21, 21 17 LI, 1.5, 4.7, X5
K ppm AR 1970, TR0 438 98 420 404, 486, 53, 500
S¢ ppm RN 9.3, R 417 45.0 421 439 9.4, 54.6, 44.6, 42.7
Tia 1.29 1.67, 1.75 1.57 1,50 1.6 1.58, 1.93, 191, 2.04
Y ppm 476 141, 142, 223 212 27 191, 192, 154, 144
Cr ppm - 2570, 2620 6780 5650 5450 3720, 3940 25170, 2650 2040, 2010
Mn ppm 1412 1730, 1750 2090 2150 2080 2070, 2050 20M0, 2090 1470, 1900
e®, 9.37 12,5, 12.1 16.5 17.4 16.5 16.0 16.1, 14.9, 14.1, 13.8
Co ppm 36.2 41.3, 40.2 58.7 59.8 38.3 58.1 54.2, g, 28.4, 280
Cu ppm 15.7 6.7, 6.7 5.9 6.5 53 5.0, 8.1, 16.6, 10.3
Zn ppm 127.4 7.1, 1.6 34 29 1.2 2.6, 1.2, 6.1, 32
Ga ppm 2.2 4.1, 4.0 3 29 26 . 26, 3 5.1, 55
As ppm 0.60 0.57, 0.58 e < 1,05—> <0.05 0.09, 0.15, 0.10
Se ppb 16 239, 253 — |72 —F i8t, 226, 182, 174
. Rb ppm 50 8.3, 8.1 +— lLl4——> 1.42 119, 0.43 0.44
Sr ppm 32 <100 < 160 “— < 100 > 7, 137 137, 152
Ag ppm 0.031 0.14, 0.29 G 0,0}-——>» 0.0t, 0.10, 0.08, 0.06
inppb 103 360, L] — s 24 2.6, 640, 171, 149
Sh ppm 0.60 0.05, 0.01 e 0.07 —— > 0.21, 0.04, 0.01, 0.02
Cs ppm 0.97 0.29, 0.31 < - - 0075 —» 0.047, 0.062, 0.014, 0.021
Ba ppm 580 I, 304 66 SR 63 48 65, 46, 9, 89 C
La ppm 23.7 3132, 7 58 5.6 5.1 58 5.9, 116, .S D
Ce ppm 53 24, 90 2 21 19 12, 24, 24, 30 D
. Sm ppm 6.52 16.1, i5.8 4.38 5.50 4132 1.90, 5.32, 6.93, 6.87 C
Eu ppm 1.94 1.77, 1.84 . 091 0.52 0.86 0.76, 1.05, 2.04, 2.08 D
Th ppm ~ 096 in 0.84 0.93 1.22 0.79 0.76, 1.28, 1.1y, .19 C
Dy ppm 5.65 2.1, 24.1 7.5 10.6 6.0 .6, 9.1, 8.8, 8.0 E
Ho ppm 1.20 4.3, 5.2 — -_ i 1.3 232, _1.48, 1.48 Ef
Er ppm 4.5 §il, 14.2 — —_ L — 32 7.9, ; 5.0, 49 E
¥Yb ppm 3 12.9, 12.6 7.0° 12.8° 3.9 1.5, 10.2%, K 49, 4.5 D
Lu ppm 0.535 1.90, 1.90 1.11® 2.07¢ 0.86° 0.61, 1.65%, . 0.75, 0.76 D
Hf ppm 4.72 13.4, .6 29 LR ] Al 3.1 l.0, 18, 3] 5.0, 48 C
Ta ppm 0.74 1.53, 1.30 0.35 0.37. 0.17 0.36, 0.43, 0.4 0.59, 0.63 C
W ppm 0:38 0.64, 0.64 0.14 0.29 0.20 0.115, 0.26, 0.2 0.108, 0.106 F
Ir ppb <0.1 4.36, 4.13 - <0.}—> <0.1 <0.1 <0.1 Gt
Au ppb 3 0.75 4.5, 54 f—]f — 1.9, 1.7 2.4, 22 42, b I} Gt
Th ppm 4.98 4.6, 4.2 0.60 2.5¢ 9.3 2.3 0.48, 0.44 5.2, 3.8, 0.29, 0.18 C
U ppm . 1.68 1.5, 1.6 0.19 2.1 8.5* L.7* 0.22, 0.17 3.3, 3.4* 0.14, 0.10 F

* These samples were apparently contaminated with U, Th, and heavy REE duning grinding in agate

t For these elements separate standards were used: for all the other elements the results are relative to
maortars in our laboratory.

BCR-1, using the values listed in the table,

(Brunfelt, et al, 1971)



Table 3, Abundnrices of major and trace elements In Tunae rock fragment 12063,73

—

wned mineral fracilons separated from it (In ppm except for those noted by %),

Ulement

13063,13  Umenite() * pyroxene feldspar ollvine
Na(®y . v 019 0.13 0,08 .64 0080
fa 2.4 7.4 1.R R}
. AS no 2 5.1 1.0
h (mn ©(2n) (27) (23)
0,053 0.052 <0l 0,1
4.6 6.9 10.8 1.5
1R VL] 21 17.2
; 14,0 1.9 0.56 0.71
133 277 26 109
0.19 0.43 0.18 0.25
0.24 0.27 0,03 0.23
18.2 17.9 2.8 16.2
29 .48 64 . 710
; <160 <3500 . <90 . <250
. <200 ! €300 . =200 :
i 400 . 3
-\ <0:2 i VARl ‘<0.1 <0.3
- 2 i L 68 1.3 0.9
92 ool 56 <4
36 . 90 230 <60
. LA L (T T F 0.9 -
: 18 SN AR LY 19 0.2
o .16 a0 M. <4
y - T 0.42 . <0.1
: L0196 ©10.0 9.0 2.2
{ A T o 0.5 <04 .
2.0 w13 054 © <03
R 84 7 66 1.08 1.0
A e L3 LA 086 0.1 0.13
i ) 82! 3.9 0.9 0.3
. 1.3 <0.8 <0.4 <0.1
<l g 22 <2 . <07
<00l ' <0.0] ;
o <002 .. «0.03 . =001 <0.00 |
o 1.5 ! 1.0 0.3 0.4
1.1 A <0.8% S B
1.550 . 1920 2,85 2.066
¢ of sample T :
' milligram

e

The'values in parentheses are semiquantitative only.
- " "*Values obtained by the nondis
" ¢t For 20 hours irradiation only.

persive X-ray fluorescence analysis. -

(Vobecky, et al, 1971)

“Table 3, Concentrations and reaidlals for funar solls 10084, 12076, and 12032,

L ; Soll 10084 , Boll 12070
W o Ren o Obment Rew  Obs.cal
] " “Concens | Obs-enl Obs Concens Oba-chl . phe
Flements  Unlta  iration o PR T8 L1 B | VT VT, I a0
-— o —— ——— P B Ceeean el e o ol
S il 19.7 n.og n.2 .6 04 - n9
T & 469 © =02 % =09 .72 1.0 SA
Al s 7.28 0.1 03 6,11 ~0.8 —24
Ca 5 RSB =08 - =L - 1.50 os . 1.1
Fe - 5 122} - =DA . -0.6 12,80 = |7 =217
Mg 5 476 : 0 0. FAATT 14 . 48
P,0s & 043 "1 =03 - 0,32 ~04, =62
Cr pPpm ! 1o 54 1850 1.3 6.8
Mn ppm -1l . =7 . 170 ~0R =47
Na ppm L0.8 1.6 ‘3210 -04 =17
K Ppm -1.3 =47 2030 -08" =19
Rb ppm 2.7 . 03 P L L | B a2 . 06
Ba ppm b =02 = 0.6 390 [18 ] 0.l
Ay ppm 0,5 55 =00 . =06 1.63 0.3 il [ R
~Th - npm 209 © L 038 17 630 05 0 23
La ppm 166 . =03 - =20 .30 LRl T AN . |
Ce rpm . 466 ' =04 =29 %0 CLo=01- -4 !
5m ppm 137 L 04 18 " lo4 0.2 2.2
Eu ppm ., | 1.82 - 7 0l 1.6 1.7y & o . 1.0
Sr ppm 166.4 - 0.6 1.1 m.g . 1.0 . 2.1
Thb ppm 11.08 . " =11 -49 12, 0.2 P4
Y ppm 99 Ll 0.5 B B ) 1o 6.1
5S¢ npm - fS5 ] . 64 42 1.2 1.1
v ppm ] - 0,25 =29 ino -6 -5.4
Zr ppm 30 -0.9 - 5.6 310 0.0 .8
Nb ppm 20 w1 =32 10 -=0.3 - 4.0
Co npm 9 0.7 ] 40 0.1 . 0.§
N pom 183 0.1 0.3 200 0.1 0.5
O S R - BN O = x S 5
u 5 Hi -0, i
i - B 7 S v S ¢ 8.8 K 9

Soll 12032
Hes
Concens , Ohs-cal
H fration e
11.78 0
1.5 N4
1.61 -1
1.69 0.6
114 | -0
i |
0.29 - 0.8
2350 0.1
t630 -0.2
4267 1.0 °
oo 0.9
9.2 0.8
529 =18
118 0.1
R.72 0.l
47 0.6
117 =09
207 =04
242, 0.5
157 0.7
15.2 -0.7
175 2.1
& -0.1
10 0.1
6/0 v =00
45 n4
19 -0.3
L1t a,1
234 -0.4
i.4 0.4
4.0 Lo

Ohe-cal

3
37

]

N ek e b D) e 1t Lt 58 3 et Lk Y 2 bk e D

] (I |
:'ﬂbi—a‘b PRS- T

-O® PODO=RNBRIWRD

I
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l(Schonfeld and Meyer, 19?4_).



Table 1, Major nnd trace clements in lunar fines, breccine, and igneous rocks,

© o Apolle 12

Apuolto 11 :kpoﬂu 12

7€

Fines Breauia ' Rowks sccuracy

20000114 1200026 1207074 1200400 147 12002,120  1206M4,45 12018.41 1202007 12052,94  12050,20 1206569  12064,15 1206529 o'
o %, 41.6 42.4 42.6 4113 41.0 4.7 41.9 42.0 42.0 42.2 42.1 41.4 41.4 ]
Mg o, $.92 6.99 5.84 S.5K 44 .90 7.49 8.6 9.44 5.10 4.86 .08 = 5.92 4
Al % 6,63 590 6,72 1.3 4.5 4.13 4.02 4,22 R 1] 5.18 5.9 4.94 5.47 2
Si % 21.6 21.6 21.5 2.1 20.0 20.8 21.5 211 20.5 .1 221 0.9 - 9 i
Ca % 6.1 14 1.6 8.0 6.3 _— 3.9 4.4 58 8.5 6.7 91 10.2 7.7 [[1]
Tt % 1.6 L5 1.6 1.3 4.8 —_ 1.53 139 1.58 1.5 2.2 2.8 2.6 A | 10
Fe ¥ 13.1 14.3 12.7 i1.4 14.1 17.2 16.4 16.5 16.4 15.2 15.6 16.7 15.1 15.4 3
B ppm 23 — — 0.8 0.9 1.1 1.4 5.2 —_ m
Li ppm 12.0 - o 11.0 4.3 4.7 4.8 39 — 0
Na ppm 3200 2760 3090 4460 1600 1560 1470 1430 1290 I7 1960 2150 1980 1800 L §
Ci ppm 24.4 — — 3.8 17.8 2.0 27.0 17.2 . ; 0
K ppm 2100 1700 1900 3300 2280 450 410 410 3r0 560 300 630 670 [0 5
S¢ ppm 381 39.0 373 36.2 80.9 42.6 438 4.7 43.4 50.6 56.4 62.9 63.1 3.5 L]
Cr ppm 2430 3230 2270 1160 1960 6570 4100 3730 4360 34%0 3480 1580 2160 3560 5
Mn ppm 1710 1910 1590 1590 1600 2230 1990 1980 2170 2180 2220 2200 2280 2790 5
Co ppm 3a8.3 47.1 41.5 38.2 24.0 68.7 47.9 516 61.0 38.4 39.1 9.1 272 388 5
Ni ppm 310 180 200 230 — 150 80 100 39 28 49 —_ 20
Cu ppm 7.2 4.5 712 5.7 — 3.5 69 55 6.9 39 7.0 12.9 6.6 7.8 10
Ga ppm 4.2 4.4 33 5.1 4.3 s 3z kR 4.1 33 _ 10
Ge ppb 200 — 210 fio <1 100 100 60 100 100 — 0
As ppb 27 —_ 22 26 —- 4 10 [ 10 53 —_ 15
Rb ppm 23 6.1 8.7 11.3 —-- 0.9 1.5 -—_ 1.7 1.1 — 20
Sr ppm 130 90 140 190 180 T2 96 1o 140 130 — 10
Pd ppb 9.0 13.5 6.5 10.2 — =1 3 st s! =1 - 30
In ppb 922 109 486 12.5 16 10.4 L9 1.8 0.86 23 — 10
Cs ppb 530 310 3%0 500 - 90 90 100 30 s 2
Ba ppm 460 190 390 390 202 I ) 84 70 120 140 s
La ppm 124 24.5 o 49.8 274 5.65 .43 5.68 4.82 6.52 7.07 6.R8 6.33 6. 5
Ce ppm 87 — 86 131 118 - 15 2 — 21 3 19 20 24 15
Pr ppm 10.8 9.1 10.6 -— — — 1.9 1.75 — -_— 28 BN | — — 10
Nd ppm 72 — — - 9.1 — 1.9 ‘14.7 — — -— S s 24 30
Sm ppm 15.0 14.7 214 12.8 33 )2 38 34 4.5 4.7 6.6 53 4.5 10
Eu ppm 1.80 1.57 1.80 244 211 0.96 0.52 0.84 0.82 1.08 1.34 1.62 1.30 1.06 5
Gd ppm 19.4 16.0 15.7 -_— —_ —_ 4.7 4.7 —_ - 1.6 11.0 — — 10
Tb ppm 17 122 4.0 6.2 5.46 110 0.97 1.0 0.91 1.35 1.73 2.65 1.75 1.58 10
Dy ppm 226 17.8 20.2 310 — L& ] 55 58 5.68 7.44 6.53 10.3 9.48 7.64 s
Ho ppm 5.0 4.13 5.2 1.58 —_ — 1.40 1.11 1.07 L4 1.49 2.46 1.87 1.1 10
Er ppm ‘14.5 12.7 158 — — — 3.84 4.2 A = 34 7.35 —_ e 10
Yb ppm 11.0 8.9 10.6 16.0 164 1313 17 345 291 170 192 L& 828 in s
Lu ppm 1.56 1.35 1.52 2.17 245 0.55 0.44 0.40 042 - 0.58 0.62 0.84 0.67 0.59 10
HI ppm 13.3 10.9 15.6 21.7 —_ 36 5.1 34 s is 40 6.3 39 39 10
Ta ppm 1.4 1.04 1.46 2.1 2.0 0.54 0.33 0.36 0.45 0.44 0.45 0.47 0.3} 0.51 15
W ppm 0.63 0.45 0.74 1.21 —_— —_ 0.14 0.15 0.15 0.12 0.14 — 10
Ir ppb 1 L] 15 8.8 — (33) ©.3) (1.6) 0.24) an - 20
Au ppb 26 1.5 1.3 2.7 (1.0 4.0) (3.6) (0.9 2.2) (2.9 - 15
Th ppm 5.50 1.5 5.52 B.17 4.03 0.82 0.85 071 1.28 087 0.82 - 10
U ppm 1.67 0.72 1.69 .32 0.814 0.238 0.252 0.156 0.242 0.218 —_ 10

% 98.31 100.95 99.1% 100.01 — —_— 100.14 98.76 100,37 100.73 9.77 102.03 — 99.02

contamination before we reccived the samples. Accuracy of the Ca valugs for samples 12001

Samples 12002, 12020, 12064, and 12065 are cxchange samples from H. HiNTENRERGER, :
and 1206} is 207;.

These samples were analyzed in order to obtain data on the K content; the data for the other
elements listed were obtained as byproducts. For the Ir and Au values in brackcts we suspect

(Wanke, et al, 1971)



Abundances (in ppm unless otherwise indicated) of the Elements in Apollo 11 Materials and in Apollo 12
Fines Compared to Terrestrial Basaltic Rock W-1, Eucrites, and Type I Carbonaceous Chondrites. (If

no mean is piven for the Apolio 11 materials, the data are inadcquate for this purpose)

Apollo 11

Apolio 12 Carbonaceous
Element Ranpe Mean fines w-1 Eucrites chondrites
Li 9-23 12 11 12 8 13
Be 1-6 2 iy 0.8 0.1 0.04
. B 1-4 2 — 15 0.8 5
C 64-230 140 i10 — 700 15%
® 30-150 100 P 14 30 . 2600
0 37.65-43.4% 400% - 44.6% 42.1% 453%
F 30-340 140 —_ 250 0 190
Na 2600-4000 3300 3000 1.6% 3000 5500
Mg 3.4%-5.1% 45% T 72% 4.0% 43% 9.6%
Al 3.7%-78% 5.6% 7.4% 7.9% 6.5% 8500
Si ' 17.7%-20.6% . 192% 19.6% - 249% 22.8% 103%
P 200-900 - 500 U - 610 400 1400
s 1200-2400 . 1700 it 130 900 2%
a 330 14 e 200 20- 260
K 400-2800 1400 : 1500 5300 400 1400 ~
o W © 7.29%-9.0% 80% 7.1% 7.8% 7.9% 1.1%
© 8 60-100 ..i- o ih I8 ; 47 34 s g <3
T - 43%-14% 59% 1.9%. 6400 4600 420
v ~ 20-100 0 64 240 75 57
Cr 1300-2800 2100 2800 120 2100 2200
n 15002400 1900 1900 1300 3900 1700 -
T Fe - © 13.8%-15.6% 143% 132% 7.7% 14.5% 184
Co 1135 - 25 42 - 50 4 480 =
!
Element Eucrites chondrites
Ni T 1.0%
. Cu g e i 140
" ZIn L e R . 320
- Ga . 2 10
Ge . 34
As 20
. Se : 27
B £ o s
Rb e _ : 23
Sr 110-220 170 Pl TR s B
Y e o 1.6~
0 > 9
Nb : ; o 0.5 s
" Mo i : : 1.6
Ro : 0.7 *
Rh e e MR e a5 e 0.2
Pd 0.001-0013 - 7 . 0.006 RSN 0.6 .
Ag 0.001-0.024 0.008 0.005 04
cd . 0.003-0.11 0.004 0.05 . 10
o 0.003-0.05 0.003 0.009 0.09
Sa 03-12 . - 06 = &7 1.6
Sb S 0005001 - L 0007 © . — 015
Te .. 00080073 " .. . 002 .. 0.075 33
I " 0.006-1.4 55 o Sl 03 -
G 0.02-0.17 . o010 03z 0.19
Bs - - +70-340 - 'l 200 420 4
Ia £ IS R He S — 0.19

st
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(Mason and Melson,1970)



(Continued)

fines Eucrites chondrites

. Element™ ©  Range w-1 ;
' ey : e B i s 9 0.63
xSl :
17

23-83

5-16

21-69

. R8N

- 1527

©12-29
2.1-50 .
14-36
1228 :
820
1229
7-18

14 © 009
69 . 042

L0

"
L

S 0.13
el P RSO el - B 0.05
G - L TN T ST

1 080 0.06 —
i 3 R v -. 33 ’ © 014 -
T 038 coUst o - DBR - RNE 2 008
; e A 1 W T A 1 L T
035 038 . 002
v 08 P et 032

Z9IQNRZIP

4

TEPFL

adzy 3E 2 e zm

1.0-2.7 Lo aspdiaiy O T, . O 5 0.02
0.1-04 . Roany | O TEETRT wn 0.14
001 - A e Y o '- 0.0003 0.00008 = 0.04
00003 VT L s = '7. 0.0003 - 0.0005 - 045

0.00001-001. - 0.00007 0.0002 - 0.40

|§| g HERRER [_!:;_I.l N
g

0.00002-0.004 -~ .- 0.00004 0005 ' ‘. 0.01 R X {
£ 0.0006-0.018 ', i e sEahniis : e Sk :
"~ 1 000030003 - 0.0006 .
1. a3gqs Soolatiiaa SHale
0.0001-0.003 0.0003 . -
’ : 0534 o 20 s DULEEE 6 T
TR OO e 08 Dallare s v 1 8 T g

00007 . 014
0 . E S

T Togg 001 **

AT L R RO S S Lk L ST (R T i ive Ly
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| Table 1. Concentrations of uranfum, thorium, and redinactivity ratios of thorium {sotopes,
L)

———

-' _Table 3. Radlonuclide contont of Apollo 14 lun

except a8 noted).

u Th ThEs1 288 Thid2/TATIS TREM/TRII®  (upected rat
Sampli Pock type, {ppm) (ppm) {atom ratto) | enpected lwnured Frllurv'd"rTlll v -
. ‘ B ‘activity ratin)  activity ratie)
6 G . R -V . Apallo 14 -
LW, Beeccla o 2.40 12.64 3.84 1.2 119 1.02
P ' (matrin) T : :
©14307,26%  Breccla .36 11.85 .64 1,16 , 1.18 .98
! (matrix 3 :
14307,26*  Brecela 4.9 17.29 © 3,58 i 1.14 ©o1L8 .96
o (elast) :
118,26 Breceda ;3.5 12,46 .62 ol L. .18 .97
; _ﬁH . - - T ot = W
15071.36%  fines 680 © 2.456 3.73 Vi 7.8 : 1.15% 7.03
S.15080,01°  Finos ,78% 2.924 3.85 Fite . 1.22 iy 1.13 1.08
w.o 19515,07 " Finet, clod - 974 1.619 3.84 bk o 1022 s 1.19 1.02
O I%em0.3 Fines .. .522 1.889 3.74 1.19 1,16 1.02
o 15505.25 fireccla .01 3.563 /] 1.19 . 1.17 §.02
. 15M65,85¢  Crystalline 137 .522 3.9 1.26 1.03 V.22
15076,20°  Crystalline 153 0 0 .590 3.98 o126 .85 ).48
TU§snn5.20* - Crystalline . 118 459 §.01 : 1.27 9 % 1]
L, 15476,12¢ - Crystalline 192 .113 3.95 iy 1.25 1] 1.1
. 15555,100  Crystalline . .126 ,  .460 3.76 Al 7T ; .21
B i e pransad i ApolTo T8 —
| BB0NT,22%  Fines .618 2.546 . 4.2 1.3 1.08 1.21
© 66DR1.19%  Flnes . .668 2.764 4.28 1.36 1.15 1.18
. §A501 ,45* Fines o600 2.513 4,11 1. 1.24 1.08
COBINIS e Breccia S 4.449 n 1.20 1.18 1.04
{black clagt)
T 67015,12¢ Breccla L2000 132 1.2 1.1% 1.08 i.te
fmatrix} ) :
+ 6A435,57 Brecels .023 .092 419 1.33 .95 1.40
: .. . . Apollo 17 ;
: 14220,18 Tines .161 555 1.5 .13 1.00 1.12
" *Solutions of samnles containing U end Th obtained from M. Tatsumoto.
(Rosholt, 1974)

Ir:iimplct (dpmfkg

5 Py indaad

Tt 14210,187 14321,40 14163,0
- e e—— d-—....-.__.-» P e e e . - .-.l-m—__,-h e e ———
11Ng Py Ml ES Y 1342 44 + 4 ;
0A) CF 68 4 6 M4 4 i B4 4
A0, = <16 <8y -ty
Jn\p ey — — P
Spn -— A7 4 19 <38
e — <7 =3
» 80Cg —_— <1.3 : i
SR ppm) . 3490 4 160 . 4080 4 120 . 4390 4+ 130 °
L Thippm) '« 1.3 £ 0.2 133£03 .. 146%03 |
CUfppm) 28351006 ., 3423007  des: oMl
| Sample welght 10,9 gy AN OHERYY 100 :
© (gramy) . o, i ST 6 S
‘Rack - 8ot 7

37

fookk

(Rancitelli, et al, 1972)



Table 1, Apolin 12 and 14 cennlia, ‘

J—_— 5 -— T -

Weleht Th u K 1AL ViNe  SMp SCa aase

Sample  (miama)  {ppm) {ppm) b (dpmfkp) (dpmfleg) fdpmika) (dpmike) (dnm/ig)
' ' Claatle Mo ka

14064 4918 144 1Y 42 40 DI 00 o) 6 AV h Y 402 ) 4T hi4)
14y Iapen 102 4 40 Xn 4 nA Boig Dok 6 ) IR 31 1A -1 11 N4ayony
T4 ER MO6 114 ¢ 1,; Mo 02 0,350 & boin - M 5 11 AA 4 41 Ay Y th 06t 16
14148 sl R0 33 X274 004 D40 nny 17 r 11 # ’a il 2m 410 A4 l 1
L4 1pho 117 l OR 16 ' .2 0402 4 0018 72 4 14 IR f 6 f f el o4
j4n4s 642 1AM LY A 4 DA nwy o o 410 K449 « RPN 541
14LY 1140 AR L 07 UL DDA 08 00T §46 4 16 A 4 < 20 443
[ 40M2 610 4.2 ¢ 0) 124 0 000 206 4 D003 120 90013 3Y 4 4 61 1) M4 D LA 4 18

e e ' Cryaniline Fldelr.u o i .
1401042 4550103 + 00 30 £02 0414 £0013 9746 3349 <50 0430 133
1053 2513 119iﬂ|2 0571-.(!'0! Unsnxnmu lm 14 5T45 W+2 4448 LI
e e e e e . e e e &
142508 @964 144 £ 07 3.5+ 03 0416+ 0005 22249 91 + 8 602 20 60 £ 30 07 ¢ 1.5
14163 4909 127 % 0.7 39 £ 0.3 0472 £ 0018 79+ 4 46+ 3 417 2 +6 07110
i4160,11 1000 142 £ 1.5 4.0 + 0.5 0.52 + 0.04 68 % 10 44 + § <60 <20 611
14161,8 100.0 144 + 1.2 19 + 04 0.53 + 0.08 71+ 15 461 5 <70 14+ 19 414
14162,10  100.0 143 & 1.5 19 £ 0.5 052 + 0.04 %6+9 49135 94+9 60%50 11%3
14148 69.8 134 & 1.0 37 %03 041 002 170+18 T1 45 <40 B35t 16 142
14156 1360 139 & 1.0 38 0] 040 + 002 176+ 17 66+ 4 204 20 64+ 9 49 £ 1.7
14149 854 133 x 1.0 15103 048 + 0.02 (322 14 6314 <40 44 £ 9 0.1 104

1
i
i

|

I

Twao Anulln 11 Rucku

- mr— s

12010 2887 2.5 % 0.6 0.60 + 0.10 0.104  0.013 83 4

9 Mt 14 4216 <70 5411

|
12031 185.0 '0.94 & 0.11 0238 £ 0013 00329 £ 00017 .81 £ 3 34+ 6 23%8 20+20 9£3

R Nm.-Jh o errbrs lsted Include estimates of the errors due to counting statlstics, the uncertalnties of the standards, and -
- the ek of fit

in data reductions nnc are one standard deviation, Upper limits are three standard devistions above zero, .-

(Keith, et al, 1972)

*Fable zn. Antlylical data for large cationa ahd rare earth elements for Apollo 14
nmples from Cone Crater unit {Cc_;) ;r Fra Mauro Formation, (Format as for
= a le !i) ik

e

14072 .'rrdovz
Loarv(2)

14321,88 . 14321,88 |

“ Basalt2 . Troc. i

" v

0.38 ﬁ,,am 2
& 090 - ...

- R
owhewdow

= R

NONO WO WM
S SN E- NP W]

3-|

v Y ' n

M EREE+?| RN T I

T G, 4 XN
N PR X

=
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@ ‘paeqqnH)
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[=
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Table 3. Isotope dilution data for Apollo 14 samples. -

Individual 2-4 mm Coarse Fines

s-npksu; 0063 053,50 0683 161,352 161,353 161,354 161,355 161,356 163,65 163,651 163,652 301,481 30726, 307262 310,130 'usujr_i.z_s
A : : 5 ) VI mg
4 - 4 -~ ) - 00mg 14Tmg SS5mg 6.8 mg Apcllo 15
263mg 13.lmg 106mg 55.0mg 278mg 27.6mg 30.1mg 39.8mg Soil 33 Similar 13 Similar 64.8mg White ©684mg 177mg KREEP
Brec. Basal: Brec. Brec., Brec. Bree. Brec. - Brec. <100 mm Soil Frag. Soil Frag.  Brec. Clast Matrix Basalt
La (ppm) B4T 13.0 —_ 55.6 — i — s 632 s i 71.8 — —_ S6.4 _
Ce {ppm) 2i4 4.5 157 252 205 266 165 212 176 1 188 201 . 230 164 144 193
Kd (ppm) 131 219 93.4 149 n 158 106 132 103 129 106 121 138 9.2 §10 14
Sm (ppm) 360 656  28.1 428 344 43 2.9 337 2.0 36.5 300 347 388 28.0 240 320
Eu (ppm) 273 121 201 276 274 3.04 249 276 254 292 242 2. 274 2325 215 260
Gd (ppm) 415 359 9.1 49.1 43.0 — 49 6 . — 427 159 403 — 34.0 281 -
Dy (ppm) 471 105 351 55.8 45.6 568 40.3 493 38.3 46,9 39.7 46.0 52.0 372 327 A0
Er (ppm) 288 £.51 — — 312 - 24.6 — 23.8 28.5 245 28.0 30.1 29 19.7 223
Yb (ppm) 258 600 200 — 261 — 234 274 236 30.6 24.6 25.5 -28.0 20.6 18.4 215
Na (ppm) 0.68 0.46 0.56 0. - 0.54 0.56 0.51 0.67 0.95 — 0.67 0.56 0.53 061
K (ppmy 2700 912 £508 4733 2372 5107 4700 5699 4849 6010 5300 6374 5300 4940 4250 4110
Rb (ppm) 607 219 145 129 338 152 147 169 153 179 18.1 217 16.0 153 128 132
Mg (20 638 5.09 10.6 7.45 6.84 588 7.44 6.88 5.44 620 496 5.33 6.63 57 4.37 516
Ca (%) 7.40 7.92 5.62 6.51 7.02 7.24 621 6.72 7.83 117 735 1.37 7.68 7.47 853 674
St (ppm) 180 98 139 171 180 197 170 182 186 e i 185 192 — ‘188 —
Ba (ppm} 781 146 780 1022 775 8 817 916 926 1076 1634 959 850 715 617 683
U (ppm) 407 0.60 147 5.03 408 471 392 461 @ — , —_ 432 . 4% 32 — 10
T (0 —- 1.63 0.82 110 0.94 1.18 097 096 — | — L — 1.04 1.08 1.19 — 128
K/Rb 445 416 3N kyk} 702 336 119 317 116 336 293 117 331 3 33z 31
KU 663 1520 1300 914 582 1085 1200 1236 1370 s — 1591 1082 1500 - 13% -
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“Table 1. Apollo 14 regolith samples. . *

0¥y

(ZL61 ‘1% 39 ‘wox3spuym)

Sample 14163,89 1425934 14049,31A 14049,31B 1414133 14148,26 1415626 1414942 14230112 14230,119 14230,129 % Error
Wi(mgp) 1628 95.7 5125 4739 - 1912 . 1560 2356 197.5 1326 1489 1034 - - -
AL (D - - —_ o e 875 913 8.97 9.16 — _— —- 2
Na - © 5630 5020 5780 6070 5870 5050 5060 5260 5020 5310 35410 S T e

K - 4300 — _ - 5300 4150 4000 4200 3950 4200 3800 5-10
Cs QT8 0.75 — T Sk 040 < . 058 066 : — e B s - 10-20

C Ba - 450 740 900 830 %0 - . 750 780 . . 740 5 450 780 - 700 3

la 613 57.8 © 69.8 702 1.4 4.3 65.1 65.1 623 66.1 65.1 2
Ce 194 178 216 185 200 176 175 177 167 170 176 3
Nd - 100 _— 98 .95 104 -98 — 100 —_— —_— 100 10

© Sm 2.6 26.5 311 . 31.8 347 | 315 314 31.6 27.8 299 2.4 7 4

. Eu 275 2.63 297 . 3.04 2382 2.68 2.66 - 276 2.91 326 3.44 3
Tb 7.1 59 7.0 7.0 74 6.6 6.6 ‘6.7 5.0 6.7 69 S
Yb 0 214 21.0 238 238 21.7 215 21.7 225 228" 1
Lu 321 3.05 326 . 326 3.35 3.18 3.05 3.08 3.15 T 328 . 328 2
Th 132 140 _— e == 153 13.8 13.8 136 —_— TR 5
U —_— 3.0 36 . 34 —_ — —_— — — L — 21 10
Hf 253 25 24.3 240 25.0 257 232 23.0 24 234 —_— 3
Zr 720 590 750 860 - 760 690 700 660 990. - 500 - — 3
Ta . 43 39 5.0 - 438 5.7 4.7, - 4.8 4.8 39 4.5 5.0 =
 Fe(%) 33 o2 g1 8.3 79 .80 3.1 79 8.1 83 80 2

CTi(%) — —_ — ot 098 1.01 0.99 083 - . — —_— T - 4

. Se 214 219 1.7 1.9 215 210 209 20.5 209 2.0 215 - 2
v - — _ - L — 44 38 — — S - T -

. ET 1280 1290 1260 1280 1350 1310 1350 1300 1290 1350 1260 2
Mn e - — — 90 985 965 910 o I o= 3

- Co 36.0 . 318 35.6 © 364 3i.0 344 36.2 40.0 4.4 362 364 2
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B * able 3K, Analytiesl data for farge high-valency catlons nnd ferromngnesinn
elements for Apollo 14 samplés fram Céno Crater unlt (Ccd) of Fra Mauro
' : Fotmation. (Format as for Table 1h).
= S O 072 . M7z 1432 C 143
) Matglx - (D) (?.) Hoanit 2 Troc.
e > T 6105-- e A s A s s & 4ty 6P
Th - (% 0.4 .4 29 4 0,56
e B e 0.82 022 0 029 " 0Tl - 0.16
™ Ve w7 428 160 o e 492 S A0 BRIl
I 1 43 6.8 - w o 1.2 1.5 2.8
. 8n (23] i .- 4 0.3 | _—
Nb poa 420 9.9 13 i 1.2
by 0.6 134 . 1L e oo
P o4, 44 02 ool P ed ] 0.1
71 EATR: V. £ R K. | 4.08 3.50
w00 oL 3000 ) 4300 — 3125
i 48 g, 8% 34 39 43
n 1100 L4800 2500 — —_—
b ol = i — - —
12 — = — —
99 — _;I-". e —_— i —
17 — i = el
B {7 10 — i e s, S
P S Al 139 139 = s 34
o U680 47 al00 . 460
Sy BB LE . 848 e 9.54
13 | e, i ! s e arih
\c( Ga LU 3 e — 1 v -_
gl Al 123 hineh 586 K
SRR |1V e o | T SR a1 ) —
— g P e — e 310 —
¥ VNI 023 i tem [ —
2OV o 48 L — —
% NifCo 5.8 e -
P Fe/Nl ... .- 433 — —
e o AGa(102)  4d - 2 -
ﬁ_f; e [l
(Taylor, et al, 1972)
A3
A o il 7% Table 3.-Major clement data expressed as oxides, ;(l'l.'%) for Aﬁ‘}lb 14 samples.
_- b _f.-'J .1\ Smooth Tetraln Unit (1) '~ . éom Crater (Ced)
; e = : T - Tap L 2 S T il
b = e L 1714306 . 14306 14306 * "< 214063 14321
— ; S0 14047 o Matrix | Dark 0 White CMatrix . 14072 Troctolite
Si0, ¥ w4706 .0 803 clj S04 U 494, ¢ 485 . 4515 |, 435
P LTS Gt 106 g 158 L 1}*-! S BEY v ovge B8Y hiee 619 1
£ 1822 ' £ o M8 NLPNAT 4L U230 w UUIROT e 283 Y
= »10.52 ' 6.8 b 1066 0 cnUL 7.87 | ' 582 ©17.82 [ 456
014 [ 003 0 e 07 A 00 o 027 0.06
. ol BBY TEATE 56 ;o T9 TS 96T LN I206 U 1882
ZAERd FITL IRt ¢ 3 R 128, SRNER0 L T 08e e 128
i “o 0,68 hasdy. 0L SR el - 0.32 0.70 :,- /" 032" 0.28 '
= 0.48 .y 0 0,79 . — LR % £ OO 008 - 006
2, S0 Tt 2 ey e— — o.o8 0.03 i
' 0.08 e e e RS ] N 0] -
g 0,08 0.11 pLAE IR AR " [l T R
i Y, 10006 ' 9946 9905 - 1996 . 993 . 9999 100.06
& DAmlyst 0 BWC ) UNW NW " NW NW- T BWE- . NW
Method - 'XEP-'J-, ‘L EP .5 EP “ . EP ©BP i XRP. . “ EP
— :_? =t No dat} XRI ‘:ﬁ,‘;_"rf"-""!"f‘“‘”i“ !f"_..'*g‘_ﬂf'&':lft?n icroprobe. . .
(Taylor, et al, 1972)

e



A

S —

¥ C o Table 2. Gamma-ray aitalysls of Tunae samples: dpm, dislnlegentions pet minule; ppm, parie per ml"iun.
Sample, Welght K . T U Al *Nn “Co - Remarlid
number (r) (wi, ) (ppm) Ippm) - (dpm/kg) (dpm/kr) (dpm/kg) :

3 i o : : Clastic rocks : 2T

14045 65 . 036 004 BLE - R | 130 + 40 83 23
14066 S0 60 k007 15 1S 41 H:06 10+ 20 52110 gl
14082 6y N ERCY (115 S A6 =08 14 w02 140 2 10 08 % 14 , White clasts
1401 1361 g5 -+ 008 128 =0y 36 =05 1+ 10t 64 7 ; :
14302 JRi S5 =008 14 =14 13 =06 85 =17 52x10
14315 1ns - 0 =003 9.1 %09 2.5 =04 160 = 30 60 % 12

- 14318 600 49 x008 128 % 1.3 34 =05 120+20 /1 ;
et ey o Crystalline rocks ¢ ‘) :
14053 . T +0RR = 0.009 224022 0.64 = 0.10 9R =20 59+ 12 ’ =
14310 C 3428 A9 =006 13 1.7 37 xo06 . R0 =20 55158 25x8 Ge(Li) detector used

35 e s : L L fined : '

14163 9 48 =005 = 139 +=14 39 =06  718+16 45+ 9 Bulk soil
14259 495 42 =004 134 =13 18 *06 220+ 40 B4 =17 Comprehensive soil
14148 70 41 =004 149 *'1.8 .4l 06 190 %= 40 7014 Top trench
14156 136 A0 =004 145 =14 1906 180 = 40 66+ 13 Middle trench
14149 85 44 =04 148 =15 19 +06 150 = 30 58+ 12 Bottom trench

(LSPET, 1971)



Table 6. Average contposition

parts per milllon (wt) or wi.%. 2.

" - carbonnceous

at Apollo 14 slte, Ern Mauros Formation, (1. Abhundances In

Volues In eolumn | divided by abundancés In Type |
lative enrichment or depletion, Meteorltic dats from -

chondrites giving re

Mason (1971).) 3
ot i 1 2
' vl wal
| K] 74 246
Ce 17 258
Pr h 217
Nd ' {04 179
Sm 29 138
Tu 2.4 12
Gd 32 100
b 47 96
Dy a2 103
Ho 78 107
Er 24 s 100
Tm 14 103
¥b (R 17.5 103
IREE .5 i —
Y o 190 . 106
' LREE4 Y- 761 T es
© o LafYb v 42 0 -
v GdfEu o 13.4 S
C EwEe* oy 027 —_ :
i S0y N R AR L e
i Qg4 T 1.8 e T
HOAL0y 182 —
PR gy e 108 EL Y e
YOMED Tt B LY, -
ae CHO L LT e
SR ) TR 0.50 —_—
i K:D . 0.48 sl
: P;O; ' 0.50 - A
s S 0.08 —
i _C.I'gO; ML 0.13 -—

(Taylor, et al, 1972)

Table |, Oamma-tny annlyses of rocks nnd fines from Apolin {4, (Concentration values
. have been corrected {or decoy Lo 1848 hours, GMT. 5 Febtuary 1971.)

 abundances. Equil

s e e
IR LR B S B O

ad

43

thurm of Th and U decay serics is also assumed.

i

© gample . Weight ) K* Th* 1) A4 11Ny
Na, B i) - (ppm) {ppm} {ppm) (dpm/kg) (dpm/ikg)
; Cinstie Moeky © o4 s i
14169.0 TR.66 8300 4 M0 142 + 0.2 194 0 R2 ¢ 6 $4 47
141700 26,34 SHSO 4 100 149 1 0.5 48 + gu A8 £ 6 ni9
142635.0 65.79 4100 4 200 (0.9 + 0.6 13 402 102+ 8 0mE7
14271,0 96.58 5250 4 250 15.6 & 0.2 48 £ 1R E6 ol + 8
14272,0 46,20 4500 & 200 Py + 03 L3302 94 % 6 ME9
. 142130 22.40 4560 + 200 1.7% 05 31 4002 3% 7 6 + 8
1432138 1100.0 4050 + 220 12.7 + 0.3 19 + 0.4 50 £ 20 35 4 20
14121.256  200.2 3900 + 200 108 + 0.5 19 + 0.4 VET 42%5
B— i T szinu Cllf less than | mm
14148, X 04+ 1.4 + 0.5 11402 130 + 10 T4+ T
14149,62 . 50.0 4650 + 200 11.4 + 0.5 32 +02 105 i 10 66 i 6
14156,46 100,0 4410 £ 200 15 + 0.5 33+ 02 148 + 12 68 + 7
* Standardization for the assay of K, Th, and U made with reference sta

ndards of terrestrial isolopic -

~ (Taylor, et al, 1972)



Elemental and Mineral Abundances In Lunar Samples
(n) Elemental Abundance

4 Sample na,
Klement T s T
1408y | 132104 | 14049 14300 | 14320,0 | 14042 1430} 1S [-Hrk’-d 143 14250 Fines
5 1 (average)
i Ilemental nbundance, percent
Shovivanivennenns] 226 | 224 | 229 [ 235 | 235 [ 240 [ 229 [ 226 [ 240 [ 230 | 226 22.5
C ALiiiresieeisd] 64 | 74 ] 90 | 106 | 9.3 8BS | 9.0 | 111 RO | RS 9.5 9.3
v MBoviisininaiass] 30 712 | 66 4.8 6.6 | 5.2 66 | 50 | 57 7.8 5.5 5.9
3 Pousiswornennny) 146 1 10 16 | 60 70 | 74 | 716 5.3 7.3 7.4 7.8 8.0
15 Clicivsvariannres] 85 6.1 64 | 18 5.8 74 | 63 8.5 7.1 5.3 1.8 7.4
Tl R - 1.4 1.0 8 9 1.1 1.0 .6 11 1.0 1.1 11
S | PO (. 30 .63 A7 421 .36 58 .68 A2 .63 38 A2
W Kesvauwsdssangnal © 81, 28 A4 | 44 46 52 .60 83| 10 1.0 A2 A3
5 Mn........;..... 2| 20 A4 Al 12 A2 A5 09 J21 .14 .14 A8
Vi Deslvnrienna] 30 29]~ a3 Al A1 A2 A2 .07 .09 A2 .14 44
‘“‘_1 ;
5! Elemental abundance, ppm
1.'--_ - - - ‘
© Baiiiessiessaiaas]| 190 380 . 670 630| 730| 820| 920 82| 90| 93| 570 638
b OO awevansnamssdd oy 48 33 40 n| 22 56 44 |- 19 39 32 19 44
arre  Clribmrsaseons] © 137 13 16 ], 19 17 6 7 13 14 18
o Edvassvsovosveins) . 10] 0] - 63 36 65 70 92 32 72 54 46 49
Li......._.-,...... 1= 18 20 19 19 19 20| 20 25 23 18 21
B Nbasvivanasi 14| 180 260| 165 240| 280| 230 60 210 205| 320 304
Yiof Nb.............. - 19 ¢ 22 52 43| 46| 68 63 57 60 49 40 48
O RBisvivavsasvaina = 211 7 14l 15 14 14 17 3 29 3 10 13
8 ..;..... ; 90 | - 43 ) * 25 20 16 30 31 16| 24 22 21| 24
Sr.-....;.-.,....... 180| 140} 200]| 250| 80| 210| 240| 250] 220| 200] 170 206
£ Novsvisniitvonas) A3 85 481 15 12 74 63 46 52 52 50 51
5 Yb... / 10} 20| 28 30 28| 27 33 27 31 28 24 24
B Caviiiiviaeana] C90) 1601 220 180| 220) 110) 260| 200| 20| 210] 1470 210
X z:' '?'--,r ciieiene] 310 670 880 | 930| 860 | 1030) 1000| 980 970 | 900| 720 922
I : ,
Rl L {b) Mineral Abundance, Percent
I"t,l. ; '- fib ! -
4,{ SiOs. vonsyerarea| 48 | 48 49 50 150 .5t 49 48 - | 5i 49 48 48
8 AJJD..¢.,..... ol 12 [ 14 117 j20 |18 |16 17 |2 18 16 |18 18
::'u. MgO.uvidvia. 84 | 12 11 80 |11 | 86 |11 83 | 95 |13 9.2 9.9
M FeO.auiiihpiness| 16 13 10 1.1 90 | 95 | 98 68 | 94 | 95 |10 10
: Ca0..usvaipusones| 12 8.5 89 | 1l .82 | 1l 88 | 12 10 74 (11 | N
STy o bedivetares] . §.8 | 24 1.7 13 1.5 | -1.8 1.7 95| 19 1.6 1.8 1.8
Y N&:On---n-_,u ' 38 i A0 .35 .63 58 .<- .45 .TB .92 - .58 85 ey s 57
AL KeiOuuiivaanenne) M40 33| 53| 53| ‘s6]7 63 ‘72 10 | 12 | t2 50 52
L MAOhiesiiviennss|  29) .26 18 A4 15 A6 A9 12 16 18 A8 19
_,'t.";cx,o.;.... s A4 A21 A9 a6 a6} - a8 W7 0| .13 RE 20
(i ZeOguvias . 04 05| 07 13 21 14 w07 J3) . A2 *.H0 12
, Totl_:l.i..... 99.2°| 994 | 9.5 | 9985 | 994|995 | 993 .| 99.3.| 990 | 99.1 | 99.8 100.3
R I e R, ' ! kA NG T :ll' 7 _ -"I"--, o W % &

(LSPET, 1971)
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Table 1. Major and trace elements in lunar lnmplu. and in buult-ic uhc;:dﬂta. . : : .

: i ' . micro breccias igneous fragm. AL o5 EL DB Akl
e 14321 - 14321, - — Euvcrite Howardite Assuracy
Peveent 14163126 14259.24 1406631 14305,81 184,25 184,1E 14321223 | 15021,80 1547129 15601,45 |  Juvinas Kapoeta (22

o 437 438 4.4 442 - 440 422 423 - 438 428
Mg 56 56 68 g.z . 6.8 54 53 6.3 4.0
Al 9.6 92 £4 6 8.7 . 6.5 64 -1.5 7.1
Si oo 22 . 1o 26 223 n3 2 2.0
Ca 73 7.7 - 12 0 6.7 74 8.1 6.4 7.7 =
T 0.87 0.85 0.60 . 081 0.78 1.07 - 1.08 1.05 0.38
" Fe 81 80 7.8 21 83 128 123 116
E" b 14 : Fotw TR ity e :
F 145 © 106 — 19 = fE}} 59 -
E‘ mzso mo 6230 5670 5880 4060 3720 2890 %
K 4430 7870 5300 . 4630 1430 . 1050 1650 5 5 R 4
Sec pak | 23.0 20 2 ; 61 .55 26.6 31 36.3 28.5
Cr 1290 1310 1190 1330 —m‘m 3070 2800 2500 2980 3540 gg
. Ma 1010 (1040 920 1040 970 1 1720 .. 1420 1560 - 1880 990
. Co 43 . 30 iy e 19 3 L BT 2 T e s 1 B
Ni . 40 38 - 200 —_ -t T AT B AN AL 90" :
Cu 156 123 — 109 — - R N T T -, 82 165
T — — 21- _ — Al o et — - 1.33 1.1
Ga B3 7.6 - 5.0 —_ - s — 34 L, 216
Ge . — 044 - o —_ . 0AT o — — * 0.06
- As- 0.087 0.076 — 0.077 —_ -—  D.OST — — 0.0153 0.18
Rb 23 9 — 25 — — & i —_ - N —
“Sr - 188 — 190 - — 100~ - - - s [
Pd 0.0°8 0.020 - 0.015 — - 0.001 — - 0.0062  =0.001
In 1.01 0.034 - 0.0047 — —_ 0.0065 — —_ — ~0.0015
Cs 074 0.67 I 1.36 — - 032 - C— — :
Ba~ TIS - . — T — 830 — — 100 — — 120 —_
La &8 75 109 91 .. 2 .25 14.6 129 . .28
Ce "180 170 200 200 230 65 ® 65 49 a5 ok —
Pr 22 21 . 26 = = 4 Al - 46 054
Nd 130 120 C— 140 - P ¥ = " — 5.07
Sm 26 - n — i - 8. EE T SN, 46 1.48 .
a s 245 229 276 2.60 3.03 40 | 117 1.34 112 103 X7
= [ Sy — 33 e e 144 —_— Ce—. LT84 ~ 23
Tb £.6 6.3 7.8 74 29 25 .25 ; B T 0.80
Dy 40 38 . » 43 48 3% 13 15 38 . 8.6 5 i
Ho | 66 6.0 T - &5 —_ — 2z “ 23 — 14 042
Er 28 26 — 2 — r— 93 —_ —_ 6.1 21 -
Yb 235 215 25.1 242 28 15 - 6.8 8.3 5.05 471 s S L72
La 27 27 3.6 35 39 1.20 094 1.20 072 0.77 028
Hf 23 21 30 26 3 8.0 11 8.8 5.5 44 13
;r; 32 ;;.}0 16 i.z 4.0 12 '13 120 0.68 33g 3‘3}1
3 f-ﬁﬁsb-.r‘r — - —_— . — — * 5 — v
Ir g 0619 00160 — 0.010 - - 0.0011 —_ — 0.0041 0.0270
{-; | 0.0055 U “0.0067 - _— - .0006 —_— — 0.0016 0.0079
%, L2 —143 ; = 114 . == - rRs == —_ 1.8 s
3 s T eSS — — 0.54 —_— 0.57 - 0.089
~L(3 920 - 9u L 9.5+ 99.3 989 98.7 98.7 99.5 100.8 996 100.4

*The values for sample 14066 were corrected for 6% conlamination, wetzxt Mo enmr means not d.:lgrmmcd S;mples 14006,31, 1432l 184.25 14321,184 ‘IE. 1502150, and 15471,29
were analyzed by INAA only. ) . i

(wanice e , 1972)
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Ses . Table 1. Concentrations of sclected clements aad elemental ratios in some Apollo 14 samples. -

Sample z i w L Approx
Sample Fraction weight ' Concenwrations (ppm) Atomic Weight ~  jnisial Pb
" mumber analyzed (mg) K ¥, 1 B - Th . Pb Rb ~  Sr ”"I‘h}”'u K/u K/Rb {ppb)
14003,37a* . = Whole ' 242 271%0 25 — 718 11.59 142.7 : - TS5 _
. 14003,5%9b Whole 167 — 331 . 1166 B.16 _— — ~ 493
14003,37 Aceione floats px] -— 404  14.60 13.16 =y 2 — 1604
1400337 p=29-33 222 —_ 4.05 14.64 e . — - — 569
- 14163,156 - Whole 59 ' 4250 351 12.46 997 146l 1821 3682
14259,16a VWhole . . 150 3990 343 1215 7.87 14.06 182.6 265 -
SHM29A6b . . o i 208 0 e, L 34T 235 Y82 e et 185 .

. ' St ORE SRR, R e i Rrecply T et T i e AU s O R S e (e
14063,37,.M Matrix 303 — 34 12.64 7.95 20.65 1809 3.84 _ - 117
14063.37.C Clast - 29" 315 1.56 542 3.70 10.10 2313 3.58 1997 308 - 194
14307,26.M Marrix 230 4930 . 336 11.85 11.45 16.44 1714 3.64 1467 300 . 548 -
14307,26.C1 Clast 1 178 3700 4.86 16.46 824 1744 147.0 3.50 761 - 212 95
14307,26.C2 Clast 2 36 — 499 17.29 9.60 — _— 358 o -— e 119
14318,26.M Matrix 328 — 3.67 12.67 1219 17.59 170.9 3.56 —_ — - 304
14318.26.C1 Clast 1 76 —_ 532 16.69 10.70 —_ = . . 324 0 = .- — - 23
1431826.C2 Clast 2 14 490 @ — — S 585385 - MMLT 0 e =t 79
14318,40 Sawdust 419 = — iz 11.35 Byt - — — - 356 —_ 7 = . @m
e = 0 AR -~ - z '_ ’ TR 2 Basalt : R _.'._~' A e e T St ets L A
1405327 Whole 103 — 0.592 2.101 171 - — o 367 - o — - "N
14310,71a Whale . 464 40108 3.10 10.42} 6.18 9.79 154.8 343F 0 1294 410 45
14310,71lb = Whole 35 - i 11.36 610 T X~ T —_— e 4
1431071 M1 - p = 2.4-2.67 29 T — 4.64 18.66 10.70 -l e G | T S
14310,71.M2 p = 2.67-2.89 154 3790 259 8§73 491 10.48 z‘m.| 3.49 1453 362 -
.14310,71.M3 p = 2.89-3.3 95 - 623 22.41 11.61 —_ S3m . = = —

. 14310,71.M4 p> 3.3 192 1410 231 8.66 4.12 4.12 26.86 3187 610 - 342 —

* a—lead was analyzed by double electroplating; b—analyzed by barium coprecipitation and anodic electroplating. M and C in sample numbers indicste
matrix and clast respectively. MI1-M4 of 14310 indicate density fractions.

. % The lead concentration correcied to provide reasonable U-Th-Pb systemuatics wmplmd wnh other l‘r-::uons ol' the umpk. would be ll.l pom.

3 Uncerainty of the data is about 10 percent. ) . : e o &

(Tatsumoto, g__t_ al, 1972)
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due Lo counting statistics, the uncertainties of the
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Tabls 1. Radionuclide conteni of Apollo 15 funap

§t. CGcorge Crater,
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Station 2 (dpm/kg except an noted),
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15091,15

15211,1

152112

15221,1

18206,0
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3ING
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LLING
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!4h1n
ACo
ﬁoco

4

.06
04

80
0
0

HHH

1440
1.97
0.93

1410 4 70
3.59 ¥ 0.18
0.94 + 0.0

|Jﬂ)i?ﬂ
357 % 0.18
0.97 % 0.03

3.95 + 0,08
1.02 + 0.0}

1440 + 60

4980 + 200
- {24 ¥ 02
3.22 % 0.10

4680 3 200
126 £ 0.3
328 + 010

K (ppm})
“Th {ppm} |
U (ppm)

Sample weight '

-3

85.5 104 % 9

34

(grams).

s_arnple lype

. __Bo_uldellt-c'h!

Soil Soil

Soil

Boulder fillet

ps

et al, 1972)

(Rancitelli, et
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~* Table 2. Radionuclide content of Apollo 15 lunar samples from Stations 6, 8, 9, and 9a (dpm/kg except SDolal) & TR I :

15261,15 15271,19 15031,14 = 15041,14 15501,2 155050 15535,0 155571 '15556,8
(6) 6) - (8)* (&) @ ® * (9a) - (9a) - (3a)
A, S 37+ 3 50+ 4 33+2 65+ 2- ©2+3™ 4#+2 9+ 2 9+2 0+ 2
28] 50+ 4 136 + 3 60 + 2 123+ 4 74 + 2 42 61+ 2 5+ 2 103+ 6
Bt — o — 63+ 27 29 + 1.6 75 <30 - <31 34+ 1.7 65+ 10
sy e s T <14 <11 i > R Fo o 12 +4
340in — — 24+ 8 14+8 <20 42 + 30 21+ 5 34+9 41 + 12
S6Co —_— —_ 6+6 27+ 6 <31 <12 <16 <13 ‘1144
$9Co — - 43 + 28 <15 <36 <12 <12 = = ‘<08 <17
K (ppm) 1670 + 70 1620 + 70 1780 + 60 1640 + 60 1250 + 100 1550 + 70 490 + 50 340 4+ 20 T 440 + 30
Th (ppm) 464009 487+ 010 474+ 012 456+ 014 415+ 012 364+ 007 045+ 003 044+ 0.02 056+ 0.00
U (ppm) 1.IS+ 004 122+ 006 1334004 128+ 004 1.03+ 003 094+ 002 0.104 + 0.010 0.131 + 0.008 0.15 + 0.01
 (grams) 104 104 142 . 146 -46.6 862 20 . 408 1514
Sample type  Trench soil Seil Trench soil Treoch soil Soil clod Breccia Porphyritic Basalt Basalt,
; . , i g+ . basalt = - wesicular

* Sampling statipn.

A TR F} T AT =
— . g ot e Y
2 e VTR R e PR S L e

(Rancitelli, et al, 1972)
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Tahle 4, Gamma-ray analyses of Apollo 15 xamplies, Only the Iast three diglis of ench anmple numher are given here; ppm, parts pes millio
dpm disintegrations per minute.

Semple OF weight  Depth K Th U 0 Al "Na »
number (B |, (em) (% weight) (ppm) (ppm) (dpm/kg)  (dpm/kg) (dpm/kl
o Solls (< 1 mm)
S} I P X 019 +002 , 48 =07 11 %02 1730 Rt14 36 S
021 132 ;016 ®002 | S1 £07 13  x02 1230 17525  S0x 17
Cange o 5279 ¢ D00 006 £003° 0 42 08 . 12 202 !, 1330 130+£20 4% ¢
21,2 L 10422 Cloas x003 | 38 xos 096 - +£020. """ 1530 . 130£20 57 9
(301 23y 8572 Loul 042 £002 0 32 05 . 088 £015 1360 104 £20 , 40% 10
IR ' Breccia: and melalgneous rocks i' -
206 920 ¢ 045 £006 .4 11 Tx2 30 £06 1500 . 38x1S  45%10
L2638 yiier 3142 Y019 £003 U S0 %10 0 13 02 1460 79+15  Bx 9
$58 o 13333 {1017 %002 ;''-34 £04 1 10, 01 1 1700 . B4x1S 3610 - .
466 . 1180 5015 £003 3 38 £07 093 £020 1610 ', 84x1S 40x 9 .U
086 1728 . 014 %003 '’ 32 %05 076 =011 @ ° 1840 ~, 39x15  40%1S :
458 L BBLEE 0090 %0020, 19 04 0.50 +0.10 :." 1800 ~... 6520 39 %15 -
0.082 001 .1;' 1.9 x04 043 £0.10 . 1900 .~ $9+12 38x 8
0.0086 £ 0.0010';. ' 0.13 *0.04 0.04 £001.  -2150 -. 12040 2510
- inh Crystalling rocks - K
70041 £0008 |, 051 £010 ", 013 %003 " 3150 M+1s  33+10
0.034 +0004 ‘" 046 =0.10 015 £002 | 2260 © = 95=15° 36x 8
0.012 10002,“3‘ 0,007 £ 0.030 0.0024 = 0.007 . - 118+ 18 6+ S
i : b DrlIl ey : e
019 £003 ./ 47 10 . . 1460t 5. 37+20 3318 71
+ 047 ¢o.oa"l‘1 43 10 CO1550 - 1618 Mx1s  4s=x
o, 049 2003 3 :zlo CoImo < <10 <9
S e e
(LSPET, 1972)
Table 2, Trace element data for Apollo 15 basaltic rocks.®
Olivine normative Quartz normative Ultramafic
* 15545,13 - 15256,22 155558 . 1547535 15076,21 1510334 156824 153852
K (ppm) ~ 387 - 316 - ﬁ. 415 411 477 568 481
Rb (ppm) o.75o’ 068, 0.6 . 06. 0.514, 1.2 0917, 1.1 099 118 -
: Sr(ppm) ' 104 [ 100,98 92 W7 112,120 114 130 —
. Ba (ppm) . 46.7 j;‘ 499 = <612 L. 627 644 . 881 63.8
La(ppm) '~ 493 *:, 482 . = ' = 576 . — 654 - 804 6.96 -
Ce (ppm) " 139 - 145  — Y. 155 o150 192 228 18.0
"Nd (ppm) . 9.92 ,’ 105 - "= "0 118 0106 134 .16.3 13.4
"Sm (ppm) 329 .. 3.43 — o366 0 352 0 428 5.08 451
“Eu(ppm) 08957 . 0893 - — % o%i 0.970 1.03 . 130 0.873
Gd (ppm) -~ '4.48 4.65 - 495 72 6.80 " 6.08
Dy (ppm) - 468 - 4.98 - 545 . 5.60 558 < .7.26 5.89
Er (ppm) £ 267 ¥| 275~ — ). 32 7 340 333 428 3.19
Yb (ppm) - 216 0 228 v — P26 0T 277 283 34S wm
Lu (ppm) . 0308° 0330 - — .- — 0 0326 — — —
Upm) 0132 0139 — 7. 0.453° ' 0149+ — 0.213 e
Li(ppm) =t - — 63 — — $.56 —
Zr (ppm) — 0 89 % - 89 97 - d— -
Nb (ppm) -_ 1 53 4.3 59 6.2 R — —
Y (pm) | —= . 25 2 .29 29 - e -_
.Ni(ppm) * = 48' . 42 [ ANV | - -! -—

I 'ﬂgm_umlu IuHcl by J_t-ny ﬂumwenee lnalyﬁi; tha rest by stable isotope dilution mass spec-

(Rhodes & Hubbard, 1973)
49



| | | ] I | l I I % I | I I ! | I
)
5 =77 -" Table 5. Apollo 15 (highland breccias). Data in ppm except where shown in wt.%. :
L e 15 L NG & o - 25 1S £ S 1. 15 - 15 15 . I5 15
o 785 259 299 319 324 _ - 345 . 455 - 459 <459 459 155 418
g | RS- R S | (L N B R RN - ‘74 .97 97 b 49
e 2SR ntal black tofal . matrix - total - total. - ‘total - black total . -black  white w=hite  total -
. Station 6 - 6 6 . 6- i ; =T T B g T % 7 7 T'=
Cs - 0.15 0.19 0.19 0.18 0.1 0.1 . 021 0ls 0.15 013 — —_ —_
= Rb . 41 45 5.0 47 20 26+ == 55 = 34 . 292 0.78 — —
" Ba - " 280 - 260 - 30 300 . 134 . 160 330 370 230 160 10t 20 200
T A3 12T - 145 . 13 103 107 147- 182 118 0.83 1.06 167 0.69
Py . v RT 36 26 30, 25 <23 36 0. - 30 .33 = 3505 B e~ o4
7 Ca% 74 B iy R - i 785, - 826 9.7 02 —_
~Na% . 033 .. 02 033 .. — 2 027 03 o -
Tla B0 2o 26.0 26.0 . 9. 19.0 15.0 88 30 1.06
. Ce . 580 . 590 - 68.0 65.0 - 26.0 310 73.0 810 510 410 240 87 pX
- i 32 78 9.5 93 38 44 10.2 115 6.5 53 30 095 033
SONd 330 310 330 360 16.8 18.3 41.8 479 270 209 122 373 1.41
~-Sm _105 100 . 108 103 56 57 125 128 8.7 5.6 32 0.88 0.43
B 13 1.27 145 3 1.05 1.07 1.47 1.82 1.18 0.33 106 . 16 0.69
. Gd 120 114 e 129 TL . P2 000 158 15.5 1ns - 71 37 0.95 0.67
" Th 193 1.9 21 197 LI4 109 2.51 241 1.74 1.14 0.6 0.1+ 0.12
Dy 124 iz 129 128 . 69 6.8 156 @ 160 10.8 73 44 034 0.8
-Ho. .29 29 3.1 3.0 1.67 1.64 - 3.62 3.76 268 .83 099 . 017 0.19
.Er - B2 -0 BB s BT U B6 L AT VAT 10.7. 107 - O 28 1873 0.59
ZTw. 13 - 7 B . ERGEE 7 WS SRR ¥ s 16 - 1.6 12 - 078 034 0.06 0.1
. -Yb 18 3.2 g1 "85 45 44 9.5 93 72 47 23 036 0.6
Lu - 13 1.3 13 13 0.69 0.68 1.5 15 N1 0.73 03 0.06 0.09
- IREE 182 179 203 198 % 101 227 247 157 17 68 b 1] 9.3
Y - 806 65.0 82.0 76.0 350 . 470 91.0 93.0 63.0 460 300 43 sS4
““SREE+Y 262 244 285 274 125 148 318 340 220 163 ] 43 149
La2/Yb 294 268 321 - 3.06 22 5% 284 k%) 264 319 33 33 L7
- Gd/Eu 9.3 8.97 821 9.2 6.76 672 10.7 8.51 9.75 8.55 35 05T o9
- EufEu" 039 0.4 0.43 0.39 0.56 0.57 0.35 0.43 0.41 0.45 1.05 6d 43
. Ty , 333 347 337 333 188 1.88 42 423 238 184 101 (1 3 WE{3
" Th is 42 am 431 L8 1.79 494 531 L4} 25 1.03 o3 Qo
U L. es 1.03 09 - 12 0.5 . 043 . 1.37 0.87 0.62 09 o0 -
(Taylor, et al, 1973)
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- . 3220 385.0 3930 156.0 200.0 4150 430.0 2940 2400 e —
A | R Y. T ‘7.0 7.6 3s 35 8.8 98 - 62 45 = 16 0.16
< .8a . 027 023 . 02 028 0.18 - 0.19 0.18 0.22 0.09 0.21 0.12 —
~Nb . 240 - 230 270 7.0 10.1 150 290 336 . 190 156 = 043

Tige 08 079 08 @ —. - = 08t  — - 0.6% 0.19 —

W a8 03 019 023 . o018 013 0.25 031 —. .on 0.08 ., -
o ThY 43 . 41 38 36 36 - 41 .38 39 43 41 36 -
o ZoHE . 5.0 420 55.0 510 . 450 58.0 470 49.0 51.0 53.0 - —_
oy 140 140 145 155 150 it —

U ZHNb 140 = 140 14.4 145 155
.G - 2600 3100 2000 1750 2400 2500 1800 1800 2150 1500 1640 -
o120 . 980 450 24.0 140.0 130.0 190.0 39.0 9.0
wiSe s e 1780, 490 16.0 160 330 36.0 17.0 130 230
; : " 300 190 195 215 160 184 232
270 no 420
-1 33 . 44
. 80 .
6 a3
Y S
el 5 S

<

248
60 660 “o 400 48.0
92 N2 .47 42 no
44

b

. 116 100 85
ia00 ~ 2 e
70 . 6.85 6.11

w |

Hlal )

36 45 38 22
80 83 95 =<y

23 28 Ay

A

Ni
Co
Cu
Fe%
Mn
Mg%
Ga
A¥G
Si%
Si0,

ZZTi0: 1.34 131 1.33
FeO
MoO
MgO
C20
Na.0
K0
Cr,0,
b 3

i0. ] 456 467 469 = S : Tt § a3 = 466 469
_ — —_T T - i o138 L — . A rd (1% 0]
“TALO, [ 152 157 - 179 - S 2 Y e Vi 17.1. e 172 BS
2 © 150 12.9 10.9 i i = i %, J— n2 585
; g 0T — e s L e a v [ —
P 116 11.4 10.1 - - e 133 - s 9.3
103 10.8 1.6 s - A R 10.6 - 1ns 17
0.4 0.38 0.45 = s S e 058  — 041 041
- 0.15 &7 = - % S P 017 — 016 0.08
| 038 0.45 09 - bt N L E 026  — 07 04

1003 9.8 9.6 - v - - 99.5 i 1000 1004 Qs

(Taylor, et al, continued)
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‘I‘lbie l Chmnc:l data for known or proposed primary lunar rock types.All data are from ion exchange procedures followed by colorimetry (ALO;}
atomic ahmrpuon (FeO, MgO, CaO and Na;0) and stable isotope dilution mass speﬁmmctry (all else).

MI33100 141525102 14161357 [ 1507621 1525622 1547535 1554513 156824 1510334 1530425 -
- 92 mgms- 111 mgms 273 mgms 611 mgms 60.2 mgms 51.9mgms 500mgms 33.5mgms 228mgms 435mgms
= fragment - fragment 14310 type mare basalt meta-mare basalt mare basalt mare basall mare basalt fragment KREEP
L TIOS 077 L17 L1 1.90 241 166 235 235 - =5 185
s = 455 S N P i oo o - 156
.FeO.% 47 1S & Tms ;3 S P T 18— 103 -
Mg0% 48 - 64 62 - 115 903 831 945 784 - - 645 849
C20% 153 134 128 il So088  Frlie R S 1) 954
| N2,0% 083 0.7 074 030 . 02 . 033 02 .03 034 0.71
Crppm T R TN e S L e B A i ROl RS T 10T el e
K ppm 1500 40 3730 4n 316 M w1 s o1 en
Rb ppm 5.56 126 114 0917 068 0.696 0.750 115 0999 140
- Srppm 157 2 om0 om0 10 14 183.0
 Bappm 294 609 580 - o @ DRy T sy T -4&7 TN G
_Lappm @ 3’1 . 56 o - L - BT IRl T SR Rl T R R
Ce ppm 63 M8 S 11 S et TR - 192 166.0
Ndppm 376 85.4 83.0 106 05 88 952 163 134 103.0
Smppm 106 29 233 352 343 293 329 5.08 428 2.1
Eu ppm 134 228 206 0978 0893 0481 0895 131 1.0 253
Gd ppm 26 30.7 284 495 &= T 448 680 - sm 343
Dy ppm 143 34.0 321 560 498 4.59 4.68 726 558 374
Erppm 880 193 91 340  ° 275 . - .27 261 428 331 219
Yb ppm T 180 B8 . XN . 2 . 235 26 o 3487 B o M2
Luppm 116 259 256 0326 . 0330 0350 0308 Ml el i e
U ppm 124 324 . 280 . 0149 039 . 0108 0132 0213 - — - 34
Moy . e T e e R Ae e R S Y e 263

(Hubbard, et 1, 1973)
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‘hﬂ,n L Ahmoc-; ol Tru'c lel- I.a?lpolln u II; 14 lelu (ppi‘ Sl.l:h ;-l;’ !bm ,F" = w_--. '. :'
® o TR R £ A : e T A A
Clase.” r e - au' N sof Ge Be ™ 4. B Bs 2’ c«a = =9 o ®
017,82  BeDommss 1.3 e.l6s 435 47T 0.3 e B €8 34 22w 03 33 se 176 er a1
®0017.88 B4 DG-MwSs  1.73  o.1e 041 33 101 20 1Y 7.2 0.88 m xS '-__5'.'4 ek s em e 7
#0085, 5 Glass zs.¢ 217 1u se 2.8 306 187 2e 1.2 Y R 35 1.8 T 1es 1er e« e
em13.TS  CI Peix 1n.s 136 183 798 110 e 320 a7 o3 1 eas 7 e s.o‘_;' 020 108 Mo 2
essar a0 am o3 . ol 70 i ‘@ a1 as Tme 2o 163 124 203 13 & 159
3388.7 B DS 16,6  C 2.37  18.4 80  S87_ 1910 " 340 38 a3 -_n'n-__' 0.4 Ts2 87 &0 6.5 290 80
#6455,25  Glams 9.6 - €11 127  s0S  3.18 . 800 390 12,0 1.6 830 0.6 24 832 ma2 " 3.9 lee
$6455.77  CrBmsalt 225 0384 1.5 80 045 6 .19 2.5 1.2 1200 0.08 22 53 109 65 3 100
€s016.7 Glass w3 239 7.9 532 168  ms ss 128 0.5 €2 o023 | 083 .-._ 1.3 T oe 1u B e
ersss.20  ca(miv) 1 S.5¢ 0.572 1.60 231 023 59 _. 38 9.7 -1.2 188 R f _-_l.'l'.l- 4.3 -0.86 1.3 & ase
sns.Tr B 0.0 ©0.00s 228 7 . 018, _ &7 34 0.4 018 700 - 022 047 .81 130 sos 32 18
'-m.al B4 12.7 1.55  1L.9 sa3 . ' T 2.8 1.3 220 A Al . W s 3w mo
. & . e S - 3 ~ . - Tt 2 _"_:-- -:_.‘ ;-.:__‘_f_ ‘_f '_: Bt
87702.16-5 Breccie 2.62 0.275  i.43 11 180
&T702.16-6 Breccia Le ole 0.3 0.3 By | =,
14306358 Bmoliee 36 oz 22 e 43  Tm0
14306.35.9% B Bk B.1¢ 0.8 5.3 1 18.6 1m0 4800
14306.35.10 B Metal 50 0.2 383 43600 g _ ' 178 4800 o 27 e oo
14306.35.11 B Bommsgn.  3.71  0.36 -3.05 151 22.8 198 . 73 3.9 1.6 20 0.36 40 38 se7 3 . lice  Sde0
14258.36.14 S Metal 3.2 475  45.2 3570 163 120000 430 16 1.3 7.4 0.37  0.68 17 o4s 21 @ s -
“Clasesfied sccording to Bilerire e 21.(1973) asd Warner et al, (1973): . ;“ngm valiies dve Bah; oing %o ;,,,_,“u_ b e Bt s T
B = breccia - D omm e IuB: R o :_ g O 2 ': :l‘ Sy i & e R ] 5
_ll = Jight merrix. light clast EMSE = ultad BATTAX -bou.td-‘h:r\o:cia *Eravesbany = -] tm:’ whh Ca-o‘phl...
B§ = dark matrix, light clast Il.! = pesostasig-rich basalt \‘ : ““' n“”l‘ -‘G‘ 1%]3‘" . % "-I-'ﬂ.
) B5 = dark sstriz. dsvr clast potk = polkilitic rock with plagio- ' = e o
) & lkupnl:b! et n_'l_. nm; aooem-_ C-—ueh.-
€2 = crysiallise, Wwiaclaslic clase, olivine, apd/or AT .
R : “deia, s-ppl N8 1239-1161, > 5=
UG = devitrified g.iss mits plagios lithic relices A s b = =
clase a8d or li3tic reiics = 1 i 7 e
: : oty Bl s

(Ganapathy & Anders, 1974)
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'I‘abla 1, Bulk and trace element abundzmces in brecclas 64435, 63335, 63355
and 50017 . ' .

| 64435+' ... §3335* . . 63355%  60017*

: ' Matrlxr . Glass ' Anorthosite ' . e
_*tﬂemantﬁi 27hng -ﬁ 38mg ' S3mg . ' 115mg. 137 mg 295 mg
1T102(%):5 0.2 “0:8 ;« <0.1 ket l 0,340 0,88 . 0.37

' ALg037 ! 32, 1- 15124.5"§ﬁ_35.5 P4 OB e 21,8 . 7 318
FFeO uHAn 3.0 ki 8.0 45U 0,61 " 2.6 0L 8,3 B8
AMgO E 3 ke 8 i - S D - 3 =
T Ca0 | wii,17.0 He 13,3 1T 10, 0--*ﬁ-f1 17.6 . 12.0 “. 17.0

' NagO . {47.0.34 LAl 0,85 v 0.29 nglil 0,69 1 400,50 ° 0,52 %
2 KpO L% 0,024.75:40 0,086:% 0 0,025 additl. 0,049 50 0,22 0.056

“MnO ' 0,040
"Crp0g 40,064
= Sc(ppm) R

£0.105 L 0,011
3,0.170 i 0. ooas

"10,038: +-0.089 . 0.048°
'”-o.oas”fvi 0.169 . 0.054 -
= 4-4 & : 12 . ¥ 6.7

10::

i Wl qs st 5010
5

¢ - ,r4?¥ 280 .. ~30

: 40 iN 280 A58 ey

:: A T R T T R

g L £ et . R

T 3o e A7 35,5 :

ﬂ B Rl T 1.4

j 132 1:51 1.24

i B2 Lot 258 v 0,3

) 15 w16 Yo7

% 0.9 .- 8.8 1.2

;| 0,13 i g bl s 0,18

- QBT T 8. WM 18 i

7 o 00RO LB 1.2 s 0,143

i C0.28% 0040200 0 005y

i <01 Hiini1.2 <0.14 ¢

b3 vy g Do S | - wrmies 9AQLYL 2 48 er

s Ir(ppb) - - .60 N ey <3 v 24 v ek 8
j Aufppb) - . 30 . = A . i!l&'fﬂ. 4 _,vg

i ¥This rock has been asslgned to the Mason consortlum.: - : i t{

./ #These three rocks are chips from the as5m Shadow’ Rock at Statlon 13. Data {
i, for 60017 were reported by /Laul and Schmitt: KBYIE A nam s 200 n T S ;;j.;.i‘.’

(Lau & Schmitt, 1974)
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Table 1. Primordinl and cosmogenic radivnuclide concentrations of samples from the Apolio 16
central highland site,

Muss  Thorium  Ursnium  Polassium ™Al M

Sample Location/Remarks (gm) (ppm) (ppm) {npm}) {dpm/{KG) (dpm/KG)
Fines
60051,27  ALSEDP 415 16008 0424003 R+B0  115=+9 5624
“Coliche-like"
61161,16  Plum Craler 419 197008 0542003 LILES 1] 202+ 16 hS=5
+ Rudial Sample
648014  Stone Min, 34 2212011 05R+003 850+ 140 11629 i AE T ]
NW wall of Southern :
Crater
65701,32  Stone Mountain. 86 2312001 057005 1030=120 13129 56=8
8 wall of crater
68841,31  Near South Ray 42,0 2342009 0.56+0.03 1000 £ 80 T 9127 39=7
Filict Reference
6996144 Ncar South Ray 199 233+0431 052:004 1000280 46 42=4
Under Boulder
Rocks
61016,173 Plum Crater 132.5 011008 0052002 70+ 40 104+9 a6
Type 11
6745556 North Ray Rim C 1335 0.03+£003 0.012002 130£100. 10)+8 by ERL]

Type 1, from top of
white breccia boulder

Noies: (i) *Na concenirations were corrected for decay 10 April 23, 1972, (i) Errors for Al concentrations in the
fines include a 6% error in the ™Al standard. (jii) Models of 61016,173 and 67435 were not available; a model of
a similarly shaped B7 gm rock provided mock-ups for use in identical conininers. (iv) Rock types are according to
LSPET (1973). '

(Wrigley, et al, 1973) _

Table 4. (He'/He"), and {Ar"‘Mr"}r'aﬂcr corrections,

U Th K
Sample (opm)  (ppm)  He.'/He’ (He'/He'l (ppm)  An™/Ar®  (Ar"/Ar™),
61221,1 0.32 1.15 050 - 4320 “R2 006 C 419
6124115 0.555 1.98 0.07 2700 905 0.05 1.27
62241,8 0.46 1.70 0.10 2850 940 0.03 2.60
62281,7 0.597  2.063 0.09 3720 962 0.03 2.43
64R01,20 0.601 223 0.10 2770 995 0.05 i.61
65513,20 0.74 2.74 0.12 2670 1230 0.07 2.13
65701,11 0.65 2.26 0.06 2450 " 1180 0.06 1.29
65701,11 0.65 2.26 0.06 2510 1180 0.05 L7
65901,11 0.61 2.455 0.06 2530 1055 0.06 1.24
65901, 11 0.61 2.455 0.07 2620 1055 0.07 1.29
66041,14 0.70 2.37 0.07 2750 1003 0.06 1.36
66081,11 0.70 2.3 0.10 2790 1oo 0.04 1.69
GRR41,17 0.585 2358 0.07 2690 1008 0.10 0.93
69941,17 0676  2.40 0.06 2710 1060 0.08 1.03
60601,10 0.568  2.21 0.05 2700 100 0.07 1.05
60601,10 0.568  2.2i 0.05 2630 1009 0.08 1.06
§7481.21 0.323 1.12 0.06 3190 550 0.10 1.20
67701,20 0325 . 118 0.04 2880 636 0.14 0.83

K. U, and Th were taken from the following references: Clark and Keith (1973); Barnes ef al,
(1973); Eldridge et al. (1973); Jovanovic and Reed (1973); LSPET (1973); Mark ef al. {1973); Murthy ef
al. (1973); Rancitelli et al (1973); Silver (1973); Winke et ol. (1973); and Wrigley (1973).

‘When more than one value was available for a given sample, these were averaged.

55 - (Walton, et al, 1973)



Table 2. Gamma ray analyses of Apollo 16 soils,

56

7} . Density | ; Al ~ "Nna

:\‘Snmpic (glem”)' K (ppm)  Thippm) U lppm) (dpm/Kg) (dpm/Kg) K/U

V161,19 4014 BG0ERS 1974010 0554003 190+10° ¢ 5246 1563
61IRLI9 ~ 1.6 . 910£45 2022010 056+0.03 . 204+10 "' 40+4 1625

C 61281200 14 935x60 1852001 0522003 192410 1 . 5248 . 1798
6150139 . 1.6 93048 1851000 053003 + 142+ B ¢ FY R b L

C6224137 0 — ¢ 940447  170£0.09 0462003 . 1306 ' 41x) 043

S 635013 014 T 728250 . 1532008 0412003 T 220+41 © - 8548 1775 .

L 648010 = 0 106050 2.23+0.00  0.60+003 10546 304 1766

L 63590127 0 = i 1010250 2.21£0.41 ¢ 0.60£003  109%S 32%3 1683

“l o603 A7 . A vt 963452 1.88:0.09 - 0.53+0.04 . 208£10 . 5213 1816

679410 i~ o0 106053 1.89+£0.09 i 0.55+004 - iS8x10 . 2748 1927

685010 16 1 968+45 -228+0.10. 0382004 | BAx6 - 3Bx4 1664 -

PG Fasl 711500 L IV JAPTTAT U Sl SRRE | 1ok T L4 A 3 g ) 0o

(Eldridge and O'Kelley, 1973)
Table {, Gnmma rny nnalyscs of Apollo 16 rocka,
-~ Density Al "Na

Smmple - lem  Kppmy 0 Th (ppmd U (ppim) fipm/{Kry  dpm/Kg) = K/U
([ R (] a e 0270008 Gonk 00 LR A A4 247
H1115,0 S5 MHOrI6n RSAI 043 23400002 9248, 47448 1149
61016120 © 29 S60£30 0 LRAX0.09 | 0.382:0,02 65£5 . 30xS 1474
611351 2.0 6O0+34  1.39:0.07 0,382 0.00 12066 ;. 41+3 1814
61155,0 22 A45%60 1122005 0301002 1829 L 6i4 1435
611560 2.8 72060 1552007 0554006 1567 ' 86+S 1309
611750 2.1 745238 1422007 0402003 §37£7 0 0 4123 1862
611950 . 285 506425  1.13=0.05  0.3020.02 © 54%3 4243 1687
6129518 - . 1.8 © 770x40  1.48+007 0.3920.03 15848 3244 1959
622950 23 s0x32 3.20x0,15  0.82£0.05 1106 59+5 768
~ 65095,0 25 78040  1.96+0.10 0.52:0.04 104%5 2844 1500

. 660350 22 765+38 1.87£0.09 0.49+0.02 136£7 42+3 1561
66075,0 24 . 79540 1.86£009 0.5120.03 1307 49=4 1559

| 67085.0° 20 1620480  3,69x0.18 0.98:0.05 13710 5648 1653
67917,0 L1 1650490 . 3.24:0.16 096+0.05 543 5045 1719

(Eldridge and Q'Kelley, 1973)
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. 4 PN TR oY At ke b i AR T e P R ) e o o
s 4 - o -~ Table I. Apollo 16 rocksand fines. ~ - - 2 Tramtl o
Weight Th U A ot - AP . Na® Mn* Co* Sc* Th/U KU

“Rocks ® (ppm) {ppm) () dpmike) (dpm/kg) (dpm/kg) (dpm/kg) (dpm/kg) o '

601151 3322 1462016 . 0352002 00540005 987 44=4 = 25£12 11=8 322 417205  1540=170
602550 8626 24202 0632012 011020002 12026 39+3  20+14 425 222 38208  1750=3%0
%602750 52 299=018  088=003 011520002 12928 4826 625  <I2 <9 34202 1310250
*603350 3110 2752010  092+004 01740008 140+8 4828 . <23 3%2 299017  1890=120
62350 3177 94+06  157+006  0284+0004 1378 S0=7 <6 1313 5%3  37=02  1105+30
L 62370 4859 <012 . 004320012 0011900018 144x18 567 = 26+17 . .<20  6x10 <4  2800=900

62360 427 <010  0016=0.010 00114x00017 119=15 $3=6 17=12 36%15 53 <16 - 71004600

627750 4386 0.0090.006 <0.006 0.0148+0.0012 9411 28+2 <10 <2 <4 -

633355 781 0242006 0072+0014 00520003 1117 30%3 . .o o0 33xll 20021500

®63355.1 4355 485018 1312006  0202+0.005 98+6 48+4 2529 - <40  37=02  1540=80
*644760 12504 - 1192008  031+003  0.066+0.002 13211 48+5 <7 ‘15x16 38205  2100=200
*630550 5009 1182007 0311+0019  0060=0004 109x6 31x4 323  S=3 09:08 38203  1930=170
| %660750 3471 205011  055+003 - 00830005 149+8 39=5 = 3x4 53 13=11 37203  1510=120
- 6703517 8837 0362003 0.117+0007 _0.0441=0.0011 126£19 456 <12 308+04  3T0=240
%0550 - 24 36203 099008 0162002  116x8 4333 6+x4  2%4 322 36204 16002240
WTUIST 15748 043007 012120011 00463200014 6226 29%3 17%19 <8 03205 36207 38002400
614350 - 3718 3605 1092008  0.147%0.003 1619 457 : S <300 T 33=05  1390=100
4674750 . 1741 067:008 019002 004520007 12629 3823 232 - <Il 35206  2400=400
) 679355 7987  290=0.13 0842003  0.163¥0.003  56+8 48x11 e 825 345202 1940=80
6793618 3519 - 3122012 091=004 016120004  52+3 483 12520 34202  iT70=%0 "
679750 4310 176=0.11 0513013  0.0833+00015 68=4 2323 _ 43 343209  1600=400
%688152 3449 274x0.14 081003  0.12+0003  150=30 S6=1f 20x6  <IS 42 - 34202  1510=70
0012 11672 22203 0612003  0.098=0005 1078 42=5 . B=3 1028 <4  36=05 1600110

T 6060132 10003  271=008  0.565=0018 0.1002=00017 10918 36=5  9=9 222 391=119  1T0=60

—SU4LT 1000, 2042008 05560018 0095900017 170230 58=9 - - - 367=019 170260

*622816 1079  210=0.17 062003 009320004 25:13 6329  2+4 17+18 <7  34=03  1500=100

*644213 1000 2004 062004 00930005 111=10 39=6 <10 1927 <8  32=07  1500=130
TESISTT00 1.86=008 049020017 00877:00016 16030 4425 626 <1l 22+14 38202 170270
- -65901.1 109.86 27202 0.62=0.07 0.110=0.002 12427 42=5 3018 9=11 <7 44=06 1800=200

*660414  108.44 25204 0662004  009%=0006 161=11 S1=7 34  9£5 <3 *38206 1460=130
6604128  100.0 22203 0742003  0.102x0.005 159=10 S4=6 244 1128 <7  30=04 1380250
%6081 10003 23=04 0702003 011020006 103=7 44=5 : 33206  1570=110

670311  49.05  051=004  0.146+0.010 00425200018 16629 $6=3 <10 4*2° 35204 29002230
%67481.1 10003 1122009 032320019 005520003 168=10 60=8 63 910 <4  35+03  1700=140

67601.1 100.07 1042005  0.284*0010 0.0601=0.0012 916 3325 626 4x2 3.7=02 2120=%

677011 10006 1182006  0325:0012 0.0636:00013 220+40 56=5  4=5 522 36202  1960=%0
6882120 1000 233=0.1 0592002  0.101=0002 240240 484 | 427 522 39=02  1710=70
6884135 . 127.0 2332009 0592002  0.0996550% . < Bl qT 1029 23214  39:02  160=70

Note 1: Short-lived activities corrected for decay and reported as of Apn! 23 1972.

Note 2: The errors listed include estimates of the errors due to counting statistics, the uncertainties of the slandards and the hck of fitin data reductions

and are one standard deviation. Upper limits are three standard deviations above zero,

L Note 3: An asterisk denotes samples for which the five maior icolanes wars saeoaebad

- ~
™ -~

(EL61 ‘y3ated pue yaeid)
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e Table 2. Major, minor and trace elements in Apollo 16 samp!cs;

e et ; : 61016-151 67455-15
611418 61161-7 61501-19 6442128 65701-12 67461-17 Gabbroic  Gabbroic
Fines Fines Fines Fines Fines Fines Anorth. Anorth, accuracy
Sl B Stat- 10~ Stat. | Stat.1 St Stat 4 Stat.§ Stat_ 11 Star. 1 Stat 11 %
F&.T “r a7 41 450 43 453 4“5 45.1 I
Mg 174 383 - 380 .16 - 368 238 827 202 4
AR 148 | B9 142 147 M1 160 . B2 162 p 4
- : : 210 . U CREEI | 3 : b2 B SN 1R 213 203 211 E
“€s 7 % 08 e . on3 - 13 - 108 1t 108 ns T
sy 9 5 032 03s 032 .- 020 0.45 oLz 7
sFe O T4 4l4 439 R 5 - I 454 © 336 406 39 3
~H - S e et TR et L T 45" ) 117
- Na sie 1350 450 3 329 3200 700 =0 3
2 Fme e e S b e . 260 60 o 10
Tar e T T i g L The W [P Splen ey e 7 A i k- §
s 90 T 885 880 . 7 %0 - 3% 640 2s L3
‘Se .. 92 84 8.7 86 78 90 71 66 68 s
. Cx i - 650 7, T 630 620 T L] 610 £0 s
Y 40 430 505 . 500 450 540 o 385 20 5
iCe | o 3B2 U4 20 95 230 30.0 12s »7 955 5
“NE - - 40 400 400 470 1o . 420 120 510 = 7
‘.. T8 - s Sl - e T 1 - 165 10
s o W g TSR e o e T e i T - &s 0]
Ga 46 o — o — — - % —_ 4 ]
" Ge e - N o B, R - . 03s — - 19
‘As B % [ —_ — = - —_ 0038 — aoie 15
"By &0 —_ — L C - —_ 20 - e s
S o 140 150 150 160 n s 11> 1o 1o
¥ - .4z - ] 37 7 © 18 “ 24 10
Tr 1% 167 134 167 i n 29 7 T
_N& i 1 ns I - R L iz 13 13* e
3, ' 0.024 - - e . - - " 0.0097 - .- 15
. Im . 8018 - -_ == — - 0.004 C - - °
‘Cs .o - - - - - el - - »
Bs 120 110 120 130 s 100 57 (] ] »

(Wanke,

et al, 1973)
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i | I ! | 5 | | |
~Ls - B4 127 122 122 123 3o 45 167 135 5.
o St NNt WA 32 - g .35 38 o = I8 a 37 S\
e 46 - — LI e e St LLT - ast 15
- N < o « S O { I ¥ - S LI . S a0 - - 15
* Sm - 68 - 54 56 L& 4 - &P 59 21 L 6% - 0.68 18
- 3 B & L o . % L7 - LIS "L ©L0S 13% 0.34 5
-Gd - 74 - - _ o e e LT 28 =L e 2
T . L3 092 X 10 kX = k2 - 04 - T 12 — s
Dy - T4 69 . &7 73 68 7S 28 78 05z 1]
~Ho - 18 L7 18 L7 o 19 as 20 02 10
.Be 54 — T— - N e e 21 - a3 e
" Yh &3 s - 40 40 40 445 L6 440 052 5
‘L= | 0sT 053 0.54 057 057 058 . 0z 0.61 0.085 10

i 4 C 42 40 38 - 40 40 i8 145 49 040 10
) SEREMREA { , 042 0s2 0.43 050 054 o e | - — 5
W 030 - - e - 0074 - - e o
:Ra 0.0m6 - - - - S 0.0005 —_ 0.0002 10
I R R V1 oo 0019 0.014 0.009 0.019 - 0014 0.00¢ »
EW T ~ame ~ . 0010 0.013 00085 . 00075 00135 0.0015 *0013 9.001 10
LT S T 17 - 15 T R - - 06 14 - o
. DI L R - I e O gt i B ¥ | —_ oS3 0
- wae . 94 1002 99 1001 9.6 1oL 1001 1013
"Kills &4 724 ng 21 7 2 . L7 ¥ ® 159
. ZNe 169 152 16 152 183 s 16 13
= ZefAf 43 418 434 417 L <k I - 496 Qs Qs
-+, *Aecuracy reduced by a factor of 2. e WD e o i .

- - 2 ~ R R
(Wanke, et al, continued)
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© 5 LU T Table 1. Elemental abundances of Apollo 16 soils and rocks.

frommle e, Mo T pasiyl
o S ke TEH s

42 K Otber
people’s Soil
values 64501

.

i
4
g

X Other KREEP
people’s Basalt

values 60315

% :
people’s
~ values

Anorthositic X Other
Gabbro peopic’s
60017 = vaibes

—y—

g
2

L
1

B5 M43%@ . 142
038 0354(a) . 034
2% 4B 330

F ARSI,

LELS

ST R

RERER,
K

1 11.04 (2) 137
033 03(a) 036 .
S - 0.[%(&1’3} 0.092
70052 0.054(a) 0.044
gy . OasT

I““i L

'3.“."';‘

1.-. 2 bl 6.0 2 ;
::- . ® l-z K A

K . 55 S4.°
Y | R -

g

fa TLITER) EET

R

Major Elements, wt. %
1s1m 874

470 -1  764
3.4(h) 668

0.091 (1) ] 031

Rl 1%

'Z' Rare Barth Elements, ppm

;E )84

o

SThie

. 9.19(clm)

0.783 (c!.m)

- 770 (c)m)
8.09 (c,1m)
. 739(clm)

- 0401 (cl,m)
031 (clm.n)

0093 (l,m)

0.147 (Lm)

. 46m
B Lol M

20,1 (D
T LEM

. B30

&
E

(Morrison, et

— —

SRR Yy

TS 2

022 ®aml maay
e 7 G 3 L
318 s e e
10.8 e
039 "=y
0.048 s
0.034 =
0.047

10

S 3
e —

o 7

e

- 14

. 2
3 . 037
18
. oda

ey o S

1973)
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¥
4
o
i
1
v
1

o Rl e il o, T

. 003 002 0085 (p) 0.05

TR P CAREY T T8N T e e =

36 81 . . .45 - B e 1

o N N A L ST e

. 008 0013(dy . 033 .. B sl 1 U
B el B RIS D M T s L T

o 12.1(a) CUORETT T LSRG LAl m)

418 408 (a.d) 340 400(k) 1380 191 (m)
- . 630(a) 630 e 2500 2030 (L,m)

. 123 2(eh) 22 AR o R

- 26

480

Foe

< H
=

&
- P
‘Rb
‘7

Alia

281 (a9 22 20 90 - 9%Amo 08
650 (a} 450 Lt 1050 . 1400(0,m) ‘120

e
Ad O

8 . 100 “THE- - o Dl Vi KR s 2 - 60
TS 1S 167(a g 158 T I8 T L 156(mo) 250 S
2w 24 23Meed) 26 - Te2 | slimo) 06 R 2TC)
=¥ .. _06lbced) 054  057Gp) . 2 . . 224Qn) 0.13 02 ()
=V ey T e BTl SR SR S G 2 ey
o S 41(a) 4 - i 18 142 (m) 6

e -2 23(ad) 2 B30 <8 - 82

210 192(a) . 218 840 640(m - 52

“* - Letters in parentheses indicate the references: (a) Duncan et al. (1973); (b) Rancitelli et aL (1973); () MSC (1972): (D
Baedecker et al. (1972): () Silver {1973); (f) Tera and Wasserburg (1972); (g) Papanastassiou and Wasserburg (19721 (3
Ebmanr et al. (1973); (i) Kirsten et al. (1973); (j) Jovanovic and Reed (1973); (k) Tsay et al. (1973); (1) Bansal et al. (1973): (=)

- LSPET (1973): (n) Eldridge et al (1973); (o) Nyquist et al (1973); (p) Krihenbihl et aL (1973).

(Morrison, et al, continued)
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" Table |, Elemental compoaition of Apollo 16 finer, rocks, breccias, and fractions.

62241,7
fines " v &2241,714 61016,145 6221587 654075 A8
(1-2 mm) 62241,70 . 62241712 " breccla basalt breccin
STA2 *~ ginss piaglociase’ ~ nodules . STA-I STA-2 STA-6
Na % 038 i 038 M. 037 ou 028 0.40 0.34
Mg % 8% .. 69 [T S 55 400 83 56
Al % v 14T 147 19.0 whT 19 S N 13.7
cl oppm . S - L= To1e00 210 20
K % - - 0068 ' | 0223 0.073
Ca % a4 s 109 . 83 9.2
Sc ppm " 83 0.98 59 . 169 . 68
T % 0.62 S < LR 066 .. 051 030
Vv ppm ’ : 1100
Cr % 0.086
Mn % 0,058
Fe % 43
Co ppm 4.0
Ni ppm 7100
Cu ppm 39
Zn ppm ' 9”0
Ga ppm . 18
in ppb 6800
C: ppm 0.40
Ba ppm .. ‘)l 150.0
La ppm 188
Ce ppm 500
Sm ppm LR )
Eu ppm 1.63
Th ppm i 13
Dy ppm 9.4
Ho ppm 1.3
Br ppm a1
¥Yb ppm . ¢ 49
Ly ppm 0.90
HI ppm 3.0
Ta ppm 0.44
Th ppm 12
U ppm 1.0

62

(Brunfelt, et al, 1973)



TABLE 7-V. Gamma Ray Avalyses of Apollo 16 Linar Samples

4
Weight ™, i, K, percent 2044, 2 Na,
Sample no, :': ' pi'»m ppm {bypwrrgm} dpm/kg dpm fkg
600170 21020 0.80 ¢ 0.20 920 0 0.04 0.050 1 0.01§ - -
601350 1376 .29+ .04 081.03 015 1.003 159+ 16 TR
602550 862.6 241 .2 B3¢ .12 4104 002 1201 6 1913
. 602750 255.2 2994+ .18 B8 1 .03 15 ¢ 002 129: 8 48 1 6
603150 781.7 8.56 ¢+ .90 2.34 1 .24 318 + .030 92+ 9 471 6
603350 30 2.751 .10 92+ .04 174 + 008 140+ 8 43+ 8
611950 5819 1.12.1 J31:.03 057 ¢ 006 3417 3518 -
622350 M1 941 .6 257+ .06 284 1 004 137+ 8 5017
" 62295,0 250.8 281.3 T4 07 055+ 010 95+ 10 60+ 12
63355,1 43155 4851 18 1.311 .06 202 1 .008 98+ 6 481+ 4
64435,0 1059.6 A0+ .03 03¢ :01 010 1 003 ~ -
644760 125.14 1.191 .08 31 03 0661 HO2 132 11 48+ 5
65015,0 1802.2 10.01 2.0 30¢.7 401 .09 - -
65055,0 500.9 1.18 1+ .07 11 ¢.019 060 ¢+ 004 109+ 6 3 4
660750 1471 2,051t .11 551 .03 J0R3 ¢ 005 149 ¢ 8 915
67055.0 221.4 3.691.37 98 ¢ .10 462 ¢ 016 137115 S61 8
67055,0 2214 3.61.3 99+ .08 d6 1 .02 116+ 8 4313
670950 339.8 3.89 1 .21 1.18 ¢ .06 1951 010 9+ 5§ 58+ 8
671159 187.48 43 ¢.07 CA21 4000 0463 + 0014 6216 29413
674750 174.1 67+ .08 1914 .02 045 ¢ 007 12619 MRed
68415,1 202.5 1.22¢.10 35003 093 1 008 159+ 1§ 4718
68416,0 175.4 1.24 ¢ .13 J4 1 04 083+ 008 1601 15 411 4
68815,2 34.49 274+ 14 811,03 122 ¢ .003 150+ 30 IR I
699350 121.57 252+ .15 621 .06 079 ¢+ .008 15315 41127
69955,0 15.17 .14 ¢ .02 038 1+ 006 <.009 7647 351 %
60501,2 116.72 223 611 .03 098 ¢ .005 107+ 8 4215
60501,2 116.72 244+ 06 .60t .02 106 1 005 110+ 5 32
Vo 6124128 106.55 1.98 ¢ .09 51 ¢.02 088 1+ .004 183¢ 7 6212
. 622810« 107.9 210+ .17 62 1 .03 093+ 004 2251+ 13 63+ 9
63501,3 100.13 1.53¢ .15 A1 .04 D728 + 0NR 220 + 20 551 A
63501,4 100.05 1.76 ¢ .15 . A1t 03 074 1 001 14217 5712
644213 100.0 20+ 4 621 .04 0914 005 1210 1916
- 64801,1 126.53 2.23+ .22 .60 ¢ .06 .06 ¢ 011 105 + 11 504 8
660414 108.44 2.40 ¢ .06 .70 1 .04 103+ 005 150 ¢ 8 401+
66041 4 10K 44 25+ .4 661 .04 096+ D06 16t v 11 5127
66041,28 i0n.0n 224¢.3 740 .00 020 ons 159+ 10 34+ 6
BOOKT,28 100.03 234 .4 008 .03 100 006 10247 4418
67481,1 10003 142009 323+ 019 038+ 003 168+ 10 6O R
679411 50.71 1.891 .19 551 .06 J06 ¢ 018 158+ 20 1718
68121,1 99.99 263+ 08 634 .03 095 1 004 M2 4 4112
68501,2 100.03 2.28 ¢ ,23 581 .06 0965 + 010 84:9 kL EW.
© 68501,3 100.03 2.59 ¢ .10 64 1 .03 092 ¢ 003 961 3 3611
599218 46.96 247:.10 67 ¢ .03 087 ¢ 003 305¢ 10 8623
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Density e
(g/cm®) Type*
: CB.
?0185 3.0 --CB
.40215,4 3.3 FB_ -
71135 i . -~ FB
Lg71136 24 - FB
271175 (2.4 MB
1173215 2.5 < BR
_=73255 2.4 BR
73275 . 2.2 BR
<76295 2.4 BR
-78597 = 2al - FB -

73121 s 1 Ol
—73131 =T - IM
- 13141 s 252 TR
73221 ~:3R:IT
73241 s T
~73261 . TR
~J328L . TV EElm
76501 NESR s [
© 78501 s RS
79221 ~ZHTE
s

- 79261

~ 500+ 30
420% 35

_f._“”‘lncks

R S 'S

- 320 64 -

310+ 60
- 370£100

560+ 28
_ 1665t 85

1590+ 80
2240%112
2270%114
380% 20

~ 4402 30

- 1160t 60

- ~1160+ 60

1130+ 60
1180% 60
1220t 60

 1090% 60

1180+150
900+ 50
770+ 40
© 700+ 40

. 700% 40

ﬂ,;'_,"Soils (< 1 mm

0.31£.02
0.30£.03
0.36%.03
0.60%.05
0.46%.06
0.39+,02
4.05%.20
3.47+.17
4.53+,23
5.30+.27
0.38+.02

0 32£.02

fines)

2.63%.13 -

2.24+.11
2.25¢.11
2.13+.11
2.25¢.11
2.40%.12
2.33+.11
1.39:.14
1.11:.11
1.12.06

1.08£.05

0.12%.01
0.10%.02
0.13%.03
0.14%£.03
0.22+,05
0.11£.01
1.10+.05
1.00+.05
1.20+.06
1.50£.08

- 0.11£.01
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Primordial Radioelement Concentrations in Apollo 17 Samples.»
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1514
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3454
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1840
17s0
1870
1910
1630
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2370
2750
1940

2260

- - 2 e — 3 ) ]

. CB = coarse basalt, FB = fine basalt, MB = medium basalt, BR = breccia, TT = treach top,

™ = trench middle, TB = trench bottom, RS = rake soil [Anon. (1973) Lunar Sample Invea-
tory for Apollo 11, 16 and 17. Proc. Fourth Lunar Sci. Conf., Geochim. Cosmochin. Acta.

Suppl. 4, Vol. 3, pp. 1-x1111. Pergamnn ] e b mleREREe Rn S e A
(Eldridge, et al, 1974)
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Dlsamatal composition of Apella 17 fines

- meble 1.

TEIT TA26Y TIOST  TEIX - TES0Y  ipelle 17 a;-ixq 11 Apells 17 i Apnq; '
- Pz, ~type B nop-mere, aTsTage
mré Stas =3 S & Sta ¥  basalt basalt® cowponent . fines (3)

lag < 0.28 0.3% 0.33 0.25 .23 0,34 , 0.3 .28
zi .4 &b 4.7 5. 4.7 5.8 5.2 4.8
A 6.11 f1.28  10.58 £.90 5.55 9.98 8,45 5.0
SR % 0.0TY D.140  0.126  D.11% 0.070¢ @,102 0,089 )
réad A& 12.6 10.6 ¥ 6.4 10.5 7.3%¢
~Se g 625 17.7 235.2 49.1 65.2 25.4 39.2 T
T8 el 805 o.7a 1.37 3.76 s. 1.62 % B )
¥ e 116 61 : 137 130
cpm . 7T 1390 1500 2490 _ 28B40 1640 Pkl 3100
B e 170 1030 1540 1840 1060 1370 1920
N3 P 15.2 8.58 7.5  11.1 13.4 7.66 .91 14.0
- . 5] . 0.0 3.5 =.0 24.6 3.6 ’
Ny pEm a.% 6.4 9.0 n.é 6.9 5.T 8.% 2 S
.. In pe 18 120 - 26 % 3 <
R - I W 4 1.0 15.2 .1 3.9 5,0 .
< My T 1.3 .8 - L2 2. 1.3 2.3 1.9 0.8
L, D opem ] 1 112 153 ] 1 142 1
- S wpm £9.0% 0.5 0.5 £o.05 ~40.05 _ 40.05 £0.0%
€z mem 0,05 0.13 0,12 y 0.075 ™ 0.13 0.099 0.0352
> Bm ppm 1a¥ 141 3 T 1 -
Ixpm - 5.8 13.9 1.7 7.1 5.7 8, 6.3 5.1
Smoem © LTS .99 T. T.84 LWy a4 6.10 7
c Zoem . 14T 1.43 1.3% 1.32 1.33 1.17 1.35 1.6
- Iy pem 1.% 1. 1.51 2.02 2 1.56 1.46 2.2
g o 10.% 9.0 B. 11.5 12.6 . 9.5 13
i P 5 8.8 8,1 Ti 9.8 5.2 5
- . v 1.0z " .0.65 0.84 0.38 1.08 0.7% 0.85
-~ HE pom 5.0 T 4.3 5.2 6.8 4.2 &2
-~ Ty bom 1.5 o,90. 0.7T8 1.10 132 . .79 0.34
i = 2.1% a9.52 n.g 0.19 6.12 a.i8 0.19
™ o 0.56 2.24 1. 0.95 0.61 1.45 o.88 . 0.8
B owm 0.2 QTS 0.66 0.34 .22 0.43 0.30 0.16
?Is-- - 0TS 1.7% - .58 0.9 G.6T t.38 1.0% - _ 0.58
- somroment O é iz M2 9”2 =% W By W ; b = 3 fo
“i.®Dmta from Jakits et al, [4), exsept RB, Sr taken from Compaton ot al. (5), *Based on data from Apello 17 FET (2) I N == L

S o ka T24E, To ! .,
s trrru‘:‘ror foeks Zty‘h"{_‘-ﬂh TS (?) Average of rocks 76230, 'l"l"m?. 8155 (2).

.
-

2. Compocition of frasticas separated fTom finés TESO01

Hhe T Dare RNaglealare Clino= Ortao-
| % 2 0,30 2.57 : 0.3 0.038
- nﬁ 6.0 - 6.2 8.7
% 963 17.3 1.54 1.00
e R T R
2 5 H 17.6
=59 ﬂr 5.00 - 1.1 .32
: Ve &é X 1 1
- O pew 2410 ™
B ov 158 194
e - 1.0 0.93
< Co vem H.T 6.3
ia pea Ta1 3.4
3w e .7 1.4
P vem 1,04 1.8
;: e :.50 :.I-)‘
L | a1
2 F— 4.9 :‘
a i g.08 (Brunfelt, et al, 1974)
S hpm 1.0t 0.012
T Mmoo 1.00 .10
e B pya

: 0. % 0.3 0.;
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L Average 72275 76315 73235 73235 68115 60016 67016 64435 61175 62255
. Wighland 108 75 'black white 80 67 63 40 80 20

§10 .. 45.0 . 48.5 46.9 46.4 44,2 44,8 45,0 44.9 445 439 441 0
Ti0, ,; 0.50 ' 0.95 . 1.46° 0.63 - 0.34 0.29 0,22 - 005 -
Alp04° " 24,5 ''" 17,2 18.7.- 21,2 23,1-:27,6 28,27 30.1 30.8 35.2° 35,3 iy
Fed .. ' 6.0 " 11.4° 8,55 . 7.33 5,06 5.10 4.28  3.45 3.13 0.41 0.20 i
Mg0 'Y 8,0 ' 8,94 . 11.5 10.7 : 14.0 5,79 S5.51 3,70 . 3.38 0.83 0.37 5%
€a0 ' 15,0000 11,6 114 12,5 ' 12.7 15.4 15,9 16.8 . 17.4 18.9 19.1 .
 Nap0 a7 0.45 0 0.40: 0.56 0.47 0,30 0.47 0,43 0,47 © 0.39 0.41  0.49. %
K20 ;.& 0.11:° 70.25 - 0.34 0,18 . 0,06 0.06 0.10 ' 0.06 .0.02 0,06 0,09 °‘
fescdvt ¢ 01000 £ 0,31770.23:..0,18¢ - « 0,13, 0.10. 0,06 * 0.02 0,07 . . 0o
SRb Syipid 2,3.1.006,1 6 6.4 4 3,1 & = 2,6 1,91 0,71 0.39 1.28 - :
" Ba il 150 0 440 L0460 1 318 100 173 ° 173 69 28 125 14.6 ..
P 100 1.7 s 60 S5 43 U030 o102 .35 2.4 0.8 2.1 . 2,3 0.6
A e bt 11 py, 42,905 32 ‘26 . 5.31 0 14,3 13.3  4.52  1.54 9.26 0,46 .
Ce G5 s 31 g 114 088 .61 4 13.3° 38,87 38.4. 12.1 .3,99 -25.2 0.72 %)
PR s, 6.0 T 17 151049 7,92 01,76 4,95 4,95 TT1.54 1 0.47 3,51 10.07 ')
LN Sedd 18 Looe 73 4 42,640 33,5 5:7,33..:20.0 7 19,2 © 6,25 " 1.95 : 13.8  0.32 .3
8m iyt 4.5 {7 21.3°7 11,8 8,95 2,17 "S.48° 5.21 1,82 0,53 3,90 O0.11
CBae TN 1LS 1,87 0 1,66 1,20 0,79 - 0,997 1,17 1.00 0.68 1,12 .0,80 'V
L Bd .yl 5.6 24,4 15,3  12.1 2,73 6,96 6.3% 2,42, 0,72 5.01 0.10 °
.Th .- *'" 0,85 . 3.86 2.49 ' 1,88 0.48 . 1.09 0,99 0.37 0,13 ‘ 0.78 - i
fpy A% s 28 400 15,9000 10,9 1 29700 7,130 6.20. 2,51 0.80 " 5.30 .~ L%
YHo < i4¥1,3 ':5.85°713,85°.°2.85% 0,67 . 1.71 .1.52 - 0.59 .0.19 1.247 0.02, i
PEe %M. 3,6 (7 15,8:.,10.6,. 8,185 1,85 4,90 4,28 .- 1,66 -* 0,53 -3.50 0.06 3¢
(T 40,8 -{, 2,1 1.6 :.°1.2 0,28 0,75' 0.65 .0.26 0,087 0.50 - '@
' Vw34 013,979,700 7.47) 1.72 4,53 3,94 1,60  0.53 3.01 0.06
6. 2,1 %1,5 (1.2 ¢ 0.27. 0,70 0,61 ! 0.25 0.082 0.47 . -

362 . 267 U183 4 41,6 112 . 107 | 36.9 . 12.2 76.6 2.9 i
160 %105 1 85 . i 18 | 45 . 42 .15 *4,53 30 = A

W e O open L3 06 D L O W = U D U pes P
. e o= - .

B 16,70 50 5,7 0 6.3 1.0 V2,665 2,10 :0.73 0 0.23 156 = .
3 R 3,700 18 Y 0427, 0,75 0,51 - 0,17 50.12 10,38 [ e N
50 .. - 485 ' 450 350 }_as o+ 191 . 158 48 .17 109 0. 43 (
6. 13.3°°10.8 6.5 1.5%° 4.12° 3.59 . 1.36  0.52 2.38
= ¥ 3133 8 5.2 118 12,0 4320 1,98 B YD 13
680 . 2800 - 3200 1500 600 660 .. = e e . . 17
25 . - 11545 .-58 1) 33 24 - 29 23 "7 2% . 2% 7
4 0 8 e 19 17 FL8 . 8 10 0 -5 7 418 e
e, . 120 0210 , 250 o 28 2000 330 110 56 - 200 ' - !
- 133,00 12,47 334 17 103 28 15 - 2 .16 . .
x B, T Bl gt e A28 3 4 9 <1

‘. ] Vil g 1
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5 v T Table 1 5
" Sample No.  Depth’ e 222p,  uranium He - Hz
sawy v glomd . dpm/kg dpm/g ppm scc/g scc/g
-'70181,6 C0-4.5 115 £3.4 0.21 0.28 0.168 0.85 -
¥ 75081,41-43  0-4.5 . 81.0%3.4 0.15 0.24 0.146 ~ 0.66
1, .78441,2 11-27 - 7> 48.2+5.,6 0.32 0.41 ' ' 0.149 " 1.26
1178421,13°  27-45 "' 4l.7£5.4 0.31 — 77 0,150 1.13
*'70008,9 : 49 G- iit: '54,5¢3,3 770,11 0.20 ~ '0.069 0.80
--70008,7 - 72 "o BT RAe kx0T 0.088 0.22 0.066 0.85
70008, 5 99 1IN F43.5% 3.1, 0.11 0.21 0.063 0.80
.70008,3 124 -5 005 3762 204 ¢ 0.16 0.29 0.110 - 1.07
+ 70006,6 - 180 Vi¥¢ 28,6+ 2.0 0.28 0.30 0.101 - 0.83
. 70005,6 252 A0 5% 1.5 v 0.26 0.41 0.176 1.18
70004, 6 425 S 1,717 0.24 0.41 0.144  1.19
>.-70003,6 399 1 e 18,63 1.1 0.30 0.48 0.176 - 1.41
472 SV 9 Z:t 1.2 0.62 0.66 0.136 - 1.63

(Stoenner and Davis, 1974)
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Table 1,

Trece Llowents in Apolle 17 Rocks and Solls (pph, except Ni, Rb, In, ppm)
Cless. It e M M ® Ge e T Af B M In cd " B s . o4
- - — ’ -

728,64 trc Basalt 0,008 0.0015 0.026 1 0.18  1.68 1% 2.1 1,0 8.0 0.099 2.1 1.8 0.16 0.3 15 118 -
17225543 G MNCt  0.0040 0.0068 0.008 4 0.26 61 200 4.3 0% 158 0.8 4.5 5.8, 0.3 1.7 & 240 °

Timmsr Gaowm S35 0.498 200 227 077 Im 7 32 057 100 020 2.8 8.1 1.8 5.8 240 1790

57T @ . 2.26  0.225 0.82 97 11T 406 M 44 074 48 01 2.7 1S, 0.7 5.9 20 100

7277580 @ CublTim 256 0253 1.6 122 0.9 137 . 63 5.6 . 0.93 30 004 2.8 15 071 1.3 480 3100

T TS @ CuGAph a4 034 130 147 106 178 S2 %7 0.8 95 0.2 2.4 2 0.62 $.4 260 1840

7227591 G CS Masalt 0.025 0.0066 0.045 43 287 1290 210 7.3 0.58 4 004 27 &3 058 5.0 360 1500

73255,45  BGY .71 0.385 2.3 1M 1.4 2% 'S8 457 2.0 %0 0.9 9427 21 47 198 1060

— TIE,25  Rreccis S.71 0454 3.4 182 1.9 2,5 - 52 5.5 0.7 I 046 2.5 41 1.60 6.8 270 140

75035,35  Mere Basalt  £0.0007 0.0007 0.0084 1 0.0  1.27 156 1.8  0.62 8.0 0.43 2.5 .1.1 0.2 0.7 133

7631573 BGB Mx 542 0.507 3.21 25 1.49 346 100 3.6 0.8 48 0.098 3.1 _S.0 0.5 5.91 250 1540

__ | 7631574 BGE Ct3 5.97 0.575 3.48 260 1.54 354 107 5.1 . 0.88 44 0.28 34 6.4 0.3 5.9 20 1490
76535.20  Troctolite - 0.0054 0.0012 0.0028 44 - 0.014  1.70: 4.1 0.28 . 0.12° 3.2 0.037 ".-_1;2 . 0.60 0.012 0.20 1& 1.8
TI017,88 A Ol Gabbre 17.0  1.75  5.65 443 - 0.72 110 - TN Tyl T om A e e L A W,

(7707519 G bl dike  8.89 0.781 .09 286 1.82 32 11z 6.3 1.2 8 0.3 2.8 7.5 24 6.4 270 140
©nsae c@cumr 378 . 0.485 .87 ®S LA s i% 36 11 @ oas 2.9__!_10'.5 26 65 0 1m0
77135,50 GG Ct2:Troct 7.20 0.662 1.46 174 0.58 © S0 . 115 2.6 - 0.3 ‘116 0.17 2.6 6.8 0.48 1.80- 74 260
77135,62  GGB Ctl:01PIR 15.1 142 474 412 o047 78 337 1.1 0.5 17,6 0.1 24 37 oSt 26 78 e
TTTUI35,69 OB Mowves Mx 10.5 1.06  6.45 438 2.16 618 . 144 . 9.3 1.2 e 0.23 3.3 535 23 6.1 250 1380 .

55,30 Catacl An 332 0278 0.66 68 2.4 27 49 3.2 10 65 0.29. 2.5 € 5.9 176 84 2%

| 79035,19  Friable § 7.5 0.629 2.5 ‘162 0.8 278 00 186 19. N7 070 4o 22 Le T 30 .
—_— Soil Separates, 4 w0 -2 T il edNy 4 'I;‘. s _. - = = : J:
70220.54,1 Dert Glass  0.114 0.0135.0.25 W 1.00 ‘41 - 129 10.0 30 15 o0 a5 1.60. 0.6 30130 .
74220.54,2 Oraage Glass  0.214 0.0553 1.07 - T2 25.3 101 - 460 49 B w1 a0 es . e oa ns

- Scils, < wa ’ i RV s e S W :
72321,1  Shadowed 8.87  1.07 16.03 350 1Bl 625 200 24 6.5 7 0.65 '_'u (8. ) 2 I.Slc__‘ 4 170 o0 ”

74001,5  Beiow Oramge  0.021 0.213  0.705 68 . 1.16 105 30 38 72 20 0.67 148 - 25 €0 0.7 37 14
742205 Ormage 0411 0.052 0.95 €1 065 20 . 0 62 Ml 50 143 20 30 1 035 55 e

74241,3)  Above Orange  2.78 - 0.206  1.01 0.55 155 M0 24 3 610 0.75 8 210 p.1 2.3 107 30
75081,33 % Camelot 5.35  0.470 1.70 113 0.67 130 250 10 9.0 100 084 27 32 1.3 1.2 47 e

?uu.l:- Shadoned 8.57 Iﬂ.uu .61 10 1M 420 240 17.0 9.4 8 0.67 25 82 1.85 2% 133 350,

T 7261,13  Comtrol 646 0.671 2.52 160 1.06 300 210 1%.6 79 & 0.5 ‘2 W 150 2.7 1S s

| a ssorthive, smorthosite 8 = breccla ‘b1 = black G = gray ; Mx « matrix Pl = plagieciase
| aghe apanitie: .. Y 9G - Blue groy ' Ct's clast . GG'w green gray . Ol colivise % i 7o

P e

i N fe =

72
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(Morgan, et al, 1974)




Table 1, lworagd ahundnncos for Apollo 17 nsoils and boulder-2 rocks,

‘K0 /' 0.15 " 0.31#0.03 .0.36, "
MO ' 0.1177 0.11340,002 . o. RN
1.Crg03 ‘. 0.21  0.19210. 01& 0.22358

Ap 16 ,

X - Ap 17 ap 17 " Med. K © Ap 17 " Ap 16 Ap 16 Ap 14
o "STA-2  Boulder-2  KREEP Boulder~2 = Soils VHA Clastic
, Element Soils - 4 Rocks Rocks* = 1 Rock 8. of LM+ Rocks* Pocks+

\ 72321 72315,3 60315 72335,2 ! . 62295 14063

: 72441 72315,4 = 62235 | s, | 61156 14066

« . ' 72461, 72355,7 . 65015 . -V o © ' 60615 14083

72501 72375,2 60636 ¢ i, 14318

___72395,3 657717 L i -

TI0, (V)= A5+ 1.620.1 -8 102 - 0480 Lo ., . 0.62 1-2
Al 33 S 21:,2.5.18.840.8 . . 19,3707, 3 ! IS ) o 17-22
';Feé . 8.6 ' 8,8%0.3 2l 8.9 S lis g St g5 Y 7-10

MgO i-;; 10 j 12 vy AL e Wity e B 13 -—

Cac " 12,1047 11.1 " 11.4 g" 15,4 VEFAGA5.8 v 12,0 10-13

Na50 0, 431 ' 0.67%0,02 . 0.52 " 0.41 ' 0.7-11
' 0.10 " 0.1-1.0
‘10.07 " 0.08-0.11

“0.13  0.1-0.2

ESctppml 18 f S 123 R LI i 9 ~13-20
A T R R 135 T o 30 ... 30-50
oW 30 i o33 46 ,jci- ki 32 - 20-30
BE et 200 ) 440 iy, 550 . iE © 170 . 800-1000 .
- Ba)MueT 190 360120 ¢ UUN 450 1. 5 1700 0 300-D00
% pal s A7.855 3443 '-I,;h, 54 f}:,_v 2.} 2 18.7 . 20-100
'iCe & 6 NG BT, et a0 T e 47  50-200
Nd 30 1 54 ! “”“,37 At a® ; 30 e
.osm’ 8.2 7 14.9%1, 5 Lot 24 . 5.8 b 6.4 8.4 ' 10-40 .
“Eu *<1.31 0> 1. s410r05 ) 25300 0,00 IR 3,08 v N 1,20 T 2%3 e
tTh - o 18 - j’ 3.0 Ry ' * 5.0 ;17 1.1 3 ; Xy g t 1.4 G 2-8 3
iDy e 10 19 Liae, 30t 7,0 Pl 10.7 -
L ¥b PR el 3.13;1*,w o Rl & Y e o 6.0 . 10-30
“ -t 0.85." 145 i, X 2.8 5 B.55 4 " 0.66 " 0.83 1-4
SBE & BT R ML e S 18 4.2 AT 4,80 5.0 fe-30
. Ta 0.84° %L.5.° .n_j- g 8 0.59 ! 058Nyl 0.65 --4
Th 2.8 ' S 7101 2.0 2.4 . 262 2.7 -=20
‘U 1.0 I8 . 2.5 0.71 0.66 0.9V 1-5
s Ni 270 300 _ 420-1100 360 490 220-490V ~--
“Ir(ppb) 10 8 10-17 15 14 4-9V  1-114
~Au(ppb) 5 5 5-22 c 9 3-8V 0.2-9¢

" #Values for 60315, 62235, 65015, 62295 and 61156 taken from (2) Bansal et al. .

(1973) and for 60636, 65777 and 60615 from .(3) Laul and Schmitt (1973,

“4(7) Laul and Schmitt (1973)y (4) Laul et al. (1972) . S ﬁ1fwl;
“V(3) raul and Schmitt (1973) and (5) Krahenbuhl et al.- (1973) RERION N S I
+£or different. Ap 14 clantie _rocks by (6) Morgan et et al.. (1972). Vi ;'HQ;T;'“”

(Lau & Schmitt, 1974)
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TABLE 7-VUk,.~Ganuna Ray Analyses of Apolle 17 Lunar Samples

Sample Weight,  Laboratory b VA
"o, X fn) g npm
710414 IR HNW 086 L0.03  0.22 1 0.01
7041 .4 (FEN| Js¢ B0y 02 L2 06
T1061,5 100.0 ISC 1.15 ¢ .15 004,03
YRV 100,18 ORNL 2.24 ¢ .11 63403
73221,0 46.0 ORNL 213 £.11 63 £.03
73241,1 100.06 ORNL 225 ¢ .11 64 ¢ .03
732614 100,52 ORNL 2401 .12 67 .04
74220,92 100.0 RCL 65 £ .09 164 £.010
7422092 100.0 15C 65 ¢ .07 16 £ .02
. 75061.5 100.0 BNW .87+.03 22 .01
TN950618 100.0 RCL 912.13 2481 .01S
7624652 104.98 RCL 25¢.3 611.03
76240,2 104.98 BNW 2.30 ¢ .06 .60 £.02
2614 100.7 RCL 21+3 49 .02
76261,1 100.7 BNW  1.92:.04 S5t ¢.02
76501 ,4 97.89 ORNL 1.39 £ .14 38 ¢ .04
78421,1 94.51 BNW 1.58 ¢+ .07 41,02
78481,1 i01.27 BNW 149 + .05 .39 .02
78481,4 101.27 I18C 1.4.2 4.3
78501,4 113.24 ORNL 111 2.11 .28 1,03
79221 .4 100.2 ORNL 1.122 .06 .36 £ .03
792614 100.2 ORNL 1.08 2 .05 31 ¢.02
~._ 701350 446 ORNL 32 ¢.06 A1¢.02
101750 338.8 RCL 401 .04 105 1.007
70185,0 449 ORNL 301,03 A0¢.02
L0255 224.9 RCL 31,03 107 £.008
90235.0 i71.4 RCL 421+.04 107 ¢ .008
«. T1035,0 144.1 BNW 441 .03 A1 201
“21155,0 25.8 BNW 29 .05 432,02
\\ 71155,0 25.8 RCL .31 +.08 109 2,018
225550 402.57 RCL 441t .4 1.20 ¢ .15
\-92355;9 3674 RCL 5.3¢.3 1.39 £ .04
24450 29.47 RCL <.15 < .06
75055,2 405.9 BNW 40,02 .10 £ .01
~ 76015,0 2819.0 isc 83 2.3
52150 642.8 RCL 46+.2 1.27 £ .06
76255,0 393.2 BNW , 233+ .08 .58 .02
76275,0 55.93 BNW 5414 1.39 £ .10
76295,0 260.7 ORNL 5.30 £ .27 1.50 ¢ .08
76295,0 260.7 BNW 5.76 £+ .17 1.55 £ .05
77135,0 316.7 BNW 551.5 142 2.14
78135,0 1339 RCL ,26 & .05 107 £.012
82350 128.8 RCL .59+ .08 196 ¢ .,016
79155,0 316 ORNL 31 +.06 d2:.03

Nr
pereent

A6 1 .02
A7+ .02
A16 1.006
18 1,006
1224 .006
09 1,006
068 2 .002
065 ¢ .018
060 ¢ .003
066 £ .02
419 £.004
410 £.005

102 £.003

097 £ .004
.090 £ .005
AB4 £ .003
.095 £ .003
07 £ .02
077 £ .004
070 £ .004
070 & .004
046 1 .010
55 £.002
042 2 004
048 ¢ .O0R
0421 1 .0018
027 +.003
<.030
039 ¢ .003
184 ¢+ .008
.253 £ .005
012 ¢.007
065 £.005
.30 £ .06
215 +.014
.291 ¢ .006
.222 £+ .009
227 £ .011
.230 £ .009
L1852 .018
0525 +.0018
L0490 £ 0015
041 2 .004

ia"!’

ilpm fhy

——— ¢ —— o —

0.063 1 D114

1261 4
115 ¢ 20
45 ¢ 10
543

197510

93+ 5
57+ 4
451 4
43+ 7
174 1 6
180 ¢ 16
154 ¢+ 14
151 ¢ 6
182+ 17
I71+5
90+ 9
552
257+ 12
210+ 10
9019
130 7
451+ 4
37+ 8
4215
70+ 4
49 ¢ 6
9219
9N+ B
105 + 4
93217
78+ 6
B4 z6
77¢6
697
Detecled
56¢3
79 ¢+ 4
11129
675
Ti¢4
110+ 11
42+ 4
777
70+ 10

" Ma,

dpon fhg

1261 4
1350+ 20
Hi5 1 40
126 ¢ 5
30 15
110+ 5
42+ 4
51+3
58:8
171 ¢ 6
187 £ 10
421+ 3
42+ 2
j4B ¢ B
142+ 4
90+ 9
39+2
244 ¢ 12
290 + 40
iN5+¢10
165210
4114
45+ 9
76 18
504
727
90+ 16
97 + 8
1122 4
112+ 24
615
8726
290 ¢ 30
8525
Detecied
60+ 4
712 4
95+ 6
54+ 4
64 ¢+ 3
1001 10
T4 2 5
111+ R
77+ 10

“,l.f"'
dpmfbg
INLE L
22000 30y
114+ 10
75+ 10
230 ¢ 30
Riy+ B
5212
50t 3
86115
286+ 12
200 ¢ 10
2926
31+8
931+ 7
1%+ 8

60+ 10 -

12¢8
264 ¢+ 10
310+ 40
96 ¢ 10
2154 20
441 6
42+ 10
156+ 9
95+ 10
137 2 15§
190 ¢ 50
157 ¢ 15
227 + 40
160 + 80
4126
6617
77 : 16
1392 15
Dctected
22: 17
389
103 ¢+ 20
IR 15
70 ¢ 30
21t 15
180 ¢+ 20
55¢+8
110+ 20

ApNW = Dattelle Pacific Northwest Laboratory (L. A. Rancitelli, R. W. Perkins, W. D. Felix, and N. A. Wogman); 1SC =

‘I NASA Lyndon B. Johnson Space Center (Erncst Schonfcld); ORNL = Qak Ridge National Laboratory (G. D. O'Kelley, 1. 8.

Eldridge, and K. J. Northcuit); asnd RCL = Radiation Counting Laboratory at JSC (J. E. Keith and R. S. Clask (JSC) and W, R.

Portenier and M. K. l.!sbbﬁl (Northrop Services, inc.)).
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